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Abstract
Purpose and research question
Cross-sectional imaging with CT scanning is the most commonly performed imaging modality to stage right-
sided colon cancers. There is increasing evidence for the use of neo-adjuvant chemotherapy in selected
patients and debate about the role of complete mesocolic excision (CME) and central vascular ligation (CVL)
in the management of locally advanced colon cancers. Predicted tumour stage and the presence of nodal
metastases by CT are often used to select patients for neo-adjuvant chemotherapy and those that may
benefit from CME.

This study aims to compare predicted radiological T and N staging with final pathological T and N staging in
elective patients having potentially curative surgery for right-sided colon cancer.

Methods
A retrospective analysis was carried out of a prospectively gathered database of all patients who had
undergone (true) right hemicolectomy between 02/01/13 and 21/05/20. Sensitivity, specificity, positive
predictive value, and negative predictive value for CT scanning with regards to the pathological nodal
metastases were calculated and analysed.

Results
The sensitivity and specificity of radiology staging for predicting nodal status were 76.4% and 65.5%
respectively. The positive predictive value of CT staging for correctly identifying nodal metastases was
55.3%, with a negative predictive value of 77.3%.

Conclusions
This large series adds further evidence that CT, even when reviewed by expert GI radiologists, has limited
accuracy at identifying lymph node metastases in colon cancer.

Categories: Radiology, General Surgery, Oncology
Keywords:  ct, colorectal cancer, staging, radiology, cme

Introduction
There are approximately 42,000 new cases of colorectal cancer diagnosed in the UK every year [1]. Despite
the modern era of biological and immunological therapies and advances in radiotherapy, surgery remains
the mainstay of treatment in the management of visceral cancers. Recent reports indicate that 80% of all
cases of cancer will require operative intervention; in some cases, several times [2].

CT scanning is the most common method used to stage colon cancer within the UK and worldwide. A meta-
analysis of 16 studies on the diagnostic accuracy of CT for staging nodal positivity of colon cancer showed a
pooled sensitivity and specificity of 71% and 67% respectively [3]. In a more recent study focusing
specifically on right-sided cancers, Fernandez et al. reported a sensitivity and specificity of 47% and 71%
respectively for correctly predicting nodal disease [4]. Overall, the accuracy of CT for identifying any high-
risk feature in right-sided colon cancers (pT3/T4, pN+, or EMVI+) was 62%. The authors concluded that CT
may not be sufficient to identify patients pre-operatively who would benefit from either neo-adjuvant
chemotherapy or more extensive nodal resection.

There is no doubt as to the primacy of mesenteric-based resectional surgery in the management of colon
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and rectal cancer [5]. With regards to rectal cancer, the use of total mesorectal excision (TME) and MRI for
local staging has significantly reduced local recurrence, by accurately predicting patients with high-risk
diseases and involved surgical margins. Increasingly, there is a focus on the benefits of selective complete
mesocolic excision (CME) for high-risk colon cancers. Introduced by Hohenberger in 2009 [6], CME resonates
with TME as it emphasizes strictly anatomical dissection along embryological planes to detach a perfectly
intact mesentery with a peritoneal envelope housing the local field of cancer spread in an ontogenetic
package. This also incorporates central vascular ligation (CVL) which broadly correlates with D3
lymphadenectomy. Hohenberger demonstrated that adoption of CME was associated with a reduction in
rates of local recurrence (LR) rate from 6.5 to 3.6% and increased five-year cancer-related survival from
82.1% to 89.1% from 1978-1984 to 1995-2002 [6]. As it stands, no absolute indications for CME exist. The
2014 Japanese Society for Cancer of the Colon and Rectum (JSCCR) Guidelines for the treatment of
colorectal cancer propose that any lymph node metastasis recognised before or during the surgery should
undergo D3 lymph node dissection [7].

What is clear, is the importance of understanding the accuracy of CT in terms of correctly identifying
involved nodes when planning treatment for patients with right-sided colon cancers in the multidisciplinary
team. Herein, we examine our data with a primary outcome of assessing the validity of CT to predict final
histology. We then discuss the use of CT staging in patient stratification for CME.

Materials And Methods
This was a retrospective analysis of a prospectively gathered database approved by the hospitals’ local audit
and service provision department (ID 3576).

The database was used to identify all patients who had undergone right hemicolectomy between 02/01/13
and 21/05/20. These are defined as resections up to and including the right branch of the middle colic artery.
Extended right hemicolectomy (defined as vascular ligation of the middle colic artery at its origin) and
patients having non-curative surgery were excluded.

A total of 390 patients were identified from the database. Seven were excluded as they did not have a record
of a pre-operative CT scan. Also, 269 patients had TNM staging in the original CT report which had been
reviewed by a dedicated consultant gastrointestinal radiologist and had the radiological staging documented
at the multi-disciplinary team (MDT) meeting. Of these 13 only contained T staging and 80 had staging
which gave two values e.g. T2/3, and 114 had no staging in their pre-operative CT report or MDT.

