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Radiological imaging of rectal cancer
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Introduction

This article discusses the possibilities of diagnosing abdominal imag-
ing in patients with rectal cancer, detecting lesions and assessing the
stage of the lesions, in order to select the appropriate therapy. Before
the introduction of imaging technologies, the diagnosis of colorectal
pathology was based on conventional methods of inspecting intestines
with a barium enema, with either a single or double contrast barium
enema. Following the development of endoscopic methods and the
wide use of colonoscopy, colonoscopy became the method of choice
for diagnosing colorectal diseases. The improvement of Computerized
Tomography (CT) and Magnetic Resonance Imaging (MRI), gave us
new possibilities for diagnosing colorectal cancer. For rectal cancer,
trans-rectal US (TRUS) or endo-anal US (EAUS) have a significant
role. For staging rectal cancer, the Multi Slice Computed Tomography
(MSCT) is not the method of choice, but Magnetic Resonance Imag-
ing (MRI) is preferred when it comes to monitoring the rectum. The
role of the MRI in the T staging of rectal cancer is crucial in preop-
erative assessment of: thickness — the width of the tumor, the extra-
mural invasion, the circumference of resection margin (CRM), and
the assessment of the inclusion of mesorectal fascia. For successful ex-
ecution of surgical techniques, good diagnostic imaging of the cancer
is necessary in order to have a low level of recurrence. According to
medical studies, the sensitivity of FDG-PET in diagnosing metastatic
nodals is low, but for now it is not recommended in routine diagnosis
of metastatic colorectal carcinoma.
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second most common cancer among women

Colorectal cancer is a malignant disease on
the rise. Annually, about 300,000 new cases
of colorectal cancer are diagnosed per 500
million EU citizens. Colorectal cancer is
the third most common cancer among men
(only after lung and prostate cancer), and the

(after breast cancer) (1). It represents the sec-
ond cause of death in both sexes, in men af-
ter lung cancer and breast cancer in women.
Colorectal cancer is the second most com-
mon cancer in general and the most com-
mon of the gastrointestinal tract cancers. It
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is equally common in both genders, mostly
in those over 50 years of age. In about 50%
of cases the cancer occurs in the rectum and
colon recto-sigmoid, the other 25% occurs
in the sigma, while the remaining 25% is
found in the rest of the colon. Rectal cancer
is a major problem precisely because of its
high incidence. For many years the primary
radiological diagnostic method in diagnos-
ing abnormalities of the colon and rectum
was barium enema. Double contrast tech-
nique is used in detecting small lesions (<1
cm), documenting inflammatory diseases
and detecting rectal pathology. Before the
introduction of colonoscopy, barium en-
ema was the method of choice for screen-
ing colorectal cancer. The development of
colonoscopy is changing the algorithm be-
cause, unlike colonoscopy, barium enema is
a method of low sensitivity when it comes to
detecting polyps and cancer (2) and it is per-
formed only when colonoscopy is not pos-
sible or unsuccessful. With the use of Com-
puterized Tomography (CT) imaging, Multi
Slice Computed Tomography (MSCT), with
the advantages of computerized colonogra-
phy (CT colonography) and Magnetic Reso-
nance Imaging (MRI), diagnosis of colorectal
pathology, particularly the detection of the
colon and rectal cancer, has been enhanced
(3-6). These methods provide insight into in-
tramural and extra-colic pathological changes
in the colorectal region. Both of these meth-
ods have their limitations, particularly with
older generation CT and MRI scans, in as-
sessing the stage of the tumor (TU) in the area
of the bowel wall and the invasion to regional
lymph nodes. MSCT colongraphy remains the
method of choice after the proven insufficien-
cy of colonoscopy (7-11). In 2004, a 64-slice
CT scan was introduced in the diagnostic
process. Compared to the older CT genera-
tion, 64-slice CT scan has a shorter scanning
time (7 sec for 40 cm), with improved spatial
and temporal resolution images. However,
even in devices with the option of “low dose”,

there is still a high limit of radiation dose for
colorectal screening (12).

