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COLORECTAL carcinoma is one of the most prevalent gastrointestinal malignancy, 
accurate staging is very important for proper treatment. Continuous advances in CT 

machines, change in disease process and its pathogenicity will change the accuracy of this 
modality and determine weather it can be relied on specially in local staging. The aim of 
this study is to evaluate the accuracy of Multidetector Computed Tomography (MDCT) in 
local staging of colorectal cancer by comparing it to operative findings and whether surgeons 
can depend on its results in planning surgery, also comparing CT and intraoperative results 
to pathology reports. Hence, the strength and weakness points of CT regarding macroscopic 
eye inspection can be evaluated and compared to microscopic pathology findings. Regarding 
the T-staging, CT accurately diagnosed 83 cases, while the intraoperative examination of the 
specimen diagnosed only 81 cases correctly, a difference which is not statistically significant, 
regarding N stage, the intraoperative examination was more accurate than the CT as it correctly 
diagnosed 61 cases while the CT diagnosed only 56 cases correctly, a difference which is also 
not statistically significant. It could be concluded that CT is an accurate method in staging, 
especially the stages III and IV, the accuracy is still not reliable in stage I and II. Regarding 
N- staging system, CT has a low accuracy regarding pathology, this accuracy increases if 
compared with operative data. 
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Introduction                                                                                   

Colorectal carcinoma is one of the most prevalent 
GIT malignancy. Knowledge of the extent of 
disease at initial diagnosis is very critical for 
proper management (Smith et al., 2007; Elias 
et al., 2016). Well-known important prognostic 
factors in colon cancer are tumor stage (T), 
extramural invasion and lymph node involvement 
(N). Even the total number of harvested lymph 
nodes at surgery and lymph node ratio (LNR) 
assessed by the pathologist has a prognostic 
importance (Chang et al., 2012; Rollvén et 
al., 2017). Recent developments in imaging 
technologies and validation of newer imaging 
techniques may lead to significant improvements 

in the management of patients with colon cancer. 
Multidetector Computed Tomography (MDCT) 
scanning, Magnetic Resonance Imaging (MRI), 
and Transrectal Ultrasound (TRUS) have all 
been extensively evaluated in initial staging of 
colorectal carcinoma. Although reports suggest 
that MRI and TRUS may provide better methods 
than CT for staging local colon cancer (Jhaveri & 
Hosseini-Nik, 2015), up till now they have not been 
successful enough to be used routinely as a sole 
imaging modality (Jhaveri & Hosseini-Nik, 2015)). 
CT scanners are now configured with multiple 
rows of detectors, multiplanar assessment can be 
performed allowing for more detailed assessment 
of size and morphology of pathological lesions 
(Anderson et al., 2011). CT is recommended in 
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the initial evaluation of all patients scheduled for 
colorectal carcinoma surgery and for detection 
of its complications (obstruction, perforation, 
etc) (Elias et al., 2016). It is reported to be an 
excellent preoperative staging method with the 
ability to depict both tumor and metastases. The 
aim of this study is to evaluate the accuracy of CT 
scanning in staging of non-metastatic cancer in 
relation to operative findings. This is in addition 
to comparing the results of CT with those seen 
intraoperatively and deciding whether surgeon can 
depend on those results and expect the operative 
field and plane the treatment accordingly.

Materials and Methods                                                                  

Eighty-nine patients diagnosed as having 
colon cancer underwent contrast enhanced CT 
on abdomen and pelvis, the data were collected 
and compared with the operative notes taken 
intraoperatively, and then compared with the final 
results of histopathology.

Protocol of CT
Toshiba 320-multidetector CT scanner 

machine (light speed plus; Toshiba medical 
system, Aqualion one, USA) was used for this 
study. Bowel cleansing using Picolax  should be 
taken 24 h before the appointment. Picolax sachet 
is dissolved in a cup of cold water (150ml), to be 
well mixed for 2–3min before drinking.  plenty 
of water must be taken until diarrhea stopped, 
(at least 100ml/h), to avoid dehydration and 
headaches.

