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in a randomised clinical trial in rectal cancer
highlight the importance of careful planning
and quality control
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Abstract

Background Magnetic resonance (MR) imaging is the modality used for baseline assessment of locally advanced
rectal cancer (LARC) and restaging after neoadjuvant treatment. The overall audited quality of MR imaging in large
multicentre trials on rectal cancer is so far not routinely reported.

Materials and methods We collected MR images obtained within the Rectal Cancer And Pre-operative Induction
Therapy Followed by Dedicated Operation (RAPIDO) trial and performed an audit of the technical features of image
acquisition. The required MR sequences and slice thickness stated in the RAPIDO protocol were used as a reference.

Results Out of 920 participants of the RAPIDO study, MR investigations of 668 and 623 patients in the baseline

and restaging setting, respectively, were collected. Of these, 304/668 (45.5%) and 328/623 (52.6%) MR images,
respectively, fulfilled the technical quality criteria. The main reason for non-compliance was exceeding slice thickness
238/668, 35.6% in the baseline setting and 162/623, 26.0% in the restaging setting. In 166/668, 24.9% and 168/623,
27.0% MR images in the baseline and restaging setting, respectively, one or more of the required pulse sequences
were missing.

Conclusion Altogether, 49.0% of the MR images obtained within the RAPIDO trial fulfilled the image acquisition
criteria required in the study protocol. High-quality MR imaging should be expected for the appropriate initial treat-
ment and response evaluation of patients with LARC, and efforts should be made to maximise the quality of imaging
in clinical trials and in clinical practice.

Critical relevance statement This audit highlights the importance of adherence to MR image acquisition criteria
for rectal cancer, both in multicentre trials and in daily clinical practice. High-resolution images allow correct staging,
treatment stratification and evaluation of response to neoadjuvant treatment.

Key points
- Complying to MR acquisition guidelines in multicentre trials is challenging.

- Neglection on MR acquisition criteria leads to poor staging and treatment.
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- MR acquisition guidelines should be followed in trials and clinical practice.

- Researchers should consider mandatory audits prior to study initiation.

Keywords Rectal cancer, Magnetic resonance imaging, Image acquisition protocol, Audit

Graphical Abstract

thick) sagittal, axial and coronal oblique images.

multicentre trials. However, it should be strongly
encouraged.
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clinical trial in rectal cancer highlight the importance
of careful planning and quality control

- Guidelines on MR image acquisition technique for rectal
cancer require T2-weighed high-resolution (i.e., <3 mm

- Failing to adhere to the requirements can cause over-
and understaging and lead to inadequate treatment.

- Compliance to current guidelines is challenging in large

This audit highlights the importance of adherence to MR image acquisition criteria for rectal
cancer, both in multicentre trials and in daily clinical practice. High-resolution images allow
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Introduction
Colorectal cancer is the third most common cancer
in the world, accounting for 10% of all cancers [1]. The
proportion of rectal cancer varies depending on the clas-
sification used and usually accounts for one third of all
colorectal cancers [1, 2]. Accurate staging of rectal cancer
is important because treatment and prognosis depend
largely on radiological classification. Historically, staging
of rectal cancer was done using only digital examination
and rectoscopy. Currently, magnetic resonance imaging
(MRI) is the technique of choice for local staging of rectal
cancer, both at baseline and as reassessment after neoad-
juvant treatment for locally advanced rectal cancer [3, 4].
Accurate (re)staging is of utmost importance for assign-
ing patients to the most appropriate treatment. Addi-
tionally, MRIs performed after neoadjuvant treatment
contribute to the referral of patients for non-operative
management [5].

Although MRI is considered the optimal local staging
technique for rectal cancer, there are still challenges. The

image quality and evaluation are of paramount impor-
tance since consistent high quality is required to make a
correct analysis of the tumour spread [6, 7]. Quality has
an impact both clinically for each patient but also in the
setting of a clinical trial to ensure that patients are cor-
rectly stratified to treatment according to stipulated
inclusion criteria [6, 7]. Therefore, correct, standardised
MRI protocols should be used and followed [8].

The Rectal Cancer And Pre-operative Induction Ther-
apy Followed by Dedicated Operation (RAPIDO) trial is
an international randomised controlled phase 3 trial [9].
In the scope of the study, pelvic MRI was performed at
initial staging and after neoadjuvant treatment. Addition-
ally, a pelvic MRI was recommended during neo-adjuvant
treatment. In the study protocol, there were clear quality
requirements referring to the MRI acquisition protocol.
This retrospective study aimed to evaluate whether MRIs
performed during the RAPIDO trial fulfilled the quality
requirements regarding image acquisition stated in the
study protocol. Moreover, a comparison with the quality
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criteria for MRI in other randomised controlled trials
(RCT) for locally advanced rectal cancer was performed.

