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Colorectal cancer (CRC) is the thirdmost commonmalignancy
and second most common cause of cancer mortality in the
United States, with over 132,000 new diagnoses and 49,000
deaths each year.1 As these numbers indicate, CRC is curable
in a substantial percentage of cases. Accurate staging is critical
to the selection of a suitable treatment strategy and, conse-
quently, to the achievement of optimal clinical outcomes. To
this point, radiologic examinations are playing an increas-
ingly important role in both the initial staging of CRC and the
evaluation of response to neoadjuvant therapy. Moreover,
imaging facilitates preoperative planning by delineating
relationships between tumors and the adjacent anatomy,
thereby defining the best surgical approach and minimizing
risk of injury to surrounding structures.

The imaging and treatment of CRC can be generally divided
into two main components: (1) locoregional staging and man-
agement of primary tumors; and (2) the identification and
management of distant metastases, which most commonly
occur in the liver. The primary goal of locoregional treatment

strategies is to achieve a margin-negative surgical resection,
either primarily (for colon and rectal cancer) or after neoadju-
vant chemotherapy and/or radiation (for rectal cancer only).
Transrectal ultrasound (TRUS), computed tomography (CT), and
magnetic resonance imaging (MRI) are the main imaging
modalities for locoregional staging (►Table 1) and are focused
on defining the local extent of the primary tumor (T-staging) as
well as the status of local and regional lymph nodes (N-staging).

While locoregional tumor management is important for
preventing or minimizing invasion of adjacent structures and
avoiding the associated morbidity, mortality in CRC is primar-
ily determined by the hepatic disease burden.2 Thus, the
current treatment paradigm for liver metastases from both
colon cancer and rectal cancer is surgical resection, which
maximizes the chances for long-term survival.3,4 For liver
metastases deemed unresectable, neoadjuvant chemotherapy
and percutaneous interventions can be employed to achieve
hepatic tumor control and may eventually make resection
feasible by reducingmetastatic diseaseburden.5–7 The imaging
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Abstract Imaging plays an increasingly important role in the staging and management of
colorectal cancer. In recent years, magnetic resonance imaging (MRI) has supplanted
transrectal ultrasound as the preferred modality for the locoregional staging of rectal
cancer. Furthermore, the advent of both diffusion-weighted imaging and hepatobiliary
contrast agents has significantly enhanced the ability of MRI to detect colorectal liver
metastases. In clinical practice, MRI routinely provides prognostic information, helps to
guide surgical strategy, and determines the need for neoadjuvant therapies related to
both the primary tumor and metastatic disease. Expanding on these roles for MRI,
positron emission tomography (PET)/MRI is the newest clinical hybrid imaging modality
and combines themetabolic information of PETwith the high soft tissue contrast of MRI.
The addition of PET/MRI to the clinical staging armamentarium has the potential to
provide comprehensive state-of-the-art colorectal cancer staging in a single
examination.
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modalitiesmost commonly utilized for identifying hepatic and
other distant metastases (M-staging) areMRI, CT, and positron
emission tomography (PET)/CT (►Table 2).

This review article provides an update on emerging imag-
ing strategies for both locoregional and hepatic disease. The
role of imaging (in particular MRI) in initial staging, preoper-
ative planning, and evaluation of response to neoadjuvant
therapies is discussed.

Locoregional Staging and Prognostication

For colon cancer, locoregional treatment typically involves a
radical hemicolectomy with removal of the associated mes-
entery and lymph nodes. The utility of preoperative imaging
for locoregional staging is limited given the lack of impact on
surgical strategy (aside from cases of perforation, obstruction,
or locally advanced disease). Furthermore, neoadjuvant ther-
apies for colon cancer have not yet been shown to improve the
clinical outcomes achieved with surgery alone, making imag-
ing as ameans of selecting patients for presurgical treatments
unnecessary; however, some ongoing studies are reexamin-

ing this question.8 Consequently, our discussion of locore-
gional staging will focus on rectal cancer.

