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Comparative evaluation of CT 
and MRI in the preoperative 
staging of colon cancer
Effrosyni Bompou  1, Aikaterini Vassiou 3, Ioannis Baloyiannis  1, Konstantinos Perivoliotis  2*, 
Ioannis Fezoulidis  3 & George Tzovaras  1

The aim of this study is to compare the diagnostic performance of magnetic resonance imaging (MRI) 
against computed tomography (CT) in various aspects of local staging in colon cancer patients. This 
study was a prospective single arm diagnostic accuracy study. All consecutive adult patients with 
confirmed colon cancer that met the current criteria for surgical resection were considered as eligible. 
Diagnostic performance assessment included T (T1/T2 vs T3/T4 and < T3ab vs > T3cd) and N (N positive) 
staging, serosa and retroperitoneal surgical margin (RSM) involvement and extramural vascular 
invasion (EMVI). Imaging was based on a 3 Tesla MRI system and the evaluation of all sequences (T1, 
T2 and diffusion-weighted imaging-DWI series) by two independent readers. CT scan was performed in 
a 128 row multidetector (MD) CT scanner (slice thickness: 1 mm) with intravenous contrast. Pathology 
report was considered as the gold standard for local staging. Sensitivity (SE), specificity (SP), and 
area under the curve (AUC) were calculated for both observers. MRI displayed a higher diagnostic 
performance over CT in terms of T1/T2 vs T3/T4 (SE: 100% vs 83.9%, SP: 96.6% vs 81%, AUC: 0.825 vs 
0.983, p < 0.001), N positive (p < 0.001) and EMVI (p = 0.023) assessment. An excellent performance of 
MRI was noted in the T3ab vs T3cd (CT AUC​Reader1: 0.636, AUC​Reader2: 0.55 vs MRI AUC​Reader1: 0.829 AUC​
Reader2 0.846, p = 0.01) and RSM invasion diagnosis. In contrast to these, MRI did not perform well in 
the identification of serosa invasion. MRI had a higher diagnostic yield than CT in several local staging 
parameters.
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Rationale
Colon cancer is among the most common types of malignancies worldwide, with recent data suggesting a stead-
ily increasing incidence in younger patient subgroups1. Despite recent advancements in perioperative therapies 
and refinement of surgical techniques, mortality risk is, still, considerably high, with the current 5-year survival 
rates ranging from 32 to 64%2.

Surgical treatment is considered the gold standard for resectable, non-metastatic colon cancer3. Adherence 
to the respective oncological principles known as CME, including the completeness of the mesocolic dissection 
plane along with the central vessel ligation at their origin, ensures extended lymph node clearance, which has a 
positive impact on survival outcomes3.

However, recent evidence has shown a beneficial role of neoadjuvant chemotherapy (NAC) in locally advanced 
tumors with specific characteristics4,5. More specifically, in the FOxTROT trial, computed tomography (CT) 
predicted T3-4 tumors with extramural extension ≥ 1 mm were randomized to receive either NAC or adjuvant 
chemotherapy4. Initial results confirmed that six weeks of NAC resulted in significant tumor downstaging, 
increased R0 resection rates, and improved 2-year disease control, especially for the pMMR cancers4. Similarly, 
the OPTICAL study5 reported a substantial pathological downstaging in T3 (with extramural spread ≥ 5 mm) 
or T4 tumors that received NAC.

The potential implementation of neoadjuvant modalities in colon cancer, highlights the pivotal role of accu-
rate preoperative staging6. Colon cancer staging is based on the evaluation of colonic wall invasion, lymph node 
involvement and local or remote disease dissemination6. Besides these, the significance of novel predictors, 
including extraperitoneal resection margin, tumor budding, and extramural vascular invasion (EMVI), has also 
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been highlighted7–10. Although CT is the current baseline imaging modality11, its accuracy in multiple key charac-
teristics (i.e. T overstaging, unreliability in N status) of colon cancer staging has been repeatedly questioned5,12–14.

Magnetic Resonance Imaging (MRI) has been proposed as a valid alternative to CT, since it provides optimal 
spatial resolution and higher tissue differentiation15–18. In contrast to CT, MRI allows the differentiation between 
desmoplastic and neoplastic pericolic invasion, thus resulting in more accurate local staging17. Additionally, the 
application of diffusion weighted imaging sequences, could theoretically, further contribute to preoperative stag-
ing accuracy18. Issues regarding bowel peristalsis have been addressed with the introduction of faster protocols18.

Several studies examined the diagnostic performance of MRI over CT in preoperative colon cancer staging, 
with most of them reporting favorable results in terms of T3ab vs T3cd differentiation and the detection of serosal 
involvement and extramural invasion15,18. However, in some cohorts, though, MRI was associated with moderate 
diagnostic accuracy in T3 identification and comparable results in diagnosing N and EMVI positive disease, thus 
adding to the discrepancy regarding its current role for local colon cancer staging19.

Aim
Therefore, the aim of the present study was to compare the diagnostic performance of MRI and CT in various 
aspects of local staging in colon cancer patients.

Materials and methods
Study design
This study was designed as a prospective single-arm diagnostic accuracy study. A local ethics committee clearance 
was granted, and the study protocol was deposited in an electronic registry (ClinicalTrials.gov ID: NCT05727007) 
prior to patient screening. All participants provided signed informed consent prior to inclusion, and all the scan 
examinations (both MRI and CT) were performed at the Radiology Department of the University Hospital of 
Larissa. The study report adhered to the STARD 2015 guidelines20.

