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Abstract 

Treatment planning for radiotherapy involves different types of imaging to delineate target volume 

precisely. The most suitable sources to get 3D information of the patient are the computed 

tomography (CT), magnetic resonance imaging (MRI), and positron emission tomography (PET)/CT 

modalities. CT is a modern medical imaging technique that allows three-dimensional treatment 

planning and conformal treatment techniques. By combining CT images with efficient dosimetry 

software, accurate patient positioning methods and verification and quality assurance good results 

can be achieved. The CT images show how the radiation interacts with the material based on each 

tissue has a different attenuation coefficient, so the data can be used for dose calculations in 

treatment planning.  

Radiation oncology is therapeutic modality, in which irradiating cancer cells as target is the main goal 

while always try to limit the dose to healthy tissues and organs. CT images have good potentials 

because they can provide high geometrical accuracy and electron density information. Having said 

that, however, using CT images alone for planning does not provide enough information in order to 

delineate the target volume accurately because the attenuation in soft tissue is fairly constant 

therefore the soft tissue contrast is poor. Here, (MR) imaging can be very useful since it has superior 

soft tissue contrast especially in conditions such as prostate cancer, brain lesions, and head and neck 

tumors. It should be noted that MR images cannot provide electron density information that is 

required for dose calculations. 

It has been hypothesized that since MRI images have certain benefits in comparison with CT images 

such as its superior soft tissue contrast which improves contrast resolution between different types 

of tissues, it would be beneficial to use MRI alone for both target delineation and treatment planning 

to save time and costs. This was investigated by introducing substitute computed tomography (SCT) 

which can be interpreted as CT equivalent information obtained by MRI images. 

We used data from five patients with intracranial tumors, and reviewed their initial dosimetric 

treatment plans that were based solely on CT images, that data was also used to evaluate the 

dosimetric accuracy of our research treatment plans. Optimization plans that are based on CT images 

and substitute CT (SCT) was compared with each other in the first step. On the second step the 

treatment plan that was based on SCT images was transferred to the CT images without any changes 

and comparisons between the dose calculations on both data sets were made. The delivered dose to 

planning target volume (PTV) and risk organs was compared. 

Gamma index results between SCT and transferred plan showed no difference in the dose 

distribution map in PTV. The maximum difference was in the outer contour to the skull. The average 

and median dose delivered to PTV was within 0.35% difference studying in all patients. 

In conclusion for patients with intracranial tumors the dosimetric accuracy of treatment plans based 

on SCT and MR images were very accurate, and we demonstrated that it was possible to reach the 

same dose volume histograms by SCT compared to CT with minimal differences, which were not 

significant.   
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1 INTRODUCTION 
 

Radiation therapy is the medical use of ionizing radiation that is a part of cancer treatment to kill 

malignant cells. Radiation therapy is an effective treatment modality in the management of many 

oncologic disorders. There has been much technological and clinical advancement in the 

radiotherapy field in recent decades that have improved patient care and outcomes. Important 

advancements have been made in imaging technology such as computed tomography (CT), magnetic 

resonance imaging (MRI), positron emission tomography (PET), and other advancements like 3-

dimensional and “inverse” treatment planning. Radiation therapy’s goal is to deliver high dose to the 

tumor, while limiting the dose received by organs at risk (OAR).   It is imperative to reduce radiation-

related morbidity by reducing the irradiation of adjacent normal tissues and by conforming the target 

volume to the shape of tumor in an accurate process. The radiation therapy process is shown in 

Figure 1. 

The use of new imaging methods can be useful to target the tumor and have an accurate dose 

delivery. MRI is a sophisticated modality that can provide better imaging quality and superior 

visualization of tumors and surrounding anatomy for soft-tissue delineation compared to CT. MRI has 

also been used for target and organ delineation in radiation therapy as a part of treatment planning 

[1,2]. Radiation therapy scientists and clinicians have tried to explore the potentials of MRI-based 

treatment planning in recent years [3-5]. MRI can be used in external beam radiation therapy in 

order to have a more accurate definition of the target volume [6]. Another development that can 

help to assess the chemical composition of anatomic sites during MRI is MR spectroscopic imaging 

(MRS). MRS has the ability to provide a biological description of the concentration of some 

metabolites in the volume of interest that can be used to identify the presence of malignancy [7]. 

Before actually treating the patient, the entire treatment is simulated by the help of a dedicated 

software which is usually denoted treatment planning system (TPS). The simulation is based on a 3D 

representation of the patient which is acquired using one or several of the imaging modalities 

available to the radiation therapy department. Based on the images the radiation oncologists define 

the target volume which is the Gross Tumor Volume (GTV) and organs at risk. 

