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Introduction: This study compared a three-dimensional conformal radiation therapy (3D-CRT) with a 
recently implemented intensity modulation radiation therapy (IMRT) technique performed in the irradiation 
of lung cancer. The objective of this study is to demonstrate the dosimetric advantages of IMRT in target 
coverage, dose homogeneity, and reducing toxicity.  
Material and Methods: Depth point doses were compared as calculated by the Varian Eclipse treatment 
planning system (TPS) on virtual created patient and experimentally measured by thermoluminescence (TL) 
dosimetry. For treatment planning the same lesion of the real case with different volumes and structures 
contouring details were created on Rando anthropomorphic phantom computed tomography (CT) data. Dose 
measurement was performed by calibrated thermoluminescent detectors.  
Results: The difference between experimental TL measured doses and calculated doses in both techniques 
show mean values of ~3% (IMRT) and ~1% (3D-CRT) for high dose (>0.55Gy) and ~7% IMRT and 6.5% 
(3D-CRT) for low dose (<0.55Gy). All IMRT optimized plans improved the heart (-28.3%), the spinal cord 
(-25.3%), and the left lung (-41.55%) sparing significantly, compared to the 3D-CRT plans. The optimized 
dose-volume histograms, the dose covering indices, and the dose profile across heterogeneity interfaces 
showed a significant improvement in dose conformity by IMRT.  
Conclusion: These findings demonstrate well that TL dosimetry when combined with suitable point dose 
measurement procedures can efficiently be used as an external and independent dose audit for the 
comparison between 3D-CRT and IMRT. IMRT with its dose-volume optimization algorithm can achieve a 
treatment plan quality in lung cancer radiotherapy unachievable by 3D-CRT.    
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Introduction 
After many recommendations and advice, the 

intensity-modulated radiotherapy (IMRT) was 
recently implemented at the Fighting against Cancer 
Medical Centre (Centre de Lutte Contre le Cancer, 
[CLCC]), Setif, Algeria. This study was conducted to 
evaluate IMRT and its contribution to the better 
treatment of some specific cases of cancers, such as 
lung cancer, which is unachievable by three-
dimensional conformal radiotherapy (3D-CRT). In our 
previously conducted similar study on 3D-CRT, 
relatively high dose deviations were observed 
between calculated and measured doses, particularly 
in close regions to the heterogeneity interfaces [1]. 
Although many studies support the use of IMRT in 
lung cancer, the question is whether IMRT can 
address such point-dose problems more efficiently 

than 3D-CRT, particularly near heterogeneities. 
However, the implementation of this technique comes 
with clinical and technical challenges. The IMRT is a 
more complex technique than 3D-CRT and will 
certainly need more treatment planning programs in 
terms of dose calculation and optimization. Therefore, 
the main reasons for implementing IMRT include the 
possibility of large treatment volume and the failure to 
meet organs at risk (OARs) dose constraints by 3D-
CRT for such specific cancer cases. In this study, the 
Eclipse Analytical Anisotropic Algorithm (AAA) 3D-
CRT planning tools are combined with interactive 
dose-to-volume optimization for accurate and 
effective IMRT planning. 

Through this study, it is intended to check if IMRT 
contributes to fix the problem of heterogeneity 
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correction and how it contributes to optimal dose 
covering of the planning treatment volume (PTV) and 
the OARs sparing. The present study aimed to check 
the point doses at different depths using the LiF 
thermoluminescent dosimeter (TLD700) and the 
Rando phantom following the same procedure for 3D-
CRT described by Bouacid et al. [1]. Moreover, it was 
attempted to examine the compatibility of the dose-
volume optimization algorithm used in IMRT planning 
to reduce the heterogeneity effect in some special 
regions, such as heterogeneities interfaces. It is also 
aimed to check if the treatment plans validated during 
the calculation phase were valid by TL dosimetry 
according to the International Commission on 
Radiation Units and Measurements (ICRU) 
recommendations on dose delivery to the PTV 
reported in reports 50 and 62 [2,3]. 

 

Materials and Methods 
Following the same procedure in our previous study 

[1], TL dosimetry and in-depth dose verification on 
anthropomorphic Rando phantom (Radiology Support 
Devices, Inc) have been carried out again considering 
the IMRT technique instead of 3D-CRT and the same 
real patient case of lung cancer. Therefore, the same 
virtual patient was created within the treatment planning 
system (TPS) for IMRT treatment with the same 
structures and lung lesions of the real patient. Based on 
the prescribed dose of 40 Gy in 20 fractions for the real 
patient, an IMRT treatment plan and a dose calculation 
were performed for the virtual patient (Rando phantom) 
using the AAA with IMRT dose-volume optimization 
algorithm (Varian Eclipse, 11.0.31) [4]. 

