
Clinical Radiology
 

3-Tesla Magnetic Resonance Imaging and Computed Tomography accurately identify
T3c disease in colon cancer

--Manuscript Draft--
 

Manuscript Number: CRAD-D-16-00591R1

Full Title: 3-Tesla Magnetic Resonance Imaging and Computed Tomography accurately identify
T3c disease in colon cancer

Article Type: Original Paper

Corresponding Author: Chris Hunter, MBChB
Royal Marsden NHS Foundation Trust
Sutton, - - UNITED KINGDOM

Corresponding Author Secondary
Information:

Corresponding Author's Institution: Royal Marsden NHS Foundation Trust

Corresponding Author's Secondary
Institution:

First Author: Chris Hunter, MBChB

First Author Secondary Information:

Order of Authors: Chris Hunter, MBChB

Muhammed Siddiqui, MBChB

Theo Georgiou Delisle, MBBS

Helena Blake, MS

Nelesh Jeyadevan, MS

Muti Abulafi, MS

Ian Swift, MB BS

Paul Toomey, MD

Gina Brown, MD

Order of Authors Secondary Information:

Abstract: Aim:
To compare the preoperative staging accuracy of CT and 3T MRI in colon cancer, and
to investigate the prognostic significance of identified risk factors.
Materials and methods:
58 patients undergoing primary resection of their colon cancer were prospectively
recruited, with 53 patients included for final analysis.  Accuracy of CT and MRI were
compared for two readers, using postoperative histology as the gold standard.
Patients were followed-up for a median of 39 months.  Risk factors were compared by
modality and reader in terms of metachronous metastases and DFS, stratified for
adjuvant chemotherapy.
Results:
Accuracy for the identification of T3c+ disease was non-significantly greater on MRI
(75% and 79%) than CT (70% and 77%).  Differences in the accuracy of MRI and CT
for identification of T3+ disease (MRI 75% and 57%, CT 72% and 66%) and N+
disease (MRI 62% and 63%, CT 62% and 56%) were also non-significant.
Identification of EMVI+ disease was significantly greater on MRI (75% and 75%) than
CT (79% and 54%) for one reader (p=0.029).  T3c+ disease on histopathology was the
only risk factor which demonstrated a significant difference in rate of metachronous
metastases (OR 8.6, p=0.0044) and DFS stratified for adjuvant therapy (OR 4,
p=0.048).
Conclusion:
T3c or greater disease is the strongest risk factor for predicting DFS in colon cancer,
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and is accurately identified on imaging.  T3c+ disease may therefore be the best
imaging entry criteria for trials of neoadjuvant treatment.
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Editor comments: 

1) Title: Amended to remove “ which strongly predicts disease free survival”. 

2) Clarification of the original reason for this research: Introduction (lines 28-32) amended to 
clarify the primary and secondary aims of this study and the underlying hypothesis. 

3) This suggests it was expected that MRI would give far better accuracy for staging than CT 

but this was disproved in the analysis. This itself is quite a useful finding - what this study 

actually seems to show is that in fact CT is adequate for staging and there is no need to 
perform an additional MRI in these patients with the attendant extra costs/time/patient 

discomfort that this entails: Sentence added to conclusion (line 285-287), highlighting that CT 
provides adequate local staging. 

4) Was 3T MRI thought likely to be better than 1.5T MRI in these patients: Sentence added to 
conclusion stating that accuracy with 1.5T MRI and 3T MRI was similar (313-314). 

5) Why were the MR sequences chosen: Sentence added to conclusion (311-315) explaining 
that the choice of sequences was based on a small pilot study, but that we feel inclusion of 

T1 weighted images and DWI may have been detrimental. 
6) The selection and labelling of the images could be improved: I have updated the images and 

legends. 
 
Reviewer #1: 

1) how sensitivity can be applied to T staging: (clarified that this refers to T1-2 vs T3-4) (lines 
22-24 and 26) 

2) Reference 6 did include 21 studies, but only 19 were included for the assessment of T-
staging accuracy. 

3) Line 37 - ethical approval - was this granted prior to the ethical outcome becoming 

favourable opinion, rather than outcome? – I’m sorry, I don’t understand this query. 

4) Would like to know more about the follow up and breakdown of this if possible - it is stated 
that median is 39/12, with a range of 1 - 56/12 - one month is clearly very short follow up - 

should this not be excluded, and have a minimum length of f/up? Given that recruitment 
finished in 11/2012, is there an option to extend follow up to now, so that all have a 

minimum length of > 3 - 4 years?: All patients were followed up from recruitment until May 

2016. However, some patients were lost to follow up and in this case they were censored at 
the date of their last follow up.  I have added a sentence to the methods to clarify this (line 

123) 
5) few American spellings: These have been changed to English versions 

6) lines 77/114 - should be years rather than years': This has been changed 

7) line 115 - RC Pathologists: This has been changed 
8) Should Bracco etc be in parentheses at the start?: This has been changed 

9) 307 - should be Radiologists: This has been changed 
 

Reviewer #2: 
1) A reference for the meta-analysis referred to in line 22-24 is required: I have included this 

reference 

2) Line 102 - I believe the 10mm cut off for size assessment of lymph nodes is a short axis 
measurement, but this should be made clear in the text: I have amended this (line 104) 

3) T1 – unfortunately it has not been possible to include an example of a T1 tumour.  Only 2 T1 
tumours were included in the study an neither demonstrates well the difference between a 

T1 and T2 tumour. 