All those without previous staging or staging giving two values were reviewed by a GI radiologist (AA) with
nine years of consultant experience and a specialist interest in oncological and gastrointestinal imaging.
These images were then staged or committed to one specific integer. The radiologist was blinded to the final
histological staging. All CT studies were analysed using axial, coronal and sagittal sequences available at 1.5
mm slice thickness, with the ability to also do multiplanar reformats. 

A further three patients were then excluded as they had a complete response to neo-adjuvant chemotherapy
and had a histological T stage of 0. TNM 7 was used. A total of 380 patients were used for the final data
analysis. The full study strategy is shown in Figure 1.
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FIGURE 1: Methods flow chart (CT: Computerised Tomography,
COLMDT: Colorectal Multidisciplinary Team Meeting)

Pre-treatment radiological stage was then cross-referenced with the final histopathology stage. SPSS
Statistics (IBM Corp., Armonk, NY) was used for all data analysis and statistics.

Results
Of the 380 patients included in the final analysis, 49.7% were male and 50.3% female. Around 88.1% of
patients were between 60 and 89 years and 75.2% had a BMI between 20 and 29. Only 3.9% had neo-
adjuvant chemotherapy as part of the FOxTROT trial ongoing during the study period and 36.6% had
adjuvant chemotherapy. Additionally, 77% of the operations were elective (Table 1).
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Demographic Value Frequency %

Gender Male 189 49.7%

 Female 191 50.3%

Age 20-29 1 0.3%

 30-39 7 1.8%

 40-49 4 1.1%

 50-59 26 6.8%

 60-69 62 16.3%

 70-79 154 40.5%

 80-89 119 31.3%

 90-100 7 1.8%

BMI 15-19 13 3.4%

 20-24 138 36.3%

 25-29 148 38.9%

 30-34 72 18.9%

 35-39 19 5.0%

 40-44 6 1.6%

 45-49 3 0.8%

Neoadjuvant chemotherapy Yes 15 3.9%

 No 363 95.5%

 No data 2 0.5%

Adjuvant chemotherapy Yes 139 36.6%

 No 204 53.7%

 No data 37 9.7%

Emergency Yes 88 23%

 No 292 77%

TABLE 1: Patient demographic data (n=380)

The distribution of cancers by T stage is shown in Table 2, with the majority of resected cancers being T3
tumours (51.3%). Analysis of nodal staging showed that 58.4% of cancers had no evidence of lymph nodes
metastases (Table 3).
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T stage Frequency Percentage

1 15 3.9

2 39 10.3

3 195 51.3

4 131 34.5

TABLE 2: T stage distribution of cancers by pathological stage (n=380)

N stage Frequency Percentage

0 223 58.4

1 92 24.2

2 66 17.4

TABLE 3: Nodal status of patients (n=380)

The sensitivity and specificity of radiology staging for predicating nodal status were 76.4% and 65.5%
respectively (Table 4). The receiver operating characteristic (ROC) curve was used to determine the area
under the ROC curve (AUC) of 0.706 (Figure 2). The positive predictive value of CT staging for correctly
identifying nodal metastases was 55.3%, with a negative predictive value of 77.3%. The sensitivity and
specificity for nodal status were only marginally altered when analysing according to BMI (BMI>30 vs
BMI<30).

 Pathological nodes positive Pathological nodes negative Total

Radiological nodes positive 120 97 217

Radiological nodes negative 37 126 163

Total 157 223 380

TABLE 4: Sensitivity and specificity of nodal staging by CT scan (n=380)
Sensitivity = 120/(120+37)=76.4%, Specificity = 126/(126+97)=65.5%

Positive Predictive Value = 120/(120+97) = 55.3%, Negative Predictive Value = 126/(126+37) = 77.3%
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FIGURE 2: ROC curve and AUC
ROC: receiver operating characteristic; AUC: curve area under the ROC curve

The accuracy of radiological prediction of T1 tumours on final pathology was 53.3%, T2 tumours 56.4%, T3
tumours 59.5% and T3 tumours 49.6% (Table 5).

 
Pathological T Stage  

pT1 pT2 pT3 pT4 Total

Radiological predicted T stage

Rad1 n % 8 53.3% 6 15.4% 5 2.6% 2 1.5% 21 5.5%

Rad2 n % 7 46.7% 22 56.4% 54 27.7% 10 7.6% 93 24.5%

Rad3 N % 0 0% 10 25.6% 116 59.5% 54 41.2% 180 47.4%

Rad4 N % 0 0% 1 2.6% 20 10.3% 65 49.6% 86 22.6%

Total   15 39 195 131 380

TABLE 5: Accuracy of radiology for predicting pathological T stage (n=380)

Discussion
Our data shows that the positive predictive value of CT for identifying involved lymph nodes was 55.3%,
meaning that CT was effectively not much better than "a coin toss" to differentiate node positive from node-
negative disease. Given that all UK MDTs currently stage colon cancer using CT scanning, the importance of
highlighting its limitations is paramount.