Calculated doses were also checked through the dose 
measurement in 19 well-selected positions. The 19 
measurement positions, where the thermoluminescent 
detectors (TLDs) have to be placed, were carefully 
selected to cover the regions of interest in this study, 
namely PTV, OARs, and the heterogeneities. 

Accordingly, the phantom layers corresponding to the 
CT-slices Z of 6.3 cm, 9 cm, and 12.3 cm were used in 
this study (Figure 1). 

 

Virtual patient creation and treatment by IRMT 
The same procedure used for IMRT was employed 

in this study for virtual patient creation and treatment by 
3D-CRT [1]. A lung lesion of 1394.1cm3 was delineated 
on Rando phantom CT-slices which is similar to the real 
patient CT-data in terms of acquisition parameters. The 
real patient had been treated with a 3D conformal 
radiotherapy technique at the radiotherapy center of 
CLCC-Setif, Algeria, with ballistic details and 
constraint on the dose mentioned in Table 1. 
Accordingly, for the actual considered IMRT, new 
beams and constraints were considered on the PTV 
(Table 2). The considered IMRT dose-volume 
optimization objectives are presented in Table 3.  

 

Thermoluminescence dosimetry and TL signal reading 
The human tissue equivalent TLD-700 

thermoluminescent dosimeters (ThermoFisher, 
SNO78835) were used in this study for the measurement 
of the delivered dose. The TLD chips were 
3.2×3.2×0.89 mm3. These dimensions were well suitable 
for dedicated phantom slots. Before using these TLDs 
for dose measurement, an accurate TL-Dose response 
curve was established. The Risø TL/OSL-DA-20 
luminescence reader (DTU Nutech, Denmark) was used 
for TL signal reading [5,6]. The experimental TL 
reading conditions are shown in Table 4. The TL 
intensity is corrected using Eq.(1) [1].   
𝑇𝐿𝑐𝑜𝑟𝑟 = 𝑇𝐿𝑚𝑒𝑎𝑠 . 𝑅. 𝐸𝑖 . 𝑊𝑖 . 𝑃𝑖                                      (1) 
 

where Ei is the element correction factor, R signifies 
the actual to reference TL measurement ratio for a 2 Gy 
dose, Wi indicates the TLD weight correction factor, and 
Pi presents the reading position and calibration 
correction factor [1]. 

 
Table 1. Details of the considered radiotherapy 3D-CRT treatment planning of lung lesion 
  

Prescribed dose 40 Gy given within 20 fractions (2Gy/fraction) 

Constraint on dose  95% of the dose covers 95% of the PTV 

Number of Fields 3 with 5 segments 
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Post* Static 6X 1.084 195 0 0 14.8 15.4 87.8 97 

Post.0 Static 6X 0.066 195 0 0 14.8 15.4 87.8 7 

Post.1 Static 6X 0.076 195 0 0 14.8 15.4 87.8 7 

OAD* Static 6X 0.231 300 0 0 21.4 14.8 85 23 

OAD.0 Static 6X 0.066 300 0 0 21.4 14.8 85 7 

OAD.1 Static 6X 0.072 300 0 0 21.4 14.8 85 7 

ANT* Static 6X 0.976 15 0 0 14.3 14.1 88.4 84 

ANT.0 Static 6X 0.079 15 0 0 14.3 14.1 88.4 7 

 
*Post: posterior, OAD: Oblique Anterior Right, ANT: Anterior, SSD: source to surface distance, MU: Monitor Unit. PTV: planning target volume. 
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Table 2. Details of the considered radiotherapy IMRT improved treatment planning of lung lesion  
 

Prescribed dose 40 Gy given within 20 fractions (2Gy/fraction) 

Constraint on dose  95% of the dose covers 95% of the PTV 

Number of Fields 3fields 
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POST Dynamic 6X 1 195 0 0 16.1 15 87.8 364 

OAD Dynamic 6X 1 300 0 0 20.9 14.5 85 209 

ANT Dynamic 6X 1 5 0 0 14.4 14 88.7 275 

 
*Post: posterior, OAD: Oblique Anterior Right, ANT: Anterior, SSD: source to surface distance, MU: Monitor Unit. PTV: planning target volume. 
 