Each patient receives 20ml of Telebrex 
(Meglumine ioxitalamate, Amoun, Egypt) over 
one and half litre of water to drink over night 
to opacify the intestine, last glass of water is 
taken immediately before the exam to opacify 
stomach. An intravenous line of appropriate 
size for IV contrast is inserted before entering 
the examination room. Before the examination, 
and on the examination table, patients are in the 
right lateral position, a 16 F tube is inserted intra-
rectally with administration of diluted contrast 
material (Ultravist 370, Iopromide, Bayer, 
Egypt) to the maximum tolerance of the patient. 
Examination starts by a scout view to determine 
the patient position and ensure opacification of the 
large and small intestine. Non intravenous contrast 
series are taken at this stage. Patients are injected 
contrast material (Ultravist 370, Iopromide, 
Bayer, Egypt) at a dose of 1mg/kg by injector 

rate of 4ml/sec. Arterial phase starts 35sec after 
injection and is restricted to the suspected area of 
mass lesion. Venous phase starts after 75sec and 
includes the whole abdomen and pelvis. 

Interpretation 
CT interpretation
Each image is reviewed by two radiologists 

of at least six years of experience in abdominal 
imaging, who reviewed the whole series including 
transverse images and multiplanar reformatting 
MPR. Diagnosis was as follows; T1 stage was 
limited to the pedunculated masses with no 
apparent extension to the wall, T2 stage affection 
of the whole thickness of the wall without 
affection of the fat surrounding the wall, T3 stage 
penetration of the wall (serosa) either by nodular 
surface or by smudging of the fat surrounding the 
tumour, T4 is the affection of the whole fat plan 
between the mass and any adjacent organ.

Regarding N stage N1 stage is the enlargement 
of 3 lymph nodes or less peri-visceral in location, 
N2 is the affection of more than 3 lymph nodes 
peri-visceral in location, N3 is the enlargement 
of retroperitoneal lymph nodes, all these lymph 
nodes had to be I cm in its short axis.

Operative interpretation
After excision, the mass is inspected by the 

surgeon and evaluated according to the staging 
criteria mentioned above, LN staging is also 
conducted, however, all lymph nodes seen in the 
field are excised for histopathological purpose 
regardless the size.

Histopathological interpretation
The staging is conducted as follows; T1 stage 

if there is infiltration of mucosa and sub mucosa, 
T2 infiltration of muscle layers, T3 penetration of 
the serosa by tumor cells, T4 is the affection of the 
adjacent organs by direct extension. Regarding 
N stage the excised nodes are examined for 
microscopic invasion regardless the size. For 
example, large nodes may be reactive in nature 
and small nodes can be microscopically involved 
by tumor cells. 

Statistical analysis
Data were analysed using Statistical Package 

for Social Science (SPSS) version 21.0.  
Quantitative data were expressed as mean± 
standard deviation (SD). Qualitative data were 
expressed as frequency and percentage. Cohen 
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Kappa was used to measure agreement between 
every 2 raters. Agreement is considered poor 
if K is < 0.2, fair if between 0.21 and 0.40, 
moderate if between 0.41 and 0.60, substantial 
if between 0.61 and 0.80 and good if K is above 
0.8. Sensitivity, specificity, Cohen Kappa and 
their confidence intervals were measured using 
the software Confidence Interval Analysis (CIA) 
for windows, developed using Borland Delphi v 
4.0 (Inprise Corporation) and for help (ForeFront 
Technologies). P-value < 0.05 was considered 
significant and P-value < 0.01 was considered 
highly significant. Differences in accuracy 
between CT and operative data for T and N 
staging were assessed by using the McNemar test.

Results                                                                                       

The present study includes 89 patients 
diagnosed with colon cancer; most (73%) of 
them were males. Age ranged from 24-82 years. 
Of all the diagnosed cancers, 86 cases were 
adenocarcinoma. Regarding the site of the lesion, 
rectum is the most common site diagnosed in 
39 patients (43.8%), while both ascending and 
descending colon tumors were the least common 
in our sample with only 4 (4.5%) cases.

