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Abstract

IMPORTANCE Preoperative TNM stratification of colon cancer on computed tomography (CT) does
not identify patients who are at high risk of recurrence that could be selected for preoperative
treatment.

OBJECTIVE To evaluate the utility of CT findings for prognosis of sigmoid colon cancer.

DESIGN, SETTING, AND PARTICIPANTS This prognostic study used retrospective data from
patients who underwent bowel resection for sigmoid colon cancer between January 1, 2006, and
January 1, 2015, at a tertiary care center receiving international and national referrals for colorectal
cancer. Statistical analysis was performed in April 2019.

MAIN OUTCOMES AND MEASURES Cox proportional hazards regression analysis was performed
to investigate CT findings associated with disease recurrence. Kaplan-Meier survival plots were
calculated for disease-free survival using CT staging systems.

RESULTS Of the 414 patients who had sigmoid colon cancer (248 [60.0%] men; mean [SD] age, 66.1
[12.7] years), with median follow-up of 61 months (interquartile range, 40-87 months), 122 patients
(29.5%) developed disease recurrence. On multivariate analysis, nodal disease was not associated
with disease recurrence; only tumor deposits (hazard ratio [HR], 1.90; 95% CI, 1.21-2.98; P = .006)
and extramural venous invasion (HR, 1.97; 95% CI, 1.26-3.06; P = .003) on CT were associated with
disease recurrence. Significant differences in disease-free survival were found using CT-T3 substage
classification (HR, 1.88; 95% CI, 1.32-2.68) but not CT-TNM (HR, 1.55; 95% CI, 0.94-2.55). The
presence of tumor deposits or extramural venous invasion on CT (HR, 2.45; 95% CI, 1.68-3.56) had
the strongest association with poor outcome.

CONCLUSIONS AND RELEVANCE In this study, T3 substaging and detection of tumor deposits or
extramural venous invasion on preoperative CT scans of sigmoid colon cancer were prognostic
factors for disease-free survival, whereas TNM and nodal staging on CT had no prognostic value. T3
substaging and detection of tumor deposits or extramural venous invasion of sigmoid colon cancer
was superior to TNM on CT and could be used to preoperatively identify patients at high risk of
recurrence.
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Introduction

There is increasing awareness that preoperative identification of high-risk tumors on imaging has
improved rectal cancer outcomes.1-3 To date, such a strategy does not exist for colon cancer and may
partly explain why rectal cancer outcomes have improved and now have overtaken colon cancer
outcomes.4-7 Novel treatment options for advanced, nonmetastatic colon cancer, such as
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neoadjuvant chemotherapy,8 complete mesocolic excision, or hyperthermic intraperitoneal
therapy,9 may improve outcomes among patients with an otherwise poor prognosis but require
accurate preoperative imaging to identify locally advanced tumors. At present, preoperative clinical
staging of colon cancer by computed tomography (CT) is based on the TNM system.10

Nodal disease, which is the traditional histopathologic indication for adjuvant chemotherapy, is
no longer recommended for clinical staging11 because it cannot be reliably identified by CT, with
specificity of 55% to 67% on meta-analysis.12-14 More recently, DNA analysis of primary tumor, lymph
nodes, and metastases in patients with colorectal cancer has found that most distant metastases had
an origin different from lymph nodes.15

Tumor stage has traditionally not been seen to be relevant because it was not prognostic. In
2007, advanced T3 (>5-mm depth of spread beyond the muscularis propria) and T4 categories were
identified as criteria for colon cancer with poor prognosis on CT.16 Patients with advanced T3 and T4
tumors identified on CT had worse recurrence-free survival at 3 years than patients with T1 and T2
tumors (53%) and those with early T3 tumors (87%). The use of preoperative treatment for all
patients with T3 tumors was recommended in a recent colon cancer trial,8,17 but the preoperative
treatment failed to reduce recurrence; this finding may have been associated with inclusion of a
group at low risk of recurrence (early T3 tumors with <5-mm spread).

With the emergence of novel and varied treatment strategies, an accurate preoperative staging
system permits an opportunity to stratify treatment as well as surveillance. Risk factors for
recurrence that were not evaluated by TNM are now standardly reported on CT report proformas for
colon cancer,18 including advanced T3 substage,16,19 localized peritoneal infiltration,20,21 extramural
venous invasion (EMVI),19,22,23 and discontinuous tumor deposits.24,25 In this study, we aimed to
investigate whether these known disease features on CT are associated with oncologic outcome of
sigmoid colon cancer and whether they could be used to optimize preoperative staging systems.

Methods

Data Sources and Baseline Variables
This prognostic study used retrospective data from patients identified in a prospectively maintained
institutional database at the Royal Marsden Hospital, London, England, that included patient data
from national and international tertiary referral centers in addition to a local referral network of 6
hospitals within Greater London: Epsom and St Heliers University Hospitals, Croydon University
Hospital, Kingston Hospital, St George’s Hospital, and Chelsea and Westminster Hospital. Local
ethical approval was obtained from the Royal Marsden Hospital Committee for Clinical Research. The
need for informed consent was waived by the committee because this was a retrospective study of
clinical practice. This study followed the Reporting Recommendations for Tumor Marker Prognostic
Studies (REMARK).26

All patient information was discussed during a central colorectal cancer multidisciplinary team
meeting. Treatment plans were individualized after multidisciplinary team discussion, except for the
operative strategy if the patients had already undergone a surgical procedure as an emergency or
were referred specifically for adjuvant treatment. The study start date was January 1, 2006, when
modern, high-resolution, multidetector CT scanners became commonplace. The study end date was
January 1, 2015; thus, patients had at least 3 years of follow-up data commencing from the date of
their surgical procedure. Standardized follow-up for English National Health Service patients was
performed according to the National Institute for Health and Care Excellence guidelines for
colorectal cancer.27