   

 

Fig 1: Radiation therapy process 

In the next step, dose planning, specialist nurses, with assistance from physicists and oncologists 

setup the treatment which means defining entrance points, directions, field sizes, photon energy and 

amount of radiation for different beams. The resulting dose distribution is calculated based on the 

representation of the patient geometry and is highly dependent on the electron density distribution, 
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which is discussed later. If the radiation oncologists and physicist are satisfied with the dose 

distribution and a safe and controlled delivery of the radiation dose, the patient will go ahead with 

treatment plan to receive the radiation. 

The aim of radiotherapy is to irradiate cancer cells (target) while limiting the dose to healthy tissue. 

CT images are adequate for this purpose because of high geometrical accuracy and electron density 

information; electron density in general can be defined by the probability of electron being present 

at a specific location. But CT alone for the same diagnoses does not provide enough information to 

accurately delineate the target volume because of its poor soft tissue contrast. MRI is useful here 

because of its superior soft tissue contrast especially in cases like prostate cancer (8), brain lesions 

(9), and head and neck tumors (10).  However MR images also can not be used alone due to lack of 

electron density information for dose calculations. For this reason, the clinics use multimodality 

imaging as a basis for target delineation and treatment planning to deliver the accurate dose to the 

target volume and save the surrounding healthy tissue as much as possible.  

In an existing research project at Umeå University the possibility to derive CT equivalent information 

from MRI is investigated. It has been identified a promising method (11, 12). The accuracy and 

precision of the method has been verified for forward planning where the treatment fields are 

manually defined. This present study aims to evaluate the accuracy of the more advanced method 

for setting up the treatment – inverse planning.  In this master’s thesis optimization plans that are 

based on CT images and substitute CT (SCT), which is based entirely on the MR information of the 

patient, are compared with each other in the first step. In the second step, the treatment plan that is 

based on the SCT images is transferred to the CT images without any changes (TP) and then the dose 

calculations are compared. 

                                                                                     

1.1.1 Computed tomography (CT) 
 

CT is a medical imaging method that produces cross sectional images which are used for diagnostic 

and therapeutic purposes.    A CT machine is a cylindrical gantry, with an X-ray source on one side 

and X-ray detectors on the opposite side that rotate around the patient. The CT scanner gantry 

continuously rotates around the subject and the patient is smoothly moved through the CT scanner 

gantry.   

Part of the radiation that is transmitted through the patient is collected by the detector, produces 

light which converts to electrical signals. So, a three dimensional image can be reconstructed by 

these electrical signals. One of the most useful techniques to reconstruct this data is a mathematical 

method which is called filtered back projection.  

In CT scanning system, the term ‘voxel’ is used rather than pixel, which represent the attenuation 

information for each specific volume element. Voxel is defined as a three dimensional unit to with a 

specific attenuation value is given as Hounsfield units. Higher number of Hounsfield units represents 

higher attenuation in the tissue which leads to brighter pixels in the image. And since attenuation 

dependent on the density, so, when the tissue is denser like bone, it shows brighter in the CT image.  
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Lower density tissue has less attenuation so; it will generate darker area in the image. One of 

disadvantages with the CT is that, since all soft tissues in the body have about the same density, so, 

the contrast in the image is not clear. 

 

1.1.2 Magnetic resonance imaging (MRI) 
 

MRI has a great soft tissue contrast compared with CT and is based on nuclear magnetic resonance 

(NMR) property of some nuclei when placing in a magnetic field. When there is no magnetic field the 

spin direction of all nuclei are random, and when the magnetic field applied to the human body the 

spins will align with the field. A nucleus of spin I=0 cannot undergo NMR, since it has no angular 

momentum. The bulk magnetization vector rotates around Z-axis at the Larmor frequency (The Z-axis 

is always pointing in the direction of the main magnetic field, while X and Y are pointing at right 

angles from Z). Therefore by applying magnetic gradients and radio frequent pulses the body tissue 

inside the scanner will produce a signal which is the NMR signal that we measure.  

The human body consists mostly of water molecules which contain hydrogen nuclei or protons and 

the hydrogen nucleus is abundant in all live tissues, particularly those that contain fat and water. The 

hydrogen nucleus is the MR active nucleus used in clinical MRI. Radio wave will transfer energy to 

hydrogen nuclei. There are two types of recovery to equilibrium state: T1 which is the time that 

relaxation back to equilibrium of the component of nuclear magnetization which is parallel to 

magnetic field, T2 which is the time that relaxation back to equilibrium of the component of the 

nuclear magnetization and it is perpendicular to the magnetic field. Of note the strength of the MRI 

signal depends on density of protons in the tissue, T1 and T2 (T1 and T2 are also tissue dependent).  