Transrectal US (TRUS) is an accurate di-
agnostic method for rectal cancer compared
to older CT and MRI technologies. MRI,
with high resolution T2 weighted sequences,
clearly depicts the details of the rectal wall
and perirectal anatomy. The rectal wall can
be recognized as three different layers: a thin
inner line of low signal intensity represents
the mucosal layer, a middle layer of high sig-
nal intensity represents the submucosa, and
an outer layer of low signal intensity repre-
sents the muscularis propria (13, 14). The
mesorectal fascia, which forms the bound-
ary of the surgical excision plane in total
mesorectal excision, is identified as a thin,
low - signal intensity structure on the MRI,
that envelops the rectum and the surround-
ing perirectal fat (14).

Radiological imaging of rectal cancer

Determining an optimal treatment plan for
an individual patient with rectal cancer is a
complex process. In addition to facing de-
cisions regarding the intent of rectal cancer
surgery, consideration must also be given to
the validity of the treatment results, includ-
ing the probability of maintaining or restor-
ing normal bowel function/anal continence
and preserving genitourinary functions.
Careful patient selection with respect to par-
ticular treatment options and the use of se-
quenced multimodality therapy for selected
patients, which combines chemo - radiation
with operative treatment as part of the treat-
ment regimen, is recommended. The main
objective in diagnostically imaging patients
with rectal cancer is to detect lesions and
assess the extent of those lesions, in order
to better assist the selection of appropriate
therapy. Patients with rectal cancer appro-
priate for resection require complete stag-
ing evaluation, including full colonoscopy
to evaluate the synchronous lesions, rigid




proctoscopy to determine the location of
the cancer, baseline computed tomography
scans of the chest, abdomen and pelvis, and
a complete physical examination.

The accessibility of evaluating rectal cancer
by certain imaging modalities, such as endo-
anal US (EAUS) and MRI scan, makes pre-
operative assessments of the depth of tumor
penetration and the presence of local lymph
nodal metastases possible. Additional infor-
mation regarding the extent of the disease and
the occurrence of distant metastases can be
determined preoperatively through CT scans.
Thus, endorectal ultrasound, or endorectal or
pelvic MRI, CT scans of the chest, abdomen
and pelvis, are recommended for the preop-
erative staging of rectal cancer. A positron
emission tomography scan is not routinely in-
dicated at baseline in the absence of evidence
of synchronous metastasis disease.

The most common method for deter-
mining the stage of colorectal cancer is the
AJCC/TNM system CC VII (15). General
CT and MSCT are now the most widely used
methods in determining the stage of colorec-
tal cancer (Figure 1 and Figure 2) (9, 10).

In contrast to some limitations of CT and
MRI scans when it comes to predicting the
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stage of rectal cancer, high resolution MRI
of the rectum has recently been proven to be
highly accurate and reproducible in assess-
ing the absolute extramural depth of tumor
invasion in rectal cancer (16, 17). Phased -
array surface coil is preferred for high reso-
lution MRI scanning of the rectum, because
the endorectal coil MRI offers a limited field
of vision, despite its superior spatial reso-
lution: a complete assessment of perirectal
structures is difficult with the endorectal
coil because portions of the mesorectal fas-
cia, mesorectal fat, and lymph nodes lie out-
side the field of view (16).

In the preoperative evaluation based on
MRI scans, attention is given to an accurate
assessment of the depth of tumor invasion,
extra-mural invasion of the circumference
of resection margin (CRM), and the meso-
rectal fascia, which is equal to the circumfer-
ence border of the surgical excision (17-24).
The standard surgical procedure for rectal
resection includes the resection of the me-
sorectal fat and the associated lymph nodes.
In patients with TU, extra-mural invasion
radio, or chemo therapy is recommended
before surgery, to reduce the risk of TU re-
currence after surgery. The thickness of the
colorectal wall due to TU, extra-tumor inva-
sion, and the presence or absence of resec-

Figure 1 MSCT 2D - adenocarcinoma of recto-sigmoid
colon. Black head arrows show the polypoid mass.

Figure 2 MSCT colonography - adenocarcinoma of
rectum. Black head arrows show the polypoid mass.
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tion tumor circumferential surface are the
main risks for relapse and further post-op-
erative prognosis (17-24).

