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Abstract
Background Radiotherapy (RT) is an important treatment modality for patients with brain malignancies. Traditionally, 
computed tomography (CT) images are used for RT treatment planning whereas magnetic resonance imaging (MRI) 
images are used for tumor delineation. Therefore, MRI and CT need to be registered, which is an error prone process. 
The purpose of this clinical study is to investigate the clinical feasibility of a deep learning-based MRI-only workflow 
for brain radiotherapy, that eliminates the registration uncertainty through calculation of a synthetic CT (sCT) from 
MRI data.

Methods A total of 54 patients with an indication for radiation treatment of the brain and stereotactic mask 
immobilization will be recruited. All study patients will receive standard therapy and imaging including both CT 
and MRI. All patients will receive dedicated RT-MRI scans in treatment position. An sCT will be reconstructed from 
an acquired MRI DIXON-sequence using a commercially available deep learning solution on which subsequent 
radiotherapy planning will be performed. Through multiple quality assurance (QA) measures and reviews during 
the course of the study, the feasibility of an MRI-only workflow and comparative parameters between sCT and 
standard CT workflow will be investigated holistically. These QA measures include feasibility and quality of image 
guidance (IGRT) at the linear accelerator using sCT derived digitally reconstructed radiographs in addition to potential 
dosimetric deviations between the CT and sCT plan. The aim of this clinical study is to establish a brain MRI-only 
workflow as well as to identify risks and QA mechanisms to ensure a safe integration of deep learning-based sCT into 
radiotherapy planning and delivery.

Discussion Compared to CT, MRI offers a superior soft tissue contrast without additional radiation dose to the 
patients. However, up to now, even though the dosimetrical equivalence of CT and sCT has been shown in several 
retrospective studies, MRI-only workflows have still not been widely adopted. The present study aims to determine 
feasibility and safety of deep learning-based MRI-only radiotherapy in a holistic manner incorporating the whole 
radiotherapy workflow.

Trial registration NCT06106997.
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Background
Radiotherapy (RT) is an important treatment modal-
ity for patients with malignant diseases of the brain 
such as primary brain tumors and metastases. A further 
improvement in the local effectiveness of (stereotactic) 
radiotherapy is likely beneficial for the quality of life and 
also prognosis of patients receiving RT. Traditionally 
computed tomography (CT) images are used for plan-
ning while magnetic resonance imaging (MRI) images 
are used for tumor delineation. Therefore, they need to 
be registered, which is an error prone process [1, 2]. One 
approach to avoid the registration uncertainty between 
MRI and CT is the so-called MRI-only workflow, where 
synthetic CT images are calculated from the MRI data.

Treatment planning relies on high-resolution CT imag-
ing data, which can be transformed into an electron 
density distribution to model the interaction of the high-
energy treatment beam and the human tissue. In conven-
tional RT treatment planning, CT images have been the 
primary basis of radiotherapy treatment planning and 
delivery.

CT scans lack sufficient soft tissue contrast in the 
brain, making it challenging to achieve adequate seg-
mentation of tumor volumes and organs-at-risk (OARs), 
such as the optic chiasm, and brainstem. Optimization 
of treatment parameters and evaluation of dose distribu-
tion require high resolution and high contrast imaging 
for target volume definition. Therefore, especially in ste-
reotactic treatments, where high single doses are applied 
with high precision in one (stereotactic radiosurgery) or 
a few (fractionated stereotactic radiotherapy) treatment 
sessions, an MRI scan is essential. The MRI scan typically 
consists of multiple sequences and provides sufficient 
soft tissue contrast to differentiate the target volume 
from healthy brain tissue.

Currently, to incorporate the segmented volumes 
into the radiation treatment planning, a rigid registra-
tion of the CT- and MRI-image is performed. Based on 
the registration parameters the segmented structures 
are propagated onto the CT scan. This registration pro-
cess is subject to uncertainties, which are quantified to 
be approximately  2 mm [1] and affect all treatment frac-
tions of the patient systematically. Therefore, the registra-
tion uncertainty must be considered in the safety margins 
around the clinical target volume (CTV), resulting in a 
correspondingly larger planning target volume (PTV). 
Meanwhile, the typical safety margin from the CTV to 
the PTV is in the order of only 1–2  mm. Due to these 
steep gradients, even small deviations can lead to dam-
age of healthy tissue and marginal miss. Therefore, a high 
degree of accuracy is required throughout the planning 
process [3–5].

