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Abstract
The prognosis of rectal cancer (RC) is strictly related 
to both T and N stage of the disease at the time of 
diagnosis. RC staging is crucial for choosing the best 
multimodal therapy: patients with high risk locally 
advanced RC (LARC) undergo surgery after neoadjuvant 
chemotherapy and radiotherapy (NAT); those with 
low risk LARC are operated on after a preoperative 
short-course radiation therapy; finally, surgery alone 
is recommended only for early RC. Several imaging 
methods are used for staging patients with RC: compu
terized tomography, magnetic resonance imaging, 
positron emission tomography, and endoscopic ultra
sound (EUS). EUS is highly accurate for the loco-regional 
staging of RC, since it is capable to evaluate precisely 
the mural infiltration of the tumor (T), especially in early 
RC. On the other hand, EUS is less accurate in restaging 
RC after NAT and before surgery. Finally, EUS is indicated 
for follow-up of patients operated on for RC, where there 
is a need for the surveillance of the anastomosis. The 
aim of this review is to highlight the impact of EUS on 
the management of patients with RC, evaluating its role 
in both preoperative staging and follow-up of patients 
after surgery. 
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Core tip: In the era of tailored management of patients 
with rectal cancer (RC), endoscopic ultrasonography 
(EUS) has become crucial for the appropriate preoperative 
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staging of these patients. This review highlights the 
impact of EUS on the management of patients with RC, 
evaluating its role in both preoperative staging of RC and 
follow-up of patients after surgery. Finally, possible new 
application are discussed, on the basis of the technologic 
innovation and the evolution of the therapeutic strategies. 
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INTRODUCTION
Every year approximately 40000 patents are diagnosed 
with rectal cancer (RC), and the incidence of RC in 
the European Union is 15-25/100000 per year, with 
an estimated mortality of 4-10/100000 per year[1]. 
The prognosis of RC is strictly related to both T and N 
stage of the disease at the time of diagnosis[2]. This is 
traditionally staged according to local invasion depth 
(T stage), lymph node involvement (N stage), and 
presence of distant metastases (M stage) (Table 1)[3,4]. 
Staging RC is crucial for choosing the best multimodal 
therapy (Table 2)[2]: patients with high risk locally 
advanced RC (LARC) undergo surgery after neoadjuvant 
chemotherapy plus radiotherapy (NAT); those with low 
risk LARC are operated on after a preoperative short-
course radiation therapy. The latter is used as a valid 
alternative to NAT in elderly patients, or for patients 
unfit for preoperative chemotherapy because of severe 
comorbidities. Finally, surgery alone is recommended 
only for early RC. Total mesorectal excision (TME) is the 
standard surgical approach, with or without sphincter 
preservation. Extended abdomino-perineal resection 
is performed in distal RC which requires sphincter 
demolition. Local excision is performed in small T1 
cancers with favorable histology by means of trans anal 
endoscopic microsurgery (TEM) or trans anal minimally 
invasive surgery. Local excision is also performed in 
selected patients showing complete clinical response 
after NAT. Therefore, precise staging of patients has 
a pivotal role for the selection of different therapeutic 
options and team work among the members of the 
multidisciplinary team is mandatory to improve patients 
outcome[2]. 

Several imaging methods are used for staging 
patients with RC: computerized tomography (CT), 
magnetic resonance imaging (MRI), positron emission 
tomography (PET) and endoscopic ultrasound (EUS)[1]. 
The latter has a high accuracy for loco-regional staging 
of RC, since it is capable to evaluate precisely the mural 
infiltration of the tumor (T), especially in the early RC. 

On the other hand, EUS is less accurate in restaging 
RC after NAT and before surgery. Recently, EUS has 
been used in clinical trials where patients have been 
selected for less invasive therapies: polypectomy for 
T1 RC; TEM for T1/T2-N0 cancers, and NAT + TEM for 
T2N0 tumors. Finally, EUS is indicated for following-up 
patients operated on for RC, where there is a need for 
surveillance of the colorectal anastomosis, which is at 
risk for local recurrences[2,5-7]

.

This review evaluates the role of EUS in the loco-
regional staging of patients with RC, analyzing both 
accuracy and limits of this imaging method, which is 
part of the multidisciplinary approach for patients with 
RC. In particular, the aim of the review is to highlight 
the impact of EUS on the management of patients 
with RC, evaluating its role in both preoperative 
staging and follow-up after surgery. Finally, possible 
new applications are discussed on the basis of the 
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  Primary tumor (T)
     TX Primary tumor cannot be assessed
     T0 No evidence of primary tumor
     Tis Carcinoma in situ: Intraepithelial or invasion of lamina propria 
     T1 Tumor invades submucosa
     T2 Tumor invades muscularis propria
     T3 Tumor invades through the muscularis propria into 

pericolorectal tissues
     T4a Tumor penetrates to the surface of the visceral peritoneum 
     T4b Tumor directly invades or is adherent to other organs or 

structures
  Regional lymph nodes (N)
     NX Regional lymph nodes cannot be assessed
     N0 No regional nodal metastasis
     N1 Metastasis in 1-3 regional lymph nodes
     N1a Metastasis in one regional lymph node
     N1b Metastasis in 2-3 regional lymph nodes
     N1c Tumor deposit(s) in the subserosa, mesentery, or non-

peritonealized pericolic or perirectal tissues without regional 
nodal metastasis

     N2 Metastasis in 4 or more regional lymph nodes
     N2a Metastasis in 4-6 regional lymph nodes
     N2b Metastasis in 7 or more regional lymph nodes
  Distant metastasis (M)
     M0 No distant metastasis
     M1 Distant metastasis
     M1a Metastasis confined to one organ or site (i.e., liver, lung, ovary, 

non-regional node)
     M1b Metastases in more than one organ/site or the peritoneum

Table 1  The 2010 AJCC staging system for primary rectal 
cancer 

From ref.[3].

  cT1 cT2 cN0 cCRM- Surgery alone
  Any cT cN+
  cT2 cT3 cN0 cCRM+

CRT

  cT2 cT3 cN0 cCRM- SCRT

Table 2  Therapeutic strategy

C: Clinical stage; CRM: Circumferential resection margin; CRT: Standard 
chemotherapy + radiation therapy; SCRT: Short term chemotherapy + 
radiotherapy. From ref.[2].



technological innovation and the evolution of the thera
peutic strategies[7-10] (Figure 1). 

