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Assessment of Response to Neoadjuvant Therapy 
using Magnetic Rresonance Imaging in Rectal Cancer: 
Comparison with Anatomopathological Study

Sofia Ramos1, Sara Simões1, Marina Amorim1, Pedro Silva2, Cármen Calçada1,3, Paulo S. Costa1,3

ABSTRACT

Introduction: MRI is one of the main tools for staging and assessing response
to neoadjuvant therapy in locally advanced rectal cancer. However, there is no
consensus on its role in restaging. The aim of this retrospective study was to
assess the imaging response with MRI and to compare restaging MRI with
histopathological findings in patients with locally advanced rectal cancer who
underwent neoadjuvant therapy. 
Material and Method: A significant difference was found between staging and
restaging MRI in clinical stage T (Z=-5.03, p<0.001) and N (Z=-5.15,
p<0.001), tumour length (t(56)=10.35, p<0.001), mesorectal fascia status
(p=0.004), and number of suspicious mesorectal lymph nodes (Z=-5.24,
p<0.001). 
Results: The agreement between restaging MRI and pathology was moderate
for stage T and the status of the circumferential resection margin (K=0.58 and
K=0.46, respectively, p=0.001), and low for stage N (K=0.34, p=0.005).
Over-staging with MRI occurred in 34.4% of cases for stage T and 22.2% for
stage N. 
Conclusion: Restaging MRI is essential for evaluating the response to neo-
adjuvant therapy in locally advanced rectal carcinoma. However, it should 
not be the sole basis for therapeutic decisions as its concordance with 
anatomopathological study is limited.   
Key words: rectal cancer, neoadjuvant therapy, Magnetic Resonance Imaging

INTRODUCTION INTRODUCTION 

Colorectal carcinoma is the third most common type of cancer
worldwide, with rectal cancer accounting for approximately one-
third of these cases (1-3). Although the incidence and mortality of
colorectal cancer have been decreasing, there has been an increase
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in the incidence of rectal cancer, even among patients
under the age of 50 (3).

RT and/or CT are often used to treat LARC, followed
by total excision of the mesorectum (4-7). This treat-
ment approach has been shown to reduce tumour size
and stage, and can result in a pathological complete
response in 10% to 25% of patients (6,8,9). Patients
who have achieved a complete response after NAT can
benefit from less invasive treatment options, such as
local resection with anal sphincter sparing and the non-
surgical approach after NAT known as Watch and Wait
(6,8,10-12). Therefore, accurate restaging of LARC is 
crucial in clinical practice as subsequent therapeutic
decisions may vary depending on the type of tumour
response. 

MRI is a crucial tool for staging and assessing 
clinical response to NAT (11,13-15). It has high contrast
resolution, which enables the identification of various
tumour characteristics, including tumour volume,
degree of tumour regression, depth of invasion, lymph
node staging, circumferential resection margin status,
and extramural vascular invasion (16,17). However,
restaging with MRI presents several challenges, 
including differentiating fibrosis from residual tumour,
identifying residual early stage T1 and T2 lesions, and
evaluating small lymph nodes (18).

The aim of this study was to assess the MRI
response to NAT and to compare restaging MRI with
histopathological findings in patients with LARC who
underwent preoperative RT. 

MATERIAL AND METHODMATERIAL AND METHOD

The Braga Hospital Ethics Committee approved this
retrospective review without the need for informed
consent. All patient data was pseudonymised before
analysis. 

We identified 65 consecutive patients diagnosed
with rectal adenocarcinoma who received neoadjuvant
RT at our institution between January 2016 and
December 2020. 

Inclusion criteria included: a) age 18 or older; 
b) histologically proven adenocarcinoma of the 
rectum; c) locally advanced clinical stage (cT3-4 or cN+);
d) staging and restaging MRI; d) surgical resection after
NAT. This study excluded patients with a history of
pelvic RT, stage IV rectal cancer, synchronous colorectal
carcinoma or other non-colorectal carcinoma, missing
histopathological or MRI reports, recurrence of rectal
cancer, and palliative surgical resections, emergency
surgeries, or local resections. 

The majority of patients (n=58, 89.2%) received
treatment with long course chemoradiotherapy. 
This involved administering a total dose of 50-50.4Gy, 
in fractions of 1.8-2Gy, over 5 days a week, using 
three-dimensional conformal pelvic RT technique.
Concomitant CT consisted of 5-FU in continuous 
infusion (350 mg/m2, administered on days 1-5 and
days 29-33) or oral capecitabine (825-850 mg/m2, twice
a day, during the days of RT treatment). No patients
received CT between the completion of RT ± CT and
surgery. 

