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Abstract: Magnetic resonance guided radiotherapy (MRgRT), enabled by the clinical introduction of
the integrated MRI and linear accelerator (MR-LINAC), is a novel technique for prostate cancer (PCa)
treatment, promising to further improve clinical outcome and reduce toxicity. The role of prostate MRI has
been greatly expanded from the traditional PCa diagnosis to also PCa screening, treatment and surveillance.
Diagnostic prostate MRI has been relatively familiar in the community, particularly with the development
of Prostate Imaging - Reporting and Data System (PI-RADS). But, on the other hand, the use of MRI in
the emerging clinical practice of PCa MRgRT, which is substantially different from that in PCa diagnosis,
has been so far sparsely presented in the medical literature. This review attempts to give a comprehensive
overview of MRI acquisition techniques currently used in the clinical workflows of PCa MRgRT, from
treatment planning to online treatment guidance, in order to promote MRI practice and research for PCa
MRgRT. In particular, the major differences in the MRI acquisition of PCa MRgRT from that of diagnostic
prostate MRI are demonstrated and explained. Limitations in the current MRI acquisition for PCa MRgRT
are analyzed. The future developments of MRI in the PCa MRgRT are also discussed.
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Introduction

Prostate cancer (PCa) is the second most common
type of cancer among males only after lung cancer, and
accounts for ~3.8% of all deaths caused in men in 2018 (1).

Radiotherapy (RT) has been well proven and widely used

as an effective and standard form of PCa treatment (2).
"To date, hypofractionation represents the RT standard for
low- and intermediate-risk localized PCa in some clinical
guidelines (3,4).

Magnetic resonance guided radiotherapy (MRgRT) (5-7),
enabled by the recent clinical introduction of the integrated
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MRI and linear accelerator (MR-LINAC) systems (8-10),
is a promising novel technique for PCa-RT, potentially
offering advantages over the existing image-guided
radiotherapy (IGRT) modalities. For example, MRgRT
provides non-ionized superior soft-tissue image contrast to
visualize the on-the-day targets and surrounding anatomies
for treatment adaptation. MRI can be simultaneously
acquired during radiation delivery for treatment gating
and tracking. Moreover, functional or molecular imaging
capability of MRI, has great potentials for radiotherapy
treatment planning and response assessment (11).

The use of MRI in PCa diagnosis, including but not
limited to tumor detection, localization, characterization,
cancer staging, risk stratification and post-treatment
evaluation, although is still evolving, has been relatively
familiar to many clinicians and researchers (12). The
development of Prostate Imaging - Reporting and
Data System (PI-RADS) has greatly promoted global
standardization and diminish variation in the acquisition,
interpretation, and reporting of diagnostic prostate
multiparametric MRI (mpMRI) examinations (13,14). In
contrast, the emerging role of MRI in PCa-RT, is still much
less introduced than diagnostic prostate MRI. Relevant
publications are still sparse in the literature (15).

This review attempts to provide a comprehensive
introduction and overview of MRI acquisition techniques
currently used in the clinical workflows of PCa MRgRT,
from treatment planning to online treatment guidance.
This review orients more to the MRI part than to the RT
part in the MRgRT. The major readers are assumed to be
who have background knowledge on basic MRI principle
and diagnostic prostate MRI, but might not be familiar with
MRgRT. This review mainly focuses on MRI acquisition,
but not on MRI reconstruction, image processing or
interpretation. Special efforts are made to demonstrate and
explain the major differences in the MRI acquisition for
PCa MRgRT from the relatively well-known diagnostic
prostate MRI. Limitations and pitfalls in the current MRI
acquisition techniques for PCa MRgRT are presented. The
future developments of MRI acquisition techniques in the
PCa MRgRT are also discussed.

Literature search and information collection

Using the Medline/PubMed and Web of Science (WOS)
databases, we performed a search with the keywords:
magnetic resonance imaging or MRI and prostate cancer,
and their combination with the following terms: diagnosis,
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radiotherapy, MR-LINAC, MR-guided radiotherapy,
simulation, treatment planning, image guidance, and
motion. Only full journal articles published in English were
included. The literature search yielded a huge number of
publication records. The literature selection for this review
did not claim to be exhaustive but illustrative of the MRI
acquisition techniques used in prostate cancer MRgRT. The
authors had to subjectively select the most representative
and most relevant studies in consensus, preferably published
in the last 5 years, for review. The full articles were read and
the relevant information on MRI acquisition were extracted.

Besides literature search, the user manual of “Marlin 1.5 T
for Elekta Unity — Instructions for Use Release 5 Marlin”
and unpublished documents such as the clinical protocols
and research reports in our hospital were also used as
information sources.

We present the following article in accordance with the
Narrative Review Checklist (available at https://dx.doi.
org/10.21037/qims-21-697).

MRI scanners in the MRgRT

Besides the normal diagnostic MRI scanner, MRgRT also
involves the use of two different types of MRI scanners
(Figure I). They are the dedicated MRI-simulator (MR-
sim) mainly for the offline use in the MRgRT treatment
planning (16-19), and the MR-LINAC mainly for the
online use in the MRgRT treatment fractions (8-10).
MR-sim and MR-LINAC have distinctive characteristics
from the normal diagnostic MRI scanners (7able I). Most
MR-sims could be considered as the modified wide-bore
(usually 70 cm) MRI scanners equipped with dedicated
MRI-compatible RT accessories, rather than the completely
new design of MRI. As such, MR-sims and diagnostic
MRI scanners have the similar hardware configuration
and performance of magnet, gradients, and built-in body
radiofrequency (RF) coil. Their MRI console is also almost
identical. Various MRI-compatible RT accessories are
equipped with an MR-sim, such as the external 3D laser,
flat patient couch top with standardized index, locating bars,
RF coil holder or frame, and patient positioning devices
(PPDs), mainly to implement MRI scan with the patient
position as consistent as that in the RT treatment. Although
all RF coils equipped with a diagnostic MRI scanner are
also supported on an MR-sim, many of them are not used
for MRI simulation scan due to their incompatibility
with essential RT accessories. For example, diagnostic
volumetric head coil is not compatible with thermoplastic
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Figure 1 The three types of MRI scanners. Left: a normal 1.5 T diagnostic MRI scanner. Middle: a 1.5 T MRI-simulator. An anterior

coil and its coil frame, as well as knee rest and ankle stock are shown. An external 3-dimensional laser is equipped. Right: a 1.5 T high
field integrated MR-LINAC. There is neither in-bore nor external laser equipped with the MR-LINAC. MR-LINAC, MRI and linear

accelerator system.

