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Aims: The introduction of on-line magnetic resonance image-guided radiotherapy (MRIgRT) has led to an
improvement in the therapeutic workflow of radiotherapy treatments thanks to the better visualization of
therapy volumes assured by the higher soft tissue contrast. Magnetic Resonance contrast agents (MRCA) could
improve the target delineation in on-line MRIgRT planning as well as reduce inter-observer variability and
enable innovative treatment optimization protocols. The aim of this survey is to investigate the utilization of
MRCA among centres that clinically implemented on-line MRIgRT technology.

Methods: In September 2021, we conducted an online survey consisting of a sixteen-question questionnaire that
was distributed to the all the hospitals around the world equipped with MR Linacs. The questionnaire was
developed by two Italian 0.35 T and 1.5 T MR-Linac centres and was validated by four other collaborating
centres, using a Delphi consensus methodology.

Results: The survey was distributed to 52 centres and 43 centres completed it (82.7%). Among these centres, 23
institutions (53.5%) used the 0.35T MR-Linac system, while the remaining 20 (46.5%) used the 1.5T MR-Linac
system.

According to results obtained, 25 (58%) of the centres implemented the use of MRCA for on-line MRIgRT.
Gadoxetate (Eovist®; Primovist®) was reported to be the most used MRCA (80%) and liver the most common site
of application (58%). Over 70% of responders agreed/strongly agreed to the need for international guidelines.
Conclusions: The use of MRCA in clinical practice presents several pitfalls and future research will be necessary to
understand the actual advantage derived from the use of MRCA in clinical practice, their toxicity profiles and
better define the need of formulating guidelines for standardising the use of MRCA in MRIgRT workflow.

1. Background

Radiotherapy (RT) represents a crucial component in the manage-
ment of cancer patients, with nearly 50% of patients undergoing RT
during their oncological care path [1].

In the last decades, various technological developments have made
RT less invasive and more precise and efficient. The recent introduction
of magnetic resonance hybrid Magnetic Resonance linear accelerators
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(MR Linacs) into clinical practice represents the latest step in this
sequence, opening new frontiers in radiation treatment delivery thanks
to the advantages in imaging and the potential to influence patient
outcomes [2,3]. The technological advantages offered by MR guided RT
(MRIGRT) may therefore improve the likelihood of tumour control and
survival, while reducing the risk of treatment-related toxicities [4].
Nevertheless, despite the wide acceptance of online MRIgRT by the
radiation oncology community, the most advantageous clinical
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applications are still far from being fully exploited and practice-
changing evidence is still lacking. Two commercial solutions were
available at the time of the survey, which have the same functioning
principles but differ significantly in their design, both in terms of the
magnetic resonance imaging (MRI) scanner and the way of handling the
interaction between radiation and the magnetic field [5,6].

The MRI scanners of these two hybrid devices (0.35T on the MRI-
dian, ViewRay Inc., USA and 1.5T on the Unity, Elekta SA, Sweden)
allow daily acquisition of MR images to support treatment verification
and daily plan adaptation (i.e. dose distribution re-optimisation on the
patient’s daily anatomy), with a more precise and reliable visualisation
of the target volumes due to improved soft tissues contrast. Although
MRI in principle has excellent soft-tissue contrast; compared to cone-
beam CT, visualisation of the target volume can be challenging in
some situations. For this reason, despite some limitations mainly related
to potential toxicity and increased logistical burden, there has been
growing interest for the introduction of MRI contrast agents (MRCA) in
the framework of in-room MRIgRT [7,8].

To date, as only a few studies have described the applications of
contrast agents in this innovative setting [9,10], their use is still not
established in clinical practice. In addition, the scientific community is
still exploring the actual need for their use, without fully understanding
the relative potential benefits and pitfalls.

We conducted this survey to describe the different experiences with
the use of contrast agents on MR Linacs around the world and to present
the different practices and perspectives on the integration of contrast
agents in clinical practice.

The appropriate visualisation of the target volume and organs at risk
(OARs) during in-room image guidance for safe RT delivery is essential
for all RT treatments. Conventional RT planning based on CT imaging
raises several issues related to poor visualisation of soft tissues and the
presence and appropriate management of artefacts (e.g. artefacts
induced by prostheses or by surgical procedures).

