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Objective: To assess the accuracy of MRI to predict
remaining lymph node metastases in patients with
complete pathological luminal response (ypTO) after
neoadjuvant therapy.

Methods: Data from a national registry were used.
19 patients with histopathologically remaining lymph
node metastases (ypTON+) were identified. Another
19 patients without lymph node metastases (ypTONO)
were used as matched controls. Two radiologists
blinded to all patient information evaluated staging and
restaging MRI that was compared to histopathological
findings of the resected specimen.

Results: The average size of the largest lymph node
on restaging MRI was significantly larger (4.5mm) in
the ypTON+ group than in the ypTONO group (2.6 mm)
(b =0.04). Presence of ypN+ was correctly predicted by
MRI in 7 of 19 patients. In patients without lymph node

INTRODUCTION

Colorectal cancer is an age dependent malignancy that is the
second most common cause of cancer related death in the
western world. The rectum constitutes the last 15 cm of the
large bowel above the anal verge. Rectal cancer accounts for
approximately 30% of all colorectal malignancies. Surgery
has been the mainstay of treatment and is often combined
with both neoadjuvant radiotherapy (RT) or chemo-
radiotherapy (CRT) and adjuvant chemotherapy. This treat-
ment is associated with a high morbidity rate including a
temporary or permanent stoma.!

Post RT/CRT MRI if performed previously has had limited
impact on treatment as most patients went on to surgery
irrespective of the local restaging, which was mostly used to
rule out tumour progression. More advanced neoadjuvant

metastases (ypTONO), these were correctly classified
by MRI in 16 of 19 patients. All patients who had MR-
identified lymph nodes larger than 8 mm at restaging
were ypTN+. The sensitivity, specificity, positive
predictive value and negative for prediction of
remaining lymph node metastasis with MRI were 37, 84,
70 and 57%.

Conclusion: In patients with ypTO in rectal cancer after
neoadjuvant treatment, remaining regional lymph node
metastases cannot safely be predicted by restaging
MRI alone using presently known criteria. Presence of a
lymph node over 8mm on restaging MRI strongly indi-
cates yPN+.

Advances in knowledge: This is one of the first
studies on MRI lymph node assessment after chemo-
radiotherapy (CRT) in luminal complete
response.

treatment regimens, extended and tailored delays between
CRT and surgery results in a higher rate of complete patho-
logical response, pCR (ypTONOMO) that has widened the
treatment options.”* Clinical complete response, (cCR,
ycTONOMO) is the absence of remaining tumour in the
pelvis after neoadjuvant treatment prior to surgery. While
the definition of pCR is undisputed, the clinical staging
is based on clinical findings of the mucosa in the lumen
together with radiological imaging of the primary tumour
and the pelvic lymph nodes.* In cCR there is no visible
or palpable tumour in the rectal lumen and no radiolog-
ical remnant tumour in the pelvis. Confirmed c¢CR can
be an indication for a non-operative management with
a watch and wait policy with regular short interval MRI
and endoscopy follow-up instead of standard radical

surgery.z'5
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Depending on inclusion criteria and treatment protocol, post
CRT pCR rates up to 42% have been described in selected
studies.>*%” Both cCR and pCR have also been shown
to improve survival and reduce the risk of both local and
systemic recurrences.® However, there is approximately a 20%
risk of tumour regrowth in the pelvis after cCR with non-
operative management. Even if the outcome after salvage surgery
is no worse than for those primarily operated”™ it would be of
interest to predict those with a remaining ycN+ stage to exclude
these patients from a non-operative management.

Neoadjuvant treatment has effect both on the primary tumour
and the pelvic lymph nodes. Treatment response in the primary
tumour and the lymph nodes may show discrepancies. In up to
17% of patients with luminal complete response has been shown
to have tumour positive lymph nodes (pN+) in the resected
specimen.”!” These tumour positive nodes correlate to reduced
survival even after surgery'®'! and MRI detection of tumour
positive lymph nodes would therefore be of great importance
when deciding upon a non-operative management after CRT
treatment.

Several studies, including two meta-analyses, have demon-
strated limitations in post CRT MRI-restaging of positive lymph
nodes with sensitivities ranging between 37-67% and specificity
around 80%, with both over and under staging.'?"'* These figures
so far indicate that MRI alone cannot be used to safely rule out
remnant malignant lymph nodes after CRT.