Local surgical approaches to rectal cancer depend on the
proximity of the primary tumor and associated mesorectal
lymph nodes to the mesorectal fascia and the peritoneal
reflection. This distance is known as the circumferential
resection margin (CRM). Beyond the circumferential bound-
aries, a critical determinant in achieving negative margins is
the relationship of the tumor to the anal sphincter complex
and pelvic floor musculature. Tumor extension into the
mesorectal fascia or invasion through this layer into adjacent
structures necessitates a more extensive and complex surgi-
cal approach and confers a worse clinical prognosis.9

Recently, high-risk rectal cancers, as defined by preoperative
imaging, have been shown to benefit from preoperative
chemoradiation, which reduces local recurrence and
improves overall survival.10,11 Thus, the identification of
locally advanced and high-risk rectal cancers is the goal of
imaging performed for initial locoregional staging. After
neoadjuvant therapy, the preoperative assessment of treat-
ment response becomes the primary indication for imaging.

Table 1 Imaging modalities for locoregional staging of rectal cancer

Modality Protocol notes Advantages Disadvantages

TRUS Often performed in office
by clinician

• No radiation exposure
• Real-time evaluation
• Good visualization of

discrete rectal wall layers

• Operator dependence
• Limited field of view

CT Performed with IV contrast;
portal venous phase only

• Wide availability
• Short acquisition
• Large field of view

• Radiation exposure
• Poor soft tissue contrast

MRI Perform without and with ECCA,
using multiphase dynamic protocol

• No radiation exposure
• Excellent soft tissue contrast
• Large field of view
• Validated prognostic features

• Multiple contraindications
(e.g., claustrophobia)

• Long acquisition

Abbreviations: CT, computed tomography; ECCA, extracellular contrast agent (gadolinium-based); IV, intravenous; MRI, magnetic resonance imaging;
TRUS, transrectal ultrasound.

Table 2 Imaging modalities for distant metastatic staging of colorectal cancer

Modality Protocol notes Advantages Disadvantages

CT Perform with IV contrast; arterial,
portal venous, and delayed phases

• High sensitivity for lung metastases
• Fast acquisition
• Wide availability

• Radiation exposure
• Reduced sensitivity for liver

metastases in hepatic steatosis

PET/CT PET images acquired 60–70 min
after FDG injection; CT obtained
without or with IV contrast

• High sensitivity for most distant
metastatic disease

• Quantification of tumor metabo-
lism with SUV (can be followed to
assess response)

• Radiation exposure
• Normal liver FDG uptake can

obscure metastases
• Nonspecific FDG uptake by

infection or inflammation leads to
false positives

MRI Perform without and with HBCA,
usingmultiphase dynamic protocol

• No radiation exposure
• High sensitivity for liver metastases
• Excellent soft tissue contrast

• Multiple contraindications
(e.g., claustrophobia)

• Variable quality from institution to
institution

Abbreviations: CT, computed tomography; FDG, 2-deoxy-2-[18F]fluoro-D-glucose; HBCA, hepatobiliary contrast agent (gadolinium-based); IV,
intravenous; PET; positron emission tomography; SUV, standardized uptake value.
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Transrectal Ultrasound
TRUS has long been the gold standard for the locoregional
staging (i.e., T/N-staging) of rectal cancer. By clearly depict-
ing the individual layers of the rectal wall, TRUS can achieve
T-staging accuracies of 80 to 94%.12–16 However, TRUS is
less reliable for the differentiation of minimal T3 from
advanced T3 tumors and of minimal T3 from T2
tumors.17,18 TRUS also tends to understage T4 tumors.19

Such inaccuracies can have significant implications regard-
ing the need for neoadjuvant treatments and the selection
of surgical approaches. Furthermore, TRUS has limited
sensitivity and accuracy in determining nodal stage, in
part because its small field of view restricts evaluation to
the mesorectal and lateral pelvic nodes.20

Computed Tomography
Contrast-enhanced CTsimilarly has a T-staging accuracy of 64 to
74%.21–23 In light of its inability to resolve the individual layers of
the rectal wall, CT performs poorly for low T-stage tumors but
somewhatbetter for advancedT3andT4 tumors.22 LikeTRUS, CT
is an unreliable indicator of N-stage given its use of size as the
primary criterion for nodal involvement.24,25Nevertheless, CT is
still a valuable tool for presurgical planning due to its utility in
detecting complications associated with rectal cancer, such as
perforation or obstruction.

