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Abdtract: Colorectal cancer isadiseaseinwhich malignant cellsformin thetissues of the colon and rectum Theincidence of the colorectal
cancer (CRC) varies greatly throughout the world. Computed Tomography (CT) isa powerful technique for detecting and staging carci-
noma of the colon and rectum. In general, the sensitivity, specificity and accuracy vary with the stage of the CRC. Postive findings are
highly indicative of neoplastic spread. Thusan effort has been made through thisstudy to evaluate therole of preoperative CT inthe staging

of CRC

INTRODUCTION

Colorectal cancer is amalignant disease arising in the colon
and rectum. The incidence of the colorectal cancer (CRC)
variesgreatly throughout theworld. Thelowest ratesare found
inthe population of Africa, Asia, and Latin America. However,
in northwestern Europe and North America, CRC ranks as
one of the three most common fatal malignancies, along with
lung and breast cancer, and members of these populationsface
a lifetime risk of developing the disease of 5% to 6%. 2
Moreover, because the survival statistics in patients who
undergo surgical treatment for symptomatic CRC have
improved marginally over thelast four decades, *the calculated
risk of dying of CRC is 2% to 3%. *® Risk factorsfor CRC are
many and include age aboveforty years, preexisting adenoma,
cancer family syndromes, hereditary nonpolyposis colon
cancer (Lynch syndrome), inherited polyposis syndromes,
chronic ulcerative colitis, Crohn’s enterocolitis, etc.

MATERIAL AND METHODS

A prospective study of fifty(50) biopsy proven cases of
adenocarcinoma of colorectal region was undertaken. These
patients were subjected to pre-operative computed
tomographic examinations using the Siemens Somatom Series
CT Scanner.

The patients were administered 500-600 ml of diluted water-
soluble contrast media orally one hour prior to the CT
examination followed by another 200-300 ml immediately
before the examination to get the optimal opacification and
distension of the bowel loops. Unless the contrast material is
contraindicated, the patients were administered water-soluble
contrast material through an intravenous route as well. Air
insufflations of the colon through the per-rectal route were
done to achieve optimal colonic and rectal distension, unless
contraindicated.

CT examination was done in supine position. Decubitus and
prone position were utilized whenever necessary. Scans were
taken both prior and after the intravenous contrast
administration. Trans-axial images 10X10 mm were taken
covering the entire abdomen and pelvis in the cephal ocaudad
direction. Additional 5X5 mm trans-axial images were taken
through the region of interest. Scanning was performed during

suspended respiration. All scans were viewed at varying

window widthsand levels. CT staging was performed and the

following parameters were established and evaluated:

%+ Tumor characteristics (intra-luminal / extra-luminal mass, thickness
of the affected bowel segment & location)

% Local extramural invasion (irregular serrated / spiculated outer
contour, tumor mass or strands of soft tissue extending out, and / or
streakiness of the pericolic / perirectal fat)

+ Regional nodes (asingle adjacent node 1cm or larger or a cluster of
three or more nodes, each less than 1cm in diameter, in their short
axis)

+ Distal and / or extensive disease (liver metastases, intraperitoneal
and mesenteric tumor, distal retroperitoneal lymphadenopathy, and
direct extension into adjacent solid or hollow organs).

The adjacent organs were considered involved, if a
recognizable interface was not present between tumor and
organ associated with irregular, spiculated or thickened
apposing surfaces. Omentum was considered involved when
it showed enhancing discrete nodules or omental cakes.
Mesenteric involvement was considered with presence of
disorganized, stellate or discrete tumor masses. Peritoneal
involvement was considered with presence of enhancing small
nodules or diffuse peritoneal thickening and enhancement. In
distal retroperitoneum 8 mm diameter in short axis was taken
as upper limit.
The patients who underwent CT examination were then
followed upttill surgery (palliative/ curative). The CT findings
were then compared with those of operative findings and
wherever possible, with the histo-pathological evaluation of
the resected tumor or other specimen. Finally, the CT staging
was compared with the Surgico-pathologic staging of the
disease.

