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Significance of MRI in rectal carcinoma therapy optimization – correlation of 
preoperative T- and N-staging with definitive histopathological findings 
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In past decades, both prognosis and therapy of rectal cancer patients showed significant improvement. On the other 
hand, the incidence of rectal carcinoma continues to have a rising tendency. According to current UICC classification, 
patients in stage II rectal cancer or higher are indicated for neoadjuvant chemoradiotherapy (nCRT). Magnetic resonance 
imaging (MRI) is currently the most common diagnostic method used for preoperative staging of rectal cancer. Several 
studies already pointed out the inaccuracy of preoperative lymph node staging in patients with rectal cancer. The present 
study analyzed overall accuracy of MRI staging of rectal cancer and thus its accuracy in neoadjuvant therapy indication, 
by comparing preoperative MRI staging with definitive histopathologic results from resected tumors. This study evaluated 
cases of 92 patients with rectal tumor that underwent MRI examination followed by surgical resection. Tumors included in 
the analysis were ranging from T1 to T3b according to the TNM staging, with free circumferential resection margin (CRM), 
distance form mesorectal fascia more than 5 mm, negative intersphincteric plane and also negative extramural venous 
invasion (EMVI), while the N stage was not decisive. In all cases, both N-staging and T-staging were evaluated histologi-
cally and compared with preoperative MRI results. Significant difference in preoperative and postoperative N-staging was 
shown in 51 patients (61.45%). In majority of cases MRI lead to over-staging, which was observed in 44 cases (53.1 %), 
with complete negativity of lymph nodes proven by histological examination in 34 cases. On the other hand, under-staging 
of lymph nodes was observed only in 7 cases (7.4 %). The T-staging did not show significant differences. Results from this 
study confirm that MRI plays an important role in T-staging of rectal tumors, however, there are undoubtedly issues in 
N-staging of tumors, which should lead to reevaluation of neoadjuvant therapy indication in patients with positive lymph 
nodes according to MRI examination. Based on the results of this study, we see the future of preoperative staging of rectal 
tumors in precise T-staging together with accurate assessment of CRM and distance of tumor from mesorectal fascia as well 
as evaluation of intersphinteric plane and EMVI. 
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Colorectal carcinoma (CRC) is one of the most common 
neoplastic diseases in the developed world with continuing 
rising incidence. Statistically CRC represents 13% of all 
malignancies in human population and is the third most 
common malignancy in the countries of European Union, 
following lung and breast cancer in females or lung and 
prostate cancer in males [1]. The highest incidence of CRC 
amongst males is observed in central European countries, 
such as Slovakia, Hungary or the Czech Republic in contrast 
to very low rates in Greece and Cyprus. Among females, 
Denmark and The Netherlands have the highest incidence of 
CRC followed by Hungary and Slovakia, Greece and Finland 
have a low incidence [2].

At present, surgical associations recommend neoadju-
vant therapy rather than adjuvant therapy in management 
of rectal cancer patients, based on the better survival rates 
of patients treated this way. Multimodal treatment of rectal 
cancer, with the combination of preoperative (neoadjuvant) 
chemoradiotherapy (nCRT) followed by surgical resection 
increases local control in locally advanced tumors and has 
become the standard approach to such rectal cancers [3–5]. 
Patients in stage I rectal cancer according to UICC (Inter-
national Union Against Cancer) are indicated for primary 
surgical treatment, while stage II and higher rectal cancer 
patients are indicated for neoadjuvant therapy. Neoadjuvant 
therapy poses a great advance in the treatment of colorectal 
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cancer patients, nevertheless, it also bears negative side 
effects such as bowel emptying disorders, rectal inflamma-
tion or sexual dysfunctions. However, it is also important to 
take into account lower quality of life of patients undergoing 
neoadjuvant treatment [6]. Up to date information antici-
pate the possibility of selecting a group of patients that could 
profit from primary surgical resection of the tumor without 
neoadjuvant therapy by maintaining the same risk of recur-
rence, but achieving better quality of life of these patients.

Accurate preoperative staging of rectal cancer is the key to 
the correct patient management, however, current imaging 
techniques have limitations that considerably affect the thera-
peutic strategy. It is important to emphasize the tendency to 
over evaluate findings with the use of imaging techniques, 
especially in borderline cases, which leads to higher UICC 
stage and thus needless overtreatment of some patients. In 
the light of these issues, an alternative concept was developed 
that circumvents the problem of clinical TNM staging by a 
completely different approach, which focuses on determina-
tion of circumferential resection margin (CRM), distance 
from the mesorectal fascia and infiltration of the intersphinc-
teric plane by magnetic resonance imaging (MRI) [7].