Patients were eligible for inclusion if they had nonmetastatic adenocarcinoma arising in the
sigmoid colon on CT scan and underwent colonic resection. The mesorectal-mesocolic junction as
recognized by the sigmoid take-off28 was used as the distal landmark to define sigmoid tumors.
Exclusion criteria included synchronous tumors, metastatic disease, early tumors removed with
endoscopic treatment only, or disease that was later found not to be colorectal cancer. Patients who

JAMA Network Open | Imaging Staging System for Sigmoid Colon Cancer Based on Computed Tomography Findings

JAMA Network Open. 2019;2(12):e1916987. doi:10.1001/jamanetworkopen.2019.16987 (Reprinted) December 6, 2019 2/11

Downloaded From: https://jamanetwork.com/ by a Imperial College London User  on 04/06/2020

https://www.equator-network.org/reporting-guidelines/reporting-recommendations-for-tumour-marker-prognostic-studies-remark/


received palliative treatment without resection of their primary tumor and patients who died within
30 days of undergoing a surgical procedure were also excluded. If no follow-up data were available
for international or national patients who returned to their referral hospital after undergoing a
surgical procedure, they were excluded. Data were extracted on basic demographic characteristics,
such as age, sex, emergency presentation, and preoperative or postoperative treatment (ie,
radiotherapy or chemotherapy).

Radiologic Analysis
Computed tomography was performed at National Health Service and international institutions on
multidetector CT scanners from a range of manufacturers using standard CT abdomen-pelvis
protocols with 1-mm section intervals in more than 90% of cases. Images were viewed with
multiplanar reconstruction when possible; this was a limitation in fewer than 10% of cases. Data on
CT reports from the local hospital were extracted when reported by gastrointestinal radiologists on
standardized CT reporting proformas for colon cancer developed by the Royal College of
Radiologists.18 Results were otherwise rereported by 2 gastrointestinal radiologists who had more
than 5 years of experience and who were blinded to the clinical information. The CT data were
recorded on T stage (including T3 substaging by depth of spread), nodal disease, discontinuous
tumor deposits, EMVI, and peritoneal infiltration localized to the tumor site (ie, not disseminated).
The T3 substage was classified according to the TNM guidelines for colorectal cancer,10 measuring
extramural tumor spread in millimeters beyond the muscularis propria: T3a (<1-mm spread), T3b (1-
to 5-mm spread), T3c (>5- to 15-mm spread), and T3d (>15-mm spread).

Two CT-staging classifications for poor and good prognosis groups based on T stage have
previously been described.8,16,19,20,29 The CT-TNM system uses conventional TNM staging and
classifies all T3 and T4 tumors to a poor prognosis group and all T1 and T2 tumors to a good prognosis
group. The CT-TNM system was used to select patients with T3 or T4 colon cancer for preoperative
therapy by a prospective multicenter trial.8 The CT-T3 substage system combines high-risk T3
substage tumors (T3c-T3d) and T4 tumors to create a poor prognosis group, whereas good prognosis
T3 substage tumors (T3a-T3b) are grouped with T1 and T2 tumors. The CT-T3 substage system has
been described in previous reports,16,19,20,29 with high sensitivity and specificity for accurate
substaging on meta-analysis.12

Pathologic Analysis and Clinical End Points
Pathologic variables of T stage, nodal disease, tumor deposits, differentiation grade, EMVI, peritoneal
disease, and circumferential resection margin status were recorded on the standard data set issued
by the Royal College of Pathologists and extracted.30 Data were extracted on disease recurrence and
death from clinical medical notes. Recurrence site was confirmed on imaging and was reclassified as
local recurrence or distant recurrence.

Statistical Analysis
The primary end point was to investigate the association between known preoperative prognostic
factors on CT and disease recurrence: local recurrence, distant recurrence, and overall (local or
distant recurrence). The secondary end point was to compare the prognostic accuracy of different CT
staging systems based on TNM, T3 substage, and a CT staging system based on significant risk factors
for disease-free survival on multivariate analysis. All included patients had complete data for
radiologic staging. Local institutions were contacted to seek missing data particularly on patient
follow-up. Missing data for pathologic variables were quantified. Patients who were lost to follow-up
had the duration of follow-up quantified as the period between the date of surgical procedure and
date of the last clinic appointment or radiologic scan. Survival analysis was defined for disease-free
survival as time to event in months from the date of surgical procedure to the date of local
recurrence, distant recurrence, or death from colorectal cancer. Observations were censored at the
date of last follow-up or the date of death from noncolorectal cancer. For local or distant recurrence,
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time to recurrence was measured from the date of surgical procedure to the date of local or distant
recurrence; patients with no disease recurrence were censored at the date of last follow-up or death.

Statistical analysis was performed using Stata, version 13 (StataCorp LLC). Frequency tables
were compiled of all prognostic variables and outcomes. Continuous variables were compared using
a 2-tailed t test. Median survival was compared using the Wilcoxon rank sum test. Categorical
variables were compared using Fisher exact test. Statistical significance was set as P < .05 in 2-tailed
tests. Clinically relevant covariates were chosen a priori to test higher-order interaction. Age was
recategorized (<55 years, 55 to <70 years, 70-85 years, and >85 years) based on clinically relevant
infection points for survival. Model building used backward stepwise selection (P < .20) with
sequential elimination of nonsignificant predictor variables (P > .05) and likelihood ratios to test
variable inclusion or exclusion decisions. Kaplan-Meier survival plots were calculated for recurrence-
free survival. Cox multiregression analysis was used to derive univariate and multivariate hazard
ratios (HRs) for recurrence from preoperative variables.