Table 1 The comparison of three types of MRI scanners

Configuration Diagnostic MRI scanner Dedicated MRI simulator MR-LINAC
Field strength 1.5Tor3T 1.5Tor3T 0.35Tor1.5T
Bore diameter 60-70 cm 70 cm 70 cm

Patient couch Curved surface (for patient comfort)

Positioning laser In-bore 2D laser

Gradients Powerful gradient amplitude and
switching rate

Build-in RF coil  Quadrature transmit-receive coil

RF coils Various RF coils for imaging different
anatomies

Accessories Optional

Console MRI scan

Sequence library Supports many sequences with
comprehensive scan protocols for
different diagnostic scans in various

anatomies

Flat couch top with index
External 3D laser

Powerful gradient amplitude and
switching rate

Quadrature transmit-receive coil

Limited coil options for simulation scan;
usually use flexible surface coils, body
array coil (anterior), spine array coil
(posterior)

Coil holder (frame), locating bars, PPDs
MRI scan

Contains diagnostic sequence library
but seldom used for MRI simulation
scan; customized MRI simulation scan
protocols

Flat couch top with index
No laser (1.5 T)

Compromised gradient amplitude and
switching rate but better linearity
(to minimize image distortion)

Quadrature transmit-receive coil

Only equipped with posterior coil and
anterior coil on 1.5 T MR-LINAGC;

Coil size is smaller than their
counterparts

Coil holder (frame), locating bars, PPDs
MRI scan plus LINAC control

Supports fewer sequences;
standardized (fixed) scan protocol for
online MRgRT scan

MR-LINAC, integrated MRI and linear accelerator system; RF, radiofrequency; PPD, patient positioning device; MRgRT, MR-guided

radiotherapy.

immobilization mask (20,21).

Unlike MR-sims, MR-LINAC:s include distinctively
designed MRI scanners to enable simultaneous MRI scan
and radiation delivery on a single modality. To date, there are
two commercial MR-LINAC systems, the low-field 0.35 T
MR-LINAC (MRIdian Linac, ViewRay, Oakwood, CA,
USA) (10) and the high field 1.5 T MR-LINAC (Elekta
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Unity, Elekta Instrument AB, Stockholm, Sweden) (9,22,23).
In this article, we concentrate our illustration and discussion
on the high field 1.5 T MR-LINAC, while the low field
MR-LINAC is only briefly discussed. Magnet, gradients and
built-in body coil on an MR-LINAC are so substantially
modified, mainly for radiation beam passage, that their
performances could be compromised or different from those
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Figure 2 An illustration of the typical clinical course of a suspicious prostate cancer patient. The procedures involving the use of MRI in

this entire course are represented by the blocks with colors. Yellow indicates the typical use of a diagnostic MRI scanner; Blue indicates that

only integrated MR-LINAC can be used. Green indicates that all three types of MRI scanners could be used. PSA, prostate-specific antigen;

DRE, digital rectal exam; TRUS, transrectal ultrasonography; HIFU, high intensity focused ultrasound; EBRT, external beam radiotherapy;

MR-LINAC, MRI and linear accelerator system.

on a normal MRI scanner. For example, the gradient coils of
a 1.5 T MR-LINAC are physically split to create a radiation
window of 22 cm in the superior-inferior direction at the
isocenter (24). This design substantially compromises the
gradient performance to a maximum strength of 15 mT/m
and a slew rate of 65 T/m/s in its clinical operation (25),
against the typical maximum strength of >30 mT/m and
slew rate of >125 T/m/s on a modern 1.5 T diagnostic MRI
scanner. A 1.5 T° MR-LINAC is only equipped with two
4-channel RF coils, i.e., anterior coil and posterior coil, for
MRI scan. Due to its compromised hardware performance,
fewer sequences are currently supported. For a 1.5 T MR-
LINAC, it has two consoles. One is the stand-alone MRI
console, which is highly similar to that on a normal MRI
scanner, and can only be used for MRI scan but not for
LINAC control. The other is the treatment console that has
the full control on the LINAC but has limited interaction
with MRI acquisition. On the treatment console, the
pulse sequences in the built-in protocol libraries can be

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

selected to trigger MRI acquisition. The acquired images
are immediately transferred to the treatment console for
subsequent clinical tasks such as image co-registration,
anatomical contouring, and plan adaptation. Note that only
the built-in sequences can be selected and image parameter
adjustment is not allowed on the treatment console.

Typical clinical scenario and workflow of MRgRT
in prostate cancer

There is no well recognized consensus on the optimal
patient selection for prostate cancer MRgRT (26). Here
we just take an example of the typical clinical course
of a suspicious PCa patient who has a rising prostate-
specific antigen (PSA) and/or an abnormal digital rectal
exam (DRE) (Figure 2). Such a patient usually undergoes
transrectal ultrasonography (TRUS) guided prostate
biopsy. A positive TRUS biopsy result usually leads to the
subsequent diagnostic MRI to detect, characterize and stage
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Figure 3 The typical clinical workflow of the MRgRT in the prostate cancer. The procedures involving the use of MRI are represented by
the blocks with colors. Green indicates that all three types of MRI scanners could be used. Blue indicates that only integrated MR-LINAC
can be used. MRgRT, MR-guided radiotherapy; MR-LINAC, MRI and linear accelerator system.

the possible PCa for further clinical decision on treatment
or surveillance. The surveillance MRI should be useful for
a PCa patient who undergoes active surveillance instead of
any treatment (27). No matter what treatment is determined
and conducted, post-treatment MRI might be used for
treatment assessment (11). The procedures involving the
use of MRI in this entire course are represented by the
blocks with colors in Figure 2. Different colors indicate the
MRI scanners applicable for that procedure.