Magnetic Resonance Imaging
In recent years, MRI has emerged as a powerful modality for
the preoperative locoregional staging of rectal cancer. Like
TRUS, MRI can clearly depict the mural layers in high-
resolution (►Fig. 1), especially when imaging is performed
with 3 Tesla (3T) magnets and endorectal coils.26 While
some studies advocate the use of endorectal coils, imaging
with modern MRI scanners without endorectal coils is suffi-
cient in clinical practice, as long as protocols are optimized.
Agreement between TRUS and MRI with respect to T-staging
is quite high (kappa ¼ 0.93) for T3 and T4 tumors.27 Howev-
er, other studies highlight the substantial operator depen-
dence of TRUS relative to MRI and the potential impacts on
accuracy and reproducibility, especially with respect to
determining nodal involvement.28,29 Much of the evidence
supporting the use of MRI in the preoperative assessment of
rectal cancer was generated by the MERCURY Study Group,
which found a high correlation between preoperative MRI
and histopathology with respect to the extramural depth
(EMD) of tumor spread.30 Similarly, other authors have
reported the high accuracy of MRI for assessing both EMD
and the involvement of the mesorectal fascia.31–34 Overall,
the information provided by initial stagingMRI is essential in
selecting an optimal surgical strategy and assessing the need
for neoadjuvant therapy.

Fig. 1 Various rectal cancer T-stages and rectal mural anatomy on MRI. Transaxial (A, C, and D) and coronal (B) T2WIs (A–D) through the rectum
show T2 (A), T3 (B and C), and T4 (D) rectal tumors. In (A), a rectal tumor (t) arising from the mucosa extends into the lumen and rectal wall but
does not breach the outer surface (arrow), consistent with T2 disease. In (B), a rectal tumor (t) with hypointense spiculations (arrows) extends
beyond the wall (arrowheads) into the perirectal fat but does not involve the mesorectal fascia, consistent with T3 disease. In (C), similar
hypointense spiculations from a rectal tumor (t) extend into the perirectal fat (asterisks) to tether (black arrow) the mesorectal fascia (curved
arrows) on the right, consistent with advanced T3 disease. Also, this image nicely displays the mural anatomy of the rectum, including the
hypointense mucosa (white arrow) lining the lumen (l), the hyperintense submucosa (white arrowhead), and the hypointense muscularis propria
(black arrowhead). In (D), an exophytic tumor (t) arising from the rectum (r) invades through themesorectal fascia (arrowheads) to involve (arrow)
the right obturator internus (asterisk) muscle, consistent with T4 disease. MRI, magnetic resonance imaging; T2WI, T2-weighted images.
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Beyond accurately determining rectal cancer T-stage
(►Fig. 1), preoperative MRI has also been shown to provide
valuable prognostic information (►Table 3). When assessed
before any neoadjuvant therapy,MRI-based CRMs of < 1 mm

predict significantly higher local recurrence rates and lower
5-year survival rates, compared with MRI-based CRMs of
� 1mm.35 Similarly,MRI accurately predictswhether surgical
margins will be clear of tumor, which in turn correlates with
the risk of local tumor recurrence.36 MRI findings of EMD
> 5 mm and lymph node involvement indicate a lower
probability of responding favorably to standard neoadjuvant
therapy; such criteria can thus be used to select patients for
more intensive presurgical treatment regimens.37 Addition-
ally, high-risk tumor features including EMD > 5 mm, T4
status, extramural vascular invasion, and CRM < 1 mm,
when identified on initial staging MRI (►Fig. 2), predict a
higher likelihood of distant metastatic disease.38 These find-
ings suggest that patients with such primary tumor features
would benefit from imaging studies such as liver MRI or PET/
CT to ensure the accurate TNM-staging.

