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Background: The objective of this retrospective investigation is to evaluate the diagnostic efficacy of
a dual-parameter strategy that integrates either time-resolved angiography with stochastic trajectories
(TWIST) or golden-angle radial sparse parallel (GRASP)-derived dynamic contrast agent-enhanced
magnetic resonance imaging (DCE-MRI) with diffusion-weighted imaging (DWI) for the identification of
poorly differentiated rectal cancer (RC). The purpose of this investigation is to contrast the aforementioned
methodology with conventional single-factor assessments that rely solely on DWI, and ascertain its
comparative efficacy.

Methods: This study was not registered on a clinical trial platform. Consecutive individuals diagnosed
with non-mucinous rectal adenocarcinoma through endoscopy-guided biopsy between December 2020 and
October 2022 were involved in our study. These patients had also undergone DCE-MRI and DWI. The
perfusion metrics of influx forward volume transfer constant (Ktrans) and rate constant (Kep), along with the
apparent diffusion coefficient (ADC), were quantified by a pair of investigators. The study compared the area
under the curve (AUC) of the receiver operating characteristic (ROC) for both sequences to identify poorly
differentiated RC. The investigation incorporated patients who fulfilled the specified criteria. The inclusion
criteria for the investigation were as follows: (I) a diagnosis of RC proved through pathological examination,
either via endoscopically-guided biopsy or surgical resection; (I) availability of complete MRI images; (III)
absence of any prior history of neoadjuvant chemoradiotherapy during the MRI scan.

Results: Our investigation comprised a total of 179 participants. Compared to diffusion parameter alone,
an integrated assessment of diffusion parameter (ADC) and perfusion parameters (Ktrans or Kep) obtained
with GRASP leads to a superior diagnostic accuracy (AUC, 0.97£0.02 vs. 0.89+0.03, 0.97+0.02 vs. 0.89+0.03,
P=0.005 and 0.003, respectively); however, there was no additional benefit from ADC with perfusion
parameters obtained from TWIST (Ktrans or Kep) (AUC, 0.93+0.04 vs. 0.89+0.03, 0.93£0.03 vs. 0.89+0.03;
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P=10.955 and 0.981, respectively, for the integration of ADC with Ktrans and Kep).
Conclusions: By integrating diffusion and perfusion features into a dual-parameter model, the GRASP

method enhances the diagnostic efficacy of MRI in discriminating RCs with poor differentiation. Conversely,

the TWIST approach did not yield the aforementioned outcome.
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Introduction

Colorectal cancer ranks third in terms of prevalence among
all types of malignancies (1,2). Several factors influence the
prognosis of this disease, including lymphovascular invasion
(LVI), T stage, and grade of differentiation (3-5). Definitive
diagnosis of tumor type and grade of differentiation can
only be made with histopathological examination following
resection of the mass. The development of a non-invasive
and precise approach for evaluating the severity of rectal
cancer (RC) could hold significant clinical significance in
directing next clinical interventions.

Magnetic resonance imaging (MRI) is known to offer
enhanced soft tissue contrast in comparison to computerized
tomography (CT). Furthermore, diverse MRI methodologies
offer tissue classification, encompassing assessments of cell
density [diffusion-weighted imaging (DWI)] and tumor
vascularization [dynamic contrast-enhanced MRI (DCE-
MRI)] (6-11). The association between histological grade,
response to neoadjuvant chemoradiotherapy (CRT), and
patient prognosis has been indicated through quantitative
parameters acquired from DWI and DCE-MRI (12-14).
The investigation performed by Winkel ez 4. exhibited the
prospective clinical applicability of quantitative DCE-MRI
and DWTI in evaluating the differentiation grade of prostate
carcinoma (15).

The time-resolved angiography with stochastic trajectories
(TWIST) technique uses view-sharing to shorten the time
of acquisition of DCE-MRI (16). View-sharing involves
acquiring only a subset of k-space data for each image in a
time series, and then combining these subsets to reconstruct
the complete image series. Although this methodology
enables expedited imaging, it concurrently heightens the
susceptibility of the resultant images to motion artifacts
that stem from either patient motion or bowel movement.
This is because the incomplete k-space sampling during
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each acquisition means that the reconstructed images are
more sensitive to inconsistencies or changes in the position
of the imaged tissue between successive acquisitions (17).
In addition to patient-related artifacts, the outcomes can be
impacted by discrepancies in timing between the application
of contrast agents and the capture of images.