All MRI scans were conducted by the Radiology
Department of our institution. Rectal MRI scans were
typically performed using 1.5T machine (Magnetom
Avanto® model by Siemens®), with occasional use of
3T (Magnetom Verio® model by Siemens®) or 1.5T
machines (Achieva Pulsar/SE model by Phillips®),
equipped with volumetric phase-array antenna, 
following the established protocol for rectal cancer.
This protocol includes high-resolution T2 FSE
sequences in three planes, following axes that are
orthogonal to the lesion, and an axial diffusion-
weighted sequence perpendicular to the long axis of
the tumour, with b-values of 0, 50, 500 and 1000. No
images are obtained after the administration of intra-
venous paramagnetic contrast. All MRI scans were
interpreted by two radiologists with more than 10
years of experience in pelvic MRI.  For this study, the
staging and restaging MRI reports were reviewed.
These consist of structured reports containing informa-
tion about the local status of the tumour, invasion of
the MRF and peritoneal reflection, lymph nodes,
tumour deposits and extramural venous invasion, as
recommended by the European Society of Gastro-
intestinal and Abdominal Radiology (ESGAR) (19).

The histopathological reports were reviewed to
obtain information on the pathological tumour stage
and circumferential resection margin. 

The statistical analysis was performed using IBM
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SPSS Statistics v27. Wilcoxon’s test, McNemar’s test
and the t-test for paired samples were used to 
compare the characteristics of the staging MRI with
those of the restaging MRI. A p-value of less than 0.05
was considered statistically significant. The correlation
between the restaging MRI and the histopathological
findings was assessed using the Kappa coefficient of
agreement. Kappa values were classified as follows:
0.0-0.2, weak agreement; >0.2-0.4, considerable
agreement; >0.4-0.6, moderate agreement; >0.6-0.8,
substantial agreement; >0.8-1.0, almost perfect 
agreement (20).

RESULTS RESULTS 

This study included 65 patients diagnosed with
LARC, with an average age of 64 years (range 44-88
years). Of these patients, 71% were male. 74% had an

ECOG PS of 0, 23% ECOG PS 1 and 3% ECOG PS 2.
Tumours were located in the lower rectum in 35% of
cases, in the middle rectum in 54%, and in the upper
rectum in 11%. 

The administered treatment involved a long course
RT for 91% of patients and a short course for 9% 
(total dose of 25Gy, with 5Gy per fraction). Additionally, 
69% of patients received 5-FU and 31% received
capecitabine concomitantly. 11% of patients under-
went RT as monotherapy. 

Upon initial MRI assessment, 8.1% (n=5) of the
tumours were solid-polypoid, 79% (n=49) were solid-
semianular and 12.9% (n=8) had another type of
unspecified morphology. No mucinous tumours were
detected. The average time between completion of
NAT and the restaging MRI was 8 weeks (range 6-11
weeks). The characteristics of staging and restaging MRI
are illustrated in table 1. 
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Variable Staging MRI Restaging MRI p-value
N (%) N (%)

Clinical stage T p<0.001
T0 0 5 (7.7)
T1/2 5 (7.7) 22 (33.8)
T3a/b 29 (44.6) 25 (38.5)
T3c/d 18 (27.7) 4 (6.2)
T4 10 (15.4) 6 (9.2)
Missing 3 (4.6) 3 (4.6)

Clinical stage N p<0.001
N0 13 (20) 42 (64.6)
N1 26 (40) 18 (27.7)
N2 19 (29.2) 3 (4.6)
Missing 7 (10.8) 2 (3)

Suspicious mesorectal lymph nodes p<0.001
0 13 (20) 43 (66.2)
1-3 29 (44.6) 16 (24.6)
>3 14 (21.5) 3 (4.6)
Missing 9 (13.8) 3 (4.6)

Tumour length. mm p<0.001
Mean 56.06 33.67
Median 50 32
Range 15-120 0-100
Standard deviation 20.87 18.87

Anal sphincter invasion p=0.07
Yes 8 (12.3) 4 (6.2)
No 29 (44.6) 44 (67.7)
Missing 28 (43) 17 (26.2)

Mesorectal fascia p=0.004
Free 33 (50.8) 46 (70.8)
Threatened/Invaded 29 (44.6) 19 (29.2)
Missing 3 (4.6) 0

