
Abstract Since the introduction of the total mesorectal 
excision by Heald, many changes in the therapeutic man-
agement of rectal cancer have been incorporated. The 
multidisciplinary approach to colorectal cancer, integrated 
in a team of different specialists, ensures individualised 
treatment for each patient with rectal cancer. Therefore the 
role of the pathologist has acquired an important relevance, 
not only in diagnosing but also managing and evaluating 
the surgical specimen. The knowledge of preoperative stag-
ing, distance between tumour and anal verge or in patients 
subjected to a neoadjuvant treatment is necessary for the 
pathologist to make a detailed, accurate and good-quality 
report. Parameters such as the macroscopic quality of the 
mesorectum, the status of the circumferential resection 
margin and the lymph node harvest are considered basic 

criteria recommended by the current guidelines for the 
multidisciplinary team audit.
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Introduction

During the last two decades, important changes in the ther-
apeutic management of rectal cancer have been incorporat-
ed. In the 1980s, Heald introduced the surgical technique 
called total mesorectal excision (TME) [1] based on dis-
section along an embryologic plane comprising avascular 
areolar tissue between the mesorectal fascia and the fascia 
of the pelvic sidewall, which results in complete excision 
of the mesorectum, including lymph vessels, lymph nodes, 
nerves and blood vessels. This procedure ensures that all 
avenues of tumour dissemination are included in the speci-
men. This technique has become the gold standard for sur-
gical treatment of the infi ltrating rectal carcinomas located 
in the middle third and inferior third [2–5], obtaining a 
dramatic decrease of local recurrences to 4% [6] compared 
with the 30–40% of relapses previously reported. The 
current guidelines support the multidisciplinary approach 
to colorectal cancer [7-9] integrated in a team of special-
ists that ensures individualised treatment for each patient 
[10–12].

As a consequence of these changes, the pathologist’s 
role has acquired an important relevance, not only for di-
agnosing but also for managing and evaluating the surgical 
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specimen. The pathologist must create a quality report in-
corporating all parameters of prognostic value, evaluating 
surgical quality in the same manner in which the patholo-
gist report is audited by the surgeon and the oncologist, 
whose further clinical and therapeutic decisions will be 
based on it. This process should ensure analysis of prog-
nostic factors that condition therapeutic strategies.

Preoperative staging and neoadjuvant therapy

Although pathologic analysis is considered the gold stan-
dard in diagnosing rectal cancer [13], preoperative staging 
is necessary to establish therapeutic management with ob-
jective criteria [14] and essential for selecting the surgical 
procedure as well as deciding whether or not neo-adjuvant 
treatment is necessary. 

Using the rigid rectoscopy, rectal cancer is classifi ed 
into three groups depending on tumour distance to the anal 
margin: lower third (0–6 cm), medium third (7–10 cm) and 
upper third (11–15 cm). Endorectal ultrasonography (EUS) 
and magnetic resonance imaging (MRI) are the most useful 
techniques for preoperative evaluation. EUS is very ac-
curate for assessing invasion of tumours within the bowel 
wall. High-resolution MRI predicts with high accuracy 
circumferential resection margin (CRM) involvement. With 
the development of MRI, it is now possible to predict tu-
mour stage and other prognostic parameters such as nodal 
disease, depth of extramural spread and presence of extra-
mural vascular invasion [13-15].

In some cases, such as locally advanced tumours, nodal 
involvement or affectation of the CRM, the multidisci-
plinary team decides upon administration of neoadjuvant 
therapy, which modifies the macroscopic aspect of the 
tumour and makes managing the specimen diffi cult from 
the pathologist’s point of view, thus infl uencing sampling, 
lymph-node harvest and the microscopic analysis.

Surgical technique and anatomic structures

For optimal management of the surgical specimens, the pa-
thologist should know tumour location and type of surgery 
performed. 

Anterior resections

Anterior resections are the most frequently performed pro-
cedures. It is recommended that the percentage of surgical 
anterior resections be superior to 70% of total mesorectal 
excisions, arriving to 90% of them in referral centres for 
rectal cancer surgery [16]. The surgeon must ensure a dis-
tal margin of 2 cm except in undifferentiated carcinomas, 
in which the margin should be 5 cm [17]. Moreover, the 

surgeon should avoid involvement of the CRM, which is 
considered the main cause of local relapse [16, 18, 19]. 

