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PURPOSE 

Intensity Modulated Radiation Therapy technique (IMRT) is state of 

art in modern radiotherapy for bilateral Head and Neck (H&N) 

malignancies. It allows delivering 70 Gy to Planning Target Volume (PTV) 

and (simultaneously) keeping doses to Organs at Risk (OAR) very low. 

Particularly, mean doses to both parotid glands (PG) can be kept below 

25 Gy, maximal dose to spinal cord below 40, brain stem below 50 and 

cochlea below 45 Gy.   

IMRT of real patients is implemented at KBC Zagreb since June 2012. 

Our method is inspired partly by Hull IMRT technique and partly by 

ConPas technique. It differs from standard IMRT beam layout (7 beams, 

gantry angles in 51° steps) and it avoids direct irradiation of OARs. We also 

use simultaneous integrated boost (SIB IMRT) fractionation. SIB IMRT has 

dosimetric, logistic and radiobiological advantages over standard 

fractionation. 

The aim of this paper is to present in some details the whole process 

of our SIB IMRT including plan quality assurance. Results for several 

patients together with comparison with ConPas and standard IMRT are 

presented. 

 

MATERIALS AND METHODS 

IMRT is modern radiotherapy method for H&N and other cancers. It 

is superior to 3D conformal radiotherapy (3D CRT) (e.g. [1]). In our 

department, in last several years, routine method for H&N cancer RT was 

ConPas [2,3]. During this period we (together with ConPas plans) produced 

standard IMRT plans with seven equidistant fields for actual patients. Our 
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comparative analysis showed clear superiority of IMRT over ConPas for 

H&N radiotherapy [4]. Since spring 2012 we have produced also non-

standard IMRT plans that are based on Hull (U.K.) [5] experience, with 

beam gantry angles at 0, 50, 80, 150, 210, 280 and 310°. Also, in this 

method, direct irradiation of OARs (particularly spinal cord) is avoided by 

shielding as initial constraint. This approach proved to be better than 

standard IMRT in all analyzed cases. Having all this in mind, we decided to 

implement "our" IMRT technique on real patients.  

Second essential point is SIB fractionation (also known as dose-

painting IMRT). In H&N treatments there are usually up to three PTVs with 

different dose regimens. An example of SIB fractionation for nasopharynx 

is: PTV1 66 Gy/30 fr. (to PTV-GTV); PTV2 60 Gy/30 fr. (to high risk 

subclinical disease); PTV3 54 Gy/30 fr. (to low risk subclinical disease). 

That is PTV1 receives 2.2 Gy/fr., PTV2 2 Gy/fr., PTV3 1.8 Gy/fr. First SIB 

advantage is dosimetric: it is much easier to achieve good plan (superiour 

PTV conformality and sparing of OARs) than in standard fractionation. 

Second benefit is logistic: whole treatment is significantly shorter. Third 

benefit is radiobiological: Due to higher dose/fr. (to the target) and lesser 

duration of treatment, the Normalized Total Dose is actually higher than the 

Nominal Dose [6]. Patients’ follow-up shows clearly superiority of SIB 

IMRT [7,8].  

We performed extensive measurements with accent on small fields on 

Siemens Oncor Expression, in order to model reliable "IMRT machine" in 

CMS XiO 4,70 treatment planning system. Siemens linacs allow "step and 

shoot" beam delivery.  

The structures and constraints are given for H&N IMRT calculation. 

Structures of type "Planning Organs at Risk Volume" (PRV) [9,10] are 

defined, and also "Avoid" type of structures are contoured to ease control of 

dose escalation in some regions. Dose constraints are given in terms of Dose 

(Max, Min, Goal) or Dose-Volume. Different ranks, weights and powers are 

given to structure objectives in order to achieve desired dose distributions 

(through iteration process). The first step (optimisation) is governed by cost 

(or objective) function. The fluence across individual beams is modulated to 

create "beamlets" of different fluences in order to achieve dose distribution 

closest to desired prescription. Second step is transformation of optimal plan 

to actual step and shoot delivery: Different mini-beams ("segments") are 

created, superposition of which form each beam. Our segment constraints 

are 5MU and 2 cm per segment and ten intensity levels, to avoid very small 

MUs and fields (as they are dosimetrically questionable).  



 

101 

 

Once segments are calculated and satisfying dose distributions 

achieved, it is necessary to see if TPS does calculations well and if linac is 

actually delivering segments and doses as expected. The patient’s plan is 

applied to CT dataset of 2D-Array Seven29 (PTW Freiburg) placed between 

slabs of solid water RW3 (PTW) and beams’ gantry angles are set to zero. 

The plan is recalculated and Seven29 irradiated accordingly. Point doses are 

measured and compared with calculation using VeriSoft3.1 software (PTW) 

and Gamma index method [11]. We choose: a) 3 mm distance to agreement 

and 3 % dose difference, b) increased tolerance of 5 % dose difference 

below 10 cGy, and c) suppression of doses below 5 % of maximum field 

dose. We also keep in mind that high dose gradient regions (at field borders) 

cannot be recorded with high precision due to 1 cm distance between 

chambers in Seven29.  

