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Feasibility study of dose calculation based on
contrast-enhanced computed tomography for
stereotactic body radiation therapy of lung metastases

treated with MR-Linac

Guogiang Zhao' ¥, Min Liu"* % Yaxin Liu!, Junxiang Wu', Hao Guo', Jie Li!, Shun

Lu!, Jinyi Lang!, Tiziana Malatesta?, Lintao Li'", Xianliang Wang'"

Abstract

Background: The reliability of contrast-enhanced CT (CHCT) as a reference image for
MR-based dose calculation in lung stereotactic body radiation therapy (SBRT) with
MR-Linac remains uncertain due to contrast-induced electron density (ED) discrepancy.
Whether CHCT can be used as a reference image for dose calculation for patients with
lung tumors treated with MR-Linac still needs to be explored in further works.
Methods: This retrospective study included 30 patients with lung metastases treated
with SBRT (50 Gy in 5 fractions) on a 1.5 T MR-Linac. Non-contrast CT (pCT) and
corresponding CHCT acquired in the same respiratory phase were used to extract mean
electron density for targets and organs at risk (OARs). The treatment plans (TPcsct and
TPpsct) based on synthetic CT (sCT) generated by assigning mean ED derived from
pCT and CHCT were recalculated without altering parameters. Dosimetric discrepancy
were evaluated using dose-volume histogram metrics, conformity indices, gradient
indices and gamma analysis.

Results: Significant differences in mean ED between pCT and CHCT were observed
for several structures, most notably the lungs (mean differences >12%), heart, aorta,
and bronchial tree (p < 0.05), whereas minimal changes were found in bone and spinal
cord. Despite these ED variations, dosimetric differences in target coverage were

modest, with average discrepancy of 2.21% and 2.31% for TPccr and TPpscr,
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respectively. The other dosimetric parameters (Dmax, D2%, Dos%, D9g%, Dmean, CI and GI)
differences for target were generally below 3%. Although statistically significant
differences were detected in some OARs dose metrics, all values remained well within
clinical tolerance limits (3%).

Conclusion: Despite significant contrast-induced variations in ED, the using of CHCT
as a reference image result in minor dosimetric differences in lung SBRT. Considering
the patient's financial capacity and the radiation dose from repeated CT scans, CHCT
may be used as a reference image for lung tumor SBRT with MR-Linac when clinical
risks are appropriately managed.
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Background

The current development of radiation therapy is moving towards high precision,
intelligence and individualization, reflecting in image-guided, adaptive therapy-guided
personalized treatment strategies[1, 2]. With the rapid advancement of image-guided
radiation therapy (IGRT) technology, magnetic resonance-guided radiation therapy
(MRgRT) has emerged as a research hotspot in precision radiotherapy due to superior
soft tissue resolution, absence of ionizing radiation and ability to monitor target motion
in real time[2, 3]. The introduction of MRgRT can significantly improve the accuracy
of target localization and the safety of treatment[4].

The precise delivery of radiation therapy plans relies on two core components:
accurate target delineation and precise dose calculation. Among these, computed
tomography (CT) as an indispensable imaging modality in modern radiation therapy
planning offer clear anatomical structure information and reliable tissue electron
density (ED) data[5]. Meanwhile, ED exhibits a strong positive correlation with CT
values, serving as the foundational core parameter for radiotherapy dose calculation.
Treatment planning systems (TPS) estimate tissue ED based on CT values to precisely
calculate radiation attenuation patterns and dose distribution[6]. This ensures the
prescribed dose is accurately delivered to the target area while maximizing protection
of surrounding organs at risk (OARs).

In the clinical design of conventional radiotherapy plans, a well-established
clinical convention governs the selection of CT images for target delineation and dose
calculation[7]. Contrast-enhanced CT (CHCT) facilitates clear differentiation between
tumor and normal tissues through the administration of iodinated contrast agents,
particularly for hypervascular tumors and lesions with ill-defined borders[8, 9]. This
capability significantly enhances the accuracy and reproducibility of target delineation
while reducing the risks of target omission or misdelineation of normal tissues, thereby
rendering it widely adopted for target delineation across various tumor types[9].