4) Figure 1 – This has been altered to include sagittal images to illustrate the tumour more 
clearly. 

5) Figure 4 – This has been amended to included coronal and sagittal MRI images of a lymph 
node deposit, which more clearly demonstrates irregular borders and signal inhomogeneity. 

6) Grammatical and spelling errors – These have been corrected. 
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Aim: 

To compare the preoperative staging accuracy of CT and 3T MRI in colon cancer, and to investigate 

the prognostic significance of identified risk factors. 

Materials and methods: 

58 patients undergoing primary resection of their colon cancer were prospectively recruited, with 53 

patients included for final analysis.  Accuracy of CT and MRI were compared for two readers, using 

postoperative histology as the gold standard.  Patients were followed-up for a median of 39 months.  

Risk factors were compared by modality and reader in terms of metachronous metastases and DFS, 

stratified for adjuvant chemotherapy. 

Results: 

Accuracy for the identification of T3c+ disease was non-significantly greater on MRI (75% and 79%) 

than CT (70% and 77%).  Differences in the accuracy of MRI and CT for identification of T3+ disease 

(MRI 75% and 57%, CT 72% and 66%) and N+ disease (MRI 62% and 63%, CT 62% and 56%) were also 

non-significant.  Identification of EMVI+ disease was significantly greater on MRI (75% and 75%) than 

CT (79% and 54%) for one reader (p=0.029).  T3c+ disease on histopathology was the only risk factor 

which demonstrated a significant difference in rate of metachronous metastases (OR 8.6, p=0.0044) 

and DFS stratified for adjuvant therapy (OR 4, p=0.048). 

Conclusion: 

T3c or greater disease is the strongest risk factor for predicting DFS in colon cancer, and is accurately 

identified on imaging.  T3c+ disease may therefore be the best imaging entry criteria for trials of 

neoadjuvant treatment.   

Abstract
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Introduction 7 

Accurate preoperative staging in colon cancer is increasingly important.  The FOXTROT trial is 8 

currently investigating pre-operative chemotherapy in locally advanced colon cancer, following 9 

encouraging pathological responses seen in the pilot phase of the study (1).  Selection of patients 10 

who may benefit from this approach requires accurate preoperative local staging.   11 

The proportion of patients undergoing laparoscopic resection of colon cancers is increasing steadily, 12 

with 40% of colorectal procedures performed laparoscopically in England in 2012 compared to less 13 

than 5% in 2005/6 (2).  Patients with large or locally advanced colon cancers may not be appropriate 14 

for laparoscopic surgery; the COLOR trial report recommends pre-operative assessment to identify 15 

patients with locally advanced disease who are not suitable for laparoscopic surgery (3). 16 

Preoperative imaging must, therefore, identify not only patients with metastatic disease who may 17 

not benefit from operative treatment, but also those with early stage disease who will not benefit 18 

from neoadjuvant therapy, and those with adjacent organ involvement who need an open surgical 19 

approach or more radical surgery. 20 

Contrast-enhanced CT of the chest, abdomen and pelvis is currently recommended for the local 21 

staging of colon cancer and identification of distant metastases (4).  A meta-analysis of eleven 22 

studies reported that the sensitivity of CT for T-staging (T1-2/T3-2) in colon cancer was relatively 23 

high at 77%, but that specificity was surprisingly low at 3% due mainly to underestimating T-stage (5).   24 

MRI is the recommended modality for the local staging of rectal cancer (4) and achieves accurate 25 

local staging of rectal cancers.  On meta-analysis of 19 studies for T-staging assessment (T1-2/T3-4), 26 

sensitivity and specificity were 87% and 75% respectively (6).  27 

The primary aim of this study was to compare the accuracy of local staging for colon cancers using 28 

3T MRI and CT scans using histology as the gold standard.  We hypothesized that MRI would provide 29 

more accurate local staging than CT.  A secondary aim of this study was to investigate directly the 30 



prognostic value of adverse risk features for predicting disease recurrence and disease-free survival 31 

(DFS). 32 

Methods 33 

Patients 34 

This was a prospective study of diagnostic accuracy, comparing 3T MRI and CT using histological 35 

assessment as the gold standard.   This study also assessed the accuracy of 1.5T MRI, and these 36 

results have been reported separately (7).  Data was collected prospectively.  The study was 37 

designed according to the STARD guidelines (8). 38 

Ethical approval was obtained from the National Research Ethics Service, before commencing 39 

recruitment (REC reference number 10/H0801/21).  The study was conducted by the conditions of 40 

ethical approval.  Informed consent was obtained from all participants before enrolment.  The trial 41 

was registered with ClinicalTrials.gov (registration number NCT01187641). 42 

Consecutive patients over the age of 18 presenting with adenocarcinoma of the colon to three 43 

institutions, who were undergoing primary surgery to excise their colon cancer, were included in the 44 

study.  Patients were excluded if they had a contraindication to MRI scanning or the administration 45 

of gadolinium. 46 

Patients were withdrawn from the study if metastatic disease was identified on their preoperative 47 

