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OBJECTIVE. The Magnetic Resonance Imaging and Rectal Cancer European Equivalence (MERCURY) Study validated the use of MRI for posttreatment staging and its correlation with survival outcomes. As a consequence, reassessment of MRI scans after preoperative
therapy has implications for surgical planning, the timing of surgery, sphincter preservation,
deferral of surgery for good responders, and development of further preoperative treatments
for radiologically identified poor responders.
CONCLUSION. In this article we report a validated systematic approach to the interpretation of MR images of patients with rectal cancer after chemoradiation.
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igh-spatial-resolution MRI is already established as an accurate
tool for the preoperative staging of
rectal cancer [1] and has resulted
in marked improvements in staging accuracy
compared with historic studies [2]. MRI also
defines the relationship between a tumor and
the mesorectal fascia, which denotes the circumferential resection margin at total mesorectal excision. The potential circumferential
resection margin is considered involved if tumor extends to within 1 mm of this fascia. Patients with locally advanced T3 or T4 disease
or disease involving the potential circumferential resection margin on baseline MRI are offered chemoradiation therapy (CRT). This approach has been shown to decrease the
postoperative tumor recurrence rate [3].
Until recently, the precise role, importance, and validity of restaging rectal cancers after preoperative therapy have been
uncertain [4]. The Magnetic Resonance Imaging and Rectal Cancer European Equivalence (MERCURY) Study evaluated consecutive patients undergoing both primary
surgery and preoperative therapy with histopathologic correlation and analyzed survival
outcomes [5]. The results of the MERCURY
Study showed that post-CRT MRI assessment of tumor regression grade correlated
with disease-free survival and overall survival and, thus, with patient prognosis. Furthermore, posttreatment MRI prediction of
potential circumferential resection margin

involvement also gave prognostic information regarding the risk of local recurrence.
In this study both posttreatment MRI T staging and posttreatment MRI assessment of tumor regression grade showed statistical correlation with pathologic T stage, which in turn was
strongly associated with overall and diseasefree survival as well as local recurrence [5].
MRI’s ability to identify good and poor responses after preoperative therapy enables further tailoring of treatment [6]. For example, a
patient with MRI findings suggestive of a poor
response or MRI findings showing persistence
of a potentially involved circumferential resection margin could be offered systemic non–
cross-resistant chemotherapy or a radical surgical exenterative procedure. Conversely, phase
II trials are currently evaluating the safety of
deferring surgical resection in patients with a
good response as shown on MRI [7, 8].
Posttreatment MRI tumor regression grade
and circumferential resection margin evaluation give the multidisciplinary team a valuable
opportunity to further refine treatment plans
according to the response seen on high-resolution MRI. This article focuses on how to report
MRI findings after CRT of patients with rectal
cancer and provides illustrated examples.
MR Technique
Baseline T staging of rectal tumors using
thin-slice MRI was first shown to accurately match pathologic T stage in 1999 [9]. The
details of the MRI technique were published
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in 2005 and its accurate reproducibility was
confirmed in 2007 [10, 11]. This high-resolution technique is recommended for optimal
visualization of rectal and mesorectal anatomy [12] and for characterization of mesorectal lymph nodes [13]. The same technique
was used for posttreatment assessment in the
MERCURY Study [5]; in that study, highresolution T2-weighted images were found
to be particularly useful in differentiating
tumor from fibrosis. Comparison of posttreatment MR images with pretreatment MR
images is essential and ideally both are acquired using the same angles. Pretreatment
images are used to help locate the treated tumor, which may be difficult to visualize in
patients who have had a good response to

CRT. Our center does not use purgative bowel preparation or enemas [10]. The full MR
parameters are detailed in Table 1.
After initial localization imaging, largeFOV sagittal and axial images are acquired
[10]. These first two sequences allow an
overview of the treated tumor, potentially involved lymph nodes, and direction of the rectal wall. This overview enables the planning
of the following three high-spatial-resolution
sequences that are vital for visualization of
the tumor and posttreatment fibrosis.
The first sequence planned is axial to the plane
of the tumor and rectal wall (Fig. 1A). Thinsection (maximum, 3 mm) axial T2-weighted
images through the treated rectal cancer are
planned using the sagittal T2-weighted imag-