Materials and methods

In the RAPIDO trial, patients with primary locally
advanced rectal cancer defined by high-risk features on
MRI evaluation were randomised between two differ-
ent neoadjuvant treatment regimens followed by surgery
according to the principles of total mesorectal excision
(TME). Participants allocated to the experimental group
received short-course radiotherapy followed by fluoro-
uracil- and oxaliplatin-based chemotherapy. Patients
allocated to the standard of care group received long
course chemo-radiotherapy with concomitant capecit-
abine. Inclusion criteria, neoadjuvant treatment sched-
ules and endpoints have been reported previously [9].

MRI protocol requirements

Each included patient underwent one baseline pelvic
MRI examination within 5 weeks before randomisation
and a restaging pelvic MRI examination after neoadju-
vant therapy. The following minimal requirements for
MRI acquisition protocols applied to both the baseline
and the reassessment investigations: a field strength of
1.5 T or 3 T and phased-array receiver coils for pelvic/
body imaging, T2-weighted high-resolution sequences in
three different planes (sagittal, axial and coronal oblique
planes) with the axial sequence perpendicular to the
tumour axis, with maximum 3 mm section thickness
for all sequences (see Additional file 1: Supplementary
Materials). In case of low tumours, additional oblique
sequences both parallel and perpendicular to the anal
canal were recommended. Additional sequences, such
as T1-weighted and diffusion-weighted imaging (DWI)
at restaging were highly recommended but not part of
the obligatory pulse sequences [10]. These requirements
comply with the most recent international consensus
guidelines [4, 11, 12].

Quality control

The intention to collect and centrally review the radiol-
ogy data with the purpose of quality control was stated in
the original protocol of the RAPIDO trial [10], accepted
by all participants at the time of first patient inclusion.
This audit has been performed retrospectively after
the conclusion of the main trial. All patients whose MR
images were evaluated in the context of this audit had
been included in the study and treated according to the
study protocol.

Out of the 920 participants to the RAPIDO study, it
was possible to retrieve MR images of the majority of
Dutch and Swedish patients (n=361 and 332 patients,
respectively) and from all patients from Slovenia (n=36)
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for the current study. Data were analysed both in the
complete selection of patients and in national subgroups.
All collected baseline and restaging MRI examinations
were assessed for the technical quality criteria by two
reviewers (ML.E., LP.). In particular, the presence of all
required sequences and slice thickness were assessed
for each investigation. To define a common method for
evaluation, an initial sample of 40 investigations were
assessed by both reviewers. The work was supervised by
a radiologist with more than 30 years of experience in
reviewing pelvic MRI (L.B.). For oblique high-resolution
T2-weighted sequences perpendicular to the tumour, a
slice thickness of up to 3.3 mm was regarded as accept-
able. Moreover, a slice thickness of up to 4 mm on sagittal
sequences was accepted, provided that all other required
sequences were not thicker than 3 mm. The process of
image revision is presented in Fig. 1.

Review of similar articles

Recently published RCTs and European radiology guide-
lines were reviewed as a comparison with this quality
audit performed on RAPIDO MRI examinations. A Pub-
Med search using the search terms “magnetic resonance
imaging” and “rectal cancer” combined with the limita-
tions of Randomized Controlled Trials regarding human
subjects and English language was performed and yielded
54 articles (January 2023). In addition, the most recent
European Society of Gastrointestinal and Abdominal
Radiology (ESGAR) guidelines were consulted as qualita-
tive reference [4].

Results

The MRI investigations of a total of 729/920 (79.2%)
patients included in the RAPIDO trial were considered
for this study. The MRI examinations of 668/729 (91.6%)
and 623/729 (85.5%) patients were available for review in
the baseline and restaging setting, respectively (Fig. 2).
Most unavailable scans were not retrievable from the
participating centres or absent in the systems where
patients had been treated. Some patients were unavail-
able for radiologic assessment (died during neoadjuvant
treatment (n=2), clinical progression of disease before
the time of reassessment (n=3), contraindication to
MRI (n=2), withdrew consent to the study (#=2) and
unknown reason (n7=6)).