If MRgRT is determined for a PCa patient, he will
normally undergo the typical MRgRT clinical workflow
as illustrated in Figure 3. This workflow is divided into
the offline session of MRgRT treatment planning, and the
online session of multiple MRgRT treatment fractions
that can be only conducted on an MR-LINAC. Planning
MRI is acquired mainly to assist anatomical delineation,
target definition and treatment margin setting by fusing
with planning CT (16,28). In the online MRgRT session,
online MRI is acquired multiple times on an MR-LINAC
with different purposes during each MRgRT fraction
(23,29). A daily MRI is first acquired to obtain the on-
the-day anatomical information, which is co-registered
to the original treatment plan to determine whether plan
adaptation is needed. If plan adaptation is decided, either
adapt-to-position (via rigid registration to the original

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

plan) or adapt-to-shape (via deformable registration to
the original plan) is conducted (23). During this online
plan adaptation, the patient remains in the MR-LINAC,
instructed not to move. After finishing plan checking and
acceptance, a verification MRI is then acquired to ensure
that the patient does not move out of tolerance, and
proceeds with dose delivery (30). During the dose delivery,
or called beam-on time, MRI can be optionally acquired
to monitor the possible patient position change (30), or to
perform real-time dose gating or tracking (31). Gating or
tracking by utilizing the real-time superior-contrast MR
images is a great advantage of MRgRT over conventional
IGRT for more precise dose delivery. This function is
currently implemented only on the 0.35 T MR-LINAC
but not yet on the 1.5 T MR-LINAC. Finally, after the
dose delivery, post-beam-on MRI may be optionally
acquired.

As shown in Figure 2, many PCa patients might have
undergone diagnostic MRI prior to their MRgRT. An often
asked question is whether the diagnostic prostate MRI
could be directly used for MRgRT planning to omit an
additional planning MRI scan. The answer might depend
on the treatment precision to achieve in the MRgRT
(32,33). A dedicated planning MRI acquired in the patient
position as close as possible to that in the MRgRT could
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Table 2 Major differences in the patient preparation and setup for three MRI modalities

Characteristic Diagnostic MRI

MRgRT planning MRI

MRgRT online MRI

Clinical purposes Detection

Characterization

Target delineation

OAR delineation

Normal MRI scanner

Position verification
Treatment adaptation

Guidance (motion monitoring, gating,
tracking etc.)

MR-LINAC

Dedicated MR-sim (preferable)

Staging Margin setting
MRI scanner Normal MRI scanner
MR-LINAC
Scan timing >6 weeks after TRUS biopsy

Patient safety MRI safety

Patient position Supine, flexible

MRI safety

The interval between planning CT and  As short as possible after planning CT
planning MRI as short as possible

and planning MRI
MRI safety

Radiation safety

Supine, as consistent as possible with  Supine, MRgRT treatment position

MRgRT treatment position

Patient alignment
Bladder control No need
Endorectal preparation ERC inserted (preferable)

RF caoil Body array coil (essential),

ERC (preferable)

Contrast agent Usually needed (for DCE-MRI)

2D alignment using in-bore laser 3D alignment using external laser

Consistent bladder volume desirable

Usually no need

Laser-free physical position alignment

Consistent bladder volume desirable

Endorectal balloon inserted (preferable) Endorectal balloon inserted (preferable)

Body array coil (essential, without body Body array coil (essential, without body
touching), ERC (no need)

touching), ERC (no need and not
supported)

Usually not allowed

MRgRT, MR-guided radiotherapy; MR-LINAC, integrated MRI and linear accelerator system; MR-sim, MR-simulator; TRUS, transrectal
ultrasonography; ERC, endorectal coil; DCE-MRI, dynamic-contrast enhanced MRI.

greatly reduce the registration error and uncertainty to the
planning CT; so as to benefit dose calculation and MRgRT
precision (18,34,35). Another related question is whether
an MR-LINAC is preferable for planning MRI scan over
an MRI-sim. The use of MR-LINAC for planning MRI has
pros and cons. It has the advantages of the identical patient
position on a single scanner, identical hardware-dependent
image distortion profile, and similar MR image appearances
to facilitate better image co-registration. But, the
extremely high cost of MR-LINAC might reduce the cost-
effectiveness of planning MRI (36). Meanwhile, considering
the compromised hardware performance and limited
sequences on the MR-LINAC, its imaging capability or
image quality might be compromised. For example, image
quality of diffusion-weighted imaging (DWI) on an MR-
LINAC, such as signal-to-noise ratio (SNR) and artifacts,
could be poorer than that on an MR-sims (25,37).

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Patient preparation and MRI scan consideration

The planning MRI and online MRI in PCa MRgRT have
substantially different patient preparation/setup and special
consideration factors for MRI scan.

Table 2 summarizes some major differences in the patient
preparation and setup for the three MRI modalities. Among
these differences, bladder control is considered important
for MRgRT MRI. Full bladder control is conventionally
applied in PCa radiotherapy to better spare bladder and
small bowel, but subjects to patient capability. Consistent
bladder volume is also desirable to achieve more precise
dose delivery during the treatment fractions (38,39). In
terms of RF coil use, a body array coil is commonly used,
but the coil should not touch the patient body to cause
deformation, which might introduce extra registration
errors in treatment planning (17). An endorectal coil
(ERC) is often used for diagnostic prostate MRI in order to
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Figure 4 A T2-weighted planning MRI of a prostate cancer
patient showing the insertion of the saline-inflated endorectal
balloon in the rectum to immobilize the prostate, and the injected
hydrogel spacer to increase the distance between the prostate and

rectum.

improve the local SNR for better tumor localization (40).
In contrast, an endorectal balloon is often used instead for
MRgRT MRI, helping to limit prostatic motion during
dose delivery so as to minimize rectal toxicity (41). Invasive
fiducial markers, which are commonly implanted into the
prostate in the conventional IGRT, are no longer needed
in the PCa MRgRT (26). Hydrogel spacer could also be
injected before PCa MRgRT to increase the distance
between the prostate and rectum, thus to minimize the
radiation dose delivered to rectum (42,43). Figure 4 shows
the T2W planning MRI of a PCa MRgRT patient, in which
the saline-inflated endorectal balloon and the injected
hydrogel spacer are well visualized. Regarding contrast
agent use, gadolinium-based contrast agent (GBCA)
is usually administered to conduct dynamic-contrast
enhanced MRI (DCE-MRI) as well as post-contrast TIW
MRI in the diagnostic scan (44), but might not be needed
in the MRgRT planning MRI scan, especially when
diagnostic MRI has been available. Furthermore, GBCA
administration is usually not allowed for online MRI in the
multiple MRgRT fractions.

