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Introduction

Anorectal Anatomy

Knowledge of the anorectal region anatomy is essential for radi-
ologists to identify disease processes and evaluate their local
extension. This concept is of value for accurate tumor staging and
treatment strategy. The anus and rectum comprises the distal end
of the gastrointestinal tract and acts as a fecal reservoir and facili-
tates defecation. The rectum measures approximately 13-15 cm in
length and tapers to a 3-4 cm in the anal canal after traversing the
levator ani. The levator ani is a muscle group comprised of the
puborectalis, pubococcygeus, and iliococcygeus muscles which
support the pelvic viscera, contribute to defecation, and maintain
fecal continence (Fig 1).1,2
The rectoanal region extends caudal from the rectosigmoid junc-
tion to the anal verge. The rectosigmoid junction projects at the level
of the sacral promontory. The transition from the rectum to the anus
also has different opinions: the dentate line by some, whereas a surgi-
cal transition may be defined as the proximal border of the anal
sphincter complex. In the latter definition, the rectum ends anterior-
inferior to the tip of coccyx tapering into a sharp posterior angulation
(anorectal flexure), as it penetrates the pelvic diaphragm about the
levator ani muscle.1,2

The anal canal is approximately 4 cm in length and is bound bilat-
erally by the ischiorectal fossa, anteriorly by the perineal muscles and
vagina in women or urethra in men, and posteriorly by the coccyx. In
the anal transition zone, the dentate line denotes the junction of
embryologic endodermal and ectodermal origins, and transitions
from autonomic to somatic innervation, mesenteric to systemic vas-
cular supply and superior rectal to inguinal lymphatic drainage. In
this area, vertical mucosal folds form the columns of Morgagni.
Between these columns, anal glands open into sinuses or crypts. The
rectal columnar mucosa changes through a short transitional zone
near the dentate line to anal squamous epithelium. The distal anal
epithelium becomes thicker and continuous with hair and sweat
gland bearing perianal skin (Figs 2 and 3).1,2 The rectoanal region has
distinct anatomic spaces. These include the perianal, ischiorectal,
intersphincteric, and supralevator spaces. The ischiorectal space is
contiguous with the surrounding fascial planes, bordered laterally by
the levator ani muscles, and contains the pudendal nerve branches
and arterial branches and/or venous tributaries of the internal puden-
dal vessels. The presence of these pudendal nerves is important to
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FIG 1. Normal anorectal anatomy. Illustrative diagram (a) and multiplanar CT images (b, c, d) of the rectum, anus, levator ani (LA) muscle group, and ischiorectal fossa (IF).

FIG 2. Normal anorectal anatomy. Illustrative diagram (a), endoscopic image (b), and gross pathologic specimen (c) demonstrating the columns of Morgagni (gold arrows, a, c), anal
crypts (white arrows, a, c) between the columns and dentate line (dashed line, b). (Color version of figure is available online.)
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consider when mass-effect or infiltrative process involves the ischior-
ectal fat, as this may manifest as pain.1,2

The internal and external anal sphincters work as 2 entities to
control fecal continence. The internal anal sphincter is a continuation
of the involuntary circular smooth muscle layer, while the external
anal sphincter is voluntary and/or skeletal muscle continuation of the
puborectalis muscle (Fig 4).1,2

Neoplasms of the Anus and Rectum—Rectal Cancer

Colorectal cancer is the third most frequent new cancer diag-
nosis and the third leading cause of cancer death in the United
States.3 Rectal cancer treatment strategies, epidemiology, and
risk factors differ from the tumors affecting the proximal colon.
However, since most rectal cancer is misclassified in cancer regis-
tries as colon cancers, they are reported in large registries
together as colorectal cancer. One accepted definition of rectal
cancer is cancer arising within 16 cm from the anal verge.4

Screening examinations with optical colonoscopy and virtual
colonography improve the detection of early disease. In terms of
colorectal malignancies, adenocarcinoma is by far the most com-
mon histology (98%). Other rare subtypes are discussed in later
sections.4 Surgical resection with negative margins was histori-
cally the only locally curative therapy for rectal cancer, although
nonoperative management chemoradiation therapy (CRT) can
have long-term success in selected patients.5-7 The initial local
staging is performed to determine which patients require preop-
erative CRT or to plan surgery. For tumors in the upper two-thirds



FIG 3. Histology of the normal anorectal area with pathologic and sonographic correlation. (a, b) Rectal columnar mucosa changes through a short transitional zone near the dentate
line to anal squamous epithelium. The distal anal epithelium becomes thicker and continuous with hair and sweat gland bearing perianal skin. (c, d) The rectal and anal walls are
composed of concentric layers of mucosa (m), muscularis mucosa (mm), submucosa (sm), muscularis propria (mp), and serosa or perirectal fat (prf). These histologically distinct
layers appear alternately hyper- and hypoechoic at sonography, the so-called “gut signature.”