Compliance to the protocol

In the baseline setting, 304/668 (45.5%) MRI examina-
tions fulfilled the acquisition criteria stipulated in the
protocol. The reasons for non-compliance to the protocol
in the remaining 364 examinations were exceeding slice
thickness of one or more sequences (90/668, 13.5% and
147/668, 22.0%, respectively) or absence of one or more
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Study protocol defined MR-acquisition parameters

- Field strength1,5Tor3T

- Phased array receiver coils for pelvic-/body imaging

- T2-weighted sequences in three different planes
(sagittal, axial and coronal oblique)

- Requirements for maximal slice thickness

Pelvic MRI’s Validation of the
668 baseline technical evaluation
623 restaging between two reviewers
(See Figure 2) 40 MRIs

v

Extracting DICOM information
Acquisition parameters identified in DICOM metadata

l

Data compilation and analysis
resulting in:

Compliant images Non-compliant images

Fig. 1 Process of image collection and review. DICOM = Digital Imaging and Communications in Medicine; MR(l) = Magnetic Resonance (Imaging)

920 patients included in
the RAPIDO study

l

. 4

729 patients from Sweden, the

15 preoperative MRI not done
Netherlands and Slovenia -

- 3 progressive disease '
{- 2 contraindications for MRI |
» - 2 died during neoadjuvant :

treatment
- 2 withdrew consent
R nnCE TR T * i - 6unknown
61 missing baseline MRI 729 patients underwent a 714 patients underwenta | -JJZZIIZIIIIIIIIIIIIIIITIIIIIIINNL
- 60/61 never received baseline MRI restaging MRI 91 missing preoperative MR

- 89/91 never received from

from the participating E
---------------- »  the participating centre i

centre

g
1
|

- 1/61 absent in the r l - 2/91 absent in the system
system of the 668 (91.6%) baseline MRI 623 (85.5%) restaging MRI | | of the participating centre
participating centre have been collected and have been collected and | """ TTTTTTTTToTTTTTTTITTTTI 0T

------------------------------ reviewed reviewed

Fig. 2 CONSORT diagram of the population considered for this audit. MRl = Magnetic Resonance Imaging; RAPIDO = Rectal Cancer
And Pre-operative Induction Therapy Followed by Dedicated Operation
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of the required sequences (69/668, 10.3% and 97/668,
15.5%, respectively). In 40/668 (6.0%), both reasons
occurred simultaneously.

In the restaging setting, 328/623 (52.6%) MRI exami-
nations complied to the protocol. Of the 295/623 scans
that did not fulfil the protocol, 162 exceeded slice thick-
ness (75/623, 12.0% and 85/623, 13.7% for one or more
sequences, respectively), and in 27.0% of cases, one or
more of the required sequences were missing (88/623,
14.1% and 80/623, 12.8%, for a single and multiple
sequence[s], respectively). In 5.6%, both reasons occurred
simultaneously (35/623) as shown in Table 1.

For both the baseline and the restaging setting, the
details of slice thickness protocol deviations are pre-
sented in Table 2. The number of MRIs with a 4-mm sag-
ittal sequences and 3-mm axial and oblique sequences
that were considered compliant for this analysis were
90/668 (13.5%) in the baseline setting and 55/623 (8.8%)
in the restaging setting. Reasons for not fulfilment per
participating centre are plotted in Fig. 3a and b for the
baseline and the restaging settings, respectively. The fig-
ure shows groups of centres with a similar level of (non-)
fulfilment of protocol criteria. Reasons for not complying
to the protocol often recur within each centre.

Review of similar articles

Of the 54 articles identified during the literature search,
20 studies referred to patients with locally advanced rec-
tal cancer and reported the results of a randomised clini-
cal trials, including the RAPIDO trial. Together with the
ESGAR guidelines, these studies and the correspond-
ing MRI quality requirements as described in the main
manuscript or in the Supplementary material, when
published, are presented in Table 3. Among the selected
RCTs, eleven (55%) explicitly referred to specific MRI
quality requirements. Most commonly, the field strength
of the machines used to perform the MRI investigations,
the employment of DWT and the exact description of the
required sequences were specified as requirements. Slice
thickness <3 mm is mentioned in 4/20 studies (20.0%).

