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ABSTRACT ____

OBJECTIVES: To determine the diagnostic accuracy of contrast enhanced MRI in staging of rectal carcinoma by
taking histopathological findings as gold standard. STUDY DESIGN: Cross-sectional validation study. SETTING:
Department of Radiology, Combined Military Hospital, Rawalpindi from 15-03-2022 to 14-09-2022. METHODOLOGY:
A total of 100 patients were included with suspected CA rectum of either gender aged 20 to 50 years. Patients with
claustrophobia, cardiac pacemakers/ metal implants, allergic to contrast agent or not willing to participate in study
were excluded. Magnetic resonance imaging was performed on a 1.5 T MR system (Siemens) centered on pelvis
which was covered with body-matrix coil. Findings of MRI were evaluated by the researcher which were supervised
by a consultant radiologist. Staging was done according to the TNM classification system. Histopathological reports
were evaluated at histopathology department of hospital. RESULTS: Diagnostic accuracy of contrast enhanced MRI
in T2 staging of rectal carcinoma showed sensitivity 87.5%, specificity 83.7%, PPV 31.8%, NPV 98.7%, diagnostic
accuracy 84%. T3 staging demonstrate sensitivity, Specificity, PPV, NPV and diagnostic accuracy of 73.2%, 77.2%,
80.3%, 69.3% and 75% respectively. T4 staging showed sensitivity 75%, specificity 100%, PPV 100%, NPV 87.6%,
diagnostic accuracy 91%. Diagnostic accuracy of MRI in nodes showed sensitivity 85.9%, specificity 72.7%, PPV
91.8%, NPV 59.2%, diagnostic accuracy 83%. Diagnostic accuracy of MRI in CRM revealed sensitivity 72.8%, specificity
89.4%, PPV 96.7%, NPV 43.5%, diagnostic accuracy 76%. CONCLUSION: In conclusion, contrast enhanced MRI
is a non-invasive technique with high degree of sensitivity and accuracy in the diagnosis of staging of rectal carcinoma.
Key words: Rectal carcinoma, diagnostic accuracy, contrast enhanced MRI, histopathology.

Introduction ___

Colorectal cancer is the second most common cancer
in women and being the third most common in men.? It
is the second most common cause of cancer related
deaths in Europe.2 It is known to be the third most
common cause of new cancers in both genders in United
States. Its prevalence is increasing in age group of less
than 50 years and the death rate has increased by 1%
every year.2 The prognosis of this cancer is not good
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with direct relation to the progressive stage of the
disease.2 This reflects the need of increased screening
and improvement in staging of colorectal cancer.3 The
introduction of MRI in rectal cancers has led to significant
improvements in control of the disease at early stages.
Surgical resection is still considered the curative
treatment for most of the rectal cancers which depend
on MRI for the local staging.4 Patients with early rectal
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cancer can be offered the correct treatment if they
are identified and accurately staged before resection.
Organ preservation avoids the extra mortality and
morbidity such as permanent stoma, sexual dysfunction
and a prolonged hospital stay.5 In context of staging the
primary tumor, rectal MRl is crucial for evaluating tumor
morphology and its TNM stage with significant impact
on therapeutic decisions. The features that help with
this include tumor location, depth of invasion, lymph
node involvement, circumferential resection margin
(CRM) status and extramural venous invasion.58 United
Kingdom by Balyasnikova et al condected a study”
demonstrating that MRI was 91% sensitive, 85% specific
with an overall diagnostic accuracy of 89% accuracy
(95% Cl), 93% PPV and 81% NPV in differentiating tumor
stages when compared with histopathological data.
However, there is paucity of data on staging based on
MRI in Pakistan. The objective of this study is to deter-
mine the diagnostic accuracy of contrast enhanced MRI
in staging of rectal carcinoma in our hospital setup
which will guide the appropriate treatment planning and
surgical management by facilitating the surgeon in
accurate assessment of mesorectal fascia and the
sphincter complex as well as obtaining a negative
resection margin.

Methodology ____

The study was conducted at Department of Radiology,
Combined Military Hospital, Rawalpindi over a period
of six months from 15-03-2022 to 14-09-2022. Approval
was taken from hospital ethical committee. Sample size
was calculated using sensitivity specificity calculator,
sensitivity is 91% and specificity is 85%. Prevalence
is 50% with confidence interval of 95%. Absolute
Precision=10%. 100 patients with mean age of 41.06 +
8.62 years (20 to 50 years) presenting to radiology
department of Combined Military Hospital, Rawalpindi
fulfilling the inclusion criteria were selected by non-
probability sampling technique. Informed consent was
taken from each patient. Then MR examinations were
performed on a 1.5 T MR system (Siemens) with a body-
matrix coil centred over the pelvis. High-resolution T2W
turbo spin echo (TSE) scans were acquired in coronal
and sagittal planes, followed by oblique-axial scans
(perpendicular to the long axis of the rectum with
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250 mm field of view (FOV), 3 mm slice thickness). After
T2W sequences intravenous gadolinium-based contrast
agent (0.2 ml/kg) and contrast-enhanced fat suppressed
T1-weighted images were obtained. Findings of MRI
were evaluated by the researcher which were supervised
by a consultant radiologist. TNM classification was use
to classify the results. Histopathological reports were
evaluated at histopathology department of hospital.
Data was entered on structured proforma (annexure A).

