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Abstract

OBJECTIVE: To investigate associations between genetic mutations and qualitative as well as
quantitative features on MRI in rectal adenocarcinoma at primary staging.

METHODS: In this retrospective study, patients with rectal adenocarcinoma, genome sequencing,
and pretreatment rectal MRI were included. Statistical analysis was performed to evaluate
associations between qualitative features obtained from subjective evaluation of rectal MRI and
gene mutations as well as between quantitative textural features and gene mutations. For the
qualitative evaluation, Fisher’s Exact test was used to analyze categorical associations and
Wilcoxon Rank Sum test was used for continuous clinical variables. For the quantitative
evaluation, we performed manual segmentation of T2-weighted images for radiomics-based
quantitative image analysis. Thirty-four texture features consisting of first order intensity
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histogram-based features (n=4), second order Haralick textures (n=5), and Gabor-edge based
Haralick textures were computed at two different orientations. Consensus clustering was
performed with 34 computed texture features using the K-means algorithm with Euclidean
distance between the texture features. The clusters resulting from the algorithm were then used to
enumerate the prevalence of gene mutations in those clusters.

RESULTS: In 65 patients, 45 genes were mutated in more than 3/65 patients (5%) and were
included in the statistical analysis. Regarding qualitative imaging features, on univariate analysis,
tumor location was significantly associated with APC (p=0.032) and RASAI mutation (p=0.032);
CRM status was significantly associated with A7A/ mutation (p=0.021); and lymph node
metastasis was significantly associated with BRCAZ (p=0.046) mutation. However, these
associations were not significant after adjusting for multiple comparisons. Regarding quantitative
imaging features, Cluster C1 had tumors with higher mean Gabor edge intensity compared with
cluster C2 (6=0°, p=0.018; 6=45°, p=0.047; 6=90°, p=0.037; cluster C3 (6=0°, p=0.18; 6=45°,
p=0.1; 6=90°, p=0.052), and cluster C4 (6=0°, p=0.016; 6=45°, p=0.033; 6=90°, p=0.014)
suggesting that the cluster C1 had tumors with more distinct edges or heterogeneous appearance
compared with other clusters.

CONCLUSIONS: Although this preliminary study showed promising associations between
quantitative features and genetic mutations, it did not show any correlation between qualitative
features and genetic mutations. Further studies with larger sample size are warranted to validate
our preliminary data.

Keywords
Rectal Neoplasms; Magnetic Resonance Imaging; Genomics; Precision Medicine

INTRODUCTION

Colorectal cancer (CRC) is the third most common cancer worldwide and the second-
leading cause of cancer death. Genetic alterations are common in CRC and are the driving
force of tumorigenesis [1, 2]. Each tumor has unique genetic alterations that may serve to
guide treatment and monitor disease. In rectal cancer, most investigative efforts related to
genetic alterations have focused on the identification of response predictors, given that
neoadjuvant chemoradiation therapy is widely used for locally advanced rectal cancer, and
for the prediction of lymph node metastasis. The preliminary results have been encouraging
and some studies have demonstrated different outcomes depending on the type of mutation.

Rectal magnetic resonance imaging (MRI) plays an important role in local staging and in
identifying risk factors for local and distant recurrence, thus helping to tailor patient
treatment. As the current standard reference for treatment planning is moving towards
genetic level assessment and personalized oncology, additional information obtained from
imaging must be further explored and refined. Considering the high cost and limited
availability of genetic evaluation, the concept of radiogenomics has emerged.
Radiogenomics refers to the relationship between imaging features of a disease and its gene
expression [3, 4].
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Radiogenomics has been evaluated in several types of cancer, including glioblastoma, breast
cancer, non-small cell lung cancer, neuroblastoma, clear cell renal carcinoma, and high-
grade serous carcinoma, with promising results [5-11]. In rectal cancer, Hong et al.
investigated the correlations between parameters of dynamic contrast-enhanced MRI with
molecular prognostic factors, including mutation status of the KRAS oncogene and
microsatellite instability; however, no significant correlation between qualitative imaging
parameters and KRAS mutation or microsatellite instability was found [12]. Radiogenomics
is not equivalent to radiomics. Quantitative texture analyses referred to as radiomics aims to
extract large amounts of quantitative radiological data from imaging (texture features), using
data characterization algorithms to obtain predictive or prognostic information [13].
Radiomics can be used to predict genetic signatures of tumors [14]. To the best of our
knowledge, there is no previous study in the literature that exploits radiogenomics in rectal
cancer based on the evaluation of qualitative diagnostic and quantitative texture imaging
features on rectal MRI.