Due to the distinctive clinical purposes of MRI in PCa
MRgRT, MRI acquisition in the PCa MRgRT has special
considerations on its scan protocol, making it substantially
different from that in the diagnostic prostate MRI. Table 3
summarizes some major scan protocol considerations for
MRI in PCa MRgRT in comparison to diagnostic MRI
(16,17). Note that many of these special considerations are

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

also applicable for MRgRT in other regions for different
diseases. For example, geometric fidelity is of utmost
importance for all imaging, including but not limited
to MRI, for radiotherapy purpose (45-47). Thus, image
distortion correction should be always enabled for MRI
scans in the MRgRT. Meanwhile, neither slice gap nor
tilting is applied for RT imaging.

The use of isotropic 3D sequences in PCa MRgRT
would greatly ease image reformatting and anatomy
contouring in the orthogonal planes. It also saves the scan
time to obtain coronal or sagittal prostate view by using
the 2D sequences (48). Another benefit of 3D sequence is
that its image distortion profile is slightly better than that
of its 2D sequence counterpart (45). For these reasons, 3D
sequences are highly preferable and more frequently used in
the MRI scan for MRgRT than in the diagnostic MRI scan.

MRI in the PCa MRgRT also differs from diagnostic
prostate MRI in its FOV. In the diagnostic prostate MRI,
there should be minimally one sequence to have sufficiently
large FOV that permits pelvic lymph node assessment
to the level of the aortic bifurcation according to the PI-
RADS. Other sequences usually have small FOVs (~20 cm)
to focus on prostate and surrounding anatomies (48). In
contrast, in the PCa MRgRT, most sequences, in particular
of T2W, require a FOV larger than the body profile in
the pelvis (usually >40 cm) and a wide superior-inferior
coverage (at least wider than the maximum superior-inferior
radiation width of the MR-LINAGC, i.e., 22 cm for a 1.5 T
MR-LINAC) to include not only prostate but also many
organs-at-risk (OARs) to be delineated in the planning.

In terms of scan duration, MRgRT planning MRI
scan could be reasonably short by fully utilizing the
prior knowledge of lesion malignancy, location, size and
extension, obtained in the diagnostic MRI for many PCa
patients. MRgRT online MRI also desires short MRI scans
to minimize the chance of patient position change and to
enhance treatment efficiency for higher patient throughput.
Real-time imaging capability are critically demanded
in the MRgRT online MRI for motion monitoring and
treatment gating/tracking, but they are not mandatory in
either diagnostic or planning MRI mainly for retrospective
viewing.

MRI scan protocol in PCa MRgRT

The typical scan protocol of the diagnostic prostate MRI is
mainly multi-parametric MRI (mpMRI) or the simplified
bi-parametric MRI (bpMRI), which has been well described
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Scan protocol

consideration Diagnostic MR

MRgRT planning MRI

MRgRT online MRI

Sequence type 2D sequence preferable

(for T2W)

Image orientation
tilting is allowed

FOV Small FOV is allowed
(to focus on prostate)

Image distortion
diagnosis not compromised),

3D sequence preferable
(for isotropic voxel)

Usually transversal and coronal, Usually transversal only, tilting
usually not allowed

Large FOV is often required
(for prostate and OARs coverage)

Could be tolerated (as long as  Must be minimized (e.g., by SE
sequences and high receive
distortion correction is optional bandwidth), always enable

3D sequence preferable (for isotropic voxel)

Usually transversal only, tilting usually not
allowed

Large FOV is often required (for prostate and
OARs coverage)

Must be minimized (e.g., by SE sequences
and high receive bandwidth), always enable
distortion correction (preferable in 3D)

distortion correction (preferable in 3D)

Image uniformity
diagnosis not compromised)

Special image artifacts No special No special

Scan duration Reasonably long

(for comprehensive diagnosis)

Imaging latency
(for retrospective viewing and

reading) reading)

Could be tolerated (as long as  High uniformity preferable
(to facilitate anatomy
segmentation)

Reasonably short

Long latency is usually tolerated Long latency is usually tolerated
(for retrospective viewing and

High uniformity preferable (to facilitate
anatomy segmentation)

Possible image artifacts due to gantry
rotation and irradiation should be considered

Short scan preferable (to minimize positional
change and maximize treatment efficiency)

Short latency is preferable, real-time
capability is mandatory for motion
monitoring, gating and tracking

MRgRT, MR-guided radiotherapy; T2W, T2-weighted; FOV, field-of-view; OAR, organ-at-risk; SE, spin echo; FOV, field-of-view.

elsewhere in PI-RADS and many other literatures
(12,49-53).

Despite the increasing use of MRI in PCa radiotherapy
treatment planning, its scan protocol has not yet been
well established or standardized. In principle, if a recent
diagnostic MRI is not available for a PCa patient for
MRgRT, the full mpMRI protocol should be included in
his planning MRI, with necessary modifications based on
the abovementioned special scan considerations for MRI
in MRgRT. On the contrary, the scan protocol of MRgRT
planning MRI can be greatly simplified by fully utilizing the
prior knowledge obtained in the recent diagnostic prostate
MRI.

Unlike MR-sims, MRgRT online MRI are highly
standardized on the 1.5 T MR-LINAC:, since only the
built-in sequences can be selected for either daily MRI,
verification MRI or motion monitoring MRI. The only
exemption is the MRI acquisition conducted in the stand-
alone MRI console, e.g., post-beam-on MRI, which allows
sequence and imaging parameter change, but cannot
interact with the LINAC.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

The typical MRI pulse sequences used in the three
MRI modalities are listed in 7able 4. The role of each
MRI sequence in the PCa MRgRT is further described as

follows.

T2W MRI

A T2W sequence is essential and utmost important in the
PCa MRgRT planning MRI (54-56). T2W images are
most useful to discern prostatic zonal anatomy and to assess
intra-prostatic abnormalities. Moreover, T2W images are
invaluable to assess seminal vesicle invasion and extra-
prostatic extension (EPE), which are critically important for
the definition of clinical target volume (CTV) in MRgRT
treatment planning (56). T2W MRI also has added value on
the delineation of other OARs such as rectum, penile bulb,
seminal vesicle, and sacral plexus compared to planning
CT (54,56). Figure 5 shows the appearances of prostate and
various OARs in the T2W MRgRT planning MRI.