In the United States, neoadjuvant therapy for rectal cancer
typically includes fractionated external beampelvic radiation
and systemic chemotherapy with 5-fluorouracil (5-FU) or
capecitabine.39 As these treatments can result in adverse
effects, such as anorectal dysfunction,40 determining which
rectal cancers are sufficiently low-risk towarrant omission of
neoadjuvant therapy can reduce morbidity. Several studies
have already evaluated whether high-risk local tumor fea-
tures, as identified by initial staging MRI, can be employed to
determine which patients should receive neoadjuvant thera-
py versus primary surgical resection. One group found that
patients with CRMs > 2 mm and negative lymph nodes by
MRI could be spared neoadjuvant therapy and still achieve

Table 3 Established MRI-based prognostic features of rectal
tumors on locoregional staging

Higher risk of distant metastatic disease38:
• EMD > 5 mm
• T4 status
• Extramural vascular invasion
• CRM < 1 mm

Higher risk of local recurrence and lower overall
survival at 5 y35:
• CRM < 1 mm

Lower probability of responding favorably to neoadjuvant
therapy37:
• EMD > 5 mm
• Evidence of nodal involvement

Low risk of local recurrence after surgery without
neoadjuvant or adjuvant therapies42:
• CRM > 1 mm
• EMD < 5 mm

Low recurrence rates and high DFS and OS rates
without neoadjuvant therapy41:
• CRM > 2 mm
• No evidence of nodal involvement

Abbreviations: CRM, circumferential resection margin; DFS, disease-free
survival; EMD, extramural depth; OS, overall survival.

Fig. 2 High-risk rectal cancer features on MRI. Transaxial T2WIs from four different patients show various high-risk primary tumor features. In (A), a right
anterolateral rectal tumor (t) extends beyond the external aspect of the rectal wall (white curved line) into the mesorectal fat, with an extramural depth of
greater than 5 mm (bracket). In (B), an anterior rectal tumor (t) extends through the mesorectal fat to involve the mesorectal fascia (arrows) and the right
seminal vesicle (asterisk); these findings are compatible with T4 disease. In (C), a left lateral rectal tumor (t) exhibits extramural vascular invasion
(arrowhead); the serpiginous hypointense structure represents tumor within the vessel lumen. In (D), a left lateral rectal tumor (t) with spiculations
extending into the perirectal fat is associated with several enlarged lymph nodes (asterisks) that abut the mesorectal fascia (arrows), resulting in a
circumferential resection margin of < 1 mm. MRI, magnetic resonance imaging; T2WI, T2-weighted images.
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low recurrence and high disease-free and overall survival
rates after surgical resection.41 Similarly, the MERCURY Study
Group determined that rectal cancers with MRI-based CRMs
> 1 mm and EMD < 5 mm (regardless of nodal status) had
postoperative local recurrence rates of just 3%, without either
neoadjuvant or adjuvant therapies.42 In patients deemed to
have rectal cancerswith high-risk features, this same group of
investigators found the assessment of tumor response to
neoadjuvant therapies by MRI (►Fig. 3) to be predictive of
clinical outcomes, as poor tumor regression correlated with
lower 5-year progression-free and overall survival.43,44

Hence, MRI can provide prognostic information on initial
staging examinations, as well as on follow-up evaluations
after neoadjuvant therapy. The role of MRI in adaptive
prospective trials remains an area of active research.

As with TRUS and CT, the determination of nodal status in
rectal cancer remains challenging forMRI, inmarked contrast
to its high accuracy in T-staging. MRI is sensitive for the
detection of enlarged pelvic lymph nodes and is capable of
assessing stations outside of the mesorectal space, in contra-
distinction to the relatively limited field of view of TRUS.
However, many lymph nodes not meeting standard size
criteria (i.e., > 1 cm) for lymphadenopathy contain metastat-
ic deposits when evaluated by histopathology.24,25 Using a
short-axis diameter of � 5 mm as an indicator of the benig-
nity by MRI results in 94% sensitivity and a negative predic-
tive value of 86% but a specificity of 13% and overall accuracy

of only 34%.45 Though accuracy of N-stagingmay be improved
by MRI performed with nodal compounds such as super-
paramagnetic iron oxide, these contrast agents are not yet
available for use in the United States.46 Interestingly, the
MERCURY Study Group found that pelvic sidewall nodes
(i.e., nodes lateral to themesorectal fascia) deemed suspicious
on initial MRI independently conferred a worse 5-year dis-
ease-free survival in patients undergoing surgeryonly but not
in patients treated with neoadjuvant therapy.47 While this
finding suggests that MRI may provide utility in identifying
patients with possible nodal metastasis to undergo presur-
gical chemoradiation, further research is needed to deter-
mine the optimal combination of MRI features for accurately
predicting nodal disease status. As will be discussed in
subsequent sections, the combination of PET and MRI may
provide additional value in determining accurate nodal stage.