Regarding the T staging system, T3 stage was 

the most prevalent in in studied sample as revealed 
by the 3 different modalities of diagnosis; 53 
cases (59.6%) by histopathological examination., 
51 cases (57.3 %) by operative inspection and 
53 cases (59.6%) by the CT. Table 1 shows the 
prevalence of the different T stages by the 3 
different techniques.

Also, the 3 different diagnostic modalities 
agreed in that stage N0 was the most prevalent; 
79 cases, 51 cases (57.3%) by histopathological 
examination. (83.1%) by intraoperative 
inspection, and (88.8%) by the CT, 74 cases, the 
prevalence of each N stage by the 3 diagnostic 
techniques are shown in Table 2.

McNemar’s test was run to determine if 
there is difference in the accuracy of CT and 
intraoperative diagnosis. Regarding the T-staging, 
the CT accurately diagnosed 83 cases correctly 
while the intraoperative examination of the 
specimen diagnosed only 81 cases correctly, a 
difference which is not statistically significant, an 
exact P value= 0.688. However, in N stage, the 
intraoperative examination was more accurate 
than the CT as it correctly diagnosed 61 cases 
while the CT diagnosed only 56 cases correctly, 
a difference which is also not statistically 
significant, an exact P value of 0.063. 

TABLE 1 . Prevalence of T stage in the study.

T stage No. %

Pathology 

T1 1 1.1%

T2 26 29.2%

T3 53 59.6%

T4 9 10.1%

Operative

T1 1 1.1%

T2 25 28.1%

T3 51 57.3%

T4 12 13.5%

CT 

T1 2 2.2%

T2 26 29.2%

T3 53 59.6%

T4 8 9.0%
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TABLE 2 . Prevalence of N stage in the study.

N stage No. %

Pathology

N0 51 57.30%
N1 23 25.84%
N2 13 14.61%
N3 2 2.25%

Operative

N0 74 83.14%
N1 10 11.24%
N2 4 4.50%
N3 1 1.12%

CT
N0 79 88.80%
N1 7 7.80%
N2 3 3.40%

The agreement between each two raters for 
the T and N stages of the TNM staging system is 
shown in Table 3 and is represented by the kappa 
coefficient together with its 95% confidence 
interval. The agreement is found to be good in 
the T staging between each 2 raters (K>0.8). 
However, regarding the N staging, it is substantial 
between the CT and the intraoperative inspection 
(K= 0.7) and fair (K is between 0, 2 and 0.4) when 
each of the CT and the intraoperative inspection 
is compared to the histopathological examination. 

The sensitivity, specificity, PPV and NPV 
of the CT in diagnosing each T and N stage are 
shown in Table 4, while Table 5 presents those for 
the intraoperative examination.

Discussion                                                                            

Colorectal cancer is a common malignancy 
that results in significant morbidity and mortality. 
Surgical excision with satisfactory margins is 
necessary to provide a significant disease-free 
interval. Computed Tomography (CT) is valuable 
in planning surgery for colorectal cancer because 
it can demonstrate regional extension of tumor 
as well as adenopathy and distant metastases 
(Horton et al., 2000). Owing to the great advances 
in CT machines and protocols, its sensitivity and 
specificity reach very high levels. In the current 
study the sensitivity and specificity of both CT 
and intraoperative inspection of the specimen 
were measured in diagnosing each T and N stage, 
taking the pathological result as the gold standard 
test. Then a comparison was made for the overall 
diagnosing accuracy of both methods for the T 
and N staging system.