MRI scan which required neoadjuvant treatment, or if they were unable to tolerate MRI scanning. 48 

Procedures 49 

Patients enrolled in the study underwent a preoperative MRI scan of their abdomen and pelvis, in 50 

addition to their standard preoperative CT scan, which was performed on a 3.0T MRI scanner 51 

(Achieva 3.0T, Philips Healthcare, Best, Netherlands).  Patients fasted for 4 hours before MRI 52 

scanning.  Bowel cleansing preparation was not performed.  Twenty milligrammes of intramuscular 53 



hyoscine butyl bromide (Buscopan, Boehringer Ingelheim Limited, Bracknell, United Kingdom) was 54 

administered.  One litre of orally administered contrast was used to fill the small bowel - 225 ml 55 

4.9% weight/volume barium sulphate diluted in water to 1L, (E-Z-CAT, Bracco UK Ltd, High Wycombe, 56 

United Kingdom).  All images were acquired using a SENSE XL Torso coil. 57 

A breath-hold Fully Rewound Gradient Echo sequence (FRGE) coronal scout scan was taken to 58 

identify the tumour and select the target volume.  A respiratory triggered high-resolution Turbo Spin 59 

Echo (TSE) sequence was acquired perpendicular to the bowel wall through the tumour (835-60 

1454/80 ms TR/TE).  The voxel size in the high-resolution images was 0.73-0.99 x 0.73-0.99 x 2.0 mm 61 

with a field of view of 350-400 mm.  Slice thickness was 3mm.  Where possible within the time 62 

constraints of the scan, additional T2 weighted images were taken in complimentary planes.   63 

Diffusion-weighted imaging (DWI) was then acquired through the tumour and mesentery, using a 64 

spin-echo sequence with echoplanar imaging and spectral attenuated inversion recovery fat 65 

suppression. Repetition time was 4800ms and echo time was 68ms. Four b-values were used: 0, 100, 66 

500 and 750 s/mm2.  67 

Following the administration of IV gadolinium, dynamically enhanced fat suppressed T1 weighted 68 

spoiled gradient echo sequences were acquired.  Total imaging time was 30 to 45 minutes. 69 

The preoperative CT scans used in the trial were the standard staging CT scans obtained for clinical 70 

assessment for each patient at each of the participating institutions.  The CT scans were performed 71 

on one of two scanners: Siemens SOMATON Sensation 16 (Siemens Healthcare, Erlangen, Germany) 72 

or  GE LightSpeed VCT (GE Healthcare, Buckinghamshire, UK).  Imaging was performed with 73 

intravenous contrast in the portal venous phase.  Images were reconstructed with a slice thickness 74 

of 2mm or 5mm and an in-plane voxel size of 0.61x0.61mm to 0.85x0.85mm.  Multiplanar 75 

reformatting was available. 76 



Evaluation 77 

Each CT scan and 3.0T MRI scan was reported independently by each of two consultant 78 

gastrointestinal radiologists, with 10 - 15 years experience of reporting GI cancers.  Each observer 79 

reported each imaging study in a randomized order on a separate occasion more than four weeks 80 

apart. 81 

T1 tumors were defined as those limited to the submucosa, identified on MRI by abnormal 82 

intermediate signal which did not extend into the circular muscle layer and on CT by the projection 83 

of a colonic lesion without any visible distortion of the bowel wall layers.  T2 tumours were limited 84 

to the muscularis propria, identified on MRI by abnormal intermediate signal intensity extending 85 

into the muscularis propria and on CT by asymmetrical thickening of the colon wall projecting 86 

intraluminally with preservation of smooth muscle coat and clear adjacent pericolic fat.   An example 87 

is shown in Figure 1. 88 

T3 tumours were limited to the subserosa or peri-colic fat, identified on MRI by a broad based bulge 89 

or nodular projection of intermediate tumour intensity beyond the outer muscle coat and on CT by 90 

smooth or nodular extension of a discrete mass of tumour tissue beyond the contour of the bowel 91 

wall.  An example is shown in Figure 2. 92 

T4 tumours were defined as those that invade the serosa or adjacent organs, identified on MRI by 93 

extension of the intermediate tumour signal into adjacent organs or through the peritoneal surface, 94 

and on CT by the presence of nodular penetration of the tumour through the peritonealised areas of 95 

the muscle coat or an advancing edge of the tumour penetrating adjacent organs.  An example is 96 

shown in Figure 3.  The MRI criteria were adapted from those used in the evaluation of rectal cancer 97 