Table 3. Dose-volume optimization objectives 
 

Organ and Structure Volume (%) Dose (Gy) Priority (P) Resolution (mm) 

Heart 0 10 (max.) 200 

3.0 

PTV40 

0 42 (max.) 

200 9 39 (min.) 

100 39.8 (min) 

Spinal cord 
0 5 (max.) 400 

30 5 (max.) 300 

Left lung 
30 10 (max.) 200 

20 20 (max.) 200 

Lungs without PTV 
30 20 (max.) 200 

20 30 (max.) 200 

PTV42 0 42 (max.)  200 1.72 

Outside PTV 0 40 (max.) 300 4.5 

 
 
Table 4. Conditions of the thermoluminescence signal reading 
  

Luminescence reading mode Thermoluminescence  

Maximum reading temperature 300 °C 

Heating rate 5 °C/s 

TL signal sampling 250 points over the range 0 °C to 450°C 

TLD annealing conditions 10 minutes at 400°C followed by 15 minutes at 100°C 

 

 
Figure1. Thermoluminescent detector positions shown on CT-slices with radiotherapy beam angles for 3D-CRT: (a) slice with y=6.3cm, (b) slice 
with y=9cm, (c) slice with y=12.3 cm, (d) 3D fields viewing with PTV (in blue) 
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Figure 2. Horizontal dose profile line and vertical dose profile line as selected on CT slice with y=9cm (solid black lines on the left), 3D Rando 
phantom with beams used in IMRT (right) 

 

The TLDs were calibrated at the same measurement 
conditions. The annealing procedure was performed in a 
suitable oven at two different temperatures (i.e., 400 and 
300°C for 15 and 10 min, respectively). The TLDs were 
placed in the specific inserts of the RW3 water-
equivalent slab phantom by avoiding the air gap. The 
TLDs were irradiated according to the procedure 
described above to determine the main TL correction 
factor, and therefore, the TL response curve as a 
function of dose. The irradiation was performed for a 
dose of 2 Gy under the reference radiotherapy 
conditions with a beam filed size of 10×10 cm2, a depth 
of 10 cm, and under iso-centric Source-Axis-Distance-
set-up (SAD=100 cm). The TL signal was read just after 
irradiation. The TL measurement was repeated three 
times for each TLD. The TLDs with TL intensity 
standard deviation greater than 3% were excluded from 
the batch and not used. The mean uncertainty on the TL 
intensity measurement of all TLDs was obtained at 
1.8%. After correcting the TL factor determination, the 
TL dose-response curve (TL=f[D]) was established for 
the reference TLD for dose varying from 0.1 to 2.5 Gy. 
To take into account the effect of the irradiation history 
on the TLDs response, the reference TLD is first 
irradiated with a dose of 2 Gy dose in any new 
dosimetry work with the same TLDs batch.  

The batch of the TLDs used in this study is 
composed of 19 TLDs in accordance to the 19 dose-
measurement positions (Figures 1 and 2). The dose 
measurement points were well selected on Rando 
phantom to cover the PTV, the OARs (heart and spinal 
cord), and the two sides of heterogonous interfaces (soft 
tissue/lung). The prescribed dose with the IMRT 
ballistic and treatment plans summarized in Table 2 was 
delivered to Rando. Doses were then measured on 19 
considered positions. The same protocol used for the 
TLDs calibration, which includes irradiation, reading, 
and annealing conditions, was used for dose 
measurement on Rando phantom. 

 

Dose covering evaluation 
To compare dose covering between 3D-CRT and 

IMRT, the programmed target volume coverage was 
evaluated using the heterogeneity index, the uniformity 
index, and the conformity index defined as follows [7]: 

 𝐻𝐼 =
𝐷2%−𝐷98%

𝐷50%
                                                            (2) 

where D2% is the dose of 2% of the programmed 
target volume, D98% presents the dose of 98% of the 
programmed target volume, and D50% signifies the dose 
of 50% of the target volume [7].  

𝑈𝐼 =
𝐷5%

𝐷95%
                                                                     (3) 

 
where D5% indicates the dose of 5% of the 

programmed target volume, and D95% is the dose of 95% 
of the programmed target volume [8,9].  

𝐶𝐼 =
𝑃𝑇𝑉95%

𝑃𝑇𝑉
                                                                  (4) 

where PTV is the programmed target volume, and 
PTV95% presents the volume covered by 95% of the 
prescribed dose.   

