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Abstract
Purpose of Review Imaging is fundamental in the management of colorectal cancer (CRC). Contrast-enhanced computed
tomography (CECT) and contrast-enhanced magnetic resonance (CEMR) are the imaging modalities recommended to stage
and restage CRC. The aim of this review is to summarize the most relevant studies published on the role of contrast-enhanced
imaging for the management of CRC.
Recent Findings There are published data demonstrating the accuracy of CECT and CEMR for local staging of both colon and
rectal cancer, as well as for the evaluation of distant metastases. Moreover, different aspects of these methods, in particular
perfusion techniques, are emerging as prognostic biomarkers. The optimization of contrast media injection protocols is essential
to ensure reproducibility and high image quality.
Summary Contrast-enhanced imaging is mandatory in the management of CRC both for the evaluation of the primary tumor and
of distant metastases.
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CTP Computed tomography perfusion
CEMR Contrast-enhanced magnetic resonance
DCE-MR Dynamic contrast-enhanced magnetic resonance
EMVI Extramural venous invasion
CRT Chemoradiotherapy
CHT Chemotherapy

Introduction

Colorectal cancer (CRC) represents the second most common
cause of death in Europe for men and the third for women [1•].
Imaging plays a fundamental role in all the phases of the
management of CRC, namely, in the screening, staging and
assessment of response to treatment [2•].

The World Health Organization (WHO) refers to CRC as a
single entity. However, colon cancer and rectal cancer should
be considered as separate diseases/entities since the diagnostic
workup, treatment strategies and prognosis are different [3].

Patients affected by colon cancer are treated with surgery or
with chemotherapy according to the resectability of the prima-
ry tumor and the presence of distant metastases [4], thus the
role of imaging is to determine the operability and for this
purpose contrast-enhanced computed tomography (CECT) is
the imaging modality of choice. Moreover, the surveillance of
treated colon cancers is based on the identification of local
recurrence as well as the onset of distant metastases. In this
setting, CECT is routinely performed and contrast-enhanced
magnetic resonance (CEMR) is used as problem solving tech-
nique especially for liver metastasis [5].

Recently, the role of neoadjuvant chemotherapy (CHT) in
high-risk colon cancer patients has been investigated in a large
trial, using CECT as the imaging modality to identify ad-
vanced colon tumors [6]. This experience stimulated many
researchers to investigate the role of different imaging modal-
ities for the risk stratification as well as for the evaluation of
the response to neoadjuvant treatment [2•].

Differently from colon cancer, the treatment of rectal can-
cer is determined by the local staging since advanced cancers
are treated with neoadjuvant CRT while early/superficial tu-
mors are treated with surgery [7]. Both staging and restaging
after CRT are usually performed with MRI which is the imag-
ing modality of choice also for the surveillance in case of the
watch and wait approach [8, 9].

In this last setting, the use of contrast-enhanced imaging is
not always required but it is essential in specific clinical
scenario.

In this review we will discuss the role of CECT and
CEMR for the management of CRC analyzing the latest
research published. More in detail, we will discuss the
specific role of contrast-enhanced imaging for the clinical
management of colon cancer, rectal cancer, liver metasta-
sis, and carcinomatosis.

Colon Cancer

Local Staging with CECT

Once a colon cancer is detected, usually with endoscopy, a
CECT of the thorax, abdomen, and pelvis is performed to stage
the primary tumor and to exclude the presence of distant metas-
tases [4]. For the identification of small lesions, CECT can be
supplemented with a CT colonography (CTC). CTC, using ded-
icated reduced bowel preparations based on oral administration
of cathartic agents and iodinated contrast medium (CM) for fecal
tagging and bowel distension with room air or CO2, allows a
better identification of small tumors and depiction of synchro-
nous lesions, especially if the initial colonoscopy was incom-
plete. This technique is also required for the screening of CRC
as recommended by international guidelines [10, 11].

The accuracy of CECT for the local staging of colon cancer
is influenced by tumor’s dimensions and bowel wall infiltra-
tion. CECT does not allow discrimination between T1 (sub-
mucosa invasion) and T2 (muscularis propria invasion) tu-
mors while it is accurate for the identification of T3 (subserosa
invasion) and T4 (extracolonic organ invasion) tumors [12].