FIG 4. Histology and sonographic correlation of the internal and external anal sphincter. (a, b) The internal anal sphincter (IAS) is a continuation of the involuntary circular smooth
muscle layer and appears hypoechoic at endoluminal ultrasound. The external anal sphincter (EAS) is voluntary and/or skeletal muscle continuation of the puborectalis muscle and
of mixed echogenicity.
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of the rectum, the standard procedure is low anterior resection
with total mesorectal excision wherein the rectum (except the
distal portion) and the surrounding mesorectum are removed.
When the tumor locates in the distal one-third of the rectum,
depending on local extension, sphincter sparing surgeries or
abdominoperineal resection surgeries are attempted.4
Treatment strategies aim at complete resection, often after
attempts at downstaging with neoadjuvant chemoradiation. Total
mesorectal excision is the most accepted surgical approach, in which
the entire mesorectal compartment is removed, including its fascia.
Local tumor recurrence is directly related to inadequate resection.4

The mainstay of rectal cancer greater than stage 1 is neoadjuvant che-



TABLE 1
Rectal cancer primary T staging by MR criteria

T stage Process of T staging with MRI high resolution

Tx: Primary tumor cannot be assessed

T0 No evidence of primary tumor

T1 Tumor invades submucosa. Replacement of submucosal layer by abnormal
signal not extending into circular muscle layer.

T2 Tumor invades but does not penetrate muscularis propria. Intermediate
T2 signal intensity in muscularis that does not extend beyond outer
longitudinal rectal muscle wall into mesorectal fat (Fig 5).

T3 Tumors invade subserosa through muscularis propria. Nodular or
broad-based bulge projection or

Intermediate T2WI projecting into the mesorectal fat.
(a) Tumors extend <1 mm beyond muscularis propria (Fig 6).
(b) Tumors extend 1-5 mm beyond muscularis propria (Fig 7).
(c) Tumors extend 5-15 mm beyond muscularis propria.
(d) Tumors extend >15 mm beyond muscularis propria.

T4 (a) Tumor penetrates the visceral peritoneum. Abutment or penetration
of abnormal signal intensity beyond the peritoneum.

(b) Tumor directly invades or is adherent to other organs or structures
(Fig 8).

G.P. Sangster et al. / Current Problems in Diagnostic Radiology 48 (2019) 494�508 497
moradiation, and many patients may have a downstaging response to
this treatment, with few achieving a complete response.8 In this situ-
ation, MRI plays a central role in pre- and post-treatment staging. The
benefits of downstaging and downsizing locally advanced rectal can-
cer include: improvement in resectability, better local control,
decreased rates of local recurrence, and improved overall survival.

Neoplasms are staged relative to tumor size (T), status of regional
lymph nodes (N), and distant metastases (M) utilizing the American
Joint Committee on Cancer system (Table 1).9 MRI may demonstrate
asymmetric T2 high signal intense mural thickening about the rec-
tum. Local staging of rectal adenocarcinoma can be accomplished
with high-resolution MR in pretreatment, postchemoradiation, and
postoperative stages. Conventional and high-resolution oblique T2WI
are the most important sequence for tumor staging. Ensuring the
proper plane is important, as nonoblique T2 images can falsely
upstage tumor. The use of diffusion-weighted MR imaging (DWI)
FIG 5. A 68-year-old man with rectal adenocarcinoma pyT2 N0. TRG 3. (a) Post-CRT axial hig
12-7 o0clock position (outlined in red). (b and c). The tissue slices corresponding to A show
section (H and E, £0.4) show tumor infiltration into the muscularis propria with mild fibrosis
may help in the assessment of response to CRT and may improve the
accuracy of MRI for detection of rectal cancers. DWI can occasionally
detect the primary lesion if it is not well visualized in the other
sequences10,11; some studies have suggested that DWI can predict or
assess the response of rectal cancer to neoadjuvant chemoradiation.12

Metastatic lymph nodes may restrict diffusion; however, MR has a
poor-to-moderate sensitivity in characterizing lymph node involve-
ment. The use of MR to assess response after CRT has been the focus
of several prospective and retrospective investigations. Case-based
examples of rectal cancer on MR are demonstrated in Figs 5 � 12.

