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ABSTRACT 

Objective: There have been recent attempts to transfer well-established principles of rectal cancer manage-
ment to colonic cancer, thereby offering neoadjuvant chemotherapy to high-risk patients at least in the trial 
settings. Traditionally, postoperative chemotherapy is offered to patients with colonic tumors that metasta-
size into regional lymph nodes and have features of extramural vascular invasion (EMVI). If the same criteria 
are used for the selection of patients with colonic cancer for neoadjuvant chemotherapy, then their accurate 
preoperative detection becomes of paramount importance. The aim of the study was to establish the sen-
sitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of the computerized 
tomographic (CT) assessment of lymph node involvement and EMVI in colonic cancer.

Materials and Methods: This retrospective study included 53 consecutive adult patients (35 males and 18 
females; median age, 72 years) who had complete preoperative CT staging of colonic cancer followed by its 
surgical resection during a 12-month period from January 1, 2012, to December 31, 2012. Patients with rectal 
and colonic tumors presenting as an emergency who did not have complete preoperative CT imaging were 
excluded. Preoperative CT findings on regional lymph node status and EMVI were compared with the final 
histopathological staging of resected specimens calculating sensitivity, specificity, PPV, and NPV of the test.

Results: In predicting regional lymph node metastases, CT scan had a sensitivity of 85% and a specificity of 
24%. PPV was calculated as 63% and NPV as 50%. In predicting EMVI, it had a sensitivity of 69% and a specific-
ity of 49%. PPV was 37% and NPV was 78%.

Conclusion: Preoperative CT scan does not allow an accurate detection of regional lymph node metastases 
and EMVI and has a tendency to overstage colonic cancer.
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Introduction
Colorectal cancer is the fourth most common malignancy in the UK, with a crude incidence 
rate of 72 new cases for every 100,000 males and 56 for every 100,000 females, with almost 
three quarters of these tumors occurring in the colon [1]. Despite similar disease morphology, 
the treatment strategies for colonic and rectal cancer are different. In rectal cancer, neoadjuvant 
chemoradiation has a recognizable role aiming to downsize and/or downstage tumors that are 
at a risk of incomplete excision. More recently, there has been a tendency to transfer the suc-
cessful and well-established principles of rectal cancer management to colonic cancer. Thus far, 
these took two directions mainly in the trial settings. First, more surgeons started to advocate 
the technique of total mesocolic excision similar to the total mesorectal excision in rectal cancer 
surgery [2]. Second, attempts have been made to offer neoadjuvant chemotherapy to patients 
with colonic cancers to improve survival, particularly in high-risk groups [3]. Traditionally, post-
operative adjuvant chemotherapy has been offered to patients with colonic tumors that metas-
tasize into regional lymph nodes (Dukes’ C) and have features of extramural vascular invasion 
(EMVI) knowing that their 5-year survival rate does not exceed 60%–70% [1]. If the same criteria 
were to be used for the selection of patients with colonic cancer for neoadjuvant chemotherapy, 
then an accurate preoperative diagnosis of pathological regional lymphadenopathy and EMVI will 
become of paramount importance. Vascular spread is an important biomarker for the predic-
tion of distant metastases. The detection of malignant cells in the intra- and peritumoral vessels 
may indicate the initiation of metastatic process, suggesting that systemic treatment would be 
beneficial in altering the prognosis.
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Objectives
The aim of the study was to assess the accuracy 
of the computerized tomographic (CT) scan as 
the only widely used staging modality for colonic 
cancer in the preoperative detection of regional 
lymph node metastases and EMVI because these 
factors may potentially help in the selection of 
patients suitable for neoadjuvant chemotherapy.

