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SPECIAL SECTION: RECTAL CANCER
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Abstract
Evaluation of primary rectal cancer specimens places the pathologist in a unique position relative to peers, as it is one of the 
few specimens where the report influences not just patient outcomes but also the quality of the surgical technique itself. With 
ever-increasing data indicating that the completeness of the mesorectal excision and adequate resection margins are critical 
for reduced local recurrence rates and improved clinical outcome, the pathologist is faced with the challenge of implement-
ing methods to optimize the evaluation of primary rectal cancers.
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Introduction

Proper pathologic assessment of the total mesorectal exci-
sion, or TME, has important implications for both the patient 
and the surgeon. A complete, high-quality TME reduces 
local recurrence rates from 20–30% to 8–10% and increases 
5-year survival from 48 to 68% [1, 2]. With the addition 
of preoperative radiotherapy, local recurrence rates can be 
further reduced from 8 to 2.6% [2]. The quality of the TME 
also provides surgeons with feedback as to their technique 
and has been shown to be superior to other indirect measures 
of surgical quality [3]. The College of American Patholo-
gists (CAP) has standardized a grading system for assessing 
the quality of the TME [4]. The mesorectum can be graded 
“complete” when the surface is smooth with no defects 
greater than 5 mm in depth, “near complete” when the mes-
orectum is slightly less bulky or there are surface defects 
greater than 5 mm, and “incomplete” if surface defects 
expose the muscular wall (muscularis propria). Despite a 
relatively subjective set of criteria, the interrater agreement 
rate is high among pathologists and surgeons [5], and report-
ing of the completeness of the TME is now a required por-
tion of the pathology report.

Other aspects of pathological evaluation of primary rectal 
cancers are just as important. For example, it has been sug-
gested that tumor involvement of the circumferential (radial) 
resection margin (CRM) is the most critical factor in predict-
ing local recurrence [6]. A positive CRM increases the risk 
of local recurrence by 3.5-fold and doubles the risk of death 
from disease. The CAP guidelines consider a positive CRM 
as tumor present 1 mm or less from the inked non-peritone-
alized surface and a negative CRM as tumor present greater 
than 1 mm from this surface. Evaluation of the distal margin 
becomes critical with low anterior resections, where 2 cm 
is generally considered an adequate clearance. The status 
of regional lymph nodes remains an important prognostic 
factor in colorectal cancer, and procurement of at least 12 
lymph nodes is still a key quality measure for colon cancer 
care in the United States [7]. Data have shown that an ade-
quate lymph node harvest is more difficult in obese patients 
[8] and in those who have received neoadjuvant therapy [9]. 
In addition, it has been shown that many nodal metastases 
occur in lymph nodes smaller than 5 mm in diameter [10].

Clearly, a thorough and meticulous pathologic evaluation 
of the macroscopic and microscopic features of rectal cancer 
specimens is crucial. Ironically, there is little standardization 
among pathologists and no formal recommendation as to the 
macroscopic handling of rectal cancer specimens. In fact, 
there is little standardization for the macroscopic handling 
of many specimens. Yet, if one thinks of the gross exami-
nation of a specimen as akin to the physical examination 
of a patient, there is little wonder as to why. Nonetheless, 
there are protocols that have been developed to overcome 
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subjectivity and improve consistency in the evaluation of 
these specimens. Both Quirke and Nagtegaal have done 
much to improve awareness of the importance of an adequate 
TME, and Quirke’s approach to macroscopic handling was 
followed in the Dutch TME trial [11, 12]. We have found 
this approach to be of great value in capturing the necessary 
required pathologic reporting elements as well as allowing 
for excellent correlation with radiologic images.

In brief, upon receipt of the specimen, the external sur-
face of the mesorectum is evaluated and graded per CAP 
guidelines as “complete,” “nearly complete,” or “incom-
plete.” Overall measurements of the specimen are taken, and 
the TME is artificially divided into four quadrants compris-
ing anterior/posterior, and left/right planes by the applica-
tion of tissue ink. The lumen is opened until gross tumor is 
palpated, at which point no further opening occurs. If no 
gross tumor can be palpated, as is oftentimes the case in 
patients who have received preoperative neoadjuvant ther-
apy, the lumen is opened completely from proximal to distal. 
Specimens fix overnight in 10% buffered formalin. After fix-
ation, the specimen is serially sectioned, or “bread loafed,” 
every 3 mm from distal to proximal and the slices positioned 
on the table oriented relative to the patient’s anatomic posi-
tion (Fig. 1). This allows for correlation with preoperative 
MRI findings. Visual inspection of each cross-sectional slice 
allows for documentation of the extent of tumor invasion, 
distance to the closest CRM, and involvement of any lymph 
nodes. Routine sections of the specimen are then taken for 
microscopy and always include proximal and distal mar-
gins, tumor or entire tumor bed if treated, and lymph nodes. 

Our institution performs whole mount tissue processing on 
tumor sections, which generates large glass slides (e.g., 4 
× 3 inches) as opposed to the standard size of a glass slide 
(1 × 3 inches). This allows for an entire cross section to be 
analyzed under the microscope at once.