Nevertheless, non-contrast CT (pCT) eliminates the interference of contrast agents on
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ED, as no contrast medium is administered[10, 11]. Additionally, its radiation dose is
substantially lower than that of CHCT: the radiation dose of multi-phase CHCT scans
exceeds that of non-contrast CT by 30%-50% or even more[12]. Accordingly, non-
contrast CT is generally the preferred imaging modality for dose calculation, ensuring
the accuracy of dose computation and minimizing the risk of radiation exposure to
patients.

However, the conventional imaging selection paradigm faces new challenges and
controversies in the clinical application of MRgRT technology[13]. Unlike traditional
CT-guided radiotherapy, MRgRT relies on a magnetic resonance linear accelerator
(MR-Linac) to achieve the integration of image guidance and treatment[14]. Its dose
calculation process still depends on ED provided by CT, as MRI images cannot be
directly used for dose calculation due to the lack of ED information[15, 16]. Against
this backdrop, there is an urgent need to simplify the imaging workflow in clinical
practice, and the using of CHCT for MRgRT dose calculation has emerged as a potential
optimization strategy[17]. This approach enables the unification of imaging for both
target delineation and dose calculation, eliminating the need for additional non-contrast
CT acquisition. It not only reduces patient radiation exposure (avoiding two separate
scans: non-contrast and CHCT but also eliminates potential registration errors between
CHCT and non-contrast CT[12]. Nevertheless, prior to its clinical implementation, a
quantitative assessment of the dosimetric differences between treatment plans based on
non-contrast CT and CHCT is required.

This work investigated the potential differences in dosimetry of 30 patients with
lung tumors treated with SBRT though MRgART at MR-Linac if CHCT could be used

as a reference image for treatment plan, providing valuable insights for clinical practice.

Methods

Patients
This retrospective research included 30 patients with lung cancer who received

SBRT treated with MR-Linac at Sichuan Cancer Hospital from August 2021 to June
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2025. The basic information of the patients and the treatment details of the target area
are summarized in Table 1. This research was approved by the Institutional Ethics
Committee (SCCHEC-02-2025-056) of the hospital, and written informed consent was

obtained from all patients in this study.

Table 1 Patients and treatment characteristics

Patients Value
Number 30.0
Years, median (rang) 62.5 (33-85)
Femal-no. (%) 18.0 (60.0%)
Male-no. (%) 12.0 (40.0%)
*PTV-no. (%)
6 cc < Volume < 16 cc 7 (23.3%)
16 cc < Volume < 26 cc 8 (26.7%)
26 cc < Volume < 36 cc 9 (30.0%)
36 cc < Volume < 66 cc 6 (20.0%)
Volume(cc), median (range) 30.6 (6.8-65.3)

*PTV: planning target volume; "OARs: organ at risk; ‘GTV: gross target volume
Imaging acquisition at simulation CT

The patients were set up in the supine position using positioning aids and
immobilized with vacuum pillow (BlueBAG, Elekta AB, Stockholm, Sweden). Next,
patients underwent CT scan by Brilliance big bore scanner (Philips Medical System,
Cleveland, OH, USA) at the end of exhalation; a first non-contrast CT scan is used for
treatment planning, followed a contrast CT scan with the contrast media (CM) to
support the physician in delineating the tumor. For CHCT scanning, patients aged under
or beyond 63 years received an intravenous injection of iodine iodide of 37 g/100 ml or
32 g/100 ml into the right arm vein, respectively; the injection rate was 2.0 ml/s, and
the total injection volume was 1.5 times the patient's body weight (kg). CHCT was
acquired 60 s after CM injection during the portal venous phase according to in-house
protocol guidelines to obtain optimal visualization of the alveoli and parenchyma of the
lung[18, 19]. non-contrast CT and CHCT images were exported to commercial software
for automatic OARs contouring (PVmed contourting software, Guangzhou, China) for

delineating of all regions of interest (ROIs)[20]; the contoured ROIs and images were
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exported to commercial software (MIM Software Inc., Cleveland Ohio, USA), where
experienced radiation oncologists delineated the target and verified/modified the
automatically segmented OARs.
Reference treatment plan