Outcomes
With the assumption that T1 and T2 represent an “early” T stage, as opposed to the “locally advanced” T3 and 
T4, the comparison of the diagnostic accuracy of CT and MRI regarding the distinction between these two T 
stage groups (T1/T2 vs T3/T4) was considered the primary outcome of the study. The pathology report was 
considered the gold standard for local staging. Secondary endpoints included the evaluation of the diagnostic 
accuracy in terms of T3ab vs T3cd differentiation, nodal infiltration, EMVI and serosal and retroperitoneal surgi-
cal margin (RSM) invasion. A comparison of the tumor size measurements was also performed. More specifically, 
the maximum tumor diameter on each of the three dimensions (craniocaudal, transverse, and anteroposterior) 
was recorded.

Participants
All consecutive adult patients evaluated during the inclusion period (January 2019–March 2023), with confirmed 
colon cancer that met the current criteria for surgical resection were considered eligible. The following exclusion 
criteria were introduced: (1) allergy or contraindication to receive intravenous contrast, (2) claustrophobia, (3) 
incompatible implants with MRI, (4) active sepsis, (5) untreated physical or mental disability, (6) lack of compli-
ance with the research protocol and, (7) non granting of signed informed consent.

Diagnostic examinations
All abdominal MRI scans were performed on a 3.0 T MRI system (Signa HDX, General Electric, Wisconsin, USA) 
with a standard body coil with the patient in the supine position. Our protocol covered the whole abdomen and 
consisted of the following sequences: coronal T2-SE, axial T2-SE, axial T2 FS, DWI with b values of 0 and 800 
and axial pre- and post-contrast T1-SE. In cases of lesions located at the sigmoid, sagittal T2-SE was received, 
and then axial and coronal T2-SE were planned on the lesion axis.

The CT scan protocol was performed using a 128 row MDCT scanner (Philips Ingenuity CT 128) with intra-
venous dynamic contrast medium injection. Abdominal MDCT was performed with the patient in the supine 
position, covering the area from the dome of the diaphragm to the inferior pelvic margin. In each case, standard-
ized imaging parameters (detector collimation: 16 × 10 mm, tube voltage: 120kVP, tube current: 200–400 mA, 
pitch: 1, slice thickness: 1 mm, matrix: 512 × 512) were applied.

Study group
Imaging evaluation was performed in duplicate by two independent radiologists (V.A, F.I.). Both assessors were 
senior radiologists with over 10-year experience in CT and MRI imaging evaluation. A structured report of the 
imaging assessments was utilized by the involved radiologists. There was no blindness at the level of the patient, 
the treating physicians (surgeon, oncologist, radiologist), and the researcher who recorded the data. Radiologists 
were blind regarding the specimen pathology report. Tumor staging was based on the American Joint Committee 
on Cancer 8th Edition TNM classification21. Both CT and MRI staging were performed upon colorectal cancer 
diagnosis and within one week of each other. All cases were discussed in the institutional colorectal multidisci-
plinary team meeting (MDT), where staging examinations were reviewed, and therapeutic options discussed. 
All operations (open or laparoscopic) were performed within 1 week of the MDT and adhered to the respective 
oncological principles (complete mesocolic excision—CME, central vascular ligation—CVL)22. A structured 
pathology report was applied to all specimens23. Morphological criteria were introduced for the evaluation of 
lymph node invasion, including irregular outer borders and internal heterogeneity24. EMVI was identified by 
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a characteristic serpiginous extension of the tumor signal into the pericolic fat25. All members of the research 
group (surgeons, pathologists) were experts in the field of colorectal cancer and had completed their respective 
learning curves.

Statistical analysis
The estimation of the required sample size was based on the primary endpoint. According to the literature, the 
T1/T2 vs T3/T4 differentiation specificity of the MRI is 84%15. Subsequently, for a prospective protocol with 
Type I error: 5%, Type II error: 20% (Power: 80%), d: 10% and dropout rate: 30%, the estimated sample size was 
120 patients.

Prior to any statistical analyses, all data were submitted to the Shapiro–Wilk normality test26. Since normality 
was not confirmed (Supplementary Material Tables), a non-parametric approach was implemented. Continu-
ous and categorical data were reported as Median (Interquartile Range—IQR) and N (Percentage), respectively. 
Comparisons of tumor size measurements were based on the related samples Wilcoxon Signed Rank test. Inter-
observer agreement for tumor size measurements was estimated via the intra-class coefficient.

To evaluate the performance of the diagnostic studies, contingency tables were created. Pathologic data were 
considered reference data. Sensitivity (SE), specificity (SP), and diagnostic odds ratio (DOR) were calculated 
for both observers. Further performance evaluation was based on the estimation of the area under the curve 
(AUC) for each receiver operator characteristics curve (ROC)27. AUC levels 0.7 to 0.8 are considered as accept-
able, while 0.8 to 0.9 are excellent. AUC > 0.9 refers to an outstanding diagnostic technique28. AUC comparisons 
were performed via DeLong’s test. The applied method was metric maximization with a 0.05 tolerance metric. 
All results were provided with the respective 95% Confidence Interval (95% CI). Subgroup analyses evaluated 
the effect of tumor location (right & left colon) and tumor size (based on the median pathology tumor size) on 
the AUC values of imaging modalities.