 

IMRT dose-volume optimization 
The AAA is a 3D pencil beam convolution-

superposition algorithm. The Varian's TPS Eclipse 
(11.0.31) was used for dose calculation with AAA. In 
IMRT, the plan quality can be evaluated using either 
physical or biological criteria. With physical criteria, the 
IMRT optimization generates conformational dose 
distributions by modulating field intensities iteratively 
until the objectives on the dose-volume prescribed in the 
treatment plan are fully satisfied. The objective function 
is the sum of the dose-volume objectives defined by the 
user. The mathematical formulation of the optimization 
problem is based on the combination of individual 
quality indicators on target structures and OARs for 
clinical constraints to yield a single measure that 
represents the quality of the complete treatment plan. 
This task is complicated because the given indicators for 
target structures and organs at risk are linked to 
interdependent and contradictory optimization goals in 
terms of maximization and minimization of the 
delivered dose. 

Therefore, the objective function for the target and 
OAR is simply presented following a weighted sum of 
individual quality indicators [10,11].  

 

𝐹𝑇𝑘
=

1

𝑁𝑘
[∑ (𝐷𝑖 − 𝐷𝑝𝑘

)2𝑁𝑘
𝑖=𝑘 + 𝑤𝑚𝑖𝑛𝑘

∑ (𝐷𝑖 − 𝐷𝑚𝑖𝑛𝑘
)2ℋ(𝐷𝑚𝑖𝑛𝑘

−
𝑁𝑘
𝑖=𝑘

𝐷𝑖) + 𝑤𝑚𝑎𝑥𝑘
∑ (𝐷𝑖 − 𝐷𝑚𝑎𝑥𝑘

)2𝑁𝑘
𝑖=𝑘 ℋ(𝐷𝑖 − 𝐷𝑚𝑎𝑥𝑘)]                                                                                                       

(5) 
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𝐹𝑂𝐴𝑅𝑘
=

1

𝑁𝑘
[𝑤𝑚𝑎𝑥𝑘

∑ (𝐷𝑖 − 𝐷𝑚𝑎𝑥𝑘
)2𝑁𝑘

𝑖=𝑘 ℋ(𝐷𝑖 − 𝐷𝑚𝑎𝑥𝑘
) +

𝑤𝑑𝑣𝑘
∑ (𝐷𝑖 − 𝐷𝑑𝑣𝑘

)2𝑁𝑑𝑣𝑘

𝑖=𝑘
ℋ(𝐷𝑖 − 𝐷𝑑𝑣𝑘

)]                                         (6) 
 

In these two last objective functions, the user must 
define the number of points Nk in the considered PTV or 
OAR target volume. Optimization is performed for each 
ith point-dose (Di) by considering the constraint on dose 
(Dpk) for each targeted volume with its minimum and 
maximum authorized thresholds (Dmink and Dmaxk). 
Lower and higher thresholds on dose constraints are 
weighted with factors Dmink and Dmaxk. Heaviside 
function ℋ(x) is used to ensure that point-dose is 
considered only if it is in the interval between minimum 
and maximum dose for the PTV and under the 
maximum dose and constraint on dose for an OAR. Ddvk 
is the DVH constraint on the dose of an OAR weighted 
by wdvk parameter [10, 11]. 

Accordingly, the iterative process updated intensity 
(Ψ*) and optimized dose (D*) are given by:  

𝛹∗ = arg 𝑚𝑖𝑛𝐼 [∑ 𝐹𝑇𝑗
(𝐷(𝐼), 𝑃) + ∑ 𝐹𝑂𝐴𝑅𝑘

(𝐷(𝐼), 𝑃)𝑁𝑂𝐴𝑅
𝑗

𝑁𝑇
𝑗 ]         (7) 

𝐷𝑖
∗ = ∑ 𝐾𝑖𝑗𝐼𝑗

∗𝑁
𝑗=1                                                                 (8) 

 
where P is the set of dose limits and weights for all 

the optimization structures that define the objective 
function and Kij presents the dose coefficient (Kernel) 
corresponding to the jth beamlet and the ith voxel. 

Within the Eclipse dose-volume optimization 
(DVO), the Gradient algorithm is used to optimize dose-
volume for a given set of parameters P which was 
initially selected. The selection of P parameters must 
satisfy the clinical criteria. Automatic methods of P 
parameter selection have been proposed [12,13]. 
Stochastic algorithms are also usually used for 
parameter optimization [14-18]. Eclipse DVO uses 
automatic P parameter selection with a Simulated 
Recruit method with efficient speed. The iterative 
optimization stops when the objective function curve 
varies no longer, the maximum time limit has been 
reached, the maximum number of iterations has been 
reached, or dose uniformity in target volumes [19]. 