A criterid® for CT staging of primary colorectal tumors is as

follows

< Stage | — Intra-luminal mass without thickening of wall

% Stagell —Thickened wall (> 0.6 cm) or pelvic mass, no invasion or
extension to sidewalls

%  Stagelll a—Thickened wall or pelvic masswithinvasion of adjacent
structures but not to pelvic sidewalls or abdominal wall

% Stagelll b—Thickened wall or pelvic masswith extension to pelvic
sidewalls and / or abdominal wall without distant metastases

<  Stage |V — Distant metastases with or without local abnormality
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The above-mentioned criteria of CT staging correlates very
well with the following surgico-pathologic staging system. A
criterion of Surgico-pathologic staging is as follows ©:

% StageA — Limited to mucosa

» Stage B1 — Extension into, but not through, the muscularis propria
Stage B2 — Extension through muscularis, no nodes

Stage C1 — Limited to bowel wall, positive nodes

Stage C2 — Extension through bowel wall, positive nodes

% Stage D — Distant metastases

(Note: Thisstaging systemrepresentsthe Astler-Coller version
of the Dukes classification, as modified by Turnbull)

RESULTS

« Age: Patientsin our series ranged from second to eighth
decade. The youngest patient was 19 years old and the
oldest being 75 years. In the study, the largest group is
formed by patients in the range of 60-69 years (16)
followed by 50-59 years (9), 40-49 years & 20-29 years (7
each), 70-79 years (6), 30-39 years (4) and 10-19 (1) years
in the decreasing order of frequency.

e Sex: In our study of 50 patients, 34 were males and 16
werefemal es. Among the 20 patientswith rectal carcinoma,
11 were females and nine were males. Among the patients
with colonic carcinoma, 22 were males and four were
females.

e Location of tumar: Among all the patients with CRC in
our series, thelargest group wereformed by thosein which
rectum wasinvolvedi.e. 20 out of 50 (40%). The smallest
group was formed by those in which splenic flexure was
involved i.e. one of 50 (2%). In four patients, sites of
involvement were multiple. These included two patients
with cecal & ascending colon involvement and one patient
each with transverse colon & sigmoid colon and ascending
colon & rectal involvement.

e Relationtolumen & mural thickness(fig. 1, 2, 3,4, 5, 6): All
the patientsin our serieshad intral umina masseswith associated
increase in bowe wal thickness. None of the patients showed
extralumina masses or lack of murd thickening.

e Local extramural invason (fig. 2, 4, 5, 6): In our study, CT
revedled locd extramurd invasonin 35 out of 50 patientswitha
sensitivity of 91.43% and specificity of 80%. Positiveand negative
predictive vaues for the same finding were 91.43% and 80%
respectively with an overdl accuracy of 88%. The aboveresults
were obtained when CT finding was compared with surgical
finding. Surgicdly, 35 of 50 cases showed extramurd invasion.
Comparison of the CT finding of loca extramurd invasonwith
histopathologica data reveded atotdly different scenario. On
histopathology, only 11 of 33 petients who underwent surgical
resection showed evidence of periserosd invasion. Thus when
CT resultswere compared with thet of histopathology, it yielded
asengtivity and specificity of 100%and 50% respectively. Positive
and negative predictive vaues for the same finding were 50%
and 100% respectively with an overdl accuracy of 66.67%.

e Nodal metastases (fig. 2,4): In our study, CT detected
lymphadenopathy in 20 of 50 patients & surgery in 30 of 50
patients. When of lymphadenopathy was assessed by CT and
urgery, ityidded asenstivity, specificity and accuracy of 66.67%,
100% and 80% respectively with positive & negative predictive
values of 100% and 66.67%0, respectively.

Histopathol ogicaly, nodal metastaseswere detected in 15 out of
50 patients. When lymphadenopathy detected by CT was
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compared with histopathol ogicd metagtaticinvolvement of lymph
nodes;, thesenstivity, specificity and accuracy was83.3%, 58.3%
and 73.3%respectively with positive& negativepredictivevaues
of 75% and 70% respectively.

* Invason into adjacent organs In our study, 14 of 50 patients
werediagnosed to haveinvas on of adjacent organsasdetermined
by CT. On surgery, dl these 14 cases were confirmed; but
additiond 7 caseswereidentified that were missed by CT. Thus
our sudy yielded asenstivity & specificity of 66.67% and 100%
respectively, when CT results were compared with surgery with
positive & negative predictive vaues of 100% and 80.56%
respectively. For this finding no histopathological data was
available for comparison with CT.