In this context, the purpose of this study is to investigate possible associations between
genetic mutations and rectal MRI qualitative diagnostic imaging features and radiomics-
based quantitative texture features in patients with rectal adenocarcinoma at primary staging.

MATERIALS AND METHODS

Study population

The institutional review board approved this retrospective study, which was compliant with
the Health Insurance Portability and Accountability Act, and waived the requirement for
informed consent. We searched our retrospectively maintained database for consecutive
patients who underwent rectal biopsy with a diagnosis of adenocarcinoma at our institution
from January 2009 to March 2016. The inclusion criteria were patients with rectal
adenocarcinoma, genetic analysis, and pretreatment (baseline) rectal MRI. The exclusion
criteria were (a) patients without baseline rectal MRI, (b) recurrent disease, (c) patients with
colon cancer, (d) no visible tumor on MRI, and (e) poor image quality. Patient accrual for
this study is summarized in Figure 1.

Histopathologic analyses

All histopathologic analyses were performed by specialized gastrointestinal pathologists
with at least 10 years of experience, and pathologic results were reported in a standardized
manner. We performed a retrospective chart review of pathologic results and no additional
pathologic analysis was done for our study.

MR imaging protocol

MRI scans were acquired on either a GE Healthcare System 1.5T or 3.0T platform (GE
Discovery MR750, GE Optima MR450w, GE Signa EXCITE, GE Signa HDxt, and GE
Signa HDxt; GE Healthcare, Waukesha, WI) using a phase-array coil. The minimum
sequence required was high spatial resolution axial oblique T2-weighted image (WI1)
through the tumor. Diffusion weighted imaging (DWI) and dynamic contrast-enhanced
(DCE) were used when available. The oblique axial T2WI sequence was obtained
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perpendicular to the long axis of the rectal tumor. MR imaging parameters at our institution
are summarized in Table 1. Rectal MRI scans were included if fulfilled the minimum
standards agreed upon by the investigators. The minimum standards were the presence of
high spatial resolution axial oblique T2W!I through the tumor with a slice thickness of 3 mm
and an FOV of 180 mm.

Selected gene sequencing and identification of mutations

Genomic profiling was performed using a sequencing-based molecular profiling platform
employing solution-phase exon capture and massively parallel next-generation sequencing
developed at MSK (MSK-IMPACT) [15]. This platform included all exons and selected
introns of 410 oncogenes and tumor suppressor genes. Several samples were sequenced with
an earlier version of the assay that sequenced the exomes of 341 genes, and the rest were
sequenced via the 410-gene panel. Mutation calling and copy number aberrations were
called according to the standard assay pipeline.

Qualitative MRI evaluation

Qualitative MRI data for our study replicated the standardized reports for rectal MRI at our
institution which we used in our everyday clinical practice. An abdominal radiologist with 5
years of experience in rectal MRI reviewed all the MRI images and assessed the following
qualitative imaging features: (a) tumor location, (b) tumor length, (c) depth of infiltration
beyond muscularis propria, (d) mucin content, (e) circumferential resection margin status, (f)
presence of extramural vascular invasion, (g) diffusion weighted imaging restriction, (h)
early perfusion on dynamic contrast-enhanced imaging, and (i) presence of suspicious
lymph nodes (Figure 2). The imaging features were then compared with those described in
the standardized report, and disagreements were resolved by a second radiologist with 9
years of experience in rectal MRI.