To our knowledge, no other study has addressed the issue of MRI
nodal restaging in luminal complete response after neoadjuvant
treatment for rectal cancer. The aim of this study was to retro-
spectively study MRI nodal staging after RT/CRT in patients
with luminal complete response in relation to histopathological
findings.

The study was approved by the Regional Ethics Committee and
the board of the Swedish Colo-Rectal Cancer Registry.

METHODS AND MATERIALS

Patients

Patients registered in the SCRCR between 2007 and 2012 were
included in the study and has been presented in detail in a
previous study.'® Clinical background, data on surgery and
pathology was retrieved from the registry, while data on RT/CRT
and MRI imaging was gathered from individual patient records
from the 161 patients with ypTO.

The initial study cohort consisted of 1,1226 patients with a
median age of 71 years (range 19-99 years) whereof 59 % were
male. An abdominal operation was performed on 7885 (70%) of
the patients and 56% had pre-operative RT or CRT. The majority
of that group had advanced cT3 (48%) and cT4 (36%) cancer.
26 % (2063 patients) were classified as having potential for pCR
after receiving LRT or SRT with delay, with or without chemo-
therapy before abdominal surgery. The average lymph-node
yield was 16 over the study period, indicating adequate surgical
and pathological quality.

Loftas et al

Table 1. Description of the study population

Gender All N+ NO P
Female 17 11 6 0.10
Male 21 8 13
Average age at surgery 57 54 61 0.05
(range), years (37-74) (37-69) (37-74)
cT-stage 0.18
T1-T2 9 5 4
T3 14 8 6
T4 14 5 9
Tx 1 1
Radiation 0.73
28 x 1.8 Gy 27 13 14
5 x 5 Gy with delay 11 6 5
Chemotherapy 0.18
None 7 3 4
5-FU/capecitabine 18 7 11
5-FU/capecitabine 13 9 4
+oxaliplatiine
Sum 38 19 19

From this group of 2063 patients, 161 patients with luminal
complete response (ypTONall) were identified. 26 of these
patients had ypTON+ and we were able to retrieve complete
medical records and both primary and restaging MRI investiga-
tions in 19 of those patients. Another 19 patients with ypTONO
matched for treating hospitals were selected as a control group,
(Table 1).

Pre-operative RT/CRT

Indications for neoadjuvant treatment

Long-term pre-operative radiotherapy (LRT), (e.g. 28 x
1.8 Gy), with 6-8 weeks interval to surgery is given for T4 and
T3 tumours with suspected involvement of lateral lymph nodes
or an involved circumferential resection margin. An alternative
is standard CRT treatment including LRT+ concomitant 5-FU/
capacitabine followed by surgery after a delay of 6-8 weeks.
Short-term radiotherapy (SRT), 5 x 5 Gy followed by surgery
within 5 days is used for less advanced tumours, and has no effect
on down staging due to the short time between radiation and
surgery. Surgery can, however, be delayed for several reasons,
thereby increasing the chance of SRT of having a down staging
effect as well. This is termed “SRT with delay”. The standard treat-
ment for T3b tumours in the middle and lower rectum as well
as meso-rectal N+ tumours is SRT, provided the circumferen-
tial resection margin is clear. Decisions on neoadjuvant therapy,
surgery and adjuvant therapy are usually made at a multidisci-
plinary team conference, and are based on national guidelines
and knowledge of the individual patient.

Pre-operative radiotherapy was normally given in a CT-based
individual dose regimen to optimize the four-field three-
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dimensional technique. The target area covered the primary
tumour, meso-rectum and secondary glands in the pre-sacral
area, along the superior rectal artery and the obturator artery,
but normally not the external iliac glands. According to stan-
dard protocols, the external beams were delivered with 8-15
MV photons. The daily target dose for SRT was 5 Gy with
a total dose of 25 Gy over 5 consecutive days. For LRT the
daily dose was 1.8 Gy up to a total dose of 50.4 Gy. The stan-
dard treatment for T4 tumours was LRT in combination with
5FU/capacitabin. Individual regimens where chemotherapy
was either added to SRT or omitted from LRT were also seen
(Table 1).