The DVO IMRT algorithm was used in this study. 
This algorithm uses the iterative method to determine 
the optimal shape and intensity of the field, and 
therefore, an optimal solution that must conform the 
dose distribution to the defined user’s objectives [20]. 
The Eclipse DVO (version 11.0.31) is used in the 
framework of this study. The DVO optimizes the field 
shape and intensity using simple a deterministic iterative 
global gradient optimization allowing to find the optimal 
solution [21]. The dose constraints and the resolution of 
tissues of interest and OARs were predefined based on 
the clinical experience and by the direct correlation 
between clinical observation and characteristic dose 
values (Table 3). The minimization gradient algorithm is 
used to optimize dose with global and no local 
minimums because of the convex shape of the objective 
function [17]. In this algorithm, a gradient evaluation 
generates first the gradient direction and length and then 
the objectives by a line search along the line segment in 

order to find the minimum. The main steps of the DVO 
algorithm are as follows: 

1. Field by field optimization  
2. Calculation of an intermediate dose for the 

optimization of plan 
3. Calculation of the difference between the 

intermediate dose and the first optimization result 
4. Utilization of the observed difference to 

compensate for the optimal result in the next iterations 
5. Calculation of new intermediate dose and its 

utilization to compensate next iteration if such case 
arises 

6. Discontinuation of the iteration process when the 
predefined objectives are reached with minimum errors 
with respect to the dose-volume histograms (DVHs) 
produced during iteration 

The DVO optimization is generally influenced by 
the tissue heterogeneity existence and subjected to 
optimization convergence error [22-25]. In the DVO 
optimization, dose calculation errors are particularly 
present in the electronic disequilibrium region near the 
heterogeneity interfaces as is the case in our study. 
Finally, it is important to mention that medical 
physicists with the assistance of the clinician have to 
assign correct and optimal priority values to the 
optimization objectives of the PTV structures and 
OARs. The iteration is performed in a compromised 
way by tending the objectives on the OARs towards low 
doses and ensuring no significant impact on the DVH of 
the PTV at the same time. The priorities to be 
considered in this iteration process between PTV and 
OARs depend on the PTV dose coverage and 
homogeneity criteria previously defined by the clinician 
depending on the treated case [26]. 

 

Comparison between IMRT and 3D-CRT calculated 

and TL measured doses  
In the present study, point-doses were measured by  

ThermoFisher TLD-700 using the Risø TL/OSL-DA-20 
reader [5,6]. Thermoluminescence signals were all 
collected under the same experimental conditions 
presented in Table 4. Therefore, the same 19 dose-
measurement positions used for 3D-CRT were used for 
IMRT within the Rando phantom (Figure 1). The beams 
listed in Table 2 were delivered to Rando phantom 
according to the IMRT treatment plan. In this study, 
dose delivery comparison was performed in terms of 
experimental TL measured doses, as well as horizontal 
and vertical dose-profiles across heterogeneity media 
(spinal cord and right lung) showed in Figure 2 and 
DVHs. 
 

Results 
Point-dose measurement and comparison of the IMRT 

with 3D-CRT  

The obtained TL-dose response curve is presented in 

Figure 3. This calibrated TL=f(D) curve allows the 

determination of absorbed dose within the interval 

between 0.1 and 2.5 Gy.  All TLDs in the used batch 

were annealed together in an oven with the same 
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procedure and conditions as presented in Table 4. The 

reproducibility in dose measurement was found to be 

within an interval of ±3%. The TL measured point-doses 

at different depths were compared to TPS calculated 

ones for 3D-CRT and IMRT (Table 5). Additionally, the 

difference between the calculated and the measured 

doses for both radiotherapy techniques was also 

evaluated. The TL-measured doses demonstrate normal 

high differences (Δ) versus calculated doses in case of 

low doses. All the differences between measured and 

calculated low doses (<0.55Gy) have mean values 

around 7% and 6.5% for IMRT and 3D-CRT, 

respectively. 
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Figure 3. Response and calibration curve of used TLD dosimeters 

 

On the other hand, the difference for higher doses 

(>0.55Gy) has a mean value of about 3 % for IMRT and 

~1.0% for 3D-CRT. The measured dose on the heart 

(position 2) was only 2 Gy in IMRT, whereas it was 5.4 

Gy in 3D-CRT. The IMRT heart dose measured value is 

very comfortable regarding the constraints on OARs 

irradiation considered in the actual IMRT treatment 

planning. The measured doses on PTV for both 

radiotherapy techniques are globally in good agreement 

with the ICRU recommendations; however, the IMRT 

has a noticeable advantage over the 3D-CRT. In IMRT, 

all calculated and measured doses in the PTV (Table 6) 

were found to be within the interval of 95%-107% (1.9-

2.14Gy) of the prescribed dose (2 Gy). Therefore, the 

PTV is well covered from a dose deposition point of 

view according to the validated IMRT treatment plans. 