TABLE 1: MRI Parameters for 1.5-T System [52] a
Fast Spin-Echo
Parameter

Standard 3- to 5-mm Sagittal and
Axial Images

High-Resolution Oblique Axial
and Coronal Imagesb

TR (ms)
Sagittal

5080

Axial

4018

5362

Sagittal

132

100

Axial

80

TE (ms)

No. of slices
Sagittal

23

Axial

20

16

Thickness and gap (mm)
Sagittal

3

Axial

3 and 0.3

5 and 1

Interleaved

No

Yes

Echo-train length

23

16

Matrix
In phase direction

512

In phase encoding

256

Phase-encoding direction

Anteroposterior

Inferosuperior

FOV (mm)

250

160

Phase

250

Frequency

250

No. of acquisitions
Sagittal

3

Axial

2

Flow compensation
Saturation bands

6

Yes

No

Anterior and superior

None

aParameters shown here are for a Philips Healthcare unit. Parameters for MR units manufactured by

Siemens Healthcare and GE Healthcare are provided in reference [52].

bFor tumors in the lower one third of the rectum.
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es. These images are obtained perpendicular to
the long axis of the rectum using a 16-cm FOV.
The second sequence is oblique axial imaging for evaluation of the lymph node drainage
territory (Fig. 1B). Further oblique axial imaging to ensure coverage of the draining nodes and
tumor deposits—which can extend above the
superior edge of tumor—should be performed.
The third sequence is in the coronal plane
for low rectal cancers (Fig. 1C).
Relying on oblique axial imaging alone
can be limiting at the level of the anorectal
junction. At that level, the rectal wall changes in diameter and the distance to the neighboring tissues is smaller. The images may not
show the rectal wall in its entirety and overstaging may result from partial volume averaging.
Therefore, high-resolution coronal imaging,
which will show the relationship between the
rectal wall and the levator muscles and between the anal sphincter complex and the intersphincteric plane, is useful for tumors in
the lower one third of the rectum.
Overall this MRI protocol takes 30–40
minutes to perform in our center.
Additional MR Techniques
In radiology departments 3-T MR systems
are increasingly available. These systems
shorten the examination time because 3D image acquisitions remove the need for additional multiplanar 2D images [14]. Improved spatial resolution and signal-to-noise ratio have
also been reported [14]. Studies comparing 2D
and multiplanar reconstruction 3D T2-weighted imaging protocols in staging rectal cancer
have shown no significant differences in T
staging [15] and N staging [14, 16] accuracy.
These studies did not investigate the accuracy
of 3D T2-weighted imaging in restaging rectal cancer after CRT and our experience in this
setting is also limited. In this article, we present images acquired using a 1.5-T whole-body
MR imager with a pelvic phased-array coil.
Dynamic contrast-enhanced MRI (DCEMRI) has also been evaluated in the restaging of rectal cancer after CRT. Devries et al.
[17] (n = 17) showed DCE-MRI perfusion index values before chemoradiation correlated
with T downstaging. Dinter et al. [18] (n = 33)
showed the slope of the contrast medium enhancement curve helped to identify responders to CRT. Overall, in the absence of published evidence regarding the accuracy and
reproducibility of DCE-MRI and DCE-MRI’s
comparative value versus high-resolution T2
scanning, we do not recommend DCE-MRI
for routine use in restaging rectal cancer.
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moplasia, mucin, inflammatory change resulting in submucosal edema, and necrosis. The
next sections correlate these pathologic changes with appearances on posttreatment MRI.

ing into account depth of extramural spread;
• Distance to potential circumferential margin and whether this area appears involved
or clear;
• Extramural venous invasion;
• Lymph node staging including whether
nodes in the pelvic sidewall compartment
are involved; and
• Potential involvement of the peritoneal reflection.

