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Abstract

Purpose To assess the agreement between radiologists in the detection of specific features related to T- and N-stage and
evaluate accuracy in colon cancer staging.

Methods Patients who underwent contrast-enhanced computed tomography (CECT) before surgery were enrolled and evalu-
ated by three radiologists with different experience. Pathological data were used as the reference standard. Tumor location,
presence of tumor bulging, fat stranding, lateroconal fascia invasion, enlarged vessels, axial short diameter of the biggest
node, shape, enhancement pattern, intranodal necrosis, and cluster were collected. Reliability analysis was performed with ¥
statistics and intraclass correlation coefficients (ICCs). Logistic regressions were used to determine independent predictors
associated with staging.

Results Seventy five patients were evaluated. The reliability analysis was moderate to substantial for tumor location
(x=0.853), T staging (k=0.531), tumor bulging (x=0.478), fat stranding (x = 0.490), lateroconal fascia invasion (x = 0.436),
enlarged vessels (k =0.401), the axial short diameter of the biggest node (ICC=0.732), shape (x =0.484), enhancement
pattern (k =0.431), intranodal necrosis (x = 0.606), and cluster (x =0.358). For all readers, sensitivity was higher for T3
lesions (60-69%) and specificity was higher for T2 and T4 lesions (84.5-90.0% and 82.4-85.1%). The diagnostic accuracy
was acceptable for all lesions and among all readers (50.7-92.1%). The lateroconal fascia invasion and enlarged vessels
resulted as independent predictor factors (OR =3.292 and OR=2.651) for T staging, while nodes’ cluster and dimension as
independent predictor factors of N staging [OR =3.798 and OR =1.083].

Conclusion Reader’s experience is one of the most important factors associated with the correct classification of colon cancer.
Moreover, CECT can help depict radiological features independently associated with the T and N stages.
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Introduction

Colon cancer is one of the most prevalent types of neoplasm
worldwide [1], and its most important prognostic marker is
the tumor stage [2]. Once the diagnosis of colon cancer is
established, staging should be performed using the latest

P4 Cesare Maino
mainocesare @ gmail.com

! Department of Diagnostic Radiology, Fondazione IRCCS version of the American Joint Committee on Cancer (AJCC)
San Gerardo Dei Tintori, Via Pergolesi 33, 20900 Monza, tumor, node, and metastasis (TNM) classification [3]. Loco-
MB, Italy regional staging is based on tumor growth patterns (includ-

? School of Medicine, University of Milano Bicocca, Via ing surrounding structures and the presence of nodes metas-
Cadore 33, 20090 Monza, MB, Italy tases) and is provided mainly to establish management [4].

?  Department of General Surgery, Fondazione IRCCS San Upfront surgery is the recommended treatment for resect-

Gerardo dei Tintori, Via Pergolesi 33, 20900 Monza, MB,

Ttal able, non-metastatic, colon cancer patients [5]. Nowadays, in
aly

the absence of official guidelines, some recent clinical trials

Department of Radiclogy, Papa Giovanni XXTII Hospital, are working on the use of neoadjuvant chemotherapy for stage
Piazza OMS 1, 24127 Bergamo, BG, Italy

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00261-023-03835-y&domain=pdf
http://orcid.org/0000-0002-5742-802X

1216

Abdominal Radiology (2023) 48:1215-1226

IIT or high-risk stage II disease. To this last regard, patients
with tumor invasion of at least 5 mm beyond the bowel wall
are classified as at high-risk [6]. According to the prelimi-
nary results from the FOXTROT trial, high-risk colon cancer
patients who underwent neoadjuvant chemotherapy had lower
tumor stages, fewer positive nodes, and fewer positive resec-
tion margins compared with patients who underwent surgery
immediately [7].

Contrast-enhanced computed tomography (CECT) is the
preferred technique for determining the tumor stage before
treatment planning, given its accuracy to distinguish between
small and advanced colon tumors [8]. However, CT-based T
and N staging are not deeply reported in the literature. Moreo-
ver, the accuracy of preoperative CECT for the assessment
of T and N stages of colonic tumors is still debated [4, 5,
8]. CECT is rarely used for locoregional staging and deci-
sion management purposes, especially due to a low contrast
resolution useful to directly distinguish the bowel wall layers,
although indirect findings, such as the bulging or solid nodules
beyond the colon profile, can be useful to assess the invasion
of muscularis propria.

Many studies suggested CECT as a reliable method to
select patients who can benefit from neoadjuvant chemother-
apy [9]. In these settings, a meta-analysis published in 2016
demonstrated that CECT has a pooled sensitivity and speci-
ficity of 90% and 69% of CT in detecting T1-T2 vs T3-T4
respectively. However, the discrimination between T1-T3ab
and T3cd-T4 remains challenging [10]. Concerning N staging,
it has been reported that a higher number of nodes (especially
in N1 and N2 regions), the largest short diameter, and the pres-
ence of internal heterogeneity represent important predictive
factors of nodes status in colon cancer [11]. For these reasons,
in order to address patients to the best management possible,
it is paramount to perform an accurate pre-operative imaging
evaluation and to define CT criteria able to increase the inter-
observer agreement and, consequently, its diagnostic accuracy.

To date, for the best of our knowledge, no studies compared
the agreement between multiple readers and their diagnostic
accuracy using CECT in colon cancer patients. Therefore, this
study aims to assess the agreement between different radiolo-
gists in the detection of specific features related to the T- and
N-stage and to evaluate readers’ diagnostic accuracy in staging
colon tumors, according to years of experience, using patho-
logical data as the reference standard. Moreover, we aimed
to evaluate conventional CT predictor factors associated with
T- and N-staging, preoperatively.