Diagnosing colorectal cancer is better done 
in the arterial phase because it allows better 
differentiation between the tumor and the adjacent 
organs and tissues, unlike the venous phase which 
results in a more homogeneous enhancement 
of the neoplasm and the adjacent normal tissue 
(Hundt et al., 1999; Kekelidze et al., 2013). Many 
factors have attributed to the improvement in 
local staging for colorectal cancer using MDCT 
including the rapid acquisition time, capability of 
using thin collimation (4 × 2.5mm) which results 
in improved quality of multiplanar reformatting 
(MPR) and better spatial resolution. Despite 
thin sections, an intrinsic limitation of CT is the 
lack of visualization of the individual wall layer 
(Flippone et al., 2004; Kekelidze et al., 2013)

There are few initial therapeutic options 
for patients with colorectal carcinoma beyond 
surgery. These decisions, however, cannot be 
made without accurate pre-surgical staging, this 
raises the importance of staging and continuous 
development of techniques used in staging of 
colorectal malignancies.

Initially, CT was the first “staging” modality 
evaluated. Early reports of accuracy that ranged 
between 85-90% (Bernini et al., 1996). Flippone 
et al. (2004) showed that the accuracy of CT 
regarding T staging was 83% using multiplanar 
reformatting (MPR). Smith et al. (2007) showed 
much lower accuracy of 60.8% regarding T-stage. 
In the present study, the accuracy of CT in T-staging 
was over all around 93%. CT diagnosed 2 cases as 
T1, one of them (50%) proved, by pathology, to 
be T2 which means that underestimation is a high 
possibility in case if T1diagnosis was made by 
CT. This is explained by the fact that CT cannot 
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TABLE 3. Agreements between the three methods of diagnosis, CT, intraoperative inspection and pathology.

TNM staging Agreement between K coefficient Standard error 95% Confidence interval

T stage

CT & pathology 0.878 0.048 0.783-0.972

Pathology & operative 0.880 0.047 0.788-0.973

CT & operative 0.881 0.047 0.788-0.973

N stage

CT & pathology 0.232 0.106 0.024-0.441

Pathology & operative 0.355 0.101 0.157-0.553

CT & operative 0.793 0.091 0.616-0.969

- Values are presented as proportions.
- Confidence intervals are presented as upper bounds, lower bounds.

TABLE 4. Sensitivity and specificity of CT for each T and N stage.

T stage
Stage ≤ T2 Stage T3 Stage T4

Value 95% CI Value 95% CI Value 95% CI

Sensitivity  0.926 0.766,0.979 0.925 0.821,0.970 1.000 0.701,1.000

Specificity  0.984 0.914,0.997 0.944 0.819,0.985 0.963 0.895,0.987

Positive predictive value 0.962 0.811,0.993 0.961 0.868,0.989 0.750 0.468,0.911
Negative predictive value 0.968 0.891,0.991 0.895 0.759,0.958 1.000 0.952,1.000

N stages
Stage N0 Stage N1 Stage N2

Value 95% CI Value 95% CI Value 95% CI

Sensitivity 0.980 0.897,0.997 0.261 0.125,0.465 0.308 0.127,0.576
Specificity 0.368 0.234,0.527 0.939 0.854,0.976 1.000 0.952,1.000
Positive predictive value 0.676 0.563,0.771 0.600 0.313,0.832 1.000 0.510,1.000

Negative predictive value 0.933 0.702,0.988 0.785 0.682,0.861 0.894 0.811,0.943
- Values are presented as proportions.
- Confidence intervals are presented as upper bounds, lower bounds.

accurately discriminate between different layers 
in the wall of the colon (Kim et al., 1999; Elias 
et al., 2016). Up till now reports suggest that MRI 
and TRUS may provide better methods than CT 
in differentiating layers of the colon (Kim et al., 
1999; Zagoria et al., 1997). Twenty-six cases 
were diagnosed by CT as T2, two of them proved 
to be T3 by pathology (7.7%), this may be due 
to microscopic invasion in pericolic fat that did 
not yet cause smudging or speculations as a sign 
of fat invasion in CT. CT diagnosed 53 cases as 
T3, 2 of them proved to be T2 and one shown 
to be T4 by pathology, the criterion that nodular 
surface and presence of speculation in pericolic 
fat means invasion was used, the 2 misinterpreted 
cases proved to be T2 that can be explained by 
the study of Freeny et al. (1986) who claimed 
that fat stranding in pericolic area can be due to 
fibrosis or inflammatory reaction and that the 