The uncertainties in registration between CT and MRI 
can be avoided by adopting a solely MRI-based approach, 

known as the MRI-only workflow. To eliminate the CT 
from the RT planning process, synthetic CT images 
(sCT) must be computed from the MRI data to obtain 
the Hounsfield Units (HU) or electron density informa-
tion. Besides avoiding registration associated risk of sys-
tematic deviations the MRI-only workflow saves time, 
since patients only need to be scheduled on one imaging 
modality. Moreover, radiation in the order of few mil-
lisieverts of dose from the additional CT examination 
can be avoided. The reduced registration uncertainty also 
leads to nominally reduced CTV-PTV safety margins [6].

To compute the sCT from MRI-images different algo-
rithms have been developed over time. The techniques 
for sCT calculation [7] include bulk-density approaches 
[8, 9], Atlas- [10, 11], Voxel- [12, 13] and deep learning-
based [14, 15] algorithms. Early approaches used a com-
bination of multiple dedicated MRI sequences, such as 
DIXON, and UTE sequences to distinguish fat, muscle, 
bone and air [16–20], leading to total acquisition times of 
around 12–15 min [21], as they required multiple dedi-
cated MRI sequences. In recent years, artificial intelli-
gence-based algorithms have been successfully developed 
[16, 17, 22]. Unlike voxel, atlas, or bulk-density-based 
approaches, these algorithms often require only a single 
sequence. Short DIXON sequences (3:25  min [22, 23]) 
serve as a basis for these algorithms, which are also part 
of clinical standards in routine imaging [22]. Dosimetri-
cally, the sCT reconstructed via artificial intelligence 
approaches matches very well with CT-based clinical 
standards, with deviations < 1% of the PTV dose [16, 17, 
22].

In addition to dose calculation, the sCT must also be 
suitable for patient positioning and verification. There-
fore, MRI scans must be performed with the patient 
immobilized using a thermoplastic mask in the treat-
ment position. However, this is often not possible in the 
diagnostic setup because the mask is not compatible with 
the head receiver coils used in diagnostics. Additionally, 
MRI-compatible immobilization aids, such as mask hold-
ers, are needed as the carbon-fiber-made holders used 
in radiotherapy are not MRI-compatible. Many medical 
device manufacturers offer MRI-compatible products for 
various mask systems, allowing scans in the mask and 
treatment positions to be performed with flexible coils, 
leading to sufficiently good images [17, 22] and fewer 
motion artifacts due to immobilization [24].

After the approval and verification of the radiation 
treatment plan, the actual radiation treatment is per-
formed. In each treatment session, the patient, immo-
bilized by a mask, must be precisely aligned with the 
treatment beam as specified in the imaging and treat-
ment planning process. The adjustment of the patient’s 
position and rotation is based on rigid correction param-
eters of the treatment table parameters calculated on kV 
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imaging at the medical linear accelerator, where cone-
beam CT (CBCT) or 2D/2D X-ray images are created in 
the treatment position and registered with the CT scan 
underlying the treatment plan.

It was shown that sCTs can also serve as a reference 
for CBCT positioning systems, with differences < 1 mm/° 
compared to CT as the clinical standard [25], whereas 
deviations in mask alignment and mask holder can reach 
up to 3 mm/° at maximum [26]. For radiation therapy in 
the head region, 2D/2D X-ray systems offer a strong cor-
relation between the brain and the skull bones. They are 
often used because compared to CBCT they are signifi-
cantly faster, allow for additional checks after table rota-
tion, and require less imaging dose. MRI-only workflows 
are also possible for such systems, as demonstrated by 
Masitho et al. [22].