Discussion

This observational study presents results of a quality
audit of compliance to the MR protocol requirements in
a large randomised multicentre trial. In the RAPIDO trial
MRI findings were used as tool to identify the eligible
patients for inclusion. Out of the 729 patients who were
considered for review, data was available for 668 (91.6%)
patients, mostly referring to the baseline setting. Of the
1291 MRIs available for review in both settings, only 632
(49.0%) fulfilled the image acquisition requirements con-
cerning slide thickness and MRI sequences as stipulated
in the protocol.
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Potential consequences of non-adherence to the proto-
col include interpretation errors that may result in both
over- and under staging [12-15]. Firstly, neglection of
high-resolution T2-weighted sequences, images with
limitations with respect to signal to noise [12] or a slice
thickness exceeding the size of lesions [4, 13—16] induce
radiologists to over-estimate the tumour extent [12, 13].
Additionally, a poor angulation as shown in Fig. 4a and
b limits the evaluation of the muscularis propria, its
relation to the mesorectal structures and therefore the
accuracy of the T-stage assessment [12]. Moreover, high-
resolution T2-weighted images perpendicular to the
tumour’s long axis allow a better detection of extramu-
ral venous invasion, one broadly recognised independent
predictor of local recurrence, nodal and distant metas-
tases [17]. Similarly, mesorectal fascia (MRF) invasion
is a predictor of local recurrence [18] and is considered
a criterium for defining locally advanced rectal cancer.
While there is sufficient consensus regarding macro-
scopic invasion of MRF (i.e. margin of 0 mm), agreement
decreases when the distance between the tumour and the
MRF is<1 mm (defined as involved MRF) or 1-2 mm
(defined as threatened MRF) even with adequate MR
images [19]. Low-resolution T2-weighted MR images
can interfere with the assessment of MRF invasion. In
Fig. 4, MR images that do not fulfil the technical quality
criteria of thickness and angulation are compared with
a correctly performed investigation. In the case of the
RAPIDO study suboptimal quality of baseline MRI could
potentially cause incorrect inclusion, while in daily clini-
cal practice, it could lead to inadequate treatment strati-
fication. Similarly, inadequate restaging MRI might lead
to inaccurate assessment of the surgical approach [16, 20,
21], resulting in suboptimal oncological outcome [11] and
also a potential risk of not detecting a clinical complete
response. Additionally, a higher interobserver variability
has been reported when assessing MR images that do not
fulfil the international guidelines [13]. Therefore, defining
and complying to a standard MRI protocol as outlined in
international guidelines is of great importance.

The results of this study highlight challenges in mul-
ticentre studies, especially when diagnostic imaging is
pivotal. Similarly, this heterogeneity in protocols also
characterises common clinical practice. In this study,
although only a proportion of all imaging performed
was reviewed, MR images of in total 40 centres from
three countries were reviewed. Even though a well-
defined MRI protocol was available, only less than half
of the registered MRI examinations fulfilled the quality
criteria. In particular, there was a trend showing that
for the MRI scans of centres that mostly did not fol-
low the study protocol the reasons for non-compliance
to the MR protocols were consistent, suggesting that
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Table 2 Details of slice thickness deviations
Baseline N—% Restaging N—%
Sagittal Axial oblique Coronal oblique Sagittal Axial oblique Coronal
N=666 N=559 N=514 N=621 N=529 oblique
N=472
3-4mm 220 33.0% 122 21.8% 117 22.8% 143 23.1% 88 16.6% 67 14.2%
5-6mm 75 11.3% 22 3.9% 13 2.5% 56 9.1% 6 1.1% 4 0.8%
a Baseline
Mt ner 2 IHSESIR S ARRNARNRISRRARAARINRERBE
SF22357S73FS5357373S303873FS8338387338333%
8888888888888 8388388888888888888888883838383838 - o
100% IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII m Fulfilling protocol criteria
- .
80% Fulfilling adapted protocol
60% One sequence too thick 4 mm
40% | I B One sequence too thick 5-6 mm
20% I I I I I ] ® Multiple sequences too thick 4 mm
0% 11 i I u I i B Multiple sequences too thick 5-6mm
-20% I ! I I I | B One sequence missing
-40% W Multiple sequences missing
_60°
60% | M Both reasons
-80%
-100%

b Restaging
WO N WM WO - WO ST mM 0 T oo~ o 0 O O n o~ o ™M - NS N N MM
AN MM N ANNNONOMmO0MNANNAAONASOOOnTANNST O AAANOAAA—ANNM
EE S EE S EE Sl EECECEECECEEECEEESE
S 5e553a5sssaaassssaaassssaassasssaasasassaasa
agzegRegrareeRBEraerReREERRRERERARRRRRRERRRRRRR
O 0O 00O 0O 0O 0O 0O 0O 000000000000 000000000000 o0 o0 oo o oo
100% | Fulfilling protocol criteria
80% Fulfilling adapted protocol*
60% M One sequence too thick 4 mm
40% 1 One sequence too thick 5-6 mm
20% I I M Multiple sequences too thick 4 mm
0% Il m Multipl too thick 5-6
=1 I l I H ultiple sequences too thic mm
-20% B One sequence missing
-40% B Multiple sequences missing
-60% M Both reasons
-80%
-100%