MR imaging

The MRI examinations were done in different radiological
departments in Sweden reflecting the geographical distribu-
tion of the patients. Regarding field-strength, 1T, 1.5T as well
as 3T systems were used. The examination protocols varied but
all included sagittal, transaxial and oblique T, weighted images
in at least two planes including images perpendicular to the
rectal wall as well as transaxial T} weighted images. In 75% of
the examinations the perpendicular sequences were thin-section
(3 mm slices) T, weighted sequences.

Diffusion-weighted images were available in a
limited proportion of the patients and were not
reviewed

MR Image Interpretation

All images were assessed first independently and then in
consensus by two radiologists with 2 years (MS) and more
than 20 years of experience (LB) in reading pelvic MRI using
a Sectra workstation (Sectra PACS station IDS7™/DX). The
images were reviewed aware of the inclusion criteria but blinded
to surgical and pathological findings. The examinations before
and after neoadjuvant treatment were assessed together. One of
the reviewers (LB) made screenshots of the particular sections
containing lymph nodes and marked the lymph nodes with
cursors in order to make sure that the other reviewer evaluated
the same lymph nodes (Figures 1 and 2).

At each imaging review, the following was recorded:

Tumour stage. The TNM T-stage of the tumour as assessed by
MRI was recorded. Extramural depth of tumour invasion as well
as involvement of the meso-rectal fascia was noted according to
previously established criteria.'”

Nodal number. The total number of lymph nodes was identified
in each patient, including both potentially benign and malignant
lymph nodes.

Nodal size. The maximum short-axis diameter of each node was
measured in millimeters.

Nodal distribution. The position of the lymph nodes was
recorded as located in the meso-rectum or lateral outside the
meso-rectum.

Figure 1. 63-year-old female patient treated with CRT for rec-
tal cancer. Transverse T, weighted images before (a) and after
(b) neoadjuvant treatment. Before treatment, the MRI stage
based on morphological criteria was mrN1 and the largest
suspicious lymph node 4 mm (a, white arrow). After CRT, the
lymph node was reduced to 2.5 mm (b, white arrow) resulting
in ymrNO. Pathological staging was ypN1 due to one 2 mm
remaining small metastasis. CRT, chemo-radiotherapy.

Nodal status and stage. The lymph nodes identified at MRI were
determined to be malignant or non-malignant using morpholog-
ical criteria.'®'® At pre-treatment, lymph node was considered
to be malignant if it showed irregular outer border or internal
signal heterogeneity at the pre-treatment MRI. On the post CRT
MR, size criteria were used and lymph nodes exceeding 5 mm
were regarded as malignant based on discussions in previously
reported studies.'**

Surgical treatment
An abdominal operation was performed on all patients. Surgery
was performed according to the total meso-rectal excision

Figure 2. 51-year-old male patient treated with CRT for rectal
cancer. Transverse T, weighted images before (a) and after
(b) neoadjuvant treatment. Before treatment, the MRI stage
based on morphological criteria was mrN1 and the largest
suspicious lymph node 8.7 mm (a, white arrow). After CRT,
the lymph node reduced to 5.5 mm (b, white arrow). MRI
post CRT stage based on size cut-off criteria was therefore
ymrN1 and correlated with pathology (ypN1). CRT, chemo-
radiotherapy.
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principles of Heald.”! For middle and low rectal cancers, the
entire meso-rectum was resected as an intact unit. For high rectal
cancers, the meso-rectum was divided 5 cm distal to the lower
border of the tumour.

Pathology

Histopathological assessment was performed on all surgical
specimens and staged according to the AJCC Cancer Staging
Manual 7th edition.*?

Statistics

The Student’s t-test was used to test the significance of the differ-
ences between the cases and the control group. Values were given
as mean, and range indicated size of individual lymph nodes or
number of lymph nodes.

The tests were two-sided, and a value of p < 0.05 was considered
statistically significant. Logistic regression was used to analyse
the effect of differences between the cases and the control group.
Statistical analyses were performed using SPSS®, IBM © (v. 22)
(IBM Corp. Armonk, NY).