The tumor location was defined as low (0-5 cm from anal verge), middle (5.1-10 cm from
anal verge), or high (10.1-15 cm from anal verge) [16]. Mucin content was deemed present
if tumor contained high signal intensity on T2WI. CRM was obtained by measuring the
shortest distance between the outermost part of the tumor beyond the muscularis propria and
the mesorectal fascia. Extramural vascular invasion was defined as the presence of (a) vessel
wall expansion or irregularity, (b) loss of normal vascular flow void, and (c) intraluminal
intermediate signal intensity of the tumor within a vessel continuous with the tumor. For
nodal evaluation, we used size and morphological criteria to determine if a node was
suspicious for malignancy. The morphological criteria were irregular borders, heterogeneous
signal intensity, and round shape. If the node measured <5 mm in short axis, we deemed it as
suspicious if three morphological criteria were present; if the node measured between 5 and
8 mm, we deemed it as suspicious if two morphological criteria were present; and if the
node measured >9 mm, we considered it suspicious based on size alone [17].

Quantitative MR texture analysis

Image segmentation—Two abdominal radiologists (N.H. and M.C.F.P.T.J.) with 5 and 3
years of experience in rectal MRI, respectively, reviewed all images and reached a consensus
on the tumor location. One of the radiologists (M.C.F.P.T.J.) then manually segmented the
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tumor in all slices on the high spatial resolution axial oblique T2WI using a free open-source
software package (ITK-SNAP, version 3.4.0; http://itksnap.org), to provide the volume of
interest of the tumor for radiomics-based quantitative image analysis.

Quantitative texture analyses—Thirty-four texture features consisting of first order
intensity histogram-based features (n=4), second order Haralick textures (n=5), and Gabor-
edge based Haralick textures were computed at two different orientations as in Horvat et al
[18]. The texture features were then used to compute clusters that separated the patients by
their texture features using consensus clustering.

Gabor filters are edge detectors that detect edges at specific orientations (or angles) and
scales (or pixel width). A Gabor filter is composed of a Gaussian envelope function
superimposed on a sinusoidal wave. This approach of edge detection is particularly well
suited for texture representation and discrimination [19].

Consensus clustering is a technique to automatically extract the appropriate number of
clusters that would lead to stable partitioning of the data regardless of random perturbations
in the data samples [20]. Concretely, consensus clustering tries to extract clusters that are
produced stably regardless of how the data is partitioned by computing an ensemble of
clustering using multiple partitions of the data. The central idea of the technique is that if
sub-populations of data are representative of the whole data, then samples drawn through
random bootstrap resamples of the data should produce the same set of clusters. Therefore,
stable clusters are generated by extracting multiple sets of clusters through bootstrapping (or
resampling of the data) across multiple runs from which an agreement or consensus matrix
is computed. The consensus matrix is an NxN (where N is the number of data samples) that
records the number of times a pair of samples occur in the same cluster divided by the
number of times those two samples were selected together in a bootstrapping run. A perfect
consensus cluster should lead to a block diagonal consensus matrix with ones for sample
pairs that always co-occur in the clusters and zeros for sample pairs that will never co-occur
in a cluster. Any clustering method such as agglomerative or K-means clustering can be
applied to the consensus matrix to extract the individual clusters.

Statistical analysis

Patient characteristics were summarized using medians and ranges for continuous variables
and frequencies and percent for categorical variables. Our study comprised 65 patients tested
for somatic mutations across 241 genes. Of the 241 genes, 196 genes were mutated in fewer
than 3/65 (5%) patients; these genes were not included in the statistical analysis for this
study. The remaining 45 genes were mutated in more than 3/65 (>5%) patients and were
included in the statistical analysis to evaluate their association with clinical characteristics
with respect to their mutation status (wild type vs mutant) as well as with qualitative features
obtained from subjective evaluation of rectal MRI and quantitative textural features. Fisher’s
Exact test was used to analyze categorical associations and Wilcoxon Rank Sum test was
used for continuous clinical variables. The False Discovery Rate method was used to correct
for Type 1 error when conducting statistical tests for multiple genes. A Pvalue of >0.05 was
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considered statistically significant. For the quantitative evaluation, we used the
ConsensusClusterPlus package available in R.