(11), and the CT criteria were adopted from established criteria for the interpretation of CT images 98 

of colon cancer (12). 99 



Lymph nodes were assessed on MRI based on their border and homogeneity of signal intensity, 100 

which has been shown to have greater specificity for the identification of metastatic lymph nodes in 101 

rectal cancer than the use of size criteria alone (13, 14).  Lymph nodes were considered to be 102 

involved if they had an irregular border or inhomogeneous signal intensity, assessed on the T2 103 

weighted TSE imaging.  An example is shown in Figure 4.  On CT, any nodal mass larger than 1 cm in 104 

the short axis diameter or a group of three or more nodes were considered metastatic, as these are 105 

the established criteria for assessing lymph node involvement on CT (12).   106 

Extramural vascular invasion (EMVI) was identified on MRI by the intermediate signal intensity 107 

growing into or along a vessel.  Blood vessels were identified on T2-weigted MRI imaging by a linear 108 

signal void in continuity on adjacent slices (15). EMVI was identified on CT by the irregular expansion 109 

of peritumoural veins (16). An example is shown in Figure 5.  EMVI was reported as small, medium, 110 

or large vessel EMVI on MRI and CT. Any size of EMVI identified on imaging was considered positive 111 

for comparison with histopathology, as EMVI is reported as positive or negative on histopathology. 112 

Reference standard 113 

Histopathological assessment of the excised colon cancer specimen was used as the gold standard 114 

against which imaging was compared.  Histopathological assessment was carried out by one of two 115 

consultant gastrointestinal pathologists with more than ten years experience in reporting colon 116 

cancer.  Histopathology was prospectively reported according to the Royal College of Pathologists 117 

minimum dataset (17). 118 

In addition to assessing the accuracy of CT and MRI against histopathology, the prognostic 119 

significance of each end point was assessed in predicting metachronous metastases and 3-year 120 

disease free survival (DFS).  Disease status was evaluated on clinical follow up with 6-monthly serum 121 

CEA levels, annual CT thorax, abdomen and pelvis and colonoscopy at one and five years.  Where 122 

patients where lost to follow up, they were censored at the date of their last follow up. 123 



Endpoints 124 

The primary endpoint was the assessment of advanced T-stage (T3+) tumours, which is the current 125 

radiological entry criteria for the FOXTROT trial for patients who are of younger age and in general 126 

good health (18).  Stage-for-stage T-staging accuracy is also reported. 127 

T-stage and depth of extramural invasion were also combined to identify poor prognosis tumours 128 

(T3 tumours with more than 5mm of extramural invasion and T4 tumours, T3c+).  This distinction has 129 

been demonstrated to have greater prognostic significance than the distinction between T2 and T3 130 

tumours (19), and it is the current entry criteria for the FOXTROT trial for patients who are not of 131 

younger age or in general good health (18). 132 

Lymph node metastases are reported as lymph node positive (N1 and N2 tumours, N+) and lymph 133 

node negative (N0 tumours).  Nodal positivity is the most clinically significant endpoint identified on 134 

histopathology, with lymph node positive (Stage III) deriving the greatest benefit from adjuvant 135 

chemotherapy in clinical trials (20). 136 

EMVI is assessed as EMVI positive (EMVI+).   MRI detected EMVI in rectal cancer has been 137 

demonstrated to be associated with significantly worse 3-year recurrence free survival, with a 138 

prognosis similar to histopathologically detected EMVI (15).  139 

Sample size calculation 140 

The sample size was based on the primary endpoint, which was a comparison of the accuracy of MRI 141 

and CT in identifying T3+ disease using histology as the gold standard.  We anticipated an accuracy of 142 

0.70 and 0.90 for CT and MRI, respectively. Since MRI and CT were performed for each patient, a 143 

paired design was used for determining sample size, with a two-tailed alternative hypothesis. Given 144 

a significance level, α, of 5% and a power of 80%, the minimum number of patients required was 62 145 

patients. 146 



Statistical analysis 147 

Patient characteristics are presented as means with standard deviation (SD) for normally distributed 148 

quantitative data, medians with interquartile ranges (IQR) for non-normally distributed quantitative 149 

data, and frequencies with percentages for qualitative data. 150 

For ordinal outcomes the accuracy of MRI and CT in assessing T-stage is reported for each reader.  151 

For categorical outcomes the accuracy, sensitivity and specificity are reported with 95% CIs. The 152 

significance of the difference in accuracy between CT and MRI is assessed using McNemar’s test. 153 

Interobserver agreement for the two radiologists reporting CT and MRI is determined using Cohen’s 154 

kappa (23).  The magnitude of the agreement is quantified as follows: a kappa of <0.2 denotes a 155 

slight agreement; 0.2 to 0.4, a fair agreement; 0.4 to 0.6, a moderate agreement; 0.6 to 0.8, a 156 

substantial agreement, and >0.8, an almost perfect agreement.   157 

The incidence of metastatic disease during follow-up according to risk factors was compared using 158 

Fisher’s exact test.  DFS curves were estimated using the Kaplan-Meier method.  Multivariable 159 

analysis was performed using Cox proportional hazards model, stratified according to whether 160 

patients had received adjuvant chemotherapy. 161 

 Analyses were performed using R-3.2.1 (R Core Team, Vienna, Austria) (24), including psych (25) and 162 

survival (26) packages.  All evaluable subjects are included in the analyses.  163 