The same statement is not valid for 3D-CRT since some 

very high deviations were observed on some dose 

measurement points (positions 11 and 15).  

 

IMRT-DVO and heterogeneity correction 
The tissue heterogeneity is an important aspect that 

needs to be considered in the dose optimization of 

radiotherapy treatment planning. Therefore, IRMT and 

3D-CRT were compared regarding the calculated dose 

distributions across heterogeneous media. Accordingly, 

dose profiles were plotted across the mentioned 

horizontal scanning line passing though lungs (from 

right to left) and vertical scanning line passing through 

the spinal cord (from posterior to anterior sides) 

(Figures 4 and 5). 

 

 
Table 5. Different anisotropic analytical algorithm-calculated doses for 3D-CRT and IMRT and thermoluminescence-measured doses and 

differences Δ between calculated and measured for 3D-CRT and IMRT (See Figure 1 for the location of TLDs) 

 

TLD location  3D-CRT IMRT  

 
Dose Comparison 

∆(%) = |
𝐷𝑇𝐿 − 𝐷𝑐𝑎𝑙

𝐷𝑇𝐿

∗ 100| 

 
Calculated Dose 

 (Gy) 

Measured Dose  

(Gy) 

Calculated Dose 

 (Gy) 

Measured Dose 

(Gy) 

Δ (%) 

3D-CRT 

Δ (%) 

IMRT 

1 0.087 0.094±0.004 0.043 0.046±0.002 7.45 6.52 

2 0.25 0.27±0.01 0.11 0.10±0.01 7.41 10 

3 0.21 0.23±0.01 0.11 0.12±0.01 8.69 8.33 

4 2.11 2.08±0.10 1.97 2.05±0.10 1.44 3.90 

5 0.17 0.18±0.015 0.049 0.053±0.002 5.55 7.54 

6 0.28 0.32±0.02 0.19 0.20±0.02 12.5 5 

7 1.05 1.04±0.05 0.52 0.55±0.03 0.96 5.45 

8 1.71 1.70±0.08 1.08 1.00±0.05 0.59 8 

9 0.54 0.52±0.06 0.28 0.26±0.02 3.85 7.7 

10 0.27 0.29±0.01 0.17 0.19±0.02 6.90 10.52 

11 2.13 2.17±0.10 2.00 2.05±0.10 1.84 2.44 

12 0.21 0.24±0.01 0.23 0.24±0.01 12.5 4.16 

13 0.51 0.51±0.02 0.38 0.40±0.02 0 5 

14 2.09 2.08±0.10 2.09 2.05±0.10 0.48 1.95 

15 2.10 2.23±0.10 1.98 2.08±0.10 5.83 4.80 

16 2.03 2.04±0.10 1.98 2.05±0.10 0.49 3.41 

17 2.01 2.00±0.10 2.05 1.98±0.10 0.5 3.53 

18 2.07 2.09±0.10 2.07 2.05±0.10 0.96 0.97 

19 2.09 2.13±0.10 2.07 2.10±0.10 1.88 1.43 
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Table 6. Percentage (%) of the calculated doses and TL-measured doses concerning the prescribed dose (2Gy) for 3D conformal planning (3DCR) 

and IMRT optimized planning (IMRT). 
PTV: planning treatment volume; HU: Hounsfield unit; TLD: thermoluminescence dosimeter; GTV: Gross tumor volume, see Figure 1 for the 

location of TLDs 

 

