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Abstract. Background and objectives: To justify the concept of validating conformal versus intensity-modulated
approach in the treatment of non-small cell lung cancer (NSCLC). Materials and methods: For 10 patients rep-
resentative of the spectrum of tumour sizes and locations, two plans were prepared: one with three-dimensional
conformal radiation therapy (3DCRT) technique and the other with intensity-modulated radiation therapy
(IMRT) technique. Preliminary measurements were performed in static conditions. For each of the field angles
considered, the motion kernel was generated to simulate tumour motion trajectories, with the largest amplitude
in the cranio-caudal direction of 4, 6, and 8 mm. The measurement results determined the agreement between
the planned and measured doses. Results: No statistically significant differences were found between the motion
patterns, with the smallest amplitudes for clinical target volume in 3DCRT. For IMRT, the significant differences
between 0 mm vs. 6 mm and 0 mm vs. 8 mm amplitudes were found. The motion impact on delivered vs. planned
doses had less effect on the oesophagus in 3DCRT compared to that in IMRT. The observed differences were
comparable for the heart. Interpretation and conclusions: For maximal amplitudes below 4 mm, the disagree-
ment between planned and delivered doses can be neglected. However, the amplitudes above 5 mm and 7 mm
lead to significant changes in IMRT and 3DCRT dose distribution, respectively.
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Introduction

Over the past years, a rapid improvement of imag-
ing and radiotherapy treatment techniques has led
to a significant increase in therapeutic strategies.
Consequently, the quality of a treatment process is
evaluated by precision of doses delivered to tumour
(target volume) and organs at risk, and a lot of at-
tention is paid to validate the physical aspects of
radiation therapy (RT) in each irradiated volume
e.g. for patients with tumours affected by respira-
tory motion. Along with these developments, the
optimal use of available techniques still poses a
challenge to the irradiation of non-small cell lung
cancer (NSCLC) patients [1-3]. Of course, the most
important concern is the intra-fraction motion due
to breathing. This problem can negate the potential
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severe local overdosages or underdosages would
occur. Quantitatively, the effect may result in differ-
ences in hot and cold spots by a factor of more than
4 from planned to delivered fluences [7].

Apart from interplay, planned dose distribution
may not match the actual one due to dose blurring
[4]. The effect is limited to this part of the irradia-
tion field where dose gradient occurs, and thus, its
impact can be predicted as the weighted average cal-
culated for two paths of dose distribution, with and
without breathing motion [8-10]. As a typical spatial
effect, dose blurring is independent of the delivery
technique [5, 8]. During all temporary modulated
treatment delivery, blurring is strongly associated
with interplay between MLC and target movement.
For conventional conformal plan, in contrast to the
field centre, where the dose gradient is small, on
the edge of the field, the effect becomes a seri-
ous problem [1, 8]. Consequently, for the three-
-dimensional conformal radiation therapy (3DCRT)
technique, the increase in the safety margin added
to the clinical target volume (CTV) is a common
method used to compensate the blurring effect.
Unfortunately, when a large volume of healthy tis-
sues around the target is irradiated, it leads to in-
creased risk of pulmonary complications [11-14]. As
aresult of this problem, the authors of the American
Association of Physicists in Medicine (AAPM) in
Report 91: ‘The management of respiratory motion
in radiation oncology’ suggested that IMRT could
conform the spatial dose distribution deposited in
a patient more effectively due to the presence of
many important organs at risk in this region [8].

As different irradiation schemes are used in par-
ticular centres with their in-house opportunities and
limitations, the external beam radiation treatment
should be applied according to the available technical
possibilities of radiation delivery (e.g. the type of im-
mobilization devices or respiratory motion technique
used) [15]. In our centre, to justify the concept of val-
idating conformal vs. intensity-modulated approach,
a group of patients was chosen representative for the
spectrum of tumour sizes and locations. The goal
of the retrospective dose distribution simulations was
to form a global idea of the quality of IMRT realiza-
tion by its comparison to 3DCRT dose delivery for
patients with tumours affected by respiratory motion.
The insight into the difference between the actual
and calculated dose distributions for both tumour
and OARs was also provided, giving the answer for
the question of how big a tumour movement can be
compensated while using the standard 1-cm CTV-to-
-planning target volume (PTV) margin without any
motion-compensation strategy.