Moreover, view-sharing techniques typically result in low
spatial resolution and a compromise in temporal resolution
(17,18).

The golden-angle radial sparse parallel imaging (GRASP)
procedure, a quick dynamic MRI free from breathing, has
been introduced as an improvement to the temporal DCE-
MRI resolution (18). The proposed method enhances
temporal resolution through the integration of a golden-
angle, motion-insensitive, stack-of-stars acquisition
technique with a compressed sensing restoration approach,
rendering it appropriate for unconstrained respiratory
motion DCE-MRI (17). Studies have shown GRASP
perfusion’s ability to offer image quality comparable to
traditional DCE, with reduced motion artifacts, making
it particularly beneficial in RC imaging (17,19). However,
literature lacks sufficient documentation on the diagnostic
efficiency of GRASP’s quantitative parameters in
differentiating RC grades. Additionally, most of the prior
research (20-22) primarily centers around the preoperative
treatment response, staging, and prognosis evaluation
in RC using DWI or DCE-MRI, with only a limited
number of them focusing on the diagnostic accuracy of
RC differentiation grade by quantitative DCE-MRI and
DWI. The current investigation suggests a novel strategy
of dual-parameter that integrates either GRASP or
TWIST with the conventional DWI technique. The aim
is to enhance the diagnostic efficacy of RC differentiation
grade, in contrast to the conventional single-parameter
assessment that relies solely on DWI. The objective of this
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Table 1 Parameters for TWIST and GRASP

Parameter TWIST GRASP
TR (ms) 3.6 35
TE (ms) 1.44 1.64
Slice thickness (mm) 3.6 3
Matrix 192x130 256x256
FOV (mm?) 320x320 273x394
FA (degrees) 12 12
Temporal resolution (s) 4.88 3.45

TWIST, time-resolved angiography with interleaved stochastic
trajectories; GRASP, golden-angle radial sparse parallel; TR,
repetition time; TE, echo time; FOV, the field of view; FA, flip
angle.

investigation is to examine the diagnostic accuracy of this
proposed dual-parameter procedure, by comparing GRASP
or TWIST combined with established DWI, for diagnosing
poorly differentiated RC against the conventional DWI-
based single-parameter assessment. The present article
is presented in adherence to the STARD reporting
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-22-1244/rc).

Methods
Ethical statement

The present study, which involved a retrospective analysis,
received approval from the Institutional Review Board
under the reference number Lun Audit (Research) No.
86 of 2021. Because of the retrospective nature of the
investigation, the institutional review board waived the
requirement for written informed consent. The study was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013).

Patient inclusion

This study encompassed 293 individuals who were
diagnosed with non-mucinous rectal adenocarcinoma
through endoscopy-guided biopsy. The data were collected
between December 2020 and October 2022 in Chengdu,
Sichuan Province. The study included patients who
fulfilled the specified criteria. The inclusion criteria for the
investigation were as follows: (I) a diagnosis of RC verified
through pathological examination, either via surgical
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resection or endoscopically guided biopsy; (I) availability
of comprehensive MRI images; (III) absence of any prior
history of neoadjuvant CRT along with the MRI scan.
The criteria for exclusion were as follow: (I) suboptimal
MRI image quality; (IT) non-detectable tumor on the MRI
imaging; (III) unresectable primary tumor or presence of
metastatic diseases; (IV) tumor morphology consistent with
mucinous cystadenoma. The participants were randomly
allocated to TWIST and GRASP groups.