Fibrotic Changes to Tumor and the Rectal Wall
Pathologically, fibrotic stroma consists of matrix components such as collagen as well as cells
responsible for matrix production such as fibroblasts and histiocytes [19]. Fine and elongated
collagen fibers stratified into layers make up
mature fibrotic stroma, whereas immature fibrotic stroma consists of randomly oriented
collagen bundles [20].
On post-CRT T2-weighted MRI, we found
that areas of fibrosis have very low signal
intensity, whereas areas of residual tumor
have intermediate signal-intensity. The signal intensity of fibrosis is similar to that of
the muscularis propria, and signal intensity
of residual tumor is similar to that of baseline tumor. Careful review of high-resolution
images will enable delineation of small foci
of intermediate-signal-intensity tumor within areas of low-signal-intensity fibrosis. Figure 2 shows an example of tumor regression
within the rectal wall leaving a fibrotic lowsignal-intensity scar while a focus of intermediate-signal-intensityresidual disease remains in a vein.

Morphologic Responses
Morphologic changes seen in surgical specimens after CRT include collagen, fibrosis, des-

Desmoplastic Reaction
Desmoplastic reaction is also called “reactive fibrosis.” Pathologically this process in-

Fig. 1—70-year-old man with rectal cancer.
A, Planned high-resolution block (box) axial to plane of tumor and rectal wall. Images are acquired
perpendicular to long-axis of rectum. Tumor is indicated by arrowheads.
B, Oblique axial block (box) to cover lymph node drainage territory. Lymph nodes can extend above superior
edge of tumor. Tumor is indicated by arrowheads.
C, Block in coronal plane (box) for imaging tumors in low one third of rectum. This image shows relationship
between rectal wall and levator muscles and between anal sphincter complex and intersphincteric plane. Tumor is
indicated by arrowheads.

We recommend that the following parameters are assessed on posttreatment MR images:
• Morphologic appearance of tumor including
any mucinous or necrotic component;
• Height of treated tumor from the anal verge
compared with that on baseline pretreatment scans;
• Length of tumor compared with length on
baseline pretreatment scans;
• MRI tumor regression grade;
• Depth of maximum extramural spread (i.e.,
distance from outermost edge of muscularis
propria) of tumor and fibrosis given separately;
• MRI T stage and T substage of tumor, tak-

Fig. 2—67-year-old man with rectal cancer.
A, Baseline axial T2-weighted MR image shows semiannular infiltrating tumor
(arrowhead). Nodule (arrow) of intermediate signal intensity is seen in mediumsized vein at 3-o’clock position.
B, Posttreatment axial image shows tumor regression within rectal wall. Fibrotic
low-signal-intensity scar (arrowhead) is seen between 9- and 4-o’clock positions.
Focus of residual disease (single-headed arrow) remains in vein at 3-o’clock position.
Overall these MR findings show mixed response to treatment; MRI assessment of
tumor regression grade is 3. Residual venous disease is 6 mm (double-headed arrow)
beyond muscularis propria indicating posttreatment T3c stage.
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Fig. 3—65-year-old woman with rectal cancer.
A, Posttreatment axial T2-weighted image shows semiannular tumor (arrow)
between 12- and 4-o’clock positions. Low-intensity spicules in perirectal fat
radiating from residual tumor (arrowheads) represent desmoplastic reaction.
B, Corresponding photomicrograph (H and E, ×0.4) shows desmoplastic reaction
(arrowheads).
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volves the deposition of collagen as a stromal
response. Anatomic distortion can be caused
as a result. Desmoplastic reaction does not
contain tumor.
On baseline and post-CRT MRI, this reaction is seen as low-intensity spicules or
strands in the perirectal fat radiating from
the residual tumor. Figures 3A and 3B illustrate desmoplastic reaction.
Misinterpretation of desmoplastic reaction
for residual tumor can lead to overstaging
because the spiculated areas are presumed to
represent tumor rather than reaction. In our
experience an advancing tumor margin has
a more nodular, intermediate-signal-intensity appearance; Figures 4A and 4B illustrate
this appearance [9].
Mucinous Change in Tumors
Mucin formation occurs in the following
three scenarios.
The first scenario—Pathologic studies describing posttherapeutic changes have noted
mucinous response in nonmucinous tumors.
This response has been shown to be of prognostic significance and in keeping with a
treatment response effect [21]. On baseline
imaging, a nonmucinous tumor corresponds
to a tumor that is of entirely intermediate signal intensity with no areas of high-signal-intensity mucin. After CRT, necrosis of the tumor can result in mucinous degeneration. In
such cases, degeneration of the tumor results
in high-signal-intensity pools within the previously documented intermediate-signal-intensity tumor stroma and can therefore be interpreted as evidence of treatment response.