Inclusion Criteria
All clinically suspected patients of rectal carcinoma.
Either gender, aged 20 to 50 years.

Exclusion Criteria

Patients with claustrophobia, cardiac pacemakers/ metal
implants.

Patients allergic to contrast agent.

Patients not willing to participate in study.

Collected data was analyzed through computer software
SPSS version 22.0. Quantitative variables like age were
measured on mean standard deviation. Qualitative
variables like gender, true positive, true negative was
measured on frequency and percentage.

MRI staging of rectal cancer

MRI staging of rectal cancer based upon tumor location,
relationship to mesorectal fascia and sphincters, size,
extent of extramural spread, peritoneal reflection, lymph
nodes, and bony metastasis. The distance for lower end
of tumor to anal verge is measured for localization. A
rectal tumor is characterized as low (when its most
caudal border is less than 5 cm from the anal verge),
middle ( 5-10 cm from the anal verge), or high (more
than 10 cm from the anal verge).

T Stage

Differentiation of T1 from T2 tumors on MRl is usually
not reliable without an endorectal coil, and tumors
should be generally staged as “T1/T2” A tumor is staged
as T3 when it invades the mesorectal fat. Spiculation of
the mesorectal fat can be caused by either a benign
desmoplastic reaction, seen as low signal intensity on
T2-weighted images (T2 tumor), Early T3 tumor
extension is demonstrated as intermediate signal
intensity on T2-weighted images, and may not be easily
differentiated from one another on MRI. For T3 tumors,
the shortest distance between the most penetrating
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parts of the tumor and the mesorectal fascia (MRF)
should be measured. The MRF is best visualized on T2-
weighted images as a hypointense line surrounding the
mesorectal fat especially at the proximal and posterior
portions of the rectum where fat tissue is more abundant.
If satellite nodules are seen, shortest distance between
the nodules and mesorerctal fascia is also reported.
The invasion / extension of tumor beyond the muscularis
propria is used for risk assesmnet. The American Joint
Committee on Cancer suggested an optional stratifi-
cation of T3 tumors based on the extramural depth of
invasion: less than 5 mm, T3a; 5-10 mm, T3b; and more
than 10 mm, T3c. An extramural depth of invasion of
less than 5 mm confers a significantly higher survival
rate, and these early T3 tumors may be adequately
managed with surgery alone and have a prognosis
comparable to that of tumors characterized as “T1/T2”.

N Stage

In the TNM system, disease involving only the regional
nodes, including the mesorectal and internal iliac nodes,
accounts for the N stage; involvement of other nodes
is regarded as metastasis. Extramesorectal nodes are
generally involved in locally advanced cancers. Inguinal
nodal metastases, which are more typical of anal cancer
than of rectal cancer, are uncommon even in low rectal
cancers and imply poor prognosis.

Currently, size (i.e., short axis) and morphologic criteria
are used with variable sensitivities (56-94%) and spe-
cificities (67-83%) for the differentiation of benign from
malignant nodes. 1! The most commonly advocated size
cutoffs for the diagnosis of malignancy are in the range
of 5-8 mm; however, adding morphologic features, such
as irregular contour and mixed signal intensity may
increases the diagnostic accuracy.

Extramural Vascular Invasion

EMVI refers to the extension of rectal tumor into the
veins beyond the muscularis propria .MRI canvisualized
it by moderate sensitivity and high specificity by noting
the vessels close to the tumor are obviously irregular
or distended by tumoral signals. EMVI is associated
with a higher incidence of metastasis, local recurrence,
poorer response to preoperative CRT, and overall lower
survival rate.

CA rectum staging on histopathology
The extent of local tumor spread in each histopathologic
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slice was assessed according to the TNM staging. If the
tumor is seen extending to 1 mm of the circumferential
excision marginthen the margins are considered to be
involved.

2 x 2 contingency table was used to measure specificity,
sensitivity, positive predictive value, negative predictive
value and diagnostic accuracy of contrast enhanced
MRI scan in staging rectal carcinoma, taking histopa-
thology as gold standard.