The implementation of MRI-only workflows should 
ideally consider the mask holder and the mask itself in 
the dose calculation, even though they have minimal 
influence on the dose distribution. For stereotactic pre-
scription concepts with 80% of the reference dose, the 
homogeneity of the dose distribution in the target volume 
is secondary, and small deviations caused by the (unmod-
eled) mask should not have a clinical impact. Since these 
materials are invisible in MRI and often differ between 
the MRI and CT versions of the mask holder, calculat-
ing the mask system as part of sCT creation is challeng-
ing. To account for these materials in the sCT, Masitho 
et al. [27] proposed the use of MRI-visible silicone rods 
built into the MRI-compatible mask holder, which serve 
as the basis for creating a model of the mask holder as 
HU distribution in the planning system. The mask itself is 
modeled by expanding the patient-air interface. Masitho 
et al. showed that with this approach, dose differences of 
0.2 ± 1.03% can be achieved in the PTV [27]. Taking into 
account the absolute dosimetry uncertainty, the dosimet-
ric significance is 2% for ΔD50 and ΔD0.01ccm for PTV 
and OAR [28, 29].

Despite the studies mentioned above, MRI-only work-
flows are still not widely adopted. This might be due to 
the limited availability of MRI scanners in radiotherapy 
clinics or departments. One other explanation could be 
that the implementation in daily practice is too complex, 
leading to a lack of acceptance for such workflows. The 
commercially available sCT software used in this study 
(CE-labeled sCT algorithm of syngo.via RT Image Suite 
(VB60) by Siemens Healthineers GmbH) was evaluated 
for its accuracy in a retrospective research context with 
26 patients [2, 27]. Still, proof of feasibility is missing to 
establish an MRI-only workflow since the whole treat-
ment process of the patient has to be evaluated.

Therefore, this study will prospectively investigate 
whether an MRI-only workflow is feasible for the stereo-
tactic treatment of patients with brain lesions. In order 

to enable a smooth integration of the sCT into the clini-
cal routine, the entire radiotherapy chain must be able to 
be carried out with the help of the sCT. For this purpose, 
the patients have to be imaged in a radiotherapy mask in 
the MRI to ensure the same position of the patients in 
imaging and radiation. Secondly, a dosimetric equiva-
lence of sCT and CT must be assured to enable dosi-
metrically correct radiation planning for the patients. In 
addition, mask holder and the mask itself must be cor-
rectly integrated into the sCT, as these structures are 
not visible in the MRI. Furthermore, the patient must 
be reliably positioned on the treatment couch at each 
fraction. For this purpose, it must be possible to rely on 
digitally reconstructed radiography (DRR) from the sCT 
in order to check the positioning with the help of non-
coplanar X-ray images. During the course of this study 
these parameters are assessed to examine the feasibility 
of an MRI-only workflow and to identify potential dif-
ficulties and exclusion criteria for patients or treatment 
indications.

Methods
Study design
This study is an open, mono-centric, non-randomized, 
prospective study to evaluate feasibility of an MRI-only 
workflow providing accurate treatment planning and 
patient positioning. Patients eligible for the sCT-Feasi-
bility trial require an indication for brain radiotherapy 
in either the definitive or postoperative setting and must 
have no MRI contraindications.

Each participant of the study will undergo the standard 
of care imaging for treatment planning, consisting of 
both MRI and CT scans, each performed within five days 
before the commencement of treatment. However, within 
the study the treatment will be based on MRI-only, i.e. 
treatment planning and positioning of the patients with 
2D/2D imaging at the linear accelerator will be based 
on synthetic CT data. Feasibility of such a workflow will 
be evaluated en route by verification against the stan-
dard treatment as schematically outlined in Fig.  1 and 
described in detail in Sect. 2.4.

Study population
Patients will be informed about the study as part of the 
initial consultation for radiation therapy.

Inclusion criteria
Patients meeting all of the following criteria will be con-
sidered for admission to the trial:

  • Written informed consent.
  • Patient older than 18 years.
  • Tumor or metastases in the brain.
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Fig. 1 Schematic depiction showing imaging, treatment planning, and radiotherapy of study patients. Each participant of the study will receive MRI and 
CT scans, as in the standard CT-workflow. The sCT workflow differs only in terms of the data used for treatment planning. The precision and feasibility of 
the sCT-based process are assessed at various stages during treatment, and if significant deviations occur, the treatment is continued using the conven-
tional clinical standard
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  • Immobilization with stereotactic mask (basic cranial 
mask; Brainlab, Munich, Germany).