To address the issue of accuracy of clinical tumor staging 
in rectal cancer patients, which is in close connection to 
neoadjuvant therapy indication, we conducted a prospective 
study of 92 patients with resected rectal tumor in which we 
compared preoperative tumor staging based on MRI imaging 
with histological staging of resected tumors with emphasis 
on tumor and nodal staging.

Patients and methods

Patients. This study included 92 patients with rectal 
cancer that underwent primary tumor resection without 
neoadjuvant therapy. Out of 92 patients 42 were of female 
gender (45.7%) and 50 of male gender (54.3%).  Indication to 
primary surgical tumor resection was decided upon preop-
erative MRI and all tumors were afterwards examined histo-
logically. The patient data in this study were obtained from 
hospital documentation of 3rd Surgical Clinic of Comenius 
University in Bratislava from September 2013 to September 
2017. The medical records of these patients were analyzed 
after ethics committee approval. Patients were further classi-
fied into three groups according to the distance of tumor 
from anus; low rectal tumors (0–6 cm from anus), mid rectal 
tumors (6–12 cm) and upper rectal tumors (12–16 cm).

Methods. Prior to the surgical resection all patients 
underwent MRI examination aimed at tumor staging. Tumor 
stage was assigned according to 2009 TNM classification. 
This study included tumors ranging from T1 to T3b stage 
according to this classification while the N stage was not 
considered. Other factors evaluated by MRI that were taken 
into consideration when choosing patients for the study was 
free circumferential resection margin (mrCRM), distance 
from mesorectal fascia more than 5 mm as well as free inter-

sphincteric plane. All patients underwent the same range of 
examination in the same hospital departments.

Surgical resection was followed by histopathological 
examination of resected specimen, that lead to definite tumor 
classification as well as pathological TNM staging (pTNM). 
This study included patients with at least 12 histologically 
examined sentinel lymph nodes. During the histopatholog-
ical evaluation distance from mesorectal fascia was measured 
as well. The histologic type or grade of the tumor were not 
taken into consideration.

Preoperative histological examination verified high grade 
dysplasia in 9 cases with invasive carcinoma characteristics 
on MRI. Postoperative histological examination of these 
cases confirmed benign character of the lesions. This group 
represented overestimation in MRI examination and was 
excluded from final statistical evaluation.

Statistical analysis. Collected data were evaluated statis-
tically using Fisher’s Exact test to determine differences in 
the representation of individual data, while the difference in 
the representation of the data obtained from two different 
approaches was based on Chi-Squared test. The results were 
considered statistically significant when p value was < 0.05.

Results

Patient characteristics. Since in 9 patients, form the 
initial group of 92, benign characteristic of the rectal lesion 
was diagnosed after histopathological examination of 
resected tissue, they had to be excluded from the statistical 
analysis. In the further evaluation data from 83 patients were 
processed. The average age of patients was 67.9 years with a 
standard deviation of 9.47. Due to intraoperative findings a 
protective stoma was placed in 21 patients. Group of patients 
with low rectal tumor comprised 22 patients (27%), the 
most extensive group with mid rectal tumor consisted of 52 
patients (63%) and group with upper rectal tumor consisted 
of 9 patients (10%).

T-staging evaluation. When comparing the accuracy of 
preoperative MRI and definitive histopathologic examina-
tion with the focus on T staging, the overall success rate was 
62% with overestimation in 22% and underestimation in 
16% of cases. The comparison of results in the three different 
compartments of rectum showed the highest accuracy of 
preoperative MRI in patients with low rectal tumors, repre-
sented by 73% (16 patients). Accuracy of MRI examination 
in tumors of mid rectum reached 60% (31 patients) and 
upper rectal tumors 55% (5 patients). In the overall T-staging 
accuracy we have not observed statistically significant differ-
ence (p>0.06).

The final results showed over-staging using MRI examina-
tion in 24% cases with mid rectal cancer (12 patients) and 
in 18% with lower and upper rectal cancer (4 and 2 patients 
respectively). Tumor under-staging was seen in 27% of 
patients with upper rectal cancer (2 patients), 16% of mid 
rectal cancer (9 patients) and 9% of low rectal cancer (2 
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patients). In the investigated group of patients there was not 
a significant difference in T-staging in any rectal compart-
ment (p>0.08) (Figure 1). Most evident difference in preop-
erative staging and definite histopathological T-staging was 
observed in T2–T3b tumor stage group.