MRI acquisition

MRI scans were obtained using two systems: 3.0 T and
1.5 T MR, specifically the MAGNETOM Vida and
MAGNETOM Aera, respectively, both manufactured
by Siemens Healthineers in Erlangen, Germany. The
GRASP acquisitions were exclusively executed utilizing
the system of Vida, which was equipped with a 30-channel
coil setup comprising of an 18-channel body coil and 12
channels derived from the spine coil. On the other hand,
the TWIST acquisitions were solely conducted utilizing the
Aera system, which was equipped with an 18-channel coil
setup consisting of a 6-channel body coil and 12 channels
derived from the spine coil. The individuals were positioned
in a supine orientation with their heads placed first on the
examination table. An enema was administered for bowel
cleansing approximately 50 minutes prior to the assessment.
In order to prevent possible bowel movement, the
participants were given a 20 mg of intramuscular injection
of scopolamine butyl bromide (Buscopan, Boehringer
Ingelheim, Germany) half an hour prior to the imaging.

The standard MRI procedure comprised sagittal,
axial (aligned perpendicularly to the rectum’s long axis),
oblique coronal T2-weighted images (T2WIs) without
fat saturation, and DWI (aligned perpendicularly to the
rectum’s long axis). The perfusion protocol involved
GRASP and TWIST sequences. Comprehensive protocol
parameters for T2WI, DWI parameters, and perfusion
sequences are provided in Tuzble 1. The evaluation of
the perfusion of GRASP or TWIST was performed
following the intravenous administration of gadopentetate
dimeglumine, which was adjusted according to the patient’s
body weight (0.1 mmol/kg BW, Dotarem; Guerbet, Paris,
France) and delivered at a rate of 2 mL/s.

Image analysis

The manipulation of images was executed through the
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Figure 1 A 58-year-old man with median rectal cancer. (A) T2 weighted imaging, (B) apparent diffusion coefficient map (in units of

107 mm’/s), (C) the Ktrans (in units of min™'), and (D) Kep (in units of min™") of golden-angle radial sparse parallel, respectively. The white

arrow points to the thickened tumor intestinal wall. The white circle refers to the tumor area of interest outlined by region of interest.

Ktrans, influx forward volume transfer constant; Kep, rate constant.

utilization of a commercially obtainable program (Syngo.
via VB30, MR Prostate, and MR Tissue4D; Siemens
Healthineers, Shanghai, China). The quantitative
pharmacokinetic model parameters were computed by
means of the TOFTS model. These include the influx
forward volume transfer constant, which is represented by
the symbol Ktrans (min™'), and the rate constant, which
is commonly referred to as Kep (min™'). The apparent
diffusion coefficient (ADC) maps were generated utilizing a
mono-exponential model depending on the Stejskal-Tanner
equation (23). This model was employed to the DWI
obtained at b-values of 50 and 1,000 s/mm’.

The tumor location in individuals with RC was identified
by two seasoned radiologists (MZ and T'G) with six and ten
years of experience in rectal imaging, respectively. Both of
them had no information about the medical and pathological
data regarding the patients and relied on the review of
T2WI and DWI images. The Ktrans and Kep metrics were
acquired through the delineation of the region of interest
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(ROI) on maps of perfusion, specifically targeting the top
three layers of cancer lesions while taking care to exclude
necrotic or cystic regions. The ultimate Ktrans and Kep
values were obtained by computing the mean values achieved
from delineating three distinct ROI levels (areas >1 cm®) and
subsequently calculating the average (Figures 1,2).

The ADC measurements were conducted by two
radiologists who utilized a freehand technique to draw ROIs
on the central cut of the tumor with a b-value of 1,000 s/mm’.
The ROIs were of enough dimension to cover the whole
tumor region. The ROIs were transferred to the ADC maps
while taking care to exclude regions of necrosis, vessels, and
cysts as determined on T2WIs, in order to mitigate the bias.
The last ADC values were computed by averaging the values
acquired from three randomly selected ROIs located in
distinct cancerous regions on three separate slices containing
the cancer. The values of Ktrans, Kep, and ADC were
subjected to averaging by the two radiologists for subsequent
analysis (Figures 1,2).
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0
Ktrans

Figure 2 A 55-year-old man with median rectal cancer. (A) T2 weighted imaging, (B) apparent diffusion coefficient map (in units of

10~ mm’/s), (C) the Ktrans (in units of min™"), and (D) Kep (in units of min™") of golden-angle radial sparse parallel, respectively. The white

arrow points to the thickened tumor intestinal wall. The white circle refers to the tumor area of interest outlined by region of interest.

Ktrans, influx forward volume transfer constant; Kep, rate constant.