Tumour deposits in mesorectum
Yes 5 (7.7) 3 (4.6)
No 53 (81.5) 60 (92.3)
Suspicious 2 (3.1) 2 (3.1)
Missing 5 (7.7) 0

Extramural venous invasion
Yes 10 (15.4) 5 (7.7)
Suspicious 31 (47.7) 19 (29.2)
No 20 (30.8) 41 (63.1)
Missing 4 (6.2) 0

Table 1 - Characteristics of staging and restaging
MRI  
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The comparison between the staging and the
restaging MRI revealed significant differences in clinical
stage T (Z=5.03, p<0.001), N (Z=-5.15, p<0.001), the
number of suspicious mesorectal lymph nodes 
(Z=-5.24, p<0.001), and MRF status (p=0.004). Out of
the 59 patients, 30 (51%) had a reduction in T stage
after NAT, while 29 (49%) maintained the same stage. In
terms of N stage, 35 (60%) experienced a decrease, only
2 (3%) experienced an increase, and 21 (36%) showed
no change. 33 patients (59%) had a reduction in the
number of suspicious mesorectal lymph nodes, while
22 (39%) remained unchanged. 

Out of the 29 patients with threatened/invaded
MRF, 14 (48%) subsequently had free MRF. Out of the
33 patients with free MRF, 2 (6%) had threatened/
invaded MRF. The MRF status remained unchanged for
46 individuals. 

Differences in tumour length were also observed
after NAT [t(56)=10.35, p<0.001)]. On restaging MRI,
tumour length was shorter (M=33.67 mm, SD=18.87)
than on staging MRI (M=56.68 mm, SD=21.05). 

The difference in anal sphincter status was 
marginally significant (p=0.07). Of the 8 patients with
anal sphincter invasion on the initial MRI, only 1 still
showed invasion on the restaging MRI. Twenty-eight
patients showed no change in anal sphincter status
after NAT. 

Patients with tumour deposits in the mesorectum
tended to retain these deposits or suspicion of deposits
after NAT (adjusted residual = 4.8 and 2.2, respectively).
Patients suspected of having extramural venous 
invasion tended to maintain this suspicion after NAT
(adjusted residual = 2.5). 

Based on the restaging MRI, we achieved a 
complete response rate of 3.8% (2/52) and an almost
complete response rate of 23.1% (12/52). In the
remaining cases (38/52, 73.1%) there was a residual
mass and/or focal hypersignal on diffusion-weighted
images or tumour remnant. 

All patients underwent total excision of the
mesorectum. The average time between the comple-
tion of RT and surgical resection was 12 weeks (range,
5-15 weeks). 

Tables 2, 3 and 4 show the comparison between the
restaging MRI and the histopathological findings 

for tumour and lymph node staging, as well as 
circumferential resection margin status. 

MRI correctly staged the primary tumour in 38 out
of 64 patients after NAT, with an accuracy of 59.4%
based on histopathological findings. Overstaging
occurred in 34.4% (22/64) of cases, while understaging
occurred in only 6.3% (4/64). Among the 22 patients
who were overstaged with MRI, 91% (n=20) had patho-
logical tumour stages of T0, T1 or T2. 

The accuracy rate for restaging lymph nodes using
MRI was 65.1% (41/63). Overstaging occurred more 
frequently (22.2%, 14/63) than understaging (12.7%,
8/63), which was consistent with primary tumour
restaging. 

Finally, MRI had an accuracy of 77.1% (37/48) in
restaging the circumferential resection margin status,
with a positive predictive value of 56.3% and a negative
predictive value of 87.5%. The sensitivity and 
specificity of MRI in this context were 69.2% and 80%,
respectively. 
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Table 2 - Primary tumour staging: MRI vs. histopathological findings
after neoadjuvant therapy 

Histological staging MRI staging

T0 T1/2 T3 T4 Total

T0 4 7 3 0 14

T1/2 1 12 9 1 23

T3 0 3 19 2 24

T4 0 0 0 3 3

Total 5 22 31 6 64

Table 3 -  Lymph node staging: MRI vs. histopathological findings 
after neoadjuvant therapy

Histological staging MRI staging

N0 N1 N2 Total

N0 N1 N2 Total

N0 35 12 1 48

N1 7 5 1 13

N2 0 1 1 2

Total 42 18 3 63

Table 4 -  Status of the circumferential resection margin: MRI vs.
histopathological findings after neoadjuvant therapy

Histological staging MRI staging

Free Threatened/Invaded Total

Free 28 7 35

Threatened/Invaded 4 9 13

Total 32 16 48
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The agreement between the restaging MRI and the
anatomopathological study was moderate for tumour
staging and circumferential resection margin status
(K=0.58 and K=0.46, respectively, p=0.001), and low for
lymph node staging (K=0.34, p=0.005).