It is also worth noting that detection and localization of
intra-prostatic tumors in the MRgRT planning MRI might

Quant Imaging Med Surg 2022;12(2):1585-1607 | https://dx.doi.org/10.21037/qims-21-697
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Table 4 The typical MRI pulse sequences used in the three MRI modalities

Pulse sequences Diagnostic MRI

MRgRT planning MRI

MRgRT online MRI

Typical protocols mpMRI or bpMRI

Preferable for DIL dose escalation

Unfavorable when diagnostic mpMRI available

T2W MRI (TSE)  2D-TSE preferable

High resolution

Essential Essential
T1W MRI 2D or 3D
(TSE or GRE) High resolution

Preferable Optional
DwWI Essential
DCE-MRI Essential for mpMRI Optional
Proton MRS Unfavorable (limited value)
bSSFP Not used

Optional for motion characterization
(both0.35 Tand 1.57T)

Customized
3D-TSE preferable

High resolution

2D or 3D (preferable)

High resolution

Optional for whole prostate irradiation

Unfavorable (limited value)

Essential for 0.35 T MRgRT

Fixed T2W plus orthogonal CINE
3D-TSE fixed

Low resolution

Essential

Available but seldom used

Optional

Not clinical available
Potentially useful

Not used

(GBCA usually not allowable)
Not clinical available

Essential for online motion MRI
(both0.35Tand1.5T)

Essential for gating and tracking
(only at 0.35T)

Other sequences CEST, BOLD, DTI, USPIO, IVIM, MRSI, T2*W, Dixon (for synthetic CT generation) etc. Not clinical available

polarized 13C-pyruvate MRl etc.
Optional

Optional

MRgRT, MR-guided radiotherapy; T2W, T2-weighted; T1W, T1-weighted; mpMRI, multi-parametric MRI; bpMRI, bi-parametric MRI; CINE,
not an abbreviation, a repeated acquisition MRI technique to capture dynamic motion; TSE, turbo spin echo; GRE, gradient recalled echo;
DWI, diffusion-weighted imaging; DIL, dominant intra-prostatic lesion; GBCA, gadolinium-based contrast agent; CEST, chemical exchange
saturation transfer; BOLD, blood-oxygen-level-dependent; DTI, diffusion tensor imaging; USPIO; ultrasmall superparamagnetic iron oxide;
IVIM, intravoxel incoherent motion, MRSI, magnetic resonance spectroscopic imaging.

not be as important as that in the diagnostic prostate MRI.
Because of the abovementioned special considerations on
MRI scan in the PCa MRgRT, the scan protocol of the
T2W MRgRT planning MRI might not be able to meet all
technical requirements specified in the PI-RADS v2.1, so
compromises lesion visualization. For example, PI-RADS
requires the in-plane spatial resolution of <0.7 mm in phase
encoding and <0.4 mm in frequency encoding for T2W
MRI in a FOV of 12-20 cm. But it is technically challenging
for a T2W MRgRT planning MRI to obtain such a high
resolution with the large FOV of >40 cm and sufficient
SNR in a reasonable scan duration (of several minutes)
using an isotropic 3D-T2W-TSE sequence. Even with 3T
diagnostic mpMRI, a recent study showed that a substantial
proportion of PCa lesions, in particular of small, low-grade,
multifocal and non-index tumors with lower PSA density,
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could be missed (at least one clinically significant focus in
34% patients (n=588) overall, and in 45% of patients with
multifocal lesions) (57). Therefore, it is not surprising
that individual PCa foci could not be all visualized in the
single T2W MRgRT planning MRI, particularly at 1.5 T
with MR-LINAC. But, because of the multi-focal and
heterogeneous nature of PCa (58), the whole prostate
irradiation is still the standard and mainstream in PCa
radiotherapy practice including the PCa MRgRT. As such,
even with the limitation of individual tumor visualization
on T2W MRI, the single-parametric T2W scan protocol
might be acceptable to fulfill the minimal requirements
on prostate and OARs contouring in MRgRT treatment
planning, in particular when the recent diagnostic MRI is
available.

One major difference of the T2W MRI in MRgRT
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Figure 5 The anatomies in the T2-weighted MRgRT planning MRI: prostate (A) and various OARs of seminal vesicle (B), penis (C), bowel
(D), and nerves (D). MRgRT, MR-guided radiotherapy; OARs, organs-at-risk.

planning is the preference of the 3D-T2W-TSE over
the 2D-T2W-TSE sequence commonly used in the
diagnostic MRI. The image contrast in 3D-T2W-TSE
image is slightly different from, but rated equivalent to
that in 2D-T2W-TSE images (59) due to the complicated
flip angle modulation pattern in the long echo train
implemented in the 3D-T2W-TSE sequence (60).
Meanwhile, 3D-T2W-TSE is also more motion susceptible.
But, their diagnostic performance in lesion detection is
reported insignificantly different (59). It is postulated that
3D-T2W-TSE should perform better than 2D-T2W-TSE
for anatomical delineation in the PCa MRgRT treatment
planning, but such comparison is so far not yet reported in
the literature.

For online MRI, both the daily MRI and the verification
MRI are usually acquired using a built-in low-resolution
3D-T2W-TSE sequence with fixed imaging parameters
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(TE/TR =278/1,535 ms, echo-train-length =114, FOV
=400 mm, acquisition voxel size =1.5x1.5x2.0 mm’,
duration =117 s) to balance the tradeoff between online
adaptation efficiency and accuracy. Its spatial resolution
is relatively lower than that in the planning MRI to save
scan time, reducing the chance of patient position change,
but acceptable for anatomical visualization to facilitate re-
contouring and image registration.

Figure 6 depicts the T2W planning MRI acquired using
a 3D-T2W-TSE sequence with an isotropic Imm voxel
size (upper row), and the T2W online MRI acquired using
the fixed built-in 3D-T2W-TSE sequence (lower row),
reformatted in the orthogonal views.

T1W MRI

T1W sequence with or without GBCA administration
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Figure 6 The T2W planning MRI acquired on a 1.5 T MR-simulator using a 3D-T2W-TSE sequence with an isotropic 1 mm voxel size
(A-C), and the T2W online MRI acquired on a 1.5 T MR-LINAC using the fixed built-in 3D-T2W-TSE sequence with a voxel size of
1.5x1.5x2.0 mm’ (D-F) in the orthogonal views. MR-LINAC, MRI and linear accelerator system; 3D-T2W-TSE, 3D T2-weighted turbo

spin echo.

should be obtained in the diagnostic MRI as per PI-RADS,
primarily to determine the presence of hemorrhage within
the prostate and seminal vesicles, to delineate the gland
outline, and to detect nodal and skeletal metastases (with
post-contrast T1W) (48). In the MRgRT planning MRI,
T1W sequence is often optional but not necessary for
some reasons. First of all, the presence/absence of nodal
and/or skeletal metastases as well as hemorrhage and their
locations are usually the prior knowledge that has been
obtained rather than the clinical question to be answered
by the planning MRI. Second, T2W images might not
be much inferior to TIW images for nodal or skeletal
metastases visualization (if they are present), in particular
in the absence of GBCA administration. In fact, it is well
recognized that both T2W and T1W MRI has limited value
in the diagnosis of lymph node metastases, mainly based on
the nodal short axis measurement (61).