Target and OARs delineated on MIM commercial software were transferred to
Monaco Version 5.4 (Elekta AB, Stockholm, Sweden) for planning. The patients
undergo SBRT with Unity 1.5 Tesla MR-linac (Elekta Unity, Elekta AB, Stockholm,
Sweden) for a prescribed dose of 50 Gy in 5 fractions. The Monaco Version 5.4 TPS
was applied for protocol optimization to achieve the clinical goal of a prescribed dose
covering at least 95% of the target volume with a maximum dose in the range of 110-
140% of the prescribed dose, and to meet the dose limits of the international guidelines
and consensus for OARs as low as possible[21]; the OARs constraints and target
volume goals used for plan optimization and validation are shown in Table 2 , with the
addition of an indication that the goal would be compromised in case of a conflict
between target coverage and OAR constraints. Plans based on pCT scans are optimized
using 9~11 beam angles, including ranges from 190° to 350° and 30° to 170°,
employing a 2-mm dose grid with a computational uncertainty of 1% per iteration[22].
The reference CT plan contains the ED information of all pixels, and each contour is
assigned a corresponding mean ED. These informations are crucial in the online
adaptive process, where MRI-based sCT images are used to recalculate the adaptive

plan[23].

Table 2 OARs constraints used for lung SBRT delivering 50 Gy in 5 fractions

OAR Criteria OAR Criteria
Spinal cord Great Vessels
Dimax <30 Gy Dimax <53 Gy
Do3scc <23 Gy Dioce <47 Gy
Trachea &
Dice <14.5 Gy
Prox Bronchi
Esophagus Dinax <32.5QGy
Dimax <32.5Gy Do.sec <32Gy

DScc <19.5 Gy Rib
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Heart Dimax <43 Gy

Dmax <38 Gy chc <35 Gy
Do .scc <27 Gy Lungs
Di5cc <32 Gy Vaocy <10% Lung-GTV
<13.5 Gy (Right and
D1oooce
Left)

Abbreviations: OARs, organs at risk; Dmax, maximum point dose; Dy ¢, dose received
y cubic centimetres; V2oGy, volume covered by a dose of 20 Gy; GTV, gross tumor
volume; fx, fraction.
Online adaptive radiotherapy

Each treatment fraction based on MR-Linac starts with the acquisition of the first
online MRI, which is used for adaptative plan. The next fraction is adapted and planned
based on the reference CT (or MRI scan of the previous treatment fraction), contours,
plans, and daily online MRI[2]. The reference CT or MRI is rigidly registered with the
online MRI, and the isocenter position in the reference CT is updated; then the adapt to
position (ATP) or adapt to shape (ATS) step is performed. Once the OARs or target
does not match the patient's daily anatomy, the ATS step is needed. In this case, the
main work is to adjust these contours to match anatomy from daily MRI, and the
adjusted plan is re-optimized on the daily MR-based sCT. The sCT is used in Monaco
TPS to assign average ED using contours drawn on the simulation CT. Daily acquired
MRI are deformably registered to the simulation CT, and then all contour information
(including average ED and density assignment priority) were applied to the MRI to
generate sCT[24]. Unlike the ATS step, the ATP step is mainly aimed at the situation
where the OARs or target contours have not been deformed. In the APT step, after the
online MRI and the reference CT images are rigidly registered, the plan is directly re-
calculated on the reference CT without changing the ROI contour[25]. In both
workflows, real-time MRI is required as a plan adjustment in the adaptive workflow.
Use of pCT and CHCT for sCT generation and plan recalculation