  • Treatment on stereotactic linear accelerator (2.5 mm 
leafs) equipped with 2D/2D X-ray system.

Exclusion criteria
Patients presenting with any of the following criteria will 
not be included in the trial:

  • Metal in the body, metal implants, pacemakers 
or other patient-specific factors that are a 
contraindication to an MRI scan.

  • Metal implants, pacemakers or other patient-specific 
factors associated with increased risk from an MRI 
scan.

  • Renal insufficiency (eGFR < 60 ml/min), allergy 
or other patient-specific factors that constitute a 
contraindication to contrast administration.

  • Renal insufficiency (eGFR < 60 ml/min), allergy or 
other patient-specific factors associated with an 
increased risk from contrast administration.

  • Patients who are institutionalized in care facilities, 
prisons or other supervised facilities.

  • Patients under guardianship.
  • Non-consenting patients.
  • Pregnant or breastfeeding patients.

Study objectives
The main objective of the study is the investigation of the 
feasibility of an MRI-only workflow using synthetic CT 
for the treatment of patients with tumors and metastases 
in the brain. The study will investigate what proportion of 
treatments can be completed in an MRI-only workflow. 
The main hypothesis is that 90% of the patients can be 

successfully treated in an MRI-only workflow, as will be 
derived in more detail in Sect. 2.5.

The following parameters will be collected as second-
ary study objectives:

  • Which parameters lead to a change from MRI-only 
workflow to standard workflow?

  • Documentation of all comparative parameters 
between MRI-only and standard workflow.

  • Evaluation of the intra-MRI registration data, i.e. 
comparison of MRI images taken at start vs. end of 
an MR imaging slot.

  • Evaluation of OAR contouring accuracy on MRI 
data.

Study plan
During the course of this study the entire treatment 
procedure is identical for study patients and patients 
in the standard workflow; it differs only in terms of the 
data used for treatment planning. As shown in Fig.  1, 
the accuracy and feasibility of the sCT-based workflow 
compared to the standard workflow is checked at sev-
eral points in the treatment process and, in the event of 
excessive deviations, the treatment is continued accord-
ing to the clinical standard.

To ensure geometric accuracy of the MRI system a 
daily system check, including gradient sensitivity, spatial 
integrity and shimming/ magnetic field homogeneity is 
performed. Additionally, a monthly check of the gradient 
non-linearity related distortion, with a dedicated phan-
tom. Also a QA of all coils is regularly performed. The 
QA program is based on the DEGRO recommendations 
[30].

The following verifications are investigated, with the 
detailed parameters/checks listed in Table 1:

 
Verification 1 aims to ascertain the feasibility of sCT 
generation and its potential clinical utility. In the course 
of this study, the patient is subjected to a comprehen-
sive and standardized imaging procedure, encompassing 
MRI (comprising all sequences of a standard treatment) 
and CT scans [24, 31]. Subsequently, an sCT is generated 
exclusively through the reconstruction of MRI data.

As a next step, the process involves registering MRI 
and CT scans as in the standard workflow in a special-
ized medical treatment planning system (syngo.via RT 
Image Suite, VB60a or higher, Siemens Healthineers, 
Erlangen, Germany). Additionally, the registration pro-
cess is validated in a second treatment planning system 
(RayStation v12A or higher, RaySearch, Stockholm, Swe-
den). Verification 2 is conducted to assess the degree of 
rotation during the registration process, i.e. if positioning 
the patient in the MR scanner was achieved as intended. 

Table 1 Overview of verifications throughout the treatment 
workflow. In case a verification fails, the patient is transferred 
from the MRI-only workflow to the standard workflow based on 
CT
No. Verification criterion
1 Can the sCT be generated and is the sCT clinically utilizable?
2 Are the three rotations needed for CT-MRI registration each 

≤ 3°?
3 Can a treatment plan be generated and verified using the sCT?
4 Is the dosimetric difference between sCT- and CT-based treat-

ment plans in the 
PTV ≤ 3%?