Surgical bistologic findings

"To examine the tumors, we used a variety of instruments and
procedures. Specifically, after surgical removal of the tumor,
the tissue was treated with formalin and immersed in paraffin
blocks. Segments of the blocks were cut at thickness of
4-micron and hematoxylin and eosin (H&E) was employed
for staining to conduct histological analysis. The cancer
differentiation degree was assessed by two expert pathologists
who examined H&E-stained slides. The classification system
used for differentiation was depended on the proportion
of gland formation present in the tumor: cancers that were
well differentiated exhibited glandular structures in excess
of 95%, while moderately differentiated tumors displayed
gland formation ranging from 50% to 95%. Poorly
differentiated tumors were characterized by gland formation
ranging from 5% to 50%, whereas undifferentiated tumors
exhibited gland formation of less than 5% (24). In addition,
immunohistochemical staining was performed to confirm the
diagnosis and rule out other possible diagnoses (25).

Statistical analysis

We performed statistical analysis utilizing version 26 of
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SPSS (IBM Corporation, Armonk, NY, USA) and MedCalc
(Version 16.8). The intraclass correlation coefficients
(ICCs), based on the absolute agreement of a two-way
mixed model, were computed to assess the agreement
among Ktrans, Kep, and ADC values detected by the
two radiologists for. We randomly selected 30% of cases
(34 patients for the GRASP group and 27 patients for the
TWIST group) for ICC calculation. The ICC agreement
was classified into five distinct categories based on the
magnitude of the coefficient: excellent (0.81-1.00), good
(0.61-0.80), moderate (0.41-0.60), fair (0.21-0.4), and
poor (ICC <0.2) (26). The mean values along with their
corresponding standard deviations are reported for the
ADC, Ktrans, and Kep parameters. The independent
samples #-test and chi-squared test were used to compare
medical data and quantitative parameters between the
two groups (27). Our analyses focused on whether the
amalgamation of diffusion and perfusion parameters could
surpass the diagnostic accuracy of solely diffusion-based
single-parameter evaluation. The study involved an analysis
of various parameters, including ADC in combination
with Ktrans, ADC in combination with Kep, and ADC

alone. Receiver operating characteristic (ROC) curves were
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293 Consecutive patients with rectal
cancer underwent MRI between
December 2020 and October 2022

114 patients were excluded for:

¢ Insufficient image quality (n=46)

e Tumor not visible on the MRI image
(n=26)

e Unresectable or metastatic diseases
(n=34)

e Presence of mucinous tumors (n=8)

Y

Y

179 Patients were finally enrolled

Y

GRASP n=98
TWIST n=81

Figure 3 Flow diagram shows the inclusion and exclusion criteria
for the study. GRASP, golden-angle radial sparse parallel; TWIST,
view-sharing technique time-resolved angiography with stochastic

trajectories.

Table 2 Clinical information of the two groups of patients

TWIST (n=81) GRASP (n=98) P value

Characteristic

Gender, n (%) 0.549
Male 65 (80.2) 75 (76.5)
Female 16 (19.8) 23 (23.5)

Age (years), mean + SD  63.25+10.85 61.24+10.43  0.211

Tumor location, n (%) 0.938
High 27 (33.3) 32 (32.7)
Medium 36 (44.4) 42 (42.9)
Low 18 (22.2) 24 (24.5)

The test level for the P value was 0.05. TWIST, time-resolved
angiography with interleaved stochastic trajectories; GRASP,
golden-angle radial sparse parallel.

utilized to pinpoint optimal cutoffs for each parameter,
maximizing Youden’s index (specificity + sensitivity - 1) (28).
Comparison of the ROC curves was conducted employing
the DeLong test. To control for type I error and adjust for
multiple testing, we performed the Bonferroni correction
on the significance level using a predefined formula (15,29):

pr=alm (1]

where “p*” is the adjusted significance level, “a” is the
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critical P value, and “m” is the number of comparisons.
The accuracy was detected as the sum of true positives and
true negatives divided by the sum of all outcomes. The
application of the Bonferroni correction resulted in the
determination of an adjusted critical level of significance
for pairwise testing, wherein a maximum of two hypotheses
were considered. Specifically, P values less than 0.025 were
utilized for comparisons of AUC. A two-sided P value of
less than 0.05 was considered statistically significant.