* Invasoninto pevic/abdominal wall (fig. 3& 5): Inour study,
8 out of 50 peatients were diagnosad to have invason of pelvic/

| Figure 1: CT scan showing
"| rectosigmoid carcinoma with
| mural thickening and
| intraluminal narrowing

Figure 2: CT scan showing
rectosigmoid carcinoma with
local extramural invasion and
regional pelvic metastatic
lymphadenopathy

Figure 3: CT scan showing
rectosigmoid carcinomawith
/| invasion of pelvic walls
| posteriorly and
posterolaterally with
minimal ascites

. Figure 4: CT scan
showing carcinoma of
. ascending colon with
gl pericolic metastatic
lymphadenopathy,
local extramural
invasion and
carcinoma peritonei
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Figure 5: CT scan |}’
showing carcinoma of [
splenicflexurewithlocal |3

extramural and [EES
abdominal wall invasion |

Figure 6: CT scan showing
rectosigmoid carcinoma with
local extramural invasionand 4
proximal intestinal
obstruction

abdomind wall asdetermined by CT. On surgery, dl these cases
were confirmed; but additional one case wasidentified that was
missed by CT. Thusour study yielded asensitivity and specificity
of 88.89% and 100% respectively when CT resultswerecompared
with surgery with positive predictive, negative predictive values
and accuracy of 100%, 97.62% and 98% respectively. For this
finding no histologicd datawas availablefor CT comparison.

e Meagasss (fig. 4): In our series, 12 patients had peritoned/
mesenteric and hepatic metastases including one case that had
metastases of both varieties. Out of above 12 patients, three hed
histologicaly proved peritoned/mesenteric metastases, out of
which two caseswere correctly detected by CT. Similarly, out of
10 casesof higtologically proved metastetic depositsin liver, CT
could detect ninecasss. Thisyid ded sensitivity, specificity, postive
predictive, negative predictive and accuracy vaues of 91.67%,
100%, 100%, 97.44% and 98% respectively.

e Saging: in our study, CT correctly staged 33 out of 50 cases

(66%) when compared with surgicopathologic findings. CT
understeged eight (16%) and overstaged nine (18%) cases. The
digtribution of casesisshown inthetable.
All stage patientswererepresented well in our seriesexcept stage
A, whichwasinggnificantly represented. In our study, 18 out of
27 (66.67%) stage | lesions; six out of 12 (50%) stagelll lesions
and nineout of 10 stage 1V lesonswere correctly staged by CT.
Of the 24 patients with rectd and rectosigmoid carcinoma, CT
correctly staged—none of onestagel; nineof 12, stagell; five of
seven, sage |11 and four of four sage |V lesons.

DISCUSSION

Colorectd cancer istreated by surgica remova of thetumor, or with
adjuvant therapy. Hepatic metestasesareresected surgically or palliated
by cytotoxic drugs, cryosurgery or laser therapy.” Thechancesof cure
in patientswith CRC dependsupon thestagea whichitisdiagnosed.
Trestment a an early stage dlows 50% of patients to survive five
years and 29% for 10 years, while, of those with advanced disease,
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91% aredead withinfiveyears, and 97% of those patientswho receive
only symptomatic trestment diewithin five years?®

In our study, the percentage of patients in whom the rectum was
involved formed thelargest groupi.e. 20 (40%), followed by cecum,

Table: Showing comparison between Computed Tomography and Surgico-
Pathologic staging in fifty cases of colorectal carcinoma

CT SURGICOPATHOLOGIC
1 2 3 4 TOTAL
1 0 0 0 0 0
2 1 18 7 0 26
3 0 8 6 1 15
4 0 0 0 9 9
TOTAL 1 26 13 10 50

eght (16%0); hepaticflexure, six (12%); ascending colon, five (10%);
transverse colon, sigmoid colon & rectosigmoid region, four each
(8% each); descending colon, two (4%) and splenic flexure, one (2%6)
in the decreasing order of frequency.