Material and methods

Patient group

To test the influence of the respiratory motions on
the dose distribution agreement, a retrospective

group of 10 consecutive patients with NSCLC who
were treated in 2012 in our hospital was chosen. The

computed tomography (CT) slices acquired at free
breathing conditions (patients were guided to breath
normally and lightly [3, 16]; the same breathing
and couching was repeated before each treatment
fraction) were transferred to Eclipse v.10.0 Treat-
ment Planning System (Varian Medical Systems,
Palo Alto, CA, USA), where target and OARs were
contoured. The CTV included gross tumour volume
(GTV) and the region of subclinical malignant dis-
ease. Then, CTV was expanded by a uniform 1-cm
margin to generate the PTV [17]. The PTV was
created to include margins for intra-fraction motion
(i.e. breathing) and inter-fraction motion (i.e. setup)
[7]. The range of the treated volumes for CTV was
from 8.2 cc to 421.8 cc (average: 99.98 cc) and that
for PTV was from 53.8 cc to 825.2 cc (average:
247.64 cc). The OARs outlined included the heart,
oesophagus, spinal cord, whole lungs (without PTV
extraction from lung tissues), and contralateral lung.

External beam treatent planning

For each patient, two plans were prepared using
coplanar 3DCRT and IMRT techniques with the
elimination of field entrances through the contralat-
eral lung. The 3DCRT plans were realized clinically,
while the IMRT plans were simulated for the needs
of this study. Both plans were prepared for Clinac
2300C/D (Varian Medical Systems, Palo Alto, CA,
USA) and calculated using 6 MV photons delivered
in 2 Gy fraction dose to the cumulative dose of
64 Gy [12, 18, 19] with gantry angles and col-
limator rotations adopted individually (based on
patients’ anatomy) to obtain optimal sparing of
OARs and PTV coverage. The linear accelerator
used in the study (Clinac 2300C/D) was equipped
with Millennium 120 MLC. The width of the central
40 leaf pairs was 0.5 cm. The 3DCRT plan geom-
etry consisted of three fields. To achieve enhanced
dose homogeneity within the treated volume with
the elimination of hot and cold spots (which makes
the resulting dose distribution sensitive to possible
misalignment errors), field weighting and wedges
were used. In the next step, for patients included
in this study and treated by 3DCRT, we prepared
simulation of a five-field sliding window IMRT plan.
The dose calculation was provided with the inverse
planning algorithm available in the Eclipse Helios
module. The final dose distributions for clinically
realized 3DCRT and simulated IMRT plans were
computed with dose corrected for heterogeneities
using analytical anisotropic algorithm (AAA) with
a spatial resolution of 0.25 cm [13]. For both tech-
niques, PTV dose inhomogeneity varied between
—-5% and +7%. When it was not possible to fulfil
these criteria, 99% of the PTV had to receive 95%
of the prescribed dose. Hot spots with doses higher
than 107% were accepted only if they were in less
than 1% of the PTV volume. For both plans, the
same PTV to CTV margin was used. Doses delivered
to OARs were evaluated according to the dose-
-volume criteria specified in our hospital protocol
for lung cancer treatment that correlate with the
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recommendations presented by Marks et al. [20].
During the forward (3DCRT) or inverse (IMRT)
optimization process, we tried to obtain acceptable
doses in OARs. The specified dose constraints were
the following: (1) lungs — mean dose lower than
16 Gy; the volume receiving >20 Gy limited to
<37%, and volume receiving >5 Gy limited to
<70%; the doses in contralateral lung were minimal-
ized as low as possible; (2) heart - mean dose lower
than 26 Gy, the volume receiving >45 Gy limited
to <50%; (3) oesophagus — mean dose lower than
34 Gy; the volume receiving >50 Gy limited
to <40%, the volume receiving >55 Gy limited to
<33% and the volume receiving >60 Gy limited to
<16 cc, and (4) spinal cord — maximum dose lower
than 48 Gy. The dose constraints in OARs used in
the optimization process during plan preparation
were not differentiated due to respiratory amplitude.
Figure 1 shows a dosimetric comparison of IMRT
and 3DCRT plans for a randomly selected patient
included in the study: (a) cumulative dose-volume
histogram for PTV and OARs and for two techniques
of irradiation (IMRT and 3DCRT), (b) transversal
slice of the dose distribution for IMRT and (c)
transversal slice of the dose distribution for 3DCRT.