A recent meta-analysis reports a pooled sensitivity and
specificity, for the differentiation between T1-T2 and T3-T4
tumors, of 90% and 69% respectively [13••] using CECT
(Table 1). These results indicate that CECT has a risk of
overstaging in almost one-third of the patients.

Evidence suggests that advanced cancers (T3cd-T4) should
be treated with neoadjuvant CRT even if the debate on the
impact on survival is still open [6]. CECT showed a low ac-
curacy in the differentiation of T1-T3ab from T3cd-T4 colon
tumors providing a sensitivity of 77% and a specificity of
70%, confirming the trend to overstage. These results may
be explained by the tendency of Radiologists to interpret the
presence of desmoplastic reaction as a tumor growth 5 mm or
more beyond the bowel wall to reduce the risk of under-
staging.

On the other hand CTC, with intravenous CM, is highly
accurate for the identification of any colon cancer providing
an overall sensitivity and specificity of 97% and 81%, respec-
tively [15]. CTC is as accurate as CECT to discriminate be-
tween T1-T2 and T3-T4 tumors (Se 90%, SP 60%) but is more
accurate for the differentiation of T1-T3ab and T3cd-T4 (Se
83%, Sp 88%) reducing the tendency of overstaging with
CECT [16••].

Extramural venous invasion (EMVI) represents the inva-
sion of peritumoral veins and is a morphologic feature, iden-
tifiable on imaging, which has been demonstrated to correlate
with survival as an independent prognostic factor [14••, 19•,
20, 21•]. CECT has showed a sensitivity of 71% and a spec-
ificity of 75% for the identification of EMVI while CTC has
showed a slightly lower sensitivity of 67% but a higher spec-
ificity of 92% [16••].
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Local Staging with CEMR

Few studies investigated the role of CEMR for the local stag-
ing of colon cancer [14••, 17, 18, 22, 23•, 24•] (Table 1). The
sensitivity and specificity of CEMR for the discrimination
between T1-T2 and T3-T4 tumors ranges between 42% and
91% and 58% and 89%, respectively. Similar results have
been demonstrated for the differentiation of T1–T3ab from
T3cd–T4 with a sensitivity and specificity ranging between
40% and 92% and 75% and 100%, respectively.

CEMR showed better results for the identification of EMVI
demonstrating a sensitivity and a specificity ranging between
63% and 100% and 62% and 91%, respectively.

Rectal Cancer

Role of DCE-MRI

Differently from colon cancer, the role of imaging in the man-
agement of rectal cancer is mainly based on MR imaging
[25–27]. MR has demonstrated to be the imaging modality
of choice for the staging and for the evaluation of the response
to neoadjuvant combined CRT in rectal cancer [9]. In both
settings, unenhanced MR based on T2 weighted and
diffusion-weighted imaging, has demonstrated high accuracy
[28••]. Recently, numerous researches have investigated the
role of contrast-enhanced MR as dynamic contrast-enhanced
(DCE-MRI) for the evaluation and prediction of the response
to neoadjuvant CRT as well as in the risk stratification [29•].
This technique is based on multiple acquisitions during the
intravenous injection of paramagnetic contrast media which
allows the in vivo evaluation of tumor microcirculation. From
these datasets, many quantitative parameters can be extracted
like washout (velocity of enhancement loss), Ktrans (the vol-
ume transfer constant), Kep (extravascular-to-plasma volume
transfer constant), Ve (extravascular extracellular volume frac-
tion per unit of tissue volume), Vp (plasma volume), Wash-in
(velocity of enhancement), Curve-washout (washout slope),
Peak enhancement, Peak (maximal concentration of contrast
agent), and TME (time-to-maximal enhancement) [30, 31].

Among these parameters Ktrans showed a greater correla-
tion with tumor angiogenetic factors like microvessel density
(MVD), vascular endothelial growth factor (VEGF), and epi-
dermal growth factor receptor (EGFR) suggesting a role for

DCE-MRI in the identification of more aggressive tumors as
well as prediction of the response to target therapies [31–33].
In particular, a higher Ktrans at pretreatment DCE-MRI was
found in complete and good responders to CRT [34–37].

The impact of DCE-MRI for the primary staging has been
also investigated. A higher Ktrans is associated with greater T
and N stage and higher grading. A lower Kep was associated
with lower T stage while higher Kep was associated with
distant metastases. Finally, a lower time to peak (TPP) was
associated with distant metastases and lymph node metastases
[31, 32, 38–41].

