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Purpose: To correct megavoltage cone-beam CT (MVCBCT) images of the thorax and abdomen for cupping
and truncation artefacts to reconstruct the 3D-delivered dose distribution for treatment evaluation.
Materials and methods: MVCBCT scans of three phantoms, three lung and two rectal cancer patients were
acquired. The cone-beam projection images were iteratively corrected for cupping and truncation arte-
facts and the resulting primary transmission was used for cone-beam reconstruction. The reconstructed
scans were merged into the planning CT scan (MVCBCT+). Dose distributions of clinical IMRT, stereotactic
and conformal treatment plans were recalculated on the uncorrected and corrected MVCBCT+ scans using
the treatment planning system and compared to the planned dose distribution.
Results: The dose distributions on the corrected MVCBCT+ of the phantoms were accurate for 99% of the
voxels within 2% or 2 mm. Using this method the errors in mean GTV dose reduced from about 10% to 1%
for the patients.
Conclusions: The method corrects cupping and truncation artefacts in cone-beam scans of the thorax and
abdomen in addition to head-and-neck (demonstrated previously). The corrected scans can be used to
calculate the influence of anatomical changes on the 3D-delivered dose distribution.

� 2009 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 94 (2010) 359–366
With the introduction of kilovoltage and megavoltage cone-
beam CT (kVCBCT and MVCBCT), image guided radiotherapy (IGRT)
strategies have become available in a growing number of institutes
[1–3]. An attractive next step is to use these images to adapt the
treatment if necessary [4]. However, the importance of anatomical
changes or set-up errors, observed during treatment, in terms of
dose to the target and healthy organs is often difficult to interpret
and it can be complex to decide when and how to replan [5]. A
vision that is gaining in popularity is to reconstruct and accumu-
late the 3D dose distribution delivered to the patient during the
previous treatment fractions [6,7]. The delivered dose to the target
and normal tissues can then be reviewed and could give the physi-
cian more insight in whether and how the treatment plan should
be adapted. Moreover, analysis of the delivered dose distribution
in a large cohort of patients could help to establish objective rules
to guide treatment interventions based on observed anatomical
changes without reconstructing the 3D dose distribution for every
patient [8].

It has been shown that the energy fluence of the treatment
beams exiting the patient can be measured with an electronic
d Ltd. All rights reserved.
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portal imaging device (EPID) and back-projected through a
MVCBCT scan of the patient, acquired moments before treatment.
The 3D dose distribution delivered to the patient can then be
reconstructed [9–12]. MVCBCT scans suffer from cupping artefacts
and for objects larger than the field-of-view (FOV) of the MVCBCT
scanner, also from truncation artefacts. Hence, uncorrected
MVCBCT scans are in general not suitable for accurate dose calcu-
lations. Various groups have demonstrated that these artefacts can
be removed [13–19]. Strategies were proposed to correct the
MVCBCT portal images for scatter radiation and beam hardening
before cone-beam reconstruction [13,14,16,17]. Others removed
the cupping artefacts of MVCBCT scans of the head-and-neck or
abdomen after cone-beam reconstruction, using predefined ellip-
soid-shaped correction factors [15,18]. The planning CT scan can
also be registered to the MVCBCT scan to derive accurate electron
density (ED) values [19,20]. Advantages of cupping correction
methods that correct the portal images are that they can be fully
automated without making use of any prior knowledge about the
geometry of the scanned object and do not require deformable reg-
istration. A disadvantage is that these methods cannot directly
solve truncation artefacts caused by attenuation of the beam out-
side the FOV.

Most of the research has focused on MVCBCT images of the
abdomen or head-and-neck. Although MVCBCT has been used
before to image lung cancer patients [21,22], to the best of our
knowledge, none of the cupping correction methods have been
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described for MVCBCT scans of the thorax. This is the most
complex treatment site for cupping correction because of the large
inhomogeneities and interfaces at the lung, bone and soft tissue
boundaries. Moreover, truncation artefacts occur because the tho-
rax cannot be encompassed by the field-of-view of the MVCBCT
scanner without shifting the detector, which is not yet possible
for most of the current clinical MVCBCT scanners.