The radiation oncologist assessed the concordance of the respiratory phase

between the pCT and CHCT scans for each patient to ensure a strong correlation
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between the ED and the use of CM. The corresponding ROIs acquired by delineating
pCT and CHCT images with MIM software were imported into Monaco TPS to
evaluate and obtain the average ED of each structure (including the target). For each
patient, each ROI depicted on pCT was assigned average ED obtained on pCT and
CHCT to form psCT and csCT, as shown in Fig.1. Without changing any planning
parameters, the reference treatment plan was recalculated with psCT and ¢sCT images
to obtain the sCT treatment plan (TPpsct and TPcscr).
sCT and pCT plan comparison

Target and OARs dose volume histogram (DVH) were used as the main indicators
to evaluate the TPpct, TPpsct and TPesct. The target volume received by 100% of the
prescribed dose (Vppre), the dose received by 2%, 95% and 98% of the volume (D2,
Doso, and Doge,), as well as the maximum, minimum and mean doses (Dmax, Dmin and
Dmean) were collected. In addition, the conformity index (CI) and gradient index (GI)
were evaluated. The CI is defined as the square of PTV inside the prescribed dose
divided by volume of the prescribed dose multiplied the planning target volume[26].
The GI 1s defined as the ratio of the volume receiving 50% of the prescription dose
(Vsou) to the PTV[13]. For OARs, the dose in x cm® or x% volume (Dxcc, Dxe) and
Dmax are used. Vppre 1s described in percentage point, and the difference is obtained by
subtracting the value of TPsct from the dosimetric parameter corresponding to TPpct;
the dosimetric parameter expressed in Gy considers the percentage of the dose

difference between the two.
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Fig.1 Flowchart and schematic diagram of this work

Gamma analysis was used to evaluate target and OARs dose distribution
information, with a standard of 2%-2 mm and a lower dose threshold of 5% of the
prescription dose by CERR v4.4 (https://github.com/cerr/CERR). We sought to keep
the overall dosimetric differences between treatment plan and plan based on sCT dose
as low as possible, and the sCT treatment plan recalculated based on the reference CT
were considered concordant when the plan had an y < 1 above the 99% with criterion
and the dose difference at any point in the DVH was less than 1.5% or 1 Gy[14].

SPSS version 25.0 (IBM, Armont, USA) was used to analyze patient and plan data.
The dosimetric parameters of TPpsct, TPesct and TPyt were analyzed using t-test or
Wilcoxon rank-sum depending on the results of the normality test; p < 0.05 was
considered statistically significant.

Results

The mean ED of ROIs (spinal cord, heart, ribs, lung L, lung R, lung-GTV,
esophagus, aorta, bone, bronchial tree and liver) based on non-contrast CT and
corresponding CHCT were calculated from 30 patients and were shown in Table 3 along
with their comparison. The reference ED for various tissues were reported with the
international standards from radiation therapy and radiological protection ICRU Report
46 and ICRP 110; these ED are relative values determined by the absolute ratio of the

tissue to that of water[27].
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Table 3 Electron density and comparison for ROIs obtained from non-contrast CT and

CHCT
Max Diff (%) Mean Diff (%)
ROIs Ref. pCT CHCT D
(pCT VS CHCT) (pCT VS CHCT)