Results

Between January 1, 2006, and January 1, 2015, information on 780 patients with suspected sigmoid
colon cancer on radiologic imaging was discussed in the multidisciplinary team meeting, of whom
414 patients (248 [60.0%] men; mean [SD], age, 66.1 [12.7] years) met the inclusion criteria (eFigure
in the Supplement) and had complete data (Table 1). Median follow-up was 61 months (interquartile
range, 40-87 months).

On univariate analysis, the preoperative CT findings associated with overall recurrence included
T stage (HR, 1.24; 95% CI, 1.12-1.39; P < .001), N stage (HR, 1.51; 95% CI, 1.27-1.80; P < .001), EMVI
(HR, 2.69; 95% CI, 1.87-3.86; P < .001), tumor deposits (HR, 2.95; 95% CI, 2.04-4.29; P < .001), and
peritoneal disease (HR, 2.22; 95% CI, 1.31-3.76; P = .003) (Table 2). Computed tomography findings
of T stage (HR, 1.18; 95% CI, 1.05-1.32; P < .001), N stage (HR, 1.48; 95% CI, 1.13-1.92; P = .004), EMVI
(HR, 2.75; 95% CI, 1.56-4.83; P < .001), tumor deposits (HR, 3.24; 95% CI, 1.86-5.64; P < .001), and
peritoneal disease (HR, 4.37; 95% CI, 2.29-8.33; P < .001) were significantly associated with local
recurrence (Table 2). Emergency presentation (HR, 1.43; 95% CI, 1.10-1.86; P = .007) as well as the
preoperative CT findings of T stage (HR, 1.14; 95% CI, 1.05-1.24; P < .001), N stage (HR, 1.55; 95% CI,
1.28-1.87; P < .001), EMVI (HR, 2.89; 95% CI, 1.94-4.36; P < .001), and tumor deposits (HR, 2.90;
95% CI, 1.94-4.36; P < .001) (Table 2) were significantly associated with distant recurrence.

On multivariate analysis, N stage was not associated with recurrence, and only tumor deposits
(HR, 1.90; 95% CI, 1.21-2.98; P = .006) and EMVI (HR, 1.97; 95% CI, 1.26-3.06; P = .003) on CT were
significantly associated with overall recurrence (Table 2). Tumor deposits (HR, 2.84; 95% CI,
1.62-5.01; P < .001) and local peritoneal infiltration (HR, 3.63; 95% CI, 1.89-7.01; P < .001) on CT were
significantly associated with local recurrence. Tumor deposits (HR, 1.73; 95% CI, 1.06-2.98; P = .03)
and EMVI (HR, 2.19; 95% CI, 1.50-3.58; P = .002) on CT were significantly associated with distant
recurrence. Lymph node disease on CT was not associated with overall, local, or distant recurrence on
multivariate analysis.

In comparisons of disease-free survival among CT staging systems to determine good and poor
prognosis groups, CT-TNM did not have a significant difference between groups (HR, 1.55; 95% CI,
0.94-2.55), but CT-T3 substage classification identified poor prognosis groups (HR, 1.88; 95% CI,
1.32-2.68) (Figure 1). However, the CT–tumor deposits and EMVI classification system based on
CT-detected tumor deposits and EMVI best identified a poor prognosis group (HR, 2.81; 95% CI, 1.95-
4.05) (Figure 1).

Further investigation confirmed that CT-TNM failed to achieve prognostic significance because
CT-T3a and CT-T3b tumors were not associated with worse disease-free survival than CT-T1 or CT-T2
tumors when classified separately (HR, 1.04; 95% CI, 0.87-1.25) (Figure 2). Similarly, CT-T4 tumors
were not associated with worse disease-free survival than CT-T3c or CT-T3d tumors (HR, 1.09; 95%
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CI, 0.85-1.40) (Figure 2). The nodal staging on CT was not prognostic after patients with tumor
deposits on CT were separated (Figure 2).

Discussion

The TNM stage as defined in pathologic studies has been applied for CT staging of colon cancer. Our
data suggest that the TNM category does not translate to CT staging and does not provide
prognostically accurate information before surgery. In contrast to the TNM system, CT-T3 substage
enabled a poor prognosis group to be identified. On multivariate analysis, CT evaluation of lymph

Table 1. Frequency of Prognostic Findings and Outcomes

Variable and Outcome

Type of Computed Tomography, No. (%)

TNM (N = 414) T3 Substage (N = 414)a

Good Prognosis
Group (n = 86)

Poor Prognosis
Group (n = 328)

Good Prognosis
Group (n = 259)

Poor Prognosis
Group (n = 155)

Age, mean (SD), y 65.6 (11.6) 66.2 (13.0) 66.2 (12.2) 65.8 (13.5)

Male 49 (57) 199 (61) 158 (61) 90 (58)

Emergency presentation 1 (1) 48 (15) 20 (8) 29 (19)

Neoadjuvant therapy 2 (2) 40 (12) 12 (5) 30 (19)

Computed tomography finding

T stage

1 20 (23) 0 20 (8) 0

2 66 (77) 0 66 (25) 0

3 0 255 (78) 173 (67) 82 (53)

4 0 73 (22) NA 73 (47)

N stage

0 76 (88) 144 (44) 182 (70) 38 (25)

1 6 (7) 86 (26) 54 (21) 38 (25)

2 1 (1) 20 (6) 4 (2) 17 (11)

1c, tumor deposits 3 (4) 78 (24) 19 (7) 62 (40)

EMVI 6 (7) 164 (50) 42 (16) 128 (83)

Localized peritoneal disease 0 31 (9) 0 31 (20)

pT

1 19 (22) 5 (2) 23 (9) 1 (1)

2 33 (38) 29 (9) 58 (22) 4 (3)

3 30 (35) 202 (61) 148 (57) 84 (54)

4 4 (5) 92 (28) 30 (12) 66 (43)

pN

0 58 (67) 193 (59) 169 (65) 82 (53)

1 24 (28) 77 (23) 61 (24) 40 (26)