The unweighted Cohen’s kappa coefficient (k) was used for the interrater agreement assessment. More spe-
cifically, the level of interrater agreement was categorized based on the kappa values (poor: < 0.2, fair: 0.2–0.4, 
moderate: 0.4–0.6, good: 0.6–0.8, very good: > 0.8).

Statistical significance was considered at the level of p < 0.05. All statistical analyses were performed in SPSS 
Statistics v29 software (SPSS Inc. Chicago, IL, USA).

Ethics approval
This study was performed in line with the principles of the Declaration of Helsinki. A local ethic committee 
approval was granted prior to patient screening (Approval Number: 26-2/13.03.2019, Institutional Ethics Com-
mittee, University of Thessaly, Phone: 2410685703, Email: g-med@med.uth.gr).

Informed consent to participate
Informed consent was obtained from all individual participants included in the study.

Results
Patient characteristics
Overall, 134 colon cancer patients were screened during the study period (Fig. 1). Of those, 14 patients were 
not able to receive MRI scan (incompatible implants) and thus were excluded. All 120 patients were subjected 
to the prespecified CT and MRI scans.

Patient characteristics are summarized in Table 1. The median age of the cohort was 76 years. In total, 81 
males and 39 females were included. Most operations were performed in an open approach (65.8% vs 34.2%). 
Data regarding tumor localization and staging are also provided in Table 1. Moreover, 67 right colectomies, 12 
extended right colectomies, 39 left colectomies, and 2 subtotal colectomies were performed. Perforation was 
documented in 16 cases. Histopathology reports confirmed a not otherwise specified (NOS) adenocarcinoma 
diagnosis in 117 cases. EMVI, serosa, and parietal invasion were confirmed in 43.3%, 14.2%, and 7.5% of all 
patients, respectively. The median lymph-node harvest was 22.

Tumor size
CT systematically overestimated the tumor size in all three dimensions (craniocaudal, transverse, and anter-
oposterior) and in both observer evaluations (Supplementary Material). The higher difference was noted in the 
anteroposterior diameter assessments (1st Observer: 0.845 cm, 2nd Observer: 0.821 cm). Interrater scan meas-
urements were consistent; significant differences between observers were noted in the craniocaudal (− 0.482 cm, 
p < 0.001) and anteroposterior axes (− 0.367, p = 0.001).

T status
Both readers (Tables 2, 3) displayed a higher diagnostic performance in MRI (SE MRIReader 1&2: 100%, SP 
MRIReader 1&2: 96.6%) compared to CT (SE CTReader 1&2: 83.9%, SP CTReader 1&2: 81%). for T1/T2 vs T3/T4 dif-
ferentiation. Overall, MRI had a significantly higher AUC (Table 4, Fig. 2) compared to CT (CTReader 1&2: 0.825 
vs MRIReader 1&2: 0.983 p < 0.001). These results were reproduced in all subgroups (Supplementary Material). 
Interrater agreement (Supplementary Material Tables) for both techniques was very good (kappa: 1, p < 0.01).

For T3ab vs T3cd diagnosis (Tables 2, 3), MRI displayed higher sensitivity (SE CTReader 1: 50%, SE CTReader 2: 
33.3%, SE MRIReader 1&2: 83.3%) and specificity values (SP CTReader 1&2: 77.2%, SP MRIReader 1: 82.5%, SP MRIReader 2: 
86%) compared to CT. A significant overall difference (p = 0.01) between the MRI and CT AUC values was noted 
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(Table 4, Fig. 2). This was also confirmed in left colon tumors (Supplementary Material). Interrater agreement 
(Supplementary Material) was very good (CT kappa: 0.885, p < 0.01; MRI kappa: 0.893, p < 0.01).

N status
Similarly, higher sensitivity (SE CTReader 1: 75.7%, SE CTReader 2: 64.9%, SE MRIReader 1&2: 100) and specificity values 
(SP CTReader 1: 77.1%, SP CTReader 2: 85.5%, SP MRIReader 1: 90.2%, SP MRIReader 2: 95.2%) for MRI were estimated for 
the diagnosis of N positive disease (Table 2). MRI (Table 4, Fig. 2) was consistently associated with significantly 
higher AUC values (CTReader 1: 0.763, CTReader 2: 0.751, MRIReader 1: 0.951, MRIReader 2: 0.976, p < 0.001). Interrater 
agreement (Supplementary Material) for both techniques was good (CT kappa: 0.799, p < 0.01; MRI kappa: 
0.782, p < 0.001).

Serosal invasion
Sensitivity for serosa invasion (Tables 2, 3) was low in both modalities (SE CTReader 1: 23.5%, SE CTReader 2: 17.6%, 
SE MRIReader 1: 35.3%, SE MRIReader 2: 29.4%). In contrast to this, high specificity was identified in both CT (SE 
CTReader 1: 97.1%, SE CTReader 2: 96.1%) and MRI (SP MRIReader 1&2: 100%). Overall AUC values (Table 4, Fig. 2) 
were comparable (p = 0.174). Interrater agreement (Supplementary Material) was very good (CT kappa: 0.848, 
p < 0.01; MRI kappa: 0.905, p < 0.01). Respective clinical examples are provided in Fig. 3.