Results
Patient characteristics

Typically, 293 patients diagnosed with non-mucinous rectal
adenocarcinoma, depending on medical history and physical
examination outcomes, were initially enrolled in this study.
From this group, 114 patients were omitted owing to exclusion
criteria: (I) image quality issues because of artifacts, preventing
accurate ROI measurement (n=46); (I) tumor invisibility on
MRI imaging (n=26); (III) presence of unresectable primary
tumor or metastatic diseases (n=34); and (IV) presence of
mucinous cystadenoma with low cell density and high ADC
values (n=8). The final study group included 179 patients,
of which 98 were examined using the GRASP method, and
81 underwent the TWIST procedure. The patient clinical
information is shown in Figure 3. No statistically significant
variation was detected in sex, age, and tumor location across

the two groups (P=0.549, 0.211, 0.938) (Table 2).

Evaluation of the diagnostic accuracy of DCE-MRI and
Dwi1

The study findings indicate that there was a significant
variation in the ADC values between poorly differentiated
RCs and well-moderately differentiated RCs in both groups
(P<0.001). Moreover, Ktrans and Kep were significantly
higher in poorly differentiated RCs across both groups (all
P<0.001) (Table 3). The findings indicate that the ADC
values exhibited superior precision in identifying poorly
differentiated RC in the GRASP cohort, as compared to
Ktrans (with a threshold value of 0.57 min™) or Kep (with
a threshold of 0.93 min™). The cutoff value for the ADC
values was determined to be 1.09x107 mm®/s (Tible 4).

Assessment of single-versus dual-parameter models

Our dual-parameter analysis exhibited that combining
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Table 3 Results of differentiation between poorly differentiated and well-moderate differentiated rectal cancer

Study group Well-moderate differentiated Poor differentiated P value
TWIST n=62 n=19
ADC-T (10° mm?/s) 1.15+0.12 0.87+0.14 <0.001
Ktrans-T (min”") 0.61+0.19 0.93+0.31 <0.001
Kep-T (min™") 0.82+0.20 1.04+0.26 <0.001
GRASP n=75 n=23
ADC-G (107° mm?/s) 1.12+0.14 0.90+0.10 <0.001
Ktrans-G (min™) 0.63+0.19 0.83+0.17 <0.001
Kep-G (min™) 0.84+0.25 1.05+0.19 <0.001

Data are mean =+ standard deviation unless otherwise indicated. P values less than 0.05 were considered to indicate statistical
significance. TWIST, time-resolved angiography with interleaved stochastic trajectories; ADC, apparent diffusion coefficient; Ktrans, influx
forward volume transfer constant, Kep, rate constant; GRASP, golden-angle radial sparse parallel.

ADC threshold levels with either Ktrans or Kep depended
on GRASP provided better diagnostic accuracy for poorly
differentiated RC compared to single-parameter ADC-
based evaluation (ADC with Ktrans vs. ADC, P=0.005;
ADC with Kep vs. ADC, P=0.003). Although single-
parameter assessment gave the best outcomes with ADC,
combining ADC and TWIST-based perfusion cutoff levels
did not provide a statistical advantage (Table 4). Figure
4 illustrates how well-differentiated RCs can be more
effectively distinguished when cutoff grades are based on
ADC combined with perfusion parameters originated
from GRASP, compared to ADC integrated with TWIST-

derived perfusion parameters.

Interobserver agreement between the two groups

Both the TWIST and GRASP groups showed excellent
interobserver agreement for Ktrans (ICC, 0.964; 95%
CI: 0.899-0.985 and ICC, 0.918; 95% CI: 0.832-0.959,
respectively), Kep (ICC, 0.901; 95% CI: 0.784-0.955 and
ICC, 0.906; 95% CI: 0.768-0.957, respectively), and ADC
(ICC, 0.905; 95% CI: 0.776-0.958 and ICC, 0.934; 95%
CI: 0.144-0.983, respectively).