DwI1

Like T2W MRI, DWI, acquired using a 2D single shot (SS)
echo planar imaging (EPI) sequence, is a key component of
mpMRI or bpMRI scan protocol in the diagnostic prostate
MRI (12). High-b value DWI images (as per PI-RADS,
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“high b-value” means >1,400 sec/mm’, could be acquired
or calculated) and apparent diffusion coefficient (ADC)
maps play a definitive role in the PI-RADS assessment of
the peripheral zone (12). In contrast, for MRgRT planning
MRI, DWI is currently optional or can even be omitted
based on the fact of whole prostate irradiation in the current
PCa MRgRT. But, DWI might be potentially valuable in
the dose escalation to the dominant intra-prostatic lesions
(DILs), particularly in the peripheral zone (62,63). In this
scenario, DILs have to be additionally delineated from the
whole prostate for extra dose prescription. However, severe
image distortion and various artifacts in SS-EPI DWI
present a critical challenge in the co-registration to other
images in the MRgRT treatment planning.

DWI acquisition on a 1.5 T MR-LINAC is technically
much more challenging than on a diagnostic MRI scanner
due to its compromised gradient performance (25). A longer
diffusion time (A) and thus a longer minimum echo time
(TE) are needed for the same b-value. Along with the use
of sub-optimal two 4-channel coils, these factors lead to the
reduced DWI SNR on a 1.5 T MR-LINAC. Meanwhile,
spatial dependent ADC values are noticed due to its split
gradients design (25). The highest b-value of 500 s/mm’
is recommended for ADC measurement on a 1.5 T MR-
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Figure 7 The prostate DWT images acquired on a 1.5 T MR-LINAC with the b-value of 0 and 500 s/mm’ (B,C), and on a 1.5 T MR-sim
with the b-value of 0 and 800 s/mm” (E,F). The corresponding ADC maps (D: MR-LINAC, G: MR-sim) and the T2W anatomical image (A)
are also illustrated. The arrows correspond to the location of the prostate tumor. DWI, diffusion-weighted imaging; MR-LINAC, MRI and

linear accelerator system; MR-sim, MR-simulator; ADC, apparent diffusion coefficient

LINAC, much lower than the PI-RADS recommended
800-1,000 s/mm’ (25). High b-value (>1,400 sec/mm®)
DWI on a 1.5 T MR-LINAC has not been reported for
clinical use in the literature, might have to be calculated
rather than being acquired.

Figure 7 shows the prostate DWI images of a PCa
MRgRT patients acquired on a 1.5 T MR-sim and a 1.5 T
MR-LINAC.

DCE-MRI

DCE-MRI, normally acquired to obtain kinetic information
of image intensity enhancement during and after the GBCA
administration using a rapid 3D gradient echo sequence,
provides modest added value for PI-RADS assessment over the
combination of T2W and DWI in the mpMRI protocol (44).
But, in the MRgRT planning MRI, it might be omitted
provided that such information has been obtained by the
diagnostic MRI. It is of little added value of either DCE-
MRI or T1W for anatomical delineation over T2W. Other
issues related to the use of DCE-MRI are increased cost,
complex logistics, longer scan time, and potential GBCA
safety events. For MRgRT online MRI, DCE-MRI should
not be conducted for the similar reasons.

Proton MR spectroscopy (MRS)

Proton MRS, a previous component of mpMRI, has no
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longer been included in the latest version of PI-RADS (49)
due to its unclear diagnostic benefit (12). In addition,
proton MRS also has the limitations like high complexity,
low availability, long acquisition time but low reliability,
the need for dedicated software and interpretation by
experienced radiologists. It has no clinical role in the

MRgRT MRI of prostate cancer at present.

Balanced steady state free precession (bSSFP)

The bSSFP sequence is a useful sequence for MRgRT
online MRI. This sequence provides distinctive T2/T1
image contrast and has the highest SNR efficiency in all
gradient echo sequences (64). bSSFP is the dominant
workhorse sequence on the 0.35 T MR-LINAC to obtain
somewhat T2-like image contrast in that 3D-TSE sequence
is technically challenging to implement on the low-field
MR-LINAC. The bSSFP acquisition can be conducted
with a very short repetition time (TR), so can achieve very
high temporal resolution of ~200 ms/slice in MRgRT. A
major role of bSSFP in MRgRT (both 1.5 T and 0.35 T)
is for motion management, in particular for online MRI
during radiation dose delivery, in which bSSFP images of a
few orthogonal slices is continuously acquired in real time,
named orthogonal CINE (65), to capture the anatomical
motions, so as to facilitate treatment gating and tracking
(currently only at 0.35 T). Figure § shows the orthogonal
bSSFP CINE images acquired on a 1.5 T MR-LINAC.
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Figure 8 The orthogonal bSSFP CINE MRI of a healthy volunteer with a temporal resolution of 200 milliseconds (per image) acquired on
a 1.5 T integrated MR-LINAC. bSSFP, balanced steady state free precession; MR-LINAC, MRI and linear accelerator system.

Since respiratory motion is not pronounced in the pelvis,
bSSFP is often optionally acquired during dose delivery in
the 1.5 T PCa MRgRT.

Other MRI acquisition techniques

There are other potentially useful but currently optional
sequences for PCa MRgRT. For example, T2*-weighted
MRI acquired using gradient echo sequences with long TE
was proposed for better delineation of prostate capsule in
the RT treatment planning (66,67). Dixon imaging can be
used to generate synthetic CT images for dose calculation
so as to omit planning CT and achieve the MR-only
workflow of MRgRT (68,69), as shown in Figure 9. It is
worth noting that these sequences are currently not used or
not yet implemented on the MR-LINAC. Many other MRI
techniques proposed for diagnostic prostate MRI, such as
chemical exchange saturation transfer (CEST) (70), blood-
oxygen-level-dependent (BOLD) MRI (71), ultrasmall
superparamagnetic iron oxide (USPIO) particle MRI (72),
intravoxel incoherent motion (IVIM) (73), hyperpolarized
13C-pyruvate MRI (74), have not yet found their clear roles
in the PCa MRgRT.