RESULTS

Patient characteristics

Among the 65 patients included in our study, there were 38 (58.5%) men and 27 (41.5%)
women. The median age was 57 years (33-88): 57 years in men (38-80), and 56 years in
women (33-88).

Selected gene sequencing and identification of mutations

The median number of gene mutations was 5 (interquartile range: 4-8). The five most
frequent gene mutations were APC (n=57, 87.7%), TP53(n=45, 69.2%), KRAS (n=30,
46.2%), PIK3CA (n=13, 20%), and SOX9(n=12, 18.5%). Table 2 demonstrates the 45 genes
that were included in the statistical analysis.

Qualitative MRI evaluation

The qualitative evaluation was performed in all 65 patients; however, DWI imaging was not
available in 5 patients. The median tumor length was 4.2 cm (range, 1.6-10.3). Patients
tended to have tumor in the middle rectum (31/65, 47.7%), without mucin content (52/65,
80%), with negative CRM (42/65, 64.6%), without extramural vascular invasion (51/65,
78.5%), with DWI restriction (56/60, 93.3%), and with suspicious lymph nodes (34/65,
52.3%). Table 3 summarizes the qualitative rectal MRI imaging features that were assessed.

After comparing the imaging features with mutational profiles, CRM status was associated
with A7TM mutant status (p=0.021, adjusted p=0.715). Tumor location was associated with
APC mutation (p=0.032, adjusted p=0.723) and RASAI mutation (p=0.032, adjusted
p=0.723). Suspicious lymph nodes were associated with and BRCAZ (p=0.046, adjusted
p=1.0) mutation. Furthermore, tumor length in patients with a mutation of FL74was higher
than in patients with wild type FL74 (p=0.049, adjusted p=0.513). However, none of the
associations was significant after adjusting for multiple comparisons (adjusted p>0.05).
Table 4 summarizes the genes that were associated with rectal MRI imaging features.

Quantitative texture analyses

The quantitative evaluation was performed in 59 patients with high spatial resolution T2
images; in 6 cases, there was insufficient tumor coverage. Consensus clustering was
performed using all the computed texture features (n=34) using the K-means algorithm with
Euclidean distance between the texture features. Consensus clustering was evaluated for
clusters ranging from 2-10 and 4 was chosen as the best cluster as it produced the best split
in the data. Distribution of conditional density function (CDF) for those clusters by varying
consensus index were assessed and the most stable CDF across all consensus indices was
K=4 (Figure 3).

The clusters resulting from the algorithm were then used to enumerate the prevalence of
gene mutations in those clusters. The clusters sizes were as follows: C1: 23, C2: 20, C3: 4,
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and C4: 12. Cluster C1 had tumors with higher mean Gabor edge intensity compared with
cluster C2 (6=0°, p =0.018; 8= 45°, p=0.047; 6=90°, p = 0.037), cluster C3 (6=0°,p =
0.18; 6=45°,p=0.1; 6=90°, p=0.052), and cluster C4 (6=0°, p = 0.016; 8= 45°,
p=0.033; &=90°, p = 0.014) suggesting that the cluster C1 had tumors with more distinct
edges or heterogeneous appearance compared with other clusters. In fact, the Gabor
intensities progressively decreased from cluster C1 to C4 (see Supplementary Figure 1). The
heatmap of the mutations is shown in Figure 4. As demonstrated, no significant associations
were detected between the clusters and gene mutations, except for PTPRT (p=0.01);
however, this was not significant after adjusting for multiple comparisons.

DISCUSSION

In our study population, the three most common mutations were APC (87.7%), TP53
(69.2%), and KRAS (46.2%). The frequency of mutations in our study are in line with the
literature regarding the three most common genes involved in the tumorigenesis of CRC [1,
2]. APCis a tumor suppressor gene located on chromosome 521 and its mutation is
responsible for familial adenomatous polyposis and around 85% of sporadic CRC [21].
TP53is a tumor suppressor gene that regulates apoptosis, and nearly 50% of all CRC
demonstrate 7P53 mutation with frequencies are even higher in distal colon and rectal
cancers [22]. The RAS family (HRAS, KRAS, and NRAS) is important in the control of cell
proliferation, and KRAS is present in up to 50% of CRC [23].