2 4 (5) 49 (15) 25 (10) 28 (18)

1c, tumor deposits 0 9 (3) 4 (2) 5 (3)

pEMVI present 15 (17) 127 (39) 60 (23) 82 (53)

Grade

Well or moderate 75 (87) 294 (90) 232 (90) 137 (88)

Poor 5 (6) 25 (8) 14 (5) 16 (10)

No residual 5 (6) 3 (1) 7 (3) 1 (1)

Missing or other 1 (1) 6 (2) 6 (2) 1 (1)

R1 or R2 0 10 (3) 3 (1) 7 (5)

Leak 3 (3) 11 (3) 9 (4) 5 (3)

Adjuvant 24 (28) 180 (55) 108 (42) 94 (61)

Local recurrence 8 (9) 44 (13) 22 (8) 30 (19)

Distant recurrence 13 (15) 88 (27) 50 (19) 51 (33)

Abbreviations: EMVI, extramural venous invasion; NA,
not applicable; p, pathologic (mode of determining
criteria for tumor description); R1, microscopic residual
tumor; R2, macroscopic residual tumor.
a T3 defined as greater than 5-mm depth of spread

beyond the muscularis propria.

JAMA Network Open | Imaging Staging System for Sigmoid Colon Cancer Based on Computed Tomography Findings

JAMA Network Open. 2019;2(12):e1916987. doi:10.1001/jamanetworkopen.2019.16987 (Reprinted) December 6, 2019 5/11

Downloaded From: https://jamanetwork.com/ by a Imperial College London User  on 04/06/2020



nodes was not of prognostic relevance. Computed tomography identified EMVI and tumor deposits
in 41% and 20% of patients, respectively. Both EMVI and tumor deposits were independent
prognostic factors for disease-free survival and therefore provided a superior preoperative
staging system.

Although CT scans are routinely performed for patients with colon cancer, tumor stage has not
been relevant to preoperative decision-making. With the advent of selective preoperative treatment
for patients at risk of cancer recurrence, identification of a poor prognosis group through a better
CT staging system is now necessary to match the improvements seen in the treatment of rectal

Table 2. Univariate and Multivariate Analysis of Preoperative Variables for Disease Recurrence

Preoperative Variable

Type of Recurrence

Overall Local Distant

Hazard Ratio (95% CI) P Value Hazard Ratio (95% CI) P Value Hazard Ratio (95% CI) P Value
Univariate Analysis

Age 1.00 (0.99-1.00) .98 0.99 (0.99-1.01) .90 1.00 (0.99-1.00) .96

Sex 0.84 (0.58-1.21) .34 1.10 (0.63-1.91) .74 0.73 (0.48-1.10) .14

Neoadjuvant therapy 1.34 (0.79-2.27) .27 0.90 (0.36-2.26) .83 1.34 (0.75-2.39) .33

Emergency presentation 1.44 (1.13-1.83) .003 1.44 (0.99-2.06) .05 1.43 (1.10-1.86) .007

Computed tomography finding

T stage 1.24 (1.12-1.39) <.001 1.18 (1.05-1.32) <.001 1.14 (1.05-1.24) <.001

N stage 1.51 (1.27-1.80) <.001 1.48 (1.13-1.92) .004 1.55 (1.28-1.87) <.001

Extramural venous invasion 2.69 (1.87-3.86) <.001 2.75 (1.56-4.83) <.001 2.89 (1.94-4.34) <.001

Tumor deposits 2.95 (2.04-4.29) <.001 3.24 (1.86-5.64) <.001 2.90 (1.94-4.36) <.001

Peritoneal disease 2.22 (1.31-3.76) .003 4.37 (2.29-8.33) <.001 1.32 (0.67-2.62) .42

TNM stage 1.57 (0.96-2.60) .08 1.42 (0.67-3.02) .36 1.83 (1.02-3.28) .04

T3 substagea 1.88 (1.32-2.68) <.001 2.43 (1.40-4.22) .002 1.93 (1.31-2.86) .001

TDV stage 2.81 (1.95-4.05) <.001 2.67 (1.52-4.70) .001 3.08 (2.05-4.64) <.001

Multivariate Analysis

Computed tomography finding

Tumor deposits 1.90 (1.21-2.98) .006 2.84 (1.62-5.01) <.001 1.73 (1.06-2.98) .03

Extramural venous invasion 1.97 (1.26-3.06) .003 NA NA 2.19 (1.50-3.58) .002

Local peritoneal infiltration NA NA 3.63 (1.89-7.01) <.001 NA NA

Abbreviations: NA, not applicable; TDV, tumor deposits and extramural venous invasion.
a T3 defined as greater than 5-mm depth of spread beyond the muscularis propria.

Figure 1. Kaplan-Meier Curves for Tumor Recurrence Using Different Staging Systems
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cancer.1-3 Advanced T3 stage of colonic cancer on histopathologic analysis has been shown to be an
adverse prognostic factor,31 but tumor stage-for-stage matching on CT imaging and pathologic
specimens correlated poorly on meta-analysis.12,13 However, early vs advanced T3 tumor stage can be
distinguished on CT with better sensitivity (87%-90%) and specificity (69%-78%)16,19 and
acceptable interreporter reliability.20,21 As with pathologic results,31 T3 substaging on CT is
prognostic for recurrence.16,19,22 Inclusion of all T3 sigmoid colon tumors into a poor prognosis group
failed as a staging system because it did not stratify patients at risk of disease recurrence. This was
explained by the equivalent recurrence rates of CT-staged T3a-T3b and T1-T2 tumors, which has not
been shown previously to our knowledge. This result may explain the recent results of the FOXTROT
study17; preoperative treatment for patients with cT3a-cT3b–staged disease would expose these
patients to toxic effects for negligible benefit because their risk of recurrence is already low.

