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Objective: To introduce capped biparametric (bp) MRI
slots for follow-up imaging of prostate cancer patients
enrolled in active surveillance (AS) and evaluate the
effect on weekly variation in the number of AS cases and
total MRI workload.

Methods: Three 20min bpMRI AS slots on two sepa-
rate days were introduced at Addenbrooke’s Hospital,
Cambridge. The weekly numbers of total prostate MRIs
and AS cases recorded 15 months before and after the
change (Groups 1 and 2, respectively). An intergroup
variation in the weekly scan numbers was assessed using
the coefficient of variance (CV) and mean absolute devi-
ation; the Mann-Whitney U test was used for an inter-
group comparison of the latter.

Results: In AS patients, a shift from considerable
to moderate variation in weekly scan numbers was

INTRODUCTION

Prostate cancer (PCa) is the commonest malignancy in males
in the UK, accounting for 26% of new cancer diagnoses, and
has the second highest mortality rate at 14%." Following the
results of several recent prospective trials including PROMIS
and PRECISION, the 2019 European Association of Urology
guidelines now recommend pre-biopsy multiparametric
MRI (mpMRI) as a preferred diagnostic test in biopsy naive
patients and patients with prior negative biopsy.* These
recommendations are mirrored by a joint panel of the Amer-
ican Urological Association and the Society of Abdom-
inal Radiology and the 2019 UK NICE guidelines, which
also recommend mpMRI as the first-line investigation for
patients with suspected clinically localised PCa.>®

observed between the two groups (CV, 51.7 and 26.8%,
respectively); mean absolute deviation of AS scans also
demonstrated a significant decrease in Group 2 (1.28 vs
2.58 in Group T; p < 0.001). No significant changes in the
variation in total prostate MRIs were observed, despite a
10% increased workload in Group 2.

Conclusion: A significant reduction in weekly variation
of AS cases was demonstrated following the introduc-
tion of capped bpMRI slots, which can be used for more
accurate long-term planning of MRI workload.
Advances in knowledge: The paper illustrates the
potential of introducing capped AS MRI slots using a
bp protocol to reduce weekly variation in demand and
allow for optimising workflow, which will be increasingly
important as the demands on radiology departments
increase worldwide.

The global move to pre-biopsy mpMRI is associated with
a number of scheduling challenges that will be relevant to
all healthcare systems. In the UK, the current pressure on
radiology departments is likely to further increase with the
introduction of the new Faster Diagnosis Standard in April
2020, wherein 95% of patients should receive a definite
cancer diagnosis within 28 days of referral. According to a
recent review of cancer diagnostic process in the UK, PCa
has a considerably longer median diagnostic interval at 55.5
days, compared to all cancers at 40.0, which highlights the
importance of optimising workflow management to meet
the increasing demand whilst striving to maintain quality.”
Although the proposed target is unlikely to have a signifi-
cant effect on PCa clinical outcomes, the new standard is
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aimed at reducing patient anxiety and minimising unwarranted

regional variation in time to diagnosis.*’

Upfront mpMRI prior to biopsy has been shown to reduce time
to diagnosis by 23% when compared to transrectal ultrasound-
guided biopsy pathway.'” In addition, introduction of reserved
MRI slots can further reduce time to diagnosis by 18%.'!
However, limited flexibility in MRI capacity may restrict the
ability of some centres to accommodate weekly or even day-
to-day variation in demand, particularly when the frequency of
new referrals from clinic cannot be easily predicted and reports
require a quick turnaround time to avoid breaching the 28 day
standard.

Simultaneously, the rising demand for MRI risks further
increasing the number of patients enrolled on active surveillance
(AS) programmes, the success of which relies heavily on the use
of MRI and targeted biopsies as evidenced by the recent 2 year
follow-up on the ASIST trial.'*** As routine follow-up imaging
for AS is normally scheduled within 12-18 months post-
enrollment with no pathway-dependent reporting times, it can
be planned in advance and controlling appointment times can
therefore help limit variance in the weekly imaging workload.
Moreover, introducing shorter protocols, such as single-plane
biparametric MRI (bpMRI) within capped imaging slots, can
further reduce the pressure on MRI capacity, thereby allowing
more time for cancer pathway referred pre-biopsy scans that
require the full multiparametric protocol.