Finally, the role of DCE-MRI as biomarker for the assess-
ment of the response to CRTwas investigated. In most of the
studies a reduction of Ktrans in the post-treatment DCE-MRI
was associated to a better response to CRT [31, 32, 38–44].

Role of CECT

The role of CECT in the management of rectal cancer is the
overall staging of the disease in particular for the evaluation of
distant metastases [45]. The role of CECT in the T staging has
been evaluated reporting an accuracy of 86%; however, the
technique is less accurate for the evaluation of circumferential
margin (CRM) showing a sensitivity lower than 50% [46, 47].
Better results have been obtained for the identification of
EMVI suggesting a role for CECT in the stratification of pa-
tient’s prognosis [6, 48, 49] (Table 2).

CT can be acquired also using the perfusion technique
(CTP). Similarly to DCE-MRI, this method, based on the
continuous image acquisition during the intravenous contrast
media injection, allows the extraction of several perfusion
parameters like mean transit time (MTT), blood flow (BF),
blood volume (BV), and permeability surface (PS) [50–53].

The role of CTP as method for monitoring or predicting the
response to CRT has been investigated [52, 54, 55].
Neoadjuvant CRT induces the development of fibrosis within
the tumor; therefore, it impairs the accuracy of the evaluation
with unenhanced MR. It has been demonstrated that the de-
velopment of fibrosis after treatment can be identified with
CTP thanks to the decrease of BF and BV and the increase
of MTT [56, 57].

The evaluation of pretreatment CTP to predict the response
to CRT has been investigated; however, in this setting, results
are controversial and data are limited [54, 55]. However, CTP
showed good results in the prediction of recurrence and a good

Table 1 Sensitivity (Se) and specificity (Sp) values of CECT, CTC, and CEMR for detecting colon cancer

Modality Overall T1-T3 ab T3 cd-T4 EMVI

CECT Se: 90%; Sp: 69% [13••] Se: 77%; Sp: 70% [13••] Se: 64%; Sp: 83% [14••] Se: 71%; Sp:75% [14••]

CTC Se: 97%; Sp: 81% [15] Se: 46%; Sp: 95% [16••] Se: 83%; Sp: 88% [16••] Se: 67%; Sp: 92% [16••]

CEMR Se: 67%; Sp: 79% [17] Se: 40%; Sp: 92% [18] Se: 75%; Sp: 100% [14••] Se: 63%; Sp: 91% [18]
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correlation with prognosis [53, 56]. In this setting, pretreat-
ment BF has shown to be significantly lower in patients who
developed distant metastases.

Liver Metastases

The liver is the most common site of CRC metastases with an
incidence of 32% for metachronous metastases and 24% for
synchronous metastases [58–60].

The main imaging modalities recommended to investigate
CRC liver metastasis by the European and American guide-
lines are CECT and CEMR with a reported sensitivity/
specificity of 73%/76% and of 85%/96%, respectively [60,
61••, 62••, 63, 64].

Between them, the first one is CECT, even though CEMR
has now proved a better diagnostic accuracy and the gadolin-
ium chelates contrast agent has shown a lower percentage of
collateral effects. The reason behind the choice of CECT, as
primary imaging modality, is its higher availability, shorter
acquisition time, lower cost, and the possibility to detect
extra-hepatic disease. CEMR becomes the recommended pri-
mary modality when CECT is contraindicated, e.g., allergy to
iodine contrast media, and the recommended complementary
modality when CECT is controversial or in the preoperative
assessment of the liver [62••, 65].

Regarding the CECT acquisition protocol, the adminis-
tration of contrast media of high or low iodine concentra-
tion (400 mg I/mL and 300 mg I/mL or less, respectively) is
still debated [66], while it is well established that the dose
of contrast media should be adjusted in consideration of
patient’s weight and not fixed [67]. The weight-adapted
measure should be made on the base of lean body weight
instead of total body weight, which can be estimated or
calculated [68]. The recommended dose of contrast media
used is 0.7 g of iodine [gI] per kg of lean body weight,
which is estimated according to Boer formula [69] and the
flux of contrast media is adapted to the available CM con-
centration in order to achieve an iodine delivery rate of 1.6
gI/s. These parameters should ensure a hepatic enhance-
ment higher than 50 HU in portal venous phase which en-
sures a good conspicuity of hypovascular lesions. This ap-
proach has been demonstrated to increase reproducibility
despite patient’s dimensions.