The goal of the current study was to develop a method to cor-
rect cupping and truncation artefacts of MVCBCT scans of the tho-
rax and abdomen and calibrate the scans to ED such that they are
suitable for accurate dose calculations. A previously proposed cup-
ping correction method for head-and-neck was extended to deal
with truncation artefacts that occur when objects are larger than
the FOV of the MVCBCT image. The method does not require pa-
tient or phantom-specific parameters or deformable registration.
Validation was performed with MVCBCT scans of homogeneous
and anthropomorphic phantoms. Dose recalculation using the cor-
rected MVCBCT scans was demonstrated for three lung and two
rectal cancer patients, including two patients with large deforma-
tions between the planning CT and MVCBCT.

Materials and methods

Hardware and operation

Two Siemens Oncor medical linear accelerators (linacs) with
OptiVue 1000 ST amorphous silicon EPIDs (1024 � 1024 pixels,
41 � 41 cm2 corresponding to a field size in the isocenter plane
of 27.4 � 27.4 cm2) and MVCBCT acquisition mode were used (Sie-
mens Medical Solutions, Concord, CA, USA). The MVCBCT acquisi-
tion procedure was described in detail previously [16,23]. Before
MVCBCT reconstruction, the portal images were filtered with a
Perona-Malik diffusion filter, implemented in MevisLab (MevisLab,
University of Bremen, Germany), corrected for differences in accel-
erator output and divided by the portal images measured without
an object in the beam, to yield the transmission images. The trans-
mission images were reconstructed to a 3D scan using a research
software package (Siemens Medical Solutions, Concord, CA, USA).
kV CT scans were made with Siemens CT Open scanners (Siemens
Medical Solutions, Erlangen, Germany) and the Hounsfield Units
were converted to electron density (ED) using our clinically applied
conversion tables.
Origin of the artefacts

The filtered back-projection algorithm used for cone-beam
reconstruction assumes that the log of the measured transmission,
T, is linear with the radiological path length given by

lnðTÞ ¼ �lwtrad ð1Þ
with lw being the attenuation coefficient in water and trad being the
radiological path length projected from the source to a point on the
detector. For a mono-energetic MV photon pencil beam this relation
holds. However, for MVCBCT the measured transmission is the sum
of the primary and scatter transmission, the beam is polyenergetic
with an energy spectrum that varies with off-axis position and the
EPID response is energy-dependent. These phenomena cause the
cupping artefacts. Truncation artefacts occur when the object is lar-
ger than the FOV of the MVCBCT. Attenuation of the beam in the
part of the object outside the FOV is reconstructed as if it had oc-
curred within the FOV, leading to overestimations in ED near the
boundaries of the FOV.
Correction algorithm

The proposed correction procedure is shown in Fig. 1. The radio-
logical path length of the beam through the object at a given gantry
angle can be extracted from the measured transmission as de-
scribed previously [16]. The attenuation of mono-energetic ray-
lines depends only on their radiological path length. Therefore
the attenuation that occurs outside the FOV of the MVCBCT is di-
rectly related to the radiological path length of the beam outside
the FOV. Thus by subtracting the latter from the total radiological
path length, the attenuation of the beam that occurs within the
part of the object that is inside the FOV of the MVCBCT can be cal-
culated. The corresponding primary transmission of mono-ener-
getic raylines is calculated using (1). This procedure is repeated
for the 200 transmission images and the derived primary transmis-
sion images are used for MVCBCT reconstruction.

The radiological path length of the beam outside the FOV cannot
be derived using the MVCBCT scan. Instead it was calculated using
the planning CT scan. First, the planning CT scan was registered to
the MVCBCT scan. Then the ED of the part of the CT that corre-
sponds to the FOV of the MVCBCT was set to 0 (Fig. 1). By raytrac-
ing through the adapted planning CT, the radiological path length
distribution of the beam outside the FOV of the MVCBCT was de-
rived for each gantry angle.
Calibration to electron density and stitching the missing tissue

The CT numbers of the reconstructed MVCBCT scans were cali-
brated to ED using a linear relationship. The slope and intercept
were fitted by applying the method to a MVCBCT of a cylinder with
a radius of 10 cm filled with water and by setting the mean value
within the cylinder to an ED of 1 and outside the cylinder to 0.