Rectal cancer biology has evolved over the last decade as gene mutations and protein
expression have been demonstrated to correlate with clinical outcome, e.g., chemoradiation
therapy response and lymph node metastases. Patients with locally advanced rectal cancer
who have KRAS and combined KRASI TP53 mutations have been shown to have decreased
response to neoadjuvant therapy [24]. Wild type 7P53 has been associated with pathological
complete response and good response to chemoradiation therapy [25]. The investigation of
individual associations between diagnostic imaging features and mutations is considered the
critical first step of radiogenomics of rectal cancer. Chen et al. showed in their study with
PETCT that patients with KRAS mutation had different PET-CT imaging aspects. Another
study investigated the correlations between parameters of dynamic contrast-enhanced MRI
with molecular prognostic factors, including mutation status of the KRAS oncogene and
microsatellite instability; however, no significant correlations were found between
qualitative imaging parameters and KRAS mutation or microsatellite instability [12]. In our
study, patients with positive CRM showed a higher frequency of ATM mutation, patients
with negative lymph node showed a higher frequency BRCAZ mutation, the length of tumor
was associated with £L74 mutation, and tumor location was associated with APC and
RASAI mutations. Although we found associations in this pilot study between qualitative
diagnostic MRI imaging features and genetic mutations, after statistical adjustments for
multiple comparisons, no significant correlation was maintained. We believe this could be
due to the small sample size and further studies with larger datasets are needed to evaluate
radiogenomics in rectal cancer. This study was primarily executed as a preliminary,
discovery-phase pilot analysis of radiogenomics MRI associations in rectal cancer.
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Promising associations were observed when quantitative features were correlated with
genetic mutations. For example, unsupervised clustering of MRI radiomic features of tumor
heterogeneity showed that the cluster with least heterogeneity (texture entropy) was
associated with protein tyrosine phosphatase T (P7PRT); however, this was not significant
after adjusting for multiple comparisons. In addition, cluster C1 had tumors with higher
mean Gabor edge intensity compared with cluster C2, suggesting that the cluster C1 had
tumors with more distinct edges or heterogeneous appearance compared with that of other
clusters. Higher values of Gabor edges that quantify the edges in images indicate larger
heterogeneity within the tumors. However, these results are preliminary and analysis on
larger cohorts is necessary for validation. Radiomics extracts large amounts of quantitative
data from imaging and may complement visual assessment, may reflect information related
to tumor heterogeneity and microenvironment, and is less susceptible to intra and
interobserver variability [26]. Therefore, radiomics might detect differences beyond the
capability of human vision. In the new era of precision medicine, knowing the genetic
profile of the rectal adenocarcinoma in advance based on imaging modalities may guide the
multidisciplinary team in choosing the best treatment for the patient [27], without adding the
cost of genetic analysis and potentially improving patient outcomes [28, 29].

Our pilot study had limitations. First, we had a small sample size of patients with both
primary rectal MRI and genetic analysis. We might have introduced selection bias by not
including patients without rectal MRI and/or genetic analyses. Given the small sample size
of our population, we did not evaluate the possible differences in textural features between
scans performed on 1.5T and 3T units; however, we addressed that issue in a previous study
and no statistically significant difference were detected among the textural features obtained
from 1.5T and 3T MRI units [30]. Second, the image segmentation and qualitative
assessment were done after consensus; therefore, inter reader agreement was not evaluated.
Third, the volume of interest of the tumor was manually obtained, which is a time-
consuming process. It is vital to develop a robust user-friendly tool that requires minimal
operator input to encourage the use of radiomic measures in daily clinical practice. Finally,
we did not perform external validation of our results; thus, generalization is limited. Further
studies are therefore needed to overcome these limitations and to provide a better, more
comprehensive evaluation of radiogenomics in rectal cancer. Furthermore, studies using
textural features obtained from other sequences besides T2WI, such as DWI and dynamic
contrast-enhanced imaging techniques, may be explored in future. However, as there is no
consensus regarding these sequences in the literature and among different institutions, it may
be difficult to obtain large datasets.