Results 164 

Recruitment 165 

Recruitment commenced November 2010 and finished in November 2012.  A total of 58 patients 166 

were recruited, from a total of 158 eligible patients (37%). Patients were not recruited because they 167 

did not consent to the trial (41 patients), because they could not be contacted with sufficient time to 168 



participate (35 patients), because it was not possible to arrange the MRI scan (16 patients), and for 169 

other reasons (6 patients).   170 

Of the 58 patients recruited into the study, five patients (9%) were withdrawn.  One patient failed to 171 

attend his MRI appointment, one patient had no tumour identified on histopathological assessment, 172 

and three patients did not undergo surgery. 173 

Fifty-three patients are included in the final analysis.  One patient (1.9%) had an unresectable 174 

tumour due to duodenal invasion identified at surgery (T4) and is included for the assessment of T-175 

stage, but not for other endpoints.   176 

Patient and tumor characteristics 177 

The mean age of patients recruited into the study was 69.3 (SD ± 13.6) years.  Thirty-four patients 178 

(64%) were male.  The median delay from MRI scan to surgery was nine days (IQR 6-14 days), 179 

compared to 40 days (IQR 29-50 days) from CT to surgery.  This difference is significant (p<0.001, 180 

Wilcoxon signed rank test).  The reason for this difference is that all CT scans were necessarily 181 

performed before recruitment into the study, as patients had to be discussed in the MDT and 182 

considered suitable for surgery to be eligible for recruitment.  However, there was no evidence of 183 

tumour progression when we compared the overall tumour staging on CT and MRI (median T-stage 184 

T3 on CT and MRI, median N-stage N1 on CT compared to N0 on MRI, proportion EMVI positive on 185 

CT 38.7% compared to 30.2% on MRI). 186 

Eight tumors were located in the caecum (15.1%), thirteen in the ascending colon (24.5%), five in the 187 

hepatic flexure (9.4%), six in the transverse colon (11.3%), four in the descending colon (7.5%), and 188 

seventeen in the sigmoid colon (32.1%).   189 

The pathological stage of tumours was T1 in two patients (3.8%), T2 in nine patients (17.0%), T3 in 190 

twenty-eight patients (52.8%), and T4 in fourteen patients (26.4%).  The majority of patients 191 



recruited to the trial (30 patients, 56.6%) had N0 disease on pathological staging, followed by N1 192 

disease (18 patients, 34.0%) and N2 disease (4 patients, 7.5%).   193 

The fifty-two patients who underwent potentially curative resection for their colon cancer were 194 

included in the survival analysis.  Median follow-up was 39 months (range 1 to 56 months).  Twenty-195 

one patients (40%) received adjuvant chemotherapy.  Twelve patients (23%) developed metastatic 196 

disease during the follow-up period, 8/21 (38%) in the chemotherapy group and 4/31 (13%) in the 197 

group who did not receive adjuvant chemotherapy.  Overall 3-year DFS for the whole group was 198 

68.9% (95% CI 56.5%-84.0%). 199 

MRI accuracy 200 

The overall accuracy using MRI for the identification of T3+ disease was 75% (95% CI 62-85%) for 201 

Reader 1 (R1) and 57% (95% CI 43-69%) for Reader 2 (R2).  Accuracy, sensitivity and specificity for 202 

identifying T3 and greater disease is shown in Table 1.  Stage-for-stage T-stage accuracy was 55% 203 

(95% CI 41-67%) for R1 and 40% (95% CI 28-53%) for R2.  Cohen’s weighted kappa for the inter-204 

observer agreement between R1 and R2 was 0.44 (0.27-0.61) indicating moderate agreement. 205 

Accuracy for the identification of T3c+ disease was 75% (95% CI 62-85%) for R1 and 79% (95% CI 67-206 

88%) for R2.  Accuracy, sensitivity and specificity are shown in Table 2.  Cohen’s kappa for 207 

interobserver reliability between R1 and R2 was 0.51 (95% CI 0.29 to 0.73), indicating moderate 208 

agreement. 209 

Accuracy for the identification of N+ disease was 62% (95% CI 48-74%) for R1 and 63% (95% CI 50-210 

75%) for R2.  Accuracy, sensitivity and specificity are shown in Table 3.  Cohen’s kappa for 211 

interobserver reliability between R1 and R2 was 0.28 (95% CI 0.04 to 0.55) indicating fair agreement. 212 

Accuracy for the identification of EMVI+ disease was 75% (95% CI 62-85%) for both R1 and R2.  213 

Accuracy, sensitivity and specificity are shown in Table 4.  Cohen’s kappa for interobserver reliability 214 

between R1 and R2 was 0.34 (95% CI 0.12 to 0.56) indicating fair agreement. 215 



CT accuracy 216 

The overall accuracy using CT for the identification of T3+ disease was 72% (95% CI 58-82%) for R1 217 

and 66% (95% CI 53-77%) for R2.  Accuracy, sensitivity and specificity are shown in Table 1.  The CT 218 

staging accuracy for stage-for-stage T-staging was 45% (33-59%) for R1 and 47% (34-60%) for R2.  219 

Cohen’s weighted kappa was 0.59 (0.39-0.79) for the agreement between R1 and R2, indicating 220 

moderate agreement.   221 

Accuracy for the identification of T3c+ disease was 70% (95% CI 56-80%) for R1 and 77% (95% CI 64-222 