For colon cancer, T3 substage of more than 5-mm extramural spread should therefore be
included on all CT reports. Given its high risk for recurrence, T3 substage poor prognosis disease
should be investigated as an indication for neoadjuvant therapy.

Specialist gastrointestinal radiologists identified other variables with greater prognostic weight
for disease recurrence, particularly EMVI and tumor deposits, whereas T3 substage poor prognosis
disease appeared to be a surrogate measure for adverse disease features. Accurate identification of
these markers individually may enable a more precise, personalized risk score for each patient.
Extramural vascular invasion is a prognostic variable that is currently not included in TNM but is well
known to be associated with disease recurrence,22,32,33 particularly for distant metastases to the
liver.34 Tumor deposits may have previously been classified as lymph nodes on radiologic and
histopathologic findings. They have now been recognized as distinct from lymph nodes by TNM,35

with a worse prognosis.24,25 Tumor deposits are associated with EMVI and are likely to represent
metastases in transit after EMVI. Previous studies have shown that EMVI can be recognized on
preoperative CT.19,22,23 In this study, tumor deposits could be differentiated from lymph nodes on CT
(Figure 2B) and were associated with a significantly poorer prognosis on multivariate analysis.

CT–T3 Substage and CT–Tumor Deposits and EMVI: Step-by-Step Guide
Identification of features of advanced colonic disease on CT requires multiplanar reconstruction on
CT multidetector scanners. As shown in this study, diagnostic accuracy can be maintained across a
range of different CT manufacturers using local abdomen-pelvis protocols.

Figure 2. Kaplan-Meier Curves for Recurrence on Subclassification of T and N Stage on Computed Tomography

1.0

0.8

0.6

0.4

0.2

0

No. at risk

Di
se

as
e-

Fr
ee

 S
ur

vi
va

l

Time After Surgery, mo

T1, T2
T3a, T3b
T3c, T3d

74
156

20

60
52

0

86
173

82
73

33 76
75 144

60

27 113
32 81

66
127

96
53

46
100

73
31

30
67
48
22

40

50
115

47
38T4

No. at risk
T1N0 or T2N0
T3N0 or T4N0
Any TN1 or TN2
Any TD

T3 substage vs T1, T2, and T4 diseaseA

1.0

0.8

0.6

0.4

0.2

0

Di
se

as
e-

Fr
ee

 S
ur

vi
va

l

Time After Surgery, mo
200 6040

Tumor deposits vs nodal diseaseB

T1, T2
T3a, T3b
T3c, T3d
T4

T1N0 or T2N0
T3N0 or T4N0
Any TN1 or TN2
Any TD

T3 substage indicates T3a-T3b vs T3c-T3d category; TD, tumor deposit.

JAMA Network Open | Imaging Staging System for Sigmoid Colon Cancer Based on Computed Tomography Findings

JAMA Network Open. 2019;2(12):e1916987. doi:10.1001/jamanetworkopen.2019.16987 (Reprinted) December 6, 2019 7/11

Downloaded From: https://jamanetwork.com/ by a Imperial College London User  on 04/06/2020



Local Tumor Stage
Tumor spread beyond the muscularis propria can be measured on multiplanar reconstruction of the
tumor.16,19,20,23 The CT diagnosis of a stage T3 lesion is based on the presence of tumor soft tissue
extending into the pericolonic fat with a broad-based bulging or nodular configuration in continuity
(Figure 3A).

Extramural Venous Invasion
Tumor that invades veins beyond the muscularis propria can be identified on imaging.19,23 On CT, the
draining colonic veins can be identified as tubular structures in continuity on adjacent sections on
multiplanar reconstruction. Linear or serpiginous extension of the primary tumor into the pericolonic
veins can be seen because the tumor infiltrates and expands the vessel, creating an irregular contour
(Figure 3B). Because this can be a subtle finding in smaller veins, it is likely that only larger-vessel
EMVI is detected on CT.

Discontinuous Tumor Deposits
Tumor deposits are deposits of cancer cells that are discontinuous with the primary tumor and not
associated with a lymph node. They can be distinguished from smoothly enlarged round lymph
nodes on CT because they are more likely to have an irregular contour and mixed signal density.
Although both tumor deposits and lymph nodes may appear to have an irregular contour, tumor
deposits interrupt the course of a vein (best seen on multiplanar reconstruction), whereas lymph
nodes lie alongside a vein (Figure 3C).

Limitations
This study has limitations. It is possible that other centers may not be able to reproduce the level of
accuracy in detection of adverse features such as advanced T3c substage, EMVI, or tumor deposits.
Gastrointestinal radiologists can identify CT features that are not routinely reported.19-22 The
prognostic importance of these features may make the case for greater specialist reporting of colon
cancer. Although workshop training can improve identification of high-risk colonic tumors on CT,8

regular interface between specialist radiologists with the colorectal multidisciplinary team may be
more important to improve an understanding of the disease and its outcomes.

Other limitations of this retrospective study were the lack of follow-up data for patients
returning to their homes abroad or elsewhere in the United Kingdom and who could not be followed
up. Omission of relevant covariates (eg, comorbidity) that were unavailable may have led to bias.
There may also be undiscovered predictor data variables (eg, tumor biomarkers) that were
confounders.

Figure 3. T Stage, N Stage, and Extramural Venous Invasion on Computed Tomography

T3b tumor and T3c tumorA Extramural venous invasionB Enlarged lymph node and discontinuous
tumor deposits

C

A, T3b tumor (within circle) shows 1- to 5-mm extramural spread; T3c tumor (inset)
shows >5- to 15-mm extramural spread. B, Extramural venous invasion (arrowheads)
from a tumor along the length of a vein. C, Enlarged lymph node (circle in left image) vs

discontinuous tumor deposits (circle and arrowhead in right image) along the course of
a vein.
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Further research should be aimed at establishing the interreader reliability of the radiologist for
adverse CT prognostic features. One option is to test our T3 substage and tumor deposits and EMVI
classifications against TNM in other test cohorts (eg, using CT for patients with colon cancer in the
FOXTROT study,17 which is currently underway). This would also establish whether the adverse CT
features for sigmoid colon cancer in this study carry the same prognostic weights for other sites of
colon cancer.