Distant Metastases: Diagnosing and
Managing Hepatic Disease Burden

Despite the differences between colon cancer and rectal
cancer with respect to locoregional staging and treatment
strategies, their diagnostic and therapeutic algorithms for
distant metastases are the same. The liver is the most
common location of distant metastatic disease in CRC, with
roughly 30% of patients presenting with synchronous liver
metastases and 70% ultimately developing hepatic disease.2

Fig. 3 Rectal tumor response to neoadjuvant therapy on MRI. Transaxial T2WIs (A and B) and transaxial T1WIs with gadolinium-based contrast
(C and D) were obtained before (A and C) and after (B and D) neoadjuvant therapy. A nodular rectal tumor arising from the right rectal wall and
protruding into the adjacent fat was T2-intermediate (arrows in [A]) and peripherally enhancing (arrows in [C]) on initial imaging. After
neoadjuvant therapy, the tumor became T2-hyperintense (arrows in [B]) relative to the normal rectal submucosa, suggestive of necrosis/
degeneration; a discrete extramural enhancing nodule was no longer evident on the postcontrast images (arrows in [D]). Histologic specimens
from subsequent resection showed a complete pathologic response. MRI, magnetic resonance imaging; T1WI, T1-weighted images; T2WI, T2-
weighted images.

Clinics in Colon and Rectal Surgery Vol. 29 No. 3/2016

Emerging Imaging Strategies in CRC with Special Focus on MRI Fraum et al. 209

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



As with locoregional management of rectal cancer, complete
surgical resection is the treatment paradigm for colorectal
liver metastases.

Preoperative imaging is critical for determining the size
and number of metastatic lesions and their relationship to
surrounding anatomic landmarks. Surgical resection is con-
sidered suitable if the metastases can be completely resected,
if at least two adjacent liver segments can be spared, and if the
future liver remnant (FLR) is adequate in size—usually � 20%
of total liver volume.3 Additionally, patients with metastatic
burdens not suitable for immediate resection generally
receive neoadjuvant chemotherapy, typically consisting of
5-FU plus irinotecan or oxaliplatin, with or without bevaci-
zumab.5Minimally invasive procedures, such as cryoablation,
radiofrequency ablation, microwave ablation, chemoemboli-
zation, or radioembolization,may provide an alternatemeans
of converting hepatic metastases to a resectable state.48

Following neoadjuvant chemotherapy or percutaneous inter-
ventions, imaging plays a key role in assessing the response to
treatment and determining the technical feasibility of resec-
tion, the ultimate determinant of survival.6

Computed Tomography
When contrast-enhanced protocols are employed, CT can
identify liver metastases with 97% specificity, 90% negative
predictive value, 73% sensitivity, and 85% overall accura-
cy.21,23,49 Multiphase acquisitions by multidetector CT with
appropriate bolus timing and optimized imaging parameters
have even been shown to outperform MRI,50 though such
results were obtained before the advent of the hepatobiliary
contrast agents (as discussed below). Importantly, CT has
impaired sensitivity in the setting of hepatic steatosis, which
can obscure hypodense focal liver lesions. This limitation is
especially relevant after neoadjuvant therapy, as several of
the chemotherapeutic agents commonly used in this setting
(5-FU and irinotecan) can induce lipid accumulation in the
liver,51 thereby reducing the conspicuity of liver metastases.

Nuclear Medicine
The primary role of PET/CT in CRC is the assessment for
nodal and distant metastatic disease. Typically performed
with the radiolabeled glucose analogue 2-deoxy-2-[18F]
fluoro-D-glucose (FDG), PET/CT has high sensitivity (89%)
for metastatic disease.52 A major advantage of PET/CT over
CT and MRI is its high sensitivity for nodal and distant
metastasis in patients for whom high-morbidity, intent-to-
cure surgeries are planned. However, because the relatively
high uptake of FDG by the normal hepatic parenchyma can
obscure focal hypermetabolic lesions, PET/CT has substan-
tially lower sensitivity for liver metastases (55%) than
either contrast-enhanced CT or MRI.52,53 The sensitivity
of PET/CT for residual hepatic disease after neoadjuvant
therapy is similarly impaired. Consequently, PET/CT should
not be used as the sole modality for surgical planning in this
setting.54 However, PET/CT may have utility in monitoring
the response of liver metastases to neoadjuvant therapy via
standardized uptake values (SUVs), which allow for quan-
tification of metabolic activity.55