Interpretation of Rectal Cancer MR After Chemoradiation Therapy
T Response, assessing for residual tumor. Intermediate to high signal
intensity on T2WI MRI similar to that of baseline tumor indicates
residual 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 (Table 2).

Fibrotic changes. On T2WI, areas of fibrosis have low signal intensity
similar to that of muscularis propria. The fibrous tissue present after
treatment causes thickening of the rectal wall in most cases.

Desmoplastic reaction. Desmoplastic reaction, also called “reactive
fibrosis,” is a reactive process evident on imaging that does not con-
tain tumor. On post-CRT T2WI, this finding manifests as low-intensity
spicules or strands in the perirectal fat radiating from residual tumor.
It can be difficult to discern between these tendrils of the desmoplas-
tic reaction and residual tumor.13

Mucinous change in tumor (Figs 6 and 7). Mucin formation occurs in
3 circumstances: (1) post-therapeutic mucinous response in nonmu-
cinous tumors; (2) pathologically mucinous rectal tumor comprises
lakes of extracellular mucin lined by columns of malignant cells,
cords, and vessels; and (3) in mucinous tumors, nonresponse is
reflected pathologically as persistent columns of malignant cells and
cords. In any case, mucin is hyperintense on T2WI and is difficult to
differentiate among them.14 Comparison of the tumor's appearance
h-spatial resolution T2-weighted image of stage T2 tumor shows semiannular tumor at
tumor in the rectal wall (outlined in black) (d and e). Photographs of histopathologic
(outlined in black). (Color version of figure is available online.)



FIG 6. A 70-year-old man with mucinous rectal adenocarcinoma pyT3a N1. (a) Pretreatment axial T2W image, (b) fusion T2W-DW images, and (c) coronal T2W images show areas
of mucin (red arrow) and areas of intermediate signal intensity solid cellular tumor (yellow arrow). Also note the positive lymph node in mesorectum (black arrows). (d) Post-treat-
ment axial T2W image, (e) fusion T2W-DW images, and (f) coronal T2W images show tumor downsizing with residual areas of acellular mucin (red arrows). Observe that after CRT,
the node (black arrow) has mucin formation. Note the nodular configuration of the rectal wall advancing into mesorectal fat (T3) (white arrows). (g, h, and i) Histologic (g and i) and
gross (h) resection specimens showing ganglion with abundant mucin (black asterisk) and the rectal wall (black arrow). Higher magnification (i) shows mucin (red asterisk), fibrosis
(blue asterisk), and isolated islands of tumor cells (green arrows). (Color version of figure is available online.)
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prior to treatment is key in interpreting post-CRT rectal MR examina-
tions. Homogenous T2WI hyperintensity is characteristic of acellular
mucin. Intermediate signal intensity within the T2WI hyperintense
mucin indicates cellular mucin whereas areas of low signal intensity
indicate mucin surrounding fibrotic change. Nonmucinous tumors
that develop post-CRT mucin on MR can be interpreted as treatment
response with confidently identified pure acellular mucin as an area
of complete treatment response. Mucinous rectal cancer, defined as
abundant extracellular mucin comprising the majority (>50%) of the
tumor at pathologic analysis or tumors with a substantial proportion
of pretreatment mucin are more difficult to interpret on post-CRT MR
examinations.10,11 Park et al.15 reported an inter-reader agreement
study that proposed a tumor regression grading system based on
presence and/or absence of residual soft tissue components of patho-
logically confirmed rectal mucinous adenocarcinomas. In their retro-
spective cohort of 59 patients, their post-CRT grading system was the
only significant MR imaging finding predictive of treatment response.

Pseudotumor. After CRT, the original tumor can show fibrotic
changes, low in signal intensity, and less bulky. These changes may
result in near normal thickness of treated rectal wall but the unaf-
fected submucosa and mucosa can became edematous, thickened,
and of intermediate intensity, which may lead to a false positive
interpretation.11
Roles of Diffusion-Weighted Imaging

Diffusion-weighted sequences have been proposed to be indica-
tive of treatment response (Figs 11). As a tumor responds to treat-
ment, the apparent diffusion coefficient (ADC) is likely to rise at first,
but re-equilibrium may occur after a time leading to decrease in ADC
at the end of treatment.16 At the end of treatment, tumor response as
fibro inflammatory tissues can manifest as increased ADC values
(Fig 12).