EUS Accuracy in staging rectal cancer T staging 
At the time of EUS, RC usually appear as a hypoechoic 
mass, with loss of the normal echo-layers of the wall, 
which is inhomogeneous and irregular because of 
the fusion of the layers infiltrated by the tumor[5,9-11]. 
According to the infiltration depth, there are four 
different echoendoscopic T stages (uT) (Table 3, Figures 
1-5). In patients with RC, EUS assesses the tumor 
penetration depth into the rectal wall, with an overall 
accuracy for T stage of about 84%, ranging from 63% 
to 96%, while the reported accuracy of CT and MRI are 
65%-75% and 75%-85%, respectively (Table 4)[12-45]. 
In a systematic review of 31 articles published over a 
period of 20 years, Skandarajah et al[46] reported that 

EUS has an overall accuracy of 82% for T stage and it is 
useful for discriminating early superficial RC. In another 
review of 42 studies, which analyzed the accuracy of 
EUS in patients with RC, confirmed by pathological 
exam of the surgical specimen, Puli et al[47,48] concluded 
that EUS has a sensitivity of 81%-96% and a speci
ficity of 91%-98%, showing a higher sensitivity for 
LARC (95%), compared with early cancer (88%). In 
a multicenter, prospective, study conducted in 384 
hospitals in Germany over a 8-year period, Marusch et 
al[49] analyzed the diagnostic accuracy of rectal EUS in 
the clinical staging of 7000 patients with RC who had 
not received NAT. This allowed uT vs pT comparison, 
which showed a uT-pT correspondence of 65%. The 
latter was related to the hospital volume, with uT-pT 
correspondence of 63% for hospitals undertaking ≤ 10 
EUS/year, 65 % for those performing 11 - 30 EUS/year, 
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Figure 1  Stage T1 rectal cancer: (A) endoscopic and (B) ultrasono­
graphic view. Endoscopic ultrasound with radial miniprobe (12 MHz), 
showing a small tumor located within the mucosa and superficial 
submucosal layers, and preservation of the outer layers of the rectal wall. 
T: Tumor; P: Radial probe.

A B

Figure 2  Stage T2 rectal cancer: Ultrasonographic view. The tumor infiltrated the entire wall, without invading the smooth outer margin of the muscularis propria 
(fourth layer). Endoscopic ultrasound with radial array transducer UM 20 (7.5-12 MHz). B: Ballon; T: Tumor; SV: Seminal vesicles.

A B

A B
Figure 3  Stage T3 rectal cancer: (A) endoscopic and (B) ultrasono­
graphic view. Endoscopic ultrasound with radial array transducer UM160 
(5-20 MHz), showing increased wall thickness for the presence of a mass 
with inhomogeneous echogenicity, invading all the layers of the wall and 
minimal infiltration of the perirectal fat. T: Tumor; Red arrow: Infiltration of 
the perirectal fat.
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not have the same accuracy reported in the literature 
and the authors believe that EUS is a useful tool for 
guiding the therapeutic strategy of RC only when it is 
performed by experts[33,49]. Lower accuracy of EUS was 
also reported in a series of 545 patients with RC, where 
this method showed an overall accuracy of 69% for T 
stage and 64% for N stage[32]. A possible limitation of 
this study was the exclusion from the analysis of those 
patient who underwent NAT. This could have affected 
the accuracy of EUS for T stage, especially for T3 
RC which is usually visualized the best at the time of 
EUS. Another pitfall of the study could be the different 
experience of the operators, which influenced the 

and 73% for hospitals where more than 30 EUS/
year were performed. Furthermore, the poorest uT-
pT correspondence was found for T2 and T4 RC, with 
understaging occurring in 18 % of cases and overstaging 
in 17 % of patients[49]. These results were similar to 
those of a previous multicenter, prospective, study 
conducted by the same authors who reported that EUS 
had overall accuracy of 63% for T staging of RC. The 
diagnostic accuracy was 51% for pT1 RC, 58% for pT2 
lesions, 73% for pT3 tumors, and 44% for pT4 cancers, 
with overstaging in 24% of cases and understaging 
in 13% of patients[33]. According to the results of both 
studies, EUS staging of RC in clinical practice does 
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  uT1 = tumor invasion limited to the mucosa and the submucosa; this is further divided into T1m, if the tumor infiltrates the mucosa, with normal 
  muscolaris mucosa, and T1sm, when there is submucosal invasion (Figures 1 and 7)
  uT2 = tumor infiltration of the muscolaris propria, with the tumor mass extended through the first 4 layers of the rectal wall. The outer layer 
  corresponding to the muscolaris propria is smooth, meaning that the tumor is still limited to the rectal wall (Figure 2)
  uT3 = tumor invasion of the perirectal fat, with an irregular 4th layer, which means that the tumor has spread outside the rectal wall (Figures 3 and 4)
  uT4 = tumor infiltration of adjacent structures and organs, which are strictly connected to the rectal hypoechoic mass (Figure 5)

Table 3  T staging (uT) of rectal cancer at endoscopic ultrasound, according to the infiltration depth

From ref.[9].

  Ref. Pts
no.