 

1.2 Dose planning 
 

The radiotherapy treatment planning in general could be defined as a process during which the 

number of treatment beams and the characteristic of each beam is determined. In a 3D conformal 

radiotherapy treatment planning the goal is to shape the distribution of the prescribed dose by 

conforming multiple beams of radiation so that it matches the shape of target volume as close as 

possible and limiting the exposure to the surrounding healthy tissues.  

 

1.2.1 Intensity modulated radiation therapy 
 

In clinical applications intensity modulated radiation therapy (IMRT) with high energy photon beams 

has been considered very important to deliver three dimensional dose distributions to the patient. 

There are a number of gantry angles and each of them has different beam segments. It is possible 

that oncologists define critical organs and tumor then dose volume constraints set for the tumor and 

each normal organ around the tumor and finally an optimization algorithm applies to these inputs to 
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find the treatment plan, this is also called inverse dose planning. So, by putting these constraints on 

doses to volumes the software calculates the inhomogeneous dose per beam angle try to fulfill the 

constraints.  

So, IMRT in compare with conventional treatment planning has higher number of beam 

segmentation and gantry angles which make it possible to have better dose distribution to the tumor 

volume and less dose to the surrounding healthy tissue. There are two techniques that is used for 

IMRT; 1-Segmental MLC (step and shoot) technique, which is intensity modulation by superposition 

of MLC beam segments. 2- Dynamic technique (sliding window), which is intensity modulation by 

scanning the beam with an MLC.  

IMRT is time consuming process since there are more MLC settings both for planning the treatment 

and applying the plan. To reduce treatment time volumetric arc therapy VMAT which is an extension 

of IMRT is used. VMAT allows irradiation with simultaneously changing multileaf-collimator (MLC) 

position, gantry angle, gantry speed and dose rate [13]. The treatment planning for this work for 

VMAT was performed with Oncentra MasterPlan version 4.3.  

 

1.2.2 Dose calculation algorithm  

  
There are two options in Oncentra MasterPlan to calculate the dose deposition for photon beams: 

Pencil beam algorithm, Collapsed cone algorithm. Pencil beam algorithm is for model based dose 

calculations in treatment plan optimization where the dose calculations repeated many times. The 

energy deposition kernel represents dose distribution generated by the incident photons in water, 

and this energy originated from photons interacting along a common line of incidence. And in a 

patient case, it assumed that the collimated photon beam consists of lots of smaller, narrow pencil 

beams which each of them describe the energy deposition around a point mono-directional beam of 

primary photons. The collapsed cone algorithm is based on convolution and superposition models 

which is called point kernel. The collapsed cone algorithm takes much more time in compare with 

pencil beam. The two calculation systems do not differ significantly in large fields and central axis 

fields (15) and pencil beam algorithm is decided to use in this study. 

 

1.2.3 Electron density 
 

When there are inhomogeneities in the material, an accurate electron density is important in 

radiation therapy dose calculations. The electron density in general can be defined by the probability 

of electron being present at a specific location like in air is near zero. The probability for interactions 

between a photon and matter is dependent on the electron density. For Compton it is proportional 

to the electron density.  

It is not possible to measure the electron density with a MRI scanner, while the voxel values in CT 

images are in principal linear with electron density (16). Hence it is straight forward to do the 

treatment planning based on CT but not on MR. 
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1.2.4 CT substitute derived from MRI 
 

Recently Johansson et al (11) introduced a method to generate CT equivalent images from MR data. 

A voxel based method was used to generate the substitute CT (SCT) based on MR data, and the 

method was based on Gaussian mixture regression model to link the voxel values in CT images to 

those in MRI sequences. The method was validated by applying leave one out cross validation 

(LOOCV) which means that the model and relation was estimated from four different head and neck 

patients and then applying the model to MR data of the fifth patient to generate the SCT image. In 

another work the uncertainties associated with Gaussian mixture regression GMR is analyzed by 

comparing expected absolute deviation (EAD) to the true mean absolute prediction deviation 

(MAPD) between CT and SCT (12). The SCT can provide accurate estimation of CT equivalent data 

completely automatic without any manual delineation or threshold selection.   

