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Anorectal Cancer: Critical Ana-
tomic and Staging Distinctions 
That Affect Use of Radiation 
Therapy1

Although rectal and anal cancers are anatomically close, they are 
distinct entities with different histologic features, risk factors, stag-
ing systems, and treatment pathways. Imaging is at the core of ini-
tial clinical staging of these cancers and most commonly includes 
magnetic resonance imaging for local-regional staging and com-
puted tomography for evaluation of metastatic disease. The details 
of the primary tumor and involvement of regional lymph nodes 
are crucial in determining if and how radiation therapy should be 
used in treatment of these cancers. Unfortunately, available imag-
ing modalities have been shown to have imperfect accuracy for 
identification of nodal metastases and imaging features other than 
size. Staging of nonmetastatic rectal cancers is dependent on the 
depth of invasion (T stage) and the number of involved regional 
lymph nodes (N stage). Staging of nonmetastatic anal cancers is 
determined according to the size of the primary mass and the com-
bination of regional nodal sites involved; the number of positive 
nodes at each site is not a consideration for staging. Patients with 
T3 rectal tumors and/or involvement of perirectal, mesenteric, and 
internal iliac lymph nodes receive radiation therapy. Almost all anal 
cancers warrant use of radiation therapy, but the extent and dose of 
the radiation fields is altered on the basis of both the size of the pri-
mary lesion and the presence and extent of nodal involvement. The 
radiologist must recognize and report these critical anatomic and 
staging distinctions, which affect use of radiation therapy in patients 
with anal and rectal cancers.
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After completing this journal-based SA-CME 
activity, participants will be able to:

 ■ Identify important anatomic and stag-
ing distinctions between rectal and anal 
cancers.

 ■ Describe the roles and limitations of 
various imaging modalities in workup of 
anorectal cancers.

 ■ Recognize critical findings in radiologic 
workup and staging of anorectal cancers 
that affect use of radiation therapy.

See www.rsna.org/education/search/RG.

SA-CME LEARNING OBJECTIVES

Introduction
Colorectal cancer has remained the third most common cancer in 
the United States for the past 30 years, with an estimated 96,830 
new cases and an estimated 50,310 deaths in 2014 (1). Of the new 
cases per year, 40,000 are determined to be rectal cancer. Anal can-
cer is much less common, representing only 7210 new cases per year 
(1). Although the anatomic locations are close and often overlap, rec-
tal cancer and anal cancer are distinct entities with different inher-
ent risk factors, histologic features, and patterns of spread, resulting 
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covered by peritoneum anteriorly and laterally, 
and the mid rectum is only partially covered 
anteriorly (8,9). The distal rectum is entirely 
extraperitoneal and is surrounded by perirectal 
fat, mesorectal lymph nodes, and vessels, all 
of which are encased by the mesorectal fascia 
(9,10). The mesorectal fascia tapers inferiorly 
and fuses with the anal sphincter (Fig 2) (8–11).

The anal sphincter comprises two compo-
nents, an internal sphincter and an external 
sphincter complex, which are made of smooth 
muscle and skeletal muscle, respectively (4,8). 
The internal sphincter is simply the distal con-
tinuation of the inner circular muscular layer of 
the rectum, while the external sphincter com-
plex is composed of several parts, including the 
inferior confluence of the levator ani muscle; the 
puborectalis sling; and the deep, subcutaneous, 
superficial external sphincter muscles (Fig 3).

The anal canal extends from the anorectal 
sphincter to the anal verge, usually 3–6 cm in 
length (4,6,7,9). The anal margin extends from 
the anal verge (or the introitus of the anal orifice) 
and extends in a 5–6-cm radius across the exter-
nal skin-covered region.

Lymphatic Drainage Pathways
The lymphatic drainage pathways of the rectum 
and anus include both inguinal and mesenteric 
components. As a result, patterns of nodal and 
systemic metastasis can vary significantly on 
the basis of the location of the primary tumor. 
The drainage pathways are as follows: (a) upper 
rectum: through the superior rectal nodes to 
the inferior mesenteric nodes, (b) lower rectum: 
from the lower rectum through the middle rectal 
nodes to the internal iliac nodes, and (c) anal 
canal: through the mesorectal (also known as 
inferior rectal) nodes to the inguinal and femo-
ral nodes.

As a result of these drainage pathways, proxi-
mal rectal cancers are more likely to produce 
mesenteric adenopathy, and distal rectal cancers 
can produce internal iliac adenopathy. In com-
parison, anal cancers are more likely to produce 
inguinal adenopathy, with internal iliac adenopa-
thy also occurring when the tissues near the 
anorectal junction are involved. The differences 
in these drainage pathways and resulting patterns 
of nodal metastases are reflected in the selection 
of fields for radiation therapy, as we discuss in 
subsequent sections.

Although there is some overlap in the defini-
tion of regional lymph nodes in patients with 
rectal and anal cancers, there are important dis-
tinctions between the two. These distinctions are 
shown in Figure 4 and discussed in the section 
on nodal staging.

in different workup and treatment approaches. 
Although radiation therapy is an important 
part of treatment of both cancers, the treatment 
algorithm differs on the basis of both the type 
and stage of cancer. Radiologists play a vital role 
in reporting the extent of primary tumor and 
regional nodal disease, both of which are critical 
to planning and delivery of radiation therapy.

We first review the anatomy and histology of 
the anorectal region. We then discuss the epide-
miology, pathologic classification, and staging of 
anal and rectal cancers. In the final section, we 
address use of radiation therapy in these enti-
ties, including the key areas in which imaging 
findings affect treatment decisions. Throughout 
this article, we highlight the critical distinctions 
between these two cancers that are relevant to 
radiologic staging and treatment planning.