TLD location 
HUav 

(Location) 
% of the calculated / TL doses to prescribed dose 

3D-CRT 
% of the calculated / TL doses to prescribed dose 

IMRT 

1 17.75(Heart) 4.4/4.7 2.15/2.4 

2 19.75(Heart) 12.5/13.5 5.5/5.0 

3 13.25(Heart) 10.5/11.5 5.5/6.0 

4 25.75(Soft tissue, GTV) 105.5/104.0 98.5/102.5 

5 -669(Left Lung) 8.5/9.0 2.5/2.75 

6 10.5/-650* (Interface) 14.0/16.0 9.5/10.0 

7 12.75(Soft tissue) 52.5/52.0 26.0/28 

8 13.75(Soft tissue) 85.5/85.0 54.0/50.0 

9 12.5(Soft tissue) 27.0/26.0 14.0/12.5 

10 -476.25(Left Lung) 13.5/14.5 8.5/9.5 

11 12(Soft tissue, GTV) 106.5/108.5 100/102.5 

12 20/-433.5*(Interface) 10.5/12.0 11.5/12.5 

13 22.5(Soft Tissue) 25.5/25.5 19.0/20.0 

14 -469(PTV)  104.5/104.0 104.5/102.5 

15 8/-705.75*(Interface) 105.5/111.5 99.0/104.0 

16 -439.25(PTV) 101.5/102.0 99.0/102.5 

17 -404(PTV) 100.5/100.0 102.5/99.0 

18 -434.25(PTV) 103.5/104.5 103.5/102.5 

19 -339.5(PTV) 104.5/106.5 103.5/105 

 

*HUs of soft tissue/lung interface. 

 
Table 7. Dose covering evaluation 

Index 3D-CRT IMRT 

Conformity index  0.95 0.99 

Heterogeneity index  0.112 0.085 

Uniformity index  1.099 1.07 
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Figure 4. Vertical dose profile line showing calculated dose variation 

through the heterogeneous spinal cord medium 
 

Concerning the spinal cord heterogeneity, the obtained 

results demonstrate the less exposure of this organ by 

IMRT by a maximum value of 32.5% on the considered 

dose profile line, compared to 3D-CRT. The dose 

profile just after the interface toward anterior direction 

increases considerably in 3D-CRT, compared to IMRT 

(Figure 4). For the left lung, the obtained results show 

that IMRT with its dose-volume optimization algorithm 

makes the dose profile less spread on the interfaces with 

a more consistent fall in terms of dose before and after 

the heterogeneity interface (Figure 5). 
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Figure 5. Horizontal dose profile line showing calculated dose 

variation through the heterogeneous right lung medium 

 

In this study, the shape differences of the DVHs 

were also evaluated for IMRT and 3D-CRT (Figures 6 

and 7). Although the main constraints on dose delivery 

are globally respected in both radiotherapy techniques, 

the deep analysis of the DVHs demonstrates that IMRT 

ensures a better PTV dose covering and an improved 
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OARs (left lung, spinal cord, and heart) exposure 

sparing. Therefore, it was demonstrated that the 

presence of large heterogeneities was entirely accounted 

for IMRT by the dose-volume optimizer, compared to 

3D-CRT by the AAA with its heterogeneity correction 

method. 
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Figure 6. Dose-volume histograms calculated for the most important 

organs and volumes for the considered IMRT treatment planning 
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Figure 7. Dose-volume histograms calculated for the most important 

organs and volumes for the 3D conformal treatment planning 

 

Moreover, effective exposure dose percentage 

reduction of 25.3%, 28.3%, and 41.55% was found for 

the spinal cord, heart, and left lung, respectively. In 

terms of the PTV dose covering, the comparison shows 

an insignificant difference (0.92%) between IMRT and 

3D-CRT which proves that the PTV is well covered in 

terms of delivered dose concerning the prescribed dose 

in both techniques. The calculated dose converging 

indices presented in Table 7 confirm these findings.  

 

Discussion 
The treatment plan is significantly improved by 

IMRT according to this experimental point-dose 
measurement. In terms of local dose optimization, the 
TL measured point-dose shows a clear IRMT dose 
optimization, compared to 3D-CRT. Experimental 
results demonstrate that the local dose at the level of the 

heart is reduced by more than 50%. The dose near the 
spinal cord is also decreased by about 20% in IMRT. 

However, the measured dose delivered to the PTV is 
more accurate and is found within an interval of ±5% of 
the prescribed dose for all the measurement positions. It 
is important to mention that our TL dose measurement 
in all considered points showed dose overestimation and 
underestimation by both IMRT and 3D-CRT with most 
differences within a tolerable interval. It is worth 
mentioning that high deviations were observed for 
points 11 (+6.5 %) and 15 (+5.5%) in 3D-CRT.  