Limitation and future development of MRI in PCa
MRgRT

MRgRT presents a revolutionary solution on the future
radiotherapy of PCa treatment, preliminary clinical
outcomes of PCa MRgRT are emerging (75-79). It is
postulated that the clinical outcome of MRgRT should
greatly benefit from the utilization of both anatomical
and functional MRI techniques. In addition, fast MRI
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techniques can also greatly reduce the duration and
increase the efficiency of MRgRT, so as to justify its cost
effectiveness value (80).

Although knowledge and experience of PCa MRgRT
has developed rapidly with the faster pace of worldwide
MR-LINAC installation and clinical deployment in recent
years, the current MRgRT still has some limitations and
challenges to be overcome to realize its maximal potentials
and fulfill its clinical promises (80,81).

Regarding the planning MRI in PCa MRgRT, there
is still no well recognized or standardized scan protocol.
It is not uncommon that the planning MRI duplicates
the mpMRI, thus providing redundant information with
the diagnostic MRI to some degrees. But this redundant
information might have limited added value for anatomical
delineation in MRgRT planning. Meanwhile, the use of
2D-TSE in MRgRT planning MRI might be sub-optimal
due to its highly anisotropic voxel size, slightly poorer
distortion profile and lower scan efficiency.

We consider that the single-parametric 3D-T2W-TSE
MRI acquired in the treatment position should be able to
meet the minimal requirement for anatomical delineation
in PCa MRgRT treatment planning, in particular when
recent diagnostic mpMRI is available to obtain the prior
knowledge such as tumor location, size, EPE and lymph
node metastases. The limitation of individual PCa tumor
visualization on the single-parametric T2W planning MRI
should be recognized, in particular for the consideration of
the highest field strength of 1.5 T for an MR-LINAC and
the sub-optimal RF coils. But this issue might not be on the
highest priority to address or overcome as long as the whole
prostate irradiation is applied in the MRgRT. A 3D-T2W-
TSE acquisition with high spatial resolution, e.g., <I mm
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Figure 9 Dixon imaging for synthetic CT generation provides a potential solution of MR-only workflow in the future prostate cancer
MRgRT. (A-C) True planning CT; (D-F) synthetic CT generated based on Dixon MRI images; (G-I) Dixon water-only images; (J-L) Dixon

fat-only images; (M-O) original in-phase images. MRgRT, MR-guided radiotherapy.
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isotropic voxel size, in a large image volume could be
time consuming, even with a very long echo-train-length.
Another potential concern is the image burring induced by
the long echo train duration in 3D-T2W-TSE that might
compromise fine structure delineation or DIL definition
for dose boosting. In our observation, the blurring is very
minor in the online 3D-T2W-TSE images. So far there
has been no study investigated its influence on delineation
or registration accuracy in MRgRT. Compressed sensing
(CS) should be helpful to further accelerate 3D-T2W-TSE
acquisition and reduce its echo train duration compared
with the currently widely applied parallel imaging
techniques (82,83).

The clinical value of DWI for DIL dose escalation is yet
to be explored. Some technical challenges are its low spatial
resolution, pronounced distortion and other artifacts, and
poor SNR at high b-values. Regarding geometric fidelity,
non-EPI based DWI might have potentials on better
image co-registration accuracy so as to improve treatment
precision, but there are still other problems to overcome (84).
In long term, development of 3D distortion-free high-
resolution DWI should be definitely useful in the future
MRgRT, but requires enormous research efforts (85,86).
The value of DCE-MRI is currently at least uncertain, and
probably unfavorable in the PCa MRgRT planning MRI
as it provides limited added value of anatomical delineation
to T2W MRI. But, quantitative DCE-MRI and its kinetic
parameters might provide potential values in the future
MRgRT (87).

Dixon MRI based on 3D T1W gradient echo sequence
has been commercialized for synthetic CT generation
in the pelvis on MR-sims, but not yet on MR-LINACS:,
aiming to implement an MR-only clinical workflow in the
PCa MRgRT. This MR-only workflow not only omits the
planning CT to simplify the workflow, but also potentially
improves the precision of PCa MRgRT by completely
eliminating the planning CT-MRI co-registration error. But
this technique still subjects to some pitfalls and limitations,
so needs to be further improved (68,69). In addition, extra
acquisition is required so prolongs the scan time, while
3D-T1W-Dixon itself has limited added value in anatomical
delineation. An attractive solution would be the deep
learning based synthetic CT generation from the single
3D-T2W-TSE, the pivotal sequence in the PCa MRgRT
(88,89).

In contrast to the heterogeneous planning MRI protocols
in the PCa MRgRT, the protocol of online MRI is highly
consistent. Both daily MRI and verification MRI in the
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online MRI also rely heavily on 3D-T2W-TSE sequence,
but whose spatial resolution is lower than that in the
planning MRI to reduce the chance of patient positional
change. Compressed sensing should be also useful for online
3D-T2W-TSE acquisition. There could be two approaches
in the CS implementation, as illustrated in Figure 10. One is
to increase spatial resolution within the similar scan time so
as to potentially improve adaptation accuracy and precision.
The other is to remain the image spatial resolution and
quality, but with much shorter scan time to increase
adaptation efficiency. But it is worth noting that the short
CS reconstruction time is critical for the online MRI since
these images are used for the immediate prospective viewing
rather than the offline retrospective viewing. In addition, it
would be helpful if synthetic CT could be generated from
the 3D-T2W-TSE images to facilitate more accurate and
efficient online dose calculation and treatment adaptation.

Online real-time motion MRI during beam-on time is a
key advantage of MRgRT over conventional IGRTS. But,
this advantage is yet to be fully realized because the current
real-time motion MRI, i.e., the orthogonal bSSFP CINE
MRI, on the MR-LINAC has many technical limitations
to facilitate motion monitoring, dose delivery gating
and tracking (65). First, the orthogonal bSSFP CINE
MRI can only acquire images of very few slices, usually
1-3 slices. Otherwise, its temporal resolution, which is
inversely proportional to the number of slices, will be much
sacrificed. Moreover, the orthogonal bSSFP cine MRI
cannot provide volumetric motion information of the target
tumors and other anatomies in interests, but only motion
in a few discrete slices. The orthogonal CINE MRI also
associates with the dark banding artifact during repetitive
acquisition, regardless of sequence type. These dark bands
have the line-width equal to the prescribed slice thickness
and intersect at the target anatomy.