These issues can lead to uncertainties in treatment planning and
during image guided radiotherapy (IGRT) (e.g. cone beam CT - CBCT),
affecting the reliability of target alignment, and therefore the efficacy of
treatment delivery. The use of intravenous contrast (IVC) is a possible
way to overcome these limitations, as organ- and tumour-specific
contrast agents that can discriminate between soft tissues with similar
electronic density and CT imaging properties are available.

Several studies describe the implementation of contrast enhanced
images in the target delineation process, resulting in an overall
improved accuracy in target definition [5,6].

The influence of IVC in planning CTs on the dose calculation was
investigated for treatment planning in intensity modulated radiation
therapy (IMRT) for prostate, rectal and head and neck tumours. The
differences between the plans calculated with enhanced and non-
enhanced CT were found not to be clinically significant. Therefore,
contrast-enhanced CT can be used for both target delineation and
treatment planning [7,8].

The Royal College of Radiologists (RCR) published a report in 2004,
suggesting nine tumour sites where contrast agents can be used and
proposing its use for a further eleven entities for different imaging mo-
dalities [11]. These guidelines also included recommendations on the
management of administration and any associated toxicities.

To date, the use of contrast agents in CT-based RT planning is
widespread, although not yet standardised in terms of applicability and
standardized procedures with variations strongly depending on the
expertise, protocols of individual centres and existing national
guidelines.

Williams et al in 2016, published a review of the use of CT IV contrast
agents in the UK and concluded that there was no specific guideline was
followed and overall compliance with RCR guidelines was limited.
Furthermore, the use of specific iodine CT contrast agents requires ac-
curate stratification of patients according to an estimated Glomerular
Filtration Rate (eGFR) and specific clinical risk factors, as well as the
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establishment of appropriate protocols for the management of potential
side effects (anaphylaxis and allergic reactions, extravasation, renal
impairment) [12].

These findings were later confirmed in 2019 by Minogue et al, who
conducted a similar survey on clinical practice in Ireland and high-
lighted the importance of introducing IVC into clinical practice and the
training of radiation therapists (RTTs) to cannulate and administer IVC
[13].

The recent introduction of MRI simulation and on-line MRIgRT has
solved some of the problems associated with the use of CT and treatment
delivery by taking advantage of the enhanced soft tissue contrast offered
by on-board MR imaging [5,6].

The use of MRCA for MR Linac based RT could potentially lead to
improved characterisation of lesions for more accurate delineation of
target volumes and OARs, both in simulation and on-line adaptive
treatment steps in different anatomical sites [14-21].

Furthermore, the application of MRCA may successfully reduce intra-
and inter-observer variability [18] and pave the way to innovative dose
escalation protocols, taking advantage of online and offline adaptive
methods [19].

Magnetic resonance imaging offers numerous sequences that can
describe different biological properties of the tissues under investiga-
tion. T1-weighted (T1w) and T2-weighted (T2w) imaging reflect the
longitudinal (T1w) and transverse (T2w) relaxation time of protons in
water and fat in the human body when exposed to an external radio-
frequency pulsed magnetic field [20,21].

Contrast agents in MR are divided according to their magnetic
properties, chemical composition, presence or absence of metal atoms,
type of administration (intravenous or oral), application, bio-
distribution, and according to their characteristics in T1w and T2w se-
quences [22].

The most common MR contrast agent is a paramagnetic metal
nanomaterial/complex originating from gadolinium (III) (Gd3+), which
is characterised by stability and a high magnetic moment, causing bright
contrast in T1w images, while reducing the signal in T2w images [21-
271.

On the other hand, superparamagnetic nanoparticles (e.g. SPIONs)
appear hypointense in T2w images [24]. Gadolinium-based contrast
agents (GBCA) consist of a gadolinium ion and a chelating agent that
allows them to be distributed throughout the body and prevent toxicity.
GBCA are mostly excreted via the kidneys and some of them have the
possibility to accumulate in tissues (such as liver, brain, bone and kidney
itself), potentially leading to neurological, musculoskeletal and skin
symptoms. However, there are currently few reliable data on the con-
sequences of their repeated use, even if initial experiments did not show
alterations of their chemical composition when irradiated [25,26].

