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Abstract
Objectives To evaluate diagnostic performance of follow-up
MRI for detection of local recurrence of rectal cancer after
transanal endoscopic microsurgery (TEM).
Methods Between January 2006 and February 2014, 81 pa-
tients who underwent TEMwere included. Two expert readers
(R1 and R2), independently evaluated T2-weighted (T2W)
MRI and diffusion-weighted (DWI) MRI for the detection of
local recurrence, retrospectively, and recorded confidence on a
five-point scale. Diagnostic performance of follow-up MRI
was assessed using ROC-curve analysis and kappa statistics
for the reproducibility between readers.
Results 293 MRIs were performed, 203 included DWI. 18
(22%) patients developed a local recurrence: luminal 11, nodal
two and both five. Areas under the curve (AUCs) for local
recurrence detection were 0.72 (R1) and 0.80 (R2) for T2W-
MRI. For DWI, AUCs were 0.70 (R1) and 0.89 (R2). For
nodal recurrence AUCs were 0.72 (R1) and 0.80 (R2) for

T2W-MRI. Reproducibility was good for T2W-MRI (κ0.68
for luminal and κ0.71 for nodal recurrence) and moderate for
DWI (κ0.57). AUCs and reproducibility for recurrence detec-
tion increased during follow-up.
Conclusions Follow-up withMRI after TEM for rectal cancer
is feasible. Postoperative changes can be confusing at the first
postoperative MRI, but during follow-up diagnostic perfor-
mance and reproducibility increase.
Key Points
• Follow-up with MRI is feasible for follow-up after TEM for
rectal cancer.

• DWI-MRI is a useful addition to detect recurrences after
TEM.

• Postoperative changes can be confusing and can lead to
underestimation of recurrence.

• Appearance of intermediate signal at T2W-MRI is suspicious
for recurrence.

• Nodal staging remains challenging.
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Introduction

Transanal endoscopic microsurgery (TEM) is used for the
treatment of early rectal cancer, e.g. resection of adenomas
and T1sm1 tumours [1, 2]. Recently, TEM has been proposed
as an alternative for total mesorectal excision (TME) in small
residual tumours after neoadjuvant treatment, in line with the
increasing interest for organ preservation after neoadjuvant
treatment [3, 4]. Reported recurrence rates are in the range
of 0–24% for early rectal cancer treated by local excision or
TEM [5–11] and 7–14% for TEM after neoadjuvant treatment
[4]. Recurrence of early rectal cancer after TEM depends on
the primary features of the tumour, e.g. tumour stage, Sm-
invasion and differentiation grade [1]. Recurrences in patients
after chemoradiation usually occur within the first 18 months
of follow-up and consist of luminal rather than nodal recur-
rences [3, 12, 13].

The increased use of TEM stresses the need for an accurate
follow-up tool to assess local status and to identify both lumi-
nal and nodal recurrences. The mainstay of follow-up has
been endoscopy with endorectal ultrasound (ERUS). MRI
can assess both the lumen and the mesorectum and is less
operator dependent than ERUS [14, 15]. Therefore, MRI is
expected to be of additional value for follow-up after TEM
[16]. However, so far, no literature exists on the value of MRI
in follow-up after TEM.

Therefore, the aim of this study was to evaluate MRI for
follow-up after TEM (in patients with and without neoadjuvant
treatment) with regard to diagnostic performance for detection
of a luminal or nodal recurrence and interobserver agreement.

Material and methods

Patients

Institutional review board approval and informed consent
were waived for this retrospective study. In total 378 patients
were treated between January 2006 and February 2014 with
TEM in a regional tertiary referral centre. Study patients had
to meet the following inclusion criteria: (1) histologically
proven rectal cancer, (2) R0 resection and (3) follow-up with
MRI. Patients with histology other than adenocarcinoma were
excluded. In total 81 patients fulfilled these criteria. All TEMs
were performed in one regional, tertiary TEM referral hospi-
tal, according to regional guidelines [17]. The population
consisted of two patient groups: (1) patients with small rectal
tumours (up to cT2) without (neo)adjuvant therapy and (2)
patients with a small residual tumour after neoadjuvant thera-
py (up to ycT2).