Conclusions

In this study, advanced T3 substage disease in colon cancer was identified on CT and was associated
with a significantly adverse prognosis for disease-free survival. Tumor deposits and EMVI were
independent adverse prognostic features visible on CT that were most strongly associated with
worse disease-free survival. Lymph node assessment of colon cancer on CT should not be relied on
since it had no prognostic value.

ARTICLE INFORMATION
Accepted for Publication: October 8, 2019.

Published: December 6, 2019. doi:10.1001/jamanetworkopen.2019.16987

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2019 D’Souza N
et al. JAMA Network Open.

Corresponding Author: Dr Nigel D’Souza, Royal Marsden NHS Foundation Trust, Downs Road, Sutton, SM2 5PT,
United Kingdom (nigel.d’souza@nhs.net).

Author Affiliations: Department of Colorectal Surgery, Croydon University Hospital, London, United Kingdom
(D’Souza, Shaw, Lord, Abulafi); Imperial College, London, United Kingdom (D’Souza, Shaw, Lord, Balyasnikova,
Tekkis, Brown); Department of Gastrointestinal Imaging, Royal Marsden Hospital, London, United Kingdom
(D’Souza, Shaw, Lord, Balyasnikova, Brown); Department of Colorectal Surgery, Royal Marsden Hospital, London,
United Kingdom (Tekkis).

Author Contributions: Dr D’Souza had full access to all of the data in the study and takes responsibility for the
integrity of the data and the accuracy of the data analysis.

Concept and design: D'Souza, Lord, Balyasnikova, Abulafi, Tekkis, Brown.

Acquisition, analysis, or interpretation of data: D'Souza, Shaw, Lord, Balyasnikova, Brown.

Drafting of the manuscript: D'Souza, Tekkis, Brown.

Critical revision of the manuscript for important intellectual content: All authors.

Statistical analysis: D'Souza, Tekkis, Brown.

Obtained funding: Brown.

Administrative, technical, or material support: Shaw, Lord.

Supervision: Abulafi, Tekkis, Brown.

Conflict of Interest Disclosures: None reported.

Funding/Support: The work was supported by grant funding from the National Institute for Health Research
Biomedical Research Centre at the Royal Marsden, the Institute of Cancer Research, and the Pelican Cancer
Foundation.

Role of the Funder/Sponsor: The funders had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

Meeting Presentation: This study was presented at the European Society of Coloproctology; September 26,
2019; Vienna, Austria.

Additional Contributions: Karen Thomas, MSc, devised and checked the statistical analysis plan, and Lisa Scerri,
BSc, and Caroline Martin, BSc, from Royal Marsden Hospital, London, United Kingdom, helped with study
coordination and administration. They did not receive compensation outside their salary.

JAMA Network Open | Imaging Staging System for Sigmoid Colon Cancer Based on Computed Tomography Findings

JAMA Network Open. 2019;2(12):e1916987. doi:10.1001/jamanetworkopen.2019.16987 (Reprinted) December 6, 2019 9/11

Downloaded From: https://jamanetwork.com/ by a Imperial College London User  on 04/06/2020

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2019.16987&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.16987
https://jamanetwork.com/journals/jamanetworkopen/pages/instructions-for-authors#SecOpenAccess/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.16987
mailto:nigel.d%E2%80%99souza@nhs.net


REFERENCES
1. Burton S, Brown G, Daniels IR, Norman AR, Mason B, Cunningham D; Royal Marsden Hospital, Colorectal Cancer
Network. MRI directed multidisciplinary team preoperative treatment strategy: the way to eliminate positive
circumferential margins? Br J Cancer. 2006;94(3):351-357. doi:10.1038/sj.bjc.6602947

2. MERCURY Study Group. Diagnostic accuracy of preoperative magnetic resonance imaging in predicting curative
resection of rectal cancer: prospective observational study. BMJ. 2006;333(7572):779. doi:10.1136/bmj.38937.
646400.55

3. Glynne-Jones R, Harrison M, Hughes R. Challenges in the neoadjuvant treatment of rectal cancer: balancing the
risk of recurrence and quality of life. Cancer Radiother. 2013;17(7):675-685. doi:10.1016/j.canrad.2013.06.043

4. Ostenfeld EB, Erichsen R, Iversen LH, Gandrup P, Nørgaard M, Jacobsen J. Survival of patients with colon and
rectal cancer in central and northern Denmark, 1998-2009. Clin Epidemiol. 2011;3(suppl 1):27-34. doi:10.2147/
CLEP.S20617

5. Birgisson H, Talbäck M, Gunnarsson U, Påhlman L, Glimelius B. Improved survival in cancer of the colon and
rectum in Sweden. Eur J Surg Oncol. 2005;31(8):845-853. doi:10.1016/j.ejso.2005.05.002

6. Information Services Division, NHS National Services Scotland. Cancer Statistics. http://www.isdscotland.org/
Health-Topics/Cancer/Cancer-Statistics/Colorectal/#summary. Accessed January 17, 2017.