The identification and staging of rectal
cancer by MRI scans is largely based on dif-
ferences in T2 signal intensity between the
tumor, the rectal wall and perirectal fat tis-
sue. The tumor itself has an intermediate
signal intensity which is between the high
signal intensity of the submucosa, or peri-
rectal fat tissue, and the low signal intensity
of the muscular layer (16, 24). The absolute
depth of extramural invasion of rectal can-
cer on MRI scans agrees well with patho-
logical measurement, and the presence or
absence of the tumor-effect in the CRM can
be predicted accurately, with at least a 1 or 2
mm distance from which there is high risk
of postoperative recurrence (16, 24, 25).
However, the exact depth of the extra-mural
spread of TU is considered to have less im-
portance, since all patients with T3 and T4,
and possibly positive lymph nodes, receive
preoperative chemo and radio therapy (9).

Figure 3 MRI T2WI adencarcinoma of the posterior
wall of the rectum. White head arrow shows the pol-
ypoid mass.

For successful diagnosis of colorectal
carcinoma good bowel distention is crucial,
when using either MSCT or MRI scans. In
the case of poor distention during CT colo-
nography it is possible to miss larger lesions
(9, 25) if the colon is collapsed. In determin-
ing the stage of rectal cancer, colonic disten-
sion will improve lesion visibility but may
alter the distance between the outer margin
and mesorectal fascia, reassessing the ex-
tramural depth of tumor invasion (9). On
MSCT or MRI images, rectal cancer appears

Figure 4 MRI transverse cross-section of the rectum
- adenocarcinoma. White head arrow shows asym-
metrical wall thickening of rectum with an irregular
surface.

Figure 5 MRI sagittal section of the rectum - adeno-
carcinoma. White head arrow shows asymmetrical
wall thickening of rectum with an irregular surface.




as discrete mass focal or a short-segmented
wall thickening (Figure 3).

Asymmetrical wall thickening of rectum,
with or without an irregular surface, suggests
a neoplastic process (Figure 4, Figure 5) (26).

Assessment of local tumor spread

Diagnosis of tumor invasion beyond the
bowel wall can be made with cross - section
imaging, but only if the tumor mass extends
directly into the surrounding muscle (le-
vator anni, obturator internus, coccygeus,
piriformis or gluteus maximus), or organs,
obliterating the fat planes and enlarging the
individual muscle, or enveloping the neigh-
boring structures.

Accuracy of MSCT and MRI scanning in
loco-regional staging has increased consider-
ably thanks to advances in imaging technol-
ogy in recent years. The diagnostic accuracy
for polyps larger than one cm ranges from
60% to 100%, while for cancer it is 100% (9).

Sensitivity of CT imaging in the evalua-
tion of TU and T stage is 78% and 63% re-
spectively, and specificity is 86% and 77%
respectively. Sensitivity of the MRI scan in
comparison with EAUS is 93% and 78%
respectively (27). An MRI of the rectum,
when it comes to assessing the extramural
spread of the tumor, compared to CT scan-
ning (which has its limitations), has greater
diagnostic value (27-30).

The application of an endorectal coil has
limitations in the width of field, despite its
superior spatial resolution; analysis of the
complete tumor expansion to the perirec-
tal structure is insufficient because parts of
the mesorectal fascia, fat, and mesorectal
lymph nodes, outside the primary field, are
not observed. It is similar with TRUS, which
is more accurate than CT or MRI scans in
evaluating the wall of the rectum and super-
ficial rectal cancer. TRUS is limited in evalu-
ating perirectal and mesorectal fascia due to
limited tissue penetration (26, 28). T2 MRI
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sequences are most suitable for depicting
the anatomy of the rectal wall and the spread
of cancer in the perirectal space, as well as
high-resolution T2 weight sequences im-
aging, with a non-breath-hold turbo spine
echo sequences which was used in most
studies (13, 23, 24). Identifying and deter-
mining the stage of rectal cancer by MRI
scan is based on the differences in T2 signal
intensity between the tumor and the rectal
wall, and the perirectal fat tissue. There is
intermediate signal intensity between the
high-signal intensity of the submucosa and
perirectal fat, and low signal intensity of the
muscular layer (13, 23).