use of this criterion allows them to correctly 
identify 22 of 25 cases (88%). The CT accurately 
diagnosed the 8 cases (100%) of T4 stage 
confirmed by pathological examination, this may 
be due to thin collimation and decreased spacing 
and multiplanar capability that allow accurate 
judgment on the fat plans between visceral organs. 
This goes with larger, more carefully controlled 
studies which showed that the overall accuracy of 
CT is in the 50% - 70% range, varying directly 
with the stage of the lesion (i.e., T4 lesions are 
more accurately assessed than T2 or T3). In the 
present study, it was found under staging is more 
common than over-staging which is consistent 
with So et al. ( 2017) study, unlike the study of 
Rotte et al. that stated that over-staging is far more 
common (Rotte et al., 1989). Also, it is difficult to 
accurately determine T-stage (depth of bowel wall 
penetration) on CT (Elias et al., 2016).
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TABLE 5. Sensitivity and specificity of intraoperative examination of the specimen for each T and N stage.  

T stage
Stage ≤ T2 Stage T3 Stage T4

Value 95% CI Value 95% CI Value 95% CI

Sensitivity  0.926 0.766,0.979 0.943 0.846,0.981 0.889 0.565,0.980

Specificity                             0.952 0.867,0.983 0.917 0.782,0.971 1.000 0.954,1.000
Positive predictive value 0.893 0.728,0.963 0.943 0.846,0.981 1.000 0.676,1.000

Negative predictive value 0.967 0.888,0.991 0.917 0.782,0.971 0.988 0.983,0.998

N stages
Stage N0 Stage N1 Stage N2

Value 95% CI Value   95% CI Value  95% CI

Sensitivity 0.980 0.897,0.997 0.130 0.045,0.321 0.231 0.082,0.503
Specificity 0.237 0.130,0.392 0.939 0.854,0.976 1.000 0.952,1.000
Positive predictive value 0.633 0.523,0.731 0.429 0.158,0.750 1.000 0.438,1.000
Negative predictive value 0.900 0.596,0.982 0.756 0.653,0.836 0.884 0.799,0.936

- Values are presented as proportions.
- Confidence intervals are presented as upper bounds, lower bounds.

The highest specificity of CT was for T4 stage, 
while the highest sensitivity was in diagnosing T3. 
Comparing CT staging accuracy to operative data 
shows a nonsignificant difference. According to 
these results, a surgeon can predict the operative 
field and accurately plane a surgery depending on 
CT results.

Looking at these results, one can observe how 
CT advances allow the accuracy to be as high as 
possible and be very close to the operative data. 
The major source of difference between CT and 
operative data from one side and pathology on the 
other side is related to microscopic type invasion. 
As we cannot diagnose microscopic invasion 
either by eye inspection or by CT scan. This kind 
of difference cannot be overcome preventing 
accuracy from reaching 100%.

N-stage
The fact that normal sized lymph node could be 

microscopically invaded by tumor cells and large 
lymph node could be reactive cannot be denied,  
this may explain the lower accuracy regarding N- 
staging by CT. N staging accuracy in  Filippone 
et al. was 80% in MPR (Fillppone et al., 2004). 
Smith et al. recorded accuracy for N-staging was 
54.3% (Smith et al., 2007), Muthusamy & Chang 
(2007) showed accuracy range from 54%-70%. 
However, in the current study, CT accuracy for 
N –staging was 60.86% compared to pathology 
results. The accuracy of CT compared to operative 
findings was higher reaching 83.35%. Comparing 
the operative data with pathology, accuracy was 
67.44%. The accuracy is higher between CT 