Retroperitoneal surgical margin
Both CT and MRI (Table 4, Fig. 2) displayed optimal diagnostic performance (AUC CTReader 1&2: 0.817, AUC 
MRIReader 1: 0.944, AUC MRIReader 2: 0.889, p = 0.06) regarding the RSM invasion assessment. The sensitivity of 
MRI was 88.9% for Reader 1 and 77.8% for Reader 2, while the respective specificities were 100% for both readers 
(Table 3). MRI Interrater agreement (Supplementary Material) was good (kappa: 0.787, p < 0.01).

EMVI
Although both modalities (Table 3) displayed low sensitivity values for EMVI diagnosis (SE CTReader 1: 32.7%, SE 
CTReader 2: 34.6%, SE MRIReader 1: 36.5%, SE MRIReader 2: 30.8%), specificity was optimal (SP CTReader 1: 91.2%, SP 
CTReader 2: 89.7%, SP MRIReader 1&2: 100%). A significant overall difference in the AUC values was noted (p = 0.023), 
which was not confirmed in either subgroup analyses (Supplementary Material). CT Cohen’s kappa coefficient 
(Supplementary Material) for CT and MRI was 0.792 (p < 0.001) and 0.9 (p < 0.01), correspondingly.

Discussion
This study showed that the diagnostic performance of MRI surpasses that of CT in several colon cancer staging 
parameters, such as T, N staging and EMVI assessment. Additionally, MRI had an acceptable performance in 
identifying high risk T3 tumors that may be amendable for a neoadjuvant approach. Although serosa invasion 
results were moderate, MRI displayed an outstanding performance in confirming RSM invasion. These results 

Figure 1.   Study flow diagram.
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Table 1.   Patient characteristics; reported as median (interquartile range) or N (percentage). EMVI extramural 
vascular invasion. *Based on colonoscopy. ! Based on pathology report.

Characteristic Value

Age 76 (16)

Gender
Male 81 (67.5%)

Female 39 (32.5%)

Approach
Open 79 (65.8%)

Laparoscopic 41 (34.2%)

Tumor localization*

Cecum 25 (20.8%)

Ascending 36 (30%)

Hepatic flexure 8 (6.7%)

Transverse 10 (8.3%)

Splenic flexure 1 (0.8%)

Descending 13 (10.8%)

Sigmoid 23 (19.2%)

Rectosigmoid junction 4 (3.3%)

Procedure

Right colectomy 67 (55.8%)

Extended right colectomy 12 (10%)

Left colectomy 39 (32.5%)

Subtotal colectomy 2 (1.7%)

Perforation Positive 16 (13.3%)

 T!

1 28 (23.3%)

2 30 (25%)

3a 45 (37.5%)

3b 11 (9.2%)

4a 4 (3.3%)

4b 2 (1.7%)

 N!

0 83 (69.2%)

1a 26 (21.7%)

1b 5 (4.2%)

1c 1 (0.8%)

2a 1 (0.8%)

2b 4 (3.3%)

Histology!

Adenocarcinoma NOS 117 (97.5%)

Mucinous carcinoma 1 (0.8%)

Signet ring carcinoma 1 (0.8%)

Other 1 (0.8%)

Tumor size! (cm) 3.5 (2.07)

EMVI! Positive 52 (43.3%)

Serosa invasion! Positive 17 (14.2%)

Retroperitoneal surgical margin! Positive 9 (7.5%)

Distal margin! (cm) 4.5 (3)

Lymphnodes! 22 (11)

N of positive lymphnodes! 0 (1)

Table 2.   Diagnostic performance of computed tomography (CT). All data reported with the respective 95% 
confidence intervals (95% CIs). SE sensitivity, SP specificity, DOR diagnostic odds ratio, Inf infinite, EMVI 
extramural vascular invasion.

Examination Examiner Outcome T1/T2 vs T3/T4  ≤ T3ab vs ≥ T3cd N positive Serosa invasion
Retroperitoneal surgical 
margin EMVI

CT

Reader 1

SE (%) 83.9 (72.3–92) 50 (11.8–88.2) 75.7 (58.8–88.2) 23.5 (6.8–49.9) 77.8 (40–97.2) 32.7 (20.3–47.1)

SP (%) 81 (68.6–90.1) 77.2 (68.4–84.5) 77.1 (66.6–85.6) 97.1 (91.7–99.4) 85.6 (77.6–91.5) 91.2 (81.8–96.7)

DOR 22.2 (8.6–57) 3.385 (0.64–17.7) 10.4 (4.22–26) 10.25 (2.06–51.03) 20.78 (3.95–109.1) 5.019 (1.81–13.9)

Reader 2

SE (%) 83.9 (72.3–92) 33.3 (4.3–77.7) 64.9 (47.5–79.8) 17.6 (3.8–43.4) 77.8 (40–97.2) 34.6 (22–49.1)

SP (%) 81 (68.6–90.1) 77.2 (68.4–84.5) 85.5 (76.1–92.3) 96.1 (90.4–98.9) 85.6 (77.6–91.5) 89.7 (79.9–95.8)

DOR 22.2 (8.6–57) 1.69 (0.29–9.76) 10.92 (4.39–27.2) 5.3 (1.07–26.2) 20.78 (3.95–109.1) 4.613 (1.75–12.15)
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Table 3.   Diagnostic performance of magnetic diffusion resonance imaging (MRI). All data reported with the 
respective 95% confidence intervals (95% CIs). SE sensitivity, SP specificity, DOR diagnostic odds ratio, Inf 
infinite, EMVI extramural vascular invasion.