T
Stage 

N
Stage

P/R Tipe of EUS probe

  Saitoh et al[13]   88 90% 75% - Flexible, radial, (7 MHz) Rigid, radial (5-7.5 MHz)
  Feifel et al[14]   79 89% - P Rigid, linear (3-7 MHz)
  Yamashita et al[15] 122 78% - R Rigid, linear (5.5-7 MHz)
  Beynon et al[16] 100 93% 83% - Rigid 
  Rifkin et al[17] 102 72% 81% Rigid, radial (7 MHz)
  Hildebrandt et al[18] 113 - 78% P Rigid, radial (7 MHz)
  Tio et al[19]   91 88% - - Rigid
  Katsura et al[20] 120 92% - Rigid, radial, (7 MHz)
  Glaser et al[21] 154 86% 81% P Rigid, radial (7 MHz)
  Herzog et al[22] 118 89% 80% P Rigid, radial (7 MHz)
  Cho et al[23]   76 82% 70% P Flexible, radial (7 MHz)
  Thaler et al[24]   36 88% 80% P Rotating wall transducer IR 1510 AKTM (Kretz) (5, 7.5, 10 MHz)
  Nielson et al[25] 100 85% - - Probe (7 MHz)
  Sailer et al[26] 160 77% 83% P Rigid 
  Nishimori et al[27]   70 76% 69% Flexible
  Norton et al[28] 121 92% 65% P Flexible, radial (7.5-12 MHz)
  Kim et al[29]   89 81% 63% Rotating transducer (7.5 MHz) 
  Marone et al[30]   63 81% 70% R Flexible, radial (7.5-12 MHz)
  Akasu et al[31] 154 96% 72% R Flexible, radial (7.5-12 MHz
  Garcia-Aquilar et al[32] 545 69% 64% P Rigid, radial (7-10 MHz)
  Harewood et al[12]   80 91% 82% P Flexible, radial (7.5-12 MHz)
  Marusch et al[33] 422 63% - P Rigid
  Kauer et al[34] 458 69% 68% R Probe (7.5-10 MHz )
  Vila et al[35] 120 83% 72% P Flexible, radial
  Landman et al[36] 938 - 70% P Probe (10 MHz) 
  Halefoglu et al[37]   34 85% 76% P Probe (7-10 MHz)
  Lin et al[38] 192 86% 78% P Flexible, radial (7.5-12 MHz)
  Fernández-Esparrach et al[39]   90 95% 65% P Flexible, radial (5-20 MHz)
  Ünsal et al[40]   31 80% 70% R Radial 
  Zhu et al[41] 110 91% 85% - Rigid, radial (5-10 MHz)

     4976
  Mean 84 74
  Range 63-96 63-85

Table 4  Endoscopic ultrasound accuracy of T and N stage of rectal cancer

uTN stage compared with pTN stage; no previous neoadjuvant therapy (NAT). P: Prospective; R: Retrospective; Pts: Patients; EUS: Endoscopic ultrasound.
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(T1) or advanced (T3-4) RC (Table 5)[31,30,38,39,41]. These 
assumptions are supported by the results of another 
meta-analysis which examined 42 studies, with a total 
number of 5039 patients: the pooled sensitivity and 
specificity of EUS for T1 stage was 88% and 98%, 
respectively; for T2 stage, EUS had pooled sensitivity 
and specificity of 80% and 96%, respectively; for T3 
stage, the pooled sensitivity and specificity of EUS 
were 96% and 91%, respectively; finally, for T4 stage, 
EUS had pooled sensitivity of 95% and specificity of 
98%, respectively. The authors of this meta-analysis 
concluded that EUS should be the imaging method of 
choice for T staging of RC[47]. Despite the high accuracy 
that EUS has for T stage, this imaging method is not 
capable of differentiating peri-tumoral inflammation 
and edema from neoplastic infiltration. One of the 
mayor limits of EUS, is overstaging T2-T3 RC, with 
the risk of overtreatment[30,32,53-59]. In T3 stage cancer 
infiltrates the rectal wall up to the perirectal fat, with 
different penetration depth. The precise evaluation 
of the infiltration depth into the perirectal fat is an 
important prognostic factor for T3 RC. Harewood et 
al[56] demonstrated that T3 RC are not all equal, with 
minimally invasive disease carrying a more favorable 
prognosis. In a series of 42 patients with T3 RC, 
who underwent surgery without receiving NAT, EUS 
overstaged the minimally invasive (invasion < 2 mm 
beyond muscolaris propria at EUS) T3 cancer in 50% 
of cases, in comparison with advanced (invasion > 2 
mm beyond muscolaris propria at EUS) T3 RC. These 
were overstaged only in 4% of cases. The reported EUS 
accuracy for differentiating T1/T2 and T3/T4 was 88%, 
with an overall accuracy of 76% for T stage and 63% 
for N stage. Since the overstaging rate of minimally 
invasive T3 RC was high, the authors recommend to 
exclude these patients from NAT, which should be used 
only for patients with advanced T3 RC[56]. These data 
highlight the importance of proper measurement of the 
infiltration depth of RC at EUS, because this information 
is crucial for establishing the prognosis and guiding 
the multimodal therapy. According to Esclapez et al[57], 
an ultrasonographic maximum tumor thickness cutoff 
point of 19 mm could be useful to classify patients 
preoperatively and select them for primary surgery or 

accuracy of EUS, as highlighted by Marusch et al[33,49]. 
Indeed, Kauer et al[34] observed that there is a high 
inter-observer variability (61%-77%), according to the 
experience of the operator. These authors reported that 
EUS has an overall accuracy of 69% for T staging of 
RC, with T3 tumors better (86%) staged and T4 cancer 
the least (36%) accurately classified. Differentiating T1 
from T2 was difficult in this retrospective series, where 
overstaging (19%) was much more frequent than 
understaging (12%)[34].

Superficial RC limited to the mucosa can be resected 
endoscopically. Whenever a trans anal resection is 
planned, it is recommended to perform a preoperative 
EUS staging of the tumor, as suggested by Kneist et 
al[50]

. These authors evaluated the accuracy of EUS in 
552 patients undergoing trans anal excision of RC and 
they reported that EUS has a sensitivity of 95% and a 
positive predictive value of 93% in staging early RC[50]. 
Similarly, Glancy et al[51] demonstrated that EUS has 
an overall accuracy of 95% in staging early superficial 
RC suitable for local treatment. This high accuracy rate 
was confirmed by Zorcolo et al[52], who reported that 
EUS allows a precise distinction between early and 
advanced RC, with sensitivity of 96%, specificity of 
85%, and overall accuracy of 94%. The latter is lower 
in our personal series, where we reported that EUS has 
an accuracy rate of 81% in differentiating early (T1) 
from advanced RC (T2), with the same occurrence 
of overstaging and understaging (9%)[30]. Finally, a 
recent meta-analysis analyzed the results of 11 studies, 
which discussed the efficacy of preoperative EUS in 
staging patients with early RC: the sensitivity of EUS in 
diagnosing T0 was 97%, with a specificity of 96%[48]. 
These data support the conclusion that EUS accurately 
diagnoses T0 RC, helping physicians to choose 
endoscopic treatment for patients with early RC.