In conclusion, this preliminary study showed no significant associations between qualitative
MRI imaging features and genetic mutations after adjusting for multiple comparisons.
However, promising correlations were observed between quantitative radiomic-based texture
features and genetic mutations. Further studies with larger sample size are warranted for
additional evaluation and to validate our preliminary data.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS
Tumor location was associated with APC and RASAL mutation
Circumferential resection margin status was associated with ATM mutation
Lymph node metastasis was associated with BRCA2 mutation

These correlations were not significant after adjusting for multiple
comparisons

PTPRT was enriched in radiomic cluster C4
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Patients who underwent rectal biopsy on which the diagnosis was
adenocarcinoma from January 2009 to March 2016

n=444
— Patients without genetic analysis n=319
A4
Patients with genetic analysis
n=125
Patients without baseline MRI n=49
> Recurrent disease n=4
Patients with colon cancer n=4
No visible tumor on MRI n=1
v
Patients with rectal adenocarcinoma and rectal MRI for primary
staging n=67
— Poor image quality n=2
v

Included patients for qualitative evaluation
n=65

—> | Insufficient tumor coverage on high resolution T2 n=6

.
Included patients for quantitative evaluation
n=59

Figure 1.
Flowchart demonstrating patient accrual.
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Figure 2.
Magnetic resonance imaging (MRI) qualitative features evaluated in this study.

Nonmucinous tumor (a); mucinous tumor (b); positive circumferential resection margin, due
to infiltration of mesorectal fascia (arrow, c); positive mesorectal lymph nodes, one
measuring > 9 mm (dashed arrow, d) and the other measuring 7 mm and with round shape
and irregular signal intensity (arrowhead, d); restriction on diffusion weighted imaging
(asterisk, E); and extramural vascular invasion (curved arrow, f).
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Figure 3.

Consensus clustering results using K=4 (a). Distribution of conditional density function
(CDF) for the various clusters by varying consensus index. At K=4, the CDF is most stable
across all consensus indices (b).
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Heatmap of mutations. Rows demonstrate the genes, columns the samples and black stripe
means a mutation was seen for a sample for that particular gene. Light blue bar shows
cluster 1, dark green cluster 2, dark blue cluster 3, and light green cluster 4.
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MR imaging parameters at our institution.

Table 1.

Parameter Seq TR/TE (ms) Matrix l(:OV) ST/SG (mm) | BW (kHz)/ FA | bValue (ssmm2)
mm

ObliqueT2WI

15T FSE 4000-6000/120 | 320x224 | 180 31 31/160 -

3.0T 4000-6000/120 | 320x320 | 180 31 41/110 -

DwWiI

15T DWI 6000/minimum | 128x128 | 240 5/1 250/90 0,800

3.0T 6000/minimum | 128x128 | 240 5/1 250/90 0,800

DCE

15T 3D FSPGR | minimum 256x160 | 240 5/0 62/12 -

3.0T minimum 256x160 | 240 5/0 62/12 -

Page 20

BW, bandwidth; TE, echo time; FA, flip angle; FOV, field of view; FSE, fast spin echo; FSPGR, fast spoiled gradient echo; TR, repetition time;
Seq, sequence; SG, section gap; ST, slice thickness; T2WI, T2-weighted image.
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Table 2.

List of genes in our population.

Wild Type (n%) Mutation (n%)

APC
TP53
KRAS
FBXW7
PIK3CA
SOX9
AR
AMER1
PTPRT
NRAS
ARIDI1A
MLL2
FAT1
ERBB3
cc
ATM
PTPRS
MLL3
FLT4
ROS1
BRCA2
ASXL2
KDR
NSD1
RECQL4
RNF43
NCOR1
SOX17
LATS2
NOTCH1
MLH1
SPEN
PTCH1
PBRM1
REL
RASAL
EPHA3
EPHB1
BRD4

8 (12.31)
20 (30.77)
35 (53.85)
54 (83.08)
52 (80)