Magnetic Resonance Imaging
By virtue of its high soft tissue contrast, MRI has become the
examination of choice in many institutions for the evaluation
of liver lesions, including metastases from CRC. A meta-analy-
sis comparing CT, MRI, and FDG-PET (without CT) found per-
lesion sensitivities for untreated colorectal liver metastases of
74, 80, and 81%, respectively; MRI performed especially well
compared with CT for lesions < 10 mm in diameter.56 Impor-
tantly, these numbers were derived from studies performed
before the introduction of hepatobiliary phase MRI, which
further improves the sensitivity of MRI for liver metastases
relative to CT. In contrast to the conventional gadolinium-
based extracellular contrast agents, the hepatobiliary contrast
agents (HBCAs) undergo dual elimination, with a portion of
contrast excreted by glomerular filtration and another portion
excreted by the biliary system following uptake by hepato-
cytes.57 For the HBCA gadoxetic acid (Eovist/Primovist, Bayer
HealthCare LLC., Whippany, NJ), peak hepatic enhancement
occurs around 20 minutes after administration. Lesions con-
taining a relative paucity of functional hepatocytes, such as
metastases, will appear hypointense on T1-weighted images
(T1WIs) relative to the surrounding liver parenchyma. With
HBCAs, MRI has been shown to have a 17% higher sensitivity
than CT for liver metastases, with even greater differences for
lesions < 10 mm.58,59 This sensitivity advantage of MRI over
CT is especially pronounced in the setting of hepatic steatosis
(►Fig. 4), when typically hypodense colorectal liver metasta-
ses become less apparent on CT.60

An important consideration in using a highly sensitive
modality such asHBCAMRI is the false-positive rate. Any focal
liver lesion (benign or malignant) containing a paucity of
functional hepatocytes relative to normal liver will have a T1-
hypointense appearance on hepatobiliary phase images.
Consequently, there has been concern that the use of HBCAs
might result in more false-positive diagnoses of hepatic
metastasis or might overestimate the total hepatic disease
burden. A prospective study using intraoperative ultrasound
and histopathology found a false-positive rate of 3.9% (10 of
257 findings; 95% confidence interval: 1.9%, 7.1%) for con-
trast-enhanced CT.61 The false-positive rate HBCA MRI for
liver metastases is less definitively established. Using histo-
pathology as the reference standard, one study inwhich three
readers independently evaluated the hepatic metastatic bur-
den for 32 patients with 96 proven metastases found a false-
positive rate for HBCA MRI of 8.4% (8 of 95 findings) to 11.1%
(11 of 99 findings).58 For example, it is relatively common in
clinical practice to struggle with differentiating certain
benign liver lesions from small mucinous colorectal metasta-
ses. Further research is needed to determine the false-positive
rate of HBCA MRI in prospective studies. In our practice,
patients often initially undergoMRI with conventional extra-
cellular contrast agents or contrast-enhanced CT, followed by
HBCAMRI for monitoring treatment response and for surgical
planning.

In addition to HBCA MRI, several authors have investigated
the use of diffusion-weighted imaging (DWI) for both lesion
characterization and detection. DWI is a type of MRI acquisition
in which water molecules located in environments restricting
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their movement produce more signal and appear brighter than
water molecules located in environments permitting relatively
unhindered motion. The high cellular density of malignant
tumors results in restricted diffusion of cytoplasmic water
molecules, causing lesions such as liver metastases to be bright
on DWI (►Fig. 4). The addition of DWI to standard protocols can
improve the sensitivity and specificity of MRI for colorectal liver
metastases.62,63Asmentioned above, colorectal livermetastases
with mucinous histology are often T2-hyperintense and non-
enhancing and can appear nearly identical to hepatic cysts or
hemangiomas on MRI. However, mucinous metastases, unlike
thesebenign lesions,mayexhibit restricted diffusion, potentially
allowing DWI to distinguish among these entities. As expected
from its ability to differentiate hypercellular tumor from benign
hepatic masses, DWI has been found to increase the overall
accuracy of MRI for focal liver lesions.64 Despite these improve-
ments inMRI from both DWI and HBCAs (►Table 4), the impact
of false-positive lesions is not entirely understood, and MRI

quality may vary from institution to institution. Some institu-
tions remain loyal to CT for the staging of distant CRCmetastases
and have published excellent outcomes.65,66