N-staging evaluation. N-staging in preoperative diagnosis 
of rectal cancer is currently one of the most discussed topics. 
Through MRI examination it is possible to estimate the 
increase in lymph node size, however, it is not possible to 
specify if the enlargement is a result of metastases or reactive 
changes. In lymph node evaluation we included only patients 
with histologically verified invasive carcinoma (83 patients). 
The preoperative MRI examination and postoperative histo-
logical evaluation of lymph nodes showed conformity in 32 
cases (39.5%). In majority of cases MRI lead to over-staging 
of lymph nodes, which was observed in 44 cases (53.1%), 
with complete negativity of lymph nodes proven by histo-
logical examination in 34 cases. On the other hand, under-
staging of lymph nodes was observed only in 7 cases (7.4%). 
The results proved statistically significant differences in 
N-staging (p=0.03).

The comparison of results of MRI examination and 
histopathological examination of lymph nodes showed the 
highest accuracy of N-staging in mid rectal tumors – 46% (25 
patients). Compatible results of N-staging were yield in 27% 
of patients in lower and upper rectal tumors (4 and 3 patients 
respectively). The most common problem in clinical praxis 
is over-staging of lymph nodes, which was proven by the 
analysis as well. Lymph node over-staging was most common 
in lower rectal tumor patients – 73% (18 patients). In upper 
rectal tumors the over-staging was in 55% cases (4 patients) 
and in mid rectal tumors in 44% (22 patients). Under-staging 
of lymph nodes was noted in 2 patients with upper rectal 
tumor (18%) and 5 patients with mid rectal tumor (10%) 
while no under-staging of lymph nodes was observed in 
patients with low rectal tumors (Figure 2). Statistically signif-
icant difference in N-staging was noted in patients with low 
rectal tumors (p<0.03).

Mesorectal fascia distance. All patients included in this 
study fulfilled criteria of “good prognosis”, with preopera-
tive distance of tumor from mesorectal fascia at least 5 mm. 
Analysis of histopathological results did not show infiltra-
tion of mesorectal fascia in any of the 83 patients. The exact 
distance of tumors from mesorectal fascia was obtained only 
later throughout the study. To prevent misinterpretation 
of the results, further analysis of accuracy of preoperative 
measurements of mesorectal distances was not pursued.

Discussion

In the diagnosis of rectal tumors, thorough anamnesis 
remains the golden standard that should lead the doctor to 
choose the correct patient management. The tumor staging 
is assessed through combination of endoscopic examina-
tion and imaging techniques. A rising number of therapeutic 

choices for RC is accompanied by three different staging 
modalities: EUS, CT, and MRI. All these modalities have their 
benefits and specific limitations restricting overall perfor-
mance [8]. Current worldwide tendency is individual multi-
disciplinary patient care as well as the effort to maintain the 
highest possible comfort with the lowest recurrence rate of 
the disease. According to up-to-date guidelines the patients 
in stage I rectal cancer are indicated to primary surgical 
resection, while patients in stage II and higher to neoadjuvant 
therapy. UICC staging is assigned mainly according to MRI 
results, which represents the standard imaging examination 
in staging of rectal cancer. MRI shows high resolution of soft 
tissues, however, the accurate distinction of borderline T2–3 
tumors remains an issue due to the excessive growth of dense 
fibrous tissue around the tumor (desmoplastic reaction), 
which makes it hard to assess the exact expansion of tumor. 
In our analysis, we similarly proved the highest mistake rate 
in T-staging in borderline T2–3 tumors.

Present-day protocols of MRI examination are taking into 
account assessment of the circumferential resection margin 
as well as allocation of the exact distance of tumor from 
mesorectal fascia. 5 mm distance of tumor from mesorectal 

Figure 1. T-Staging accuracy of preoperative MRI examination in 
different parts of rectum, no significant difference was observed – ns 
(p>0.08). Statistically significant difference wasn’t detected in the overall 
N-staging accuracy (p>0.06)

Figure 2. N-Staging accuracy of preoperative MRI examination, in differ-
ent parts of rectum, *p<0.03, ns (p>0.04). Statistically significant differ-
ence (p=0.03) was detected in the overall N-staging accuracy.
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resonance imaging. In this series, local recurrence rate was 
3.3% after 3 years [12]. Statistically, there is considerable 
inaccuracy in lymph node staging in tumors of mid and lower 
rectum, which is supported by our study as well. Inaccuracy 
of lymph node staging by MRI shows such a high mistake 
rate. During the ESGAR meeting in 2016, it was proposed to 
completely eliminate the preoperative lymph node staging in 
patients with good prognosis – T staging lesser than T3b, no 
infiltration of mesorectal fascia and free mrCRM [14]. Our 
study showed only 39.5% success rate in lymph node staging 
which further proves the limitations of MRI examination in 
discriminating metastatic lymph nodes from reactive ones. 
From 44 patients with over-staging of lymph nodes on MRI 
examination, the histological evaluation of lymph nodes 
showed a complete negativity in 34 cases. The highest rate 
of misinterpretation of lymph node staging was noted in 
patients with low and upper rectal cancer. Under-staging of 
lymph nodes has not proved to be statistically significant in 
our study. In clinical praxis, the theory starts to be adapted 
that upper rectal tumors should undergo the same manage-
ment as tumors of colon. On the other hand, according to 
Zhou et al. that compared MRI with histological evaluation 
of lymph nodes while using irregular morphology and signal 
characteristics to determine nodal status, MRI was 45–85% 
sensitive, 83–100% specific and had a 72% positive predictive 
value, 71% negative predictive value and 64% accuracy for 
node positive disease [15].