The percentage involvement of various sites from gppendix to anus
as per the trends is rectum 38%, sigmoid colon 21%, cecum 12%,
rectos gmoid region 7%, transverse colon 5.5%, ascending colon 5%,
descending colon 4%, splenic flexure 3%, hepatic flexure & anus
2% each and gppendix 0.5%.°

Our sudy showsthe higher incidencein the right-sided colon while
maintaining its highest incidencein the rectum. Thismay reflect the
changing trends or may be because of smdler sample volume &
seection bias 50 that our results may not be accurately extrapolated
over the entire populetion.

When the CT finding of loca extramurd invasion was compared
with histopathologica data (which was obtainable in 33 of 50),
sengtivity, pecificity and accuracy of 100%, 50% and 66.67%
respectively wasachieved with positive & negativepredictivevaues
of 50% & 100% respectively. Our study results of CT versus
histopathological data(table) are quite different from those obtained
by Emil J. Bdthazar et d° and Patrick C. Freeny etd™ inther sudies.
The use of thinner collimated dicesin our series (5mm*5mm) than
in other series (10mm*10mm) resulted in higher sengtivity & the
cost of lowered specificity; however, the overal accuracy was
comparable — 66.67% in ours, 57.9% in Emil's & 68.75% in
Patrick’s. Thus, it isclear that thinner scansdo not significantly affect
theoverdl CT accuracy of detecting local extramural invasion.
CT criteria of metastatic lymphadenopathy when compared
with histopathological data yielded a sensitivity, specificity
and accuracy of 83.3%, 58.3% and 73.3% with a positive &
negative predictive value of 75% & 70% respectively. Our
results when compared with those obtained by Emil J.
Balthazar et a and Patrick C. Freeny et al showed acomparable
accuracy of 68.4% and 72.5% respectively. However, the
sensitivity, specificity and positive & negative predictivevalue
of only Emil’s study correlated with ours, as the criteria used
were same. But the sensitivity and specificity values are very
different from Petrick’ sstudy viz. 25.9% and 96% respectively. This
washecausethey usad 1.5 cmastheupper limit of normd for labeling
nodd metastases Thus itisclear that thelower cut-off criteriaimprove
the CT sengitivity for detecting noda metastasesbut lowersspecificity
sgnificantly. But eventhisisadvantageousasthe CT detected lymph
nodes can be subjected to FNAC before surgery for accurate
preoperativestaging and can dso guidethesurgeontolook for specific
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lymphnodessothat they could besent for biopsy for histopathol ogica
staging, thus alowing proper postoperative management and
determining the prognosis of the patient.

When CT results for invasion into adjacent organs were compared
with surgery findingsin our study, it yielded sengitivity, pecificity
and accuracy of 66.67%, 100% and 86% respectively with apositive
and negative predictive value of 100% and 80.56% respectively. No
histopathological data was available related to this finding for
comparison with CT data. A study by Emil J. Bathazar et d shows
that CT detected nineout of 14 casesof tumor invasioninto adjacent
solid or hollow organs yidding a senstivity of 64.29%. Our study
resultsare comparableto that of Emil’s study results.

Inour series, CT detected pelvic/ dbdomind wal ineight out of nine
cases confirmed on surgery. Thisyielded asensitivity, specificity and
accuracy of 88.89%0, 100% and 98% respectively with apositiveand
negative predictive vaue of 100% and 97.62% respectively. No
histopathol ogicd datawereavailablefor comparisonwith CT finding.
Thisfinding hasnot been separatdy consdered and studiedin previous
reports However, our sudy reved sthet CT isquitean accuratemethod
for determining theinvasion into pelvic / abdomina wall.

In our series, CT could correctly identify 9 out of 10 cases of
histopathologicaly proven hepatic metastases. The case missed on
CT showed minute2- 5 mm hepatic nodul ation. Thismay bebecause
theszeof noduleswasbeyond theresol ution of thescanner or because
of respiratory misregidiration or partly because delayed hepatic scans
werenot taken. Our resultsarecomparabletothoseobtainedinEmil’'s
and Patrick’ sseries

Out of three cases of mesenteric / peritoned metastases, CT could
correctly diagnose two cases, thus yielding a sengitivity of 66.67%.
Thecasemissed on CT showed minute2 - 5mmmesenteric/ peritonedl
nodulation. Thismay be because the sze of noduleswas beyond the
resolution of the scanner. Theaboveresultissimilar to thet of Emil J.
Bdthazar et d where four out of Sx cases were correctly diagnosed
by CT, thusyidding asenstivity of 66.67%.