 

2 METHODS 

2.1 Subjects and Structure definition 
 

Five patients with intracranial tumors were selected. No images were acquired solely for this study 

since they are part of standard clinical routine so the CT and MRI image sets were available for these 

patients. The SCT was generated based entirely on the MR information (11, 12). The target definition 

including the gross tumor volume and organs at risk was done by a radiation oncologist and was 

different for each patient. The primary target volume was PTV which was defined as the GTV with a 2 

cm margin.  

 

2.2 Constraints and Objectives 
 

The dose limits used in this work was based on clinical standard that are regularly used at the Umeå 

University Hospital. The dose volume objectives that were used for VMAT optimization were listed in 

the Table 1 showing the min and max dose and the weighting factor, which were the priority of the 

object. Radiation oncologists and physicists always try to minimize the radiation dose delivered to 

surrounding tissues outside target. This helps to increase treatment efficiency and reduce the rate of 

complications. Surrounding dose fall-off is only used on the tissues outside target. By the use of the 

optimizer it is possible to contain the high dose region to target only by creating an artificial ring 

around target, in which the dose gradient supposedly falls off with respect to used selected values. 

The inputs, which are used to plan that artificial ring, include high dose region level, low dose region 

level, width of the artificial ring and it’s weighting factor. 
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Table 1: Constraints and objectives that applies to the optimization plan 

 

The objectives could be changed for different patients based on their clinical characteristic including 

tumor size and its location regarding to the risk organs. 

The delivery of dose criteria for PTV is to have the minimum of 95% of the prescribed dose and the 

maximum of 105% of the dose all over the PTV. For GTV the dose has to not be less than 98% (here a 

slightly smaller value of 58 Gy to GTV was used) of the desired dose. This applied to all five 

treatments plans. The dose calculations were done in the Oncentra MasterPlan using the pencil 

beam algorithm. 

In Figure 2 the radiation fields, sagittal and coronal slices has been shown illustrating the target 

volumes and the body contour. The radiation fields were based on the ordinary treatments on one of 

the treatment machines of Umea university hospital. 

 

 

 

 

 

 

 

 

 

Organ Objectives Weighting factor 

GTV Min Dose= 58 Gy 3000 

Pituitary Max Dose= 40 Gy 1 

Chiasma Max Dose= 50 Gy 1 

Right Lens Max Dose= 5.0 Gy 1 

Left Lens Max Dose= 5.0 Gy 1 

Right Opticus Max Dose= 50 Gy 1 

Left Opticus Max Dose= 50 Gy 1 

Brain Stem Max Dose= 60 Gy 1 

External 
Sur dose= 60 Gy-30 Gy  

dist 1.0 cm 
1000 

PTV Min Dose= 57 Gy        

Max Dose= 63 Gy 
3000 
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Beam View                                 Sagittal                                     coronal 

 

Fig 2: Sagittal and coronal slices of intracranial cases illustrating the GTV (red), PTV (light green) and 

external    region. 

 



 
 

12 
 

 

2.3 CT based plans and MRI based plans 
 

For each case the external contour and PTV were defined. The following regions were identified by 

the radiation oncologist: GTV, chiasma, brainstem, pituitary, right lens, left lens, right opticus and left 

opticus. The PTV defined associated to the GTV as described in Constraints and Objectives. The beam 

shape, sagittal and coronal slices of the patient are shown in Figure 2. The dose calculation accuracy 

was checked by creating a treatment plan on the SCT dataset. This treatment plan was then 

transferred to the CT study without any changes. Dose calculations were performed on both data 

sets and compared. On the next step the treatment plan quality was checked through optimization of 

a treatment plan on both SCT and CT. The structure sets and optimization criteria were exactly the 

same. This means that all differences in the quality of the plan can be attributed to the different 

images used as basis for the optimization. Figure 3 shows how the real CT and SCT looks like from a 

same slice. 

The evaluation was divided into two main parts which are shown in Figure 4: (1) comparison of 

radiation therapy plans and dose distribution of CT based optimization and SCT based optimization 

which includes the comparison of dose volume histograms, homogeneity of the dose and (2) the 

optimized plan based on SCT images transferred to CT images without any changes (TP) and dose 

calculations was done. The following parameters compared between TP and SCT: mean dose 

comparison, dose volume histograms and gamma map.  