RESULTS

The mean time between post CRT MRI-staging and surgery was
21 days (range 6-68) with no statistical difference between the
NO and N + group (21 and 25 days, p = 0.27).

Pre CRT MRI staging

On the pre CRT MRI staging a total number of 314 lymph
nodes were detected, and 122 (39%) of them were suspected
to be malignant. 29 patients out of the 38 had suspected malig-
nant lymph nodes on the pre CRT MRI staging. Two patients
had no detectable lymph nodes and two had 20 or more (20 and
29 lymph nodes).

The mean number of lymph nodes on MRI in the ypNO group
was 9 (range 1-20) and in the ypN+ group 8 (range 0-29)
(p = 0.5) (Figure 3).

The mean size of the lymph nodes in the ypNO group was 4.0 mm
(range 2-12 mm) and in the ypN+ group it was 3.8 mm (range

Figure 3. Detected lymph nodes in relation to N-stage.
CRT, chemo-radiotherapy.
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Figure 4. Average size of the largest Ilymph
node. CRT, chemo-radiotherapy.
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2-17 mm) (p = 0.65). The total sum of size was 645 and 612 mm,
respectively (p = 0.81).

Post RT/CRT MRI staging vs histopathology
(ymrN vs ypN)

At the post RT/CRT restaging MRI (mean 48, median 33 (range
27-184) days after the completion of CRT) 107 lymph nodes
were detected and 20 (19%) of them were suspected to be malig-
nant. Eight patients had no detectable lymph nodes, and one had
more than 10 (11 lymph nodes). 29 out of 38 patients had no
suspected malignant node (ymrNO). The mean number of MR
detected lymph nodes was 2.7 (range 0-11) in the ypNO group
compared to 2.9 nodes (range 0-8) in the ypN+group (p = 0.75)
(Figure 3).

The mean lymph node size in the ypTONO group was 1.9 mm
(range 1-7 mm) and 3.0 mm (range 2-12 mm) in the ypTON+
group (p = 0.12). The total sum size was 144 and 225 mm, respec-
tively (p = 0.21).

When comparing the mean size for the largest node for every
patient there was a significant difference between the ypN+group
and the ypNO group (4.5 mm (range 2-12 mm) vs 2.6 mm
(range 2-7 mm) (p = 0.04) (Figure 4).

In multiple regression analysis different forms of chemotherapy
or radiotherapy did not alter the results for the size of the largest
lymph node.

Nodes larger than 8 mm were only found in N+ patients (n = 3).

Two patients with no detected lymph nodes on MRI staging were
still staged ypN+ at the pathology report.

Of the 19 patients who were ypN+12 were MRI staged as N0, and
3 of the 19 ypNO were on MRI staged as N+. Sensitivity, speci-
ficity, positive predictive value and negative predictive value for
the radiological prediction of N+ in ypTO patients were 37, 84,
70 and 57%.
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DISCUSSION

The aim of this study was to assess the accuracy of MRI to predict
the presence of remaining meso-rectal lymph node metastases in
patients with complete pathological luminal response after neoad-
juvant radiotherapy (RT) or CRT. Using 5 mm as a cut-off post
CRT, we found a sensitivity of 37% and a specificity of 84% indi-
cating low sensitivity of post CRT imaging for nodal staging in
rectal cancer. This is known from earlier studies. A focus on spec-
ificity would render a larger cut-off size and opposite with a better
sensitivity, a smaller cut-off size. Although the sensitivity was low
as compared to the specificity in the current study, a high specificity
may be the preferred alternative in to select patients for a watch and
wait approach.'®* The strong correlation of nodes larger than 8
mm and a node positive specimen indicates a cut-off size with high
positive predictive value.