Methods and materials
This retrospective study conformed to the ethical guidelines

of the 1975 Declaration of Helsinki and the protocol was
approved by the institutional review board with a waiver of
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written informed consent. This was a retrospective obser-
vational analysis based on previously collected routine care
data. Consent was verbally obtained from participants; how-
ever, they were not required to sign it. All radiological and
clinical data have been anonymized before being analyzed.

Patients population

All consecutive patients who underwent colorectal surgical
resection between January 1st, 2020, and November 30th,
2020, were retrospectively enrolled.

Inclusion criteria were: (1) age> 18 years old, (2) con-
trast-enhanced computed tomography (CECT) obtained no
more than 14 days before the surgical intervention in our
Department of diagnostic radiology, (3) colorectal resection
performed in our Institution, (4) complete pathological data
of the surgical specimen.

Exclusion criteria were: (1) medical contraindication to
iodinated contrast agents, (2) incomplete CT protocol (i.e.,
unenhanced sequence only), (3) staging CECT performed
in other Institution(s) and (4) CECT acquired post-operative
exclusively. The flow chart in Fig. 1 summarizes the enroll-
ing selection path.

For each patient clinical (including sex and age at diag-
nosis), CECT, and pathological data were retrieved from a
prospectively collected database.

Image procedure and analysis

CECT images were reviewed on a PACS workstation (Enter-
prise AGFA Diagnostic Software—Agfa, Mortsel, Bel-
gium) by three radiologists, the first one with a subspecial-
ity in colorectal cancer imaging and 10 years of experience
(S.G.D.—reader 1), the second one with 15 years of experi-
ence in the subspecialty of abdominal imaging (D.I.—reader

100 CECT evaluated

25 excluded due to:
- medical contraindication to contrast media (n=5)
- incomplete CT protocol (n=10)

- CT acquired post-operatively (n=10)

75 patients enrolled

Fig. 1 Study flow chart
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2) and the third one with 18 years of experience in general
radiology (R.P.—reader 3).

Each radiologist evaluated all CECT examinations ran-
domly and blinded to demographic, clinical and pathologi-
cal data. To minimize any recall or learning bias, CECT
examinations were reviewed at different time points.

For each CT the following parameters were collected:
(1) tumor location, grouped in the caecum and right colon
(including hepatic flexure), transverse colon, left colon
(including splenic flexure), and sigmoid colon, (2) uni- or
multi-focal lesions, and (3) presence of circumferential tis-
sue or stenosis. Each radiologist was asked to determine the
tumor (“T”) stage, according to the WHO staging system,
the presence of bulging (defined as nodular projections of
the tumor in the nearest adipose tissue) and fat stranding
(defined as thin irregularities located in the nearby fat tis-
sue), the lateroconal fascia invasion (defined as the absences
of adipose cleavage plane or nodularity in the fascia), and
the presence of enlarged vessels nearby the lesion. For each
patient we also collected data regarding nodes, in particu-
lar: (1) the axial short diameter of the biggest node, (2) the
nodal shape (oval or round), (3) the nodal enhancement pat-
tern (homogeneous or inhomogeneous), (4) the presence of
intranodal necrosis (defined as well-defined hypoattenuat-
ing area), and (5) the presence of cluster, including < or >3
related nodes (each one not further away of 5 mm).

To enhance consistency between readers’ interpreta-
tions, 10 external examples with typical imaging features
were given to all readers in a group training session before
performing study interpretations, as reported in Fig. 2. These
training cases were then excluded from the final cohort.

Images were analyzed on native axial images and for each
patient, coronal and sagittal multiplanar reconstructions
(MPR) were directly available on the dedicated workstation.

Fig.2 Examples of imaging
findings collected by the three
readers regarding the tumor
(a—d) and nodes (e-h). a bulg-
ing, represented by nodular
projections in the nearest
adipose tissue, b fat strand-
ing, seen as thin irregularities
located in the nearby fat tissue,
¢ the lateroconal fascia invasion,
represented by the absences of
adipose cleavage plane between
tumor and peritoneal fascia, d
presence of enlarged vessels
nearby the lesion. e example of
round pathological node (white
circle), with inhomogeneous
enhancement (f white arrow),

g example of intranodal necrosis
and (h) example of nodes’
cluster

Each reader was also able to perform personalized MPR
with a specific tool available on the PACS.

In the case of multiple lesions, both radiological and
pathological analyses were performed on the biggest one,
defined as the target lesion. In these cases, the number of
total lesions identified and histologically confirmed, was
also recorded.

Pathological analysis

All surgical specimens were evaluated by a dedicated pathol-
ogist with more than 15 years of experience in abdominal
pathology. For each patient, we do generally collect the grad-
ing system (G1, G2, and G3 for well, moderately, and poorly
differentiated respectively), presence of perivisceral infiltra-
tion, intra- and peri-tumoral lymphocytic infiltration, vas-
cular, lymphatic, and perineural infiltrations, resection mar-
gins (RO, R1, and R2), number of resected nodes, number
of metastatic nodes, final pathological "T" and "N" stages
according to the WHO staging system.

Statistical analysis

Continuous variables were expressed as mean =+ standard
deviation (SD), and compared using the U Mann—Whitney
test. Categorical variables were expressed as median and
IQR values and compared using the y° test or Friedman test,
as appropriate. Correlations were computed with the Pearson
or Spearman correlation coefficients, as appropriate.

To assess the reliability of agreement between the three
radiologists, categorical variables were analyzed with
weighted Fleiss’ or Cohen’s kappa (k) statistics, as appropri-
ate and as follows: < 0 poor, 0.01-0.20 slight, 0.21-0.40 fair,
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0.41-0.60 moderate, 0.61-0.80 substantial, and 0.81-1.00
almost perfect [12].