 

Fig 3: Difference between CT and SCT image in the same slice, left picture is CT and the right one is SCT 
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Fig 4: Overall schematic of the workflow 

2.4 Evaluation tools 
 

1. The gamma value introduced in Low et al. (14) is a comparison tool that is used to combine the 

dose difference and distance to agreement into a single quantity. If we consider DR(x) as the dose 

distribution for the reference case at the point of ‘x’ and DT(y) as the test dose distribution at the 

point of ‘y’ then gamma value can be defined by the relation (1) and (2) for every point in the test 

distribution as a distance measure from the reference distribution: 

 (   )  √(
   

 
)
 
 (

  ( )   ( )

 
)
 

     (1) 

 ( )     { (   )} { }        (2) 

 

where         were normalization factors and were the dosimetric and spatial tolerance criteria 

respectively for the comparison system. The acceptance criteria that is used in the present study was 

δ=3mm and Δ=3% of the normalization dose as γ3 and also δ=1mm and Δ=1% as γ1. Gamma is 

considered to be acceptable if  1, then reference point   satisfies the tolerance criteria relative to 

the evaluation system. The gamma index is defined as the percentage of points for which gamma is 

 1.  

2. If we define Dmin as dose received by 99% of the volume and Dmax dose received by 1% of the target 

volume which is PTV and     as prescribed dose then homogeneity index (HI) is defined as  

        
         

  
         (3) 

The bigger HI corresponds to better homogenous dose distribution that is delivered to PTV. 

3. Comparison of the median and average doses delivered to PTV and dose distribution in the PTV 

volume by using DVH. 

4. Comparison of the maximum dose delivered to OARs. 
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3 RESULTS AND DISCUSSION 

3.1 Gamma Analysis 
 

Table 2 shows gamma index results for all five patients in External and PTV volumes comparing the 

SCT and the TP dose distribution as shown in Figure 4 indicated by ‘iii’. The gamma index can 

quantitatively evaluate the delivered dose distribution between SCT and TP. The gamma index was 

lower in the external region and also decreased by reducing the threshold from 3 mm and 3 % to 1 

mm and 1 %. For PTV did not observe any difference between the SCT and TP.   

The results of gamma distribution map with both acceptance criteria of 3%, 3mm and 1%, 1 mm are 

presented in the Figure 5 .The dose distribution map in SCT case is also shown. It can be noted that 

the percentage of the acceptance criterion     1 was reduced over the skull region and produces red 

areas on the gamma distribution map. The agreement between the SCT and TP in the central slices of 

the PTV region which does not encompass any anatomical inhomogeneity was 100% which is a 

perfect result for the PTV. Regarding the external region voxels that were located at or close to the 

outline of the patient which includes inhomogeneity such as skull the gamma index reaches 93.07%. 

In patient 4 for the gamma index of 1% and 1 mm, which was our worst case but still the results 

presents a good agreement in the external region. It might also due to distortion in the SCT image or 

the threshold technique that was used in Oncentra MasterPlan. The tumor for patient number 4 was 

located very close to the skull.  

 

 

 

 

 

 

 

 

 

Table 2: The percentage for the points that have a gamma value below 1. 

 

 

    Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 

External 
0.01 & 1 

Gamma                  
Index 

95.49 % 97.11 % 97.90 % 93.07 % 97.96 % 

External 
0.03 & 3 

Counts                  
Index 

99.58 % 99.73 % 99.99 % 99.40 % 99.73 % 

PTV     
0.01 & 1 

Gamma 
Index 

100 % 100 % 100 % 100 % 99.99 % 

PTV     
0.03 & 3 

Gamma 
Index 

100 % 100 % 100 % 100 % 100 % 
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Fig 5: Illustration of gamma, the selected slice is from center of GTV for all five patients, including the 

dose distribution in the SCT based images indicates as ‘’a’’, gamma index for 3mm, 3% ‘’b’’ and 

gamma index for 1mm, 1% ‘’c’’ 
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3.2 PTV Analysis 
 

Dose homogeneity in the target volume was quantified by the homogeneity index (HI) as 

recommended by the ICRU. Table 3 shows HI value for each patient, comparing CT, SCT and TP. In 

case 4 there was 2% difference between CT and SCT and the rest of cases had less than 0.55% 

difference. The HI to compare two different treatment plans of CT and SCT had less than 2.4% 

difference.  

 

  CT SCT TP 

Patient 1 

Dmin/Gy 56,29 56,40 56,20 

Dmax/Gy 62,50 62,40 62,20 

HI 89,65 90,00 90,00 

Patient 2 

Dmin/Gy 56,70 56,60 56,40 

Dmax/Gy 62,06 62,26 62,04 

HI 91,07 90,57 90,60 

Patient 3 

Dmin/Gy 56,58 56,60 56,51 

Dmax/Gy 62,63 62,58 62,53 

HI 89,92 90,03 89,97 

Patient 4 

Dmin/Gy 55,21 56,60 56,38 

Dmax/Gy 61,80 61,90 61,70 

HI 89,02 91,17 91,13 

Patient 5 

Dmin/Gy 56,30 56,39 56,35 

Dmax/Gy 62,56 62,76 62,70 

HI 89,57 89,38 89,42 

 

Table 3: Homogeneity index (HI) for each patient for CT, SCT and TP  

 

Doses for both CT and SCT were normalized to 60Gy, and same number of monitor units as SCT was 

transferred to the TP cases, which resulted in 59.79Gy for patient 1, 59.76Gy for patient 2, 59.95Gy 

for patient 3, 59.8 for patient 4 and 59.97Gy for patient 5. So, the biggest deviation belongs to 

patient 2 which was 0.4%.  