Examination Examiner Outcome T1/T2 vs T3/T4  ≤ T3ab vs ≥ T3cd N positive Serosa invasion
Retroperitoneal 
surgical margin EMVI

MRI

Reader 1

SE (%) 100 (94.2–100) 83.3 (35.9–99.6) 100 (90.5–100) 35.3 (14.2–61.7) 88.9 (51.8–99.7) 36.5 (23.6–51)

SP (%) 96.6 (88.1–99.6) 82.5 (74.2–88.9) 90.2 (81.7–95.7) 100 (96.5–100) 100 (96.7–100) 100 (94.7–100)

DOR Inf 23.5 (2.6–212.2) Inf Inf Inf Inf

Reader 2

SE (%) 100 (94.2–100) 83.3 (35.9–99.6) 100 (90.5–100) 29.4 (10.3–56) 77.8 (40–97.2) 30.8 (18.7–45.1)

SP (%) 96.6 (88.1–99.6) 86 (78.2–91.8) 95.2 (88.1–98.7) 100 (96.5–100) 100 (96.7–100) 100 (94.7–100)

DOR Inf 30.6 (3.4–279.5) Inf Inf Inf Inf

Table 4.   ROC curve analysis. AUC comparisons were based on the DeLong’s test. All data reported with the 
respective 95% confidence intervals (95% CIs). CT computed tomography, MRI magnetic resonance imaging, 
ROC receiver operating characteristics, AUC​ area under the curve, EMVI extramural vascular invasion.

Examination Examiner Outcome T1/T2 vs T3/T4  ≤ T3ab vs ≥ T3cd N positive Serosa invasion Retroperitoneal surgical margin EMVI

CT

Reader 1 AUC​ 0.825 (0.75–0.90) 0.636 (0.39–0.88) 0.763 (0.66–0.86) 0.603 (0.44–0.76) 0.817 (0.65–0.98) 0.619 (0.51–0.72)

Reader 2 AUC​ 0.825 (0.75–0.90) 0.55 (0.3–0.79) 0.751 (0.65–0.85) 0.569 (0.41–0.72) 0.817 (0.65–0.98) 0.622 (0.51–0.72)

P 1 0.31 0.693 0.250 1 0.923

MRI

Reader 1 AUC​ 0.983 (0.96–1) 0.829 (0.65–1) 0.951 (0.91–0.99) 0.676 (0.51–0.84) 0.944 (0.824–1) 0.683 (0.58–0.78)

Reader 2 AUC​ 0.983 (0.96–1) 0.846 (0.67–1) 0.976 (0.95–1) 0.647 (0.48–0.81) 0.889 (0.726–1) 0.654 (0.55–0.76)

P 1 0.043 0.247 0.317 0.579 0.07

Overall P  < 0.001 0.01  < 0.001 0.174 0.06 0.023

a) b) c)

d) e) f)

Figure 2.   ROC analysis. (a) T1/T2 vs T3/T4, (b) ≤ T3ab vs ≥ T3cd, (c) N positive, (d) serosa invasion, (e) 
retroperitoneal surgical margin, (f) EMVI.
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further highlight the diagnostic efficacy of MRI in colon cancer staging, thus suggesting it has the potential to 
become the new gold standard, especially when considered in combination to its additional value in differentiat-
ing equivocal liver ‘lesions’.

The determination of tumor growth through the bowel wall is the first step in colon cancer staging. We vali-
dated the superiority of MRI over CT in terms of T1/T2 versus T3/T4 diagnosis. In our study, MRI achieved 100% 
sensitivity and 96.6% specificity for this endpoint. Despite multiple measurements, the interobserver agreement 
reached 100%. The optimal performance of MRI in T stage assessment was also shown in several other series15,19. 
The theoretical advantage of MRI is its higher soft tissue discrimination ability, thus enabling it to identify tumor 
invasion through the various layers of the bowel wall more accurately15,19. However, these were challenged by a 
recent publication, where CT and MRI displayed comparable diagnostic accuracy for T stage diagnosis18.

FOxTROT study is the first randomized controlled trial to highlight the benefits of neoadjuvant chemotherapy 
in locally advanced, resectable, colon cancer14. Initial results showed that neoadjuvant treatment significantly 
downstaged the primary tumor, increased R0 resection rates, and decreased recurrence risk, especially when 
dMMR cancers were excluded4. Additionally, a meta-analysis by Cheong et al.29, confirmed the overall survival 
and disease-free survival benefits of neoadjuvant therapy. For the successful implementation of a neoadjuvant 
protocol, the accurate identification of high-risk patients during staging is crucial13. More specifically, T3ab 
versus T3cd differentiation directly affects the management pathway, since the latter group has a higher chance 
of benefiting from neoadjuvant chemotherapy30. Pooled analyses showed that CT is associated with a 77% 
sensitivity and 70% specificity for T3ab versus T3cd diagnosis30. A subsequent trial by Nerad et al.15, supported 
that MRI may underestimate the depth of extramural invasion, thus underestimating a significant proportion of 
T3cd tumors15. Rafaelsen et al.18 though, reported a significant diagnostic superiority of MRI in T3cd diagnostic 
accuracy. In our cohort, MRI showed excellent diagnostic performance, with an 83.3% sensitivity and a specificity 
ranging from 82.5% to 86%. A possible explanation for these discrepancies could be the difficulty of correctly 
differentiating the desmoplastic reaction of surrounding tissues from true tumor cell infiltration15.