Volumetric analysis with DWI has been shown and subsequently
prospectively validated to be a means to assess response of tumor
size after CRT. Lambregts et al.17 used these methods in 112 patients
with rectal cancer who pelvic MRs before and after volumetric analy-
ses with both DWI and T2WI, using predefined parameters for com-
plete response that are beyond the scope of this work. DWI offered
better sensitivity for accurate tumor measurements compared to
T2WI. Other studies, including a meta-analysis, have demonstrated
that DWI significantly improves MR accuracy of restaging rectal can-
cer following neoadjuvant therapy.18,19 MR has poor-to-moderate
sensitivity for detecting regional metastatic lymph nodes. In one pro-
spective study that matched 205 lymph nodes in 40 patients with
rectal cancer, MR had a sensitivity of 58% and positive predictive
value of 62% for detecting node-by-node metastases.20 Other studies
in which surgeons have planned their operative lymph node



FIG 7. A 56-year-old male with rectal adenocarcinoma yp T3b N0. (a) Baseline axial
high-spatial resolution T2-weighted image shows a semiannular tumor (yellow aster-
isk). (b) Fusion T2W-DW images (yellow asterisk) (c and d) Post-treatment axial high-
spatial resolution T2W images. Areas of extracellular mucin (light blue arrows) and
fibrosis (orange arrow) are observed. Note areas of residual tumor with intermediate
signal intensity greater than signal of the gluteal muscles and similar to the signal of
the original tumor (red arrow). Observe tumor bulging into the mesorectal fat, suggest-
ing residual tumor invading the mesorectal fat (T3) (yellow arrows). (e) Photograph of
histopathologic sections (H and E, £100) shows areas of acellular mucin (green circle)
and residual tumor cells (green arrow) surrounded by fibrosis (red cross), inflamma-
tory infiltrate (blue cross), and muscularis propria (light blue arrows). (f) Photograph
of histopathologic sections (H and E, £40) shows residual tumor cells (green arrow.)
surrounded by fibrosis (red cross). Dotted lines show the original limit of normal rectal
wall. (Color version of figure is available online.)

G.P. Sangster et al. / Current Problems in Diagnostic Radiology 48 (2019) 494�508 499
dissection based on imaging findings have shown similar poor-to-
moderate sensitivities of MR's detection of nodal disease in rectal
cancer.21

Neoplasms of the Anus and Rectum—Polyps

Epithelial polyps can be non-neoplastic (hyperplastic and inflam-
matory) or neoplastic. Most colon cancers develop from adenomatous
polyps. Adenomatous polyps are classified as tubular, tubulovillous,
or villous and may be sessile or pedunculated (Fig 13). Risk of malig-
nancy is related to histology (highest with villous lesion) and
increases with polyp size over 1 cm. Overall, malignant transforma-
tion risk is 6% in the general population but 100% in familial adeno-
matous polyposis syndrome. Small polyps can be removed via
colonoscopy while larger lesions require surgery.22,23
Double-contrast barium enema exams have lower yield for the
detection of polyps as compared to an adequate optical colonoscopy.
However, barium enema does have its utility after failed or incom-
plete endoscopic exams, as does CT colonography (CTC). Sessile pol-
yps appear either as filling defects on the dependent portion of bowel
or ring shadows on the nondependent portion of the bowel. Whereas
sessile polyps will have a degree of uniformity, pedunculated polyps
can be seen on barium enema by the presence of a stalk.24 Kung
et al.25 reported a retrospective review of 276 patients who received
screening double-contrast barium enema and, when available, com-
pared it with endoscopic and pathologic findings for polypoid lesions.
The overall diagnostic yield in their study was 6.2% for advanced neo-
plastic lesions of any size.