The median dose difference for all patients is 0.03   0.08 Gy between CT and SCT shown in Figure 6 

and the average dose is 60Gy and is exactly the same for these two. The median dose difference for 

SCT and TP is 0.15   0.11 Gy shown in Figure 7 for all cases and the average dose difference 0.14   

0.11 Gy shown in Figure 8. From Figure 8 it might be concluded that there is a systematic difference 
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between the delivered dose to the PTV in SCT images and TP. This difference also can be seen in 

Figures 12 a-e since the delivered dose in SCT was higher than TP. The maximum difference in patient 

2 for average dose was less than 0.25 Gy that has the same story in Figure 12 b which was the DVH 

difference in the PTV. It might be because of underestimation of the skull attenuation in SCT, since 

the treatment plans were based on SCT images while it is possible to reach the prescribed dose with 

fewer number of monitor units. 

 

 

Fig 6: The median dose comparison between CT and SCT for PTV                 

 

Fig 7: The median dose comparison between SCT and TP for PTV 

 

 

Fig 8: The average dose comparison between SCT and TP for PTV 
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The DVH comparison for PTV for all patients showing almost a perfect agreement with each other, 

Figure 9 and Figure 10 shows case 1 comparing CT and SCT, SCT and TP as an illustration.  

 

Fig 9: illustration of dose volume histograms of CT and SCT difference for the first patient  

 

Fig 10: illustration of dose volume histograms of CT and TP difference for the first patient  
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Fig11, 12: PTV delivered dose difference between CT and SCT on the left, SCT and TP on the right 
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 Fig 13: CT slice isodose distribution                                  Fig 14: MRI slice isodose distribution 

 

Figure 13 and Figure 14 show the comparisons of the tumor isodose distributions for the CT image 

slice in CT calculations and MR image slice of the same patient for SCT calculations respectively. The 

data were taken from Patient 2. It can be seen that the two images look very similar in terms of 

isodose distributions and they are all acceptable according to our clinical criteria. Almost similar 

isodose distributions were attained and whole PTV is covered by 95% of the prescribed dose which is 

57 Gy shown by the green line. This result showed good accuracy of SCT based dose calculation. 
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3.3 Risk Organs 
 

 

Fig 15: Studying the maximum delivered dose to risk organs between CT and SCT for all patients, 

there are five dots for each organ representing five patients except opticus that is presented for 

three patients 

 

 

Fig 16: Studying the maximum delivered dose to risk organs between SCT and TP for all patients, 

there are five dots for each organ representing five patients except opticus that is presented for 

three patients 

 

All patients have shown in a single graph to investigate the deviations of maximum delivered dose to 

organs at risk in Figure 15 and Figure 16. These graphs presents data describing dose delivered to 
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organs at risk and to have all the organs with the same scaling 
            

     
 was used for Figure 15 

and 
            

      
 was used for Figure 16, the risk organs that were included in the original 

treatment plans were: chiasma, brainstem, pituitary, lens and opticus. Opticus was not shown in the 

last two patients that was the oncologist decision to draw the organs before making the treatment 

plan. It might be because opticus in patient 4 and 5 was deemed to be too far from target to be of 

concern. For all risk organs the maximum dose that was delivered is well below the irreversible 

damage threshold. 

In Figure 15 the maximum deviation belongs to left eye for patient 5 which is about 30%. A possible 

source of error might be since the organs were draw by the oncologists based on CT data sets and 

targets were copied to the SCT data sets, there is a small change in the position of organs. This 

shifting for small volumes like eye affect the results more, the SCT image with organs presented in 

Figure 17. 