General Anatomy,  
Histology, and Pathology

Gross Anatomy of the Anorectum
The rectum is located near the midline of the 
pelvis and measures approximately 15 cm in 
length. The rectosigmoid junction is variably 
defined in the literature. The American Joint 
Committee on Cancer (AJCC) defines it as at 
the level of confluence of the taeniae coli, but 
others define it with regard to the shape of the 
colon, the anterior deflection of the colon away 
from the sacrum, or the distance from the anal 
verge (2,3). The rectum extends distally to the 
proximal anorectal sphincter, as defined by 
the palpable upper border of the puborectalis 
muscle (Fig 1) (4–7). The proximal rectum is 

TEACHING POINTS
 ■ Given the variability in anatomic and histologic transition be-

tween the rectum and the anus among patients, pathologic 
classification determines diagnosis, staging, and treatment of 
tumors in the anorectal region.

 ■ All available imaging modalities have been shown to have im-
perfect accuracy for identification of rectal nodal metastases, 
and nodal size alone is not a reliable indicator of metastatic 
involvement; nonetheless, radiologists must give a reasonable 
assessment of the likelihood of nodal involvement on the basis 
of available imaging features.

 ■ Radiation therapy is integral to primary treatment of all but 
the smallest anal cancers, but it is used more selectively in 
treatment of rectal cancers.

 ■ Seemingly small differences in terminology for lymph nodes, 
such as the use of external versus internal iliac, can fundamen-
tally alter treatment of anal and rectal cancers.

 ■ It is imperative that radiologists be precise in describing an-
terior extension of rectal cancer into the urogenital structures 
of the pelvis because involvement of these structures will alter 
the radiation treatment plan.
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Figure 1. Coronal (a) and axial multilevel (b–e) drawings show the anatomy of the rectum and anus. The horizontal 
dashed lines in a correspond to the levels shown in b–e. In b–d, the red and blue circles represent the external iliac arteries 
and veins; in e, they represent the femoral arteries and veins.

visualized with radiologic imaging techniques 
(13). The actual transition between rectal and 
anal mucosa is varied among patients and may 
be smooth and abrupt or irregular, with in-
tervening urothelial epithelium (14,15). This 
landmark is important because of the pattern 
of lymphatic drainage in this region; tumors lo-
cated above the dentate line drain to mesorec-
tal, presacral, and internal iliac nodal stations, 
while tumors below the dentate line drain to 
inguinal and femoral nodal stations (6,15).

Normal Histology of the Anorectum
Histologically, rectal mucosa consists of a 
columnar crypt-forming epithelium compris-
ing absorptive cells, goblet cells, and endocrine 
cells and transitions to anal squamous mucosa 
at the level of the dentate line (Fig 5) (6,12). 
The dentate line is not only a microscopic 
landmark but can be seen macroscopically as 
well, appearing as mucosal undulations created 
by anal glands and vertical columns of Mor-
gagni (rectal mucosa). The dentate line is not 
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Figure 2. Key anatomic features of the rectum. (a, b) Axial computed tomographic (CT) images obtained at dif-
ferent levels in a patient with ascites show a peritoneal layer (arrow) covering the anterior and lateral upper rectum 
and a purely anterior peritoneal covering at the mid rectum. (c, d) In a different patient, axial T2-weighted magnetic 
resonance (MR) image (c) shows (from outside to inside) the mesorectal fascia (solid arrow), mesorectal fat, muscularis 
propria (arrowhead), submucosa, and mucosa (dashed arrow).  Sagittal T2-weighted MR image (d) shows the relation-
ship between the rectum and adjacent structures. The layers of the anus and rectum are also seen.

The layers of the rectal wall extending outward 
are the mucosa, which includes the lamina pro-
pria and the muscularis mucosa; the submucosa; 
the muscularis propria; and in some portions of 
the rectum, the serosa. In the rectum, the mus-
cularis propria is formed by the inner circular 
layer and the outer longitudinal layer. The inner 
circular muscle continues distally to form the in-
ternal anal sphincter, while the outer longitudinal 
muscle layer forms the plane between the internal 
and external sphincters (intersphincteric plane).

The anal canal epithelium is composed of two 
distinct histologic regions: the proximal, squa-
mous-lined mucosa of the anal canal, which lacks 
a stratum corneum and is therefore nonkeratinized 

and also lacks adnexal structures in the subepithe-
lial layer, and the distal, squamous-lined epidermis 
of the anal margin, which has a stratum corneum, 
shows keratinization, and contains adnexal struc-
tures such as hair follicles and sweat glands in the 
underlying dermis (6). Cancers arising from the 
anal margin are categorized differently, in that T1 
lesions are treated as skin cancers and thus will 
not be discussed here; lesions greater than T1 are 
treated similarly to anal canal cancers.

Pathologic Classifi - 
cation of Anorectal Cancers
Because of the glandular nature of rectal mucosa, 
95%–97% of rectal cancers are adenocarcinomas, 
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Figure 3.  Key anatomic features of the anus. (a) Coronal CT image shows tapering of the mesorectal 
fascia around the anorectal junction at the pelvic floor. A thin fat plane is visible between the inner and 
outer sphincter muscles (arrows). (b) Axial T2-weighted MR image shows the internal sphincter (dashed 
arrow) and external sphincter (solid arrow). (c) Coronal T2-weighted MR image shows the confluence 
of the levator ani muscle (solid arrow) with the external anal sphincter (dashed arrow). The internal 
sphincter is contiguous with the rectal muscularis propria (arrowheads). (d) Sagittal CT image shows the 
relationship (anterior to posterior) of the bladder, seminal vesicles, rectum, and presacral fat. The ana-
tomic rectosigmoid junction (bracket) is often defined at the sacral promontory or S3 to aid in treatment 
planning. The structure of the anal sphincter is poorly delineated on the CT image.

with neuroendocrine tumors being the second 
most common histologic type, representing less 
than 2% of malignant tumors of the rectum 
(16,17). Adenocarcinomas are distinguished by 
the presence of a neoplastic columnar epithe-
lium invading the lamina propria or beyond 
and show either a pure gland-forming growth 
pattern (Fig 6a) or a mixed growth pattern with 
glandular, solid, and cribriform areas. Variable 
amounts of extracellular mucin production are 
seen in patients with adenocarcinoma, and an 
associated adenomatous precursor lesion is 
usually identified. Tumor cells are positive for 
broad-spectrum cytokeratins, cytokeratin 20, 
and the more-specific intestinal markers CDX2 
and SATB2. The presence of squamous cell 

carcinoma in the rectum is usually due to proxi-
mal extension of an anal primary tumor. The 
remaining small fraction of histologic subtypes 
includes lymphoma, melanoma, and sarcoma.

