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AIM: To explore the role of intravoxel incoherent motion (IVIM) magnetic resonance imaging
(MRI) in evaluating DNA mismatch repair (MMR) status of rectal cancers preoperatively.
MATERIALS ANDMETHODS: Seventy-six patients with a diagnosis of rectal cancer confirmed

at endoscopic biopsy were enrolled prospectively and underwent IVIM MRI before surgery.
RESULTS: The perfusion fraction (f) values of MMR proteins (MMRP) positive rectal cancers

were significantly higher than negative cancers. The f values could differentiate MMRP positive
rectal cancers from negative cancers with an area under the curve (AUC) of 0.695. The vascular
endothelial growth factor (VEGF) and vascular endothelial growth factor receptor 2 (VEGFR2)
expression rates of positive MMRP rectal cancers were significantly higher than negative
cancers.
CONCLUSION: This pilot study indicated that the f value derived from IVIM MRI differed

significantly between rectal cancers with different MMRP expression levels, which might be
involved with different VEGF and VEGFR2 expression rates.
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Introduction

Colorectal cancer (CRC) is the fourthmost common cause
of cancer-related death worldwide, and approximately one-
third of CRCs occur in the rectum.1,2 DNA mismatch repair
(MMR) status is one of the most well-established predictive
and prognostic biomarkers in CRCs, and MMR gene abnor-
malities are detected in approximately 15% of all CRCs.3,4

MMR status was traditionally determined through
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immunohistochemical (IHC) staining for the four mismatch
repair proteins (MMRP), MLH1, MSH2, MSH6, and PMS2, or
by microsatellite instability (MSI) testing in resected spec-
imens5; however, neoadjuvant chemoradiotherapy is
becoming more widely used in CRC patients, which has
deleterious effects on MSH6 staining,6e8 and even resected
materials may not contain any residual tumour tissues.9

Hence, it is necessary to acquire the MMR status before
neoadjuvant treatment of rectal cancers. In addition, accu-
rate pre-treatment information of MMR status would
facilitate personalised medicine for those patients. For
instance, if Lynch syndrome is suspected, an extended
resection should be considered to prevent metachronous
cancer formation (endometrial or ovarian cancer, etc.).10

Therefore, biopsy assessment is extensive before any
treatment. Several studies have demonstrated that biopsy
samples are as good as or even superior to the resected
materials in evaluating MMRP expression levels11e13;
however, it was reported that the smaller, more limited size
of biopsy tissues may potentially increase the false-negative
rate of MMR IHC staining.10

Magnetic resonance imaging (MRI) is routinely per-
formed in the preoperative assessment of rectal can-
cers,14e17 where T2-weighted (T2W) and diffusion-
weighted imaging (DWI) play an important role. In partic-
ular, DWI could quantify water molecular diffusion non-
invasively in terms of apparent diffusion coefficient (ADC)
values.18 Previous studies have investigated the correlations
between ADC values and histopathological features of rectal
cancers, yet with inconsistent findings. For instance, Sun
et al. reported different ADC values of rectal cancers at
different T stages,19 while others detected no significant
findings.20,21 Curvo-Semedo et al. reported different mean
tumour ADCs between rectal cancers with and without
lymph node metastasis or between mesorectal fascia-free
and mesorectal fascia-invaded tumours,20 while Akashi
et al. reported no significant findings.21 One possible
explanation for those contradictory conclusions may be that
the ADC value of rectal cancers was influenced by both
thermally driven motion (pure diffusion) and microcircu-
lation blood perfusion.18

Intravoxel incoherent motion (IVIM) MRI, which sepa-
rates pure diffusion from perfusion-related motion of water
molecules,22 provides values for the pure diffusion coeffi-
cient (D), perfusion-related incoherent microcirculation
(D*), and perfusion fraction (f). Currently, there is growing
interest in applying IVIM MRI in the assessment of rectal
cancer response to chemotherapy and lymph node meta-
stasis.23e28 Recently, Surov et al. documented the correla-
tions between IVIM parameters and histopathological
indexes including cell count, nucleic areas, proliferation
index Ki-67, and microvessel density of rectal cancers.29 A
previous study demonstrated that the f value derived from
IVIM MRI might be useful to predict lymphovascular inva-
sion status of rectal cancers preoperatively;30 however, the
association between IVIM parameters and gene and mo-
lecular expression of rectal cancers has not been reported.
Therefore the aim of the present study was to explore the
role of IVIM MRI to preoperatively evaluate the MMR status
of rectal cancers.