87%) for R2.  Accuracy, sensitivity and specificity are shown in Table 2.  Cohen’s kappa for 223 

interobserver reliability between R1 and R2 was 0.45 (95% CI 0.22-0.68) indicating moderate 224 

agreement. 225 

Accuracy for the identification of N+ disease was 62% (95% CI 48-74%) for R1 and 56% (95% CI 42-226 

68%) for R2.  Accuracy, sensitivity and specificity are shown in Table 3.  Cohen’s kappa for 227 

interobserver reliability between R1 and R2 was 0.43 (95% CI 0.2 to 0.67) indicating moderate 228 

agreement.  229 

Accuracy for the identification of EMVI+ disease was 79% (95% CI 66-68%) for R1 and 54% (95% CI 230 

41-67%) for R2.  Accuracy, sensitivity and specificity are shown in Table 4.  Cohen’s kappa for 231 

interobserver reliability between R1 and R2 was 0.18 (95 % CI -0.08 to 0.44) indicating slight 232 

agreement. 233 

Difference in accuracy between MRI and CT 234 

The primary end-point for this study was the difference in accuracy of CT and MRI in the 235 

identification of T3+ disease.  MRI was slightly more accurate than CT for R1 (75% vs. 72%), and 236 

slightly less accurate for R2 (57% vs. 66%).  These differences were not significant (p=0.75 and 237 

p=0.33 respectively, McNemar’s test). 238 



The difference in accuracy between CT and MRI in assessing T3c+ disease and N1+ disease was also 239 

non-significant for both readers (p=0.51 to 1.0).  The difference in accuracy between CT and MRI for 240 

assessing EMVI+ disease was also non-significant for R1 (p=0.79).  R2 was significantly more accurate 241 

assessing EMVI using MRI (75%) than CT (54%), (p=0.029). 242 

Predicting metastases and disease-free survival 243 

The odds ratios for developing metastatic disease during follow-up for each risk factor, assessed on 244 

CT, MRI and histopathology, are shown in Table 5.  The strongest predictor of subsequent disease 245 

recurrence was T3c+ disease identified on histopathology, with an odds ratio of 8.6 for developing 246 

metastatic disease during follow-up.  This was highly significant (p=0.0044, Fisher’s exact test).  T3c+ 247 

disease identified on CT by R2 also approached statistical significance (p=0.081, OR 3.4).  Other risk 248 

factors on imaging and histopathology did not demonstrate a significant difference in rates of 249 

metastatic disease during follow-up in this small group. 250 

Adjuvant chemotherapy was also associated with a significantly increased risk of metastatic disease 251 

(OR 4, p=0.048).  This is because adjuvant chemotherapy was selectively administered to patients 252 

with adverse risk features on histopathological assessment, principally lymph node positivity.   253 

The three most influential adverse risk features (T3c+, N+ and EMVI+) were therefore assessed in 254 

multivariate analysis according to DFS using Cox proportional hazards model for each imaging 255 

modality/reader, with patients stratified according to whether or not they had received 256 

chemotherapy (Table 6).  T3c+ disease on histopathology remained a statistically significant risk 257 

factor for poorer DFS (hazard ratio 8.6 (p=0.0044).  T3c+ disease identified on MRI by R2 also 258 

approached statistical significance (hazard ratio 3.6, p=0.056).  Other risk factors were not significant 259 

in this group. 260 



Discussion 261 

The only significant predictor of DFS in this study was T3c or greater disease, assessed on 262 

histopathology.  In multivariate analysis, stratified according to patients who had received adjuvant 263 

chemotherapy, patients with T3c+ disease had a hazard ratio of 8.6 for developing metastatic 264 

disease.  This is in keeping with previous pathological studies in rectal cancer which have 265 

demonstrated significantly higher recurrence rates and poorer DFS for T3 tumours with 5mm or 266 

more extramural spread, and similar survival for T2 tumours and T3 tumours with less than 5mm 267 

extramural spread (19).  This study confirms that this risk factor is also significant in colon cancer. 268 

The FOXTROT study used this inclusion criterion (T3 tumours with 5mm or more extramural spread 269 

on CT) in the pilot phase of the study (1).  However, in the current trial protocol, the criteria have 270 

been extended to include all T3 tumours for young fit patients (18).  Our results raise the possibility 271 

that the original criteria might be more likely to show a benefit for neoadjuvant chemotherapy. 272 

The identification of T3c+ disease was also the most consistently accurate risk factor identified on 273 

imaging, with accuracy varying from 70% to 77% for CT and 75% to 79% for MRI.  This also supports 274 

the recommendation that identification of T3c+ disease on imaging might be the best means of 275 

stratifying colon cancer patients into high and low-risk groups on pre-operative imaging. 276 