Materials and Methods
All consecutive adult patients who underwent 
surgical resection for histologically proven in-
vasive colonic cancer in a 12-month period be-
tween January 1, 2012, and December 31, 2012, 
were included. Basic demographic characteristics, 
including age and sex; the site of the tumor; and 
data on postoperative histological pTNM stage, 
Dukes’ stage, and regional lymph node harvest 
were retrospectively collected. Patients with 
rectal and colonic tumors presenting as an emer-
gency who did not have complete preoperative 
CT imaging were excluded. Preoperative tho-
racic and abdominal CT scan reports were also 
obtained, and the radiological TNM staging and 
EMVI status were recorded. Multi-detector CT 

scanner (64 slice GE scanner) was used to obtain 
the staging scan of the colon in the portovenous 
phase. An iodine-based contrast agent was in-
jected via the intravenous route, and images were 
obtained 70 s post-contrast delivery. CT scans 
were performed with 2.5-mm slice thickness. 
CT characteristics of the metastatic lymph node 
involvement comprised its increased size (>10 
mm), round as opposed to elliptical shape, irregu-
lar contour, cystic density suggestive of central 
necrosis, heterogenous post-contrast enhance-
ment, and clustering of three or more lymph 
nodes. Regional lymph node metastases were 
described in accordance with the TNM classifica-
tion of malignant tumors, 7th Edition, UICC [4]. 
The tumor was radiologically staged as N2 in the 
presence of more than three lymph nodes ex-
hibiting the abovementioned characteristics. The 
radiological interpretation of EMVI was based on 
the presence of tumor “tongue” along the peritu-
moral veins, their stranding, nodular enlargement, 
or obvious blood vessel invasion (Figure 1-3). In 
some cases, the tumor tissue expanded the ves-
sel, as shown in Figure 2. CT data on lymph node 
status and EMVI were compared with the findings 

on the histopathological examination of the re-
sected specimens calculating the sensitivity, speci-
ficity, positive predictive value (PPV), and negative 
predictive value (NPV) as well as the accuracy of 
the preoperative CT staging. This retrospective 
study was using previously collected hospital, 
radiological, operative and histological data and 
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Figure 1. CT scan (axial view) showing tumor 
of  the hepatic flexure of  the colon with features 
of  EMVI (blue arrow)

Figure 2. Coronal (a) and axial (b) CT post-contrast portovenous images of  a stricturing hepatic flexure tumor with a prominent draining vessel [a key feature of  
extramural vascular invasion (red arrow), Axial CT portovenous phase images with nodal disease (green arrow) and hepatic flexure stricturing tumor (c)

a b c

Figure 3. Axial CT portovenous phase with enlarged enhancing right retroperitoneal lymph node (green arrow) and a circumferential tumor of the descending colon (a), 
Axial CT in the portovenous phase (b) and coronal CT images (c) with dilated enhancing vessel and nodular outline features of extramural vascular invasion (red arrow)

a b c



did not require Ethics Committee approval. The 
study did not require specific consent apart from 
informed consent apart from informed written 
consent obtained from each patient at the time 
of surgical intervention.

Results
Fifty-three patients (35 males and 18 females) 
underwent resections for colonic cancer, as 

summarized in Table 1. Their median age was 
72 (range, 46–93) years. Eleven (21%) patients 
had tumors located in the cecum, ten (19%) had 
tumors located in the ascending colon, three 
(6%) had tumors located in the hepatic flexure, 
nine (17%) had tumors located in the transverse 
colon, three (6%) had tumors located at the 
splenic flexure, three (6%) had tumors located 
in the descending colon, and fourteen (26%) 
had tumors located in the sigmoid colon. The 
histopathological staging was T1 in none (0%) 
of the patients, T2 in six (11%), T3 in 28 (53%), 
and T4 in 19 (36%). Lymph node status was 
N0 in 21 (40%), N1 in 16 (30%), and N2 in 16 
(30%). The median lymph node harvest was 17 
(range 5–40). Therefore, no patients had Dukes’ 
A tumor, 21 (40%) had Dukes’ B, 28 (53%) had 
Dukes’ C, and 4 (7%) had Dukes’ D cancer.