Fig. 4 Colorectal liver metastasis conspicuity on CT versus MRI. Transaxial contrast-enhanced CT images (A and B) reveal diffuse hepatic steatosis with a
subtle hypodense mass in segment 6 (arrow in [A]) but no definite disease more superiorly (B). The background hepatic steatosis, as manifested by diffuse
liver hypoattenuation, made the detection of liver metastases challenging. On an MRI obtained around the same time, transaxial T1WIs acquired with a
HBCA display the same segment 6 metastasis much more conspicuously as a focal hypointense lesion (arrow in [C]). Additional metastases were evident
more superiorly within segments 2 and 4A (arrowheads in [D]), at a level where no disease was appreciated on CT (B). Such differences in perceived hepatic
disease burden can have significant implications for resectability. Transaxial diffusion-weighted images (E and F) likewise demonstrated the segment 6 lesion
(arrow in [E]) and the segment 2 lesion (arrowhead in [F]). The segment 4A lesion seen on hepatobiliary phase images (D) was visible on amore superior slice
of the diffusion-weighted images (not shown). CT, computed tomography; HBCA, hepatobiliary contrast agents; MRI, magnetic resonance imaging; T2WI,
T2-weighted images.

Table 4 Benefits of hepatobiliary contrast agents and diffusion-
weighted imaging

MRI with hepatobiliary contrast agents
• Higher sensitivity than CT for liver metastases,

especially for lesions < 10 mm58,59

• Superior to CT for detecting liver metastases in
setting of hepatic steatosis60

MRI with diffusion-weighted imaging
• Improved sensitivity and specificity for liver metastases,

relative to standard MRI62,63

• Increased accuracy for diagnosis of focal liver lesions,
relative to standard MRI64

Abbreviations: CT, computed tomography; MRI, magnetic resonance
imaging.
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A final important concept to address when discussing liver
MRI for operative planning after neoadjuvant treatment of
hepaticmetastases is that of the so-called “disappearing” lesions.
In patients undergoing chemotherapy to reduce hepatic disease
burdenbefore surgical resection, some initially identified lesions
not only respond to treatment but also cease to be visible on
subsequent imaging (►Fig. 5). Even in the case of complete
imaging response, residual disease is still foundat surgeryandon
pathology in a significant percentage of patients.67 To this point,
one study of 242 patients with liver metastases from CRC found
that patients who underwent HBCA MRI both before and after
neoadjuvant chemotherapy had significantly lower rates of
intrahepatic recurrence (48 vs. 65%, p ¼ 0.04) and fewer repeat
hepatectomies (13 vs. 25%, p ¼ 0.03), compared with patients
whounderwent hepatobiliary phaseMRI only after neoadjuvant
therapy.68As theauthors explain,whenhepatobiliaryphaseMRI
was obtained only after neoadjuvant therapy, the surgical
resection may have inappropriately excluded radiographically
occult but still viable lesions that had “disappeared” during the
course of preoperative chemotherapy, leading to higher rates of
recurrence. Consequently, the goal of surgical resection should
be to include all lesions identified at the time of initial imaging,
even if such lesions are no longer apparent on repeat imaging
after neoadjuvant therapy.