The reliability of agreement of continuous variables was
analyzed with intraclass correlation coefficients (ICC), as
follows: <0.50 poor, 0.51-0.75 moderate, 0.76-0.90 good,
and > 0.91 excellent. Intraclass correlation coefficients (ICC)
and their 95% CI were calculated based on a mean-rating
(k=2), absolute-agreement, 2-way mixed-effects model
[13].

The sensitivity, specificity, accuracy, positive predic-
tive (PPV), and negative predictive values (NPV) were
computed using crosstabs, and 95%CIs were reported as
well. Accuracy values were determined as the Area Under
the Receiver Operating Characteristic curve (AUROC), and
95%Cls were computed using bootstrap. In the case of con-
tinuous variables, diagnostic values were obtained according
to Youden’s J statistic. DeLong method was employed to
compare accuracy between readers.

Data obtained by the most experienced reader (reader 1)
were computed in backward ordinal and multinomial logis-
tic regressions to determine independent predictor factors
associated with “T” and “N” staging. B values were consid-
ered as Odd Ratio (OR), and 95%Cls were reported as well.
Hosmer and Lemeshow test was computed to determine the
goodness of fit.

All tests were two-sided, and the p-value <of 0.05 was
considered statistically significant. All the statistical analy-
ses were performed using IBM SPSS 26.0 (SPSS Incorpo-
rated, Chicago, Illinois, USA).

Results
Patients population and pathological data

We firstly enrolled 100 patients. By applying inclusion and
exclusion criteria, 25 were excluded due to: medical con-
traindication to iodinated contrast agents (n = 5), incomplete
CT protocol (n=10), and CT acquired post-operative exclu-
sively (n=10). Finally, the population was composed of a
total of 75 patients (M/F =32/43), with a mean age of 80
(£ 11) years (Fig. 1).

According to final pathological data, the majority
reported a G2 grading (n =58, 77.3%), followed by G3
(n=11, 14.7%) and G1 (n=6, 8%). A total of 30 tumors
(40%) were characterized by perivisceral infiltration, while
the majority showed no tumor-infiltrating lymphocytes
(n=50, 66.6%). Lymphatic, vascular and perineural infiltra-
tions were present in 32 (42.6%), 16 (21.3%), and 10 patients
(13.3%), respectively. The tumor budding was low grade in
42 patients (56%). Finally, the T staging was grouped as fol-
lows: 4 patients (5.3%) T1, 11 (14.7%) T2, 44 (58.7%) T3,
11 (14.7%) T4a, and 5 (6.7%) T4b. The median number of
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resected nodes was 19 (IQR 14-25), and 30 patients (40%)
showed positive nodes infiltration. Finally, the N staging was
grouped as follows: NO 45 patients (60%), Nla 12 (16%),
N1b 12 (16%), N2a 4 (5.3%), and N2b 2 (2.7). Most patients
(n=66, 88%) were in MO staging. The final staging accord-
ing to the WHO classification system and other pathological
details are reported in Table 1.

CT findings and reliability analysis

According to the three readers, the most frequent tumor loca-
tion was the right colon, followed by the sigmoid, left colon,
and transverse. As reported in Table 2 the reliability analysis
was almost perfect when considering the overall distribution
[x=0.853 (95%ClIs =0.850-0.856)], and in its subcatego-
ries, especially for right, transverse, left, and sigmoid colon
[x=0.856, k=0.522, k= 0.813, and k= 0.954, respectively].
The reliability analysis shows an almost perfect agreement
also regarding the lesion focality [x=0.800 (0.796-0.804)],
while a good agreement was found for the circumferential
aspect of the tumor [x=0.671 (0.667-0.675)]. When the
three readers were asked to identify bulging, fat stranding,
and lateroconal fascia invasion, the agreement tended to be
lower [x=0.478 (0.473-0.482), k=0.490 (0.486-0.494), and
x=0.436 (0.431-0.440), respectively]. The enlarged vessels
parameter was quite difficult to evaluate by the three readers,
considering the low-reliability values [x=0.401 (0.397-0-
404)]. The T staging showed an overall moderate agree-
ment [x=0.531 (0.428-0.634)], and only the T3 group can
be considered fair [x =0.402 (0.333-0.506)]. The evalua-
tion of nodes shape was moderate [x=0.484 (0.379-0.589)],
while in the evaluation of enhancement pattern, nodes clus-
ter, nodes dimension and nodes necrosis the agreement
was fair to substantial [k =0.431 (0.425-0.435), «=0.358
(0.354-0.363), ICC =0.732 (0.680-0.765), and x =0.606
(0.601-0.611), respectively].

Interobserver reliability

Considering the different expertise between the three readers
we computed a reliability analysis between the most experi-
enced one with a subspecialty training in colorectal cancer
patients (Reader 1), the abdominal radiologist (Reader 2),
and the general radiologist (Reader 3).

The agreement between Reader 1 and Reader 2 was
almost perfect when considering tumor location (x = 0.867),
and lesion focality (xk =0.960), while moderate for circumfer-
ential appearance (k= 0.551), lesion bulging (x = 0.360), fat
stranding (x =0.366), lateroconal fascia invasion (x = 0.460),
and enlarged vessels (x =0.487). Finally, the evaluation
of the T stage reported an overall moderate agreement
(x=0.498). Nodes evaluation reported moderate agreement
for shape (k=0.562), enhancement pattern (x = 0.592), and
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Table 1 Patients characteristics and final pathological data. Staging is Table 1 (continued)
based on lates WHO classification