Lymph node status prediction
CT imaging identified 43 lymph node-positive 
and 10 lymph node-negative patients. However, 
only 32 patients had histologically proven lymph 
node metastases. CT scan had a sensitivity of 
85% and a specificity of 24% in the prediction of 
regional lymph node metastases. PPV was 63%, 
and NPV was 50% (Table 2).

Extramural vascular invasion prediction
CT imaging identified features of EMVI in 30 
patients. Twenty-three patients were EMVI-neg-
ative. Postoperative histological examination re-
vealed EMVI-positive tumors in 16 patients and 
EMVI-negative tumors in 37. CT prediction of 
EMVI had a sensitivity of 69% and a specificity of 
49%. PPV was 37%, and NPV was 78% (Table 2).

Discussion
The choice of treatment of newly diagnosed ma-
lignancy depends on its accurate staging. Of the 
three main modalities [CT, magnetic resonance 
imaging (MRI), and positron emission tomography 
(PET)], CT and, to a lesser extent, PET scans have 
played the role of the exclusion of distant metas-
tases in both colonic and rectal cancers, thereby 
allowing the selection of patients for potentially 
curative treatment. The use of MRI for the lo-
cal staging of rectal tumors has greatly helped in 
identifying patients at a risk of incomplete tumor 
excision and in selecting them for neoadjuvant 
treatment [5]. Thus, in rectal cancer, downstaging 
and/or downsizing neoadjuvant chemoradiation 
has become a standard practice when the feasibil-
ity of complete excision is questioned because of 
the proximity of the tumor and/or pathologically 
enlarged lymph nodes to the mesorectal fascia 
ultimately forming the circumferential resection 
margin [6]. MRI has proved to be less accurate for 
the local staging of colonic cancer and has been 
of minimal clinical relevance thus far because af-

ter CT exclusion of distant metastases, the vast 
majority of patients with colonic cancer are of-
fered immediate surgery. In contrast to rectal 
tumors, surgical resection has remained the main 
treatment for colonic tumors thus far, with 80% 
of patients receiving resection of the primary tu-
mor as the first treatment step. Colonic resection 
can be followed by adjuvant chemotherapy (and 
occasionally radiotherapy) if adverse prognostic 
characteristics are identified on the histological 
examination of the resected specimen [7].

More recently, attempts have been made to ad-
vocate neoadjuvant chemotherapy to patients 
with colonic cancer [3]. Arguably, chemotherapy 
administered before surgery has a theoretical 
advantage of the early treatment of microme-
tastases, addresses adverse consequences of 
inevitable malignant cell shedding during surgical 
manipulation, allows better delivery of anti-neo-
plastic agents via undisturbed blood supply to 
the tumor, and is probably associated with better 
patient compliance [6]. Thus, neoadjuvant che-
motherapy for locally advanced colonic cancer is 
currently being investigated by FOXTROT trial. 
Although the trial demonstrated downstaging 
in T3 and T4 tumors, neither nodal status nor 
the presence of EMVI was used in the inclusion 
criteria [3]. In addition to TNM staging, several 
other tumor-related factors are linked to ad-
verse oncological outcomes, such as histological 
differentiation, mucin production, host lymphoid 
response to the tumor, tumor border configura-
tion, absence of microsatellite instability, and loss 
of heterozygosity at chromosome 18q [8]. The 
features of EMVI and perineural invasion are 
also associated with adverse prognosis [9]. EMVI 
can be defined as the direct invasion of a blood 
vessel by the tumor. The presence of malignant 
cells in the intra- and peritumoral vessels, even 
if these developed because of the process of 
neovascularization, may indicate the initiation of 
systemic hematogenous spread, which indicates 
a poor prognosis [10] and warrants systemic 
chemotherapy. Angiogenesis, when proven, can 
also be used for targeted therapies [10].