The second scenario—Pathologically, mucinous rectal tumors comprise pools or lakes of
extracellular mucin lined by columns of malignant cells, cords, and vessels. This composition
gives an overall meshlike internal structure
[21]. A recent analysis of 108 prospectively collected posttreatment specimens showed acellular mucin pools in 16 cases. The presence of
acellular mucin pools had no impact on recurrence-free survival [22]. Therefore, acellular
mucin is regarded as a type of treatment response and not as residual tumor [23].
Cellular mucin on T2 imaging is hyperintense [24] but contains more areas of intermediate signal intensity corresponding to the
histologically shown malignant cells, cords,
and vessels. After treatment, the necrosis of
these viable nests and cords of tumor results
in the formation of acellular mucin—namely,
pools of featureless high-signal-intensity fluidlike signal on T2-weighted images that contain no or minimal intermediate signal intensity when compared with pretreatment scans
(Figs. 5A and 5B).
The third scenario—Nonresponse is associated with poor outcomes; in mucinous tumors,
nonresponse is reflected pathologically as persistent columns of malignant cells and cords.
On MRI, tumors containing high signal with
intermediate-signal-intensity components at
baseline that are unchanged on posttreatment
imaging indicate nonresponse. These tumors
carry a poorer prognosis and increased risk of
local recurrence [25]. Documentation of the
extent of residual cellular mucin is important
because the risk of tumor spillage from mucin
pools will increase the risk of local recurrence.

Fig. 4—63-year-old woman with rectal cancer.
A, Posttreatment axial T2-weighted image shows semiannular tumor (arrow).
Intermediate-signal-intensity nodule (arrowhead) advancing into mesorectal fat is
seen; this finding is consistent with tumor infiltration.
B, Corresponding photomicrograph (H and E, ×0.4) shows nodular tumor
infiltration (arrowhead) into mesorectal fat.

AJR:199, October 2012

Pseudotumor
Rectal carcinoma often grows circumferentially and eventually can lead to annular stenosis of the bowel wall. The tumor often has
central indentation with rolled everted edges and invasion or ulceration at its posterior
border. The remaining rectal luminal mucosa
and submucosa often appear heaped up into
the lumen—a pseudotumor appearance (Fig.
6). This effect can get exaggerated after treatment response because the original tumor becomes fibrotic, low in signal intensity, and less
bulky. These changes may result in near-normal thickness of treated rectal wall but the unaffected submucosa can become edematous,
thickened, and of intermediate intensity, leading to potentially false interpretation.
This pitfall can be avoided by direct comparison of the pretreatment scans with the
posttreatment scans and documentation of
the invasive and rolled edge of tumor as well
as the portion of the rectal wall circumference that has not been involved by tumor.
Other signs such as desmoplastic reaction
from the tumor are also helpful.
MRI Assessments of Tumor Length
and Modified Response Evaluation
Criteria in Solid Tumors
The change in maximum tumor length between baseline and posttreatment sagittal images has been investigated as a tool to evaluate tumor response [26, 27]. The percentage
change in tumor length has been classified using the Response Evaluation Criteria in Solid
Tumors (RECIST), with complete disappearance of tumor being defined as complete re-

Fig. 5—80-year-old man with rectal cancer.
A, Baseline sagittal T2-weighted image shows large tumor with high signal
intensity compatible with mucin. Intermediate-signal-intensity solid cellular
components (arrows) are noted within tumor.
B, Posttreatment sagittal T2-weighted image shows acellular mucin, indicated by
featureless areas of high signal intensity (arrowhead), has formed since A. Areas
of intermediate-signal-intensity residual tumor (arrow) remain.
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Fig. 6—70-year-old woman with rectal cancer.
A, Axial T2-weighted MR image shows semiannular tumor (curved arrow).
Unaffected portion of rectal wall (straight arrow) is in posterior midline.
Circumferential resection margin (arrowheads) is potentially involved because
tumor infiltrates to within 1 mm of it.
B, MR image obtained after chemoradiation therapy shows tumor (curved arrow) is
at 12-o’clock position and pseudotumor (straight arrow), due to treatment-related
edema of mucosa and submucosa, is at 6-o’clock position. Linear low-signalintensity strands of desmoplastic reaction (black arrowhead) extend toward
circumferential resection margin (white arrowheads).