53 (81.54)
54 (83.08)
61 (93.85)
60 (92.31)
62 (95.38
60 (92.31)
62 (95.38)
59 (90.77)
59 (90.77)
60 (92.31)
60 (92.31)
61 (93.85)
60 (92.31)
62 (95.38)
61 (93.85)
61 (93.85)
60 (92.31)
62 (95.38)
61 (93.85)
62 (95.38)
61 (93.85)
62 (95.38)
60 (92.31)
62 (95.38)
62 (95.38)
61 (93.85)
62 (95.38)
62 (95.38)
62 (95.38)
62 (95.38)
62 (95.38)
62 (95.38)
62 (95.38)
62 (95.38)

57 (87.69)
45 (69.23)
30 (46.15)
11 (16.92)
13 (20)
12 (18.46)
11 (16.92)
4 (6.15)
5 (7.69)
3(4.62)
5 (7.69)
3(4.62)
6(9.23)
6(9.23)
5 (7.69)
5 (7.69)
4 (6.15)
5 (7.69)
3(4.62)
4 (6.15)
4 (6.15)
5 (7.69)
3(4.62)
4 (6.15)
3(4.62)
4 (6.15)
3(4.62)
5 (7.69)
3(4.62)
3(4.62)
4 (6.15)
3(4.62)
3(4.62)
3(4.62)
3(4.62)
3(4.62)
3(4.62)
3(4.62)
3(4.62)
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Wild Type (n%) Mutation (n%)
RBM10 62 (95.38) 3(4.62)
DNMT1 62 (95.38) 3(4.62)
RET 62 (95.38) 3(4.62)
PAK7 62 (95.38) 3(4.62)
TSC1 62 (95.38) 3(4.62)
KDM5C 62 (95.38) 3(4.62)
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Table 3.

Imaging features on rectal MRI.

Imaging Features

Tumor Localization Lower Middle Upper

n (%) 16 (24.62) 31(47.69) 18 (27.69)

Tumor Length (cm)

median (range) 4.2 (1.6-10.3)

Mucin Content No Yes

n (%) 52 (80) 13 (20)

CRM distance (mm)

Median (range) 7 (0-27)

CRM status Negative Positive NA

n (%) 42 (64.62) 17 (26.15) 6 (9.23)

Extramural vascular invasion ~ Absent Present

n (%) 51 (78.46) 14 (21.54)

DWI restriction No Yes NA

n (%) 4 (6.15) 56 (86.15) 5 (7.69)

Early perfusion on DCE No Yes NA

n (%) 15 (23.08) 42 (64.62) 8(12.3)

Metastatic lymph nodes No Yes

n (%) 31 (47.69) 34 (52.31)

CRM, circumferential resection margin; DCE, dynamic contrast-enhances; DWI, diffusion weighted imaging
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Table 4.

Genes that were associated with rectal MRI imaging features.
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P VALUE (UNADJUSTED) P VALUE (ADJUSTED)
TUMOR LOCATION
Lower (n=16) Middle (n=31) Upper (n=18)
APC 0.032 0.723
WILD TYPE 5 (31%) 2 (6%) 1 (6%)
MUTATED 11 (69%) 29 (94%) 17 (94%)
RASA1 0.032 0.723
WILD TYPE 16 (100%) 31 (100%) 15 (83%)
MUTATED 0 (0%) 0 (0%) 3 (17%)
CRM STATUS
Negative (n=42) Positive (n=17) Not applicable (n=6)
ATM 0.021 0.715
WILD TYPE 41 (98%) 13 (76%) 6 (100%)
MUTATED 1 (2%) 4 (24%) 0 (0%)
METASTATIC LYMPH NODES
Negative (n=31) Positive (n=34)
BRCA2 0.046 1
WILD TYPE 27 (87%) 34 (100%)
MUTATED 4 (13%) 0 (0%)
TUMOR LENGTH
Number Median (IQR) cm 0.049 0.513
FLT4
WILD TYPE 62 4.2 (1.6-10.3)
MUTATED 3 6.3 (6.2-6.3)

CRM, circumferential resection margin; IQR, interquartile range; MRI, magnetic resonance imaging
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