and operative data (83.35%) and lower between 
operative and pathology (67.44%) due to the 
former fact of that LN can be microscopically 
invaded. Another factor that may aid to lower 
sensitivity between CT and operative data from 
one side and the pathology on the other side is that 
there is a little agreement on the critical cut-off 
diameter to determine if lymph nodes are involved 
in the disease process. The more accepted one is 
bigger than or equal to 1 cm (Fillppone et al., 2004; 
Elias et al., 2016), other studies suggest 5mm (Ju 
et al., 2009; Dighe et al., 2010). However, nodal 
size is not seen as a predictor of nodal status at 
surgery (Muthusamy & Chang, 2007; Low et al., 
2008; Ong & Schofield, 2016; So et al., 2017). 
Since detection of nodes involved with tumor 
remains a difficult problem, if a colonic resection 
is planned, local node groups are encompassed 
in a properly performed cancer operation. This 
leads to overcoming the lower accuracy of the 
CT in detecting LN invasion (Gerard et al., 1996; 
Thoeni, 1997; Sigurdson, 2003; Okada et al., 
2015).

Conclusions                                                                       

MDCT is a reliable method for staging local 
colorectal cancer regarding stage III and IV, 
however, early stages of colorectal cancer still 
cannot be accurately detected because MDCT 
cannot differentiate between different layers of 
the colon. Regarding N staging , it is of a lower 
accuracy that can be overcome during surgery 
by removing all LN seen in the field. However, 
comparing operative data and CT results 
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the difference is insignificant. Surgeons can 
accurately expect what they will see depending 
on CT results, accordingly they can plan their 
surgery in a reliable manner.
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تشخيص  في  األنسجة  وعلم  العملية  داخل  المالحظة  الطبقي،  التصوير  بين  التوافق 
اإلنتشارالمحلي لسرطان القولون 

ايمان احمد شوقي سابق، جيهان محمد صالح، ايهاب العسيلي 
القاهرة- الذرية-  القومي لبحوث وتكنولوجيا اإلشعاع- هيئه الطاقه  البحوث الصحية واألشعاعية- المركز  قسم 

مصر.

يعد سرطان القولون من اكثر األورام الخبيثة اللتي تصيب الجهاز الهضمي عليه فإن التشخيص الدقيق مهم جدا 
للعالج المناسب. سيؤدي التقدم المستمر في أجهزة التصوير المقطعي المحوسب والتغيير في باثولوجيا المرض 

وأعراضه إلى تغيير دقة هذه الطريقة.

المحلي  القطاعات في تشخيص اإلنتشار  المتعدد  المقطعي  التصوير  تقييم دقة  الدراسة هو  الهدف من هذه 
لسرطان القولون والمستقيم من خالل مقارنته بنتائج الفحص داخل العملية الجراحية وما إذا كان يمكن للجراحين 
نتائجها في التخطيط للجراحة، وكذلك مقارنة التصوير المقطعي والنتائج بتقارير علم األنسجه.  اإلعتماد على 
وبالتالي، يمكن تقييم نقاط القوة والضعف في التصوير المقطعي المحوسب فيما يتعلق بفحص العين المجردة داخل 

العمليه ومقارنتها بنتائج علم األنسجة.

قامت األشعه المقطعية بتشخيص حاالت اإلنتشار المحلي لسرطان القولون بدقة كبيرة في المرحلة الثالثة 
والرابعة في حين أن الدقة كانت محدودة في المرحلة األولى والثانية وهي نفس نتائج الفحص أثناء العملية وذلك 
مقارنة بالفحص الباثولوجي للعينة اما بالنسبة للغدد المحلية فأنه من المستحيل تشخيص تأثرها بالخاليا السرطانية 

سواء باألشعة المقطعية أو الفحص اثناء الجراحة ولذلك يتم إزالة كل الغدد وفحصها اثناء العمليه. 

نستنتج أن التصوير المقطعي المحوسب هو طريقة دقيقة في التشخيص، خاصة المرحلتين الثالثة والرابعة، 
وهذه الدقة تزداد اذا ما قورنت بنتائج الفحص بالعين المجردة داخل العملية.