N=75
N=T75 Demographic charateristics
Demographic charateristics

1B 2.7
Sex (male) [n, %] 32 (42.7) 1C 227
Age (y) [mean+SD] 80 (11) 1A 1(1.3)
Pathological Data 1B 19 (25.3)
Grading [n, %] 1ic 5(6.7)
GlI 6(8.0) IVA 6 (8.0)
G2 58 (71.3) IVB 2(2.7)
G3 11 (14.7)
Perivisceral infiltration [n, %] 30 (40.0)
Tumor infiltrating lymphocytes [n, %] intranodal necrosis (xk =0.616). On the other hand, the agree-
None 50 (66.6) ment was fair for the cluster (x =0.369), and almost perfect
Low to intermediate 22(29.3) for dimension (ICC=0.832).
Moderate to severe 3¢@.1) When comparing CT findings between Reader 1 and
Peritumoral infiltrating lymphocytes [n, %] Reader 3 all parameters showed reduced reliability for lesion
None 49 (65.3) features (k =0.288-0.545), except for tumor location and
Low to intermediate 23 (30.7) focality (x=0.825, and k= 0.800, respectively), and nodes
Moderate to severe 3(4.0) characteristics (x =0.333-0.477). Similar lower reliability
Lymphatic infiltration [n, %] 32 (42.6) values were found when comparing data collected by Reader
Vascular infiltration [n, %] 16 (21.3) 2 and Reader 3 for lesion features (k=0.301-0.510), except
Perineural infiltration [n, %] 10 (13.3) for tumor location and focality (x=0.799, and x=0.710,
Budding [n, %] respectively), and nodes characteristics (k = 0.287-0.423).
High grade 709.3) All data regarding the interobserver reliability are reported
Low grade 42 (56.0) in Table 3.
None 26 (28.7)
T staging T staging: diagnostic performance
1 4(5.3)
2 11(14.7) The preoperative CT diagnostic performance was divided
3 44 (58.7) into the three different “T” classes according to all read-
4a 11(14.7) ers. Sensitivity was higher for all readers for T3 lesions
4b 5(6.7) (Fig. 3), ranging from 60% (95%Cls: 43.6-74.4) for Reader
Number of resected nodes (n) [median, IQR] 19 (14-25) 1 to 69% (95%Cls: 50.8-82.7) for Reader 2. The specific-
Positive nodes [n, %] 30 (40.0) ity was higher for T2 (Fig. 4) and T4 lesions (Fig. 5) in all
Number of positive nodes (n) [median, IQR] 0(0-2) readers, ranging from 84.5% (Reader 3, 95%Cls: 74.3-91.1)
N staging [n, %] to 90.0% (Reader 2, 95%Cls: 79.9-95.3), and from 82.4%
0 45 (60.0) (Reader 3, 95%ClIs: 71.6-89.6) to 85.1% (Reader 1, 95%Cls:
la 12 (16.0) 72.3-92.6), respectively. PPV was intermediate for all T
1b 12 (16.0) staging classes for all lesion types, while NPV was higher
Ic 0 for T2 lesions for all Readers, ranging from 84.4% (Reader
2a 4(5.3) 2, 95%ClIs: 73.6-91.3) to 93.8% (Reader 3, 95%ClIs:
2b 22.7) 85.0-97.5). Overall, the diagnostic accuracy was accept-
M staging [n, %] able for all lesions and all Readers. In particular, we found a
0 66 (88.0) statistically significant difference only between Reader 2 and
la 6 (8.0) 3 for T2 lesions (p = 0.030), while not for other comparisons
1b 227 (Reader 1 vs Reader 2 p=0.793 and Reader 1 vs Reader 3
Ic 1(1.3) p=0.078). For T3 lesion the diagnostic accuracy did not
Staging [n, %] show any statistical difference between the three Read-
0 000 ers (Reader 1 vs Reader 2 p=0.396, Reader 1 vs Reader 3
I 13 (17.3) p=0.431, and Reader 2 vs Reader 3 p =0.892). Same results
1IA 25(33.3) were found for T4 lesions (Reader 1 vs Reader 2 p =0.663,
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Table 2 Overall reliability analysis between the three readers

N=T75 Reader 1 Reader 2 Reader 3 Reliability ~ 95%Cls SE p-value
Min Max

Tumor (T)

Location (n, %) Overall 0.853* 0.850 0.856 0.046 <0.001
Right colon 41 (54.7) 43 (57.3) 41 (54.7) 0.856* 0.852 0.860 0.067 <0.001
Trasnverse colon 5(6.7) 3(4.0) 3(4.9) 0.522% 0.518 0526 0.067 <0.001
Left colon 9 (12.0) 11 (14.7) 11 (14.7) 0.813%* 0.809 0.817 0.067 <0.001
Sigmoid 20 (26.7) 18 (24.0) 20 (26.7)  0.954* 0949 0958 0.067 <0.001

Unifocal (n, %) yes 68 (90.7) 70 (93.3) 70 (93.3)  0.800%* 0.796 0.804 0.067 <0.001
no 7(9.3) 5(6.7) 5(6.7)

Circumferential (n, %) yes 56 (75.7) 62 (81.6) 59 (78.7) 0.671%* 0.667 0.675 0.067 <0.001
no 18 (24.3) 14 (18.4) 16 (21.3)

Bulging (n, %) yes 59 (78.7) 57 (71.0) 57 (80.3) 0.478%* 0473 0482 0.069 <0.001
no 16 (21.3) 17 (23.0) 14 (19.7)

Fat stranding (n, %) yes 65 (86.7) 66 (89.2) 61(85.9) 0.490%* 0486 0494 0.069 <0.001
no 10 (13.3) 8(10.8) 10 (14.1)

Lateroconal invasion (n, %)  yes 49 (65.3) 3547.9) 36(50.7) 0.436* 0431 0440 0.070 <0.001
no 26 (34.7) 38 (52.1) 35(49.3)