Be_s_tl'l't's__

Mean age of the patients was 41.06 + 8.62 years. There
were 68 males (68%) and 32 females (32%). Out of 100
subjects, 53 (53%) were living in Urban areas while 47
(47%) belonged to rural setup. Diagnostic accuracy of
contrast enhanced MRI in T2 staging of rectal carcinoma

Rectal Carcinoma on
Rectal carcinoma Histopathology Total
on MRI (Gold Standard) ota
Positive Negative
Positive 41 (TP) 10 (FP) 51
Negative 15 (FN) 34 (TN) 49
Total 56 44 100

Table 1: Diagnostic accuracy of contrast enhanced MRI in T3
staging of rectal carcinoma by taking histopathological findings
as gold standard.
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Figure 1: ROC curve for T3 staging of rectal carcinoma.
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Figure 2: Axial T2W MR image shows a typical T2-stage lesion
infiltrating muscularis propria but limited to the bowel wall, which
is identified as the black line around the tumour.

showed sensitivity 87.5%, specificity 83.7%, PPV 31.8%,
NPV 98.7%, diagnostic accuracy 84%. T3 staging
showed sensitivity 73.2%, specificity 77.2%, PPV 80.3%,
NPV 69.3%, diagnostic accuracy 75% (Tab.1). T4
staging showed sensitivity 75%, specificity 100%, PPV
100%, NPV 87.6%, diagnostic accuracy 91%. Diagnostic
accuracy of contrast enhanced MRI in nodes showed
sensitivity 85.9%, specificity 72.7%, PPV 91.8%, NPV
59.2%, diagnostic accuracy 83% (Tab.2). Diagnostic
accuracy of contrast enhanced MRI in CRM revealed
sensitivity 72.8%, specificity 89.4%, PPV 96.7%, NPV
43.5%, diagnostic accuracy 76% (Tab.3). Stratification
for age, gender and residence was also carried out.

Nodes on Histopathology
Nodes on MRI (Gold Standard) Total
Positive Negative
Positive 67 (TP) 6 (FP) 73
Negative 11 (FN) 16 (TN) 57
Total 78 22 100

Table 2: Diagnostic accuracy of contrast enhanced MRI in nodes

by taking histopathological findings as gold standard.

CRM on Histopathology
CRM on MRI (Gold Standard) Total
Positive Negative
Positive 59 (TP) 2(FP) 61
Negative 22 (FN) 17 (TN) 39
Total 81 19 100

Table 3: Diagnostic accuracy of contrast enhanced MRI in CRM
(circumferential margin of resection) by taking histopathological
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findings as gold standard.

Di .
One of the most common gastrointestinal malignancies
worldwide is rectal carcinoma with high mortality rates
due to increased risk of local recurrence and distant
metastasis.2526 About 98% of the rectal tumors are
adenocarcinoma on histopathology and they predo-
minantly affect the elderly population (> 50 years) with
a slight male predominance.26 Patients with rectal tumors
usually present with symptoms of painful defecation,
lower gastrointestinal and rectal bleeding as well as
altered bowel habits.27 Imaging plays a vital role in the
staging of rectal malignancy and aids in the assessment
of other important prognostic features like extramural
tumor invasion, extramural tumor vascular invasion
(EMVI).22 Tumor staging plays a vital role in patient
management and evaluating the prognosis of the
disease. In order to decide the appropiatemanage
mentits very important to do rectal tumor staging.
Magnetic Resonance Imaging (MRI) is increasingly
being performed for the local tumor staging of rectal
tumors as it can accurately depict the extent of the
tumor and outline any local organ involvement as well
as involvement of the neurovascular bundles.2® MRl is
the modality of choice for staging rectal tumors along
with computed tomography of the chest, abdomen and
pelvis to screen for distant metastasis. This is then
followed by surgery with or without prior chemoradio-
therapy depending on the stage of disease and the
extent of tumor infiltration. The higher-grade tumors are
subjected to pre-operative chemoradiotherapy to down
size the tumor. Hence, accurate pre-operative staging
is very vital as it would allow the surgeons to decide
suitable management plan.26 MRI staging of rectal
tumors evaluated the tumor location, depth of invasion
and its relationship with adjacent viscera, neurovascular
bundles, peritoneal reflection, internal sphincter, nodal
involvement and osseous metastasis. MRl is very helpful
and have high specificity in detecting extramural vascular
invasion and extramural invasion into mesorectal fat.30
In current study, contrast enhanced MRI in staging of
rectal carcinoma T2 stage showed sensitivity 87.5%,
specificity 83.7%, accuracy 84%, T3 stage showed
sensitivity 72.2%, specificity 77.2%, accuracy 75% while
T4 stage showed sensitivity 75%, specificity 100%,
accuracy 91%. Nodal staging showed sensitivity 85.9%,
specificity 72.7%, accuracy 83%. Our findings are
comparable with a study carried out by Balyansikova
et al.7
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Conclusion ____

In conclusion, contrast enhanced MRl is a non-invasive
technique with high degree of sensitivity and accuracy
in the diagnosis of staging of rectal carcinoma.

MRI is the modality of choice for staging rectal cancer
to assist surgeons in obtaining negative resection
margins. MRI facilitates the accurate assessment of
mesorectal fascia and the sphincter complex for surgical
planning.
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