Three dimensional radiation therapy
to assess the borders of the tumor is based
on MSCT imaging, which is not always the
optimal method. The greatest restriction is
the low contrast resolution. MRI imaging
is more likely to determine smaller lesions,
more accurately determining the volume of
the tumor compared to CT scanning. The
volume of the tumor detected on an MRI
scan is smaller and shorter at the distal of
the anal sphincter than the volume based on
the CT scan. In planning radiotherapy, these
results will result in a smaller volume of ra-
diation, leading to dose reduction in the sur-
rounding organs at risk (31).

Rectal cancer grows from mucosa and
progressively spreads to deeper layers of the
bowel wall. The outer margins of the rectum
are smooth on CT and MRI imaging, and
perirectal and pericolic adipose tissues have
the same density on CT scans and the same
signal intensity as on MRI. Spreading of the
tumor outside the wall of the intestines is
manifested as the irregular outer margin of
the bowel wall with expansion to the soft tis-
sue as well as to pericolic and perirectal adi-
pose tissues (Figure 6). A similar expansion
may occur in through the desmoplastic re-
sponse of the peritumor tissues with inflam-
matory or congestive changes, resulting in a
miscalculation of stage T2 and T3 lesions.
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Figure 6 MRI Ca rectum. White head arrows show the
spread of the tumor outside the wall of the rectum.

Furthermore, a microscopic cancer invasion
into the pericolic adipose tissue cannot be
visualized on CT or MRI scans, making the
T3 resemble T2 (9).

Involvement of the lymph nodes
in rectal cancer

By following the anatomy of the lymphatic
drainage of the colon, with present cross-
sectional imaging we can predict the spread
of colorectal cancer through the lymph. Rec-
tal cancer has two main transmission routes
of a tumor by the lymph nodes. For the up-
per rectum, the tumor extends via the lymph
nodes along the branches of the inferior
mesenteric arteries. Lower portions of the
rectum show the expansion of tumor in the
lateral lymphatic flow, along the middle rec-
tal vessels to the internal iliac arteries (26).
Careful preoperative evaluation of the inter-
nal iliac area is significant for treating rectal
cancer, especially in patients with carcinoma
of the rectum in the lower portion, because
the lymph nodes in that area lie outside the
resection margin of the total mesorectal ex-
cision. Downward spread along the inferior
rectal vessels to the groin is unusual except

in very advanced cases, and also when the
anal canal is involved (26).

Accuracy of CT and MRI scanning in
nodal staging has been studied mostly for
rectal cancer. Despite the high spatial reso-
lution of the CT and MRI scans, which al-
lows identification of lymph nodes as small
as 2 to 3 mm, reliable detection of nodal me-
tastases is presently not possible. Radiologi-
cal features, in assessing the involvement of
lymph nodes, are mostly related to morpho-
logical criteria, such as the size and contour
of the lymph nodes.

One meta-analysis showed 52% sensitiv-
ity and 78% specificity of CT when it came
to detecting nodal metastasis, and 65% sen-
sitivity and 80% specificity for MRI scans. In
another meta-analysis, the corresponding
sensitivity and specificity were 55% (95%
confidence interval: lower limit, 43; upper
limit, 67) and 74% (95% confidence inter-
val: 67.8) for CT and 66% (95% confidence
interval: 54.76 and 76% confidence interval:
59.87) for MRI scans (28).

The size of lymph nodes is a criterion
which restricts analysis, since micro metas-
tases in small lymph nodes are not record-
ed, and in large lymph nodes it is difficult
to distinguish with certainty the presence
of reactive hypertrophy from metastases.
Rectal cancer is particularly known to have
a high frequency of micrometastases in nor-
mal sized nodes (13, 30, 32, 33), with 45.4%
to 78% of the involved nodes being <5 mm
in size. Therefore, a lower size criteria in
predicting malignant perirectal lymphade-
nopathy (such as 25 mm), compared to the
criteria for the other intra-abdominal nodal
stations (such as >8 mm or =10 mm), is rec-
ommended in the interpretation of perirec-
tal lymph nodes. Morphological analysis of
lymph nodes may help diagnose malignant
lymph nodes to a certain degree. Speculated
or blurred boundaries of lymph nodes, het-
erogeneous, mottled, and high signal inten-
sity in the lymph node is characteristic of




malignant lymphadenopathy on T2-weight-
ed MRI imaging (13, 33).