Fig. 7—69-year-old woman with rectal cancer.
A, Baseline axial T2-weighted MR image shows
semiannular infiltrating tumor (arrow).
B, Posttreatment axial image shows fibrotic lowsignal-intensity scar (arrowhead) at 7- to 8-o’clock
position. Absence of tumor signal indicates MRI
assessment of tumor regression grade is 1.
C, Photomicrograph (H and E, ×0.4) shows fibrosis
(arrowhead) extends beyond muscularis propria.

sponse. Partial response to treatment is defined
as at least a 30% decrease in tumor length. Progression of disease is defined as at least a 20%
increase in tumor length, and stable disease is
defined as neither sufficient shrinkage to qualify for partial response nor sufficient increase to
qualify for progression of disease [28].
This approach has been investigated in two
clinical trials. The EXPERT-C Trial (mulicenter randomized phase 2 clinical trial comparing oxaliplatin, capecitabine, and preoperative
radiotherapy with or without cetuximab followed by total mesorectal excision) has shown
good correlation between RECIST assessment and survival outcomes [29]. However,
the CORE (capecitabine, oxaliplatine, radiotherapy, and excision) Trial showed that the
reproducibility of tumor length between two
readers was only slight (k = 0.13) despite good
correlation between length assessment and
histopathologic T stage [30]. Therefore, length

measurements are useful in the assessment of
tumor response but may need to be undertaken
by central review in clinical trials because of
the lack of interobserver reproducibility.
Pathologic Tumor Regression Grading
Dworak et al. [31] reviewed 17 surgical
specimens after CRT and described varying
degrees of replacement of tumor with fibrous
or fibroinflammatory tissue. The degree of fibrosis versus the degree of residual tumor is
used as the basis for the Dworak tumor regression grading system [31] as well as the

modified Mandard tumor regression system
[32]. These systems provide information
about the grade of tumor regression and response to CRT that is not readily available
from T staging.
Validation of pathologic tumor regression
grading was undertaken by Rödel et al. [33]
in 385 patients treated with CRT. Their results showed that patients with complete and
those with partial pathologic tumor regression
had improved disease-free survival compared
with patients with minimal pathologic tumor
regression. Applying similar principles with

Fig. 8—31-year-old woman with rectal cancer.
A, Baseline coronal T2-weighted image shows semiannular tumor (arrow)
between 12- and 5-o’clock positions.
B, Posttreatment coronal T2-weighted image shows tumor regression within
rectal wall and fibrotic low-signal-intensity scar (arrowhead). Small amount of
residual intermediate signal intensity (arrow) indicating tumor is noted. Overall
these findings are compatible with MRI tumor regression grade of 2.
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Fig. 9—60-year-old man with rectal cancer.
A, Baseline axial T2-weighted MR image shows
semiannular infiltrating tumor (arrow) between 1- and
5-o’clock positions.
B, Posttreatment axial image shows fibrotic
low-signal-intensity extramural rim (arrowhead);
however, dominant residual intermediate-signalintensity tumor (arrow) is present. Overall these
MR findings are consistent with MRI assessment of
tumor regression grade of 4.
C, Photomicrograph (H and E, ×0.4) shows extramural
fibrosis (arrowhead) with residual tumor (arrow)
between 1- and 5-o’clock positions.