Currently, the standard practice is to offer post-
operative chemotherapy mainly to patients with 
histologically proven regional lymph nodes me-
tastases and EMVI. If the same factors could be 
confidently established by accurate preoperative 
staging, then it could theoretically also aid in the 
selection of patients for neoadjuvant treatment.

Preoperative staging is both technology- and 
operator-dependent and, therefore, has variable 
results [11]. Currently, CT is the only practical 
tool for the staging of colonic cancer. Choi et al. 
[12] evaluated the preoperative CT assessment 
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Table 1. Summary of patient and tumor charac-
teristics

Characteristics	 N=53 (%)

Age (median)	 72 (46–93)

Sex	

Male	 35 (66%)

Female	 18 (34%)

Tumor Location	

Cecum	 11(21%)

Ascending colon	 10 (19%)

Hepatic flexure	 3 (6%)

Transverse colon	 9 (17%)

Splenic flexure	 3 (6%)

Descending colon	 3 (6%)

Sigmoid	 14 (26%)

Tumor Stage	

T1	 0

T2	 6 (11%)

T3	 28 (53%)

T4	 19 (36%)

N0	 21 (40%)

N1	 16 (30%)

N2	 16 (30%)

M1	 4 (8%)

Dukes A	 0 (0%)

Dukes B	 21 (40%)

Dukes C	 28 (53%)

Dukes D	 4 (7%)

Median Lymph Node Yield	 17 (Range: 5–40)

Table 2. Preoperative CT prediction of lymph 
node status and EMVI in comparison with histologi-
cal examination of resected specimens

		  Extramural 
	 Lymph 	 Vascular 
	 Node 	 Invasion 
	 Prediction	 Prediction

Sensitivity	 85%	 69%

Specificity	 24%	 49%

Positive Predictive Value	 63%	 37%

Negative Predictive Value	 50%	 78%



of regional lymphadenopathy and reported 
a sensitivity of 88%, specificity of 66%, PPV of 
59%, and NPV of 88%. A meta-analysis by Dighe 
et al. [13] included 19 studies comprising a total 
of 907 patients and found an overall CT sensitiv-
ity of 70% and specificity of 78% for the detec-
tion of regional lymph node involvement. The 
sensitivity of 85% in our series is in line with the 
abovementioned studies. CT detection of EMVI 
is even more challenging with an inter-observer 
variation between 54.5% and 61.0% and has re-
ported sensitivity of 58%, specificity of 95%, and 
accuracy of 53% [14, 15]. Unlike in rectal cancer 
imaging, MRI and PET scans in colonic cancers 
have low sensitivity values [16-18]. Rollven et 
al. [16] compared high-resolution MRI with CT 
in the detection of the locally advanced stage, 
nodal, and EMVI positivity of colonic cancer and 
concluded that MRI may offer a slight advantage 
in accuracy. However, more recently, Hunter et 
al. [19] stated that they could not recommend 
that MRI should replace CT. PET/CT scan also 
proved to be inferior to CT scan alone in the 
detection of lymph node-positive disease [18].

Previous studies have suggested that the adminis-
tration of neoadjuvant chemotherapy on a single 
criterion of the radiologically detected enlarge-
ment of the regional lymph nodes would result 
in overtreatment due to the lack of specificity; 
therefore, the search for additional indicators 
such as EMVI. Our results showed that the risk of 
neoadjuvant oncological overtreatment remained 
even when the selection was based on both the 
lymph node status and EMVI as judged on the 
preoperative CT scan. The future developments 
in this field will depend on whether the ongoing 
trials will prove the benefit of neoadjuvant che-
motherapy to make it a standard of treatment in 
selected patients with colonic cancer and wheth-
er new diagnostic imaging modalities will become 
available to aid such a selection with more accu-
racy than the currently available CT scan.

In conclusion, the preoperative staging of colon-
ic cancer by CT scan does not allow an accurate 
detection of regional lymph node metastases 
and EMVI.
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