Respiratory motion modelling

For each of the field angles considered, the motion
kernel (three-dimensional motion of the target
relative to the treatment couch), characterized by
4-s breathing period, was generated [4, 21-24].
It was defined as the projection of the tumour
motion perpendicular to the beam’s eye view
(BEV), as motors of the used robotic platform
(MotionSimXY/4D; Sun Nuclear, Melbourne, FL,
USA) drive its tabletop in the two spatial dimen-
sions orthogonal to the beam central axis [4, 21,
22]. The motion kernels used, derived from the
literature data [23], led to simulate three tumour
motion trajectories, with the largest movement
amplitude in the cranio-caudal direction of 4, 6 and
8 mm. Additionally, the sets of reference measure-
ments were made in static conditions (0 mm ampli-
tude). The dose distributions were measured using
a 2D array of 1527 diodes with a size 0of 0.019 cc and
a resolution (distance between two detectors) equal
t0 0.75 cm (MapCHECK 2; Sun Nuclear, Melbourne,
FL, USA) attached to the tabletop of the robotic
platform and positioned at 100 cm source-to-axis
distance (SAD) with 3 cm of solid water (water
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Fig. 1. A dosimetric comparison of IMRT and 3DCRT plans for randomly selected patient: (a) cumulative dose volume
histogram for PTV (red), lungs (purple), contralateral lung (orange), heart (dark grey), oesophagus (green), spinal
cord (blue) and whole body of the patient (light grey) and for two techniques of irradiation (IMRT - solid line and
3DCRT - dotted line); (b) transversal slice of the dose distribution for IMRT and (c) transversal slice of the dose

distribution for 3DCRT.
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Fig. 2. The robotic platform (MotionSimXY/4D; Sun
Nuclear, Melbourne, FL, USA) with diode array (Map-
CHECK 2; Sun Nuclear, Melbourne, FL, USA) and water
equivalent built-up (3 cm of solid water).

equivalent build-up) placed on the top of the array
[4, 21] as presented in Fig. 2.

The single beam from each treatment plan was
recalculated in the treatment planning system by
copying the dose distribution (field size, MLC and
monitor units (MUs), were preserved) from patient
to the CT of the used measurement set. Thus, all
measurements were performed from 0° gantry angle
based on the assumption that the patients’ breathing
pattern was regular and reproducible; however, the
initial respiratory phase was defined as a random
parameter [4, 7, 21]. The relative dose to detector
was calculated by multiplying the relative correction
factor for detector by the result of the equation,
which took into account the initial and final volt-
ages for the detector, the voltage drift (background,
measured prior to measurement) and time between
measurement’s start and stop. The obtained rela-
tive dose values were saved in a certain data file.
The comparison between statically planned dose
distribution (RT plan and RT dose files exported
from the treatment planning system) and measured
one (delivered with breathing motion simulation)
was performed using SNC Patient software (Sun
Nuclear, Melbourne, FL, USA). Precisely, the differ-
ence in the position of points with the same values of
measured and calculated doses was assessed based
on the gamma index (y) analysis [25] with 3-mm
criteria of distance to agreement (DTA) and dose
difference (AD) of 3%. Thus, y<1andy > 1 indicate
the agreement and disagreement between these two
doses, respectively, with 3% dose difference within
3-mm distance between analysed doses as the cut-
-off criterion. After analysing the y values for each
dose points, the average y was calculated. The first
criterion to assess the plan as valid for treatment
was that the average y was <0.6. Then, to be sure
that in most of the points, the measured dose value
was correct, the score was evaluated by defining
the percent value of the measured points, for which
y parameter was correct. The score value, which can
be assumed as positive verification result (>95%),
was the second plan evaluation criterion.