TABLE 2: Survival Outcomes of 111 Patients Who Underwent Preoperative Therapy in the Magnetic Resonance
Imaging and Rectal Cancer European Equivalence (MERCURY) Study
Frequency
(No. of Patients)

Overall Survival
(95% CI)

Disease-Free 5-Year
Survival (95% CI)

Grades 1–3 (good)

32

72 (56–88)a

64 (47–82)b

14 (1–27)

Grades 4 and 5 (poor)

34

27 (8–47)a

31 (13–49)b

29 (8–49)

Missing

45
59 (46–71)

58 (46–71)

12 (3–22)c

46 (31–61)

51 (35–67)

28 (13–44)c

61 (47–76)

63 (49–78)g

18 (5–33)

45 (29–61)

46 (29–63)g

17 (3–32)

73 (54–92)

72 (52–91)

20 (2–38)

48 (35–60)

50 (37–64)

16 (6–27)

Posttreatment MRI

Local Recurrence
(95% CI)

Tumor regression grade

Potential circumferential resection margin involvementd
Margin clear
Posttreatment
Baseline only

64
55
9e

Margin involved

47

Posttreatment

37

Baseline only

10 f

No posttreatment MRI

19

N stage
N0

50

N1 and N2

40

Missing

21

T stage
T0
T1 and T2

6
13

T3a

4

T3b

14

T3c

22

T3d

9

T4

22

No posttreatment MRI

21

ap = 0.001.
bp = 0.007.
cp = 0.013.

d When posttreatment scanning was not performed, the circumferential resection margin at baseline was entered as the circumferential resection margin status.
eNine of nine showed clear pathologic circumferential resection margin involvement.
f Five of 10 had pathologic circumferential resection margin involvement.
gp = 0.027.
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MRI, we have now shown that it is possible to
assess tumor regression before surgery.
MRI Tumor Regression Grading
With data from the MERCURY Study [5],
an MRI-based tumor regression grading system
was developed reflecting the equivalent definitions used for the Dworak tumor regression
grading system. The entire tumor is assessed
to determine if fibrous signal intensity or if tumor signal intensity predominates [34]. The radiologic interpretation requires comparison of
high-resolution oblique images with baseline
scans to determine the proportion of tumor that
has become of fibrotic low signal intensity and
the proportion of remaining residual intermediate signal intensity. If there is a predominance

of fibrosis with no or minimal residual intermediate tumor signal, a tumor regression grade of
1 or 2, respectively, is assigned as illustrated in
Figures 7 and 8. If there is substantial tumor
signal-intensity present but that signal-intensity
does not predominate the fibrosis, a tumor regression grade of 3 is assigned (Fig. 2). If there
is a predominance of tumor with minimal lowsignal-intensity fibrosis, a tumor regression
grade of 4 is assigned (Fig. 9). If the tumor appears unchanged from baseline, the tumor regression grade is 5.
In the MERCURY Study [5], patients treated with CRT who underwent posttreatment
MRI were retrospectively independently assessed for MRI tumor regression grade. MRI
assessment of tumor regression grade was a

significant independent predictor of overall
survival and disease-free survival. These results are shown in Table 2.
T Staging After Chemoradiation
Therapy
Interpretation of T stage after CRT requires
careful delineation of the relationship of any
persistent tumor signal intensity to the rectal
wall. High-resolution scans are essential to
enable accurate distinction of residual tumor
signal intensity versus fibrosis signal intensity
and to depict the area of treated tumor.
The T staging categories [35] are the same as
baseline staging criteria (Table 3). As with pretreatment staging, it is important to recognize
that tumor spread of less than 1 mm beyond

TABLE 3: T Staging of Rectal Tumors on MRI [35]
T Stage

Description

Tx

Primary tumor cannot be evaluated

T0

No evidence of primary tumor

T1

Invasion of submucosa by tumor; abnormal signal-intensity has replaced submucosa

T2

Invasion but not penetration of muscularis propria; intermediate signal intensity in muscularis propria

T3

Invasion of subserosa through muscularis propria; broad bulge or nodular projection of intermediate signal-intensity extending beyond
muscularis propria

3a

< 1 mm beyond the muscularis propria

3b

1–5 mm beyond the muscularis propria

3c

> 5 and ≤ 15 mm beyond the muscularis propria

3d

> 15 mm beyond the muscularis propria

T4

Invasion of other organs

T4a

Abnormal signal intensity extends into adjacent organs through peritoneal reflection