 

Fig 17: targets copied to SCT image data sets 
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Table 4: Dose to all defined target volumes and risk organs for patient 1 

 

Table 5: Dose to all defined target volumes and risk organs for patient 2 

 

Table 6: Dose to all defined target volumes and risk organs for patient 3 

 

Table 7: Dose to all defined target volumes and risk organs for patient 4 

 

CT SCT Transf CT SCT Transf CT SCT Transf CT SCT Transf CT SCT Transf

External 0,00 0,00 0,00 63,63 63,37 63,13 10,45 10,61 10,49 16,27 16,39 16,27 17,90 18,00 17,89

Chiasma 31,56 30,38 30,40 40,57 41,13 40,77 35,48 36,40 36,46 35,39 35,96 35,97 2,90 3,09 3,04

GTV 56,78 57,90 57,68 63,03 62,85 62,61 60,24 60,37 60,15 60,23 60,36 60,15 0,94 0,85 0,85

Brainstem 1,78 1,77 1,78 27,66 28,97 28,78 9,40 10,16 10,19 10,89 10,99 10,98 7,47 7,43 7,37

Hypofys 19,03 19,00 19,10 29,76 31,28 31,12 22,35 23,50 23,80 23,90 24,23 24,26 3,45 3,45 3,33

Lens right 2,27 2,20 2,20 3,07 2,89 2,91 2,63 2,51 2,54 2,66 2,52 2,55 0,25 0,22 0,22

Lens left 1,60 1,64 1,65 2,10 2,12 2,15 1,82 1,85 1,87 1,82 1,86 1,87 0,16 0,15 0,16

Opticus right 5,75 6,03 6,04 24,61 25,64 25,71 9,77 10,17 10,23 10,86 11,80 11,84 5,62 6,26 6,24

Opticus left 5,29 5,83 5,76 11,29 14,38 14,49 9,52 7,79 10,28 7,99 9,41 9,46 2,40 2,99 3,00

PTV 53,09 54,33 54,19 63,63 63,37 63,13 60,04 60,10 59,89 60,00 60,00 59,79 1,31 1,34 1,34

Min/Gy Max/Gy Median/Gy Average/Gy Std,Dev/Gy

CT SCT Transf CT SCT Transf CT SCT Transf CT SCT Transf CT SCT Transf

External 0,00 0,00 0,00 62,97 63,10 62,96 2,02 2,22 2,09 11,85 12,07 11,92 16,14 16,27 16,14

Chiasma 1,15 1,19 1,19 1,54 1,58 1,58 1,34 1,38 1,38 1,34 1,39 1,38 0,10 0,10 0,11

GTV 58,50 59,51 59,20 62,00 62,90 62,67 60,81 61,75 61,49 60,76 61,63 61,36 0,66 0,65 0,66

Brainstem 0,86 0,88 0,87 2,38 2,43 2,43 1,30 1,32 1,32 1,39 1,41 1,41 0,37 0,38 0,38

Hypofys 0,86 0,91 0,89 1,12 1,17 1,16 0,96 1,00 0,99 0,97 1,02 1,01 0,07 0,07 0,07

Lens right 0,52 0,60 0,58 0,62 0,69 0,68 0,57 0,64 0,63 0,57 0,64 0,63 0,03 0,03 0,03

Lens left 0,48 0,51 0,50 0,56 0,60 0,58 0,52 0,55 0,54 0,52 0,55 0,54 0,02 0,02 0,02

Opticus right 0,79 0,86 0,84 1,03 1,09 1,08 0,90 0,97 0,96 0,90 0,97 0,96 0,06 0,06 0,06

Opticus left 0,77 0,80 0,79 0,99 1,01 1,01 0,85 0,88 0,87 0,86 0,89 0,88 0,05 0,05 0,05

PTV 55,35 55,15 54,92 62,97 63,10 62,96 60,07 59,99 59,73 60,00 60,00 59,76 1,23 1,28 1,28

Min/Gy Max/Gy Median/Gy Average/Gy Std,Dev/Gy

CT SCT Transf CT SCT Transf CT SCT Transf CT SCT Transf CT SCT Transf

External 0,00 0,00 0,00 64,69 63,94 63,78 7,55 7,50 7,51 14,04 14,04 14,04 16,41 16,40 16,39

Chiasma 9,71 9,40 9,43 11,30 11,50 11,50 10,86 10,73 10,73 10,77 10,64 10,65 0,45 0,56 0,55

GTV 57,18 57,46 57,43 63,05 63,47 63,37 60,19 60,14 60,09 60,20 60,20 60,14 1,06 1,09 1,09

Brainstem 9,99 9,32 9,41 29,22 28,44 28,42 16,70 17,04 17,06 17,15 17,23 17,26 3,45 3,72 3,71

Hypofys 8,24 7,85 7,88 9,97 9,75 9,83 8,85 8,65 8,70 8,95 8,58 8,63 0,50 0,49 0,50