Anatomically, one rectal-sigmoid segment should be 
included, with the surrounding mesorectum, in front of 
the peritoneal refl ection and the Denonvilliers’ fascia. In 
neoplasms of the upper third, subtotal mesorectal excision 
provides satisfactory oncologic results, allowing a distal 
margin of 5 cm and lesser morbimortality [20]. In tumours 
of middle and lower third of the rectum, the appropriate 
procedure is anterior ultralow resection, the objective being 
total mesorectal excision.

 

Abdominoperineal resection (APR), or Miles’ operation

APR is considered following regression due to the tenden-
cy to preserve sphincters [21]. In specialised centres, APR 
results do not differ regarding relapse and overall survival 
[22]. However, for several series, recurrence rates are high-
er after APR [23, 24]. A change in technical approach by 
performing cylindrical APR in the prone position has been 
proposed. The anus and levator muscles are excised, allow-
ing a cylinder of tissue to be removed [25]. This results in 
the surgical resection margin being farther away from the 
muscularis propria and sphincters and a lower rate of CRM 
involvement and intraoperative perforations, which should 
reduce local disease recurrence [26].

Pathology report

Macroscopic assessment of mesorectum quality

Macroscopic quality of the mesorectum is a fundamental 
parameter for evaluation by the pathologist. One interesting 
point is the demonstration that many relapses could not be 
explained by affectation of the CRM only. Routine analysis 
of mesorectum quality could improve the prognostic value 
of the pathologic report as well surgical procedure quality 
[27–29]. The macroscopic aspect of the specimen could 
provide information more relevant than other prognostic 
indicators [10, 28, 30–32]. It has been recently included in 
the current recommendations of the Royal College of Pa-
thologists and is considered a basic criterion recommended 
for multidisciplinary team audit [9].

Immediately after surgery, the pathologist should evalu-
ate the quality of the mesorectum on the fresh specimen, 
fi rst taking photographs from the anterior and posterior 
sides before opening the specimen. Evaluation of each 
specimen is based on criteria described by Quirke et al. [8] 
and also as defi ned by Nagtegaal et al. [29]:

–  Complete excision or mesorectal plane: intact me-
sorectum with minor irregularities of a smooth me-
sorectal surface. No defect is deeper than 5 mm, and 
there is no coning towards the distal margin of the 
specimen. There is a smooth CRM on slicing.
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–  Nearly complete or intramesorectal plane: moderate 
bulk to the mesorectum, but irregularity of the me-
sorectal surface. Moderate coning of the specimen 
is allowed. At no site is the muscularis propria vis-
ible, with the exception of insertion of the elevator 
muscles. 

–  Incomplete or muscularis propria plane: little bulk 
to the mesorectum, with defects down to the muscu-
laris propria and/or very irregular CRM (Fig. 1). In 
the cases of abdominoperineal amputation, there are 
some changes in criteria.

–  Complete: the specimen presents a complete circum-
ferential component of striated muscle in the zone of 
insertion of the elevator muscles.

–  Nearly complete: there is no striated muscle. The re-
section margin is formed by the muscularis propria.

–  Incomplete: in the insertion zone, there is no muscu-
laris propria, and perforations of the wall as well as 
superfi cial presence of tumour are evident.

It is important that surgeon and pathologist work to-
gether to ensure delivery of a high-quality rectal specimen 
and optimal pathologic assessment. 

Macroscopic assessment of mesorectal excision in 
rectal cancer is a useful tool for improving quality control 
in a multidisciplinary team [33]. The quality of surgical 
mesorectal excision should be evaluated by the pathologist 
and, in turn, the histopathological report should be assessed 
by the surgeon and the oncologist.

Sampling and analysis of the circumferential radial margin

After evaluating the quality of the mesorectal excision, the 
pathologist opens the specimen, leaving unopened 2 cm 
above and below the tumour. The mesorectal tissue is then 
painted with black ink, and the specimen is fi xed in forma-
lin at 10% for a minimum of 48 h. After fi xation, sampling 

consists of transversal consecutives sections of 5 mm, 
which should include the tumour and the surrounding me-
sorectum [28, 29]. Tumour measurement, location, macro-
scopic appearance and distance to longitudinal margins are 
reported. The whole-mount sections allow measurement of 
the distance between the tumour and the CRM, which will 
be confi rmed in the microscopic examination. The CRM is 
regarded as involved when the distance between the malig-
nant cells and the margin is 1 mm; such involvement may 
be through direct continuity with the main tumour, tumour 
in veins, lymphatics or lymph nodes or tumour deposits 
discontinuous from the main growth [34–39]. Nagtegaal et 
al. suggest that the distance between malignant cells and 
the CRM should be increased to 2 mm for rectal tumours 
[30].