For dose calculations, the patient’s entire anatomy is needed,
also outside the FOV of the MVCBCT. Therefore the missing part
of the patient’s anatomy was taken from the planning CT and
stitched to the MVCBCT scan using the derived registration matrix.
The combined scan was referred to as the MVCBCT+ in analogy
with Aubry et al. [19].
Verification and dose calculation

The method was tested by analyzing dose distributions of clin-
ical treatment plans that were recalculated on the uncorrected and
corrected MVCBCT+ and on the planning CT scan for comparison.
Our clinical treatment planning system (TPS) XiO 4.3.4 (CMS, St.
Louis, MO) was used with the superposition algorithm and a grid
size of 3 � 3 � 3 mm3. The dose distributions were compared using
c analysis (2%, 2 mm) within the 20% iso-dose contours on trans-
versal slices through the isocenter and by calculating the mean
dose in different volumes of interest (VOIs). ED values are pre-
sented relative to the ED of water. The window level settings of
the presented CT and MVCBCT images were 1.0 ± 0.5 ED (Cen-
ter ± Width) unless mentioned otherwise.
Phantom evaluation

For the phantom study, MVCBCT scans were acquired of three
phantoms with a total dose of 52 MU.

The first phantom was a water equivalent CIRS thorax phantom
with lung (ED = 0.207) and bone (ED = 1.506) inserts positioned
along the rotational axis of the linac (Model 002LFC, Computerized
Imaging Reference Systems Inc. Norfolk, VA, USA). Dose calcula-
tions were performed for a single 6 MV 5 � 5 cm2 photon beam
through the isocenter in the left–right direction. In addition, a clin-
ical IMRT treatment plan with seven 10 MV photon beams was
recalculated on the MVCBCT+. The dose is reported in the lung
and bone equivalent regions and in four VOIs inside the water
equivalent material. The first VOI was a cylindrical volume defined
in the center along the radial axis with a diameter and length of



Fig. 1. The scatter transmission is calculated using an estimate of the radiological path length distribution of the beam. The resulting primary transmission, obtained by
subtracting the scatter from the measured transmission, is converted to radiological path length. The latter is used to calculate the next estimate of the scatter transmission.
When convergence is reached the path length distribution of the beam outside the field-of-view (FOV) of the cone-beam is calculated using the planning CT scan and
subtracted from the final estimate of the total radiological thickness distribution. The resulting path length is converted to the primary transmission of a mono-energetic
beam using Eq. (1) and used for cone-beam reconstruction. The planning CT is then stitched to the reconstructed MVCBCT scan.
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4 cm. The subsequent VOIs were generated by isotropically
expanding the previous VOI with 1 cm.

Secondly, the Rando thorax phantom (Radiology Support De-
vices Inc., Ramsey, NJ, USA) was used in combination with a stereo-
tactic body radiotherapy (SBRT) plan with four 6 MV and five
10 MV beams.

The third phantom was a CIRS IMRT homogeneous phantom
(Model 002H5) in combination with a clinical IMRT prostate plan
with five 10 MV photon beams. Eight cylindrical VOIs were defined
as described above with diameters varying between 4 and 11 cm.
Patient evaluation

Lung cancer patients
Two lung cancer patients were treated with SBRT with, respec-

tively, eight (10 MV) and eleven (6 and 10 MV) photon beams in
three fractions of 18 Gy (54 Gy total). 4DCT scans were acquired
and the 50% maximum exhale phases were used for treatment
planning. MVCBCT scans of 13 MU were acquired at the first treat-
ment fraction. Lung cancer patient 1 had a T1N0M0 squamous cell
carcinoma in the left upper lobe with a PTV of 58 cm3. Lung cancer
patient 2 had a T2N0M0 adeno carcinoma in the left lower lobe
about 2 cm from the diaphragm with a PTV of 155 cm3.

Lung cancer patient 3 had a T1N3M0 carcinoma with involved
mediastinal lymph nodes and a PTV of 549 cm3. This patient was
treated with a 3D conformal plan with three 10 MV beams and a
total dose of 59 Gy (30 � 1.5 Gy followed by 7 � 2 Gy). A MVCBCT
scan of 7 MU was acquired at fraction 17.