In this study, we introduced six capped 20 min AS bpMRI slots
performed on two separate days. The aim of this study was, there-
fore, to evaluate the effect of introducing capped AS bpMRI slots
on weekly variation in AS scans and the overall MRI workload,
evaluating 15 month time periods before and after this change.

METHODS

This study was performed as a service evaluation of the PCa diag-
nostic pathway, with the need for informed consent for data anal-
ysis waived by the Local Ethics Committee (reference number:
anonymised) for this retrospective analysis of the numbers of
prostate MRI scans performed weekly at our institution.

Active surveillance cohort

Enrollment criteria for AS included treatment-naive males
aged 50-80 years suitable for radical therapy with histologically
proven prostate adenocarcinoma, clinical stage T1-T2, prostate-
specific antigen (PSA) <20ngml™’, histological Grade Group <
2and <50% overall tumour core involvement. A baseline mpMRI
was performed at AS entry with repeat MRI performed 12
months post-enrolment and at variable time points afterwards,
depending on clinical risk of progression. Weekly numbers
of total prostate MRIs and AS cases were recorded during a
30-month period (9/05/2016 to 29/10/2018), 15 months before
and after the introduction of reserved AS slots. The introduction
of three 20-min AS slots performed on two separate days was
based on our analysis of the preceding 12 months’ MRI workload
that revealed an estimated number of AS cases as 6 per week/300
per year; Supplementary Figure 1.
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MRI parameters

Patients underwent prostate MRI on a 1.5 T MR450 scanner or
a 3 T HDx Discovery MR750 HDx (GE Healthcare, Waukesha)
with a 16-32 channel phased array coil. Unless contraindicated,
intravenous injection of hyoscine butylbromide (Buscopan,
20mgml~!, Boehringer, Germany) was administered prior to
imaging to reduce peristaltic movement. Multiparametric MRI
protocol included Axial T1, multiplanar T2:field of view (FOV)
18 x 18 cmy; slice thickness 3-3.5mm; gap 0-0.5mm. Diffusion-
weighted imaging (DWI) was performed using a spin-echo
echoplanar imaging pulse sequence (slice thickness 3—-4 mm; gap
0mm) with b-values: b-150, b-750, and b-1,000; with additional
small FOV DWI using b-1,400s/mm? at 1.5 T and b-2,000s/
mm? at 3 T); apparent diffusion coefficient (ADC) maps were
automatically calculated. The protocol additionally included
dynamic contrast enhancement (DCE) imaging; Table 1. Abbre-
viated active surveillance protocol included Axial T1 and T2
FSE pelvis and DWI with multiplanar T2, DCE and small FOV
DWI omitted; Table 2. Ranges stated for slice thickness and gap
in Table 1 reflect the differences in imaging protocols used on 3
and 1.5 T scanners, respectively, and are in line with PI-RADS
v. 2.1 technical requirements. The overall scan time for mpMRI
was 25min, 38s with a 40 min slot allotted, and for the bpMRI
AS protocol 11 min, 32, with 20 min slots.

Statistics

The Shapiro-Wilk test was performed to assess the distribution
of AS cases and MRI numbers with their intergroup comparison
performed using the Mann-Whitney U test. An intergroup vari-
ation between the weekly numbers of AS cases and MRIs was
evaluated using the coefficient of variation (CV) and mean abso-
lute deviation (MAD) with the Mann-Whitney U test performed
for intergroup comparison of the latter. For CV, a value of <0.25
was classified as low variation; 0.25 to 0.75 moderate variation
and >0.75 high variation.

RESULTS

Weekly numbers of total MRIs and AS slots were divided into
two groups of 15 months duration, Group 1, before the introduc-
tion of capped slots and Group 2, after the introduced change.
A total of 1667 MRIs for all indications were performed during
the study period in Group 1 and 1848 MRIs in Group 2, repre-
senting a 10.9% increase in overall prostate MRI demand over
the period. Of note, there was a 9.6-fold (from 34 to 327 per year)
increase in the number of annual AS scans between 2010 and
2018; Supplementary Figure 1.