All the calculated indices are favorable for a better 
IMRT dose covering, compared to the 3D-CRT. Close 
collaboration between clinician and medical physicist is 
more than necessary to reach the predefined objectives 
of dose delivery with IMRT. The IMRT relies on 
computerized inverse planning; therefore, OARs need to 
be accurately contoured to instruct the system to avoid 
depositing high dose in these tissues. Since the IMRT 
implementation to date, 126 patients were treated for 
head and neck and 21 ones for brain cancers at the 
CLCC radiotherapy service. The CLCC radiotherapy 
service is advised to start the implementation of 
breathing motion reduction and respiratory gating 
techniques in order to extend the use of IMRT to lung 
cancer, particularly in case of complex clinical 
situations. This is because the actual study on Randon 
phantom demonstrates well the ability of IMRT to 
ensure an efficient treatment in terms of dose 
conformity and OARs effective sparing, compared to 
3D-CRT for such cases. 

Finally, it should be mentioned that in addition to 
our study, IMRT with its dose optimization was studied 
for the treatment of lung and other very specific cancers. 
According to a study conducted by Michael J. Chen et 
al., the treatment of lung cancer with IMRT instead of 
3D-CRT improved the physical and biological con-
formability of the dose delivery [27]. They also noticed 
a possible higher dose delivery to the hypoxic target 
volume avoiding the use of a higher number of fractions 
leading to the less exposure of the healthy tissues. Chen 
et al. also confirmed that IMRT was more appropriate 
than 3D-CRT for the treatment of lung cancer with large 
tumor volumes and locations not easily accessible to 
radiotherapy [27]. 

Concerning radiotoxicity, it is also mentioned in this 
study that based on recent retrospective studies, more 
than a triple number of esophagitis patients treated with 
3D-CRT require a feeding tube than those treated with 
IMRT (P=0.005). In the same context, another 
retrospective study on the evaluation of 5-year survival 
rates shows a value of 14% for IMRT or 3D-CRT 
compared to a value of 11% for conventional 
radiotherapy (P=0.0001) [27]. 

It was also observed by Chan et al. [28] that 
according to many studies [29-35], IMRT was able to 
reduce the volume of lung receiving more than 20 Gy 
(V20). These studies observe that the effect of IMRT on 
lower dose-volumes in lung DVH is not well elucidated. 
Some studies observe a reduction of V5 [30,34], 
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whereas other studies state an increase in this regard 
[32,33,36]. Chen et al. revealed that the majority of the 
studies demonstrated the IMRT advantage for the heart 
and spinal cord exposure [32, 33, 35-38]. In the same 
line, Boyle et al. demonstrated that the IMRT was able 
to decrease dose to be delivered to the lungs, heart, and 
esophagus with an equivalent coverage of the PTV and 
better therapy tolerability, compared to 3D-CRT [39]. 
Another more recently conducted study showed that 
IMRT ensured better 5-year overall survival than 3D-
CRT with a significant predictive factor, particularly for 
advanced primary tumors [40]. Regarding different 
cases other than lung cancer, C. Fiandra et al. [41] 
indicated that IMRT was a very effective radiotherapy 
technique with its capability of target volume coverage, 
as well as OARs and healthy tissues sparing in early-
stage Hodgkin’s lymphoma.  

 

Conclusion 
This study revealed that IMRT guaranteed better 

protection of the OARs and accurate treatment planning 
through its dose optimization DVO algorithm, compared 
to 3D-CRT. It has been well demonstrated that IMRT 
with its DVO has well enhanced the dose coverage of 
the PTV. Moreover, the complex case of lung cancer 
with a PTV surrounded by heterogeneities constituted a 
difficult case of treatment and a serious test to the IMRT 
after its implementation. Therefore, the IMRT can be 
applied to improve the treatment toxicity in lung cancer 
and avoid side effects by better protection and low 
dosage of the healthy lung, esophagus, heart, and spinal 
cord. For the considered lung cancer treatment with 6 
MV 3D-CRT and field sizes greater than 10×10 cm2, it 
was observed that AAA tended to underestimate the 
dose in the lung and overestimate it in the tissue located 
just after the lung. Regarding IMRT, the findings of this 
study demonstrated that IMRT can deliver prescribed 
dose safely with acceptable accuracy and less toxicity. 
At the CLCC radiotherapy service, IMRT is now used 
for patients unable to meet 3D-CRT dose constraints 
and those who would have been expected to have lower 
survival. Based on the results of this study, as well as 
our recommendations, the treatment extension to lung 
cancer treatment will be completely ensured shortly 
after the implementation of breathing motion reduction 
and respiratory gating techniques.  
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