Several studies have shown that EUS accuracy for 
T stage is strictly related to the depth of infiltration 
and the accuracy is lower for T2 stage than for early 
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Figure 4  Stage T3 rectal cancer: Ultrasonographic view. Endoscopic 
ultrasound shows advanced cancer of the rectum with large hypoechoic and 
inhomogeneous thickening of the rectal wall, loss of the five-layered wall 
structure and deep infiltration of the perirectal fat. Endoscopic ultrasound with 
radial array transducer UM160 (5-20 MHz). B: Ballon; P: Transducer; T: Tumor; 
Black arrow: Perirectal fat.

  Ref. Year No. pT1 pT2 pT3 pT4

  Akasu et al[31] 1997 164 86% 56% 93% 75%
  Marone et al[30] 2000   63 80% 78% 84% 80%
  Lin et al[38] 2011 192 86% 94% 86% 65%
  Fernández-Esparrach et al[39] 2011   90 95% 76% 76% 95%
  Zhu et al[41] 2013 110 93% 88% 88% 96%
  Range 619 80%-95% 56%-94% 76%-93% 65%-96%
  Mean 88% 78.4% 85.4% 80.2%

Table 5  Accuracy of endoscopic ultrasound for each single T 
stage

uTN stage compared with pTN stage; No previous neoadjuvant therapy 
(NAT).

Marone P et al . EUS for rectal cancer



Recently, the capability of EUS in assessing MRF and 
predicting the circumferential resection margin (CRM) 
of RC has been evaluated by Granero-Castro et al[61]. In 
a series of 76 patients with mid-low RC, preoperative 
staging was performed by means of both MRI and EUS 
and the patients underwent surgery without receiving 
NAT. A comparison between preoperative (EUS and 
MRI) CRM status and pathologic examination after TME 
surgery was eventually made: overall accuracy of EUS 
and MRI in assessing CRM status was 84% and 92%, 
respectively, with similar negative predictive values 
(97%). When focusing on low RC, the overall accuracy 
of EUS increased to 87%, whereas MRI lowered its 
accuracy rate to 87%, with a negative predictive 
value of 96% for both imaging methods. These data 
suggest that EUS should be used together with MRI for 
predicting CRM involvement in low anterior RC. 

N Staging
EUS allows the assessment of perirectal lymph nodes 
for metastatic infiltration: these are metastatic when 
they appear as roundish or oval, homogeneous echo-
poor nodules with a short axis of at least 5 mm (Figure 
6)[5,7,9,10]. According to the number of metastatic lymph 
nodes, there are two different N (uN) echoendoscopic 
stages (Table 6). 

The incidence of malignant metastatic lymph 
nodes in patients with RC is strictly related to T stage 
and varies from 6%-11% for T1, 10%-35% for T2 
and 26%-65% for T4 RC[3,5,7,8]. Determination of 
lymph nodes involvement during EUS is difficult and 
less precise, with a variable accuracy of 63%-85% 
(Table 4)[12-45]. Kauer et al[34] reported that EUS has 
an overall accuracy of 68% in diagnosing metastatic 
lymph nodes associated to RC, with a sensitivity of 
52% and a specificity of 82%. A recent meta-analysis 
of 35 published studies evaluated the accuracy of EUS 
in diagnosing metastatic lymph nodes of patients with 
RC[7]. EUS showed sensitivity of 73% and specificity of 

NAT. Indeed, these authors showed that tumor thickness 
of more than 19 mm in uT3 RC was associated with a 
higher rate of postoperative recurrence[57].

In approximately 14% of RC there is a stricture that 
cannot be traversed by the echoendoscope, leading to 
inaccurate staging and potential errors because EUS 
evaluates only the distal portion of the cancer[5,50,51]. 
The presence of a stricture is a limitation for staging RC 
at EUS: this determines not only inaccurate T staging, 
but also incomplete N staging because perirectal lymph 
nodes cannot be examined. Moreover, a stricture 
often does not permit perpendicular position of the 
ultrasonographic beam and an adequate focal distance 
of the probe from the tumor leading to misstaging. All 
these pitfalls can lead to an incorrect staging of the 
tumor, which can then affect the therapeutic strategy[5]. 
Marone et al[60] reported that EUS has an overall acc
uracy of 83% in a series of 127 patients with RC, who 
underwent surgery without receiving NAT. When the 
T stages were analyzed separately, EUS showed an 
accuracy of 76% for T1, 72% for T2, 91% for T3 and 
67% for T4 stages. Overall, EUS misstaged T in 16% of 
cases, with 11% of overstaging and 5% of understaging 
errors. The presence of a stricture lowered the accuracy 
rate of EUS for T stage from 93% to 56%; similarly 
the distance of RC from the anal verge affected the 
accuracy of EUS for T stage, which decreased from 92% 
for tumors located > 5 cm from the anal verge to 67% 
for cancer sites < 5 cm from the anus[60]. Therefore, the 
presence of a stricture and tumor distance of less than 
5 cm from the anal verge are two factors limiting the 
accuracy of EUS in staging RC. 
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Figure 5  Stage T4 rectal cancer: Miniprobe ultrasonographic 
view. Endoscopic ultrasound with radial miniprobe (12 MHz) shows 
an advanced, stenotic rectal cancer with large hypoechoic and 
inhomogeneous thickening of the rectal wall, loss of the five-layered 
wall structure and invasion of adjacent organs. T: Tumor; P: Miniprobe; 
L: Metastatic lymph node; W: Water.

  uN1 = 1-3 positive nodes
  uN2 = More than 4 metastatic lymph nodes

Table 6  N staging at endoscopic ultrasound, according to the 
number of metastatic lymph nodes 

From ref.[9].
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EUS shows an increased (75%) sensitivity for N stage 
in T1 RC, with significantly reduced specificity (49%) 
and overall accuracy (53%)[31,36,45]. These data confirm 
that the size of the lymph node cannot be the only 
parameter to be used for assessing neoplastic nodal 
invasion in patients with RC[36,45,59,67].