GBCA currently approved by FDA and EMA are gadobutrol (Gadav-
ist®), gadopentate (Magnevist®), gadodiamide (Omniscan®), gado-
terate (Dotarem®), gadoteridol (Prohance®), gadofosveset (Ablavar®),
gadoversetamide (OptiMARK®) and gadotexate (Eovist®) [25].

2. Materials and methods

To better understand the current applications of MRCA in MR Linac
clinical practice, we conducted an online survey and invited institutions
equipped with hybrid 0.35 or 1.5T MR linear accelerators from different
countries worldwide in September 2021. The questionnaire was devel-
oped by LB and LN, from two Italian 0.35T and 1.5T MR-Linac centres,
respectively.

Prior to distribution, the questionnaire was validated and refined by
four collaborating centres (two low T and two high T MR-Linac centres),
using a Delphi consensus methodology before being distributed to all
other centres [27].

The MRIERT team leaders of each centre were asked to complete the
questionnaire sent by e-mail from the main data supervisors for the two
commercial systems, LB and LN.
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Overall, one month was planned for the collection of responses and a
reminder sent after two weeks for the non-responding centers.

Questionnaire collection closed on October 2021 as planned and all
the data collected were analysed in January 2022. The Office suite was
used for survey distribution and results analysis.

The survey was distributed to 52 centres across 14 different countries
(USA, UK, Germany, South Korea, Israel, Netherlands, Denmark, Japan,
Italy, Turkey, Australia, Sweden, France and Canada) worldwide. Of
these 52 centres, 43 completed the survey (82.7%).

The questionnaire consisted of 17 questions (see supplementary
material), divided into three sections.

The first section involved screening of the centres, covering the type
of technology available (e.g. field strength of the MR Linac), the number
of years of experience in the field of MRIgRT, and whether the use of
MRCA was implemented in clinical practice or not.

The second section assessed the type of MRCA used, the clinical
application, the anatomical sites treated, and the procedures used to
administer the MRCA.

Finally, respondents were asked for their opinion on the inclusion of
MRCA guidelines dedicated to its use within in-room MRIgRT and/or on
the need to elaborate recommendations by the major scientific
organisations.

3. Results
3.1. First section — General information

Among these centres, 23 hospitals (53.5%) use the 0.35T MR-Linac,
while the remaining 20 centres (46.5%) use the 1.5T one.

Of all 43 responding centres, 37 (86%) of these hospitals reported
using iodine contrast agents for standard CT-based RT treatments to
facilitate contouring or improve image guidance, while the other 6
(14%) do not routinely use iodine contrast agents.

According to reports obtained from this survey, 25 (58%) of the
centres implemented the use of MRCA for MRIgRT imaging, while the
remaining 18 (42%) avoided its use for several reasons, such as lack of
resources, national regulations, hospital policies, lack of trained
personnel and concerns regarding the patient’s safety. Among the 25
centres that implemented the use of MRCA, 14 (56%) were centres with
the 0.35T Linac and 11 (44%) with the 1.5T Linac, where the use of
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MRCA is less common.

3.2. Second section — MRCA usage

3.2.1. Type of MRCA

Among the different centres that implemented the use of one or more
contrast agents, 80% used Gadoxetate (Eovist;Primovist), making it the
most commonly used one. Other agents used included Gadobutrol
(Gadovist) (32%), Gadoterate (Diotarem;Clariscan) (16%), Gadodia-
mide (Omiscan) (12%), Gadopentetate (Magnevist) (12%), Gadoteridol
(Pro-hance) (8%).

No centre used Gadofosveset (formerly Vasovist), Gadobenate
(Multihance), Gadoversetamide (Optimark) and Mangafodipir (Teslas-
can) (Fig. 1).

3.2.2. Anatomical site

Regarding anatomical sites where contrast agents were used, eight
different anatomical sites (liver primary and secondary lesions, upper
gastrointestinal tract including pancreas and lower gastrointestinal
tract, thorax, brain, head-and-neck, pelvis and other extremities) were
mentioned in the survey. Out of all the institutions that used MRCA, only
2/25 (8%) used contrast agents for all indicated anatomical sites; 4/25
(16%) used MRCA for <8 but >5 different anatomical sites; 6/25 (24%)
departments used MRCA for <4 anatomical sites; while most of the
departments (12/25; 48%) used MRCA for only one anatomical site,
generally represented by the liver (both primary and secondary lesions).