Apart from the agreement of the whole delivered
field, the evaluation was separately performed both
for the target and OARs. Structures presented in
each BEV were analysed, taking into account the
total number of array’s detectors within the given

structures. In this part of the analysis, the additional
option for characterizing the tolerance criterion
was used, aiming to calculate the number of detec-
tors activated within the analysed structure. The
number of measuring points, which did not meet
the imposed criteria, was analysed by dividing them
into two groups. The parameters, which described
the number of detectors that measured lower dose
compared to reference dose from the treatment
plan, were named failed cold points. In contrast, the
number of failed hot points indicated the number of
measuring points that traced the higher dose.

Finally, the analysis was performed based on 320
dose distributions obtained for each field under the
experimental conditions, giving 32 dose distributions
per patient to compare. Nine dose distributions ob-
tained per patient were used to evaluate the differenc-
es detected among three-field 3DCRT techniques due
to simulated breathing. Other 15 dose distributions
were examined to investigate how motion affected the
five-field IMRT delivery. The remaining eight (three
for 3DCRT and five for IMRT) dose distributions
were acquired to check the agreement between the
reference and obtained measurements in static con-
ditions (0 mm). The results of agreement for 0 mm
amplitude were set as reference for the rest of compari-
sons where non-zero amplitude of motion was used.

To compare the parameters, which described
the quality of plan delivery in different breathing
conditions, non-parametric Friedman ANOVA was
performed. If the determined P value was <0.05,
the post-hoc analysis (two-tailed Nemenyi test)
was used to verify which group was responsible for
the difference.

Results

According to the prepared plans, IMRT showed
trends to better spare the doses delivered to the
lungs (Table 1).

Based on Friedman test, statistically significant
CTV dose degradation in motion conditions was
found. The post-hoc analysis revealed that taking
into account the CTV score parameter in 3DCRT, the
difference was found for the 8 mm amplitude when
it was compared with 0 mm amplitude. In the case of
IMRT, for all analysed parameters such as score, failed
cold and failed hot, the significant differences between
0 mm vs. 6 mm and 0 mm vs. 8 mm were found on the
basis of post-hoc analysis. All the differences detected
among CTV resulted from the disagreement related
to obtaining lower doses than calculated in 3DCRT
and IMRT plans (failed cold). Additionally, for IMRT
plans, overdose was detected in selected points of
CTV (failed hot).

After adding the components associated with
the respiratory movement to the lung dose analy-
sis, the only 3DCRT parameter that did not reach
a statistical significance was the number of contra-
lateral lung failed hot points (P > 0.05 comparing
all simulated movements and static conditions).
The corresponding value of this parameter in the
IMRT plans showed significance, which, according
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Table 1. Descriptive statistical comparison of doses received by OARs in 3DCRT and IMRT plans