To gain confidence that "segments" are delivered correctly for gantry 

angles different from zero, we applied the above method to cylindrical 

IMRT Verification Matrix Phantom (PTW). Construction of the phantom 

allows placement of 0.125 cm
3
 Semiflex ionization chambers (PTW) at 

various locations inside it, with very high precision. We follow absorbed 

dose to water code of practice IAEA TRS 398. The patients plan is applied 

to phantoms scan-set, keeping original gantry angles. Comparison of 

measured and calculated doses at several points inside phantom showed 

very good agreement (always within 2 %). Points were chosen away from 

high dose gradients, inside PTVs. Linearity of linac response MU/dose is 

regularly checked.  

Positioning of the patient is essential in radiotherapy. As a routine we 

use thermoplastic masks for fixation of head and neck. Alignment between 

CT scan-set (and digitally reconstructed radiographs) imported from TPS 

and MVCBCT set (and portal images) acquired by linac before RT session 

is checked once per week. We keep the record of positioning inaccuracies 

for further evaluation of overall precision and for scrutiny of PTV margins 

[3]. It gives us confidence in our good positioning repeatability.   

 

RESULTS 

Table 1 shows plan QA. We choose 3 mm/3 % Gamma index and 

passing rate >85 %. All fields of three patients pass except P2 0° field, 

which is slightly below. Table 2 shows measured and calculated values in 

cylindrical IMRT phantom for two actual patients at two points each. Point 

sum dose agreement is always inside 2 %.  
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Comparison of "our" IMRT plan (full line) and ConPas plan in terms 

of Dose-Volume histogram is presented in Figure 1. Figure 2 shows 

comparison of "our" IMRT plan (full line) and equidistant IMRT (dashed). 

 

Table 1. Passing rate for 3 mm /3 % Gamma index 

PATIENT GANTRY ANGLE 

 0° 50° 80° 150° 210° 280° 310° 

P1 88.0% 95.4% 99.6% 95.7% 94.4% 96.7% 93.2% 

P2 82.2% 94.0% 96.2% 94.3% 97.5% 93.8% 93.2% 

P3 89.8% 86.6% 96.4% 95.9% 100% 98.6% 86.5% 

 

Table 2. Calculated and measured doses at spots inside cylindrical phantom 

 0°
 

50°
 

80°
 

150°
 

210°
 

280°
 

310°
 

Total 

XiO(cGy) 48.2 25.4 13.8 2.4 48.7 47.6 19.3 205.4 

Measured 49.9 24.9 14.6 1.8 48.8 47.2 19.5 206.7 

XiO(cGy) 24.5 19.6 8.9 1.5 40.4 25.0 28.2 148.1 

Measured 24.6 20.1 9.7 1.5 38.9 25.9 28.2 148.9 

XiO(cGy) 49.7 41.7 3.2 51.9 11.1 11.4 27.1 196.1 

Measured 51.2 40.8 9.0 49.3 10.2 12.3 27.5 200.3 

XiO(cGy) 38.6 27.5 21.4 47.1 3.7 29.5 9.9 177.7 

Measured 36.7 26.9 23.6 47.7 2.9 30.5 8.3 176.6 

 

 

Figure 1. IMRT vs. ConPas 
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Figure 2. IMRT vs. standard IMRT DVHs 
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Intensity Modulated Radiation Therapy technique (IMRT) is state of 

art in modern radiotherapy for bilateral Head and Neck (H&N) 

malignancies. IMRT of real patients is implemented at KBC Zagreb since 

June 2012. Our method is inspired partly by Hull IMRT technique. It differs 

from standard IMRT beam layout (7 beams, gantry angles in 51° steps) and 

it avoids direct irradiation of OARs. We also use simultaneous integrated 

boost (SIB IMRT) fractionation.  

The aim of this paper is to present in some details the whole process of 

our SIB IMRT including plan quality assurance. Results for several patients 

together with comparison with ConPas and standard IMRT are presented. 

In our department, in last several years, routine method for H&N 

cancer RT was ConPas. During this period we (together with ConPas plans) 

produced standard IMRT plans with seven equidistant fields for actual 

patients. Our comparative analysis showed clear superiority of IMRT over 

ConPas for H&N radiotherapy. Since spring 2012 we have produced also 

non-standard IMRT plans that are based on Hull (U.K.) experience, with 

beam gantry angles at 0, 50, 80, 150, 210, 280 and 310°. Also, in this 

method, direct irradiation of OARs (particularly spinal cord) is avoided by 

shielding as initial constraint. This approach proved to be better than 

standard IMRT in all analyzed cases. Having all this in mind, we decided to 

implement “our” IMRT technique on real patients. Second essential point of 

our method is SIB fractionation. It has dosimetric, logistic and 

radiobiological advantages over standard fractionation.  

IMRT plan QA is routinely performed using Seven29 and Gamma 

index method. We take 3 mm/3 % Gamma index and 85 % of passed points 

as passing rate. 
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