High-resolution T2-weighted MRI is less accurate in 
restaging rectal cancer following chemoradiotherapy as 
compared to initial staging, because of post-therapeutic 
fibrosis and inflammation [16]. However, the evolution of 
diffusion-weighted imaging leads to marked advance in 
accurate diagnosis and evaluation of residual tissue [17], 
which shows an important role of MRI in rectal cancer 
restaging as well.

Our analysis unambiguously proved the importance of 
magnetic resonance imaging in diagnosis of rectal cancer. 
This imaging method plays an important role in T-staging 
of rectal tumors, however, there are admittedly issues in 
N-staging of tumors which should lead to re-evaluation of 
neoadjuvant therapy in patients with MRI positive lymph 
nodes. Adding functional MR sequences such as dynamic 
contrast-enhanced and diffusion-weighted sequences to the 
standard approach can improve diagnostic accuracy of MRI 
[18–20]. New emerging parameters interpreted during MRI 
examination like CRM, EMVI or distance of tumor from 
mesorectal fascia postulate better accuracy in preoperative 
staging as well.

We see the future of preoperative staging of rectal tumors 
in accurate T-staging together with assessing the circumferen-
tial resection margin and distance of tumor from mesorectal 
fascia. The result of our analysis supported by numerous 
other international studies (for example MERCURY study) 
shows the importance of revising the current guidelines. The 
present international study does not yet report local recur-

fascia measured on MRI images correlates with 1 mm free 
edge in histopathological examination [9]. The involvement 
of the CRM is an important prognostic indicator of appear-
ance of local recurrences [10]. According to the meta-analysis 
of Al-Sukhni the CRM examination by MRI distinguishes 
77% sensitivity and 94% specificity [11].

The accurate assessment of T-staging of tumor, CRM and 
distance from mesorectal fascia are key factors in correct 
patient management. Other important aspects to take into 
account are the evaluation of intersphincteric plane and 
extramural venous invasion (EMVI), which could distin-
guish patients with better prognosis that might benefit from 
primary surgical resection (Table 1). Intersphincteric plane 
is recognized region starting approximately 1 cm above 
puborectal sling that is being evaluated during MRI exami-
nation for possible tumor infiltration. According to the 
MERCURY study, patients with not clearly free intersphinc-
teric plane showed 17-fold higher risk of tumor positive CRM 
compared to patients with free intersphincteric plane [12]. 
Preoperative MRI assessment of low rectal cancer surgical 
resection plane (mrLRP) can also aid in correct treatment 
choice. Assessment of mrLRP evaluates mesorectal fascia 
and intersphincteric plane. When the distance of tumor 
from mesorectal fascia is at least 1 mm the mrLRP is consid-
ered “safe”, while infiltration of mesorectal fascia and /or 
intersphincteric plane is deemed “unsafe” mrLRP. Another 
emerging factor that might be important in patient manage-
ment evaluation is determining extramural venous invasion, 
which is defined as presence of tumor cells in vessels beyond 
muscularis propria. Classically EMVI is evaluated during 
histopathological examination, however, it has been recently 
proved that EMVI can be easily identified by MRI as well.  
Statistically, this method shows around 62% sensitivity and 
88% specificity [13].

The results of current studies anticipate changes in 
therapeutic schemes of rectal cancer patients. Recently, 
the MERCURY study group published a series of patients 
receiving surgery without neoadjuvant chemoradio-
therpy (nCRT) who were selected by mrCRM and several 
other criteria which were based on preoperative magnetic 

Table 1. Parameters of good and poor prognosis of rectal cancer patients 
according to The Magnetic Resonance Imaging and Rectal Cancer Euro-
pean Equivalence (MERCURY) Study (modification after [12]).
MRI Good prognosis Poor prognosis
CRM >1 mm  <1 mm
Tumors of lower 
rectum
< 5cm from anus

Intersphincteric plane 
without tumor infiltration

Intersphincteric plane 
with tumor infiltration

T-staging T1/T2
T3a <1 mm 

T3b <1–5 mm

T3c >5 mm
T4

EMVI Negative Positive
N-staging Any stage Any stage
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rence rate or other parameters of oncologic outcome that are 
anxiously awaited and are going to be the subject of following 
prospective studies.
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