Organ at risk

Dose parameter

Statistical parameter

Treatment technique

3DCRT IMRT
Mean 35.81 32.27
Visay [%] Min-Max 21.63-72.83 18.12-78.32
SD 16.35 17.61
Mean 28.74 23.59
Lungs Vioay [%] Min-Max 18.64-60.43 13.92-57.42
SD 12.84 12.66
Mean 22.47 18.36
Visay [%] Min-Max 14.64-53.11 10.13-38.92
SD 11.40 8.24
Mean 18.71 18.13
Vsay [%] Min-Max 0.00-61.70 0.07-78.21
SD 20.71 23.42
Mean 12.30 8.40
Contralateral lung Vioay [%] Min-Max 0.00-50.55 0.00-48.50
SD 17.10 15.25
Mean 6.34 3.49
Visay [%] Min-Max 0.00-41.84 0.00-21.54
SD 13.28 6.82
Mean 8.63 6.90
Oesophagus D ean [GY] Min-Max 0.60-27.60 1.60-26.40
SD 9.75 9.66
Mean 4.48 2.92
Heart Dsoy, [GY] Min-Max 0.20-15.80 0.10-15.00
SD 5.02 4.83

A set of standard physical quantities were described as Min-Max (the range between minimum and maximum values).
Mean - mean value. SD -standard deviation. Vyg,—volume receiving atleast’Y [Gy]. Du.x—the maximum dose received by
the analysed organ. D, —the mean dose received by the analysed organ. Ds,— dose received by 50% of the analysed organ.

to the post-hoc analysis, was found for the 0 mm vs.
8 mm amplitude. Other IMRT statistics prepared for
contralateral lung and both lungs together revealed
considerable differences between the 0 mm vs. 6 mm
and 0 mm vs. 8 mm amplitudes (P values’ details
are given in Table 2).

Similar results were obtained for 3DCRT lung
analysis, but without post-hoc statistical significance
between the 0 mm vs. 6 mm amplitude for both
lungs’ score and failed hot points in both lungs.

Among all analysed IMRT parameters for OARs,
the only lack of statistical significance was found
for failed hot points (Friedman ANOVA P =0.061)
in the oesophagus, whereas for the score and failed
cold points, the difference was found for the 0 mm
vs. 8 mm amplitude. No matter which parameter
was tested for the oesophagus in the 3DCRT, the
difference between the static and any simulated
motion condition was insignificant (P > 0.050). The
lack of significance was also detected for failed hot
points (Friedman ANOVA P = 0.051) in the heart
using 3DCRT. The number of failed cold points and
the score for the heart changed significantly for
0 mm vs. 8 mm amplitude for 3DCRT. When IMRT
technique was used, for all parameters analysed in
the heart, the differences were found between the
6 mm and 8 mm motion amplitudes as compared to
amplitudes in the static situation. The information
about statistically significant differences between
simulated breathing motion amplitudes among CTV
and OARs is summarized in Table 2.

The average score and average y found after
analysing the agreement between the planned and
measured 3DCRT distribution in no motion con-
ditions equalled 99.10% and 0.247, respectively.
Subsequent measurements for the 4-mm amplitude
decreased the average score value to 98.10%. For
higher simulated motion amplitudes, the average
score equalled 97.08% (for 6 mm) and 93.86% (for
8 mm). The average vy increased from 0.247 (for
0 mm) through 0.262 (for 4 mm) and 0.279
(for 6 mm) reaching 0.302 (for 8 mm).

For IMRT, the average score (mean value for
50 fields) for the static target equalled 99.43% and
the average y equalled 0.330. When the breathing
trajectory with the amplitude of 4 mm was applied,
we found the average score of 97.81% and the av-
erage y value of 0.386, which fitted well with the
plan acceptance criteria. For the 6 mm amplitude,
the average score was 94.18% and average y value
was 0.468. However, when the 8 mm amplitude was
applied, we observed a significant change in analysed
parameters: average score and y value of 83.68% and
0.572, respectively.

The averaged results of the score for each of
3DCRT and IMRT fields are presented in Figs. 3 and 4.