In 2016, CTC received recognition by the US Preventive Services
Task Force as a recommended colorectal screening modality for
patient 50-75 years. However, at the time of writing, one challenge to
more widespread implementation of CTC is the lack of Medicare
reimbursement.26 CTC has similar cancer detections rates to optical
colonoscopy and offers the advantage of not requiring sedation and
the ability to demonstrate extracolonic findings. In one study that
compared over 3,000 patients who either received CTC or optical
colonoscopy, as a screening showed no significant difference in can-
cer detection rates (3.2% vs 3.4%, respectively; P = 0.69). In the CTC
group, approximately 8% went to optical colonoscopy and the overall
number of polypectomies were significantly lower in the CTC group
(561 polyps in 31,210 patients for CTC vs 2434 polyps in the optical
colonoscopy group, P < 0.01).27 There are many other studies that
demonstrate the value and detail the nuances of CTC, which is beyond
the scope of this work. Excellent CTC dedicated reviews are avail-
able.28-31

Neoplasms of the Anus and Rectum—Carcinoid Tumors

Carcinoid tumors of the gastrointestinal tract are masses that arise
from neuroendocrine cells within gastrointestinal mucosa and sub-
mucosa.32 Since the implementation of screening colonoscopy, rectal
carcinoids are diagnosed more frequently compared to small intesti-
nal carcinoid tumors.33 In contrast to colonic carcinoid tumors, which
tend to be 2 cm or greater, rectal carcinoids smaller than 1.0 cm can
often be resected endoscopically (Fig 14).34 One systematic review
that included over 4500 patients with rectal carcinoid reported that
approximately 80% of these tumors are found at <1 cm size.35 In the
absence of local or distant invasion, tumors larger than 2.0 cm require
surgical resection, and tumors between 1.0 cm and 2.0 cm remain an
area of controversy. Larger tumor size correlates with a high risk for
metastasis.35 CT and MR may show a submucosal or intraluminal
small plaque-like mural or polypoid mass, depending on size. MR
manifests as homogenously enhancing mass isointense on T1WI and
iso to hyperintense on T2WI. In the authors’ experience, no particular
imaging feature helps in differentiating carcinoid to adenocarcinoma
or other diagnoses; visualization and sampling by endoscopy are
needed in the absence of a suggestive history.36 Local invasion is
uncommon in rectal carcinoids but can be seen with larger masses
and cause regional fibrosis leading to bowel or urinary tract
obstruction.34,36

Neoplasms of the Anus and Rectum—Gastrointestinal Stromal Tumor

Gastrointestinal stromal tumors (GISTs) are the most common
mesenchymal tumors of the gastrointestinal tract. These tumors are
thought to arise from interstitial cell of Cajal and express CD117
(c-kit) on immunohistochemistry.37 The majority (up to 90%) of GIST
occurs in the stomach and small intestine and less than 5% occur in
the anorectal area.38 Rectal GISTs often present as mural masses that
thicken the rectal wall (Fig 15). MRI shows intermediate intensity of



FIG 9. A 59-year-old man with rectal adenocarcinoma pyT0 N0 TRG1. (A) Post-treatment axial T2-weighted image shows a wide fibrotic scar with low signal intensity (blue aster-
isk) between 7 and 11 o�clock positions and desmoplastic reaction, which is seen as a fine low signal intensity strand (black arrow). Red stars =mesorectal fat. (B)The tissue slice
shows fibrosis (blue asterisk), surrounded by normal mesorectal fat (red asterisk). (C and D) Photographs of histopathologic section (H and E £0.4) corresponding to A and B con-
firms the presence of fibrosis (blue asterisk). Red asterisk =mesorectal fat. (E and F) Rectal tissues after TME. (Color version of figure is available online.)

FIG 8. (a) Baseline oblique-axial high-spatial resolution T2-weighted image shows stage T4b invasive tumor (red asterisks) infiltrating the uterus (U) (yellow arrows). Blue
arrow = positive node abutting the mesorectal compartment (MRC), note its irregular border. (b) Post-CRT oblique-axial high-spatial resolution T2-weighted image shows tumor
regression within rectal wall. Fibrotic low signal intensity scar (red arrows). Low signal intensity spicules in perirectal fat are consistent with desmoplastic reaction (black arrow).
Note the peritoneum retracted by fibrotic reaction (yellow arrow). (c) The corresponding tissue slice confirms fibrosis in the rectal wall (red arrow) and desmoplastic reaction (white
arrow). (d) Photograph of histopathologic section (H and E, £0.4) shows fibrosis (red asterisks) and desmoplastic reaction (black arrow). (Color version of figure is available online.)
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FIG 10. An 85-year-old man with rectal adenocarcinoma pyT2N0 TRG1. (a) Axial and (b) coronal post-treatment T2WMRI post-treatment axial T2 shows low signal intensity fibro-
sis (red arrow) and acellular mucin indicated by areas of high signal intensity (light blue arrow). (c) Photograph of histopathologic sections (H and E, £100) shows acellular mucin
(black asterisk). (d) Photograph of histopathologic sections (H and E, £400) shows residual tumor cells (black arrow) and fibrosis (red arrow). (Color version of figure is available
online.)
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T1-weighted image and heterogeneous high signal intensity on T2-
weighted images. In one study of 14 patients with pathologically con-
firmed rectal GISTs, imaging characteristics on CT and MRI were most
often rounded or oval exophytic masses with heterogeneous and
moderate enhancement.39 Treatment principles include surgical exci-
sion when possible. Imatinib can be used to downstage GIST with
hopes of future resection or as monotherapy in those who are not
surgical candidates.40