Spinalcord 1.04 1.04+0.01 1.04+0.00 0.70 0.33+0.28 <0.001
Heart 1.04 1.03+0.01 1.08+0.01 6.17 3.45+1.03 <0.001
Rib 1.44 1.19+0.00 1.19+0.00 0.26 0.21£0.19 <0.001
Lung L 0.26 0.29+0.05 0.32+0.06 18.75 12.0345.89 <0.001
Lung R 0.26 0.28+0.04  0.31£0.05 20.38 13.36+4.98 <0.001
Lung-GTV 0.26 0.28+0.05 0.32+0.04 19.86 12.86+5.03 <0.001
Esophagus 1.04 0.95+0.01 0.96+0.00 3.16 1.95+0.63 <0.001
Aorta 1.04 1.05+0.03 1.12+0.04 9.18 5.21£3.65 <0.001
Bone 1.15 1.17+0.01 1.17+0.01 0.44 0.30+0.28 <0.001
BronchialTree  0.50 0.51£0.01 0.52+0.01 8.42 4.69+3.85 <0.001
liver 1.05 1.07+0.01 1.08+0.01 1.72 1.09+0.65 <0.001

In Fig.2, pCT, CHCT and corresponding generated sCT transversal images of a
representative patient are shown. The ED of structures in CHCT and corresponding sCT
images are higher than these in pCT, with specific values shown in Table 3. A
discrepancy exists in the ED value obtained from pCT for the rib region from the
different way of delineation used compared with that suggested by ICRU 46[27]. The
mean ED of each structure obtained from CT and CHCT showed significant differences
(p <0.05) with larger difference for lungs (18.75%, 20.38% and 19.86 for the left lung,
right lung and lung-GTV), aorta (9.18%), heart (6.17%) and bronchial tree (8.42%) than
other structure as shown in Fig.3. Meanwhile, the differences of mean ED for each
ROIs from CT and CHCT exhibited varying average magnitudes, with the larger
deviations registered (> 10%) for the lung (12.03%, 13.36% and 12.86% for the left

lung, right lung and lung-GTV).
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Fig.2 (a-b) Non-contrast CT and CHCT as well as (c-d) corresponding synthetic CT
images for a same patient
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Fig.3 The max and mean difference of electrons density for ROIs obtained from non-
contrast CT and CHCT

The DVH parameters of the target and OARs in 90 delivered plans (TPcsct, TPpcr
and TPpsct for each patients) for 30 patients were compiled and presented in Table S1
(Supporting Information). Among the 30 TPycr plans, 26 met clinical requirements for
both target coverage and OARs constraints except 4 patients exhibited lower target
coverage (84% < Vppre < 90%) due to the positioning of target close to the ribs in order
to satisfy OARs constraints. The dose distribution and differences of target and OARs
among TPcct, TPper and TPpscr were shown in Fig.4-5. The DVH and dose

distributions in pCT and sCT based on mean ED obtained from pCT and CHCT are
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shown in Fig.4. The DVH curves for the target in the TPpsct and TPesct plan exhibit
significant dosimetric differences compared to those in the TP,ct plan. However, these
parameters did not show significant discrepancies between the two plans based on
synthetic CT. Moreover, for each patient studied, the liver received doses below 2.5 Gy

5%Dpre) in three treatment plans compared and have not been included.
p

=
T I

3000 4000
Dose (cGy)

! S r
5000 7000

Fig.4 Dose distribution of (a) TPpcr, (b) TPpsct and (¢) TPescr in transversal image
and (d) DVH comparison for a representative patient

The differences in the dose-volume metrics of PTV and OARs among TPcscr,
TPpcr and TPpscr were shown in Fig.5. Among the parameters, the dosimetric
parameters of the target exhibit larger variations compared to those of the OARs. The
greatest dosimetric discrepancies were observed in Doge, of PTV, with 3.06% (TPcsct
VS TPpct) and 2.89% (TPpsct V'S TPpct), respectively. Moreover, the corresponding of
TPescr and TPpscr results showed differences in target coverage with average values of
2.21% (TPesct V'S TPpet) and 2.31% (TPpsct V'S TPpet). Except the GI of the target, each
parameter (Vppre, Dmax, D2%, D95%, D98%, Dmean, CI) derived from TP (TPesct, TPpcrand

TPpsct) showed significant differences (p < 0.05).
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Fig.5 Differences in the investigated dose-volume metrics of PTV and OARs among
TPcsCT, TPpCT al’ld TPpSCT.