Follow-up

Follow-up was combined in two hospitals: a regional hospital
in which the TEMs were performed, and a university hospital
with specific expertise in rectal cancer MRI. Follow-up
consisted of three MRIs (at 3, 6 and 12 months of follow-
up) and 3–4 endoscopies in the first year, and two MRIs and
two endoscopies (every 6 months) in years 2–5 [18].

MRI consisted of T2-weighted (T2W) sequences in three
orthogonal directions. All scans that were performed at the
university hospital included a diffusion-weighted imaging
(DWI) sequence. MR sequences per centre are shown in
Appendix 1.

MRI evaluation

All MRIs were evaluated by two independent expert readers
(RGHB and MM). Reader 1 (RGHB) (R1) had 20 years of
experience and reader 2 (MM) (R2) had 8 years of experience
in reading rectal cancer MRI and post-TEMMRI. Presence of
a local and/or nodal recurrence was evaluated bymeans of a 5-
point confidence level scale (CL0: definitely no recurrence;
CL1: probably no recurrence; CL2: indeterminate presence of
recurrence; CL3: probable recurrence; CL4: definite recur-
rence). First, T2W-MRI was evaluated and then – in the same
reading session – DWI was evaluated (T2W + DWI). The
readers were blinded for endoscopy, histopathology and each
other’s results. The imaging criteria used to define the confi-
dence level scores are shown in Table 1. Additionally, readers
evaluated morphology (normal rectal wall, scar tissue, fibrosis
(massive or minimal), oedema), and signal intensity (high,
intermediate or low signal) of the rectal wall and the
mesorectal tissue on T2W-MRI (Fig. 1). Change in morphol-
ogy and signal intensity during follow-up were noted.
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Reference standard

The reference standard consisted of histopathology in case
of a suspected local (luminal or nodal) recurrence. For a
luminal recurrence the histopathological diagnosis was ob-
tained either with a biopsy or with the resection specimen
of the re-TEM or TME. In case of a nodal recurrence the
reference standard was the TME specimen. For patients
without a recurrence follow-up was the reference standard,
with a minimal disease-free follow-up time of 15 months
considered as absence of recurrence as calculated from the
last follow-up MRI that was performed.

Statistical analysis

Statistical analyses were performed with IBM SPSS ver-
sion 22 (Chicago, Il, USA) and Stata, Statacorp Stata ver-
sion 11.0 (College Station, Tx, USA: StataCorp LP 2009).
Descriptive analyses were used to assess baseline charac-
teristics. The confidence level scores for luminal and nod-
al recurrence were used to construct receiver operating
characteristic (ROC) curves and areas under the curve
(AUCs) were calculated to evaluate diagnostic perfor-
mance. Cut-off for confidence level score was determined
before onset of the study between 2 and 3. AUCs were
compared using the method of Hanley et al. [19]. Because
patients underwent several MRIs during follow-up, results

from the individual MRIs are not independent observa-
tions. Therefore, robust variance estimates which adjust
for correlation of data within patients were used for calcu-
lation of 95% confidence intervals for sensitivities and
specificities [20].

Interobserver agreement was analysed using quadratic
weighted kappa coefficients. The degree of agreement was
interpreted as follows: poor agreement as κ value 0.00–0.20;
fair agreement as κ value 0.21–0.40; moderate agreement as κ
value 0.41–0.60; good agreement as κ value 0.61–0.80, and
excellent agreement as κ value 0.81–1.00 [21].

For the analyses of the agreement between readers with
regard to the predictive morphological factors, the proportion
of specific agreement was calculated for positive and negative
outcome by the method proposed by de Vet et al. [22] This
method was chosen as an alternative for Cohen’s κ, as the
prevalence of recurrence is very low, leading to an underesti-
mation of the agreement when using Cohen’s κ [22].

Diagnostic performance and agreement were calculated for
the total group, but also for the first postoperative MRI and
subsequent MRIs separately, to evaluate whether diagnostic
performance increases during follow-up. With logistic regres-
sion analyses imaging factors (based on scoring of morphol-
ogy and signal intensity of the rectal wall and mesorectum)
predictive of recurrence were identified. Odds ratios (ORs)
with 95% confidence intervals (CIs) are reported. p-values
≤0.05 were considered statistically significant.