Most anal cancers are squamous cell carci-
nomas (Fig 6b) (18). The dentate line, which 
corresponds to the transition between rectal 
and anal mucosa, also represents a landmark 
for differentiating histologic subtypes of squa-
mous cell carcinoma arising in and around this 
region. Tumors originating in the transitional 
zone itself are frequently basaloid squamous 
cell carcinomas, composed of nests of tumor 
cells with a high nuclear-to-cytoplasmic ratio 
and small amounts of cytoplasm, which imparts 
a more poorly differentiated appearance, and 



RG  •  Volume 35  Number 7  Matalon et al  2095

Figure 5.  Photomicrograph shows the anorectal junctional 
mucosa, with the transition from the columnar mucinous 
epithelium of the rectum (left) to the simple squamous 
epithelium of the anal canal (right); the transition is often 
somewhat irregular, and the rectal columnar epithelium can 
extend under the squamous mucosa for a short distance in 
this region (arrows). (Original magnification, 40; hema-
toxylin-eosin [H-E] stain.)

Figure 4. Coronal (a) and axial (b) drawings show the nodal stations relevant to anal and rectal cancers. 
Regional nodal stations are shown for anal cancers (blue-green) and rectal cancers (orange). Nodal stations 
considered metastatic for both anal and rectal cancer are shaded dark gray. Red and blue circles in b = external 
and internal iliac arteries and veins.

these tumors may or may not show keratiniza-
tion; those originating distal to the dentate line 
are more often well-differentiated keratinizing 
squamous cell carcinomas (4,6). There is no 
significant difference in the behavior and prog-
nosis of either histologic subtype. Squamous 
cell carcinomas express broad-spectrum cyto-
keratins and p63 but are negative for cytokera-
tin 20 and the intestinal markers CDX2 and 
SATB2. Much less commonly occurring anal 
cancers include adenocarcinoma originating 
in the anal glands, melanoma, and small cell 
carcinoma (which usually arises in association 
with squamous cell carcinoma), which will not 
be discussed here (4).

Ultimately, given the variability in anatomic 
and histologic transition between the rectum and 
anus among patients, for tumors occurring in the 
anorectal region, it is the pathologic classification 
that determines diagnosis, staging, and treatment 
of that cancer. However, the anatomic location 
of the primary tumor may have implications for 
local extension and lymph node drainage, which 
can affect staging and treatment decisions.

Epidemiology

Rectal Cancer
Traditionally, noninherited risk factors for 
colorectal cancer were thought to include age 
greater than 50 years, obesity, physical inactivity, 
consumption of red or processed meat, alcohol 
consumption, and smoking (Table 1) (1). More 
recently, authors of studies have investigated 
whether the risk factors for colon cancer and 
rectal cancer differ when each primary site is 
considered individually. Wei et al (19) performed 
a large prospective cohort study of more than 
134,000 men and women that suggested that 
family history and physical inactivity may not 
increase likelihood of rectal cancer as previously 
thought and that these two factors principally 
influence the risk of colon cancer only.

Several well-known genetic predispositions to 
rectal cancer include nonpolyposis disorders such 
as Lynch syndrome; several polyposis disorders, 
including familial adenomatous polyposis and 
Turcot syndrome; and hamartomatous disorders 
such as Peutz-Jeghers syndrome and Cowden 
syndrome (17,20).
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Figure 6. Carcinomas of the anorectal region. (a) Photomicrograph shows adenocarcinoma of the rectum composed of infil-
trating malignant glands, with associated desmoplastic stroma and mucin production. (Original magnification, 100; H-E stain.)  
(b) Photomicrograph shows squamous cell carcinoma of the proximal anal canal, with predominantly basaloid morphology and foci 
of keratinization. (Original magnification, 200; H-E stain.)

Anal Cancer
Historically, it was thought that recurrent in-
flammation such as hemorrhoids, fistulas, or 
even inflammatory bowel disease increased the 
likelihood of anal carcinoma, although this has 
since been refuted (6). HPV infection has now 
emerged as the key risk factor for anal can-
cers. HPV infection is associated with certain 
sexual practices, including receptive anal inter-
course, history of sexually transmitted infec-
tions, and having more than 10 sexual partners 
(6,12,14,21–25). Certain strains of HPV are con-
sidered high risk for dysplasia and malignancy, 
the most common of which are HPV 16 and 18 
(24). Infection by one of these strains, especially 
with several additional environmental risk factors 
such as cigarette smoking, multiparity, and long-
term use of contraceptives, confers an increased 
risk for development of anal cancer (21). Progno-
sis is unrelated to HPV status (6,24).

Immunosuppression, particularly human 
immunodeficiency virus (HIV), also increases 
risk for anal cancer, independent of sexual risk 
factors or use of highly active antiretroviral 
therapy (6,21). Immunosuppressed patients who 
have undergone organ transplantation also have 
increased risk for anal cancer (21).