Rectal cancer patients
Two rectal cancer patients were treated with 3D conformal

plans with 4 beams with a total dose of 25 Gy given in 5 fractions.
MVCBCT scans of 13 MU were acquired during therapy. Rectal can-
cer patient 1 had a T3N0M0 carcinoma and a PTV of 969 cm3. Rec-
tal cancer patient 2 had a T3N0Mx carcinoma and a PTV of
1006 cm3. All phantoms and patients were larger than the FOV of
the MVCBCT.
Sensitivity analysis

During the course of therapy, anatomy changes might occur
outside the FOV of the MVCBCT, e.g. because of breathing motion
or weight loss. These changes could affect the removal of trunca-
tion artefacts and lead to errors in dose. We simulated the effect
of breathing motion by stitching the corrected MVCBCT of lung
cancer patient 2 into the maximum inhale and the maximum ex-
hale phase of the 4D CT scan using the same registration matrix.
The dose distributions of the treatment plan were recalculated in
both MVCBCT+ and compared.

The effect of weight loss was simulated using a virtually gener-
ated MVCBCT of a water cylinder with a diameter of 30 cm that
was corrected for truncation artefacts based on a virtual kV CT of
a cylinder with a diameter of 33.3 cm. This situation corresponded
to a MVCBCT, acquired during treatment after the patient lost
weight, which was corrected for truncation artefacts using the ori-
ginal planning CT. The amount of weight lost was equivalent to a
decrease in patient diameter of 10%. The corrected MVCBCT images
were stitched into the virtual kV CT scan to generate the MVCBCT+.
Dose calculations were performed with a box technique of four
5 � 5 cm2 6 MV beams.
Results

The dose distributions of the originally planned beams were
recalculated on the uncorrected and corrected MVCBCT+ using
the clinical TPS and compared to the planned dose distributions
at the planning CT scan.
Phantoms

Fig. 2 shows the reconstructed ED in the uncorrected and cor-
rected MVCBCT+ of the CIRS thorax phantom. The cupping arte-
fact is clearly visible in the uncorrected MVCBCT+. The ED in
the corrected MVCBCT+ was accurately reconstructed in the
phantom except in a small region at the lung to water interface.
The error in mean ED was reduced from a maximum of 20–4%
and the standard deviation (SD) of the ED in the water equivalent
regions decreased from 13% to 3% (Table 1). After cupping and
truncation artefact correction, errors in dose on the central left–
right axis reduced from 6% (single beam) and �2% (IMRT plan)
to 0.5%. The percentage of voxels with c < 1 increased from 74%
to 99% (IMRT plan). Table 1 shows that the deviation in mean
dose in the different volumes reduced from a maximum of 8–
0% (IMRT plan).

Dose calculation on the uncorrected MVCBCT+ of the Rando
thorax phantom led to an underestimation in dose in the center
of the plan of 11% compared to 0% in the corrected MVCBCT+



Fig. 2. Top row: Electron density on the central slice of the uncorrected and corrected MVCBCT+ of the CIRS thorax phantom divided by the electron density obtained with the
planning CT. Bottom row: Dose profiles showing the differences between the recalculated dose in the uncorrected and corrected MVCBCT+ compared to the planned dose for a
single beam and an IMRT plan.

Table 1
Percentage deviation of the reconstructed electron density (ED) (mean ± standard deviation) in the uncorrected and corrected MVCBCT+ scans of the CIRS thorax phantom. Also
the deviation in mean dose for different volumes is indicated. The VOIs were defined in the water equivalent region.

Water Left lung Right lung Bone VOI1b (4 cm) VOI2b (5 cm) VOI3b (6 cm) VOI4b (7 cm)

EDa

Uncorrected �19 ± 13% 1 ± 28% 2 ± 29% �20 ± 7% �36 ± 7% �36 ± 7% �36 ± 7% �36 ± 7%
Corrected 1 ± 4% �4 ± 12% �1 ± 12% 4 ± 2% 4 ± 3% 3 ± 4% 2 ± 5% 2 ± 5%

Dose
Uncorrected �1% 8% 3% 4% 3% 2% 2%
Corrected 0% 0% 0% 0% 0% 0% 0%

a ED, electron density.
b VOI, volume of interest.
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(Fig. 3, top row). The percentage of voxels with a c < 1 was 74% and
99%, respectively.