New Imaging Modalities in Colorectal
Cancer: PET/MRI

As discussed previously, PET/CT has revolutionized oncol-
ogic imaging by exploiting metabolic differences between

malignant tumors and normal background tissues and,
consequently, has become the standard of care for the
initial staging and subsequent restaging of many oncologic
conditions. However, PET/CT has several important limi-
tations, especially with respect to local tumor staging and
the diagnosis of malignant spread to organs with high
background FDG uptake, such as the liver, brain, and heart.
In such scenarios, MRI is commonly acquired to supplement
the information obtained from PET/CT and thereby ensure
optimal staging accuracy. As the newest clinical hybrid
imaging modality, PET/MRI combines the metabolic infor-
mation of PET (conferring sensitivity for nodal and distant
metastasis) with the excellent soft-tissue contrast of MRI
(conferring high T-staging accuracy) and thus has the
potential to serve as a single comprehensive imaging
examination for CRC (►Fig. 6).

While much research is still needed to generate the data
necessary to support the routine clinical use of PET/MRI,
several small studies have examined the utility of PET/MRI
in the evaluation of CRC and liver metastases. For example,
a pilot study of 12 patients with CRC found PET/MRI to
provide higher accuracy for T-staging than PET/CT; of
course, such results require validation in larger studies.69

Another study of 15 patients with CRC found PET/MRI with
DWI to have higher accuracy than PET/CT for the diagnosis
of liver metastases, with comparable accuracy for perito-
neal lesions and lymph node metastases.70 More generally,
PET/MRI has been shown to increase radiologist confidence
for the diagnosis of liver metastasis (from CRC and other
primaries), compared with PET/CT.71 This study also found
PET/MRI to be more sensitive (p ¼ 0.002) than PET/CT for
liver metastases. As with MRI alone, PET/MRI can be also
used to monitor anatomic responses to neoadjuvant
therapy in locally advanced rectal cancer. In this setting,
tumor regression indices, as assessed by MRI after neo-
adjuvant therapy but before surgical resection, are predic-
tive of clinical outcomes.43,44 Furthermore, rectal cancer
SUV reductions on FDG-PET following neoadjuvant therapy
have been shown to increase the likelihood of a complete
pathologic response at surgery.72 Thus, PET/MRI has the
ability to serve as a comprehensive indicator of response to
neoadjuvant therapy by simultaneously interrogating both
anatomic and metabolic tumor alterations. Such informa-
tion could potentially be used to select patients with
favorable responses for less invasive surgical approaches,
such as transanal resection. Overall, PET/MRI is a promising
modality for the staging of CRC, as well as for surgical
planning, assessing response to neoadjuvant therapies, and
monitoring for recurrent disease.

Conclusions

MRI is critical for identifying rectal cancer patients with
high-risk primary tumor characteristics, such as T4 status,
extramural vascular invasion, circumferential resection
margin less than 1 mm, or extramural depth of greater
than 5mm. Such patients benefit from neoadjuvant chemo-
radiation for local tumor control, followed by preoperative

Fig. 5 Disappearing hepatic metastases on MRI. Transaxial T1WIs were
obtained 20 minutes after gadoxetic acid administration (i.e., in the
hepatobiliary phase), both before (A and C) and after (B andD) neoadjuvant
therapy, in a patient initially deemed to have unresectable liver disease. A
metastasis in segment 8 (arrow in [A]) had significantly decreased in size but
was still identifiable on the posttreatment images (arrow in [B]). In contrast,
a segment 2 metastasis (arrowhead in [C]) was no longer visible on the
posttreatment images (D). Importantly, the disappearance of lesions on
imaging does not imply complete pathologic response, as microscopic
disease may persist. MRI, magnetic resonance imaging; T1WI, T1-weighted
images.
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MRI for assessing tumor response and for surgical planning.
Staging for distant metastases, in particular liver metasta-
ses, should be considered in this high-risk rectal cancer
population. For diagnosing and managing liver metastases,
both CT and MRI provide high accuracy, with several
studies suggesting superiority of MRI with HBCAs and
DWI over CT. Patients with complex or bilobar hepatic
disease should receive neoadjuvant chemotherapy, with
the ultimate goal of making an intent-to-cure resection
feasible. Furthermore, HBCA MRI has proven useful for
monitoring the response of liver metastases to neoadjuvant
treatments and for subsequent surgical planning. Finally,
PET/MRI is a promising new hybrid modality that promises
high accuracy of locoregional tumor staging, as well as high
sensitivity for liver metastases (MRI), nodal metastases
(PET), and distant extrahepatic disease (PET). PET data
reflect tumor metabolism may be useful in quantifying
treatment response.
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