Diagnosis of distant metastases
in rectal cancer

Metastatic tumors are very common in the
late stages of cancer. The spread of metasta-
ses may occur through the blood, the lym-
phatics, or through both routes. The most
common places for metastasis to occur are
the liver, lungs, brain and bones. The liver
is the most common place of hematogenous
dissemination of colorectal cancer with the
emergence of a typical focal area of low den-
sity on the CT scan or high signal intensity
on the T2WTin MRI scan, and low on T1WI,
in comparison with normal liver parenchy-
ma, with or without rim enhancement after
contrast enhancement. The portal phase is
the optimal time for scanning metastasis
for lesions, and enables easy detection. The
sensitivity of CT and MRI scans in detecting
metastases is moderate. A CT scan is highly
sensitive in detecting nods in the lungs, so
it is preferred in diagnosing lung metastases
in colorectal cancer, however it is not overly
specific; also, the CT scan is sensitive in the
detection of bone metastases. For brain me-
tastasis MRI has been proven more suitable
than a CT scan. A CT scan is limited in the
diagnosis of the peritoneal spread of meta-
static disease in colorectal carcinoma. Sen-
sitivity per patient is 60% - 76%. Per lesion,
sensitivity is limited, demonstrating only
9.1% to 24.3% for tumor implants smaller
than 1 cm (9, 34, 35).

Fluorodeoxyglucose-positron
emission tomography (FDG-PET)
in the preoperative diagnosis

of rectal cancer

There is controversy surrounding the rou-
tine preoperative staging of colorectal
cancer with FDG-PET (36), and the role
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for FDG-PET in determining the stage of
colorectal cancer has yet to be established
(37). Preoperative FDG-PET imaging may
be helpful in detecting distant metastases
and could render surgery unnecessary in
patients with increased surgical risk. It may
be helpful as a baseline evaluation prior to
neoadjuvant chemotherapy in patients with
advanced stage disease (38).

Several meta-analyses have shown that
FDG-PET was superior to CT or MRI in
detection of hepatic metastases from vari-
ous cancers of the gastrointestinal tract,
with 90% sensitivity and 85% specificity,
or similar to CT or MRI in the detection
of hepatic metastases from colorectal can-
cer, with 75.9% sensitivity (39). This was
demonstrated by a meta-analysis compar-
ing non-invasive imaging methods (US,
CT, MRI and FDG-PET) for the detection
of hepatic metastases from colorectal can-
cer, gastric, and esophageal cancers, at an
equivalent specificity of 85%. FDG-PET
had highest sensitivity (90%) compared to
MRI (76%), CT (72%), and US (65%) (40).
After an economic evaluation, as we see in
the literature, we can conclude that FDG-
PET and Positron emission tomography CT
(PET-CT), as an add-on imaging device, is
cost-effective in the preoperative staging of
recurrent colon, recurrent rectal and meta-
static disease but not in primary colon or
rectal cancer. According to the literature,
it has low sensitivity in diagnosing FDG-
PET lymph nodes metastasis, and it is not
recommended in routine diagnosis of meta-
static colorectal carcinoma. In the study of
Schmidet, et al. it was reported that accuracy
for PET-CT was 91% (sensitivity 86%, speci-
ficity 96) and 83% for MRI (sensitivity 72%,
and specificity 93%) retrospectively. Initial
results suggest that differences in accuracy
for local and distant metastases detection,
using FDG-PET and PET-CT and MRI for
integrated screening of tumor recurrences
in colorectal cancer, depend on the location
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of the malignant focus (41). FDG-PET can
detect extra-hepatic metastases and deter-
mine whether to go for resection of hepatic
metastases, if it would result in a longer ben-
efit to the patient (39).