Lens right 3,50 3,39 3,39 4,53 4,34 4,35 4,03 3,79 3,79 4,01 3,81 3,81 0,21 0,24 0,24

Lens left 3,16 3,36 3,38 3,57 4,22 4,25 3,35 3,69 3,71 3,37 3,71 3,73 0,12 0,24 0,24

Opticus right 5,33 4,99 4,98 7,48 7,01 7,01 6,38 6,19 6,19 6,39 6,17 6,17 0,59 0,52 0,52

Opticus left 4,99 5,42 5,41 7,73 7,88 7,86 6,00 6,50 6,50 6,11 6,52 6,51 0,68 0,55 0,54

PTV 54,73 54,29 54,33 64,69 63,94 63,78 60,05 60,02 59,97 60,00 60,00 59,95 1,42 1,40 1,41

Min/Gy Max/Gy Median/Gy Average/Gy Std,Dev/Gy

CT SCT Transf CT SCT Transf CT SCT Transf CT SCT Transf CT SCT Transf

External 0,00 0,00 0,00 62,60 62,45 62,28 1,20 1,24 1,16 9,96 10,10 9,82 15,02 15,13 14,93

Chiasma 1,08 1,04 1,06 1,26 1,21 1,22 1,20 1,16 1,17 1,19 1,14 1,15 0,08 0,08 0,08

GTV 60,58 60,35 60,00 61,56 61,79 61,55 61,11 61,26 61,03 61,08 61,19 60,96 0,23 0,29 0,30

Brainstem 0,56 0,53 0,54 1,64 1,55 1,57 0,85 0,83 0,84 0,94 0,91 0,92 0,32 0,30 0,30

Hypofys 0,74 0,72 0,73 0,86 0,84 0,85 0,82 0,80 0,81 0,81 0,80 0,80 0,04 0,05 0,04

Lens right 0,36 0,37 0,36 0,42 0,42 0,41 0,39 0,40 0,39 0,39 0,40 0,39 0,02 0,02 0,02

Lens left 0,39 0,40 0,38 0,46 0,46 0,46 0,43 0,43 0,42 0,43 0,43 0,42 0,02 0,02 0,02

PTV 54,18 55,15 55,43 62,60 62,45 62,28 60,17 60,13 59,93 60,00 60,00 59,80 1,16 1,25 1,26

Min/Gy Max/Gy Median/Gy Average/Gy Std,Dev/Gy

CT SCT Transf CT SCT Transf CT SCT Transf CT SCT Transf CT SCT Transf

External 0,00 0,00 0,00 63,54 63,70 63,79 1,21 4,93 1,18 9,04 13,27 8,89 14,60 16,20 14,49

Chiasma 57,60 56,02 56,77 61,69 58,90 59,05 61,01 58,49 58,55 60,73 58,12 58,27 1,21 0,87 0,88

GTV 57,72 57,96 58,80 62,58 62,80 62,79 60,12 59,80 59,85 60,09 59,81 59,87 0,89 0,79 0,76

Brainstem 26,26 22,22 22,15 63,03 62,91 62,79 53,63 53,40 53,42 50,35 49,69 49,64 10,07 10,58 10,59

Hypofys 58,41 57,15 57,61 60,40 60,37 60,59 59,36 59,12 59,40 59,36 59,21 59,46 0,50 0,80 0,78

Lens right 3,52 4,10 4,04 4,75 4,86 4,94 4,05 4,45 4,34 4,02 4,42 4,36 0,42 0,24 0,27

Lens left 3,88 4,14 4,08 7,55 5,10 4,97 4,11 4,55 4,44 4,12 4,52 4,44 0,32 0,32 0,31

PTV 54,57 53,80 54,10 63,54 63,70 63,79 60,10 59,99 59,96 60,00 60,00 59,97 1,45 1,42 1,39

Min/Gy Max/Gy Median/Gy Average/Gy Std,Dev/Gy
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Table 8: Dose to all defined target volumes and risk organs for patient 5 

4 CONCLUSION 
 

In conclusion, the results of our study provide experimental proof that it is possible to use MR based 

SCT for optimization of the treatment plans in Oncentra MasterPlan. The differences between plans 

optimized on SCT and CT are very small, well below what can be clinically important, both in terms of 

target coverage and avoidance of risk organs. Recalculation of SCT based treatment plan using CT 

data revealed very small dose calculation errors. Even though the present work involves a limited 

number of patients, it can provide a strong indication that optimization and dose calculation based 

on SCT is safe and may be used in clinical practice. Other experimental studies on this method with 

larger number of patients would be of major interest to improve our knowledge and quality 

assurance in this field. 
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