T4b

Tumor invades visceral peritoneum

Fig. 10—68-year-old man with rectal cancer.
A, Baseline axial T2-weighted MR image at level of puborectalis (arrowhead)
shows T1 tumor (arrow). Tumor is predominantly intramural with likely invasion of
submucosa.
B, Posttreatment axial T2-weighted MR image obtained shows low-signalintensity scar (arrow) at 12-o’clock position and normal submucosa. Puborectalis
sling is indicated by arrowhead.
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Fig. 11—80-year-old man with rectal cancer.
A, Baseline axial T2-weighted MR image shows semiannular infiltrating tumor
(arrow) between 7- and 9-o’clock positions. Tumor extends extramurally and is
less than 1 mm from left levator muscle (arrowhead). Potential resection margin is
therefore threatened.
B, Baseline coronal T2-weighted MR image shows extramural tumor extension
(arrow) up to left levator muscle (arrowhead). Dashed line indicates localiser.
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Fig. 12—65-year-old woman with rectal cancer.
A, Axial T2-weighted MR image shows lymph node
(arrow) in right lower mesorectum. Malignancy is
indicated by irregular edge and signal inhomogeneity.
B, Image obtained after chemoradiotherapy shows
that node (arrow) continues to have irregular edge
and that signal inhomogeneity persists; these
findings indicate malignancy.
C, Corresponding photomicrograph (H and E, ×0.7)
shows widespread tumor deposition in lymph node
with irregular border. Because there is minimal
normal nodal tissue, lymph node is indistinguishable
from extranodal deposit.

the muscularis propria can be considered to be
prognostically identical to T2 tumors; therefore, the differentiation of T2 from borderline
T3 spread is not of clinical relevance [5].
The extent of fibrosis should be documented and recorded as an entity separate from
the extent of tumor signal because fibrosis
may or may not contain viable tumor and
may be managed differently. Figure 2 illustrates an example of residual tumor and fibrosis at differing extramural depths.
Using these guidelines to restage rectal
tumors has shown good correlation between
posttreatment MRI T stage and histopathology. For example, in a prospective phase II
trial for MRI-defined locally advanced rectal cancer, posttreatment MRI T stages T3b–
T4 (35/43) were significantly associated with
an unfavorable pathologic T stage, compared
with posttreatment MRI T stages of T0–T3a
(6/30) (p = 0.001) [30].
Potential Circumferential Resection
Margin and Distal Resection Margin
Involvement
The potential circumferential resection
margin is considered involved on MRI if the
shortest distance from the outermost part of
the tumor to the adjacent mesorectal fascia is
less than 1 mm [36]. The circumferential re-