Initial Assessment

Rectal Cancer

Staging.—Most patients with nonmetastatic rectal 
cancer undergo surgical treatment, and therefore 
their cancers ultimately are staged at pathologic ex-
amination during surgery. However, the treatment 
pathway before surgery is dependent on accurate 

clinical staging, which is primarily determined on 
the basis of radiologic imaging (Table 2) (26).

According to AJCC staging and the TNM 
definitions, T staging in rectal cancer is related 
to depth of invasion, with particular attention 
to tumor extension through the submucosa and 
muscularis propria (Fig 7) (3). Tumor invasion 
into the submucosa is considered T1, invasion 
through the submucosa into the muscularis pro-
pria is T2, and extension through the muscularis 
propria into the perirectal tissues is T3 (3,8,11).

N staging is based on the number of involved 
regional lymph nodes, regardless of which regional 
lymph node stations are affected (Fig 8). The fol-
lowing lymph node stations are considered regional 
for rectal cancer by the AJCC: inferior mesenteric, 

Table 1: Risk Factors for Rectal and Anal Cancer

Rectal cancer
 Age >50 y
 Obesity
 Long-term smoking
 Hereditary syndromes, including polyposis,  

 nonpolyposis, and hamartomatous disorders
Anal cancer
 Immunosuppression
 History of cervical or vulvar cancer
 Certain sexual practices (including receptive  

 anal intercourse)
 History of sexually transmitted disease, includ- 

 ing HPV (types 16 and 18)
 Smoking
 Multiparity

Note.—HPV = human papillomavirus.
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superior rectal, middle rectal, mesorectal (inferior 
rectal), and internal iliac (Fig 4). Presacral lymph 
nodes are primarily part of the internal iliac drain-
age pathway and are considered regional nodes. 
The seventh edition of the AJCC staging manual 
(3) introduced the N1c nodal stage for tumor de-
posits that are found within perirectal tissues with-
out regional nodal metastasis. Metastatic disease is 
subcategorized on the basis of whether the metas-
tases are confined to one organ (M1a) or are found 
in more than one organ or the peritoneum (M1b).

Initial Evaluation.—Initial evaluation of rectal 
adenocarcinoma on the basis of biopsy results 
includes measurement of carcinoembryonic 
antigen level, complete colonoscopy to assess for 
synchronous tumors, and rigid proctoscopy to 

assess the exact distance of the rectal mass from 
the anal verge. The prostate-specific antigen 
level is measured in men to assess for prostate 
involvement. Radiologic assessments include 
endorectal ultrasonography (US) and/or pelvic 
MR imaging for evaluation of local extent of 
tumor and regional lymph nodes (T and N stag-
ing), and contrast material–enhanced CT of the 
chest, abdomen, and pelvis for detection of both 
regional and metastatic disease (N and M stag-
ing) (Table 3) (26,28).

There is ongoing debate regarding the rela-
tive roles of MR imaging and endorectal US for 
assessment of local-regional spread. Results of 
numerous studies have shown relatively equiva-
lent performance for assessment of T stage, with 
slightly increased accuracy of endorectal US in 

Table 2: AJCC TNM Stage and Simplified Treatment Algorithm for Rectal Cancer

Stage T N M NCCN Treatment Algorithm (26)

0 Tis N0 M0 . . .

I

T1 N0 M0 TAB resection or TA excision* with or without adju-
vant CR pending pathologic staging†

T2 N0 M0 TAB resection or TA excision* with or without adju-
vant CR pending pathologic staging†

II 
 A T3 N0 M0 Neoadjuvant CR‡ followed by TAB resection
 B T4a N0 M0 Neoadjuvant CR‡ followed by TAB resection
 C T4b N0 M0 Neoadjuvant CR‡ followed by TAB resection
III
 A T1–T2 N1/N1c M0 Neoadjuvant CR‡ followed by TAB resection

T1 N2a M0 Neoadjuvant CR‡ followed by TAB resection
 B T3–T4a N1/N1c M0 Neoadjuvant CR‡ followed by TAB resection

T2–T3 N2a M0 Neoadjuvant CR‡ followed by TAB resection
T1–T2 N2b M0 Neoadjuvant CR‡ followed by TAB resection

 C T4a N2a M0 Neoadjuvant CR‡ followed by TAB resection
T3–T4a N2b M0 Neoadjuvant CR‡ followed by TAB resection

T4b N1–N2 M0 Neoadjuvant CR‡ followed by TAB resection
IV
 IVA Any T Any N M1a§ Treatment dependent on resectability of metastases
 IVB Any T Any N M1b|| Treatment dependent on resectability of metastases

Note.—Adapted and reprinted, with permission, from reference 3. CR = chemotherapy  
and radiation therapy, NCCN = National Comprehensive Cancer Network, TA = transanal, 
TAB = transabdominal.
*T1 disease may be treated with either TA excision or TAB resection. If a lesion has high-risk 
features or is restaged to T2, TAB resection is recommended. T2 disease is treated with TAB 
resection.
†If tumor is upstaged after resection, treatment with “sandwich regimen” of adjuvant chemo-

therapy, followed by CR, followed by chemotherapy.
‡Neoadjuvant treatment may be CR versus chemotherapy followed by CR followed by TAB 

resection.
§M1a is considered metastasis confined to one organ or site, excluding the peritoneum.
||M1b is considered metastasis in more than one organ or site or in the peritoneum.
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evaluation of small superficial T1 and T2 tumors 
(29–32). Some pitfalls of transrectal US include 
the inability to use it when patients have bulky, 
obstructive tumors; small field of view, which lim-
its evaluation of deep perirectal tissue and lymph 
node stations; inability to evaluate the mesorectal 
fascia; and operator dependency (9,11,33). The 
American College of Radiology appropriateness 
criteria currently recommend endorectal US over 
MR imaging for use in evaluation of small or su-
perficial tumors, and MR imaging over endorec-
tal US for larger lesions (34).