Discussion

Our outcomes reveal that combining the GRASP technique
with established DWI in a dual-parameter approach yields
a superior diagnostic capability for poorly differentiated
RCs compared to the traditional single-parameter DWI-
based evaluation. Notably, in contrast with well-moderately
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differentiated RCs, Ktrans and Kep were significantly
greater in poorly differentiated RCs.

The differentiation grade of RCs is a factor influencing
the prognosis (30). In our investigation, the ADC of poorly
differentiated RCs was significantly reduced compared with
well-moderately differentiated RCs (P<0.001), which was in
line with prior research (31-34). Poorly differentiated cancer
cells exhibit immature morphology and lack of function
and therefore are typically higher in malignant potential
compared to well or moderately differentiated tumors
which are functionally and morphologically closer to the
normal cell structure. Poorly differentiated cancer cells have
a higher tendency to proliferate, infiltrate, and metastasize
which makes their management more challenging.
Furthermore, owing to their elevated proliferation rate, the
ratio of nucleoplasm to cytoplasm rises, causing a reduction
in extracellular space and impeding the unhindered
movement of water molecules, culminating in diminished
ADC values (35). The rise in the proportion of nucleus
to cell density per unit volume resulted in a reduction of
the distance of extracellular space and hindered the free
diffusion of water molecules, ultimately causing a lessening
in the ADC value (32). However, Tang et al. (36) reported
no substantial variation in ADC values between diverse
pathologic differentiation degrees in RC. This may be due
to the different methodology employed to outline the ADC
values.

Ktrans is a metric that quantifies the permeability of
capillaries and the perfusion of blood in tissues, as well as
the efficacy of contrast agents in traversing from blood
vessels to the interstitial space. The existence of a greater
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Table 4 Performance of models for prediction of poor differentiated
rectal cancer

Performance of models TWIST (n=81) GRASP (n=98)

Performance of single-parameter models

ADC (107° mm?/s)

Accuracy (%) 80 (n=65) 73 (n=72)
AUC 0.93+0.03 0.89+0.03
Ktrans (min™)
Accuracy (%) 84 (n=68) 54 (n=53)
AUC 0.81+0.06 0.77+0.05
Kep (min™)
Accuracy (%) 72 (n=58) 64 (n=63)
AUC 0.74+0.07 0.73+0.05
Performance of dual-parameter models
ADC with Ktrans
Accuracy (%) 86 (n=70) 90 (n=88)
AUC 0.93+0.04 0.97+0.02
ADC with Kep
Accuracy (%) 93 (n=75) 93 (n=91)
AUC 0.93+0.03 0.97+0.02
P value
ADC vs. ADC with Ktrans 0.955 0.005
ADC vs. ADC with Kep 0.981 0.003

AUC are presented as mean + standard error. Perfusion
parameters derived from TWIST and GRASP MRI study
participant groups are shown. P<0.025 was considered
to indicate statistical significance. TWIST, time-resolved
angiography with interleaved stochastic trajectories; GRASP,
golden-angle radial sparse parallel; ADC, apparent diffusion
coefficient; AUC, area under the curve; Ktrans, influx forward
volume transfer constant, Kep, rate constant.

number of capillaries in the presence of cancer results in
an elevated Ktrans value (37). Similarly, an elevated Kep
value indicates an increased blood supply to the vasculature.
Consequently, an increase in Kep indicates a greater leakage
of contrast medium. Moreover, Kep is exclusively influenced
by the contrast concentration and fractional volumes within
the Extravascular Extracellular Space (EES) of the tumor,
which could potentially provide a more precise assessment
of the cancer’s capillary permeability (38). Our investigation
discovered that Ktrans and Kep of poorly differentiated RCs
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were significantly greater than those of well-moderately
differentiated RCs (P<0.001), which was along with earlier
investigations (39,40). The tumors with higher degree of
malignancy such as poorly differentiated RCs have impaired
or increased capillary permeability which explains the
results obtained in our and other studies (39).