Fig. 2 illustrates the range of anatomical sites where MRCA are
administered.

3.2.3. Administration allowance

Regarding the administration of MRCA, this was mostly carried out
by either radiation oncologists, RTTs, nurses or other medical doctors (i.
e. radiologists). Most centres (n = 13/25) stated that they involved
nurses only, as responsible trained personnel for MRCA administration;
4/25 centres appointed radiation oncologists only; 5/25 centres RTTs;
and 3/25 centres radiologists only. The survey showed that 8/25 centres
involved at least 2 different trained staff to administer MRCA.

3.2.4. MRCA for planning and treatment
All hospitals using MRCA in-room MRIgRT were of the opinion that

MRI contrast agents used by the centres
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Fig. 1. A graphical representation of MRI contrast agents used by the different centres.
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Anatomical sites used for MRCA administration
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Fig. 2. The range of tumour sites where MRCA are administered during MRgRT
treatment by the different centres. GI: gastrointestinal.

contrast agents should be administered during in-room MRIgRT simu-
lation, as it could be useful for segmentation and evaluation of tumour
visibility, also reducing the burden of diagnostic MRI scanners which are
generally used to this end.

Although, 52% of centres agreed that MRCA should only be admin-
istered if the target volume was not clearly visible on simulation imag-
ing; 44% suggested that this should be done with a case by case
approach; while the remaining 4% stated that it should always be
administered.

Furthermore, when asked if MRCA should be administered
throughout the in-room MRIgRT treatment, all centres agreed except for
one centre, which gave the reason that contrast enhanced simulation
imaging was sufficient, without the need of MRCA administration dur-
ing the treatment.

3.2.5. Safety and surveillance

With regards to safety, it was asked how many centres planned any
specific tests (e.g. blood test with renal function) for patients undergoing
contrast enhanced MR simulation and whether other surveillance tests
(i.e. serial blood tests) were planned for patients receiving MRCA
throughout the in room MRIgRT treatment. Overall, 15 centres (60%)
reportedly require blood tests with renal function for their patients
undergoing contrast enhanced MR simulation, while eight centres (32%)
perform blood tests only for high-risk patients and two (8%) centres
have no tests scheduled.

In comparison, nine (36%) centres arrange further surveillance renal
function tests to monitor patients undergoing MRCA throughout their
MRIgRT treatment; four (16%) centres organize this only for high-risk
patients; three (12%) centres were uncertain of their practice, as it
was dependent on factors such as the length of treatment course and
baseline creatinine values. The remaining nine (36%) did not perform
any form of surveillance.

3.3. Third section — General opinion and future perspectives

In the third section of the questionnaire, the last three questions were
designed to get the general opinions of MR-Linac users concerning the
introduction of international guidelines for patient safety. These ques-
tions were centered on standardising clinical indications for the use of
contrast agents in MRIgRT, the need for the introduction of a minimal
set of blood tests when using contrast agents in MRIgRT and the op-
portunity for international radiation oncology societies to set up work-
ing groups to foster the use of MRCA for MRIGRT purposes, whilst
working closely with other diagnostic radiology societies. The results of
these specific questions are described in Table 1.

As reported in Table 1, over 70% of participants agreed or strongly
agreed to the need for international guidelines and 28% of the centres
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Table 1
The different responses by the 43 participating sites to the last 3 poll questions.
Questions Answers
Strongly Agree Disagree  Strongly
agree disagree

Do you think that international 12 (28%) 19 10 2
guidelines should be (44%)  (23%) (5%)
introduced to standardize
patient’s safety (e.g. minimal
set of blood tests) for the use of
contrast agents in-room
MRIgRT

Do you think that international 12 21 8 2
guidelines should be (28%) (49%)  (19%) (5%)
introduced to standardize
clinical indications for the use
of contrast agents in-room
MRIGRT?

Do you think that working 12 22 7 2
groups dedicated to foster the (28%) (51%)  (16%) (5%)

use of MRI contrast agents for
in-room MRIgRT purposes
should be set up?