Impact of capped slots on weekly AS variance

In AS patients, median age and PSA were 65 years [interquartile
range (IQR) 60-65 years] and 6.0 ngml’1 (IQR 4.2-8.4 ngml’l).
The number of scans performed in Groups 1 and 2 were 428 and
408, respectively. The median weekly numbers of AS showed no
intergroup difference, Group 1: median 7 (IQR 4-9), Group 2:
median 6 (IQR 5-8); p = 0.991. In addition to the marked inter-
group difference in standard deviation (3.40 vs 1.68), a consid-
erable decrease in variation was observed between the weekly
AS case numbers in Group 1 (CV = 51.7%) vs Group 2 (CV =
26.8%); Figure 1, Supplementary Table 1. This was supported
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Table 1. Summary table of sequence parameters as part of a multiparametric prostate MRI protocol

Axial
DWI DCE
Parameter Localiser | Axial T1 FSE | Axial T2 FSE | Sagittal T2 FSE | Axial DWI focus LAVA
TE/TR, ms 20/200 30/789 102/3743 102/3743 85/3775 60/4000 min full/4.3
FOV, cm 30 32 18 22 28 24 24
Matrix 256 512 384 288 128 356 192
Slice thickness, 3-4 6 3-35 2 3-4 3 3-4
mm
Gap, mm 0 2 0-0.5 0 0 0 0
Phase 128 320 224 224 128 80 192
b-values - - - - 100, 750, 1000 1.5T: -
1400 (at 3T) 100, 1400
3T:
100, 2000
Synthetic b-values - - - - 2000, 2500 2500 -
Scan time, min 00:35 02:32 05:22 03:13 02:42 04:52 06:22

DCE, dynamic contrast enhancement; DWI, diffusion-weighted imaging; FOV, field of view; FSE, fast spin echo; LAVA, liver acquisition with volume

acceleration; TE, echo time; TR, repetition time.

by an intergroup analysis of the mean absolute deviation of AS
cases, which demonstrated a significant decrease in Group 2
(1.28) compared to Group 1 (2.58); p < 0.0001).

Impact of capped slots on overall MRI variance

The total number of MRIs performed for non-AS indications
was 1239 in Group 1 and 1440 in Group 2. The median number
of weekly MRIs was significantly higher in Group 2: median 22
(IQR 18-25) compared to Group 1: median 19 (IQR 16-22),
p = 0.001; however, the maximum number of scans per week
remained constant at 33. Variation in the total numbers of MRIs
decreased from moderate (CV = 29.6%) to low (CV = 21.7%) in
Groups 1 and 2, respectively; Figure 2, Supplementary Table 1.
However, no intergroup difference was noted between the mean
absolute deviation of the total numbers of MRIs (Group 1, 3.15
vs Group 2, 3.06; p = 0.725).

DISCUSSION

The present study investigates the effect of introducing capped
20 min active surveillance abbreviated bpMRI slots on variation
in weekly AS scans and on overall MRI workload. The introduc-
tion of reserved AS slots significantly reduced variation in the
weekly numbers of AS scans and kept the variation in total weekly
number of prostate MRI scans unchanged, despite the marked
increase in demand observed during the study period. Given the
likely increased burden on imaging services following the intro-
duction of pre-biopsy MRI and the upcoming Faster Diagnosis
Standard in the UK, the introduction of capped AS imaging slots
using shorter protocols may allow for more adequate planning of
MRI workload. Times of increased and reduced demand could
even be mapped based on historic local data to allow for seasonal
variations in demand and allow for “dynamic” adjustments to the
numbers of dedicated AS slots to further limit weekly fluctuations.

Table 2. Summary table of sequence parameters as part of a biparametric prostate MRI protocol

Parameter Localizser Axial T1 FSE Axial T2 FSE Axial DWI
TE/TR, ms 20/200 30/789 102/3743 85/3775
FOV, cm 30 32 18 28
Matrix 256 512 384 128

Slice thickness, mm 3-4 6 3 3

Gap, mm 0 2 0 0

Phase 128 320 224 128
b-values - - - 100, 750, 1400
Synthetic b-values - - - 2000, 2500
Scan time, min 00:56 02:32 05:22 02:42