Discussion

In this study, two different techniques were verified
for the respiratory motion effect on actually deliv-
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Table 2. Statistically significant differences revealed between different breathing motion amplitudes for score, failed

cold and failed hot points among CTV and OARs

Significant differences for each technique (with P values)

Structure Parameter
3DCRT IMRT
B 0 mm vs. 6 mm (P = 0.003)
Score 0 mm vs. 8 mm (P =0.001) 0 mm vs. 8 mm (P < 0.001)
. B 0 mm vs. 6 mm (P =0.002)
CTV Failed cold 0 mm vs. 8 mm (P =0.001) 0 mm vs. 8 mm (P < 0.001)
. 0 mm vs. 6 mm (P =0.017)
Failed hot None 0 mm vs. 8 mm (P < 0.001)
B 0 mm vs. 6 mm (P = 0.006)
Score 0 mm vs. 8 mm (P = 0.000) 0 mm vs. 8 mm (P < 0.001)
Lunes Failed cold 0 mm vs. 6 mm (P =0.014) 0 mm vs. 6 mm (P =0.004)
& 0 mm vs. 8 mm (P < 0.001) 0 mm vs. 8 mm (P < 0.001)
. 3 0 mm vs. 6 mm (P =0.037)
Failed hot 0 mm vs. 8 mm (P =0.001) 0 mm vs. 8 mm (P <0.001)
B 0 mm vs. 6 mm (P =0.013)
Score 0 mm vs. 8 mm (P =0.002) 0 mm vs. 8 mm (P < 0.001)
Contralateral lung Failed cold 0 mm vs. 6 mm (P = 0.040) 0 mm vs. 6 mm (P =0.007)
0 mm vs. 8 mm (P =0.001) 0 mm vs. 8 mm (P < 0.001)
Failed hot None 0 mm vs. 8 mm (P = 0.000)
Score None 0 mm vs. 8 mm (P =0.004)
Oesophagus Failed cold None 0 mm vs. 8 mm (P =0.049)
Failed hot None None
B 0 mm vs. 6 mm (P =0.019)
Score 0 mm vs. 8 mm (P =0.018) 0 mm vs. 8 mm (P = 0.003)
Heart . B 0 mm vs. 6 mm (P =0.019)
Failed cold 0 mm vs. 8 mm (P = 0.040) 0 mm vs. 8 mm (P = 0.005)
Failed hot None 0 mm vs. 8 mm (P =0.014)

ered dose distribution. Consequently, this paper
addresses an important issue, which is the effect of
tumour motion on dose distributions for external
photon therapy. Like in clinical situation, both the
effects of patient motion and machine dynamics
were integrated in the results. To provide meaningful
clinical insight, the analysis results were carried out
carefully and thoughtfully field by field. The concept
of the field-by-field analysis resulted from the tech-
nical solutions (MotionSimXY/4D integrated with
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Fig. 3. Average score results for similar gantry angles
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the MapCHECK 2) that are available in the centre
where the study was preformed. It should be noted
that there is possibility to ‘plan-based’ analysis that
could be realized by software solution implemented
in 3DVH software (Sun Nuclear, Melbourne, FL,
USA). Unfortunately, during the realization of this
study, ‘plan-based’ analysis was not possible for us.

The authors are aware that the gamma-index
method is a mathematical rather than a clinical
concept, and one can argue that what is statistically
significant may not be significant clinically. However,
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for each movement amplitude was presented in black.
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to perform fair analysis, such a mathematical con-
cept, well-understood and widely used around the
world, is needed as a verification tool. This allowed
us to achieve the clear and useful answer about re-
spiratory motion impact on delivered doses. Owing
to the lack of such literature findings, the obtained
results are very important for many physicians and
physicists in countless, smaller cancer centres that
do not have any sophisticated motion compensation
technology (e.g. 4DCT, gating or tracking) at their
disposal.