The anatomopathological complete response rate
was 22.6% (14/62). Restaging MRI overstaged 10
patients with stage ypT0, 7 as ycT1/2 and 3 as ycT3.
Additionally, 13 patients with stage ypN0 were 
overstaged on restaging MRI, 12 as ycN1 and 1 as ycN2.
Conversely, one patient was staged as ycT0 on MRI
when histologically it corresponded to a ypT1/2.
Furthermore, 7 patients with ypN1 staging were 
understaged as ycN0 on the restaging MRI. 

DISCUSSIONDISCUSSION

NAT has been proven to reduce the size of the 
primary tumour and malignant lymph nodes in LARC.
(16,21) Our analysis revealed that 51% of patients 
experienced a reduction in T stage and 60% in N stage
(p<0.001) when evaluated with MRI. Restaging rectal
cancer after NAT enables identification of distant
metastases that may impact treatment strategy. It
assists in surgical planning and determining the need
for additional therapy or the possibility of avoiding 
surgery in certain patients. However, commonly used
imaging techniques in clinical practice, such as MRI, CT
scans, and endoscopic ultrasound, have shown limited
accuracy in this evaluation (22).

Multiple studies have investigated the accuracy of
MRI in identifying T and N stages in rectal cancer after
chemoradiotherapy treatment. However, the accuracy
of T stage was found to be moderate, ranging from 43%
to 60% (23). This low accuracy can be attributed to 
several factors, including necrosis and regression of the
rectal tumour due to NAT, as well as fibrosis, necrosis,
and other pathological reactions of the connective 
tissue. This makes it difficult to differentiate between
tumour tissue, fibrotic scar tissue and normal intestinal
wall tissue (17,22).

Additionally, on diffusion-weighted images, inflam-
matory cell infiltration may appear with high signal
intensity in fibrotic areas, which can be similar in
appearance to residual tumour. Oedema of the mucosa
and submucosa adjacent to the tumour may also be
mistaken for residual tumour due to slightly hyper-
intense signal on T2-weighted images. This can lead 
to a tendency to overstage ypT0-2 lesions on MRI

assessment (16,17). Our study yielded results consis-
tent with previous investigations. We found that MRI
after NAT correctly staged the primary tumour in 38 out
of 64 patients, with a moderate accuracy of 59.4%
based on the correlation between histopathological
findings and MRI. Most of the remaining cases were
overstaged (34.4%), with 91% of these having stage
ypT0-2.

Previous studies have reported MRI accuracy values
for lymph node restaging ranging from 51% to 81%.
Additionally, they indicate that MRI assessment after
NAT generally results in lymph node overstaging in
around 11-36% of cases, while understaging occurs in
2-19% of cases (24). These findings are comparable to
our results, where the accuracy of MRI in our popula-
tion was 65.1%. Lymph node overstaging occurred in
22.2% and understaging in 12.7% of cases.  

Traditionally, lymph nodes were assessed primarily
based on size (16). Studies have suggested cut-offs for
distinguishing between benign and malignant nodes
after NAT (24). However, it is important to note that in
rectal cancer, there is a high incidence of microscopic
metastases in nodes that appear normal. Additionally,
patients may present with reactive mesorectal lymph
nodes that have increased dimensions (25). Brown et
al. found that MRI accuracy in rectal cancer after
chemoradiotherapy was low [69% (56/81)] when using
a 5 mm cut-off for lymph node size. This was due to 
significant overlap in the size of benign and malignant
lymph nodes (26). In a prospective study of 53 patients,
Barbado et al. reported a sensitivity of 57% and 
specificity of 73% when using the same 5 mm cut-off
for lymph node size (24). 

Other morphological characteristics have demon-
strated greater specificity in detecting lymph node
involvement, such as irregular shape and contour and
abnormal signal intensity, particularly signal intensity
similar to that of a rectal tumour (16). However, 
assessing contour and tumour heterogeneity in small
lymph nodes is challenging (23,24). 