Neoplasms of the Anus and Rectum—Condylomata Acuminata

Condyloma acuminata is a collection of anogential warts caused by
sexual transmission of human papilloma virus. The strand of human
papilloma virus that cause condylomata acuminata are not typically
those that transform into squamous cell carcinoma (SCC).41,42 These
lesions can be treated medically with topical agents or with surgical
excision in selected cases. As these anogenital warts are clinically
apparent, imaging is rarely indicated or performed. However, imaging
can be helpful to determine level of extent for large condylomata acu-
minata to assist with surgical planning (Fig 16).43 On CT and MR, con-
dylomata acuminata manifest as exophytic mucosal lesion arising
from the anorectal area or perineum.44 Rarely, a large collection may
manifest as giant condyloma acuminatum (Buschke-Loewenstein
tumor), which is locally invasive.45

Neoplasms of the Anus and Rectum—Anal Squamous Cell Carcinoma

Squamous cell carcinoma (SCC) of the anus is an uncommon
malignancy that is more prevalent in patients with sexually transmit-
ted diseases and promiscuous sexual practices, namely individuals
with human immunodeficiency virus. The majority of patients pres-
ent with anal bleeding. Physical exam may reveal a mass, and
endoscopic or proctoscopic examination allows for direct visualiza-
tion and biopsy.46 Imaging of anal SCC includes MRI, endoanal ultra-
sound, CT, and PET/CT. Akin to the imaging strategy of rectal cancer,
MRI is a preferred modality to accurately assess the characteristics of
the primary tumor and local regional lymph node involvement
(Fig 11).47,48 Endoanal ultrasound is useful in assessing the depth of
tumor before and after chemoradiation treatment.49,50 PET/CT has been
shown to be more sensitive than CT in imaging the primary tumor of
anal SCC and detecting lymph node involvement. Cotter et el.51

reported a clinical study of 41 patients with biopsy-proven anal carci-
noma who underwent both PET/CT and CT. PET/CT visualized 91% of
the primary tumors compared to only 59% with CT alone. Unlike many
solid tissue malignancies, SCC of the anus can often be adequately
treated nonoperatively. The mainstay of treatment in patients with
anal canal SCC is the Nigro protocol, which is chemotherapy and radia-
tion treatments followed by surgical excision, if necessary.52 Patients
who fail to respond to neoadjuvant therapy have high morbidity, even
with appropriately timed surgery (Fig 17X X).53
Neoplasms of the Anus and Rectum—Rare Primary Tumors and
Metastases

The vast majority of rectal cancer is adenocarcinoma and most
anal cancer is SCC. Adenocarcinomas, sarcomas, and small-cell
carcinomas have rarely been reported in the anal canal, with poor
prognosis. Lesions arising in adjacent organs or anatomic spaces
may produce mass effect upon or invade the anorectal canal. Ano-
rectal melanoma is rare with a poorly understood pathogenesis. It
constitutes the third most common site of melanoma, after skin
and eye. Because of the mucosal spread and often lack of a clini-
cally evident lesion, and certainly one not visible to the patient,
anorectal melanoma is often advanced at diagnosis. Unlike rectal