Enlarged vessels (n, %) yes 33 (44.6) 32 (42.7) 57(79.2) 0.462%* 0357 0466 0.033 <0.001
no 36 (48.6) 38 (50.7) 709.7)

T staging (n, %) Overall 0.531* 0428 0.634 0.041 0.011
2 12 (16.0) 15 (20.3) 4(5.5) 0.522% 0.418 0.626 0.068 <0.001
3 35 (46.7) 30 (40.5) 62(84.9) 0.402* 0.333 0506 0.068 0.980
4 28 (37.3) 29 (39.2) 7(9.6) 0.671* 0.567 0.775 0.068 0.012

Nodes (N)

Shape (n, %) Oval 31 (41.3) 7(11.5) 20(28.2) 0.484* 0379 0589 0.076 0.016
Round 44 (58.7) 54 (88.5) 51(71.8)

Enhancement (n, %) Homogeneous 58 (82.9) 44 (71.2) 47 (74.6) 0.431* 0.425 0435 0.082 <0.001
Inhomogeneous 12 (17.1) 13 (22.8) 16 (25.4)

Necrosis (n, %) yes 9 (12.9) 9(15.5) 7(10.4) 0.606* 0.601 0.611 0.080 <0.001
no 61 (87.1) 49 (84.5) 60 (89.6)

Cluster (n, %) >3 37 (50.0) 54 (88.5) 50(69.4) 0.358% 0354 0363 0.076 <0.001
<3 37 (50.0) 7(11.5) 22 (30.6)

Dimension (largest short axis; mm + SD) 8.72 (8.68) 8.48(8.62) 8.67(9.47) 0.732° 0.680 0.765 0.022 <0.001

*Represents Cohen’s k values; °Represents ICC values

Reader 1 vs Reader 3 p=0.821, and Reader 2 vs Reader 3
p=0.765). Data are summarized in Table 4 and ROC curves
are reported in Fig. 6.

Considering the abovementioned data, further analysis
was performed based only on using data collected by the
most experienced reader (Reader 1).

CT predictor features

Using data collected by the most experienced reader, the
ordinal logistic regression between variables linked to the
“T” stage identified lateroconal fascia invasion (in patients
with right or left colon cancer, n =54) and enlarged ves-
sels as independent predictor factors [OR =3.292 (95%Cls:
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1.050-10.326), and OR=2.651 (1.152-6.099), p =0.035
and p =0.020, respectively], with acceptable goodness of
fit (x*=60.010, p=0.877).

The multinomial logistic regression between variables
linked to the "N" stage identified nodes cluster and dimen-
sion as independent predictor factors of metastatic nodes
[OR=3.798 (95%ClIs: 1.108-13.016), and OR=1.083
(1.009-1.164), p=0.022 and p =0.029, respectively], with
acceptable goodness of fit (X2=45.270, p=0.648). Varia-
bles included in both logistic regressions and specific results
are reported in Table 5.

On these bases, we aimed to determine the diagnostic
performance of independent predictor factors for "T" and
"N" staging. The lateroconal invasion reported a maximum
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Table 3 Pairwise comparisons of interobserver reliability analysis for T and N staging analyzed features
Reader 1 vs Reader 2 Reader 1 vs Reader 3 Reader 2 vs Reader 3
Reliability (95%Cls) p-value Reliability (95%Cls) p-value Reliability (95%Cls) p-value
Tumor (T)
Location Overall 0.867 (0.862-0.872)  <0.001 0.825(0.820-0.830) <0.001 0.799 (0.790-0.810)  <0.001
Right colon 0.892 (0.885-0.899)  <0.001 0.785(0.778-0.792)  <0.001 0.776 (0.770-0.790)  <0.001
Trasnverse colon  0.473 (0.465-0.479)  <0.001 0.472 (0.465-0.479) <0.001 0.463 (0.460-0.471) <0.001
Left colon 0.885 (0.877-0.892)  <0.001 0.769 (0.762-0.776)  <0.001 0.758 (0.744-0.772)  <0.001
Sigmoid 0.930 (0.922-0.937)  <0.001 1.000 (0.998-1.000) <0.001 0.910 (0.901-0.950)  <0.001
Unifocal 0.960 (0.935-0.980) <0.001 0.800 (0.779-0.820)  <0.001 0.710(0.702-0.722)  <0.001
Circumferential 0.551 (0.554-0.600) <0.001 0.470 (0.455-0.478)  <0.001 0.458 (0.444-0.467) <0.001
Bulging 0.360 (0.352-0.367) 0.002 0.288 (0.270-0.294) 0.010 0.240 (0.222-0.257) 0.033
Fat stranding 0.366 (0.359-0.374) 0.002 0.310 (0.290-0.315) 0.012 0.293 (0.276-0.304) 0.021
Lateroconal invasion 0.460 (0.452-0.467)  <0.001 0.380 (0.375-0.399) <0.001 0.331(0.312-0.348)  <0.001
Enlarged vessels 0.487 (0.481-0.594) 0.010 0.388 (0.377-0.400) 0.010 0.301 (0.323-0.367) 0.050
T staging Overall 0.498 (0.470-0.585) 0.039 0.375 (0.315-0.433) 0.044 0.318 (0.309-0.329) 0.050
2 0.418 (0.411-0.426) 0.007 0.390 (0.383-0.401) 0.011 0.332 (0.312-0.340) 0.023
3 0.520 (0.517-0.522) 0.937 0.518 (0.510-0.560) 0.940 0.412 (0.409-0.444) 0.986
4 0.681 (0.273-0.288) 0.017 0.545 (0.501-0.566) 0.024 0.510 (0.500-0.522) 0.029
Nodes (N)
Shape Oval vs Round 0.562 (0.528-0.590)  <0.001 0.445(0.432-0.458) <0.001 0.331(0.324-0.342) <0.001
Enhancement 0.592 (0.580-0.510) 0.040 0.477 (0.466-0.489) 0.048 0.423 (0.410-0.436) 0.050
Necrosis 0.616 (0.610-0.622)  <0.001 0.470 (0.440-0.488) <0.001 0.431(0.410-0.466) <0.001
Cluster 0.369 (0.350-0.399) 0.006 0.333 (0.323-0.345) 0.011 0.287 (0.198-0.313) 0.023
Dimension (mm + SD) 0.832 (0.830-0.835) 0.005 0.799 (0.777-0.815) 0.009 0.621 (0.606-0.680) 0.040