Although the ideal size cut-off is still debated, ESGAR
recommends a short-axis diameter ≥ 5 mm in the 
identification of positive nodes after chemoradio-
therapy (19). In our study, we assessed pre-NAT lymph
nodes based on size criteria and morphological charac-
teristics, such as round shape, irregular contour and
heterogeneous signal. Post-NAT lymph nodes were
assessed based solely on size criteria, following ESGAR’s
recommendation.  

Surgery, Gastroenterology and Oncology, 29 (1), 2024 9
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The status of the circumferential resection margin is
a strong predictor of prognosis in rectal cancer. The
presence of positive radial surgical margins significantly
increases the risk of local recurrence and distant metas-
tasis, resulting in worse overall survival (27).

Chemoradiotherapy has been demonstrated to
decrease tumour size and increase the probability of
negative circumferential resection margins (27). Our
study found a significant difference in tumour length
(t(56)=10.35, p<0.001) and MRF status (p=0.004) 
after NAT, as revealed by MRI. At our institution, we
consider a circumferential resection margin to be
involved or threatened when the distance between the
MRF and the tumour is ≤ 2 mm.

The assessment of the circumferential resection
margin with MRI after NAT has shown low positive 
predictive values (44-57%) and high negative predictive
values (91-100%). This difficulty in interpreting MFR
involvement is essentially based on fibrotic changes in
the tumour bed (28). Our evaluation yielded a positive
predictive value of 56.3%, which is consistent with the
aforementioned range, while the negative predictive
value was slightly lower at 87.5%. Our study had a 
sensitivity of 69.2%, which is lower than a previous
meta-analysis that had a sensitivity of 85.4%. However,
our study's specificity was consistent with the value
obtained in that meta-analysis, which was 80% (17).
Similarly, the accuracy of MRI in terms of circumferen-
tial resection margin involvement was identical to the
Mercury group's analysis of a subgroup of 97 patients
treated with preoperative chemoradiotherapy or long
course RT (77% in both)(29). 

Following NAT, approximately 10-25% of patients
with LARC achieve a pathological complete response
(9). Currently, the decision to include these patients in
non-invasive therapeutic approaches is based on 
clinical variables that are known to underestimate the
complete response rate (10). On the other hand, 
inaccurate assessment of tumour response may lead to
inappropriate use of organ-preserving treatments with
potentially devastating consequences (28). 

While rectal examination and endoscopy allow 
complete response to be assessed at the level of the
lumen, restaging MRI provides additional information
about the presence of residual tumour in the rectal wall
layers, lymph node response and tumour growth (8).

Currently, pelvic MRI with T2-weighted and diffusion-
weighted images is the most widely accepted tech-
nique for identifying complete response, and should be
combined with rectal examination and endoscopy
(19,30). 

Our results were consistent with the literature. The
pathological response rate was 22.6%. In both ypT0 and
ypN0 stages, there was a predominance of overstaging
on MRI. Clinical understaging was less common than
overstaging and was more pronounced for lymph
nodes. 

First, it is a single-centre retrospective analysis with
a relatively small sample size. The number of patients
with ypT0 and ypT4 was very small, which makes it 
difficult to assess the accuracy of MRI at these stages.
Not all patients underwent the same type of NAT. The
majority (89.2%) received chemoradiotherapy, but we
also included patients who received only long or short
course RT. There were also some inconsistencies in the
way the MRI was performed, including 3 MRI machines
with different characteristics were used; we didn't 
routinely use pre-MRI enemas, which are not formally
indicated, although they are often used in restaging
studies; the reports were based on the assessment of
only 1 radiologist.

CONCLUSIONS CONCLUSIONS 

MRI is essential for evaluating the response to
NAT in LARC. However, its accuracy and agreement
with anatomopathological studies are limited. In
restaging, MRI accuracy was 59.4% for stage T, 65.1%
for stage N, and 77% for circumferential resection
margin involvement. Agreement with anatomo-
pathological studies was moderate for tumour 
staging and circumferential resection margin status,
and low for lymph node staging. Overstaging was the
main cause of inaccuracies in the T and N stages,
especially in ypT0-2 tumours. Therefore, therapeutic
decisions after NAT should not rely solely on this
examination. Although MRI faces difficulty in distin-
guishing fibrosis from residual tumour, emerging
techniques such as PET/MRI could be useful in
restaging rectal cancer.

The authors declare no conflicts of interest or
sources of funding in this paper. 
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