The detection of tumour positive lymph nodes or tumour remnants
in radiated tissue can change the path from no surgery at all
to major curative surgery. MRI is currently the gold standard in
restaging neoadjuvant treated rectal cancer both for the primary
tumour and the pelvic lymph nodes. Endo-luminal examina-
tion and rectal digital palpation is mandatory to confirm luminal
complete response but for lymph node staging there is no other
available modality proven better than MRL***® Following RT/CRT
there is usually a shrinking of the primary tumour, reduction of
both number and size of lymph nodes and variable replacement
of tumour by fibrosis.**® The rate of involved loco-regional lymph
nodes is related to the tumour stage and the level of tumour differ-
entiation.””*® After CRT 84% of all lymph nodes tend to decrease in
size or disappear, while 16% has no change in size or even increase
in size.” After RT/CRT it is well-known that lymph nodes with
histologically confirmed tumour growth are significantly larger on
MRI than uninvolved lymph nodes at histology.”” CRT has been
shown to reduce the rate of tumour positive lymph nodes at histo-
pathology from around 40 to 25% in a group of almost 800 patients
when comparing pre-operative or post-operative CRT.*’

Several studies have pinpointed challenges of MRI in detecting
tumour positive lymph nodes after CRT with a variation from
72-96% accuracy for lymph node restaging and different conclu-
sion on the value of MRI in clinical practice.">'**! There is still to
find a threshold value for size that can rule out malignant lymph
nodes by sheer size on post CRT MRI. Defining the optimal cut-off
size is challenged by differences in initial tumour stage, CRT regi-
mens and time between CRT treatment, reevaluation MRI and
the following surgery in the reported studies. The role of remnant
tumour positive lymph nodes is not clear-cut as up to 20% of node
negative patients develop metastases, while only 50% of the node
positive patients develop metastases.’* Few, if any other study has
focused exclusively on ypT0 and nodal staging where the issue of
surgery or non-operative management is depending on lymph
node status when the primary tumour is eradicated. The current
study on ypTO and lymph node staging shows that CRT has a
substantial effect on the size and number of detected lymph nodes,
which is in accordance with other studies.*’

Regarding suspected lymph nodes we could see a trend towards
more suspected lymph nodes both before and after CRT in the
ypTON+ group (Figure 3). Furthermore, there was no significant
difference in size of MRI identified average size of meso-rectal
lymph nodes in the N+ and NO groups as assessed by post CRT
MRI that is in contrast to other studies that has reported differ-
ences of 2.5 and 4.5 mm.***® To note is also that two patients
(5%) with no identified lymph nodes on post CRT MRI were still
pN+. In contrast to previous studies, we excluded all but complete
responders in our study population. This makes comparison with
other studies difficult, as they comprise a greater variety in the
post CRT T-stage since T-stage is related to lymph node status.*”**
When we analysed the average size of the largest lymph node we
did find that the largest lymph node was significantly larger in the
ypTON+ group than in the ypTONO group. Thus, presence of the
largest lymph node >4.5 mm in size may indicate N+ stage.

There are some limitations with this study. A node-per-node
pathological-radiological matching could not be performed
since pathology data was retrieved from the existing registry and
pathology reports were not reviewed. Another limitation is the
small number of patients, making the study prone to a Type 2-error
with difficulty to state significant changes between the two groups.
The strengths of the study are: (1) The quality of the patient registry.
(2) The exclusive group of patients with luminal complete response.
(3) The quality of the surgical and pathological procedures. (4) A
standardised examination protocol for the MRI re-evaluation.

The implications of this study need to be confirmed in future
prospective studies. This study confirms results from earlier
studies with relatively low accuracy in lymph node staging.
However, restaging is better than the initial staging and can be
iterated during the waiting time for surgery for better accuracy.
Clinical staging is also combined with endoscopic and digital
examination as a combined method. As there is no better option
today, we should interpret MR findings of lymph nodes with
caution after CRT. Large lymph nodes over 8 mm could indicate
node positivity. Despite the limitations of MRI staging, non-op-
erative management is so far safe with very low numbers of local
or distant metastases.

In summary, this is one of the first studies on assessment of
remaining lymph node metastases by MRI in patients with
luminal complete response after RT/CRT of rectal cancer. We
showed a large reduction of both of size and number of suspected
malignant and benign lymph nodes after CRT compared to
pre-treatment. The size of the largest lymph node seems to
predict lymph node positivity at histopathology in this study; but
size as the only criterion is not a safe predictor of nodal involve-
ment.'® The study also highlights the need to standardise all
image acquisition, interpretation, treatment, time between RT/
CRT and imaging and surgery in prospective cohorts of patients,
both in wait and watch approaches or and in patients surgically
treated to be able to better predict lymph nodal status in patients
with luminal complete response in rectal cancer.
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