Fig.3 Case of 55-year-old men,
affected by left colon cancer.
Axial image (a) shows moderate
wall thickening of the bowel
wall nearby the splenic flexure,
characterized by bulging and
fat stranding, more evident in
the coronal (b) and sagittal (c)
planes. All the readers agreed
with T3 staging, confirmed by
pathological data

sensitivity of 57.1% (43.3-70.0) for T3 lesions and a maxi-
mum specificity [96.2% (81.1-99.3)] for T4 lesions, the lat-
ter with a very high PPV [93.8% (71.7-98.9)] and 68.1%
(55.0-81.1) accuracy. Analogous results were obtained
regarding enlarged vessels parameters, which showed a max-
imum sensitivity of 57.9% (42.2-72.1) for T3 lesions and a

maximum specificity [89.2% (75.3-95.7)] for T4 lesions, the
latter with an acceptable PPV [75% (50.5-89.8)] and 65.5%
(50.8-80.2) accuracy. Data regarding diagnostic values of
“T” staging are reported in Table 6.

On the other hand, nodes’ cluster showed a 52.6%
(37.3-67.5) specificity and 32.4% (19.6-48.5) sensitivity to
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Fig.4 Case of 70-year-old men,
affected by right colon cancer.
Axial image (a) shows subste-
nosis of the bowel determined
by wall of the hepatic flexure,
without any signs of extramural
invasion. Images in the coronal
(b) and sagittal (c) planes evalu-
ated by the three radiologists
agreed with the pathologically
proven T2 staging

Fig.5 Case of 62-year-old
female, affected by right colon
cancer. Axial image (a) shows
an important wall thickening
of the bowel wall nearby the
hepatic flexure, characterized
by bulging, fat stranding, and
enlarged vessels, more evident
in the coronal (b) and sagit-
tal (C) planes. All the readers
agreed with T4 staging, con-
firmed by pathological data

detect positive nodes status, with 57.8% (44.5-71.0) accu-
racy. Analogous results were found for nodes’ dimension,
showing a 39% (25.7-54.3) sensitivity, 58.5% (42.2-73.6)
specificity, and 52.1% (38.6-65.9) accuracy, maximizing
Youden’s index (cut-off value of 7.5 mm). Data regarding
diagnostic values of nodes’ positive status are reported in
Table 7.

Discussion
The present study firstly aimed to evaluate the reliability

analysis between three different radiologists in staging colon
cancer patients, underling the almost perfect agreement

@ Springer

regarding lesions’ location, focality, and circumferential
aspect (x=0.853, k=0.800, and x=0.671, respectively).
However, when the three readers were asked to deeply evalu-
ate the primary colonic lesion, the reliability tended to be
lower, for bulging (x = 0.478), fat stranding (x = 0.490), and
lateroconal fascia invasion (x = 0.436). Encouraging results
were found for enlarged vessels (k=0.487), and T staging
(x=0.498). Interestingly, the latter showed a fair agreement
only for T2 lesions (x =0.418). Considering the different
expertise between readers in the evaluation of colon cancer,
a sub-analysis was performed to determine if this aspect can
directly influence the overall reliability. Our results showed
that the subspecialty expertise of Reader 1 and the higher
years of experience in abdominal imaging of Reader 2 were
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Table 4 Diagnostic values of
T staging obtained by the three

T2

T3

T4

readers Reader 1

Sensitivity (%, 95%Cls)

Specificity (%, 95%Cls)

PPV (%, 95%Cls)

NPV (%, 95%CIs)

Accuracy (%, 95%Cls)
Reader 2

Sensitivity (%, 95%Cls)

Specificity (%, 95%Cls)

PPV (%, 95%Cls)

NPV (%, 95%Cls)

Accuracy (%, 95%Cls)
Reader 3

Sensitivity (%, 95%Cls)

Specificity (%, 95%Cls)

PPV (%, 95%Cls)

NPV (%, 95%CIs)

Accuracy (%, 95%Cls)

33.3 (13.8-60.9)
88.9 (78.8-94.5)
36.4 (15.2-64.6)
87.5 (77.2-93.5)
81.1 (55.8-1.0)

33.3(15.2-58.3)
90.0 (79.9-95.3)
45.5 (21.3-72.0)
84.4 (73.6-91.3)
92.1 (85.2-99.1)

10.0 (5.0-49.0)
84.5 (74.3-91.1)
10.0 (5.0-25.9)
93.8 (85.0-97.5)
42.9 (17.3-68.5)

60.0 (43.6-74.4)
42.5 (28.5-57.8)
47.7 (33.8-62.1)
54.8 (37.8-70.8)
50.7 (33.3-68.1)

69.0 (50.8-82.7)
47.8 (34.1-61.9)
45.5 (31.7-59.9)
71.0 (53.4-83.9)
69.1 (55.3-82.9)

62.9 (50.5-73.8)
61.5(35.5-82.3)
88.6 (76.0-95.0)
25.8 (13.7-43.2)
62.7 (45.8-79.6)