Lymph node metastasis is a significant negative prognostic factor for colonic cancer2. Due to the direct impact 
on survival, initial staging should identify stage III disease with the highest diagnostic accuracy available15. Pooled 
data analyses show that CT has a moderate sensitivity (71%) and specificity (67%) for nodal involvement30. 
Furthermore, these suboptimal results are also accompanied by considerable variation in terms of diagnostic 
accuracy performance30. A similar heterogeneity is also noted in the recorded sensitivity (26–86%) and specificity 
(64–86%) of MRI15. The etiology of this discrepancy is multifactorial and includes differences in both technical 
parameters (CT protocol and slice thickness, MRI field strength and sequences) and diagnostic criteria30. The 
later are still not standardized, with the size, shape, and border contour being the most important30. Criteria 
combinations have also been described30; for example, node length, node cluster, and node density30. Altera-
tions in the cut-off points of these parameters significantly affect the diagnostic performance of the respective 

a b c

d e f

Figure 3.   Clinical examples (white arrow). (a) An axial CT scan image showing infiltration of serosa, (b) 
an axial CT scan image showing infiltration of retroperitoneal surgical margin, (c) a coronal CT scan image 
showing extramural vascular invasion, (d) an axial MRI scan image (T1 FSE FS) showing infiltration of serosa, 
(e) an axial MRI scan image (T1 FSPGR) showing infiltration of retroperitoneal surgical margin, (f) a coronal 
MRI scan image (T1) showing extramural vascular invasion.
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examinations and result in the reported outcome heterogeneity30. In our study, the combined presence of inter-
nal heterogeneity and an irregular outer border were considered predictors of node infiltration24. Interestingly, 
although CT sensitivity and specificity were comparable to the respective literature results30, MRI achieved 
almost optimal performance. This contradicts recent publications where MRI was shown to be equivalent to CT 
in terms of node staging18.

MRI did not perform well in identifying serosa involvement. Although specificity was 100% for both read-
ers, sensitivity was minimal. In addition to these, MRI had comparable diagnostic performance to CT. These 
contradict previous trials, where MRI displayed a considerably high sensitivity (76–87%) for serosa invasion. 
CT is also associated with acceptable diagnostic accuracy for serosa involvement31. More specifically, Hennedige 
et al.31, reported that the diagnostic accuracy of multidetector CT for visceral peritoneum infiltration ranged from 
63.6 to 66.7%, respectively. Besides divergences in imaging protocols, the role of histopathologic evaluation is 
another important factor that may affect diagnostic performance results. There are three distinct morphological 
patterns at the advancing tumor edge, including continuous invasion through an inflammatory focus, pushing 
border, and infiltrating cell clusters with serosa reaction32. According to Panarelli et al.32, interobserver agreement 
for serosa infiltration classification was notably low, even between specialized gastrointestinal pathologists, thus 
confirming the need for further diagnostic criteria clarification.

Despite this, MRI displayed excellent diagnostic performance in identifying tumors that infiltrated the RSM. 
To be more specific, the sensitivity of MRI was 88.9% and 77.8%, while the specificity was consistently 100%. In 
comparison, the estimated sensitivity and specificity of CT were 77.8% and 85.6%, respectively. Despite these 
differences, MRI did not manage to achieve significantly higher AUC values.

In terms of colorectal cancer, the presence of EMVI is associated with an increased risk of cancer—related 
mortality and tumor recurrence, mainly through distant disease33. In our cohort, MRI had a moderate diagnostic 
performance in terms of EMVI diagnosis. Despite outstanding specificity (100%), sensitivity was considerably 
low. This contrasts with the results by Nerad et al.15, where MRI displayed a very high sensitivity and a moderate 
specificity for EMVI. The authors of this study suggested that the difference between these findings was due to 
vessel traction, the presence of thrombus, and altered hemodynamics caused by local inflammation15. Hunter 
et al.19, using a 1.5 T field strength, reported significant interobserver heterogeneity in the MRI sensitivity for 
EMVI (Reader 1: 63% versus Reader 2: 26%). Similar differences, but within the acceptable range, were noted in 
the specificity results (Reader 1: 80% versus Reader 2: 91%). In a recent pooled analysis by Kim et al.34, pooled 
MRI sensitivity for EMVI diagnosis was 61%. However, a significant heterogeneity plagued these results, with 
the average trial sensitivity ranging from 28 to 94%34. Further explanatory analyses identified locally advanced 
tumors, high resolution MRI, and the administration of antispasmodic drugs as heterogeneity explanatory 
factors34. Interestingly, the authors reported that characteristics such as tumor side, administration of neoad-
juvant therapy, definition standard, field strength, and functional MRI protocols did not result to inconsistent 
outcomes34.