5 Is the dosimetric difference between the sCT- and CT-based 
treatment plans in affected OARs (receiving > 10% of pre-
scribed dose) ≤ 3%?

6 Are the couch correction parameters during patient position-
ing in the rotational degrees of freedom ≤ 3°?
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If all rotation angles are found to be equal to or less than 
3°, the workflow remains based on sCT data. However, if 
both planning systems calculate rotation angles greater 
than 3°, it is recommended to switch to a CT-based stan-
dard workflow. If both registration algorithms calculate 
different angles, one greater than and one less than 3°, a 
physician’s clinical manual registration is also used for 
decision making.

Furthermore, as additional investigation 1, the MRI 
images used for generating the sCT (vibe-DIXON) 
are registered with the MRI images obtained from the 
SPACE sequence (utilized for tumor segmentation). 
The objective is to detect potential changes that might 
occur during the approximately 30-minute MRI acquisi-
tion period, which is specific to this study and does not 
impact the ongoing treatment.

In the current standard workflow, the clinical tar-
get volume (CTV) is contoured on the MRI dataset and 
transferred to the planning CT. OARs, however, are auto-
matically contoured on the planning CT using the deep 
learning solution DirectORGANS (Siemens Healthineers 
GmbH, Erlangen, Germany) that is directly embedded 
into the CT scanner. In the study, OAR have to be con-
toured manually based on the MRI data. Retrospectively, 
as additional investigation 2, these OAR structures will 
be compared with those automatically segmented on CT 
images (comparison measures include: DICE coefficient 
and Hausdorff distance).

 
Verification 3 is aiming to assess the technical feasibil-
ity of treatment planning using the sCT approach, i.e. if 
the treatment plan can be generated, verified, and trans-
mitted to the record and verify system. The physical 
treatment planning system used is RayStation (v12A or 
higher, RaySearch, Stockholm, Sweden). The verification 
process entails multiple aspects, including the creation of 
sCT images, consideration of the mask support [27] and 
verification of the treatment plan (currently Mobius3D, 
Varian, Darmstadt, Germany and/or ArcCHECK, Sun-
Nuclear, Neu-Isenburg, Germany).

For quantitative verification of the sCT-based treat-
ment plan, an equivalent CT-based treatment plan is cre-
ated by transferring the plan to the CT followed by dose 
re-calculation using the same physical treatment plan-
ning system as mentioned above. The aim of Verifica-
tion 4 is to verify the dosimetric equivalence of CT- and 
sCT-based planning methods. It focuses on assessing the 
dose difference within the PTV, aiming to ensure that any 
variations between the CT- and sCT-based plans do not 
exceed 3% (ΔD50 < 3%), where D50 refers to the dose cov-
ering 50% of the PTV. This rigorous evaluation is crucial 
to determine the accuracy and consistency of the sCT-
based approach in delivering the intended radiation dose 
to the target volume.

Similarly, Verification 5 investigates the dose difference 
in OARs. The objective is to ensure that affected OAR, 
i.e. OAR which receive > 10% of the prescribed dose, also 
exhibit dose differences within the acceptable threshold 
of 3% (i.e. ΔD50 < 3% and ΔD0.01ccm <3%). This assessment 
provides vital insights into the safety and efficacy of the 
sCT-based radiation planning in sparing at-risk struc-
tures from potential damages.

Verification 4 and Verification 5 aim to validate the reli-
ability and clinical suitability of the sCT-based radiation 
planning method, ensuring that it achieves dosimetric 
equivalence with the established CT-based approach. 
This thorough analysis contributes to the overall confi-
dence in implementing sCT-based radiation planning in 
clinical practice.

As in the standard workflow, patient positioning at the 
linear accelerator is conducted using the 2D/2D non-
coplanar x-ray positioning technique (ExacTrac v6.0.6, 
Brainlab, Munich, Germany). In case of the MRI-only 
workflow, the positioning process relies on sCT-based 
DRRs and thus DRRs reflecting the patient positioning at 
the MRI acquisition. Verification 6 focuses on the evalu-
ation of the calculated table rotation for all three direc-
tions of rotation. The primary objective is to ensure that 
the table rotation values do not exceed 3° and that the 
DRRs calculated from the sCT, can be used correctly. 
Together with verification 2 this approach serves as a 
doublecheck that the positioning at the MRI was correct, 
since positioning of the patient at the MRI, linac and CT 
should be reproducible and should not differ from each 
other.