Because of its superior characterization of 
soft tissue and relatively large field of view, 
which can include the entire pelvis, MR im-

aging may be used for both T and N staging 
(8,11,29,30). Standard imaging protocols have 
been detailed extensively in the literature (8). 
High-spatial-resolution T2-weighted sequences 

Figure 7.  T staging of rectal cancer according to depth of 
tumor invasion as seen on axial T2-weighted MR images. 
(a) T1 cancers invade the submucosa (arrows) but do not 
involve the muscularis propria. (b) T2 cancers invade the 
muscularis propria but do not reach the subserosa (arrow). 
(c) T3 cancers invade beyond the muscularis propria (ar-
row). (d) T4 cancers invade through the serosal covering 
(T4a) or another fascial plane (T4b) and/or involve an adja-
cent organ (T4b) (arrows).

Figure 8. N staging of rectal cancer according 
to the number of involved regional lymph nodes. 
Drawings show that N1 rectal cancers have metas-
tases in one (N1a) or two to three (N1b) regional 
lymph nodes. N1c rectal cancers have perirectal tu-
mor deposits outside the lymph nodes without di-
rect nodal involvement. N2a rectal cancers involve 
four to six regional lymph nodes. N2b rectal cancers 
involve seven or more regional lymph nodes.
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Table 3: Comparison of NCCN and American College of Radiology Strategies for Initial Radiologic 
Staging of Rectal and Anal Cancers

Criteria Rectal Cancer Anal Cancer

NCCN guidelines (4,26) CT of chest, abdomen, and pelvis;* endorectal 
US or pelvic MR imaging;† PET/CT not rou-
tinely recommended‡

CT of chest, abdomen, 
and pelvis;* consider 
PET/CT§

American College of Radiology  
Appropriateness Criteria (34)

 Small lesion Endorectal US; CT of chest, abdomen, and pel-
vis; chest x-ray (if no chest CT); MR imaging 
(pelvis with or without abdomen)

No consensus on imaging 
at this time

 Large lesion CT of chest, abdomen, and pelvis; PET/CT;  
chest x-ray (if no chest CT); MR imaging of 
pelvis (with or without abdomen)

No consensus on imaging 
at this time

Note.—PET = positron emission tomography.
*CT with both intravenous and oral contrast agent administration.
†Endorectal US suggested for superficial tumors; limited by high rectal cancers and obstructing cancers.
‡PET/CT may be used to troubleshoot an equivocal finding or if there is a contraindication to contrast agent 
administration at CT.
§PET/CT may be useful for higher T stage (T2–T4) tumors or if there are any positive nodes (N positive).

Figure 9. Axial contrast-enhanced MR images in a patient 
with stage IIIB (cT3N2M0) adenocarcinoma of the rectum.  
(a) Image shows a low rectal mass with a small focus of 
extension into the adjacent mesorectal fat (arrow) (T3 dis-
ease). (b, c) Multiple enhancing subcentimeter mesorectal 
lymph nodes (arrows in b) and a left internal iliac lymph 
node (arrow in c) suggest N2 disease on the basis of the 
number of potentially involved lymph nodes. The patient 
subsequently underwent neoadjuvant chemotherapy and 
radiation therapy and resection.
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are particularly useful for evaluation of tumor 
depth (T stage) because they allow visualization 
of the hyperintense submucosa, outer hypoin-
tense muscularis propria, and hypointense 
mesorectal fascia (Fig 9). The mesorectal fascia 
is an important landmark because it represents 
the potential surgical margin of a total meso-
rectal excision (also called the circumferential 
resection margin), which is an en bloc resection. 
Achieving a mesorectal excision with nega-
tive margins portends a better prognosis with 
improved overall survival and decreased risk for 
local recurrence (35,36). Radiologists must indi-
cate the extent of tumor spread into the perirec-
tal fat and any suspicious perirectal lymph nodes 
or tumor deposits that might threaten the ability 
to attain a mesorectal excision with negative 
margins.

Radiologists also can identify T4 disease, de-
fined as invasion by tumor into the visceral perito-
neum (T4a) or adjacent organs such as the vagina, 
urethra, prostate, or bladder (T4b) at MR imag-
ing. Although the peritoneum itself can be difficult 
to assess directly by means of imaging, knowledge 
of which portions of the rectum are covered by 
peritoneum is essential. In addition, one should 
evaluate for secondary signs that suggest the pres-
ence of T4a disease, including tumor growth into 
structures known to be covered by peritoneum, 
nodularity of the adjacent peritoneal surface, or 
increased peritoneal fluid without cause (37).

MR imaging also is used to delineate the 
relationship between the primary tumor and the 
anal sphincter, best seen on coronal images. It 
is important to report the distance of the tumor 
from the upper border of the anal sphincter 
(specifically, the upper margin of the puborec-
talis muscle) because this relationship is impli-
cated in treatment planning for both radiation 
and surgery (8,9).

CT shows poor soft-tissue contrast and 
therefore is not optimal for use in T staging. 
However, enteric and intravenous contrast-
enhanced CT can be used as an adjunct to MR 
imaging for N staging and is currently the pri-
mary modality used to evaluate for the presence 
of distant metastases, which most commonly 
occur in the liver, lungs, brain, and bones (38). 
Liver metastases, found in approximately 24% 
of newly diagnosed cancers, are predominantly 
low-attenuating lesions, best seen during portal 
venous phase imaging (9). If intravenous iodin-
ated contrast material cannot be used, abdomi-
nal and pelvic MR imaging with or without 
contrast enhancement and nonenhanced chest 
CT can be substituted (26).