Although the quality of CT scans achieved in this study was very consistent, there was more variation 277 

in the quality of the MRI scans.  This was primarily due to difficulty controlling motion artefact, 278 

particularly when respiratory triggering was poor.  When only the good quality MRI scans are 279 

considered (31/52, 60%), the accuracy of MRI in the identification of T3c+ disease was higher (81% 280 

for R1 and 77% for R2). 281 

The primary aim of this project was to determine, on a per patient basis, whether the identification 282 

of T3 or greater disease is more accurate using MRI than using CT.  There was no significant 283 

difference between the accuracy using CT and MRI for either reader.  Accuracy was moderate on 284 



both imaging modalities for both readers ranging from 57% for R2 on MRI to 75% for R1 on MRI, 285 

with accuracy on CT lying between these values (72% and 66% for R1 and two respectively).  These 286 

results suggest that CT provides adequate local staging of colon cancer and that the additional cost 287 

of MRI for local staging is not currently justified. 288 

The accuracy using CT for R1 (72%) and R2 (66%) are within the range of recent published results for 289 

the accuracy of CT in identifying T3 or greater disease; 76.2% to 83.3% (27), 70% to 82% (28), 62% to 290 

80% (29), 88% (30).   291 

Accuracy in the identification of EMVI was similar between modalities for R1 (79% on CT and 75% on 292 

MRI), although there was a slightly greater difference in accuracy between modalities for R2 (54% on 293 

CT and 75% on MRI).  This was the only difference which achieved statistical significance (p=0.029 294 

McNemar test) for either reader. 295 

There is only one recent published study which investigates the accuracy of MRI in the staging of 296 

colon cancer (31).  Rollven investigated the accuracy of 1.5T MRI and CT for the identification of 297 

locally advanced tumours (T3c+).  Rollven reports accuracy using CT of 79.3% and 75.9% for two 298 

observers, which are comparable to the results of this study for accuracy using CT (70% for R1 and 299 

77% for R2).  Rollven reports accuracy using 1.5T MRI of 89.7% and 93.1%.  These results represent a 300 

higher accuracy than we achieved in our study; 75% and 79% for two readers, although the 95% 301 

confidence intervals overlap.   302 

There are several reasons why this study may have failed to show the level of accuracy for T-stage 303 

illustrated in the Rollven study. Both are small studies with wide confidence intervals for the 304 

reported accuracies.  The current study is presented on an intention to treat basis for all recruited 305 

patients with evaluable results, with over 90% of recruited patients included for final evaluation.  In 306 

the Rollven study, just fewer than 60% of recruited patients were included for final analysis.  It is, 307 

therefore, possible that the Rollven study represents more optimal results in patients who can 308 



tolerate a relatively lengthy MRI scan.  Differences in the study protocols may also have influenced 309 

staging accuracy; the Rollven study only acquired respiratory triggered T2 weighted TSE sequences in 310 

multiple planes, where the acquisition of T1 and diffusion weighted imaging in our study restricted 311 

the acquisition of T2 weighted imaging in multiple planes.  The choice of MRI sequences used in this 312 

study was based on a small pilot study in four healthy volunteers.  However, the radiologists in our 313 

study found the T2 weighted TSE sequences were the most useful for staging, and acquisition of T1 314 

weighted images and diffusion weighted images may have detracted from this study. 315 

We had anticipated that 3T MRI might provide more accurate local staging than 1.5T MRI (results 316 

reported separately (7)).  However, the accuracies achieved using 1.5T MRI and 3T MRI wer similar. 317 

There are several limitations to the current study.  The study was underpowered due to slower than 318 

anticipated recruitment, there was a greater delay between CT and surgery than between MRI and 319 

surgery and the administration of adjuvant chemotherapy was dependent on histopathological 320 

staging.   321 

In summary, this study demonstrates comparable accuracy in the local staging of colon cancer using 322 

CT and 3T MRI but fails to show the very high local staging accuracy using MRI reported in another 323 

recent study.  This study supports the use of T3c+ disease as an imaging prognostic indicator when 324 

stratifying patients for neoadjuvant therapy. 325 
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Table legends 406 

Table 1:  Accuracy, sensitivity and specificity of MRI and CT for identifying T3 or greater disease 407 

Table 2: Accuracy, sensitivity and specificity of MRI and CT for identifying T3c or greater disease 408 

Table 3: Accuracy, sensitivity and specificity of MRI and CT for identifying N1 or greater disease 409 

Table 4: Accuracy, sensitivity and specificity of MRI and CT for identifying EMVI 410 

Table 5: Incidence of metastatic disease by risk factor (whole group) 411 

Table 6: Cox proportional hazards regression models of disease-free survival, by modality and reader, 412 

stratified for adjuvant chemotherapy 413 

Figure legends 414 

Figure 1. T2 weighted 3T MRI axial (A) and sagittal (B) images, and CT axial (C) and sagittal (D) images 415 

of T2 tumour (arrows), confirmed on histopathology. 416 

Figure 2. T2 weighted 3T MRI image (left) and CT image (right) of T3 tumour (arrows), confirmed on 417 

histopathology. 418 

Figure 3. T2 weighted 3T MRI image (left) and CT image (right) of T4 tumour (arrows), confirmed on 419 

histopathology. 420 

Figure 4. T2 weighted 3T MRI coronal (left) and sagittal (right) images of a metastatic lymph node 421 

deposit (arrows), confirmed on histopathology. 422 

Figure 5. T2 weighted 3T MRI image (left) and CT image (right) of extramural vascular invasion 423 