EUS accuracy for N staging can be ameliorated 
associating other parameters to the dimensional 
criterion used for defining malignant lymph nodes. 
These ultrasound features include lymph node short 
axis size, echogenicity, shape, and border. Among 
them, those which better correlate with malignancy 
are: enlarged node (≥ 1 cm in short axis), hypoechoic 
appearance, round shape, and smooth border[11]. 
The presence of two or more features is associated 
with EUS sensitivity of 77%, specificity of 29%, and 
accuracy of 54%. Three or more features give EUS a 
sensitivity of 68%, and a specificity of 52%, with an 
accuracy of 61%. Finally, with four or more features 
EUS shows sensitivity of 23%, specificity of 100% and 
accuracy of 61%. Simultaneous presence of all these 
features in a lymph node is related to 100% of positive 
predictive value, but this is a rare occurrence (less than 
25% of cases)[65]. Despite all the efforts to find the right 
criteria, determination of lymph nodes involvement 
during EUS is less accurate and useful than T staging. 
The most important limitation is the difficulty in both 
discriminating between inflammatory and metastatic 
lymph nodes and recognizing small metastatic nodes. 
These limitations can be overcome by EUS-guided FNA, 
which allow sampling of the suspicious perirectal nodes, 
leading to correct N staging. However, even with EUS-
guided FNA, the overall accuracy of EUS for N stage 
remains low, because distant metastatic lymph nodes 
are undetectable by EUS, since they are out of the 
scanning area. Indeed, incomplete evaluation of the iliac 
nodes is the most frequent cause of incorrect staging 
of patients with RC, leading to mistreatment in 6% of 
cases[16,45,62,63,66-70]. Recently, Kim et al[64] suggested that 
tridimensional EUS could obviate the low accuracy of 

76% for N staging and the data analyzed supported 
the hypothesis that EUS is more accurate in excluding 
nodal invasion, rather than diagnosing it. Indeed, 
determination of nodal invasion is less accurate because 
of difficulty in discriminating between inflammatory and 
metastatic nodes, which leads to false positive diagnosis 
and possible overtreatment. The size of lymph nodes 
could be indicative of neoplastic invasion: nodes greater 
than 5 mm can be metastatic in 50%-70% of cases, 
whereas those smaller than 4 mm harbor malignancy 
in less than 20% of cases[16]. These data have been 
partly confirmed by Akasu et al[59], which observed that 
the incidence of nodal metastases is strictly related to 
the size of the lymph node in patients with RC: 9.5% 
for nodes less than 2 mm; 47% when the lymph node 
measures 3-5 mm and 87% for nodes larger than 6 
mm. However, despite this correlation between size of 
the node and incidence of metastatic invasion, there are 
several reports of metastatic lymph nodes smaller than 
5 mm in patients with RC, with an overall incidence of 
18%[20,62-64]. There is a clear correlation between T stage 
of RC and risk of metastatic invasion of perirectal lymph 
nodes. The more advanced the RC, the higher the risk 
of metastatic lymph nodes: less than 5% with T1m and 
more than 80% with T3 RC[65,66]. The latter results were 
confirmed by Landmann et al[36], who reported that 
the accuracy of EUS for N staging decreases from 84% 
in pT3 RC to 48% in pT1 cancers. The low detection 
rate of metastatic lymph nodes in T1 RC is probably 
explained by the fact that in these cancers possible 
metastatic nodes are small, with a size variable from 
0.3 to 3.3 mm. Therefore, EUS can misstage early RC 
where the presence of neoplastic invasion is possible 
even in small lymph nodes: this exposes a patient who 
undergoes local excision to pelvic recurrence because of 
misstaged early cancer. To avoid this, it was proposed 
to decrease the dimensional cut off of 5 mm to 3 mm, 
with increased sensitivity, but reduced specifity and 
overall accuracy for N staging at EUS. Indeed, with a 5 
mm cut off, EUS has an overall accuracy of 89% for N 
stage in T1 RC, with sensitivity of 39% and specificity of 
89%. On the other hand, reducing the cut off to 3 mm, 
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Figure 6  Perirectal metastatic lymph node: Ultrasonographic view. 
Endoscopic ultrasound with radial array transducer UM160 (5-20 MHz). White 
arrow: Perirectal metastatic lymph node.

Figure 7  Stage T1 rectal cancer: miniprobe ultrasonographic view. 
Endoscopic ultrasound with radial miniprobe (12 MHz), showing a small tumor 
located within the mucosa and superficial submucosal layers, with preservation 
of the outer layers of the rectal wall. T: Tumor; Red arrow: Muscularis propria 
layer; Black arrow: Submucosa layer.
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patients with adenocarcinoma or broad-based polyps 
of colorectum, EUS accuracy for T staging with mini
probes was 96%, with 4% of overstaging and 2% 
of understaging[72]. The overall accuracy of N staging 
using miniature ultrasonographic probes was 87% 
(sensitivity 95%, specificity 71%, positive predictive 
value 87%, negative predictive value 88%). These data 
confirm that miniprobe ultrasonography has a high 
overall accuracy for both T and N staging of colorectal 
cancer and it may be useful for selecting patients fit for 
local resection. Finally, Gall et al[73] conducted a meta-
analysis of ten studies with a total of 642 patients to 
evaluate the accuracy of miniprobe EUS in staging RC. 
The pooled sensitivity and specificity were respectively 
91% and 98% for T1 cancers, 78% and 94% for T2 
tumors, 97% and 90% for T3/T4 RC. Eight percent 
of T1/T2 cancers were upstaged to T3/T4 tumors and 
5% of T3/T4 RC were downstaged. Finally, the pooled 
sensitivity and specificity for N staging were 63% and 
82%, respectively. These data confirm that miniprobe 
EUS is highly effective for clinical staging of RC, allowing 
identification of those patients who may be suitable for 
nonsurgical treatments. 