Rectal adenocarcinoma shows fluorodeoxy-
glucose (FDG) uptake at FDG PET. Although 

at this time, FDG PET/CT is not recommended 
for first-line imaging in staging of all rectal 
cancers, it can be used in certain situations, 
for troubleshooting, and most importantly, for 
treatment planning. PET/CT is currently rec-
ommended by the American College of Radiol-
ogy for staging of large rectal cancers because 
results of studies have shown that use of this 
modality may accurately change the staging or 
influence treatment planning for this subset 
of patients (34,39). Results of several meta-
analyses have shown PET/CT to be superior to 
CT for use in detection of hepatic metastases 
(40,41). One scenario in particular that may be 
amenable to PET/CT evaluation is exclusion of 
occult metastases in patients being considered 
for liver metastectomy with curative intent (26). 
In a recent randomized controlled trial (42) in 
which the effect of preoperative PET/CT was 
compared with that of standard CT in surgical 
treatment of resectable hepatic metastases, the 
authors found that 8% of patients had a change 
in surgical treatment plan after FDG PET, but 
the effect on overall survival was not statistically 
significant. PET/CT also outperforms contrast-
enhanced CT for detection of extrahepatic 
metastatic disease (43). More research is needed 
to establish a role for PET/CT in staging of 
rectal cancer.

PET/CT is increasingly important in radia-
tion treatment planning. In a small study of 34 
patients with T3–T4, N0–N1, and M0–M1 
disease, Whaley et al (44) found that PET/CT 
altered staging in 18% of patients and improved 
interobserver concordance in contouring boost 
treatment volumes compared with CT alone. 
This may be due to the superior ability of PET/
CT to delineate tumor volume, which serves to 
minimize treatment margins and exclude nondis-
eased tissue (40).

Anal Cancer

Staging.—Unlike patients with rectal cancer, 
most patients with anal cancer do not un-
dergo surgical resection, and thus, staging is 
purely clinical and is based on a combination 
of physical examination and imaging (Table 
4). Although the T stage in patients with rectal 
cancer relates to depth of invasion, in the AJCC 
guidelines for TNM staging of anal cancer, the 
T stage corresponds to the size of the primary 
tumor, evaluated by means of clinical examina-
tion with additional information obtained at 
MR imaging (Fig 10) (3). Unlike N staging 
for rectal cancer, the location of nodal stations 
involved (not the number of positive nodes) 
determines the N stage for anal cancer (Fig 
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11). The following lymph node stations are 
considered regional in anal cancer: mesorectal 
(inferior rectal), internal iliac, and inguinal. The 
presence of common iliac or retroperitoneal 
adenopathy is considered metastatic disease in 
anal cancer (Fig 12).

Initial Evaluation.—When primary anal cancer is 
diagnosed on the basis of biopsy results, standard 
workup includes a digital rectal examination 
and anoscopy; inguinal lymph node assessment, 
with biopsy if indicated; and systemic radiologic 
evaluation (Table 3) (4,45). A prostate-specific 
antigen level is obtained in men to assess for 
prostate involvement, as is done in initial evalua-
tion for rectal cancers. Women should undergo a 

gynecologic examination to evaluate for invasion 
into the posterior wall of the vagina and to test 
for concomitant cervical cancer, given the high 
association with HPV infection (4,6,46). HIV 
testing is usually performed.

Recommended radiologic imaging per the 
NCCN guidelines includes MR imaging to evalu-
ate the extent of local disease (T and N staging), 
CT of the abdomen and pelvis, and chest x-ray or 
chest CT to assess for the presence of metastatic 
disease (M staging). The most common sites of 
anal cancer metastasis, which occurs in less than 
10% of cases, are the liver and lungs (4,5,7,45,47).

High-spatial-resolution multiplanar MR imag-
ing of the anal canal, sphincter complex, sur-
rounding structures, and regional lymph nodes 
can be performed with or without an endoanal 
coil (5). Cancers usually show intermediate to 
low signal intensity on T1-weighted images and 
intermediate to high signal intensity on T2-
weighted images. Potential drawbacks of MR 
imaging are high cost, length of examination, and 
potential contraindications in patients with pace-
makers or other non–MR-compatible devices.

Endoanal US has shown comparable perfor-
mance to that of MR imaging for assessment of 
local tumor extent, but it does not provide data 
on many of the regional nodal stations for anal 
cancer (13,15,29,48). In addition, the local stage 

Table 4: AJCC TNM Stage and Simplified Treatment Algorithm of Anal Cancer

Stage T N M NCCN Treatment Algorithm (4)

0 Tis N0 M0 …
I T1 N0 M0 Local excision*

II T2 N0 M0 MMC, 5FU, and RT or MMC, capecitabine, and RT
T3 N0 M0 MMC, 5FU, and RT or MMC, capecitabine, and RT

IIIA T1 N1 M0 MMC, 5FU, and RT or MMC, capecitabine, and RT
T2 N1 M0 MMC, 5FU, and RT or MMC, capecitabine, and RT
T3 N1 M0 MMC, 5FU, and RT or MMC, capecitabine, and RT
T4 N0 M0 MMC, 5FU, and RT or MMC, capecitabine, and RT

IIIB T4 N1 M0 MMC, 5FU, and RT or MMC, capecitabine, and RT
Any T N2 M0 MMC, 5FU, and RT or MMC, capecitabine, and RT
Any T N3 M0 MMC, 5FU, and RT or MMC, capecitabine, and RT

IV Any T Any N M1 Cisplatin-based chemotherapy and RT

Note.—Adapted and reprinted, with permission, from reference 3. 5FU = fluorouracil,  
MMC = mitomycin C, RT = radiation therapy.  
*If inadequate margins, re-excision is preferred over chemotherapy and radiation therapy.

Figure 10. T staging of anal cancer accord-
ing to tumor size. T1 anal cancers measure 
less than 2 cm in greatest dimension, T2 anal 
cancers measure 2–5 cm, T3 anal cancers 
measure greater than 5 cm, and T4 anal can-
cers invade adjacent organs (eg, vagina or 
bladder). Yellow-green = cancer.
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of anal cancer is based purely on size, so the 
benefit of fine anatomic distinctions is less sub-
stantial than in rectal cancers. As a result of these 
factors, the NCCN does not recommend use of 
endoanal US at this time (4).