The cupping artefact in the MVCBCT+ of the homogeneous CIRS
phantom caused an overestimation in dose which is clearly visible
by the 105% contour (Fig. 3, bottom row). The iso-dose lines on the
corrected MVCBCT+ overlapped perfectly with those of the planned
dose distribution. Errors in dose in the VOIs reduced from 6% to 1%
after correction and the percentage of voxels with c < 1 increased
from 70% to 100%.
Patients without changes in anatomy between the MVCBCT and the
planning CT

No important anatomy changes were observed between the
planning CT and the MVCBCT of lung patient 1 and an accurate
registration was derived. In the uncorrected MVCBCT+ the ED is
underestimated in the GTV and the surrounding lung, leading to
an underestimation in mean dose of 10% and 11% in the GTV and
planning target volume (PTV), respectively. After correction these
mean doses were 1% and 3% larger than planned, respectively,
and the percentage of voxels with c < 1 increased from 63% to
94%. A good overlap with the planned iso-dose contours was ob-
served (Fig. 4, left column). A dose profile in the right–left direction
through the center of the GTV is shown. Similar results were ob-
tained for lung cancer patient 2: after correction the mean GTV
and PTV doses deviated only 1% from the planned doses.

No anatomical changes were observed between the MVCBCT of
rectal cancer patient 1 and the planning CT scan other than some
small changes in the filling of the intestine. Dose calculations on
the uncorrected MVCBCT+ lead to an overestimation of 4% and



Fig. 3. Uncorrected and corrected MVCBCT+ with iso-dose contours (solid lines) of the Rando thorax (top) and pelvic phantom (bottom). The planned dose distributions are
shown as dashed lines.
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3% of the mean GTV and PTV doses and to 81% of the voxels with
c < 1. Dose calculation with the corrected MVCBCT+ was accurate
in 99% of the voxels (c < 1) and the deviation in mean GTV and
PTV doses was only 1%. The dose profiles clearly show the overes-
timation in dose in the uncorrected MVCBCT+ (Fig. 4, right
column).
Patients with changes in anatomy between the MVCBCT and the
planning CT

Lung cancer patient 3 developed a vast amount of atelectasis in
the left lung during treatment (Fig. 5, left column). Because the
GTV was located ventrally the registration was focused on the ven-
tral ribs and the mediastinum. A small misregistration near the
dorsal part of the lung was accepted. The atelectasis caused an un-
der dosage in the mediastinum and the 100% iso-dose line reduced
considerably leading to a c < 1 for only 75% of the voxels.

The second rectal cancer patient had a large air pocket in the
rectum near the GTV at the time the planning CT scan was made.
When the MVCBCT was acquired, the air was not present and dosi-
metric differences were expected (Fig. 5, right column). The 100%
iso-dose lines calculated on the corrected MVCBCT+ shrunk consid-
erably compared to the planned leading to a small under dosage to
the GTV (97% of voxels with c < 1).
Sensitivity analysis

The effect of breathing motion was investigated by stitching the
MVCBCT of lung patient 2 in the maximum inhale and exhale
phases of the 4D CT scan. The position of the diaphragm varied
5 mm between both phases, but this had no effect on the dose cal-
culations (99.8% voxels with c < 1). The weight loss simulations
estimated that shrinkage of the patient diameter with 3.3 cm
yields an underestimation in dose of 3–4% in the MVCBCT+. Arte-
facts were visible in the MVCBCT+.
Discussion

It was demonstrated that cupping and truncation artefacts in
MVCBCT scans of the thorax and abdomen phantoms were
adequately removed and that the corrected scans can be used for



Fig. 4. Corrected MVCBCT+ with iso-dose contours (solid lines) of lung cancer patient 1 (top left) and rectal cancer patient 1 (top right). The contour of the original gross
tumour volumes is projected on the MVCBCT+ (Lung cancer patient 1). The planned dose distribution is shown as dashed lines. On the bottom row dose profiles are shown
along the left–right direction through the center of the GTV.
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accurate dose calculations of conformal, IMRT and SBRT treatment
plans. The phantom study showed that dose calculations on uncor-
rected MVCBCT+ scans lead to large errors in dose of up to 11%.
With corrected MVCBCT+ scans deviations are obtained of only
1% in the mean VOI dose (99% voxels with c < 1). The clinical feasi-
bility of the method was demonstrated with MVCBCT scans of two
lung and one rectal cancer patients. After cupping and truncation
artefact correction the dose calculations were accurate (error in
mean GTV dose <1%). This was expected because no important
changes in anatomy were observed between the planning CT and
MVCBCT scans. These six phantom and patient cases suggest that
the proposed method is suitable to correct MVCBCT scans of the
thorax and abdomen, that the corrected scans can be used for accu-
rate dose calculations and therefore to study the 3D dose delivered
during treatment. The feasibility of this method for head-and-neck
patients was demonstrated previously [11]. The method can be
fully automated and the current implementation takes approxi-
mately 30 min per MVCBCT+. Recent developments using graphical
processing units (GPUs) could reduce the calculation time to less
than 1 min [24].