EUS-FNA for staging rectal cancer
According to a recent study, EUS-FNA is useful for ass
essing primary and metastatic rectal cancers. In this 
setting, EUS-FNA had sensitivity, specificity, positive 
and negative predictive values of 89%, 79%, 89% and 
79% respectively. This technique improves staging of 
suspected nodal or distant metastases, but it is indicated 
only when cytologic results will change the therapeutic 
strategy[74,75]. This is the conclusion of Harewood et al[12], 
who reported that standard EUS modified therapeutic 
strategy of LARC in 25 patients, while only in 1 case 
EUS-guided FNA was crucial for choosing the correct 
therapy. According to Shami et al[76], EUS-guided FNA 
has a clinical impact of 19% on staging and subsequent 
management of patients with RC. In this cancer the 
incidence of lymph node metastases is strictly related 
to T stage, with a higher risk of nodal metastasis with 
more advanced T stages. Peritumoral lymph nodes 
are highly predictive of cancer invasion: the majority 
of perirectal nodes detected by EUS are metastatic in 
patients with RC. This is the explanation for the low 
clinical impact of EUS-guided FNA in staging patients 
with RC. Moreover, T3 RC is an indication for NAT, 
independently from N stage, which has no influence 
on the therapeutic strategy of patients with LARC[12,75]. 
EUS-guided FNA seems to offer the most potential for 
the management of T1-2 stage disease, where the 
presence of metastatic perirectal lymph nodes modifies 
the therapeutic strategy. Therefore, its use should be 
confined to this subgroup of patients[12,67,75,77]. This 
indication is confirmed by Levy and colleagues who 
evaluated the role of EUS guided FNA in N staging of 32 
patients with RC and suspicious iliac lymph nodes[70]. 
In approximately 50% of cases, the sampled nodes 
were positive for neoplastic invasion and determined 

EUS for N staging. However, these results need to be 
confirmed.

PITFALLS IN STAGING RECTAL CANCER
Sometimes, EUS staging of RC can be incorrect and 
the cancer is misstaged because of overstaging rather 
than understaging. At EUS, hypoechoic fibrosis and/or 
inflammation cannot be differentiated by the hypoechoic 
mass of the tumor leading to overstaging. On the 
other hand, understaging occurs when the microscopic 
neoplastic invasion into the next layer is undetectable 
during EUS, especially when an entire layer is distended 
by the invading tumor which abuts into the adjacent 
layer, without showing clear infiltration. Moreover, a 
stricture which cannot be traversed limits the accuracy 
of EUS, while location, shape and size of the tumor can 
alter the direction of scanning and result in overstaging. 
Similarly, the T stage can influence the results of 
EUS staging, as in the case of T2 cancer for which 
EUS staging is less accurate. Finally, EUS is operator 
dependent and there is a substantial difference in 
accuracy between novice and experienced endoscopists, 
since the latter have learned over the time how to avoid 
technical problems, like oblique scans, overfilling of the 
balloon and inadequate water filling of the rectum[5]

.

Miniature Ultrasonic Probes
Dedicated echoendoscopes have some limitations due 
to the fact that combining endoscopy and ultrasono
graphy in one instrument increases the diameter of such 
scopes (12-13 mm). Because of the large diameter, 
complete passage of severe strictures is often impossible. 
Furthermore, conventional EUS often requires a second 
examination, separate from the previous routine 
endoscopy. The miniature ultrasonic probes (diameters 
about 2 mm; frequencies 12-20-30 MHz) can be passed 
through the working channel of standard endoscopes 
to provide high frequency ultrasound images (Figures 
1, 5 and 7). These miniprobes allow simultaneous 
endoscopic and ultrasonographic evaluation of the 
lesions, complete assessment of strictures that cannot 
be traversed by conventional echoendoscopes and 
accurate staging of superficial lesions[8]. The rarity of 
lymph node metastases in T1m or T1sm 1 RC supports 
the indication for endoscopic resection of these lesions, 
which require accurate preoperative staging. This has 
been performed by Harada et al[71], using a 15-MHz 
ultrasound miniprobe in 35 patients with submucosal 
invasive colorectal cancer. The accuracy of miniprobes 
was low (37%) in categorizing the different depth 
of submucosal invasion, while it was high (86%) in 
differentiating between mucosal/superficial submucosal 
infiltration (M and SM) and deep submucosal invasion 
(SM2, SM3, MP, and S)[71]. These data support 
the indication for ultrasonographic staging of early 
colorectal via miniprobes in order to plan endoscopic 
resection. In a prospective study of 131 consecutive 
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suitable for local excision. EUS can also improve N 
staging by performing FNA, whenever N stage can 
change the therapeutic strategy[81]. In a series of 49 
patients, EUS and MRI showed similar accuracy (88%), 
in predicting pathologic CRM of low RC[82]. Therefore, 
EUS and MRI are complementary and should be both 
used for preoperative staging of patients with RC. The 
fact that staging accuracy is improved by combination 
of MRI and EUS is supported by the results of a recent 
study in which the authors compared feasibility and 
accuracy of both 1.5 Tesla MRI and three-dimensional 
(3D) EUS for staging patients with RC before and after 
preoperative chemotherapy[83]. The stage accuracy 
by MRI, 3D-EUS and the combination of MRI and 
3D-EUS was 65%, 70% and 74%, respectively, before 
chemotherapy and 65%, 78% and 83%, respectively, 
after chemotherapy. The post chemotherapy staging 
by MRI alone was improved by a combination of MRI 
assessment of the lymph nodes and 3D-EUS assess
ment of the perirectal tissue penetration (P= 0.046). 
These results confirmed that staging accuracy is 
improved by combining MRI with EUS. 