Rectal cancer slides are then subject to microscopic 
examination and interpretation by a pathologist who has 
received subspecialty training in Gastrointestinal Pathology 
so that several important staging and outcome parameters 
can be assessed. Assessment of the distance to the closest 
CRM is of utmost importance and requires diligence on the 
part of the pathologist to examine the entire inked outer 
surface for the closest viable tumor approach (Figs. 2, 3). 
Tumor response to preoperative therapy is another critical 
parameter, whereby eradication of tumor or even minimal 
residual disease are associated with improved prognoses 
[13]. Pathologists must be aware of the various histopatho-
logic changes that occur following neoadjuvant treatment. 
These include changes to the tumor itself, such as a reduc-
tion in tumor diameter, development of single cells or small 
tumor nests, and changes to the surrounding tissue, including 
fibrosis, acellular mucin deposits, and a peri-tumoral lym-
phocytic response. While several tumor regression grading 
systems exist, we have found the modified Ryan scheme, 
based on the volume of residual primary tumor cells, to be 
the most robust method in minimizing interobserver vari-
ability [14]. Acellular mucin pools in treated patients are 
considered to represent completely eradicated tumor and 
are not used in assigning a pT or pN category. Lympho-
vascular invasion is assessed by examining small vessels 

Fig. 1   Modified Quirke method 
for rectal cancer grossing. Serial 
cross sections every 3 mm 
allow adequate inspection of 
the extent of the cancer, and its 
relation to adjacent structures 
and the circumferential resec-
tion margin. The dotted lines 
correspond to the sections 
taken for microscopy, and the 
adjacent numbers refer to the 
corresponding number on the 
glass slide
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(lymphatics, capillaries, post-capillary venules) and large 
vessels (venous), the difference being that large vessels con-
tain an endothelial-lined space with either an identifiable 
smooth muscle layer or elastic lamina. While routine hema-
toxylin- and eosin (H&E)- stained slides can give a clue as 
to whether large venous invasion is present, the use of an 
elastic stain can lead to a 2- to 3-fold increase in venous 
invasion and is highly encouraged in our department. This 
is especially important when we are considering extramural 
(beyond the muscularis propria) venous/large vessel inva-
sion, given its significant adverse impact on prognosis and 
risk of liver metastasis [15]. Perineural invasion is also a 
negative prognostic factor, usually identifiable on routine 
H&E-stained slides, and is always reported when present, no 
matter the size or location of the nerve involved. Sterilization 

of tumor at the primary site, however, does not ensure the 
absence of lymph node metastasis, thus requiring meticulous 
lymph node sampling. Occasionally, pathologists are faced 
with the dilemma of whether a well-circumscribed nodule in 
the adjacent mesentery or peri-rectal fat represents a lymph 
node involved by tumor or a tumor deposit. The definition 
of a tumor deposit is relatively strict in that they must rep-
resent a discrete tumor nodule without identifiable lymph 
node tissue or vascular or neural structure. Sometimes, this 
requires the use of multiple step sections or an elastic stain 
to rule out vascular or neural involvement. In cases without 
positive lymph nodes but with a proven tumor deposit, the 
pN status changes to pN1c as opposed to pN0 and represents 
an adverse prognostic factor. Other potential prognostic cri-
teria, such as assessment of the peritumoral lymphocytic 
response, are not routinely performed due to limitations in 
standardized criteria for measuring the inflammatory reac-
tion and currently conflicting data with regard to its impact 
on overall survival.

It has become clear that a thorough macroscopic assess-
ment, e.g., the modified Quirke method described above, 
and microscopic assessment, e.g., the use of whole mount 
slides, may not be practical for all pathology institutions, yet 
the need for an accurate and standardized assessment of rec-
tal cancer specimens is becoming increasingly important. A 
multidisciplinary approach that incorporates such an assess-
ment of rectal cancers is a goal of the Commission on Can-
cer’s recently established National Accreditation Program 
for Rectal Cancer (NAPRC). The NAPRC standards for 
accreditation require a Pathologist with training and exper-
tise in rectal pathology to be present as gross photography 
images of TME specimens and microscopic pathology are 
discussed in a multidisciplinary setting with radiologists, 
surgeons, and oncologists. Research initiatives involving 
collaboration between radiologists and pathologists are 
underway correlating findings on posttreatment preopera-
tive MRI studies with histopathologic findings during gross 
and microscopic examinations. By doing so, this “RadPath” 
initiative hopes to be able to predict patients that have had 
a complete pathologic response to neoadjuvant therapy, in 
order to avoid the morbidity associated with surgery [16].

Conclusion

Pathologists face a unique challenge when evaluating pri-
mary rectal cancer specimens. A thorough macroscopic and 
microscopic approach to the specimen is needed, as report-
ing criteria have a significant effect on patient outcomes and 
the quality of surgery. Now more than ever, the pathologist’s 
involvement as part of a multidisciplinary approach with 
radiology, oncology, and surgical colleagues is proving nec-
essary for optimal quality of care.

Fig. 2   A negative CRM, showing a malignant gland (right, short 
arrow) located 6.0 mm from the closest cauterized radial margin (left, 
red dotted line). Hematoxylin and eosin, × 2 magnification

Fig. 3   Malignant gland embedded in smooth muscle, corresponding 
to the closest CRM as seen in Fig. 2. Hematoxylin and eosin, × 20
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