Materials and methods

Participants

This prospective study was approved by the ethics
committee of the Institutional Review Board of Nanjing
Drum Tower Hospital, and written informed consent was
obtained from all the patients. All experiments were per-
formed in accordance with relevant guidelines and regula-
tions. From July 2015 to February 2017, a total of 163
patients with a suspected diagnosis of rectal cancer pre-
sented to the hospital. The inclusion criteria were patients
(1) with a diagnosis of rectal cancer confirmed by endo-
scopic biopsy; (2) willing to undergo MRI examination for
preoperative assessment; and (3) absence of any absolute
contraindications to MRI examination, such as cardiac
pacemaker or defibrillator, aneurysm clip, nerve stimulator,
insulin pump, cochlear implant, severe hepatic and renal
dysfunction, or drug allergy. The exclusion criteria were
patients (1) with any local or systemic treatment beforeMRI
examination or surgery (n¼32); (2) without postoperative
histopathological examination due to palliative or aban-
doned surgery (n¼9); (3) tumour with a maximum diam-
eter <5 mm, which was insufficient to contain a region of
interest (ROI) for image analysis (n¼16); (4) poor-quality
MRI images due to motion or magnetic susceptibility arte-
facts (n¼6; Fig 1). Finally, 76 patients (43 men, 33 women;
mean age 60.8�9.3 years; age range, 43e85 years) were
prospectively included in this study (Table 1).

MRI examination

MRI was performed after the patients fasted for 6e8
hours to empty their gastrointestinal tracts. One hundred
and thirty-nine grams of polyethylene glycol electrolyte
powder compound (139 g in 2000 ml water; Jiangxi Hyge-
con Drug Research Institute Company Limited, Shangrao,
China) was taken orally 5 hours before theMRI examination
for those patients able to take laxatives (n¼51), and the
administration of an enema was undertaken 2 hours prior
to the MRI examination for those patients with bowel
obstruction (n¼25), for purpose of reducing artefacts
induced by gas and faeces within the rectum.

All patients were scanned in the head-first supine posi-
tion using a 3 T MRI system (Ingenia, Philips Medical Sys-
tems, Best, the Netherlands) with a dStream Torso coil. The
field of viewwas set from the superior border of ilium to the
lower margin of the pubic bone. MRI sequences included
sagittal T2-weighted imaging (repetition time [TR]¼
1,700e5,000 ms, echo time (TE)¼100 ms, matrix
size¼480�354, field of view¼24�24 cm2, section
thickness¼4 mm, intersection gap¼1 mm, and number of
signals averaged (NSA)¼2), axial T2-weighted imaging
(TR¼1,700e5,000 ms, TE¼100 ms, matrix size¼480�300,
field of view¼24�15.9 cm2, section thickness¼4 mm,



Figure 1 Inclusion and exclusion flowchart of this study.
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intersection gap¼1 mm, and NSA¼2), coronal T2-weighted
imaging (TR¼3,000 ms, TE¼75 ms, matrix size¼300�189,
field of view¼18�12.7 cm2, section thickness¼3 mm,
intersection gap¼1 mm, and NSA¼2), and axial contrast-
enhanced imaging (TR¼3.1 ms, TE¼1.48 ms, matrix
size¼256�194, field of view¼38.2�29.2 cm2, section
thickness¼1.5 mm, intersection gap¼0 mm, and NSA¼1).
The axial IVIM sequence used 12 b-values (0, 25, 50, 75, 100,
150, 200, 400, 600, 800, 1,000, 1,200 s/mm2) with a single-
shot echo-planar imaging sequence (TR¼6,000 ms, TE¼59
ms, matrix size¼80�143, field of view¼30�15.9 cm2, sec-
tion thickness¼4mm, intersection gap¼1mm, and NSA¼2).
The total scanning time was approximately 20 minutes. The
mean interval (mean values � standard deviation) between
Table 1
Clinicopathological characteristics of 76 patients with rectal cancers.