Table 1 Definitions of confidence level scores for luminal and nodal recurrences

Confidence level Luminal recurrence on T2W-MRI Luminal recurrence on DWI-MRI Nodal recurrence on T2W-MRI [28]

CL0: Definitely no
recurrence

Normal/intact rectal wall
No intermediate signal at

TEM location

Absence of high signal in scar at
b1000 images

- Normal size (<5 mm)
- Homogeneity of the nodal
signal
- Oval shape
- Regular border

CL1: Probably no
recurrence

Minimal fibrotic wall thickening No circumscribed foci of high
signal in scar at b1000 images

Normal size (<5 mm) with one of
following criteria:

−Heterogeneous signal in node
−Round shape
−Irregular border

CL2: Intermediate
presence of recurrence

Interrupted or defect rectal wall
with mesorectal spiculation

Heterogeneous signal in the scar
Closed rectal wall with massive

fibrosis and mesorectal spiculation

Small foci of high signal in scar at
b1000 images

Normal size (<5 mm) with two
of before mentioned criteria,

OR
Intermediate size (5–9 mm) with

one of before mentioned criteria

CL3: Probably
recurrence

Mixed signal intensity, but predominantly
intermediate signal

A small, but obvious area of high
signal in scar at b1000 images

Normal size (<5 mm) with three out
of three criteria

OR
Intermediate size (5–9 mm) with two

of abovementioned criteria

CL4: Definitely
recurrence

Massive intermediate signal of rectal wall
or mesorectal tissue

Marked high signal in scar or
mesorectal tissue at b1000 images

Size >9 mm
OR
Intermediate size (5–9 mm) with

three out of three criteria
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Results

Demographics

Eighty-one patients were included, 53 (65%) underwent TEM
as the primary treatment and 28 (35%) underwent a TEM after
neoadjuvant CRT. One of the patients had adjuvant CRT be-
cause of suspicious lateral nodes onMRI after TEM. Baseline
characteristics are shown in Table 2. The median follow-up of
the patients without recurrence as measured from the date of
primary surgery was 50.5 months (range: 16–113 months).
The median number of follow-up MRIs per patient was 3
(range 1–9), with a total number of 293 MRIs available for
this study. 203/293 (69%) MRIs were performed with a DWI-
sequence. Six MRIs (in two patients) were excluded from the
evaluation because of inadequate visualization of the former
tumour location (n=5) or artefacts (n=1). So, in total 287MRIs
were available for evaluation, of which 203 had DWI (71%).

Eighteen patients (22%) developed a recurrence (11 lumi-
nal, two nodal, five had both a luminal and nodal recurrence).
In five patients a recurrence was already seen at the first post-

Table 2 Characteristics of the 81 included patients

Characteristic No recurrence (n=63) Recurrence (n=18) Total (n=81)

Age (y)*

Mean 64 64 64

SD ±11 ±10 ±10

Sex

Male 47 (74.6%) 11 (61.1%) 58 (71.6%)

Female 16 (25.4%) 7 (38.9%) 23 (28.4%)

Tumour stage

(y)pT0 19 (30.2%) 3 (16.7%) 22 (27.2%)

(y)pTis 1 (1.6%) 0 1 (1.2%)

(y)pT1 27 (42.9%) 9 (50.0%) 36 (44.4%)

(y)pT2 13 (20.6%) 6 (33.3%) 19 (23.5%)

(y)pT3 3 (4.7%) 3 (3.7%)

18 patients had a local recurrence (11: luminal, 2 nodal and 5 both luminal
and nodal)

* Age at time of transanal endoscopic microsurgery (TEM)

Fig. 1 Examples of morphological changes in the rectal wall and
mesorectal tissue after transanal endoscopic microsurgery (TEM). A:
normal rectal wall and mesorectal tissue; B: intact rectal wall with
fibrosis; C: interrupted rectal wall with mass effect; D: oedema of rectal

wall as a result of chemoradiation (*); E: spicular fibrosis in the
mesorectal tissue and extending to the MRF; F: fibrosis into mesorectal
tissue with massive spread to the MRF
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TEM MRI. The median size of recurrences on MRI was
25 mm (9–130 mm). Half of the recurrences had the largest
maximal size in the axial plane, e.g. in the direction of the
resection plane of the TEM.