Statistical design
To estimate the required patient number, the MRI images 
of all brain stereotactic treatments at the stereotactic lin-
ear accelerator of our center, who received a dedicated 
RT simulation MRI from the last 3 years were examined 
retrospectively for artifacts and other exclusion criteria of 
an sCT workflow. The results showed that 91% of the 45 
patients would have been suitable for an sCT workflow. 
5% of patients were not suitable due to claustrophobia. A 
further 4% of patients were not eligible because they had 
metal artifacts on the skull due to surgery or had a glass 
eye, for example. According to Masitho et al. [25], further 
exclusion based on dose deviations in OARs or PTVs in 
comparison to the planning CT are not to be expected. 
Only one patient was found to have problems with sCT 
reconstruction. Thus, the overall feasibility of sCTs work-
flows is estimated to be 90%.

The case number calculation for the study is based on 
a one-stage design for pilot studies by Fleming [32]. The 
calculation is based on the following general conditions:
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  • According to the information of the retrospective 
analysis of all stereotactic brain patients in the past 
three years, the application of the sCT workflow is 
considered feasible if the study procedure described 
above proves to be feasible accordingly. It is expected 
and postulated for a positive evaluation of the study 
outcome that this is the case in 90% of patients.

  • The sCT workflow, on the other hand, would be 
considered not sufficiently feasible if the feasibility 
rate was 75% or less.

  • The probability of erroneously assessing the 
experimental intervention as feasible even though 
the true feasibility is at/below 75% (α-error) is said to 
be only 5%.

  • The probability of erroneously discarding 
the experimental measure as not sufficiently 
feasible although the true feasibility rate is 90% 
or more (β-error) should be no more than 10%, 
corresponding to a power of the study of 90%.

According to these parameters n = 54 patients who can be 
evaluated in terms of feasibility are needed.

Patients who show a violation of the inclusion crite-
ria at the time of inclusion in the study (“non-eligible”) 
are excluded from the statistical analysis (e.g. Unsuitable 
for MRI due to metallic implants, withdrawal of con-
sent, immobilization without stereotactic mask). These 
cases will only be reported casuistically. Which patients 
with serious protocol violations fall into this category is 
decided prospectively in a “blind review” before the anal-
yses are carried out.

All other patients are included in the evaluation of the 
primary objective criterion in the sense of an “intention-
to-treat analysis” (ITT).

The primary study objective criterion is calculated by 
dividing the number of ITT patients in whom the experi-
mental method was found to be feasible by the total num-
ber of ITT patients. The exact one-sided 95% and 90% 
confidence intervals are calculated for the resulting rate.

The analysis of all other parameters is done descrip-
tively, depending on the data type, with frequencies, 
means, medians, ranges of values and/or confidence 
intervals, if applicable.

Risk-benefit assessment
Benefits for participants:

  • Optimized target volume definition due to 
elimination of MRI-CT registration.

Benefit for science and patient treatment:

  • Establishment of an MRI-only workflow for 
radiotherapy of brain tumors or metastases enables 

radiotherapy planning without MRI-CT registration 
and the associated potential registration errors.

  • Evaluation of sCT-based patient positioning with 
2D/2D X-ray system.

  • Evaluation of MRI-based contouring of organs at risk 
compared to CT-based contouring.

  • sCT for dose calculation would eliminate the need 
for an additional conventional CT scan, thereby 
reducing the radiation dose patients currently 
receive.

Risks to participants:

  • If there are problems during the sCT workflow, 
treatment might be delayed by half a day for standard 
CT-based treatment planning to be performed.

  • In principle, treatment with sCT can lead to 
increased dosimetric deviations or the positioning 
at the linear accelerator may show larger deviations. 
Since the algorithm used is a medical device, 
its suitability is given according to the legal 
requirements. Within the scope of the study a 
number of verifications against the current clinical 
standard will be conducted (see Sect. 2.4), so that the 
risk of increased deviations is further reduced.