Characteristic Group n Percentage (%)

Age � 60 years 46 60.5
< 60 years 30 39.5

Gender Male 43 56.6
Female 33 43.4

Carcinoembryonic
antigen

� 5 ng/ml 42 55.3
< 5 ng/ml 34 44.7

Cancer antigen 19-9 � 37 u/ml 23 30.3
< 37 u/ml 53 69.7

Pathological type Adenocarcinoma 76 100
Mucinous
adenocarcinoma

0 0

Differentiation degree Poor 2 2.6
Poor-moderate 10 13.2
Moderate 58 76.3
Moderate-well 3 3.9
Well 3 3.9

pT T1 4 5.3
T2 20 26.3
T3 52 68.4
T4 0 0

pN N0 32 42.1
N1 20 26.3
N2 24 31.6

cM M0 72 94.7
M1 4 5.3

Overall stage I 11 14.5
II 20 26.3
III 40 52.6
IV 5 6.6
MRI examination and surgery was 3�0.4 days (range, 1e6
days).

Image analyses

All MRI images were analysed by two radiologists (C.C.Y.,
and S.L.L., with 7 and 2 years of experience in gastrointestinal
radiology, respectively) independently, who were blinded
to the endoscopic and surgical pathological findings.

The IVIM data were evaluated using the DWI-Tool
developed by Philips (IDL 6.3, ITT Visual Information Solu-
tions, Boulder, CO, USA) to generate ADC, D, f, and D* maps,
which used the robust nonlinear least-squares curve fittings
based on the LevenbergeMarquardt algorithm. ADC values
were obtained with 12 b-values from mono-exponential fit
to the equation: S¼S0�exp(eb�ADC), in which S0 is the
signal without diffusion weighting and S is the signal with
diffusion weighting. A bi-exponential model was applied to
calculate D, f, and D* values with the following function: SI/
SI0¼(1ef)�exp(eb�D) þ f�exp(eb�D*), where SI repre-
sents the signal intensity at a certain b-value and SI0 rep-
resents the signal intensity at a b-value of 0 s/mm2.

Compared with normal rectum wall, the rectal cancer
appeared as a mass with iso- or slightly hyperintensity on
T2-weighted images, hyperintensity on IVIM MRI images
and isointensity on T1-weighted images, with remarkable
enhancement on contrast enhanced sequence. By reference
to other MRI sequences, three axial IVIM images (b¼1,000 s/
mm2) which displayed the largest area of the tumour were
selected. The ROIs were manually drawn within the solid
part of the mass as large as possible (mean: 63.6�4.5 mm2;
range, 48.5e81.8 mm2) carefully excluding necrotic and
cystic areas as well as haemorrhage. The ROIs were auto-
matically copied to the ADC, D, f, and D* maps and the mean
value of each ROI were acquired. The average value of the
three sections and mean values of the two radiologists were
calculated as the final results for statistical analyses (Figs 2
and 3).

Surgical pathological analysis

Forty-five patients underwent anterior resection, while
22 patients received abdominoperineal resection, and nine
patients underwent Hartmann resection. Each patient had



Figure 2 A 77-year-old man with rectal cancer histopathologically diagnosed as stage T2 N1c cM0. (a) Axial T2-weighted MRI image shows a
mass in the rectal wall. (b) The corresponding ADC, (c) pure diffusion coefficient D, (d) perfusion related fraction f; and (e) pseudo-diffusion
coefficient D* maps show that this lesion has an ADC value of 0.918�10�3 mm2/s, a D value of 0.710�10�3 mm2/s, a f value of 0.186 and a
D* value of 17.170�10�3 mm2/s, respectively. (f) Photomicrograph (Immunohistochemical staining, 200�) shows an adenocarcinoma with high
expression levels of MMRP.
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one lesion identified. Histopathological analysis of the
resected specimens was performed by the pathologist
(W.Y.G., with 7 years of experience in gastrointestinal pa-
thology), who was blinded to the MRI findings.