Limitations
Prior to the appraisal of the results of our study, several limitations should be acknowledged. First, although the 
study sample was based on a predefined power analysis, the extension of the eligible patients’ pool may have 
resulted in a more accurate estimation of the diagnostic accuracy of the imaging techniques. Moreover, the 
inherent heterogeneity in terms of patient demographics and tumor characteristics further increased the overall 
amount of bias in our study. Finally, the fact that both CT and MRI were performed according to a standardized 
protocol does not presuppose the safe extrapolation of our findings to a wider clinical setting, with different 
radiologic units, image acquisition protocols, and technical expertise.

Conclusion
MRI displayed a higher diagnostic performance compared to CT in terms of T1/T2 vs T3/T4, N positive, and 
EMVI assessment. Optimal performance of MRI was noted in the T3ab vs T3cd and RSM diagnoses. In contrast 
to these, MRI did not perform well in the identification of serosa invasion. Given several study limitations, further 
large-scale studies are required to confirm these results.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.

Received: 18 April 2024; Accepted: 19 July 2024

References
	 1.	 Morgan, E. et al. Global burden of colorectal cancer in 2020 and 2040: Incidence and mortality estimates from GLOBOCAN. Gut 

72, 338–344 (2023).
	 2.	 Siegel Mph, R. L. et al. Colorectal cancer statistics, 2023. CA Cancer J. Clin. 73, 233–254 (2023).
	 3.	 Seow-En, I. & Chen, W. T. L. Complete mesocolic excision with central venous ligation/D3 lymphadenectomy for colon cancer—A 

comprehensive review of the evidence. Surg. Oncol. 42, 101755 (2022).
	 4.	 Morton, D. et al. Preoperative chemotherapy for operable colon cancer: Mature results of an international randomized controlled 

trial. J. Clin. Oncol. 41, 1541–1552 (2023).
	 5.	 Hu, H. et al. Neoadjuvant chemotherapy with oxaliplatin and fluoropyrimidine versus upfront surgery for locally advanced colon 

cancer: The randomized, phase III OPTICAL trial. J. Clin. Oncol. https://​doi.​org/​10.​1200/​JCO.​23.​01889/​SUPPL_​FILE/​PROTO​
COL_​JCO.​23.​01889.​PDF (2024).

https://doi.org/10.1200/JCO.23.01889/SUPPL_FILE/PROTOCOL_JCO.23.01889.PDF
https://doi.org/10.1200/JCO.23.01889/SUPPL_FILE/PROTOCOL_JCO.23.01889.PDF


9

Vol.:(0123456789)

Scientific Reports |        (2024) 14:17145  | https://doi.org/10.1038/s41598-024-68147-7

www.nature.com/scientificreports/

	 6.	 Vogel, J. D. et al. The American Society of Colon and Rectal Surgeons Clinical Practice Guidelines for the management of colon 
cancer. Dis. Colon Rectum 65, 148–177 (2022).

	 7.	 Luo, D. et al. Incidence, predictors and prognostic implications of positive circumferential resection margin in colon cancer: A 
retrospective study in a Chinese High-Volume Cancer Center. Front. Oncol. 12, 871570 (2022).

	 8.	 Leijssen, L. G. J. et al. Impact of intramural and extramural vascular invasion on stage II–III colon cancer outcomes. J. Surg. Oncol. 
119, 749–757 (2019).

	 9.	 Basile, D. et al. Tumor budding is an independent prognostic factor in stage III colon cancer patients: A post-hoc analysis of the 
IDEA-France phase III trial (PRODIGE-GERCOR). Ann. Oncol. 33, 628–637 (2022).

	10.	 Swets, M. et al. Are pathological high-risk features in locally advanced rectal cancer a useful selection tool for adjuvant chemo-
therapy? Eur. J. Cancer 89, 1–8 (2018).

	11.	 Kijima, S. et al. Preoperative evaluation of colorectal cancer using CT colonography, MRI, and PET/CT. World J. Gastroenterol. 
20, 16964–16975 (2014).

	12.	 Shkurti, J. et al. Diagnostic accuracy of CT for local staging of colon cancer: A nationwide study in the Netherlands. Eur. J. Cancer 
193, 113314 (2023).

	13.	 Dighe, S. et al. Accuracy of radiological staging in identifying high-risk colon cancer patients suitable for neoadjuvant chemo-
therapy: A multicentre experience. Colorectal Dis. 14, 438–444 (2012).

	14.	 Williams, C. J. M. et al. Incorporating neoadjuvant chemotherapy into locally advanced colon cancer treatment pathways: Real-life 
experience of implementing FOxTROT. Colorectal Dis. 25, 352–356 (2023).

	15.	 Nerad, E. et al. MRI for local staging of colon cancer: Can MRI become the optimal staging modality for patients with colon cancer? 
Dis. Colon Rectum 60, 385–392 (2017).

	16.	 Liu, L. H., Lv, H., Wang, Z. C., Rao, S. X. & Zeng, M. S. Performance comparison between MRI and CT for local staging of sigmoid 
and descending colon cancer. Eur. J. Radiol. 121, 108741 (2019).