MRIgRT: Magnetic Resonance guided radiotherapy; MRI: Magnetic Resonance
Imaging;

strongly agreed to all three questions.

4. Discussion

Despite the advantages of the use of contrast agents in the setting of
RT, reports and investigations into its application during in-room
MRIgRT are very limited and it is still hard to determine if the use of
contrast agents will represent an advantage in the evolving framework
of modern MR Linac based radiotherapy or an unnecessary waste of
resources [28-34].

The survey response rate of 83% allows to provide a reasonable
representation of current MRCA practice patterns worldwide.

Considering the overall obtained results, it can be stated that MRCA
are generally used in the MRIgRT workflow, only in the cases where the
visualisation of the target provided by on board MRI is insufficient.

Patients safety and logistical burden are important considerations for
the application of contrast agents in this clinical setting and may
discourage the use of MRCA also in borderline decisional situations,
where patients may be addressed to the implantation of fiducials. For
this reason among others, some institutions (42%) that participated in
this survey, prefer not to use MRCA in clinical MRIgRT practice, espe-
cially considering the lack of a clear advantage in using them.

Target volume delineation in the liver seems to benefit most from
MRCA administration in current practice, probably due to the difficulty
in delineating certain types of liver metastases and HCC lesions and the
common use of on-line MRIgRT SBRT delivery technique, where very
high doses with steep gradients are used [16,30,31].

In this context, Gadoxetate (Eovist/Primovist) resulted to be the
most frequently used MRCA by the responding centres (80%).

Although the use of other GBCA such as Gadopentetate (Magnevist)
and Gadodiamide (Omiscan) have been restricted by the EMA [32],
these contrast agents were reportedly used by some centres outside the
EU. This points out the varying regulations implemented by different
countries or regions [33].

Regarding the involved staff members, different personnel were
responsible for administering MRCA in the single centres, again indi-
cating different practice policies in the different centres and countries.

The majority of participating institutions that implemented the use
of MRCA agreed to their use during MR Linac simulation, although due
to safety and possible toxicity concerns, only one of the centres opposed
to its use throughout treatment.

Indeed, apart from individual centre practice, there are no validated



L. Boldrini et al.

protocols for the administration of contrast agents procedures and the
management of related complications (i.e. extravasation policy, side
effects, and anaphylaxis) in radiation oncology. In fact, 42% of centres
avoid its use due to the lack of resources, lack of trained staff and general
concerns regarding patient safety. Interestingly, significant in-
consistencies were observed also between centres in patients safety
screening: slightly more than half (60%) routinely perform dedicated
blood tests for in-room MR simulation, whilst only one-third perform
them for surveillance purposes during MRIgRT treatment (36%). This
variability highlights the need to design shared recommendations or
guidelines for the management of MRCA in clinical MRIgRT practice
and, although the safety issues appear to be minimal, systematic
research is still necessary.

Consequently, regarding the prospect of introducing international
guidelines to standardise patient safety and clinical indications, the
agreement of the respondents (strongly agree/agree) was 21/43 (72%)
and 33/43 (77%), respectively. This result shows that about a quarter of
the participants still have concerns about the feasibility/utility of such a
project. This is further emphasized by 79% of responders agreeing to the
need for working groups dedicated to developing the use of MRI contrast
agents for MRIgRT purposes.

This survey shows that there is considerable inconsistency in practice
patterns and no standard practice among hospitals that implement the
use of MRCA in hybrid MR-Linac, with a slight predominance of 0.35T
adopters (14 centers versus 11).

However, there are indeed different limitations in this study, such as
the exploratory nature of this survey; the lack of details about which
anatomical site could benefit most from the administration of MRCA;
billing issues; and how to overcome the logistical burden of this
procedure.

5. Conclusions

Despite the growing number of MR-Linac units active worldwide and
the accumulated clinical experience, the role of MRCA appears to still be
unclear in the radiation oncology community. The issues that still need
to be addressed mainly concern patient’s safety, the risk/benefit ratio
(basic examinations to be performed routinely; assessment of risk factors
to minimise complications; involvement of staff trained in the man-
agement of procedures and complications) and the definition of tumour
sites where the use of MRCAs is beneficial for treatment planning.
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