7. Siegel R, Desantis C, Jemal A. Colorectal cancer statistics, 2014. CA Cancer J Clin. 2014;64(2):104-117. doi:10.
3322/caac.21220

8. Foxtrot Collaborative Group. Feasibility of preoperative chemotherapy for locally advanced, operable colon
cancer: the pilot phase of a randomised controlled trial. Lancet Oncol. 2012;13(11):1152-1160. doi:10.1016/S1470-
2045(12)70348-0

9. Arjona-Sánchez A, Barrios P, Boldo-Roda E, et al. HIPECT4: multicentre, randomized clinical trial to evaluate
safety and efficacy of hyperthermic intra-peritoneal chemotherapy (HIPEC) with Mitomycin C used during surgery
for treatment of locally advanced colorectal carcinoma. BMC Cancer. 2018;18(1):183. doi:10.1186/s12885-018-
4096-0

10. Edge SB, Compton CC. The American Joint Committee on Cancer: the 7th edition of the AJCC cancer staging
manual and the future of TNM. Ann Surg Oncol. 2010;17(6):1471-1474. doi:10.1245/s10434-010-0985-4

11. Glynne-Jones R, Wyrwicz L, Tiret E, et al; ESMO Guidelines Committee. Rectal cancer: ESMO Clinical Practice
Guidelines for diagnosis, treatment and follow-up. Ann Oncol. 2017;28(suppl 4):iv22-iv40. doi:10.1093/annonc/
mdx224

12. Nerad E, Lahaye MJ, Maas M, et al. Diagnostic accuracy of CT for local staging of colon cancer: a systematic
review and meta-analysis. AJR Am J Roentgenol. 2016;207(5):984-995. doi:10.2214/AJR.15.15785

13. Leufkens AM, van den Bosch MAAJ, van Leeuwen MS, Siersema PD. Diagnostic accuracy of computed
tomography for colon cancer staging: a systematic review. Scand J Gastroenterol. 2011;46(7-8):887-894. doi:10.
3109/00365521.2011.574732

14. Rollvén E, Abraham-Nordling M, Holm T, Blomqvist L. Assessment and diagnostic accuracy of lymph node
status to predict stage III colon cancer using computed tomography. Cancer Imaging. 2017;17(1):3. doi:10.1186/
s40644-016-0104-2

15. Naxerova K, Reiter JG, Brachtel E, et al. Origins of lymphatic and distant metastases in human colorectal
cancer. Science. 2017;357(6346):55-60. doi:10.1126/science.aai8515

16. Smith NJ, Bees N, Barbachano Y, Norman AR, Swift RI, Brown G. Preoperative computed tomography staging
of nonmetastatic colon cancer predicts outcome: implications for clinical trials. Br J Cancer. 2007;96(7):
1030-1036. doi:10.1038/sj.bjc.6603646

17. Seymour MT, Morton D; International FOxTROT Trial Investigators. FOxTROT: an international randomised
controlled trial in 1052 patients (pts) evaluating neoadjuvant chemotherapy (NAC) for colon cancer. J Clin Oncol.
2019;37(15 suppl):3504. doi:10.1200/JCO.2019.37.15_suppl.3504

18. Patel A, Rockall A, Guthrie A, et al. Can the completeness of radiological cancer staging reports be improved
using proforma reporting? a prospective multicentre non-blinded interventional study across 21 centres in the UK.
BMJ Open. 2018;8(10):e018499. doi:10.1136/bmjopen-2017-018499

19. Hunter C, Siddiqui M, Georgiou Delisle T, et al. CT and 3-T MRI accurately identify T3c disease in colon cancer,
which strongly predicts disease-free survival. Clin Radiol. 2017;72(4):307-315. doi:10.1016/j.crad.2016.11.014

20. Rollvén E, Holm T, Glimelius B, Lörinc E, Blomqvist L. Potentials of high resolution magnetic resonance
imaging versus computed tomography for preoperative local staging of colon cancer. Acta Radiol. 2013;54(7):
722-730. doi:10.1177/0284185113484018

JAMA Network Open | Imaging Staging System for Sigmoid Colon Cancer Based on Computed Tomography Findings

JAMA Network Open. 2019;2(12):e1916987. doi:10.1001/jamanetworkopen.2019.16987 (Reprinted) December 6, 2019 10/11

Downloaded From: https://jamanetwork.com/ by a Imperial College London User  on 04/06/2020

https://dx.doi.org/10.1038/sj.bjc.6602947
https://dx.doi.org/10.1136/bmj.38937.646400.55
https://dx.doi.org/10.1136/bmj.38937.646400.55
https://dx.doi.org/10.1016/j.canrad.2013.06.043
https://dx.doi.org/10.2147/CLEP.S20617
https://dx.doi.org/10.2147/CLEP.S20617
https://dx.doi.org/10.1016/j.ejso.2005.05.002
http://www.isdscotland.org/Health-Topics/Cancer/Cancer-Statistics/Colorectal/#summary
http://www.isdscotland.org/Health-Topics/Cancer/Cancer-Statistics/Colorectal/#summary
https://dx.doi.org/10.3322/caac.21220
https://dx.doi.org/10.3322/caac.21220
https://dx.doi.org/10.1016/S1470-2045(12)70348-0
https://dx.doi.org/10.1016/S1470-2045(12)70348-0
https://dx.doi.org/10.1186/s12885-018-4096-0
https://dx.doi.org/10.1186/s12885-018-4096-0
https://dx.doi.org/10.1245/s10434-010-0985-4
https://dx.doi.org/10.1093/annonc/mdx224
https://dx.doi.org/10.1093/annonc/mdx224
https://dx.doi.org/10.2214/AJR.15.15785
https://dx.doi.org/10.3109/00365521.2011.574732
https://dx.doi.org/10.3109/00365521.2011.574732
https://dx.doi.org/10.1186/s40644-016-0104-2
https://dx.doi.org/10.1186/s40644-016-0104-2
https://dx.doi.org/10.1126/science.aai8515
https://dx.doi.org/10.1038/sj.bjc.6603646
https://dx.doi.org/10.1200/JCO.2019.37.15_suppl.3504
https://dx.doi.org/10.1136/bmjopen-2017-018499
https://dx.doi.org/10.1016/j.crad.2016.11.014
https://dx.doi.org/10.1177/0284185113484018