Limitations
It should be noted, that although an experienced gastrointestinal radiologist was used to retrospectively
analyse previous imaging, it may have been beneficial to have a second radiologist re-stage all the CT scans
and then assess the inter-rater reliability with Cohen’s kappa coefficient. However, given that 269 of the
scans were already reviewed prior to this study, the majority of scans had been doubly reviewed in our
study. Anyhow, it seems that analysis and comparison by more experienced radiologists may not have
improved the lymph node staging from CT. Hong et al. have shown that although differentiation between T2
and T3 improves with experience, evaluation of lymph node involvement does not [8]. A study from the
Karolinska institute [9] compared CT and pathology in 94 patients with colon cancers, reviewed by two
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blinded GI radiologists with >20 years of experience. For nodal metastasis, inter-observer agreement
(Cohens Kappa) was 0.72. However, sensitivity for both in detecting lymph node metastasis was 69%. The
main discrepancy was the under-staging of lymph node metastasis. The authors here also highlight
histopathological examinations have shown nearly 50% of lymph nodes in colon cancer are below 5 mm.
Large nodes may simply be reactive to inflammation rather than involved by a tumour. This again shows that
whilst there may be a good correlation between radiologists, it is the limitation of CT at identifying involved
nodes that limits the sensitivity of CT.

However, there appears to be no superior alternative imaging modality at present. A Korean study showed
the sensitivity and specificity of FDG-PET/CT be inferior to CT for detecting metastases in regional lymph
nodes in a cohort of 433 patients undergoing both CT and FDG-PET/CT prior to surgery for colorectal cancer
[10]. Nerad et al. [11] evaluated the accuracy of MRI for local staging of colon cancer in 55 patients, with all
scans evaluated blindly by two experienced abdominal MRI radiologists. The sensitivity and specificity for
detecting nodal involvement (N0 versus N+) were 47% and 86% and 68% and 64% for each radiologist.
Despite lymph nodes being clearly visible on diffusion-weighted images, this did not necessarily represent
metastatic involvement, with benign nodes also showing high cellularity with high diffuse-weighted images
as well.

The FOxTROT randomised trial of pre-operative chemotherapy prior to surgical resection of more locally
advanced colon cancers focused on the T stage, with the poor prognosis group comprising CT radiological
evidence of T4 or T3 disease with ³5mm extramural extension [12]. Pre-operative lymph node staging was
not a selection criterion, on the basis of both data from the QUASAR1 study [13], supported by meta-analyses
of other trials, indicating the proportional risk reduction in disease recurrence was similar in both node-
positive and negative diseases. In fact, of the 354 patients in the control group in the FOxTROT trial who
went straight to surgery, 48% were node-negative on their final histology. Conversely, only 6% had T2
disease, highlighting that CT is much better at correctly identifying patients with T3 and T4 diseases.

Kotake et al. [14] compared overall survival in a cohort of 6850 Japanese patients with T3 and T4 colon
cancers. Patients undergoing a D3 resection had an 18% relative reduction in the risk of death compared to
those having a D2 resection. Furthermore, subset analysis showed a greater chance of survival in patients
having a D3 compared to D2 resection in node-negative colon cancer. This adds support to the hypothesis
that removing the entire mesocolon removes micro-metastases present within the mesentery itself, not
confined to lymph nodes or vessels.

Chen and Bilchik [15] showed that in patients with node-positive (Dukes C, stage III) colon cancer, their
five-year overall survival (OS) increased from 67 to 90% when either 1-10 lymph nodes or more than 40
nodes were removed, respectively in N1 disease. They also showed an improvement in the five-year OS from
51-71% in N2 disease when either less than 35 lymph nodes or greater than 35 nodes were resected,
respectively. Hohenberger et al. also reported that in node-negative patients, the five-year survival was
significantly greater if 28 or more lymph nodes were removed [6].

Therefore, which group of patients should be offered a CME for right-sided colon cancers? Whilst nodal
status is a hard indicator for CME, at least according to the Japanese guidelines, radiology is not a reliable
discriminator for node-positive disease. The lack of radiological accuracy and consensus in staging
colorectal cancers shown in this study and others means there are insufficient patient stratification
methods. More accurate identification pre-operatively of T and N staging would allow selected patients to
have neo-adjuvant chemotherapy and more radical surgery to hopefully improve outcomes.

Conclusions
This large series adds further evidence to more limited published series of papers showing that CT, even
when reviewed by expert GI radiologists, has limited accuracy at identifying lymph node metastases in colon
cancer. More accurate imaging modalities are required to accurately stage tumour factors prior to surgery.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. The hospital's local audit
and service provision department issued approval ID 3576. This was a retrospective analysis of a
prospectively gathered database approved by the hospitals’ local audit and service provision department (ID
3576). Animal subjects: All authors have confirmed that this study did not involve animal subjects or
tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.
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