DCE, dynamic contrast enhancement; DWI, diffusion-weighted imaging; FOV, field of view; FSE, fast spin echo; LAVA, liver acquisition with volume
acceleration; TE, echo time; TR, repetition time.
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Figure 1. Monthly variance in AS cases performed at our institution 15 months pre- (a) andpost-introduction (b) of capped AS

slots. AS = active surveillance.
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Active surveillance is now the standard of care for males with low/
intermediate clinical risk, with studies showing that AS is a safe
and effective management option for such patients.>'>'® Disease
progression rates for patients on AS are low (15.9% at median
follow-up 39 months) due to the appropriate risk stratification
of males at enrollment based on mpMRI and targeted biopsy.!”
With males remaining on AS for longer periods, it is highly likely
that AS numbers will increase over time, adding further pressure
on imaging services. However, this may be partially mitigated
by upfront mpMRI and biopsy avoidance in MRI negative cases,
which has been shown to reduce the detection of clinically insig-
nificant (Gleason score 3 + 3) disease.* Frequency of follow-up
MRI in AS can also be tailored depending on clinical risk, based
on PSA, PSA density, MRI lesion presence/absence and Gleason
grade, and MR imaging safely being performed at 3-yearly inter-
vals in those categorised as lowest risk.'® Another promising
approach towards reducing imaging workload from a radiol-
ogist’s perspective is the development of a dedicated software
allowing automated lesion size comparison between sequential
scans on AS according to the Prostate Cancer Radiological Esti-
mation of Change in Sequential Evaluation recommendations."’

The use of an abbreviated bpMRI protocol allowed us to achieve
a 55% reduction in scan time comparing to our standard multi-
planar multiparametric protocol. This, in turn, made it possible
for us to utilise two separate 1h time slots (3 scans of 20 min
each) on separate days. The value of bpMRI for the detec-
tion of PCa in biopsy-naive males has been demonstrated in
several prospective studies, with potential benefits including the

avoidance of gadolinium retention, reduced costs and shortened
scan times.?’~%? Furthermore, a recent head-to-head comparison
of mpMRI, bpMRI and “fast” bpMRI (images obtained in the
axial plane only) demonstrated an identical diagnostic perfor-
mance to mpMRI and bpMRI with only a slight increase in the
number of indeterminate PI-RADS category three calls; this is
supported by a recent meta-analysis comparing diagnostic effi-
cacy of bpMRI and mpMRI..*>** Finally, although the recently
updated PI-RADS v. 2.1 guidelines still advocate DCE for the
majority of MRI indications, the use of a biparametric approach
is allowed in stable AS patients fully characterised at baseline
and in whom no signs indicating possible clinical progression
are present, such as raised PSA, PSA-density, PSA doubling
time or symptoms suggestive of advanced disease.”> However,
although this represents consensus expert opinion, the current
lack of comparative trials of these protocols in the AS setting
means caution should be applied when attempting to make them
a standard of care.

One of the limitations to this study was the use of different slice
thickness and gap parameters as part of multi- and biparametric
MRI protocols, which was done to ensure that optimal imaging
quality is achieved on both 3 and 1.5 T scanning systems.*®
Incorporating T weighted imaging in the abbreviated protocol
was justified by its ability to detect post-biopsy change and spon-
taneous prostate haemorrhage that may occur in patients with
benign prostatic hyperplasia, as well as its usefulness in staging
the bony pelvis and assessing pelvic lymph nodes. Only axial
T, weighted images were obtained as part of the biparametric
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Figure 2. Monthly variance in overall MRI workload recorded at our institution 15 months pre- (a) and post-introduction (b) of
capped AS slots. MRI = magnetic resonance imaging, AS = active surveillance.
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protocol, which was in line with the supportive results in current
literature. "8

It is of note that following the introduction of dedicated slots
there remained variation from 4 to 10 scans per week, reflecting
missed appointments and urgent imaging requests due to suspi-
cion of AS progression based on the aforementioned clinical
grounds. Although the results showed significantly reduced
variance in weekly AS scans, there was no difference in variance
for the total MRI studies performed, due to the highly variable
weekly requests for pre-biopsy scans. However, despite the 10%
increase in total scans in the 15 months post-change, there was
unchanged variation in the total number of weekly scans and the
maximum number of scans per week remained at 33, which can
be likely be explained by the introduction of capped AS slots.

In conclusion, a significant reduction in weekly AS variance
was demonstrated following the introduction of capped bpMRI
slots for routine follow-up imaging of AS patients, and helped
keep variation in the total number of MRIs per week unchanged
despite a 10% increase in overall imaging workload.
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