In our study, 33 out of 50 cases (66%) were correctly staged by CT
whencomparedwith surgicopathologicfindings. CT understaged eight
(16%) and overstaged nine (18%) cases. Our study correlated well
with the study conducted by Emil J. Bathazar et d i.e. 64% and G
Scott Gazelleet d*? i.e. 76.67%.

The dightly higher staging accuracy achieved in Gazdlle's sudy is
duetotheuseof water-enemaduring CT scanning and useaof dynamic
sequentia scans.

The higher staging accuracy achieved in our Study as compared to
some previousstudiesisdueto good colonic preparation; good bowe
opecification; improved CT scanning techniquesand better resolution
CT scanners. The accuracy may further increase with improvements
in technol ogy.

The staging accuracy in our study was much higher in patientswith
rectal and rectosgmoid carcinoma i.e. 79.2% which included an
accuracy of 75% in stage Il lesions, 71.4% in sage 1 lesons and
100% in stage IV lesons. This accuracy achieved in our Sudy is
higher than that achieved by B. Addsteinsson et d* i.e. 60 - 70%.
Thismay bedueto useof thinner collimated scans, bowe preparation
& larger amount of positiveora contrast for good bowe opecification
and dso because of improved resolution of CT scanners. However,
the accuracy achieved waslower than that of Ruedi F. Theoni et d*
i.e. 92%, asthat study mainly included stage 11l and IV lesonwhere
the CT accuracy ishigher as81.8% in our study.

CONCLUSION

In conclusion, Computed Tomography (CT) isapowerful technique
for detecting and staging carcinoma of the colon and rectum. The
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sengitivity, specificity and accuracy for staging primary colonic and
rectal carcinomas range from 48 to 100% with a mean accuracy of
75%. Ingenerd, sengtivity, Specificity and accuracy increeseasdiseese
progressesfrommucosal to extramucosd stagesand further especidly
in detecting hepatic metastases. Although negative findings on CT
do not help staging colorectd carcinoma but positive findings are
highly indicative of neoplastic soread. Following reasonsthusjustify
the use of Computed Tomography in preoperative evauation of
colorectd carcinoma-

» CT isvery accurate in establishing the cause of obstruction and
detecting perforation in patients with colorectd carcinoma; the
former being an independent prognostic factor in colorectd
carcinomaand thelatter determining the duration of diseesefree
urvivd.

» Clinicaly unsuspected CT findings may lead to significant
changesin either the preoperative management or typeof surgery
or may atogether preclude surgery; thus lessening the need for
exploratory, noneffective, costly surgica procedures, reducing
the hospita stay, directing FNAC / biopsy of suspected lesions,
permitting gpplication of chemotherapy & radiothergpy to be
instituted promptly and effectively e.g. preoperative or
intraoperative radiothergpy to control loca tumor spread or to
makeprevioudy inoperablelesonsoperable, resection of hepatic
metastases, €.

» CTiscomplementary todlinica assessmentin high-located recta
tumors especialy when preservation of rectal function is
contemplated. It may provide the surgeon with additional
information that can become essential during surgery as
relationship between ureter and colon. CT isconsidered to bethe
best initid test for elderly frail patientswith large bowe disease
incdluding colorecta carcinoma.

» Lad but not theleest, in patients with extensivelocal spread and
in the absence of a gpecimen for pathologica examination, the
CT cangivean objectiveand permanent record of thelocd extent
inlinewith the pathological extent in most casesthus serving as
thebase-linefor follow-up studiesasin determining theresponse
totherapy.

Findly, it would be apt to conclude that though CT findings cannot

besoldy relied upon but sincethe Computed Tomography delineates

multiple abnormaitieswith afar degree of accuracy than any other
singlediagnostic method, it should be consdered astheinvestigation
modality in preoperative assessment of colorectd carcinoma
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