Diagnostic performance

Luminal recurrence

Based on all MRI exams, AUCs for luminal recurrence detec-
tion on standard T2W-MRI was 0.72 (95% CI: 0.54–0.89) for
reader 1 and 0.80 (95% CI: 0.64–0.96) for reader 2. AUC for
detection of a luminal recurrence on DWI was 0.70 (95% CI:
0.53–0.88) for reader 1 and 0.89 (95% CI: 0.76–1.00) for
reader 2.

For reader 1, addition of DWI to T2W-MRI increased per-
formance compared to T2W-MRI for the first postoperative
scan only, but not for the subsequent follow-up MRIs. For
reader 2, addition of DWI increased performance both for
the first postoperative MRI and for subsequent MRIs, by in-
creasing the confidence of the reader. In 5/16 (31%) luminal
recurrences DWI detected the recurrence earlier than T2W-
MRI (Fig. 2). Confidence of the readers in assessing recur-
rence increased during follow-up (Appendix 2). All results are
shown in Fig. 3 and Table 3.

Predictive factors on MRI for luminal recurrence

Appearance of intermediate signal of the rectal wall and
mesorectal tissue were statistically significant predictive factors
for local recurrence (Fig. 4) with odds ratios between 6.8 (95%
CI: 2.4–19.8, p<0.001) and 8.0 (95% CI: 2.7–23.4, p<0.001).
The results of the regression analyses are shown in Table 4.

Nodal recurrence

For nodal recurrence detection the AUC was 0.72 (95% CI:
0.49–0.95) for reader 1 and 0.80 (95% CI: 0.60–1.00) for
reader 2. The sensitivity of nodal recurrence detection on the
first MRI is low for both readers, with a high specificity. An
increase in AUC was seen during follow-up (Table 3).

Interobserver agreement

Interobserver agreement based on all MRIs was good for stan-
dard T2W-MRI for detecting luminal recurrence (κ0.68) and
for detecting nodal recurrence (κ0.71). Interobserver agree-
ment was moderate for detecting luminal recurrence with
DWI (κ0.57). For both T2W-MRI and DWI, interobserver
agreement increased during follow up (T2W-MRI luminal:
κ0.09 to κ0.78; T2W-MRI nodal: κ0.36 to κ0.84; and DWI
luminal: κ0.49 to κ0.61) .

Fig. 2 Detection of a recurrence
on diffusion-weighted imaging
(DWI), before it was visible on
T2W-MRI. A: MRI 6 months
after transanal endoscopic
microsurgery (TEM): no signs of
recurrence on T2W, but small
focus (arrowhead) of high signal
on b1000-DWI. B: MRI 9 months
after TEM: recurrence visible on
both T2W- and DWI-MR (arrow)

4964 Eur Radiol (2017) 27:4960–4969



Differences in morphology between patients with and
without chemoradiation

There were some differences in morphology between patients
with and without chemoradiation. Patients treated with neo-
adjuvant CRT had more fibrosis in the rectal wall, more oede-
ma of the rectal wall, and a more intermediate signal of the
mesorectum. These morphological differences were most

prominent on the first and second MRI after TEM and the
difference decreased after longer follow-up (Appendix 3).

Discussion

The present study shows that MRI is a feasible technique for
follow-up after TEM for rectal cancer, both in a primary and in
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Fig. 3 Receiver operating characteristic (ROC) curves for the diagnostic performance for the detection of a luminal recurrence for standard T2W-MRI
and DWI for both readers. A: ROC curve for first MRI; B: ROC curve for subsequent MRIs; C: ROC curve for all MRIs

Table 3 Diagnostic performance of local/nodal recurrence detection and AUC with 95% confidence intervals (CIs)

Reader 1 Reader 2

Luminal T2W All First Subsequent All First Subsequent

AUC 0.72 (0.54–0.89) 0.71 (0.45–0.96) 0.71 (0.59–0.93) 0.80 (0.64–0.96) 0.69 (0.36–1.00) 0.85 (0.67–1.00)

Sensitivity 50 (27–73) 0 67 (36–88) 62 (37–83) 25 (0–90) 75 (43–92)