According to the data of the literature, EUS and MRI 
are superior for T- staging, while CT and PET/CT are the 
main stay for metastatic work-up. EUS is superior in 
staging early cancers and defining the infiltration of the 
anal sphincter, while MRI is excellent for staging T4 and 
clarifying both the MRF status and the infiltration of the 
elevator muscle; CT and EUS are complementary, rather 
than competitive in loco-regional and distant staging 
of RC[84-86]. Therefore, the best approach for RC is the 
combination of all different imaging methods, which are 
complementary: they should be utilized according to the 
clinical condition of the patient, the availability of each 
single test and the personal preference. Cost-benefit 
studies have demonstrated that the most cost-effective 
association of imaging methods is EUS plus CT scan[87]. 

Accuracy of eUS in staging locally advanced rectal 
cancer after chemoradiation
Loco-regional staging of RC after NAT is affected by local 
effects of the treatment which determines peritumoral 
inflammation, edema, necrosis, and fibrosis of the 
neoplastic tissue. This reduces the accuracy of EUS, 
leading to overstaging errors (Table 7)[88-90]. EUS staging 
of RC after NAT is inaccurate, as shown by Vanagunas 
and colleagues in a series of 82 patients with LARC[90]. 
After NAT, EUS correctly predicted complete response 
to chemoradiation in only 63% of cases and its overall 
accuracy for pathologic T-stage was 48%, with 14% 
of understaging and 38% of overstaging. These data 
suggest that EUS staging of RC after NAT is inaccurate, 
and its routine use for restaging patients should be 
discouraged. Similary, Marone et al[91] and Maor et al[92], 
demonstrated that EUS restaging of LARC after NAT 
has low accuracy. Both studies compared two groups of 
patients with LARC: one operated on without receiving 
NAT and another one who underwent surgery after 
NAT. The results of the studies were similar, showing 

a change in the therapeutic strategy. Of note, CT scan 
did not detect half of the lymph nodes which were 
malignant at EUS–guided FNA. These data support 
the need to properly investigate the iliac lymph nodes 
during staging of patients with RC.

EUS in comparison with CT and MRI for staging rectal 
cancer 
In RC, EUS has been compared with digital exami
nation, CT scan and MRI. EUS is superior to rectal digit 
examination, showing a higher accuracy (91%-92% 
vs 52%-60%). CT scan is unable to correctly define 
the single layers of the rectal wall and therefore is 
not indicated for T staging of RC, while it is crucial for 
diagnosing distant metastases[77]. EUS is more accurate 
than CT scan in loco-regional staging of RC, showing an 
accuracy rate of 87% for T stage and 62% for N stage, 
compared to that of CT scan (76% for T stage and 62% 
for N stage)[6,63,77]. Similarly, EUS was considered more 
precise (85% vs 77%) than MRI in determining the T 
stage of RC[77]. However, recent technology has allowed 
MRI to define the status of MRF and subsequently 
delineate the possible threatened CRM, making this 
imaging method crucial for loco-regional staging of 
RC[44]. A systematic review of 31 articles published 
over a 20-year period evaluated the role EUS and MRI 
in loco-regional staging of RC[46]. While EUS is more 
useful for staging early RC, with an overall accuracy of 
82%, MRI is indicated for staging advanced disease, 
providing a better definition of both the mesorectum 
and the MRF. The latter is crucial for choosing the best 
therapeutic strategy. In another systematic review, 
Kwok et al[78] evaluated the role of CT scan, EUS and 
MRI in the preoperative staging of RC. In determining 
T stage, EUS was more accurate than CT scan and 
MRI. The latter, with the adjunct of an endorectal coil, 
has the same accuracy of EUS for T stage, while it is 
more precise in determining nodal metastases. Both 
EUS and MRI with an endorectal coil are limited by the 
presence of strictures when staging RC. An MRI with 
a pelvic phased-array coil is not invasive, has a high 
spatial resolution and appears to be a promising image 
method for loco-regional staging of RC[37,79]. Yimei et 
al[80] evaluated the reference value to surgeons of both 
EUS and MRI, reporting that EUS has higher sensitivity (P 
= 0.044) and specificity (P = 0.039) than MRI, showing 
elevated accuracy for early stage RC. This makes EUS 
staging crucial for the identification of those patients 
who are suitable for less invasive surgery. On the other 
hand, MRI is useful for the proper diagnosis of LARC 
which need to undergo multimodal treatment. MRI has 
been preferred to EUS because it is better tolerated, 
can be used in stenotic tumors and it can define the 
infiltration depth of MRF and assess the CRM. The latter 
is a crucial information for choosing the best therapeutic 
strategy. However, Cesmeli et al[81] point out that EUS 
is still important in the preoperative staging of early RC, 
because of its ability to delineate the different layer of 
the rectal wall, allowing the selection of those patients 
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sional EUS (3D-EUS) seems to improve the spatial 
visualization of RC allowing better evaluation of tumor 
resectability[98]. 3D-EUS is more accurate than 2D-EUS 
and CT scan in T staging of RC, for which the three 
imaging methods have an accuracy of 78%, 69% and 
57%, respectively[64]. 3D-EUS visualization of the outer 
margin of the rectal wall is well related to neoplastic 
infiltration and metastatic nodal invasion diagnosed by 
pathological examination of the surgical specimen. Some 
data suggest that 3D-EUS allows correct visualization of 
MRF, which was not well delineated by 2D-EUS. Proper 
measurements of the tumoral area before and after NAT 
could be a useful criterion for evaluating the response of 
RC to NAT[98-100]. 

Elastography is a new technique which has been 
recently added to the armamentarium of EUS and allows 
measurement of tissue elasticity useful to differentiate 
normal from tumoral tissue. Preliminary data have 
shown that simultaneous elastography during EUS imp
roves its accuracy for T staging of RC[98]. Finally, EUS 
with contrast medium administration (contrast harmonic 
EUS or CH-EUS) and simultaneous Doppler visualization 
allows the study of tumoral vascularization and irroration. 
These data are useful for the evaluation of both tumoral 
response to NAT and efficacy of anti-angiogenic 
treatments, because this combination of techniques 
shows accurately those changes in the vascular pattern 
of RC which reflect its response to therapy. Miyata et 
al[101] evaluated the micro-vascularization of lymph 
nodes by means of CH-EUS in order to differentiate 
benign from malignant nodes: sensitivity, specificity, 
and accuracy of CH-EUS for malignant lesions were 
95%, 97%, and 97%, respectively. These data show 
that CH-EUS is accurate in detecting minimal changes 
of tumoral vascularization in lymph nodes which harbor 
neoplastic invasion. This information could address 
the correct use of FNA-guided EUS, whenever it is 
needed[101,102]. To date, there are still little data on the 
clinical application of simultaneous use of these new 
methods together with standard EUS. Therefore, further 
clinical trials are needed for the evaluation of indication, 
accuracy, clinical impact and limitation of CH-EUS and 
Doppler-EUS.