21. Dighe S, Blake H, Koh MD, et al. Accuracy of multidetector computed tomography in identifying poor
prognostic factors in colonic cancer. Br J Surg. 2010;97(9):1407-1415. doi:10.1002/bjs.7096

22. Yao X, Yang SX, Song XH, Cui YC, Ye YJ, Wang Y. Prognostic significance of computed tomography-detected
extramural vascular invasion in colon cancer. World J Gastroenterol. 2016;22(31):7157-7165. doi:10.3748/wjg.v22.
i31.7157

23. Dighe S, Swift I, Magill L, et al. Accuracy of radiological staging in identifying high-risk colon cancer patients
suitable for neoadjuvant chemotherapy: a multicentre experience. Colorectal Dis. 2012;14(4):438-444. doi:10.1111/
j.1463-1318.2011.02638.x

24. Nagtegaal ID, Knijn N, Hugen N, et al. Tumor deposits in colorectal cancer: improving the value of modern
staging–a systematic review and meta-analysis. J Clin Oncol. 2017;35(10):1119-1127. doi:10.1200/JCO.2016.68.9091

25. Lord AC, D’Souza N, Pucher PH, et al. Significance of extranodal tumour deposits in colorectal cancer:
a systematic review and meta-analysis. Eur J Cancer. 2017;82:92-102. doi:10.1016/j.ejca.2017.05.027

26. Altman DG, McShane LM, Sauerbrei W, Taube SE. Reporting recommendations for tumor marker prognostic
studies (REMARK): explanation and elaboration. BMC Med. 2012;10:51. doi:10.1186/1741-7015-10-51

27. National Collaborating Centre for Cancer (UK). Colorectal Cancer: The Diagnosis and Management of Colorectal
Cancer. NICE Clinical Guidelines, No. 131. Cardiff, United Kingdom: National Collaborating Centre for Cancer (UK).
2011.

28. D'Souza N, de Neree Tot Babberich MPM, d’Hoore A, et al. Definition of the rectum: an international, expert-
based Delphi consensus [published online April 8, 2019]. Ann Surg. 2019;270(6):955-959. doi:10.1097/SLA.
0000000000003251

29. Rollvén E, Blomqvist L, Öistämö E, Hjern F, Csanaky G, Abraham-Nordling M. Morphological predictors for
lymph node metastases on computed tomography in colon cancer. Abdom Radiol (NY). 2019;44(5):1712-1721. doi:
10.1007/s00261-019-01900-z

30. Loughrey MB, Quirke P, Shepherd NA. Standards and datasets for reporting . Dataset for colorectal cancer
histopathology reports. July 2014. London, England: The Royal College of Pathologists; 2014.

31. Merkel S, Wein A, Günther K, Papadopoulos T, Hohenberger W, Hermanek P. High-risk groups of patients with
stage II colon carcinoma. Cancer. 2001;92(6):1435-1443. doi:10.1002/1097-0142(20010915)92:6<1435::AID-
CNCR1467>3.0.CO;2-N

32. Chand M, Bhangu A, Wotherspoon A, et al. EMVI-positive stage II rectal cancer has similar clinical outcomes as
stage III disease following pre-operative chemoradiotherapy. Ann Oncol. 2014;25(4):858-863. doi:10.1093/
annonc/mdu029

33. Chand M, Siddiqui MR, Swift I, Brown G. Systematic review of prognostic importance of extramural venous
invasion in rectal cancer. World J Gastroenterol. 2016;22(4):1721-1726. doi:10.3748/wjg.v22.i4.1721

34. Sohn B, Lim JS, Kim H, et al. MRI-detected extramural vascular invasion is an independent prognostic factor
for synchronous metastasis in patients with rectal cancer. Eur Radiol. 2015;25(5):1347-1355. doi:10.1007/s00330-
014-3527-9

35. Sobin LH, Gospodarowicz MK, Wittekind C. TNM Classification of Malignant Tumours. Hoboken, NJ: Wiley;
2009.

SUPPLEMENT.
eFigure. Study Flowchart

JAMA Network Open | Imaging Staging System for Sigmoid Colon Cancer Based on Computed Tomography Findings

JAMA Network Open. 2019;2(12):e1916987. doi:10.1001/jamanetworkopen.2019.16987 (Reprinted) December 6, 2019 11/11

Downloaded From: https://jamanetwork.com/ by a Imperial College London User  on 04/06/2020

https://dx.doi.org/10.1002/bjs.7096
https://dx.doi.org/10.3748/wjg.v22.i31.7157
https://dx.doi.org/10.3748/wjg.v22.i31.7157
https://dx.doi.org/10.1111/j.1463-1318.2011.02638.x
https://dx.doi.org/10.1111/j.1463-1318.2011.02638.x
https://dx.doi.org/10.1200/JCO.2016.68.9091
https://dx.doi.org/10.1016/j.ejca.2017.05.027
https://dx.doi.org/10.1186/1741-7015-10-51
https://dx.doi.org/10.1097/SLA.0000000000003251
https://dx.doi.org/10.1097/SLA.0000000000003251
https://dx.doi.org/10.1007/s00261-019-01900-z
https://dx.doi.org/10.1002/1097-0142(20010915)92:6%3C1435::AID-CNCR1467%3E3.0.CO;2-N
https://dx.doi.org/10.1002/1097-0142(20010915)92:6%3C1435::AID-CNCR1467%3E3.0.CO;2-N
https://dx.doi.org/10.1093/annonc/mdu029
https://dx.doi.org/10.1093/annonc/mdu029
https://dx.doi.org/10.3748/wjg.v22.i4.1721
https://dx.doi.org/10.1007/s00330-014-3527-9
https://dx.doi.org/10.1007/s00330-014-3527-9