Fig. 3 a, b Details of reasons for non-fulfilment per participating institution considered in this audit (a) in the baseline and (b) restaging setting.
Reasons for non-fulfilment recur within most centres. Symbol “*"indicates the following: all sequences up to 3.3 mm thickness and sagittal

sequences only up to 4 mm

institutions did not adapt their protocol but kept fol-
lowing their internal MR protocols (Fig. 3a, b). Before
start of the RAPIDO study, sites were invited to work-
shops, but attendance was not obligatory. In future

multicentre studies, obligatory workshops should
be carried out before the initiation of the study and
adherence to the study MR protocol for each partici-
pating centre should be assessed before entry of their
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Fig. 4 a-d Sagittal and axial (oblique) T2-weighted MR images from two patients from different centres. Both these investigations were
performed in the baseline setting; therefore, differences in image quality are irrespective of the effects of neoadjuvant treatment. Tumour borders
are delineated with continuous red lines. White dashed line in a and c=plane of the axial MR image shown in b and d. a, b Both the sagittal

and the axial sequences had a slice thickness of 4 mm. In both images, the rectal wall is not clearly defined. b Axial projection of the tumour.
Structures in the mesorectal fat are not clearly visible. The image of the invasive front is blurred (arrows). No sequence perpendicular to the tumour
was obtained for this patient. ¢, d Both the sagittal and the axial oblique sequences had a slice thickness of 3 mm. In both cases, the rectal wall

is clearly defined, and invasion of the mesorectal fat is distinct. d The invasive front is indicated by white arrows

first patient. Also, regular audits throughout the study
period should be performed ensuring the quality of
MRI in all centres. An example of systematic quality
assessment that is often performed prior to inclusion of
the first patients in clinical trials in radiotherapy is the
so called dummy run. The implementation of quality
requirements is hereby assessed in each participating
centre and major discrepancies are solved prior to ini-
tiation [22, 23]. Similarly, investigators of future RCTs
where MRI plays a pivotal role could consider perform-
ing mandatory audits of MR investigations performed
in each centre prior to patients’ randomisation. To
address this problem in common clinical practice, all
centres should be aware of and follow the most recent
ESGAR guidelines [4].

Out of the 20 RCTs used for comparison, 11 (55%)
reported some MRI requirements, all fulfilling the rec-
ommendations of the 2016 ESGAR consensus meeting
that was published in 2018 [4]. However, no information

was reported regarding how many of the MRI examina-
tions followed the defined protocol. To our knowledge,
the RAPIDO is the first RCT for patients with locally
advanced rectal cancer that carried out a quality assess-
ment of the imaging performed within the study.

This study has several limitations. Firstly, only 89.5% of
the expected MRIs and 69.0% of the examinations from
the whole study were assessed for technical features of
image acquisition. This was partly explained by the sub-
stantially different imaging storing and sharing systems
across the participating institutions. For the future, com-
patible sharing systems enabling easy image retrieval
during and after trials are much desired. Secondly, the
image quality was assessed by two separate review-
ers with limited clinical experience in MRI, and this
study mainly reviewed the technical parameters speci-
fied in the MRI files and explicitly required in the study
protocol. Consequently, other relevant aspects regard-
ing imaging quality such as field of view and voxel size,
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matrix, suboptimal surface coil placement, wrap-around
and motion artefacts, signal-to-noise issues or artefacts
related to metallic implants or air were not specifically
considered in the audit. Additionally, no DWI qual-
ity parameters were assessed. All these aspects play a
paramount role in a thorough evaluation of MR images’
quality, but these requirements were not specified in the
study protocol and therefore not evaluated in this audit.
Lastly, the inclusion of patients for the RAPIDO study,
so strongly dependent on MRI criteria, started in June
2011, more than 2 years prior to the publication of the
first ESGAR consensus guidelines [8] and 7 years before
the publication of the current guidelines [4]. At the time
of first inclusions, the international quality recommenda-
tions for MR imaging were therefore less clearly defined.
However, the MRI acquisition criteria stipulated in the
RAPIDO protocol (see Additional file 1: Supplementary
Materials) are entirely in line with the current ESGAR
guidelines [4].

In conclusion, this quality audit of MR acquisition pro-
tocol in a large multicentre rectal cancer trial shows that
a significant proportion of examinations were not per-
formed in accordance with the study protocol. Besides
having important impact on inclusion and treatment
of patients in the study, the results highlight the impor-
tance of proper trial preparation including radiology.
Additionally, simultaneous systematic centralised image
quality control during large clinical trials, when feasible,
can contribute to more appropriate patient inclusion and
treatment.
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