Specificity 96 (90–98) 100 94 (86–97) 95 (90–98) 99 (95–100) 94 (86–97)

PPV 40 (24–59) N/A 40 (24–58) 44 (26–62) 50 (3–97) 43 (25–63)

NPV 97 (94–99) N/A 98 (94–99) 98 (95–99) 96 (95–97) 98 (95–100)

Reader 1 Reader 2

Luminal DWI All First Subsequent All First Subsequent

AUC 0.70 (0.53–0.88) 0.64 (0.29–0.99) 0.73 (0.53–0.93) 0.89 (0.76–1.00) 0.82 (0.52–1.00) 0.91 (0.79–1.00)

Sensitivity 46 (22–73) 50 (0–100) 44 (17–76) 69 (40–88) 75 (10–100) 67 (31–90)

Specificity 94 (89–97) 93 (83–100) 95 (89–98) 95 (90–98) 97 (90–100) 94 (88–97)

PPV 38 (19–61) 33 (6–60) 40 (19–65) 50 (29–71) 60 (19–79) 46 (27–67)

NPV 96 (91–98) 96 (93–99) 96 (90–98) 98 (94–99) 98 (94–100) 98 (92–99)

Reader 1 Reader 2

Nodes All First Subsequent All First Subsequent

AUC 0.72 (0.49–0.95) 0.69 (0.33–1.00) 0.71 (0.39–1.00) 0.80 (0.60–1.00) 0.73 (0.41–1.00) 0.83 (0.58–1.00)

Sensitivity 43 (13–79) 0 50 (9–91) 43 (13–79) 33 (0–100) 50 (9–91)

Specificity 96 (89–99) 99 (95–100) 95 (85–98) 95 (85–99) 94 (85–100) 96 (81–99)

PPV 21 (6–53) 50 (3–97) 17 (4–51) 18 (4–51) 17 (1–43) 18 (2–69)

NPV 99 (96–99) 98 (96–99) 99 (96–100) 99 (96–99) 97 (96–100) 99 (96–100)

PPV = positive- predictive value;

NPV = negative predictive value;

AUC = area under the curve

N/A = not applicable
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a post-CRTsetting. Serial follow-up imaging allows readers to
become more confident, shown by an increase in AUC and an
increase in agreement for T2W-MRI and DWI when follow-
up scans are compared to the first postoperative MRI scan.
DWI can help in identifying recurrences earlier. Patients who
had CRT showed more morphological abnormalities during
follow-up after TEM than patients without CRT. At T2W-
MRI, intermediate signal intensity of the rectal wall was the
most robust predictive factor for luminal recurrence.
Identification of a nodal recurrence is more challenging,
reflected by the low sensitivity for both readers.

There is limited evidence on follow-up after TEM for early
rectal cancer and small tumours after chemoradiation. Studies
published so far mainly focus on long-term outcome and used a
heterogeneous strategy for follow-up, relying mainly on

endoscopy [4, 23–25]. No studies have been published about
the most suitable imaging modality and/or the most adequate
follow-up schedule. The current results show that MRI can be
considered as an imagingmodality for follow-up after TEM, as an
adjunct to the endoscopic follow-up. The first postoperative scan
after TEM is difficult to interpret because of a heterogeneous
signal at the TEM location, massive fibrosis and substantial oe-
dema in the rectal wall and mesorectal fat, which leads to uncer-
tainty in readers. This uncertainty is reflected in a relatively high
number of equivocal scores (CL2), a lower interobserver agree-
ment compared to follow-up MRIs and low sensitivities for both
readers when evaluating the first postoperative MRI. When
looking at follow-up scans, readers becomemore confident, prob-
ably because of the ability to compare with earlier scans. The one
factor that helped both readers the most in identifying luminal

Fig. 4 Intermediate signal in
rectal wall and mesorectum as an
indicator of local recurrence

Table 4 Predictive factors of local recurrence

Predictive factors Reader 1 Reader 2 Proportion of specific
positive agreement

Proportion of specific
negative agreement

p-value OR p-value OR

All MRIs

Intermediate signal of the rectal wall <0.001* 6.8 (2.4-–19.8) <0.001* 8.0 (2.7-–23.4) 0.277 0.908