A series of formalin-fixed, paraffin-embedded tissues
from those patients enrolled in the study were analysed
using immunohistochemistry for the four MMRP (MLH1,
MSH2, MSH6, and PMS2), Ki67, epidermal growth factor
receptor (EGFR), VEGF, and VEGFR2 expression. After
hybridisation and antigen retrieval, the sections were
stained with mouse anti-human MLH-1 antibody (clone
ES05; Leica, Newcastle, UK), mouse anti-human MSH-2
antibody (clone 25D12; GeneTex, Irvine, CA, USA), rabbit
anti-human MSH-6 antibody (clone EP49; Epitomics, Bur-
lingame, CA, USA), rabbit anti-human PMS2 antibody (clone
EP51; Epitomics, Burlingame, CA, USA), monoclonal mouse
anti-human Ki-67 antibody (clone UMAB107; OriGene,
Rockwell, MD, USA), monoclonal mouse anti-human EGFR
antibody (clone UMAB96; OriGene, Rockwell, MD, USA),
polyclonal rabbit anti-human VEGF antibody (Dako,
Copenhagen, Denmark), and polyclonal rabbit anti-human
VEGFR2 antibody (Spring Bioscience, Pleasanton, CA, USA)
at 37�C for 60 minutes. Then the sections were visualised
using EnVision FLEX, High pH (K8001, Dako, Copenhagen,
Denmark) 3, 30-diaminobenzidine (DAB) and subsequently
counterstained with haematoxylin.

In the present study, MMRP were described as negative
for absent or <10% nuclear staining, and positive for �10%
nuclear staining.31,32 Low proliferation index was considered
as Ki-67 �40%, and high proliferation index was regarded as
Ki-67 >40%.33 EGFR, VEGF, and VEGFR2 expression was
determined by assessing the percentage of tumour cells with
membrane staining and staining intensity: 0, no staining; I,
weak staining and/or staining in <10% of tumour cells; II,
distinct staining and/or staining in 10e50% of cells; III, strong
staining and/or staining in >50% of cells.

MSI was analysed using polymerase chain reaction (PCR)
amplification of microsatellite foci, in which the reagents
were from Shanghai Yuanqi Bio-Pharmaceutical Company,
China. Samples with instability in two or more of these
markers were defined as MSI-H, whereas those with one
unstable marker were designated as MSI-L. Samples with
no detectable alterations were defined as MSS.

When grouping in the present study, MMRP expression
levels were classified as negative for <10% nuclear staining,
and positive for �10% nuclear staining. Ki-67 was regarded
as negative for �40% stained cells, and positive for >40%
stained cells. Concerning EGFR, VEGF, and VEGFR2 expres-
sion, cases with score 0 were considered as negative while
the remaining cases were considered as positive.

Statistical analyses

The KolmogoroveSmirnov test was conducted to test
that whether the quantitative values of this study followed
a normal distribution. Continuous variables were expressed



Figure 3 A 55-year-old woman with rectal cancer histopathologically diagnosed as stage T1 N0 cM0. (a) Axial T2-weighted MRI image shows
two masses in the rectal wall. (b) The corresponding ADC, (c) pure diffusion coefficient D, (d) perfusion related fraction f; and (e) pseudo
diffusion coefficient D* maps show that these two lesions have an average ADC value of 0.922�10�3 mm2/s, a D value of 0.711�10�3 mm2/s, a f
value of 0.188 and a D* value of 17.392�10�3 mm2/s, respectively. (f) Photomicrograph (Immunohistochemical staining, 200 �) shows two
adenocarcinomas with low expression levels of mismatch repair proteins (MMRP).

Table 2
Intravoxel incoherent motion (IVIM) parameters of rectal cancers with
different mismatch repair proteins (MMRP) expression levels.
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as the mean � standard deviation. Analysis of those IVIM
parameters between the two different MMRP expression
levels of rectal cancers was performed using the
ManneWhitney U-test, as its distribution was skewed
(confirmed by the KolmogoroveSmirnov test). Receiver-
operating characteristic (ROC) analysis was performed to
evaluate the diagnostic performance of IVIM parameters in
predicting MMRP expression levels preoperatively. The cut-
off values with the largest Youden index [(sensitivity þ
specificity)e1] were calculated from the ROC curves. Ki-67,
EGFR, VEGF, and VEGFR2 expression were compared be-
tween rectal cancers with different MMRP expression levels
by the chi-square test. The interobserver agreement of IVIM
parameters measurement was evaluated with intraclass
correlation coefficient (ICC): poor (<0.50), moderate
(0.50e0.75), good (0.75e0.90), and excellent (>0.90).34

Statistical analysis was performed with SPSS 18.0 software
(SPSS, Chicago, IL, USA). A value of p<0.05 was considered
statistically significant.
IVIM parameter MMRP (þ) MMRP (�) p-Value