32.1 (17.9-50.7)
85.1 (72.3-92.6)
56.3 (33.2-76.9)
67.8 (55.1-78.3)
61.4 (39.0-83.8)

27.6 (14.7-45.7)
82.6 (69.3-90.0)
50.0 (28.0-72.0)
64.4 (51.7-75.4)
76.4 (59.5-93.4)

57.1(25.0-84.2)
82.4 (71.6-89.6)
25.0(10.2-49.5)
94.9 (86.1-98.3)
69.6 (47.0-92.3)

T4

1.0
1.0

0.8
0.8

0.6
1
0.6
1

Sensitivity

Sensitivity
0.4

0.4

0.2
0.2

0.0
1

0.8 1.0

0.6
1

Sensitivity

0.4

0.2

0.0 0.2 0.4 0.6 0.8

1-Specificity

Fig.6 ROC curves of the three readers (green line: Reader 1, black
line: Reader 2, red line: Reader 3). The diagnostic accuracy was
acceptable for all lesions and all readers. Only between reader 2 and

more reliable when compared to Reader’s 3 experience. The
presented results demonstrated that the agreement between
Reader 1 and Reader 2 was of utmost acceptable regarding
all tumor parameters. On the other hand, when comparing
data collected by Reader 1 or Reader 2 with general radiol-
ogy experience of Reader 3, the reliability analysis tended
to be lower.

These results are supported and in line with a recently
published paper by Hong et al. [14], who demonstrated
that the overall diagnostic performance in differentiat-
ing colon cancer according to T stage, can increase along
with the reader’s experience, proportionally. Elibol et al.
[15] by enrolling 141 patients, showed an overall moderate

1-Specificity

1-Specificity

3 for T2 lesions the accuracy was statistically significant (p =0.030),
while not for other comparisons

agreement between two readers (x = 0.425), in line with our
results. Similar results were published in 2014 by Burton
et al. [16] by enrolling 33 patients. Authors demonstrated
a fair agreement between (k=0.206) two readers but with-
out reporting their expertise. The latter aspect should be
always profoundly evaluated, as recently demonstrated and
as above-mentioned [14]. Analogous results, by evaluat-
ing more than 4000 patients, were reported by Sjovall et al.
[17], with an overall fair agreement (x = 0.440) for T staging.
Also, Korbakke et al. [18] by enrolling a wide population
of patients affected by colon cancer (rn = 974), demonstrated
that the agreement between readers was fair for T staging
(k=0.270). CECT, even if it can be a useful tool (able also to
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Table 5 Results of ordinal logistic regression

Parameter Odd ratio  95%Cls p-value
T staging*
Bulging 3.432 0.591-19.949 0.170
Fat stranding 0.538 0.071-4.098  0.549
Lateroconal invasion 3.292 1.050-10.326 0.035
Enlarged vessels 2.651 1.152-6.099  0.020
N staging”
Shape 0.432 0.133-1.402 0.162
Inhomogeneous Enhancement 0.463 0.058-3.697 0.467
Necrosis 0.057 0.003-1.151  0.062
Cluster 3.798 1.108-13.016 0.022
Dimension 1.083 1.009-1.164  0.029

Results of ordinal logistic regression (*), and multinomial logistic
regression. (") All parameters included in the analysis were reported.
P-values in bold show statistical significance

explore the whole body and to identify patients with distant
metastasis), lacks strength and reproducibility, especially
with not enthusiastic reliability among readers in the evalu-
ation of T staging.

Moreover, even if Hong et al. [14] demonstrated that the
improvement in metastatic nodes detection is not strictly
associated with readers’ experience, our results reported
an overall acceptable agreement: in fact, the reliability
analysis showed that nodes’ dimension (largest short axis)
and internal necrosis were substantial (ICC=0.432, and
x=0.606, respectively), while the other parameters cannot
be considered as reproducible. These results are encourag-
ing, especially referring to a study by Hong et al. [19], who
demonstrated that the largest short diameter and the pres-
ence of internal inhomogeneity are independent factors of
malignancy, together with the number of nodes in the peri-
tumoral area. Indeed, our study also showed similar results,
considering that multinomial logistic regression among

variables related to the "N" stage identifies node cluster and
size as independent predictors of node metastasis. However,
CT remains relatively nonspecific for N-stage determina-
tion even because of slight agreement on the critical lymph
nodes’ cutoff diameter. We considered a dimensional cut-
off based on a short axis diameter of 7.5 mm, based on the
median value of positive nodes, demonstrating relatively low
sensitivity (39%), specificity (58.5%), and accuracy (52.1%).
According to a meta-analysis by Nerad et al. [20], many
studies attempted to establish a critical size cutoff using
long axis diameter to offer an optimal compromise between
sensitivity and specificity. However, as the value increased,
sensitivity decreased. This was the case of Keeney et al. [21]
who raised the long axis diameter cutoff to 15 mm, obtain-
ing an almost perfect specificity against very poor sensitiv-
ity (13%). Conversely, by reducing the value to 5 mm, as
reported by Dighe et al. [22], they obtained relatively low
sensitivity (64%) and specificity (53%).