Approximately 98% of anal cancers are FDG 
avid, which aids in identification of the primary 
tumor and any nodal or metastatic sites. Similar 
to its use in rectal cancer, FDG PET/CT may be 
considered as an adjunct to contrast-enhanced 
CT in patients with T2–T4 N0 disease, or any 
T-stage N-positive disease (4). Results of several 
studies (49–53) have shown increased sensitiv-
ity of FDG PET/CT compared with contrast-
enhanced CT alone for detection of abnormal 
lymph nodes, especially for advanced T2 tumors. 
This ultimately may lead to a change in treatment 
intent or altered radiation treatment fields (53). 
These studies remain limited because histologic 
confirmation of FDG-avid nodes is not part 
of the standard of care for anal cancer, leaving 
ambiguity about the distinction between tumor 
involvement and reactive changes in these nodes 
(52). Further research is needed to validate the 
use of FDG PET in patients with anal cancer.

Controversies in Nodal  
Staging of Rectal and Anal Cancers
An important issue in rectal and anal cancer 
staging is that the nodal staging systems are 
largely based on data from analyses of surgical 
specimens, whereas the initial clinical staging is 
done on the basis of a combination of imaging 
and biopsy results. All available imaging modali-

ties have been shown to have imperfect accuracy 
for identification of rectal nodal metastases, and 
nodal size alone is not a reliable indicator of 
metastatic involvement; nonetheless, radiologists 
must give a reasonable assessment of the likeli-
hood of nodal involvement on the basis of the 
available imaging features (10,29,30,37,54,55). 
Several different criteria exist to assist in iden-
tifying involved lymph nodes, including round 
shape, heterogeneity of appearance, irregular 
border, presence of mucin and/or calcifications, 
loss of the normal fatty hilum, and increased 
short-axis diameter (37). Although size was 
historically the most widely used criterion, 
results of studies (4,55) have shown that a large 
proportion of cancer-containing mesorectal 
lymph nodes from dissection specimens measure 
less than 0.5 cm in short-axis diameter, which 
suggests that additional criteria are crucial to 
accurate diagnosis of cancer of the lymph nodes 
on the basis of imaging.

Brown and colleagues (55) examined 437 
surgically resected lymph nodes from 42 pa-
tients, all of whom underwent preoperative 
high-spatial-resolution MR imaging. Regard-
ing size, they found that the sizes of negative 
lymph nodes at pathologic examination were 
2–10 mm, while positive lymph nodes were 3–15 
mm, which suggests that there is a considerable 
overlap in size between benign and malignant 
lymph nodes. With the criteria of either mixed 
signal intensity or irregular borders, sensitivity 
was 85% and specificity was 95%. Brown et al 
(55) found that including size criteria does not 

Figure 11. N staging of anal cancer accord-
ing to the locations of involved regional lymph 
nodes. N1 anal cancers have metastases in peri-
anorectal lymph nodes only. N2 anal cancers 
have metastases in unilateral internal iliac and/
or inguinal lymph nodes. N3 anal cancers have 
metastases in mesorectal and internal iliac and/
or inguinal nodes or in bilateral internal iliac 
and/or inguinal nodes. Blue-green = involved 
lymph nodes, red and blue = external and inter-
nal iliac arteries and veins. 
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Figure 12. Stage IIIB (cT3N2M0) squamous cell carcinoma of the anus. (a, b) Coronal CT images ob-
tained at different levels show a locally extensive mass extending superiorly from the anorectal junction 
(arrows in a). Pathologic analysis demonstrated squamous cell carcinoma consistent with anal cancer, 
despite the relatively superior location. A prominent left internal iliac lymph node is also seen (arrow 
in b). (c, d) Coronal CT images obtained at different levels 3 months after completion of definitive 
chemoradiation therapy show a partial radiographic response of both the primary mass and the left 
internal iliac lymph node.

significantly change the number of false-positive 
or false-negative nodes. Alternative imaging 
methods to address this concern, including 
diffusion-weighted imaging, are a topic of ongo-
ing research, and new intravenous agents are be-
ing investigated for use in differentiating benign 
from malignant nodes (56,57).

Inguinal nodes are important to staging of 
both rectal and anal cancers, although for dif-
ferent reasons. In patients with rectal cancer, 
generally speaking, inguinal nodes are considered 
nonregional, constituting M1 disease (3). The 
exception to this rule is that, in rectal cancers ex-
tending into the anal canal, inguinal lymph nodes 
may be considered regional, and patients are 
treated with curative intent. In patients with anal 
cancer, inguinal nodes are considered regional 
nodes, are included in the initial radiation field, 

and receive a boost dose if there is evidence of 
gross nodal disease (3,4,45).

Role of Radiation Treatment
Radiation therapy is an integral part of treat-
ment of anal and rectal cancer. The dose, 
timing of treatment, target volumes, and intent 
of treatment—neoadjuvant, adjuvant, defini-
tive, or palliative—often differ considerably 
between anal and rectal cancer and can also 
differ according to stage and histologic find-
ings. The previously described imaging features 
are important for selection of an appropriate 
treatment plan for each patient. Radiation 
therapy is integral to primary treatment of all 
but the smallest anal cancers, but it is used 
more selectively in treatment of rectal cancers. 
General concepts in radiation therapy, as well 
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Figure 13.  Example of a standard radiation treatment plan for rectal carcinoma. Coronal (a) and axial (b) CT images (ob-
tained with prone patient position per radiation therapy standards) with superimposed radiation treatment plans show inclu-
sion of the primary tumor bed and the presacral and internal iliac nodes. Higher-dose areas are more red; lower-dose areas are 
yellow. The external iliac nodes (not shown) were not included because the tumor did not invade anterior pelvic structures.

as important distinctions, are discussed in the 
following sections.