ADC 0.936�0.034 0.934�0.171 0.301
D 0.931�0.110 0.759�0.204 0.675
f 0.189�0.058 0.166�0.023 0.005a

D* 16.435�8.222 23.247�9.352 0.104

MMRP, mismatch repair proteins: negative, <10% nuclear staining; positive,
�10% nuclear staining. The ADC, D and D* values are in units of�10�3 mm2/s.
ap<0.05 with ManneWhitney U-test.
ADC, apparent diffusion coefficient; D, pure diffusion coefficient; f, perfusion
fraction; D*, pseudo-diffusion coefficient.
Results

The IVIM values of rectal cancers with different MMRP
expression levels are listed in Table 2. The f values of MMRP
positive rectal cancers were significantly higher than
negative cancers (p¼0.005). The f values could differentiate
MMRP-positive rectal cancers from negative cancers with
an area under the curve (AUC) of 0.695 (p¼0.005; Table 3,
Fig 4). The VEGF and VEGFR2 expression rates of positive
MMRP rectal cancers were significantly higher than those of
negative MMRP cancers (p¼0.017; Table 4). There was no
difference in the expression of EGFR and Ki67 between
MMRP-positive and -negative rectal cancers. Moreover,
ADC and D values were not significantly different between
the two groups of rectal cancers. Measurements of IVIM
parameters in rectal cancers showed moderate intra- and
interobserver agreement (ICC, 0.611e0.722; Table 5).
Discussion

IVIM MRI was successfully applied to evaluate rectal
cancers with different MMRP expression levels. The DNA



Table 3
Diagnostic performance of intravoxel incoherent motion parameters in dis-
tinguishing mismatch repair proteins (MMRP) positive rectal cancers from
MMRP negative cancers.

Parameters Cut-off Sensitivity Specificity Accuracy AUC p-Value

ADC 0.997 18.8% 92.9% 65.6% 0.571 0.301
D 0.784 29.2% 92.9% 69.4% 0.529 0.675
f 0.183 52.1% 85.7% 73.3% 0.695 0.005a

D* 21.612 37.5% 89.3% 70.2% 0.612 0.104

The cut-off values of ADC, D and D* are in unit of �10�3 mm2/s.
ap<0.05 with ROC analysis.
ADC, apparent diffusion coefficient; D, pure diffusion coefficient; f, perfusion
fraction; D*, pseudo-diffusion coefficient; AUC, area under the receiver
operating characteristic (ROC) curve.

Table 4
Association between mismatch repair proteins (MMRP) expression levels
and histopathologic indexes.

MMRP expression levels p-Value

Positive Negative

Ki-67 Positive 24 41 1.000
Negative 4 7

EGFR Positive 10 16 0.834
Negative 14 25

VEGF Positive 14 13 0.017z

Negative 7 25
VEGFR2 Positive 14 13 0.017z

Negative 7 25

ap<0.05 with chi-square test.
MMRP, mismatch repair proteins; EGFR, epidermal growth factor receptor;
VEGF, vascular endothelial growth factor; VEGFR2, vascular endothelial
growth factor receptor 2.
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MMR system helps maintain genetic fidelity, and when
defective, genetic errors accumulate, leading to colorectal
tumorigenesis.35,36

In the current study, f values of MMRP-positive rectal
cancers were significantly higher than negative cancers,
which has not been reported previously. The f value corre-
sponds to the vascular volume fraction of the tumour and
represents tumour vascularisation to some extent,37 which
indicated that tumour vascularisation of MMRP-positive
rectal cancers was higher than the negative cancers. The
underlying mechanism might be involved in the signalling
pathways of angiogenesis.