Table 7 Diagnostic values of nodes’ cluster and dimension to dif-
ferentiate “N” staging. *calculated by AUROC maximizing Youden’s
index (=7.5 mm)

“N” positive “N” negative

Cluster

Sensitivity (%, 95%Cls)
Specificity (%, 95%Cls)
PPV (%, 95%Cls)

NPV (%, 95%Cls)
Accuracy (%, 95%Cls)

Dimension

Sensitivity (%, 95%Cls)
Specificity (%, 95%Cls)
PPV (%, 95%Cls)

NPV (%, 95%Cls)
Accuracy (%, 95%Cls)*

32.4 (19.6-48.5)
52.6 (37.3-67.5)
40.0 (24.6-57.7)
44.4 (30.9-58.8)
57.8 (44.5-71.0)

39.0 (25.7-54.3)
58.5 (42.2-73.6)
53.3 (36.1-69.8)
44.4 (30.9-58.8)
52.1 (38.6-65.9)

52.6 (37.3-67.5)
32.4 (19.6-48.5)
44.4 (30.9-58.8)
40.0 (24.6-57.7)
42.2 (29.0-55.5)

58.5 (42.2-73.6)
39.0 (25.7-54.3)
44.4 (30.9-58.8)
53.3 (36.1-69.8)
47.9 (34.3-61.9)

Table 6 Diagnostic values
of lateroconal invasion and

T2

T3

T4

enlarged vessel to differentiate
“T” staging

Lateroconal invasion
Sensitivity (%, 95%Cls)
Specificity (%, 95%Cls)
PPV (%, 95%Cls)

NPV (%, 95%Cls)
Accuracy (%, 95%Cls)

Enlarged vessels
Sensitivity (%, 95%Cls)
Specificity (%, 95%Cls)
PPV (%, 95%CIls)

NPV (%, 95%Cls)
Accuracy (%, 95%Cls)

45.5 (21.3-72.0)
31.3(21.2-43.4)
10.2 (4.4-21.8)

76.9 (57.9-89.0)
38.4 (19.8-56.9)

10.5 (4.2-24.1)

81.1 (65.8-90.5)
36.4 (15.2-64.6)
46.9 (35.2-58.9)
41.6 (23.5-59.7)

57.1 (43.3-70.0)
38.5(22.4-57.5)
63.6 (48.9-76.2)
32.3(18.6-49.9)
47.9 (34.6-61.3)

57.9 (42.2-72.1)
40.5 (26.3-56.5)
50.0 (35.8-64.2)
48.4 (32.0-65.2)
49.2 (35.8-62.5)

30.6 (19.5-44.5)
96.2 (81.1-99.3)
93.8 (71.7-98.9)
42.4 (30.6-55.1)
68.1 (55.0-81.1)

31.6 (19.1-47-5)
89.2 (75.3-95.7)
75.0 (50.5-89.8)
55.9 (43.3-67.8)
65.5 (50.8-80.2)
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Even if the agreement values between readers were
not enthusiastic, especially due to the stringent k-statistic
method and the lack of chance adjustment, we aimed to eval-
uate the analysis of each reader’s observation to evaluate the
diagnostic performance of pre-operative CECT, according
to the T classes. Sensitivity was higher for all readers for T3
lesion, ranging from 60 to 69%, for Readers 1 and 2, respec-
tively. On the other hand, specificity was higher for T2 and
T4 lesions for all readers, ranging from 84.5% to 90%, and
from 82.4% to 85.1%, respectively. The diagnostic accuracy
of our readers outperformed Elibol et al. [15] in determining
the T stage of the tumor: accuracy was 55% for observer 1
and 51% for observer 2, while in our case two out of three
readers reached an accuracy of at least 81.1%, 50.7%, and
61.4% for T2, T3 and T4 lesions respectively. This aspect
can be strictly linked to the readers’ experience, even if we
found a statistically significant difference only between read-
ers 2 and 3 for T2 lesions, while not for other comparisons.
Even if CECT is a fundamental imaging technique to stage
colon cancer, especially to depict distant metastasis, to date
only 13 studies were published in literature and meta-ana-
lyzed by Nerad et al. [20]. The Authors reported a pooled
sensitivity, specificity and diagnostic ORs of 90%, 69%, and
20.6 for T3-T4 lesions, in line with our results.

On these bases, the final aim of our study was to evalu-
ate if some of the collected parameters can be considered
as independent factors linked to the T staging. The logistic
regressions showed that lateroconal invasion and enlarged
vessels can be considered independent predictor factors for
the T stage (OR=3.292 and OR =2.651, respectively), with
a57.1% and 57.9% sensitivity for T3 lesions and 96.2% and
89.2% specificity for T4 lesions, respectively. Moreover, the
lateroconal fascia invasion demonstrated a very high PPV
(93.8%) for T4 lesions.

To date, extramural vascular invasion (EMVI) is rec-
ognized as a pre-surgical high-risk factor and has been
incorporated into the FOXTROT trial for patient treatment
stratification [7]. Despite the little agreement previously
demonstrated among readers, these results prove the value of
recognizing these imaging features as potentially predictive
of locally advanced tumors. A lack of sufficient expertise in
radiologic EMVI identification through CT imaging may
have contributed to these results.

On the other hand, the multinomial backward regressions
were computed to determine independent factors associated
with positive nodes status, showing that nodes cluster and
dimension can be considered independent of metastatic
nodes (OR=3.798 and OR =1.083, respectively), with
52.6% and 39% sensitivity, and 57.8% and 58.5% specific-
ity, respectively. Even if considered as independent predic-
tor factors of positive nodes status, they demonstrated not
encouraging diagnostic values, in line with studies reported
above.

The present study has some limitations. First, it was ret-
rospective and with a small sample size. Secondly, it was not
possible to perform a sub-analysis according to the location
due to the small numbers of each tumor, and this might add
a bias. Thirdly, the lateroconal fascia invasion parameter was
evaluated only in ascending and descending tumors, accord-
ing to anatomy, but this aspect is explained by anatomic
reasons.

To conclude, our study demonstrated that CECT can be
considered a useful tool in the preoperative staging of colon
cancer patients and that reader’s experience is one of the
most important factors associated with the correct classifica-
tion. Moreover, CECT can help depict radiological features
independently associated with T and N stages with accept-
able diagnostic values.
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