Rectal Cancer
The treatment algorithm for nonmetastatic 
rectal cancer often includes trimodality therapy 
(chemotherapy, radiation, and surgery) and is 
highly dependent on accurate clinical staging 
(26). Patients with clinical stage I rectal cancers 
often undergo surgery first, and adjuvant che-
motherapy and radiation therapy may be added 
if the cancers are upstaged at pathologic analysis 
to stage II or III (eg, T3, node-positive, positive 
or close margins). Adjuvant therapy is strongly 
considered for positive or close margins.

Rectal cancers with an initial clinical stage of 
II or III are often treated with trimodality therapy 
consisting of neoadjuvant chemotherapy and 
radiation therapy followed by surgical resection. 
Preliminary data from small studies suggest that 
patients with nonmetastatic rectal cancer who 
achieve a clinically complete response to neoadju-
vant chemotherapy and radiation therapy may be 
able to forgo surgery and can be followed closely 
with clinical, radiologic, and endoscopic exami-
nations, although surgery after neoadjuvant ther-
apy remains the standard of care (58). Another 
experimental approach currently under investiga-
tion is the use of preoperative chemotherapy with 
a combination of folinic acid, fluorouracil, and 
oxaliplatin, without routine use of radiation (59). 
Further validation of these techniques is needed.

According to the NCCN guidelines, radiation 
therapy for rectal cancer should include 45–50 
Gy in 25–28 increments given by using a mul-
tifield technique (26). Multifield external beam 
radiation involves multiple overlapping radiation 

beams at different orientations that are individu-
ally shaped to produce the desired dose field. 
Standard radiation fields include the tumor (or 
tumor bed, if previously resected) with a 2–5-
cm margin and the presacral and internal iliac 
nodes (Fig 13). According to the NCCN, the 
external iliac nodes should be included in the 
radiation field for T4 tumors that invade anterior 
structures. It is imperative that radiologists be 
precise in describing anterior extension of rectal 
cancer into the urogenital structures of the pelvis 
because involvement of these structures will 
alter the radiation treatment plan. In addition, if 
the primary tumor is close to the anal sphincter 
complex (within 2 cm), many radiation oncolo-
gists would consider treating the inguinal lymph 
nodes. If the patient is receiving postoperative 
radiation after an abdominal-perineal resection, 
the perineum also should be treated.

Anal Cancer
For much of the mid-20th century, abdominal-
perineal resection was the mainstay in treatment of 
anal canal carcinomas. This extensive surgery not 
only resulted in considerable morbidity, including 
a permanent colostomy, but also afforded only a 
40%–70% 5-year survival rate (6,12). In 1974, Ni-
gro and colleagues (60) demonstrated the potential 
of combined radiation therapy and chemotherapy 
in three patients, all of whom showed no evidence 
of disease at short-interval follow-up. Decades 
later, numerous nonrandomized and randomized 
trials continue to support use of radiation therapy 
and chemotherapy with fluorouracil and mitomy-
cin C as the standard of care for all anal canal car-
cinomas, with abdominal-perineal resection used 
only for salvage in patients with locally recurrent 
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Figure 14. Representative example of a standard radia-
tion treatment plan for anal carcinoma. Coronal (a) and 
axial (b) CT images show inclusion of the tumor, anus, 
perineum, and inguinal nodes. Higher-dose areas are more 
red, and lower-dose areas are more yellow-green. Note the 
attempt to spare radiation dose to the femoral heads.

disease (4,46). Metastatic disease is considered 
incurable, and patients instead receive palliative 
treatment (3). Small anal margin cancers may be 
treated by means of excision alone, but larger (T2 
positive) or margin-positive tumors warrant radia-
tion therapy per the NCCN guidelines.

According to the NCCN guidelines, radiation 
therapy for anal cancer should include a mini-
mum dose of 45 Gy in 1.8-Gy increments for 
gross disease by using the previously described 
multifield technique. The standard radiation 
field includes the pelvis, anus, perineum, and 
inguinal nodes (Fig 14) (4). Dose is adjusted on 
the basis of additional factors; for example, the 
lateral field is reduced if the inguinal nodes are 
negative for cancer, while a boost dose is deliv-
ered to stage T3 or T4 or node-positive cancers. 
Effort is made to reduce the dose to the femoral 
heads to avoid avascular necrosis. An alterna-
tive treatment approach includes intensity-
modulated radiation therapy, which involves use 
of a complex and dynamic beam and collimator 

geometry with computer-based dose painting to 
achieve comparable doses for the primary tumor 
and regional lymph nodes (61).

Critical Imaging  
Distinctions for Radiation Planning
Table 5 summarizes the key distinctions that 
distinguish imaging, staging, and radiation therapy 
for anal and rectal cancers. As shown in this table, 
radiologists should take special care to tailor their 
reporting of the features of the primary tumor and 
sites of nodal disease on the basis of the origin of 
the patient’s cancer. Seemingly small differences 
in terminology for lymph nodes, such as external 
versus internal iliac, can fundamentally alter treat-
ment of anal and rectal cancers.

Conclusion
Rectal and anal cancers are distinct entities with 
different pathologic features, risk factors, staging, 
and treatment algorithms. Radiologists must un-
derstand these critical distinctions, and with this 
knowledge, accurately report the local-regional 
extent of the tumor, with special attention to 
the sphincter complex, mesorectal fascia, perito-
neum, adjacent organs, and relevant lymph node 
stations. The radiologist must accurately assess 
each of these key areas of concern to ensure that 
our radiation oncology colleagues have the best 
possible information available when making their 
radiation therapy treatment plan.
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