(arrows), confirmed on histopathology. 424 
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Reader Scan Accuracy 

% (95% CI) 

Sensitivity 

% (95% CI) 

Specificity 

% (95% CI) 

Reader 1 
CT 72 (58-82) 81 (67-90) 36 (15-65) 

MRI 75 (62-85) 79 (64-88) 64 (35-85) 

Reader 2 
CT 66 (53-77) 69 (54-81) 55 (28-79) 

MRI 57 (43-69) 50 (36-64) 82 (52-95) 

 

Table1



Reader Scan Accuracy 

% (95% CI) 

Sensitivity 

% (95% CI) 

Specificity 

% (95% CI) 

Reader 1 
CT 70 (56-80) 70 (48-85) 70 (53-83) 

MRI 75 (62-85) 75 (53-89) 76 (59-87) 

Reader 2 
CT 77 (64-87) 60 (39-78) 88 (73-95) 

MRI 79 (67-88) 55 (34-74) 94 (80-98) 

 

Table2



Reader Scan Accuracy 

% (95% CI) 

Sensitivity 

% (95% CI) 

Specificity 

% (95% CI) 

Reader 1 
CT 62 (48-74) 64 (43-80) 60 (42-75) 

MRI 62 (48-74) 41 (23-61) 77 (59-88) 

Reader 2 
CT 56 (42-68) 73 (52-87) 43 (27-61) 

MRI 63 (50-75) 45 (27-65) 77 (59-88) 

 

Table3



Reader Scan Accuracy 

% (95% CI) 

Sensitivity 

% (95% CI) 

Specificity 

% (95% CI) 

Reader 1 
CT 79 (66-88) 63 (41-81) 88 (73-95) 

MRI 75 (62-85) 74 (51-88) 76 (59-87) 

Reader 2 
CT 54 (41-67) 47 (27-68) 58 (41-73) 

MRI 75 (62-85) 37 (19-59) 97 (85-99) 
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Modality Risk factor Odds Ratio (95% CI) 
p-value 
(Fisher’s exact test) 

 

Male 2.1 (0.45-9.4) 0.32 

Chemo 4.0 (0.89-22) 0.048* 

Age >= 70 1.6 (0.36-8.6) 0.53 

CT Reader 1 

T3 or greater 0.31 (0.060-1.6) 0.12 

T3c or greater 0.88 (0.19-3.9) 1 

N1 or greater 0.65 (0.14-2.9) 0.74 

EMVI positive 1.9 (0.38-8.6) 0.48 

CT Reader 2 

T3 or greater 1.2 (0.26-6.4) 1 

T3c or greater 3.4 (0.71-16) 0. 081 

N1 or greater 1.2 (0.26-6.4) 1 

EMVI positive 0.88 (0.19-3.9) 1 

MRI Reader 1 

T3 or greater 0.54 (0.12-2.6) 0.49 

T3c or greater 0.97 (0.20-4.3) 1 

N1 or greater 1.2 (0.21-5.4) 1 

EMVI positive 0.97 (0.20-4.3) 1 

MRI Reader 2 

T3 or greater 2.3 (0.52-11) 0.32 

T3c or greater 3.3 (0.63-17) 0.12 

N1 or greater 2.58 (0.56-12) 0.17 

EMVI positive 2.29 (0.30-15) 0.37 

Histopathology 

T3 or greater 1.4 (0.24-16) 1 

T3c or greater 8.6 (1.7-59) 0.0044* 

N1 or greater 2.3 (0.52-11) 0.32 

EMVI positive 3.2 (0.71-16) 0.095 

 

Table5



Modality Risk factor Hazard ratio (95% CI) p-value (Wald) 

CT Reader 1 T3c or greater 1.3 (0.31-5.5) 0.73 

N1 or greater 0.41 (0.13-1.3) 0.12 

EMVI positive 1.1 (0.27-4.6) 0.89 

CT Reader 2 T3c or greater 2.2 (0.64-7.4) 0.21 

N1 or greater 0.98 (0.28-3.4) 0.97 

EMVI positive 0.45 (0.12-1.7) 0.23 

MRI Reader 1 T3c or greater 0.76 (0.11-5.3) 0.78 

N1 or greater 2.6 (0.61-11) 0.20 

EMVI positive 0.33 (0.054-2.0) 0.23 

MRI Reader 2 T3c or greater 3.6 (0.97-14) 0.056 

N1 or greater 2.6 (0.86-8.2) 0.091 

EMVI positive 0.46 (0.087-2.4) 0.35 

Histopathology T3c or greater 5.4 (1.3-23) 0.024* 

N1 or greater 1.0 (0.31-3.2) 1.0 

EMVI positive 0.58 (0.13-2.6) 0.48 

 

Table6



Highlights 
 T3c or greater disease is the adverse feature most reliably identified on imaging 

 T3c or greater disease on histopathology  predicts significantly worse DFS 

 Accuracy for identification of adverse features was similar on CT and 3T MRI 

Highlights