In CECT, the universally accepted phase after contrast ad-
ministration is the portal venous phase while the use of

unenhanced phase and arterial phase are controversial for ra-
diation dose-related reasons [70].

The use of unenhanced phase in CECT is controversial
because liver metastases may have a variable density.
However, unenhanced phase is useful to find internal calcifi-
cations (occurring in 1/10 of metastases) [71]. However, in the
clinical routine of most centers, the unenhanced phase is tra-
ditionally acquired during the primary exam to detect eventual
other liver lesions and to help in differential diagnosis, even if
this is also frequently debated. That is not the case with the
new dual-energy technique, still not widely used but increas-
ingly studied, in which the acquisition of the unenhanced
phase can be avoided, thanks to the possibility to subtract
the iodine contribute on the enhanced images to obtain a vir-
tual unenhanced phase [72].

UnenhancedMR examination is also poorly specific for the
characterization of liver metastases since they can appear hy-
po or iso-intense on T1-weighted images and iso or hyper-
intense on T2-weighted images compared with the healthy
liver [73].

The low specificity of unenhanced imaging demands the
use of CM in both modalities for an accurate characterization.
The reason why the acquisition of a portal venous phase is
recommended is that, during this phase, the conspicuity of
CRC liver metastases is maximized since they appear
hypovascular while liver parenchyma shows its greater en-
hancement [74, 75].

During the arterial phase, most of metastases show a pe-
ripheral enhancement or “ring” enhancement, with a washout
in the portal venous phase, which could be due to different
reasons, namely, the peripheral vascular proliferation and/or
inflammatory reaction and/or desmoplastic reaction [75, 76].

The incidence of hypervascular CRC hepatic metastases,
which receive strong arterial supply, is about 1/10 of all me-
tastases [77•]. These metastases show an enhancement at the
arterial phase stronger than the rest of the liver, followed by
washout during the portal venous phase. That is one of the
reasons, as well as the detection of “ring enhancement” when
it occurs, in favor of the use of arterial phase during CECT
acquisition protocol, which is still debated as the unenhanced
phase.

At the delayed phase, all metastases appear hypovascular
compared with the rest of the liver.

While the number of acquisitions is limited for CECT, be-
cause of radiation exposure concerns, for CEMR, the acquisi-
tion of multiple enhanced phases is routinely performed.

Table 2 Sensitivity (Se) and specificity (Sp) values of CECT and CEMR for detecting rectal cancer

Modality Overall T1-T3 ab T3 cd-T4 EMVI

CECT Se:70%; Sp: 88% [46] Se: 43%; Sp: 97% [47] Se: 50%; Sp:98% [46] Se:86%; Sp:61% [49]

CEMR Se: 97%; Sp: 97% [26] Se:92%; Sp: 92% [26] Se:100%; Sp: 100% [25] Se:77%; Sp:86% [27]
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The use of hepatospecific contrast agents in MR is now
considered necessary. In the hepatobiliary phase, excretion
of contrast into the biliary system takes place which allows
both hypovascular and hypervascular metastases to show a
strong low signal intensity compared with the rest of the liver.
This aspect is absolutely useful, along with diffusion-
weighted imaging (DWI) with apparent diffusion coefficient
(ADC) map review, in differentiating malignant and benign
lesions [78]. The only case in which the extracellular contrast
agent is suggested is for the differential diagnosis with small
hemangiomas [62]. To date, two hepatobiliary agents are com-
mercially available, gadobenate dimeglumine (Gd-BOPTA)
and gadoxetate disodium (Gd-EOB-DTPA) [78]. The main
difference between the two agents is the timing for hepato-
biliary phase, with a delay after contrast administration of 120
min for Gd-BOPTA and 20min for Gd-EOB-DTPA. Also, for
these two CM, the amount of contrast administered should be
tailored according to patient’s body weight. A dose of 0.05
mmol/kg is recommended for Gd-BOPTA and 0.025 mmol/
kg for Gd-EOB-DTPA [79]. The concentration of the two CM
is different, Gd-BOPTA is 0.5 M while Gd-EOB-DTPA is
0.25 M; however, for both, 0.1 ml/Kg should be injected.
Therefore, as an example, for a 70 kg patient, the dose of
hepatobiliary contrast agent will be 7 mL.