For OARs, their position respect to the target was far enough away not to affect
dosimetry, except for the 4 patients where the target near by the ribs, and the size of
target respect to the OARs was small, resulting the radiation doses received for these
OARs fell below the limits indicated in international guidelines. As a result, even
though significant differences (p < 0.05) were found between TPcsct and TPyt as well
as TPpsct and TPycr for the spinal cord Dmax, heart Dmax and Do sce, lung (left lung, right
lung and lung-GTV) Vs, V2o and Dmean, the dose received remains so below the OARs
limits that these discrepancies are not clinically appreciable.

Fig.6 displays the results of global gamma analysis for the dose distribution of the
TPesct, TPpsct and TPpcr plan with the PTV, spinal cord, heart, rib, lung L, lung R,

lung-GTV and esophagus, confirm the discrepancies found using the comparison of the
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DVH dosimetric parameters and the statistical analysis. In the 3 mm/3% criteria, the
average gamma passing rate for the PTV and OARs exceeded 95%, with only the PTV

pass rate being slightly lower than that of other OARs.
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Fig.6 Average gamma passing rates of the TPcsct, TPper and TPpsct plans measured
with 3%-3mm criteria

Discussion

CM are widely used in radiation therapy for the delineation of target and OARs
based on CHCT to improve the delineation accuracy[8, 13, 28]. However, using CHCT
images for delivered plans may result in dosimetric discrepancies due to differences in
ED compared to non-contrast CT scans[28]. The daily adaptive plans are treated based
on MR-based sCT or reference CT for the ATS or ATP workflow at unity MR-linac[2].
In both cases, the mean ED values obtained from the reference CT are applied in the
daily plan calculation. Therefore, whether CHCT can be used as a reliable reference CT
image compared with non-contrast CT for adaptive planning at unity MR-linac is
crucial.

According to the results of this work, it is different significantly for the mean ED

of OARs such as heart, lungs, aorta and bronchial tree between obtained from CHCT
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and pCT. This arises in mean ED results from the intravenous injection of CM, which
are transported throughout via the bloodstream and highly concentrated within these
tissues[29]. The average ED of the esophagus is raised due to contouring bias caused
by changes in HU values of surrounding aorta and heart[30]. The liver accumulates
contrast agents due to it filters blood, but the spinal cord, ribs, and other structures are
less affected[31].

However, when comparing the dosimetric parameters of lung SBRT plans across
TPesct, TPper and TPpsct, significant impact in target dosimetry was fund for only 2
patients out of 30 patients. The notable difference in the target dosimetry parameters
were 5.73% for Dmax and 6.61% for D2e,, with the average discrepancie values less than
3%, also for left Lung Vs, other OARs dosimetric parameter were less than 2%. The
impact of using CHCT as the reference CT on plan dosimetry remains minimal in a
cohort of 30 patients, even with a greater effect on the average ED for OARs. Notably,
in TPpcr, the CI of target is lower and the Dmax of target is higher compared to these in
TPesct and TPpsct due to the electron return effect (ERE) at the tissue-air interface of
the lung[32-34]. The density differences at tissue-air interfaces are preserved in the
TPpcr plan. This increases the dose deposition in adjacent tissues due to the magnetic
field causes secondary electrons to spiral and return to the interface. Therefore, dose
homogeneity decreased in the TPpct, with occurrence of hot spots within the PTV.