Cross-sections are then placed on a smooth surface, and 
digital pictures are taken. The pathologist chooses the most 
representative section for microscopic analysis. In the re-
port, the pathologist should include the status of the CRM 
as well the distance in millimetres from the tumour to the 
CRM, including whether it is a continuous tumoral front, a 
focal tumoral impact or a lymph node with capsular break-
down (Fig. 2).

We emphasise the importance of understanding the ana-
tomic structure of the specimen to avoid confusion between 
tumours with CRM involved versus tumours in stage T4b 
involving serosa without involvement of the CRM.

Lymph-node harvest

An important point of the sampling, always requested by 
the multidisciplinary team and that refl ects the quality of 
the pathology report, is lymph-node harvest [40]. A mini-
mum of 12 lymph nodes should be obtained to avoid pa-
tient infrastaging. Therefore, recent reports recommended 
harvesting 15–22 lymph nodes depending of tumour stag-
ing [40–43]. This is a time-consuming process that must be 

Fig. 1 Macroscopic assessment
of mesorectal excision in fresh 
surgical specimens of rectal cancer 
(anterior resection): A complete 
excision, smooth mesorectal
surface with minor irregularities;
B nearly complete excision,
irregularity of the mesorectum 
much deeper than 5 mm (arrow);
C incomplete excision, defect 
down to the muscularis
propria (arrow)
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done carefully. The pathologist should identify the maxi-
mum number of nodes, a diffi cult task in cases that have 
received preoperative radiotherapy. In order to improve 
the number of lymph nodes obtained in the sampling, new 
studies have proposed the intravascular injection of methyl-
ene blue in the fresh specimen [44]. This procedure stains 
the lymphoid structures, which are then easily identifi ed.

An important, diffi cult issue in the routine microscopic 
examination is to distinguish between mesorectal tumour 
impact and lymph node metastatic deposits. It is a contro-
versial topic; the 3-mm rule proposed in TNM 5 [45] was 
not based on trial data or even survival data but is quantita-
tive. In TNM 6 [46], if metastatic nodules in the perirectal 
fat are smooth, they are considered as lymph-node metas-
tases; however, this has the problem of being a qualitative 
feature. Goldstein and Turner [47] considered a nodule as a 
lymph node if it was grossly palpable, supported by clini-
cal trial evidence and survival data.

Postadjuvant therapy tumour analysis

In our institution, tumours in advanced stage diagnosed by 
endorectal ultrasonography or MRI as uT3 advanced and 
uT4, with clear metastatic nodal disease and specially when 
the CRM is threatened or affected, are treated with neoad-
juvant radiotherapy. Preoperative concurrent chemoradia-
tion has been shown to improve outcomes with local recur-
rences [48–51]. Adjuvant therapy has some implications on 
the pathological study, not only in the macroscopic confi gu-
ration of the tumour but also in the microscopic features.

In cases treated with short-term radiotherapy, some 
features affecting tumoral size as well the growing front 
of the tumour and peritumoral lymphoid infl ammation can 
change, with reduction of tumoral diameter or even disap-
pearance of the tumour [52, 53]. Likewise, tumours un-
dergoing long-term radiotherapy can disappear in 15% of 
cases, so the pathologist must make an exhaustive sampling 
from the fi brosis zone and a careful study of the slices to 
identify residual malignant cells [54].

Also, is important to recognise histological changes oc-
curring in tumoral and peritumoral tissue, as well as necro-
sis, fi brosis, decrease of tumour differentiation or mucinous 
differentiation [52–54]. Dworak et al. proposed a gradation 
system based upon desmoplastic reaction and the presence 
of malignant cell nests [55] to evaluate effectiveness of ad-
juvant treatment (Fig. 3):

–  Grade 0: lack of regression
–  Grade 1: minimal regression. There are more tumoral 

nests than fi brosis; vasculopathy is clear.
–  Grade 2: moderate regression. Fibrosis dominates the 

tumoral mass.
–  Grade 3: good regression. Diffi culty fi nding scanty 

tumoral cells, surrounded by fi brosis, with or without 
mucin.