CONCLUSION
Prognosis of patients with RC is strictly dependent 
from the stage of the disease at the time of diagnosis. 
Multidisciplinary approach to patients with RC is the 
standard of care in order to reduce local recurrences and 
improve survival outcomes. A strong cooperation among 
members of a multidisciplinary team is mandatory to 
improve patients outcomes, because the latter are 
strictly dependent from the chosen therapeutic strategy. 
This is the results of an accurate loco-regional staging, 
especially if metastatic disease has been excluded. 
CT scan, MRI, PET are the imaging method used for 
staging RC and give information on both loco-regional 
and distant disease. In the last decades, EUS has been 

that EUS restaging of LARC after NAT has low accuracy 
(60%-70%) and is able to predict a complete response 
in only 50% of cases. Further confirmation of this 
low accuracy came from a study where the authors 
compared sensitivity and specificity of EUS and MRI, in 
patients with LARC after NAT[93]. Both EUS and MRI had 
low accuracy (46% vs 44%) for T stage of LARC after 
NAT. Better accuracy of EUS restaging was reported by 
Radovanovic and colleagues who demonstrated that 
EUS has an accuracy of 75% for T stage after NAT, with 
18% of overstaging and 7% of understaging[94]. The 
majority of overstaging occurred in patients with uT3 
tumors, eventually found to have pT0-pT2 RC. EUS was 
able to correctly stage only one of the patients who had 
complete response after NAT. Despite the fact that EUS 
restaging accuracy for LARC was higher, the results of 
this study confirm that EUS is not useful after NAT.

EUS DIAGNOSIS OF LOCAL RECURRENCE 
IN PATIENTS OPERATED ON FOR RC
After surgery, local recurrence of LARC has an incidence 
of about 25%, which decreases to 10%, if NAT has 
been administered before surgery (10%). The risk 
of local recurrence is strictly related to T stage and 
it is higher for more advanced T stages, occurring 
mostly in the first two postoperative years[95-97]. Early 
identification of local recurrence and its immediate 
treatment could potentially improve patients survival. 
EUS has a high sensitivity, but low specificity in defining 
local recurrences. A limitation of EUS is its inability to 
clearly differentiate postoperative changes and benign 
lesions from cancer recurrence[95-97].

EUS-guided FNA increases the specificity of EUS 
(57% vs 97%). To date, there are no guidelines which 
define the role of EUS in the follow-up of patients 
operated on for RC, since there are no clear data that 
echoendoscopic follow-up and/or EUS-guided FNA 
influence patients survival after surgery for RC[95-97].

Future perspectives
The recent development of new technology for EUS 
generates novel applications for echoendoscopic diag
nosis and staging of gastrointestinal tumors. Tridimen
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  Ref. Year No. T Mistakes N

Over Under
  Vanagunas et al[90] 2004 82 48% 38% 14% 77%
  Mao et al[92] 2006 25 72%   8% 12% 80%
  Radovaanovic et al[94] 2008 44 75% 18%   7% 68%
  Marone et al[91] 2011 85 61% 28%   7% 59%
  Mean 236 64% 23% 10% 71%
  Range 48%-75% 8%-38% 7%-14% 59%-80%

Table 7  Accuracy of endoscopic ultrasound in staging locally 
advanced rectal cancer after chemo-radiation

uTN stage compared with pTN stage; Previous neoadjuvant therapy 
(NAT). Over: Overstaging; Under: Understaging.
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used in combination with these imaging methods for 
staging RC in order to better define both the T stage 
and the involvement of loco-regional lymph nodes. 
EUS has significant clinical impact on patients with RC, 
allowing to identify those who are candidate for local 
excision and/or direct surgery, without receiving NAT. 
LARC is well defined by EUS, even if the identification 
of both MRF and possible threatened CRM is more 
precisely obtained by MRI. The latter lacks accuracy 
for mid - low anterior RC, which could be better 
staged by EUS, as recent data suggested. Therefore, 
EUS and MRI are complementary and they should be 
used simultaneously, with a significant increase of the 
overall accuracy for the T stage of RC. EUS is superior 
in identifying early cancers and infiltration of anal 
sphincter, while MRI is excellent in recognizing T4, in 
relationship to MRF infiltration of the elevator muscle. 
While EUS and MRI are superior for T- staging, CT and 
PET/CT are the main stay for metastatic work-up.

Restaging after NAT is mandatory for establishing 
a correct prognosis of patients with RC and choosing 
the most effective treatment. This should be tailored 
according to the results of NAT, whose experimental 
drugs can be tested in clinical trials and evaluated by 
means of restaging RC. The latter is not performed 
by means of EUS because this imaging method has 
low accuracy in restaging RC, due to the difficulty in 
differentiating inflammation and tissue fibrosis from 
actual residual cancer.

EUS has low sensitivity, but high specificity in 
diagnosing local recurrences in patients operated on for 
RC, because it is unable to differentiate perianastomotic 
surgical changes from recurrent cancer. In this case, 
EUS-guided FNA increases specificity, but its use in 
clinical practice has not been standardized. Probably, 
high resolution images and guided FNA are the best 
combination for improving EUS accuracy in naive and 
recurrent RC. 

Technological improvements, like elastography, 
contrast medium administration, high ultrasonographic 
frequencies and 3D, will certainly improve EUS accuracy 
and broaden its clinic use; however there is a need for 
further studies which should confirm the potential of 
these new technologies.

In conclusion, accurate EUS staging is crucial for 
the best treatment of each single patient with RC and 
especially LARC, because patients can be understaged 
or overstaged, with subsequent mistreatments.
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