The delivered plan was designed with X-ray radiation primarily through the lungs,
and even the contrast agent induced average ED variation exceeding 10% in the lungs
(12.03% for left lung, 13.36% for right lung and 12.86% for lung-GTV), resulting the
discrepancy in target dose coverage remained less than 3%. This is more than that
reported in previous literature for pelvi treatment planning, where a single population-
based relative electron density assignment resulted in down to +0.8% differences[3].
This discrepancy originates from the fact that the average ED of the lungs and heart are
more significantly affected by contrast agents than that of the pelvis and surrounding

OARSs[35].
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Nevertheless, the well-known risks associated with CM must be considered,
including potential allergic reactions and increased costs. In lung metastasis patients,
beyond patients with pre-existing kidney disease, special caution should also be
exercised in elderly individuals, patients with diabetes or cardiovascular disease, those
receiving nephrotoxic systemic therapies, malnourished or dehydrated cancer patients,
and individuals with thyroid dysfunction or prior contrast reactions[36]. In image-
guided radiotherapy, repeated contrast exposure may further amplify these risks, even
in patients with preserved baseline renal function.

Gamma pass rate is calculated to validate the dose variation induced by the
assignment of average electron density with CM discussed earlier in the TPcsct, TPper
and TPpsct plan. Our analysis revealed that the gamma passing rate for the three plans
exceeded 95% under the 3%-3mm tolerance limits. The gamma pass rates of ribs and
spinal cord exceeding 99% in all plans compared to other OARs and target due to their
electron density is not entirely dependent on contrast agents. This level of performance
is widely considered acceptable in clinical practice[37].

Several limitations were fund in this study. First, the statistical power and
generalizability of the findings are constrained due to the relatively small patient cohort.
The time interval between contrast agent injection and CT scanning affects organ
visibility and contour delineation. The single-institution study setting further limits the
diversity of patient demographics and tumor characteristics. Nevertheless, variations in
the interval between CT scanning and contrast agent administration may introduce bias
in effective ED, thereby compromising the accuracy of dose assessments. Additionally,
although we opted to acquire CT and CHCT scans during the same breath phases, this
may still result in slight respiratory phases differences and introduce additional
uncertainty in average ED extraction[38].

Our work underscores several important aspects. First, the use of CHCT leads to
minor dosimetric discrepancy in SBRT plans for lung metastasis. Second, the

dosimetric consistency of OARs was demonstrated to remain consistent, with small
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dosimetric discrepancy coexisting alongside significant difference, demonstrating that
CHCT and CT provide reliable information for OARs without compromising the
accuracy of the delivered plan. Crucially, while significant deviations found in the
average ED of the lungs, which does not significantly impact the overall dose
distribution for the delivered plan. Using the CHCT as the reference scan does not
significantly impact the overall dose distribution of the plan. Future research should
consider larger, multi-institutional cohort studies employing standardized imaging
protocols to mitigate these limitations and provide more comprehensive insights into

the role of CHCT in radiation therapy.

Conclusion

The use of CHCT as a reference image in lung SBRT treatment plan results in
minor dose deviations for both the target and OARs compared to non-contrast CT.
Considering the patient's financial capacity and the radiation dose from repeated CT
scans, CHCT could be served as an alternative reference image in certain clinical
scenarios. However, its application should be investigated within a broader clinical

framework and tailored to individualized treatment strategies.

Abbreviations

CT Computed tomography

CHCT Contrast-enhanced computed tomography
SBRT Stereotactic body radiation therapy
MR-Linac Magnetic resonance linear accelerators
ED Electron density

ROIs Regions of interest

pCT non-contrast CT

sCT Synthetic computed tomography

DVH Dose volume histogram
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TPpcr The original treatment plan

TPesct The sCT treatment plan that electron density obtained from CHCT
TPpsct The sCT treatment plan that electron density obtained from pCT
VDpre Target volume covered by the prescribed dose

CI The conformity index

GI The gradient index

OAR Organs at risk

CM Contrast media

MR Magnetic resonance

ATS Adapt to shape

ATP Adapt to position

MRI Magnetic resonance imaging

MRgART Magnetic resonance-guided adaptive radiotherapy

TPS Treatment planning system

ICRU The International Commission on Radiation Units and Measurements
ICRP The International Commission on Radiological Protection

PTV Planning target volume

GTV Gross target volume
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