The present results showed that VEGF and VEGFR2
expression rates of positive MMRP rectal cancers were
significantly higher than negative cancers. VEGF is consid-
ered as a potent angiogenic factor stimulator, and VEGF
signalling pathways can regulate endothelial cell
Figure 4 The ROC curve of the perfusion fraction (f) value in dis-
tinguishing MMRP positive rectal cancers from negative cancers
(AUC¼0.695, p¼0.005). The reference line indicates random
assignment.
proliferation, migration, survival, and vascular perme-
ability.38 VEGFR2 is considered the most important
angiogenesis-mediated receptor.39 VEGF and VEGFR2
binding can stimulate tumour angiogenesis.39 Angiogenesis
permits rapid tumour growth and increases the potential
for tumour metastasis.40 Considering the significance of
angiogenesis in tumorigenesis and metastatic processes, it
is speculated that positive MMRP rectal cancers are more
aggressive than negative cancers, and associated with
worse prognosis, which is in accordance with previous
studies.41e44 Klau et al. reported that both histological
parameter microvessel density (MVD) and microvessel area
(MVA, the percentage of total tumour area occupied by
vessels) can be used as histological parameters to charac-
terise vascularisation of tumours andmay therefore be used
as surrogate markers for angiogenesis.45 Given that MVD
could be used as a surrogate marker for angiogenesis, there
are several published reports in the literature that have
investigated the correlation between IVIM-derived perfu-
sion fraction (f) and MVD. Lee et al. found that IVIM-derived
perfusion fraction (f) was positively correlated to MVD in a
colorectal cancer mouse model.46 This correlation has been
demonstrated in human pancreatic tumour patients,47 in
VX2 liver tumours in rabbits,48 in hepatocellular carcinomas
in mouse xenograft tumour models,49 in human gastric
cancers mouse models,50 and in nasopharyngeal carci-
nomas in nude mice51; however, there was no significant
difference in the D* values between MMRP-positive and
-negative rectal cancers. The perfusion-related fast
Table 5
Intra- and interobserver agreements for the measurements of intravoxel
incoherent motion (IVIM) parameters in rectal cancers.

IVIM parameter Intra-observer ICC (95% CI) Interobserver ICC (95% CI)

ADC 0.901 (0.865e0.932) 0.785 (0.523e0.898)
D 0.912 (0.884e0.938) 0.793 (0.589e0.904)
F 0.883 (0.842e0.905) 0.693 (0.512e0.886)
D* 0.856 (0.838e0.886) 0.635 (0.503e0.818)

ADC, apparent diffusion coefficient; D, pure diffusion coefficient; f, perfusion
fraction; D*, pseudo-diffusion coefficient; ICC, intraclass correlation coeffi-
cient; CI, confidential interval.



C. Yan et al. / Clinical Radiology 74 (2019) 814.e21e814.e28 814.e27
diffusion coefficient, D*, was more vulnerable to the signal-
to-noise ratio and may have weak repeatability,52 so
required further confirmation.53e55

In the present study, there was no difference in the
expression of epidermal growth factor receptor (EGFR) and
Ki67 between MMRP-positive and -negative rectal cancers.
The EGFR was the first identified member of the type I re-
ceptor tyrosine kinase family and is a major regulator of
several distinct, diverse cellular pathways.56 Activation of
EGFR leads to downstream signalling, ultimately resulting
in abnormal proliferation of cells.57 Ki67 is a nuclear protein
that is tightly linked to the cell cycle, and is considered to be
a standard marker of tumour proliferation.58,59 This may be
attributed to the fact that EGFR and Ki67 are considered
markers of proliferative activity in tumour cells, which was
not significantly different between MMRP-positive and
-negative rectal cancers. Moreover, ADC and D values were
not significantly different between MMRP-positive rectal
cancers and -negative cancers, which was similar to the
results in endometrial carcinoma from the report of Mina-
miguchi et al.60 The reason might be that ADC and D values
reflected tumour cellularity and proliferation potential,61e64

which was not significantly different between MMRP-
positive and -negative rectal cancers.

The interobserver agreement was much less than intra-
observer agreement, which may be attributed to the dif-
ference between the experience of the two observers. One
observer had 7 years of experience in gastrointestinal
radiology, and the other had 2 years of experience. The
observer with 7 years of experience measured more accu-
rately, but this did not affect the final measurement results.

Some limitations of the present study should be
mentioned. First, it was a pilot study with a relatively small
sample size independent of the authors’ previous study,30

which required more cases to confirm the findings. Sec-
ond, ROIs were drawn manually without rigorous reference
on postoperative specimens due to technique difficulty.
Third, the diagnostic accuracy of f value in predicting MMR
status of rectal cancers was relatively low, which required
improvement in further study. Fourth, it is not known
whether the immunohistochemical results could be applied
to other cohorts, which was a defect of the present study
and requires further investigation.

In conclusion, the f values derived from IVIM MRI
differed significantly between rectal cancers with different
MMRP expression levels, which might be indicative of
different VEGF and VEGFR2 expression rates.
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