Prior research has indicated a robust connection between
quantitative parameters obtained from DCE-MRI and
ADC values with medical and histological grade, response
to neoadjuvant CRT, and predictive variables for diverse
cancers (12-14). It is important to note, however, that
conventional DCE-MRI has some limitations. Initially, it
should be noted that the temporal resolution is estimated
to be within the range of 5 to 18 seconds per phase.
Subsequently, the acquisition process necessitates breath
holds, which could potentially pose difficulties for certain
patients and constrain the dynamic imaging’s spatial and
temporal resolution and volumetric coverage (41-45). This
study utilized GRASP radial acquisition, which improved
spatial and temporal resolutions over TWIST. According to
previous studies (46,47), greater temporal resolution leads
to enhanced precision of semi-quantitative and quantitative
parameters acquired during DCE imaging. In addition
to the findings mentioned above, it is worth noting that
interobserver agreement was excellent for all measured
parameters in both the TWIST and GRASP groups. These
results indicate that the measurements obtained from the
two different techniques were consistent and reliable, and
the observers were consistent in interpreting the images.

As reported by Winkel ez al. (15), GRASP can enhance the
diagnostic efficacy of multiparametric MRI investigations of
the prostate when both diffusion characteristics and perfusion
characteristics are considered in the dual-parameter model.
It was reported by Ao ez al. (45) that the values of Ktrans
and ADC served as separate markers for extramural venous
invasion in RCs. Ma et al. (48) reported ADC value did not
demonstrate statistical significance in identifying different
kinds of RC. Based on the investigation by Oberholzer
et al. (10), to evaluate cancer features connected with
chemoradiation effectiveness prior to management start, MR
perfusion may function as a complementary marker to the
values of ADC. Our approach was inspired by the research
performed by Winkel et 4/. (15), which used identical
methods to evaluate prostate cancer with poor differentiation.
However, we adopted this approach for the evaluation of
RCs using GRASP instead of TWIST to enhance temporal
resolution and reduce motion artifacts. The outcomes of this
investigation indicate that the utilization of dual parameter
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Figure 4 Quantitative assessment of combined diffusion MRI and dynamic contrast agent-enhanced MRI. Scatterplots display the data

pairs of ADCs with Ktrans and ADC with Kep values. Horizontal and vertical lines represent the dual-parameter cutoff levels. TWIST,

time-resolved angiography with interleaved stochastic trajectories; GRASP, golden-angle radial sparse parallel; ADC, apparent diffusion
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examinations, which integrate values of ADC with either
Ktrans or Kep obtained from the GRASP imaging technique,
yielded a more accurate identification of poorly differentiated
RCs compared to the single factor analysis of ADC. In terms
of the accuracy of tumor detection, GRASP was the only
procedure utilized to detect maps of perfusion. Therefore, it
may be possible to hypothesize that the integrated elevated
temporal and spatial resolution of the described acquisition
methods helps in distinguishing between poorly differentiated
and well-differentiated RCs.

Combining GRASP DCE-MRI with DWT has potential
to improve RC diagnosis and treatment planning, however,
there are some challenges that must be addressed before
adopting this into clinical practice. It is necessary to
standardize the imaging protocol across institutions
to ensure consistent results. Large-scale multi-center
studies are necessary to validate accuracy and establish
generalizability. Well-trained radiologists and clinicians are
also required to interpret complex imaging data.

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

Our study had limitations. Firstly, the investigation
cohort exclusively comprised individuals diagnosed with
RC confirmed through biopsy and surgical procedures.
Subsequent investigations could encompass individuals with
benign rectal injuries or those who underwent radiotherapy
for RC to authenticate the investigation outcomes.
Secondly, the study is a retrospective analysis conducted
within a single institution. Further research is necessary
to ascertain the repeatability of our findings in alternative
healthcare establishments. Thirdly, there may be differences
between the measurements of perfusion parameters between
the TWIST and GRASP groups due to the different field
strengths used in the MR scanners.

Conclusions

The outcomes of our investigation indicate that the
utilization of parameters obtained from GRASP strategies
leads to a significant enhancement in the diagnostic

Quant Imaging Med Surg 2023;13(8):4826-4838 | https://dx.doi.org/10.21037/qims-22-1244
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accuracy of multiparametric MR scans for detecting RCs
with poor differentiation. This improvement was achieved
by integrating a dual-parameter model that incorporates
both diffusion and perfusion features. Conversely, the
TWIST perfusion parameters did not demonstrate this
impact.
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