Post-operative follow-up with
the patients with rectal cancer

Recurrences take place 3 to 5 years after
treatment. An annual rigid proctoscopy, or
barium enema, is used for monitoring pa-
tients after surgical treatment, together with
radiological imaging methods CT and MRI
scans. More than half the patients have post-
operative relapse and distant metastases in
the liver and lungs (42). A relapse is more
likely to occur to the anastomosis as an ex-
traluminal lesion, rather than intraluminal.
Therefore, cross-section imaging, such as
CT and MRI scans, plays an important role
in the post-operative survival of patients af-
ter curative operation for colorectal cancer,
because it primarily evaluates extra-colic
structures. In addition to MSCT imaging, it
is necessary to measure carcinoembryonic
antigen (CEA) in the serum during the post-
operative follow-up (43-45). The American
Society of Clinical Oncology has revised the
guide for colorectal cancer and suggests an
annual abdominal CT control for 3 years af-
ter primary therapy, for patients who have a
high risk of recurrence. A positive CT find-
ing of local recurrence involves the TU mass
with enlargement of the local lymph nodes,
or invasion of surrounding structures, as
well as ischiorectal fosses. In the diagnostics
of pelvic recurrence, CT and MRI are used.
The diagnostic problem of scars and fi-
brosis after radiation therapy and local re-
currence could not be resolved with classi-
cal CT scanning. Application of MRI scans
is useful in assessing the extension of recur-
rence or post-operative scarring. Fibrosis has
low signal intensity, as opposed to relapse in
T2WI, which has high signal intensity. Some

studies suggest that high signal intensity on
T2WI can be found with a non-neoplastic
inflammatory process, or edema and fresh
fibrosis (less than 1 year old), while low sig-
nal intensity in a TU mass may occur in a
recurrence with desmoplastic reaction.

FGD-PET in post-operative follow-up
for patients with rectal cancer

Unlike CT and MRI scans, FDG-PET is
highly sensitive in diagnosing suspected
recurrence of colorectal cancer (41, 43). A
number of studies have demonstrated the role
of FDG-PET as a metabolic imaging modality
for detecting recurrent or metastatic disease.
The sensitivity of FDG-PET is in the 90%
range, with specificity greater than 70%, both
superior to CT scans. A meta-analysis of 11
clinical reports and 577 patients showed that
the sensitivity and specificity of FDG-PET for
detecting recurrent colorectal carcinoma was
97% and 76% respectively (46). False negative
FDG-PET findings have been reported with
mucinous adenocarcinoma (47). It is applied
in distinguishing a recurrence from postop-
erative fibrosis in the pelvic area. The residue
or recurrence tumor shows accumulation
of the radio-tracer (47). It is recommended
for patients with elevated CEA, without the
presence of radiological signs of recurrence
or metastasis (9).

New guidelines for colorectal
carcinoma using modern diagnostic
imaging in monitoring patients
with a tumor

Today, international standards related to the
size of tumors are significant but insufficient
in indicating the effects of therapy on the bi-
ology of the tumor, as well as indicating the
success rate of the applied therapy. Modern
diagnostic imaging, such as perfused ultra-
sound imaging, perfused CT or MRI scans,




diffusion MRI, and metabolic imaging with
FDG-PET and PET-CT, has an important
role in monitoring patients with a tumor
(37). In the future, a range of these highly
efficient imaging techniques will be applied
not only as diagnostic imaging in the early
diagnosis of cancer, but also as a routine di-
agnostic method in each oncology depart-
ment for chemo or radio therapy. Which
methods will be used depends on the CEA
in the serum during post operative follow-
up. It is recommended that for patients with
elevated CEA, without radiological signs of
recurrence or metastasis present, metabolic
imaging (PET-CT) should be used, which
has an important role in monitoring pa-
tients with a tumor (43).

Conclusion

In recent years with the improvement of
cross-section imaging, the widespread use
of MSCT scans, as well as the technological-
ly improved MRI units of 1.5 and 3T, the di-
agnosis of primary rectal cancer and recur-
rences, or metastases occurrence in postop-
erative patients with elevated CEA, is safer.
Patients are more likely to survive rectal can-
cer by following the proposed guidelines for
diagnosing and post-operative monitoring.
MSCT imaging has a primary role in diag-
nosing and evaluating the process, and mon-
itoring, disease prognosis and monitoring of
possible complications. For rectal cancer, the
application of TRUS and MRI scanning in
diagnosis and differentiating post-operative
and post-irradiation fibrosis in relation to
relapse, is an advantage compared to MSCT
imaging. Today, in the pre-operative stages,
rectal MRI becomes mandatory.
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