During both 3DCRT and IMRT planning, the
avoidance of contralateral lung was preferred. It
has a higher priority than the plan conformity. That
is why, although it is rather intuitive that IMRT in-
volves more fields and, consequently, larger volume
of surrounding tissues are exposed to lower doses,
our treatment planning comparison did not show
this tendency. Even not for the most complex plans,
taking into account the doses delivered to other
OARs, our comparison of 3DCRT and IMRT results
confirms that dose decrease in OARs is possible with
IMRT. This illustrates that even when the unfavour-
able ‘flat’ plan geometry is chosen, the higher dose
gradients are achieved with IMRT.

The presented results achieved for CTV con-
firmed the literature findings that 3DCRT, compared
to IMRT, is less affected by respiratory movement
[26]. The larger the respiratory motion and IMRT
modulation, the higher the observed differences [21,
27]. Thus, when considering to implement IMRT
and eliminate the interplay effect to a clinically ac-
ceptable level, single-fraction delivery time should be
taken into account. Owing to single-fraction delivery
time lengthening, the initial respiratory phase would
have less effect on the dose delivered to CTV [21,
28]. Analysing a problem from another perspective,
the decrease in dose variation is associated with
the decrease in dose rate [29, 30]. Our plans were
generated with the dose rate of 300 MU/min, which
is more than twice as low as the one used in modern
machines like TomoTherapy or CyberKnife.

According to most literature reports, the cranio-
-caudal respiratory movement is predominant for
the majority of patients [23, 31]. Some authors
have tried to find the correlation between breathing
motion and tumour location. In this way, Erridge et
al. [32] or Gendrin et al. [23] reported the largest
motion (for individual patient even up to 33.5 mm)
for tumours in the lower lobes, due to their location
near the diaphragm. In contrast, the target detected
in the apex of the lung is characterized by strongly
reduced motion [23]. For mediastinal tumours,
the breathing impact may be more complicated to
predict due to the heartbeat effect, detected when
PTV encompasses the heart wall [8, 23, 33]. Another
aspect of breathing impact should be linked to the
possible dependence between tumour size and its
motion. The results achieved in our study group
showed that the worst agreement between planned
and delivered doses was achieved for smaller tu-
mours. This problem of the part of tumour volume
escaping from the beam as a result of its breathing
explains the interplay effect and, thus, is of im-

portance especially for IMRT delivery. Therefore,
precise breathing and dosimetric verification are of
utmost importance to ensure correct planning and
delivery for lung cancer treatment by eliminating
the deviation between the intended and delivered
dose distributions.

It should be noted that for all analyses in this
study, the resolution used for the calculations of the
doses differs from the resolution of measurements
(0.25 cm vs. 0.75 cm). Resulting from this fact,
uncertainty that burdens the comparisons of the
calculations with the measurements is a component
of differences that are visible during average score
analysis for static conditions (0 mm amplitude), for
both techniques (3DCRT - average score 99.1% and
IMRT - average score 99.43%). This uncertainty is
stable for comparisons between reference condition
(static, 0 mm amplitude) and other conditions that
take into account amplitudes of movements (e.g. 4,
6 and 8 mm).

Conclusions

Searching for the balance between probability of
cure and complications, the performed 3DCRT and
IMRT validation proves the potential for effective
and patient-friendly delivery. The truth is that the
3DCRT is safe in a greater range of respiratory
movement amplitudes. On the other hand, the study
results showed that the IMRT application affords
possibilities for further optimizing the therapeutic
ratio for selected patients. Of course, IMRT could
cause the tumour underdosage due to the inter-
play effect. It is therefore important to verify the
amplitude of individual patient breathing motion
trajectory. For maximal amplitudes below 4 mm, the
disagreement between planned and delivered doses
can be neglected. However, an amplitude above
5 mm leads to significant changes in delivered dose
distribution. In contrast, during 3DCRT treatment
realization, for maximal amplitudes above 7 mm,
a significant disagreement was found between the
planned and delivered doses.
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