FIG 11. A 58-year-old female with rectal adenocarcinoma. ypT2N0. TRG 1. (a) Fusion T2W-DW images and (b) axial T2W image show the tumor before treatment with intermediate
signal intensity tumor (asterisk). (c) Fusion T2W-DW images and (d) axial T2WI after CRT show significant downsizing. However, residual intermediate signal intensity wall thick-
ening is seen (asterisk) (T2). No low signal intensity of fibrosis is seen, but the border of the wall is smooth. (e) Pre- and (f) post-treatment axial fusion T2W-DW images show down-
sizing (asterisk). On DWI obtained (g) before and (h) after CRT, the tumor shows restriction (asterisk) with a decreased signal intensity after treatment. Observe that the tumor
appears dark on ADC maps (asterisk) (i) before CRT, with an increased in the ADC signal intensity (j) after CRT (asterisk). (k) Photograph of histopathologic sections (H and E, £40)
shows residual tumor cells (green arrow) surrounded by inflammatory infiltrate (blue cross) and fibrosis (red cross), which causes a complex and heterogeneous signal in the MR.
Calcifications (black arrow), normal mucosa (blue arrow), ulceration (red arrow). (l) Photograph of histopathologic sections (H and E, £400) shows residual tumor cells (green
arrow), inflammatory infiltrate (blue cross), and muscularis propria (light blue arrows). (Color version of figure is available online.)
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FIG 12. A 69-year-old male with rectal adenocarcinoma. T2 N0. (a) Pre-treatment axial high-spatial resolution T2W image shows a semiannular tumor (asterisk). (b) Post-treatment
axial T2W image shows ulceration with hyperintense signal, corresponding to inflammatory changes with edema and congestion (yellow arrow). Note hypointense signal intensity
due to fibrosis (orange arrows) and intermediate signal intensity relative to residual tumor (red arrows). (c) Photograph of histopathologic sections (H and E, £40) shows inflamma-
tory infiltrate (blue cross) and fibrosis (red cross), ulceration (red arrows), and normal mucosa (blue arrow). (d) Photograph of histopathologic sections (H and E, £100) shows
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IG 13. Endoscopic, enterographic, and histopathologic representations of rectal polyps. (a) Screening colonoscopy revealing sessile polyps (arrows) and a pedunculated polyp (*)
) Barium enema showing features of sessile polyps. (c) Snare polypectomy at colonoscopy. (d) Histologic image of a benign adenomatous polyp demonstrating its columnar
pithelium and fibrovascular stroma.

TABLE 2
Rectal cancer MR imaging morphologic and signal intensity T staging criteria after CRT

Tumor Morphologic and signal intensity criterion
after CRT

Active tumor Intermediate signal intensity, higher than that of muscle.
Tumor response Lower signal intensity relative to pre-CRT findings, higher signal

intensity than that of fat relative to pre-CRT.
T0-T2 Normal rectal wall with complete disappearance of tumor,

hypointense thickened rectal wall due to fibrosis with or
without hypointense espiculations (desmoplastic reaction) that
extend to the mesorectum ( Fig 9 and 10).

T3 Broad-based pushing and/or nodular configuration of tumor
margin with intermediate signal intensity extending into the
perirectal fat (Fig 7).

T4 Broad-based pushing and/or nodular configuration of tumor
margin with intermediate signal intensity extending into an
adjacent organ or peritoneum.
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residual tumor cells (green arrow), fibrosis (red cross), and normal muscles (light blue arrow
show high signal intensity lesion in the rectum (arrow). (g) Post-CRT axial DW MRI shows fa
tensity in most of the original tumor (red arrow). (i) However, there was a residual hypoint
Pre-CRT (g) shows TIC type 3 (quick enhancement followed by a signal plateau) which has c
due to regression of tumor microcirculation with the presence of fibrosis and inflammatory c
adenocarcinoma,neoadjuvanttherapyhasnoroleassurgeryisthemain-
stayoftreatment.54Therearefewimagingseriesofanorectalmelanoma,
namelyanMRseriesof3patients55andaCTseriesof8patients.56OnMR,as
withmelanomalocatedelsewhereanatomically,melaninmayshowscat-
teredfociofhighsignalonT1WI.57Metastaticlymphnodesmaybehemor-
rhagic, producing increased signal on most sequences. T2WI can help
assessthedepthofthetumor.OnCT,theprimarytumormayappearasafun-
gating or polypoid lesion and concurrent regional lymphadenopathy is
oftenpreset.56Regardless, samplingis required fordiagnosis.The lesion
may be amelanotic or appear similar to a thrombosed hemorrhoid at
endoscopy(Fig18).