Ethical and legal aspects
The study plan was approved by the Ethics Committee of 
the Medical Faculty of Friedrich-Alexander-Universität 
Erlangen-Nürnberg (ID 23-286-Bm). The trial will be car-
ried out by adhering to local legal and regulatory require-
ments. The protocol will be conducted according to the 
Guidelines of Good Clinical Practice and the ethical prin-
ciples described in the Declaration of Helsinki in 2008. 
This study has been registered prospectively at Clinical-
trails.gov, NCT06106997.

Discussion
In contrast to CT, MRI enables a superior distinction 
between cancerous and healthy tissues due to its excel-
lent soft tissue contrast. In current RT planning, CT 
images are still needed for treatment planning since HUs 
can be converted to electron density needed for dose cal-
culation. Thus, currently in the clinical workflow MRI 
and CT images are registered. To avoid this error prone 
and time-consuming registration process [1, 2], for more 
than 10 years algorithms for calculation of sCTs from 
MRI images have been developed and were subsequently 
tested for dosimetrical equivalence. The existing sCT 
algorithms are already very reliable [16, 17, 22], but their 
use in clinical routine is limited. Therefore, the aim of the 
sCT-feasibility study is to gain and share experience of an 
MRI-only workflow and establish a successful integration 
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of an MRI-only workflow for brain lesions into clinical 
routine.

The algorithm used in this study utilizes deep learning 
to generate the sCT. The accuracy of sCT images pro-
duced by deep learning-based techniques relies on the 
incorporation of relevant image features in the model’s 
training dataset. Patients treated for brain tumors often 
have implants or abnormal anatomical structures due to 
surgery, which can pose a challenge if these anomalies 
fall outside the scope of the training data. In such cases, 
the sCT generation software may struggle to interpret 
the input MR images correctly. To address this issue, it 
becomes crucial to visually inspect the resulting sCT 
images to identify potential artifacts. Given these poten-
tial inaccuracies in the deep learning reconstruction, the 
introduction of an MRI-only workflow needs dedicated 
QA methods [33]. Therefore, in this study, the MRI-only 
workflow is benchmarked to the standard CT-based 
workflow during several points during the study (see 
Table 1). The study aims to identify potential limitations 
of the patient cohort eligible for an MRI-only workflow. It 
will also help to identify criteria for a QA of sCT images 
after the study, i.e. for MRI-only workflows as clinical 
standard.

In addition to the accurate reconstruction of the sCT, 
ensuring the correct positioning of the patient in the 
MRI is essential. Therefore, in this study, the accuracy 
of patient positioning is assessed at two points based on 
the registration angle. In future MRI-only workflows, this 
verification could solely rely on the positioning at the lin-
ear accelerator.

Additionally, a suitable and regular QA of the MRI 
system itself is indispensable to ensure a safe MRI-only 
workflow [34]. While in the conventional CT-MRI reg-
istration-based workflow, artifacts or distortions can 
be easily identified through the overlap with the geo-
metrically accurate CT, a workflow solely reliant on MRI 
necessitates a geometrically precise MRI image for accu-
rate treatment planning. This includes assessment of geo-
metric accuracy of the scanner, e.g. gradient nonlinearity 
and its 3D correction as well as regular QA of the imag-
ing coils and correct adjustment of sequence parameters 
as e.g. the pixel bandwidth.

This study will be the first clinical prospective feasibil-
ity study of MRI-only RT for all brain RT patients. There 
has been one other feasibility study from Lerner et al. 
of a deep learning-based MRI-only workflow where 20 
out of 21 patients successfully received MRI-only brain 
RT for gliomas [35]. Similar to our study, MRI Dixon 
images were used to generate sCT images using a CE-
marked deep learning-based software. However, they did 
exclusively include glioma patients, whereas we are aim-
ing for all brain radiotherapy patients in a larger cohort 

including stereotactic treatment of brain metastases with 
mask immobilization.

Our hypothesis is, that 90% of the patients can success-
fully be treated in an MRI-only workflow. This is in line 
with the result of Lerner et al. and also published imple-
mentation studies on MRI-only RT for prostate cancer 
treatment with success rates between 87.5 and 100% 
[36–38].
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