–  Grade 4: complete regression. Lack of tumoral cells, 
only fi brosis or mucin. If the tumour is considered in 
this category, the pathologist must do an exhaustive 
sampling of the suspicious zone and, if necessary, 
make immunohistochemical markers to rule out vi-
able malignant cells.

Fig. 2 Whole-mount sections
of surgical specimens of rectal
cancer: A cross-sections.
B circumferential margin focally 
involved by a lymph node
with capsular break down (arrow); 
C circumferential resection margin 
involved by the tumoral front;
D margin focally involved
by a lymph node on the slice 
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Microscopic tumoral parameters

To achieve a correct evaluation and an accurate diagnosis 
of rectal neoplasms, actual guidelines advise fulfi lling a 
pro forma (Appendix A), because its use has been demon-
strated to bring benefi ts and ensure more reproducibility to 
report the key features of the neoplasms [56].

Histological classifi cation
Adenocarcinomas are the most frequent primary colorectal 
tumours and are graded on the extent of glandular appear-
ances. The World Health Organization (WHO) recom-
mends dividing them into (1) well-differentiated (lesions 
exhibiting glandular structures in >95% of the tumour), (2) 
moderately differentiated (adenocarcinoma has 50–95% 
glands), (3) poorly differentiated (adenocarcinoma has 
5–50% glands) and (4) undifferentiated (<5% of tumour are 
glands structures). Grading is subjective, but the distinction 
between low-grade (well and moderate) vs. high grade 
(poor and undifferentiated) has been shown to be useful for 
prognosis [57]. It is suggested that grading should be based 
on the worst area, even if this does not predominate [58]. 

Besides adenocarcinomas, there are other histological 
types: mucinous adenocarcinoma (>50% of the lesion is 
composed of mucin), signet-cell carcinoma (tumour cells 
with prominent intracytoplasmic mucin), adenosquamous 
carcinoma, medullary carcinoma, spindle cell, small cell, 
and others.

Lymphatic, venous and perineural invasion 
Lymphatic, venous and perineural invasion has shown to 
be of prognostic importance in rectal cancer [59, 60]. The 

pathologist must report the presence of neoplastic nests 
inside vascular and lymphatic lumen, paying special at-
tention to the retraction artefacts produced by tissue pro-
cessing. In some cases, immunohistochemistry to identify 
endothelial cells such CD31, CD34 or D2-40 can be used 
to distinguish them.

Tumour staging
Tumours are staged according to the following:

–  Dukes and Bussey modifi cation of the original Dukes 
classifi cation of resection specimens is recommend-
ed, subdividing the tumours into A, B, C1 and C2, 
depending on tumour spread and presence of meta-
static lymph nodes. If lymph nodes are positive, it 
is necessary to report the location of the node; if the 
lymph node involved is it the highest (the fi rst lo-
cated under the vascular tie).

–  TNM; the T component of TNM is based on the 
depth of invasion:
•  T1: invasion of submucosa but not the muscularis 

propria
•  T2: invasion into but not through the muscularis 

propria
•  T3: invasion through the muscularis propria into 

subserosal adipose tissue and/or mesenteric fat. 
At our institution, depending on the extent of me-
sorectal invasion (<5 mm or 5mm), we subdivide 
T3 into T3ab (<5mm) and T3cd (5mm) because 
it has been shown to be an independent risk factor 
for recurrence in some studies [61, 62]. 

•  T4: subdivided in T4a when the tumour invades 
an adjacent organ and T4b if it invades though the 
serosa.

Fig. 3 Grade of tumour regression 
in rectal cancer after 
preoperative chemoradiation, 
according to Dworak et al. [53]: 
A grade 0: lack of regression; 
B grade 1: minimal regression 
–tumoral mass dominates fi brosis 
reaction; C grade 2: moderate 
regression –fi brosis dominates 
tumoral mass; D grade 3: good 
regression, diffi culty fi nding 
scanty tumoral cells (arrow)
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–  N and M components of TNM are based on the 
lymph node and distant metastasis.

Confl ict of interest The authors declare that they have no confl ict of 
interest relating to the publication of this manuscript.

Appendix A Pro forma of the Royal College of Pathologist for colorectal cancer resections. Extracted from [62]
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