section margin forms the plane of total mesorectal excision surgery, and this plane is
defined by the mesorectal fascia at and above
the level of the top of the puborectalis sling.
Figure 6 shows an example of a potentially
involved circumferential resection margin.
Below the puborectalis sling, the total mesorectal excision plane is defined as the space
between the muscle coat of the rectum becoming the internal sphincter and the fibers of
the puborectalis sling that merge with the external sphincter fibers. At this level, tumor invading the intersphincteric plane (Fig. 10) or
extending to within 1 mm of the levator muscle is considered to potentially involve the circumferential resection margin (Fig. 11).
In recent studies, the MERCURY Study
Group investigators validated the restaging accuracy of MRI in determining the risk
of intersphincteric plane invasion by tumor
and consequent pathologic margin involvement [37–39]. Although no direct comparison was made with endoluminal ultrasound
or endoanal MRI techniques, the high spatial resolution afforded by improved pelvic
phased-array surface coils has largely eliminated the need to assess tumors with endoluminal techniques. Furthermore, endoluminal
ultrasound has not been recommended [40]
in reassessing sphincter invasion after CRT
Fig. 13—60-year-old man
with rectal cancer.
A, Axial T2-weighted
MR image shows
intermediate-signalintensity tumor extending
into neighboring vessel.
Vessel (arrow) is
expanded and irregular
in contour. Bowel wall is
shown by arrowhead.
B, Corresponding
photomicrograph (H and
E, ×0.7) shows tumor
deposition (arrow) in
vessel with irregular
expansion. Bowel wall is
indicated by arrowhead.
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because the technique cannot distinguish between tumor and fibrosis [41, 42].
Tumor reduces in both the axial and longitudinal planes. In the axial plane, a tumor
that on baseline imaging is beyond the potential circumferential resection margin may regress to within the potential circumferential
resection margin after CRT. Such patients
are good candidates for total mesorectal excision because tumor is not likely to be beyond the fibrotic extent of disease. The results of the MERCURY Study [1] showed
that after CRT the specificity of MRI for the
prediction of a negative margin was 92%.
Post-CRT MR images may also show fibrotic low signal intensity within 1 mm of
the potential circumferential resection margin. It is currently advocated that any surgery
should remove fibrotic stroma regardless of
whether residual tumor signal-intensity can
be seen.
Nodal Staging After Chemoradiation
Therapy
CRT often reduces the size and number
of benign and malignant lymph nodes. Frequently nodal downstaging is accompanied
by tumor downstaging, whereas malignant
nodes are often identified in those with significant residual disease.
Characterization of a node as benign or
malignant uses morphologic rather than size
criteria: A malignant node shows irregular
outlines or internal signal heterogeneity, as
shown in Figure 12. High-signal-intensity
acellular mucinous denegation can also occur
within lymph nodes and is a sign of treatment
response [43]. Using these criteria, Koh et al.
[43] showed MRI has an 80% positive predictive value, 90% negative predictive value,
and 88% accuracy in detecting nodal disease
after neoadjuvant treatment.
In the MERCURY Study [5], patients
with nodal disease detected on posttreatment
MRI had a disease-free 5-year survival rate
of 46% compared with 63% for those with no
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malignant nodes on posttreatment MRI (p =
0.027) (Table 2).
Extramural Venous Invasion
After Treatment
Extramural venous invasion has been
shown in 10–22% of postoperative specimens in colorectal cancer [44, 45]. Extramural venous invasion is defined by the presence of malignant cells within an endothelial
cell–lined space that either is surrounded by
a rim of smooth muscle or contains RBCs
[46]. The degree of pathologic vascular invasion influences the likelihood of nodal dissemination [45], likelihood of liver metastasis, and survival rates [44].
The morphologic features of extramural venous invasion on baseline T2-weighted MRI range from discrete serpiginous
or tubular projections of intermediate signal intensity into perirectal fat following
the course of a visible vessel to, in more advanced cases, the vessel being expanded by
intermediate-signal-intensity tumor and having an irregular contour [47, 48] (Fig. 13).
The degree of extramural venous invasion
system predicts relapse-free survival, with a
3-year relapse-free survival rate of 35% for
patients with advanced extramural venous
invasion, compared with 74% for those with
no or early extramural venous invasion [48].
In our experience, extramural venous invasion can entirely disappear with treatment;
fibrotic cords or strands signify a good response to treatment.
Peritoneal Reflection Involvement
The typical appearance of peritoneal reflection involvement on baseline MRI is one of
nodular intermediate signal intensity extending into the fine low-signal-intensity peritoneal
reflection at or above the level of its attachment
to the anterior surface of the rectum: This finding is best shown on sagittal and axial highresolution images [49]. Such tumors are staged
as T4a. Peritoneal reflection involvement is not
readily identifiable by endoluminal ultrasound,
and therefore peritoneal infiltration will not be
detected by this method.
Currently there is a lack of randomized
clinical trial data about the effect of preoperative therapy on peritoneal infiltration [50].
However, this may change in the future when
the results of an ongoing clinical trial investigating preoperative treatment to tumors at
and above the peritoneal reflection are fully
reported [51]. Preoperative treatment of rectal cancer appeared to show a survival benefit in a retrospective study [50]. In that study,
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investigators found that 18 of 75 patients with
upper rectal, rectosigmoid, or distal sigmoid
tumors had T4 tumors invading adjacent organs (3/18) or had potentially circumferential resection margin involvement (15/18).
These groups were offered preoperative CRT
with significant pathologic tumor regression
and fibrosis reported. Of the 18 patients offered CRT, two had positive histopathologic margins and the number of International
Union Against Cancer stage III tumors was
reduced from 16 (89%) to seven (39%) [50].
Conclusion
Emerging evidence has shown the prognostic importance of reassessing rectal cancers using high-resolution T2-weighted MRI
after completion of CRT. A systematic review of the known prognostic and morphologic features is essential for optimal treatment planning and patient care.
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