The future online motion MRI for MRgRT, not only
limited to PCa MRgRT, should ideally be able to provide
volumetric motion information (with reasonably high spatial
resolution) in the anatomies in real time to guide dose
delivery (90,91). It is technically challenging, but definitely
deserves investigation. Current 3D MRI sequences might
barely achieve the volumetric temporal resolution in the
level of several hundred milliseconds, which is minimally
acceptable for respiratory motion tracking according to
the Nyquist sampling theorem (92). But, one critical issue
is its slow image reconstruction, causing the severe latency
in image viewing, not to mention interacting with LINAC
for real-time gating or tracking. Research efforts are being
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Figure 10 The application of CS for online 3D-T2W-TSE acquisition. Approach one: (A,C) the daily MRI images acquired using the built-
in 3D-T2W-TSE sequence with a 3.6-fold sensitivity encoding (SENSE) acceleration; (B,D) the 8-fold CS accelerated 3D-T2W-TSE
images with much higher spatial resolution but similar scan time. Approach two: (E,G) the daily MRI images acquired using the built-in
3D-T2W-TSE sequence with a 3.6-fold sensitivity encoding (SENSE) acceleration; (F,H) the 9-fold CS accelerated 3D-T2W-TSE images
with the same spatial resolution but much shorter scan time. CS, compressed sensing; 3D-T2W-TSE, 3D T2-weighted turbo spin echo.

actively made on tackling this issue (93-96).

In recent years, deep learning is one of the fastest-
growing fields in artificial intelligence, and has been actively
explored and widely applied to many medical domains
including medical imaging and radiotherapy (97,98). There
is no doubt that deep learning is playing an increasingly
important role in many aspects of MRgRT. Regarding
MRI acquisition in PCa MRgRT, deep learning can greatly
further accelerate acquisition by learning spatial and/or
temporal dependencies of image appearance from the highly
under sampled MRI k-space data, and outperforms parallel
imaging and compressed sensing (99). Deep learning has
been demonstrated to technically enable real-time image
reconstruction and motion estimation for MRgRT (100).
Furthermore, deep learning also has great potentials in
multi-sequence or multi-model image synthesis (101)
beyond synthetic CT generation, for the future MRgRT,
including but not limited to PCa.

It is also recognized that the current MRI acquisition in
PCa MRgRT are mostly anatomical sequences. Functional
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MRI techniques are now playing a very limited role in either
planning MRI or online MRI for PCa MRgRT; although
they have been vastly investigated for prostate cancer
diagnosis, treatment prediction or treatment evaluation
(71-74). Despite that, we believe that functional MRI
could also play a bigger role in the future PCa MRgRT for
both treatment planning and online treatment adaptation
based on the tumor (functional or molecular rather than
anatomical) property and its inter-fractional change that
might be only detectable by functional MRI.

There is a long way ahead to establish the well
acknowledged, standardized and optimized MRI acquisition
protocol in PCa MRgRT. But, on the other hand, it is
also important to establish image quality criteria for these
images dedicatedly acquired for PCa MRgRT. The Prostate
Imaging Quality (PI-QUAL) score, which assesses the
mpMRI quality against a set of objective criteria together
with criteria obtained from the image, has been proposed
for diagnostic prostate MRI to make clinicians more
confident in using the mpMRI to determine patient care
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(102,103). As the MRI acquisition in PCa MRgRT has
substantially different clinical purposes from mpMRI, PI-
QUAL score might not be suitable or directly applicable
for PCa MRgRT. But, a dedicated image quality appraisal
system for PCa MRgRT is definitely desirable and deserves
future exploration.

Study limitation

This narrative review associates with some limitations. It
is illustrative rather than exhaustive. The literature search
yields a huge number of publications, but most of them
are not directly or closely related to MRI acquisition
for PCa MRgRT. Many of them have to be excluded by
subjective study selection, which might introduce potential
bias. Since there is no well recognized consensus on the
optimal patient selection for PCa MRgRT, this review only
represents a general typical strategy for MRI acquisition in
PCa MRgRT, but does not specify to different types of PCa
patient in different clinical scenarios, e.g., recurrent PCa
patients for re-irradiation or post-surgery irradiation by
MRgRT. Current MRI acquisition protocols in MRgRT are
introduced or proposed based mainly on technical rationale
or feasibility, while their correlation with major clinical
endpoints in MRgRT is largely unknown. More clinical
evidences should be established to justify and refine these
protocols in MRgRT, just like those done for diagnostic
mpMRI in the PI-RADS development. Due to the lack
of strong consensus on MRI acquisition that could be
synthesized from literature appraisal, some interpretations
in this review might be subjective based on our own clinical
and research experiences in MRgRT, which should be
considered to be reference instead of clinical suggestion or
recommendation. Finally, knowledge on MRI acquisition
in this review is subject to change and update with the fast
evolution of MRgRT in its technical development and
clinical application.

Conclusions

This study provides a comprehensive overview of MRI
acquisition in the current clinical workflow of PCa MRgRT,
from treatment planning to online treatment guidance,
which is substantially different from that in the diagnostic
prostate MRI and has special considerations for fulfilling
radiotherapy purposes. In the treatment planning, there
is currently no well recognized or standardized MRI
acquisition protocol. T2ZW MRI acquired in the treatment
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position using 3D TSE sequence is pivotal for whole
prostate and other OAR delineation. In the daily plan
adaptation, 3D-T2W-TSE and bSSFP are dominant
for high field and low field MRgRT, respectively. These
acquisition protocols are highly consistent, but might be
further optimized in the future development. 2D orthogonal
CINE acquisition represents the current MRI acquisition
approach on MR-LINAC for real-time motion monitoring,
treatment gating and/or tracking, but subjects to some
limitations. DWI should be useful to define dominant intra-
prostatic lesion for dose escalation in combination with
T2W MRI, but its acquisition is technically challenging on
MR-LINAC. The future development of MRI acquisition
in PCa MRgRT should greatly benefit from fast imaging
sequences and novel reconstruction techniques. MRI-only
workflow based on MRI derived synthetic CT, not only in
treatment planning but in daily adaptation, is attractive and
deserves further exploration. Anatomical MRI plays the
central role in the current practice of MRI acquisition for
PCa MRgRT. The potentials of functional MRI techniques
for the future PCa MRgRT are to be explored.
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