	17.	 Dam, C. et al. Local staging of sigmoid colon cancer using MRI. Acta Radiol. Open 6, 205846011772095 (2017).
	18.	 Rafaelsen, S. R. et al. CT and 3 Tesla MRI in the TN staging of colon cancer: A prospective, blind study. Curr. Oncol. 29, 1069–1079 

(2022).
	19.	 Hunter, C. et al. Local staging and assessment of colon cancer with 1.5-T magnetic resonance imaging. Br. J. Radiol. 89, 20160257 

(2016).
	20.	 Bossuyt, P. M. et al. STARD 2015: An updated list of essential items for reporting diagnostic accuracy studies. BMJ 351, 826 (2015).
	21.	 Shida, D. et al. Comparison of model fit and discriminatory ability of M category as defined by the 7th and 8th editions of the 

tumor-node-metastasis classification of colorectal cancer and the 9th edition of the Japanese classification. Cancer Med. 10, 6937 
(2021).

	22.	 Tejedor, P., Francis, N., Jayne, D., Hohenberger, W. & Khan, J. Consensus statements on complete mesocolic excision for right-sided 
colon cancer—Technical steps and training implications. Surg. Endosc. 36, 5595–5601 (2022).

	23.	 Kim, B. H. et al. Standardized pathology report for colorectal cancer, 2nd eition. J. Pathol. Transl. Med. 54, 1 (2020).
	24.	 Rollvén, E. et al. Morphological predictors for lymph node metastases on computed tomography in colon cancer. Abdom. Radiol. 

44, 1712–1721 (2019).
	25.	 Brown, G. Staging rectal cancer: Endoscopic ultrasound and pelvic MRI. Cancer Imaging 8, S43 (2008).
	26.	 Henderson, A. R. Testing experimental data for univariate normality. Clin. Chim. Acta 366, 112–129 (2006).
	27.	 Søreide, K., Kørner, H. & Søreide, J. A. Diagnostic accuracy and receiver-operating characteristics curve analysis in surgical research 

and decision making. Ann. Surg. 253, 27–34 (2011).
	28.	 Mandrekar, J. N. Receiver operating characteristic curve in diagnostic test assessment. J. Thorac. Oncol. 5, 1315–1316 (2010).
	29.	 Cheong, C. K. et al. Neoadjuvant therapy in locally advanced colon cancer: A meta-analysis and systematic review. J. Gastrointest. 

Oncol. 11, 847–857 (2020).
	30.	 Nerad, E. et al. Diagnostic accuracy of CT for local staging of colon cancer: A systematic review and meta-analysis. Am. J. Roent-

genol. 207, 984–995 (2016).
	31.	 Hennedige, T., Teo, L., Ang, B., Cheong, W. K. & Venkatesh, S. K. Accuracy of preoperative CT for local staging in colorectal 

carcinomas. Singap. Med. J. 51, 475–480 (2010).
	32.	 Panarelli, N. C. et al. Reproducibility of AJCC criteria for classifying deeply invasive colon cancers is suboptimal for consistent 

cancer staging. Am. J. Surg. Pathol. 44, 1381–1388 (2020).
	33.	 Mc Entee, P. D. et al. Extramural venous invasion (EMVI) in colorectal cancer is associated with increased cancer recurrence and 

cancer-related death. Eur. J. Surg. Oncol. 48, 1638–1642 (2022).
	34.	 Kim, T. H., Woo, S., Han, S., Suh, C. H. & Vargas, H. A. The diagnostic performance of MRI for detection of extramural venous 

invasion in colorectal cancer: A systematic review and meta-analysis of the literature. Am. J. Roentgenol. 213, 575–585 (2019).

Author contributions
Conception and design of the study: Tzovaras, Vassiou. Acquisition of data: Bompou, Vassiou, Fezoulidis. Draft-
ing the article: Perivoliotis, Bompou. Critical revision: Baloyiannis, Vassiou. Final approval: Tzovaras. Patients 
signed informed consent regarding publishing their data and photographs.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://​doi.​org/​
10.​1038/​s41598-​024-​68147-7.

Correspondence and requests for materials should be addressed to K.P.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

https://doi.org/10.1038/s41598-024-68147-7
https://doi.org/10.1038/s41598-024-68147-7
www.nature.com/reprints


10

Vol:.(1234567890)

Scientific Reports |        (2024) 14:17145  | https://doi.org/10.1038/s41598-024-68147-7

www.nature.com/scientificreports/

Open Access   This article is licensed under a Creative Commons Attribution-NonCommercial-
NoDerivatives 4.0 International License, which permits any non-commercial use, sharing, 

distribution and reproduction in any medium or format, as long as you give appropriate credit to the original 
author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this 
article or parts of it.The images or other third party material in this article are included in the article’s Creative 
Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the 
article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the 
permitted use, you will need to obtain permission directly from the copyright holder.To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by-​nc-​nd/4.​0/.

© The Author(s) 2024

http://creativecommons.org/licenses/by-nc-nd/4.0/

	Comparative evaluation of CT and MRI in the preoperative staging of colon cancer
	Rationale
	Aim
	Materials and methods
	Study design
	Outcomes
	Participants
	Diagnostic examinations
	Study group
	Statistical analysis
	Ethics approval
	Informed consent to participate

	Results
	Patient characteristics
	Tumor size
	T status
	N status
	Serosal invasion
	Retroperitoneal surgical margin
	EMVI

	Discussion
	Limitations

	Conclusion
	References