Carcinomatosis

Carcinomatosis is defined as a condition of neoplastic in-
volvement of the peritoneal cavity representing the advanced
stage of abdominal and pelvic organs’ tumors, with an asso-
ciation to a poor prognosis,with a mean survival of 6 months
(range 1–9 months) after initial diagnosis [80].

CRC is the third most common cause of carcinomatosis
after ovarian and stomach tumor with an incidence of about
10%, 70%, and 15%, respectively [81].

In most cases, PC is diagnosed late in very advanced stage
due to not specific symptoms and is associated with a poor
survival. Surgical procedures as peritonectomy, associated
with perioperative chemotherapy, combined with hyperther-
mia, hyperthermic intraperitoneal chemotherapy (HIPEC) can
guarantee an improvement of patient’s quality of life. For this
reason, the extent of peritoneal metastases with a correct stag-
ing is essential for evaluating patients’ outcome after treat-
ment [82].

CECT and CEMR are considered as diagnostic tools for a
correct staging of peritoneal involvement that can give accu-
rate information about location, size, and morphology.

CECT is the preferred imaging modality that can give
accurate preoperative or pretreatment information on mor-
phology, size, location of peritoneal implants, lymphade-
nopathy, and presence of ascites with several advantages. It
allows to evaluate the entire abdomen, it can be performed

rapidly and relatively easily, it is free from misregistration
artifacts, and thin sections allow the detection of sub-
centimetric implants [83]. The use of iodinated CM is es-
sential for the assessment of PC: arterial phase is manda-
tory in case of hypervascular primary tumors and to assess
vascular infiltration; delayed phase, acquired from 8 to
10 min after intravenous CM injection is fundamental in
case of pelvic implants or retroperitoneal metastases in
which a delayed enhancement is observed [83].

A recent meta-analysis reported the high diagnostic accu-
racy of CECT for the diagnosis of PC showing a sensitivity of
83% and a specificity of 86% on a per patient analysis, a
sensitivity of 78% and 76% for epigastrium, and pelvis re-
spectively and a high specificity of 95% in right upper abdo-
men and small bowel [84••].

CEMR is considered a second-choice imaging modality in
selected patients when CECT findings are equivocal; as for
CECT, the role of CM in CEMR is mandatory due to the higher
conspicuity of peritoneal lesions on delayed phase. MR has the
incremental advantage of the use of diffusion-weighted images
(DWI) providing signal suppression from surrounding ascites,
bowel contents, and fat, increasing the contrast-to-noise-ratio of
peritoneal implants [83]. Although few studies are present in
literature, a recent meta-analysis reported a good accuracy for
CEMR in detecting PC showing a cumulative sensitivity of
83% and a specificity of 86% [84••].

Conclusions

Imaging plays a fundamental role in the management of
CRC (Table 3). The use of contrast-enhanced imaging is
required for most of the clinical indications. CECT is the
main imaging modality for staging of both colon and rectal
cancers. In this setting, CM injection protocol should be
tailored according to patients’ characteristics and acquisi-
tion timings need to be adapted to the clinical indication.
The role of CTP has been investigated in limited studies,
but its role seems to be promising for the evaluation of the
response after neoadjuvant therapy especially in patients
with contraindications for MR.

For the T staging of colon and rectal cancer, MRI is
routinely performed without the administration of CM;
however, the emerging role of DCE-MR has been widely
demonstrated and it can be considered as a prognostic bio-
marker for the risk stratification or for the prediction of
response to CRT.

The role of contrast-enhanced imaging for the evaluation of
distant metastases has been widely demonstrated in literature.
In this scenario, CECT should be considered the primary im-
aging modality while CEMR should be reserved as a problem
solving imaging method.
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Table 3 The table summarizes the role of each imaging modality in the different steps in management of colon and rectal cancer respectively

For each application, the up-arrow signal (↑) indicates good accuracy while the down arrow signal (↓) represents poor accuracy

In the bottom, a list summarizing the contrast medium injection protocol for CT and MR respectively is included
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