Two additional cases were analyzed where the patient anatomy
changed during therapy. It was evident from the images that the
dose distributions would be affected. However, from inspection
of the images alone it is difficult to estimate the magnitude of
the dosimetric effect. Using our dose recalculation technique, we
have shown that in both cases, the difference between the planned
and delivered dose distribution was moderate. Both patients were
treated with conformal techniques. It is expected that similar devi-
ations will have a larger influence on SBRT or IMRT treatment
plans. We demonstrated that dose recalculation using the
MVCBCT+ is a valuable tool to quantify the influence of anatomical
changes on the dose distribution.

The main advantages of dose recalculation with MVCBCT scans
are that no additional scans need to be acquired if the MVCBCT has
already been acquired for image guidance. The corrected MVCBCT+
is an accurate representation of the exact patient anatomy during
the treatment and the effect of possible set-up deviations is already
taken into account.

A sensitivity analysis was performed to investigate the effect of
changes in anatomy that occur outside the FOV of the MVCBCT
scanner. This analysis suggested that differences in lung volume
and diaphragm position outside the FOV due to breathing are not
of importance. This is because most relevant changes, e.g. dia-
phragm position near the GTV, occurred within the FOV of the
cone-beam, if its isocenter coincides with that of the treatment
beams. We demonstrated that unexpected weight loss does influ-
ence the accuracy of the dose calculations. The estimated effect
is moderate though, considering that in our phantom simulations
a decrease in patient diameter of 3.3 cm lead to an underestima-
tion in dose of 4%. This is not an important limitation of the meth-
od, because with such amount of weight loss, the real dose
distribution will deviate so much from the planned dose distribu-
tion that a new planning CT must be acquired anyway to replan the
treatment. To avoid the influence of anatomy changes outside the



Fig. 5. Top row: planning CT scans with the planned dose distributions of lung cancer patient 3 and rectal cancer patient 2. The bottom row shows the recalculated dose
distributions on the corrected MVCBCT+. The planned dose distributions are shown as dashed lines.
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FOV, the MVCBCT portal images could be acquired along an arc of
360� with the imaging detector shifted laterally [17]. This was
however not yet possible with the systems used in our clinic.

The MVCBCT scans of the patients were acquired with less dose
than the phantoms. This could have affected the accuracy of ED
reconstruction by approximately 1% [16] and therefore the effect
on the dose calculations was negligible.

Aubry et al. proposed two separate methods to correct for cup-
ping and truncation artefacts of low-dose MVCBCT scans of the
head-and-neck and the abdomen and obtained an accuracy similar
to the present method [18,19]. Maltz et al. applied a similar meth-
od as the current, but used scatter kernels derived with MC and ob-
tained good results with MVCBCT scans of phantoms [17]. They
also demonstrated the applicability of their method for kVCBCT.
Also methods have been proposed to calibrate MV fan beam CT
scans of the tomotherapy machine to ED. Because the scatter con-
tribution is much smaller than for MVCBCT a simple CT number to
ED calibration is sufficient for dose calculations [25]. To the best of
our knowledge the present study is the first to demonstrate the
feasibility of a single cupping and truncation artefact correction
method for MVCBCT scans of both the thorax and the abdomen
as an extension to head-and-neck, which was demonstrated previ-
ously [16].
Conclusion

A novel artefact correction method for MVCBCT scans of the
thorax and abdomen was presented. The method extends a
previous cupping artefact correction method, developed for
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head-and-neck, to remove truncation artefacts in cone-beam scans
of patients that are larger than the FOV. The corrected cone-beam
images of the three phantom and three patient cases were suitable
for accurate dose calculations. The MVCBCT scans can be used to
calculate the delivered patient dose distribution in 3D and to inter-
pret the importance of anatomical changes observed with IGRT in
terms of dose.
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