Although primary gastrointestinal lymphoma may represent up to
17% of small bowel tumors, primary anorectal lymphoma is exceed-
ingly rare58 ¡0.2% of rectal malignancies by one source.59 Associated
with Non-Hodgkin's lymphoma, primary anorectal lymphoma affects
2 distinct patient populations: those who are HIV carriers and the
rest of the population.59 There are no described reproducible discern-
ing findings for primary rectal lymphoma. The primary tumor will be
indistinguishable from rectal carcinoma. If there is lymphadenopathy
s). (e) Pre-CRT axial DW MRI (b value of 800 sec/mm2) and (f) corresponding ADC map
int hyperintensity signal in the rectal wall (arrow). (h) Post-CRT map shows no hypoin-
ense area (yellow arrow). (g and j) Dynamic CE MRI shows Time Intensity Curve (TIC).
hanged to TIC type 2 (j) with slow enhancement followed by a signal plateau probably
hanges. (Color version of figure is available online.)



FIG 15. A 47-year-old male with rectal gastrointestinal stromal tumor who initially presented with constipation and rectal bleeding. (a, b) A large lobulated submucosal rectal mass
was evident at CT (arrows) (a) and colonoscopy (b) (arrows), and patient underwent surgical resection. (c, d) Hematoxylin and eosin (c) and CD-117 immunohistochemistry (d) illus-
trate spindle cell proliferation strongly positive on CD117 (c-kit) immunostain.

FIG 14. Rectal carcinmoid tumors in two patients undergoing colonoscopy for colon polyps (a, b) and iron deficiency anemia (c d), respectively. (a, b) Small submucosal sessile pol-
ypoid lesions (arrows) were removed with excisional biopsy. (c, d) Hematoxylin and eosin (c) microscopy demonstrates cellular clusters of neuroendocrine cells in the submucosa
and lamina propria (circled) that stain for synaptophysin (d).
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IG 16. A 49-year-old male with condylomata acuminata stemming from a 14-year history of increasing anal warts. (a, b, c) Multiplanar CT (a, b) and volume-rendered image (c)
epict extensive lobulated anal and perianal disease extending from the gluteal cleft (arrows). (d, e) Intraoperative image of giant condylomata (d) and low power microscopy of a
pical noninvasive wart (e).
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FIG 17. Examples of anal squamous cell carcinoma. A 64-year-old male with hematochezia for 2 months. (a, b, c) Multiplane T1-enhanced MR (a, b) and FDG PET (c) were positive
for an avid lobulated left anal mass lesion (arrows). Biopsy returned high-grade squamous cell carcinoma, and patient was treated with chemoradiation. (d, e) Endoscopy (d) and
microscopy (e) of different patients with anal squamous cell carcinoma illustrating an ulcerated anal canal mass (*), and squamous cell invasion into underlying stoma.



FIG 18. Two different patients with anorectal melanoma. (a) Patient with biopsy-proven rectal melanoma. CT demonstrates an enhancing mass in the left lateral wall of the rectum
(white arrow) and an enlarged left inguinal lymph node (yellow arrow). (b) Endoscopic image of lobulated red-brown anal melanoma. (Color version of figure is available online.)

FIG 19. Two different patients with invasion and mass effect on the rectum by adjacent tumors. (a) A 43-year-old female presenting to the emergency care center with right abdom-
inal pain. Large circumferential cervical mass obliterates the rectovaginal tissue plane (arrows) on CT. (b) Axial T1-enhanced MR of a 2-year-old female with a large sacrococcygeal
teratoma filling the ischiorectal fossae and obscuring the dorsal anorectal wall (arrow).
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elsewhereascharacteristicwithlymphoma,thatmaybeapotentialclue.60

Management is controversial but surgical resection can be curative. At
present,therearenogooddatatosupportorrefutetheroleofchemother-
apyforthisdisease.59

Metastasis about the rectum and anus is often by local invasion
(Fig 19). Effect of this invasion on surgical candidacy and rates of
obstruction and fistulization depend on the primary tumor.
Conclusion

The radiologist plays a key role in staging malignancies about the
rectum. Rectal cancer is the most common malignancy and has well-
described imaging features, some of which drive subsequent manage-
ment. Less common malignancies are reviewed, and while their
imaging appearances can be variable, a baseline understanding of
anorectal anatomy and principles of rectal cancer staging can help in
composing competent reports and diagnoses.
Compliance With Ethical Standards
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