High signal of the mesorectal tissue 0.583 1.5 (0.3-–7.2) 0.063 4.8 (0.9-–24.5) 0.457 0.965

Intermediate signal of the mesorectal tissue 0.864 0.9 (0.2-–4.0) 0.093 2.6 (0.9-–7.8) 0.419 0.898

First MRI

Intermediate signal of the rectal wall 0.678 1.6 (0.2-–17.0) 0.224 3.5 (0.5-–26.9) 0.242 0.806

Fibrosis of the rectal wall 0.463 2.4 (0.2-–23.8) 0.647 1.7 (0.2-–17.3) 0.735 0.594

Subsequent MRIs

Intermediate signal of the rectal wall <0.001* 16.6 (4.6-–60.1) <0.001* 12.1 (3.3-–44.3) 0.313 0.942

Intermediate signal of the mesorectal tissue 0.150 3.3 (0.6-–17.1) 0.034* 4.0 (1.1-–14.3) 0.256 0.922

High signal of the mesorectal tissue 0.215 2.7 (0.6-–14.1) 0.050 5.4 (1.0-–29.6) 0.0667 0.979

ORs (odds ratios) are reported with 95% confidence intervals;

* Statistically significant results
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recurrences was the appearance of intermediate signal in the scar
(Fig. 4). The appearance of intermediate signal in the dark fibrosis
is rather easy to appreciate and the use of this sign can be of help
when radiologists are evaluating post-TEMMRI in clinical prac-
tice. Strikingly, at the first postoperative MRI at 3 months after
TEM five recurrences were already found. This finding points out
the need for early imaging of the TEM scar in order not to miss
early recurrences and to furthermore provide a baseline scan to
compare with during further follow-up.

We found that DWI is helpful in the follow-up after TEM.
Overall, DWI outperforms T2W-MRI for the detection of luminal

recurrences. At the first postoperative MRI, DWI was more ac-
curate compared to T2-weighted MRI, suggesting that DWI is
less influenced by post-TEM changes, which is supported by the
higher interobserver agreement at the first postoperative MRI for
DWI compared to T2W-MRI. Addition of DWI mainly led to an
increase in sensitivity compared to T2W-MRI when evaluating
the first postoperativeMRI, which leads to a lower risk ofmissing
an early luminal recurrence. Also, DWI could identify a recur-
rence earlier during follow-up than T2W-MRI in several patients
(Fig. 2), where appearance of diffusion restriction was noted be-
fore changes on T2W-MRI were seen. Probably, DWI helps in

Fig. 5 False-positive high signal
on diffusion-weighted (DWI)-
MRI. A: High signal on b1000
DWI at first post-transanal
endoscopic microsurgery (TEM)
follow-up scan. B: 3 months later
no signs of recurrence on T2W-
and DWI-MRI. The patient
remained recurrence free during
follow-up

Fig. 6 Reactive nodes.A: MRI post-transanal endoscopic microsurgery (TEM). B: MRI 5 months post-TEM. C: MRI 8 months post-TEM. The major
difference in post-TEM MRI is that at the first postoperative scan many reactive enlarged nodes are found which can confuse the radiologist
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differentiating tumour tissue from fibrosis, similar to its use in
response evaluation of rectal cancer after chemoradiation, and
therefore has a higher diagnostic performance than T2W-MRI
only [26–28]. The higher sensitivity with DWI comes at the ex-
pense of a slightly lower specificity and a low positive-predictive
value (PPV). This can be explained by the small foci of high
signal that were sometimes found at post-TEM DWI, which dis-
appeared during follow-up (Fig. 5) and can be misinterpreted as
residual tumour or recurrence. Probably, these small foci of T2
shine through because of oedema,which – due to the small size of
the foci – are difficult to appreciate on the ADC map.

Detection of a nodal recurrence remains a challenge – just
as in primary staging of rectal cancer and given the very few
nodal recurrences in this population it is difficult to draw any
robust conclusions on nodal evaluation after TEM. The same
difficulties regarding size and morphology apply during
follow-up after TEM as when nodes are evaluated at primary
staging and at restaging after chemoradiation. In our experi-
ence, the major difference in post-TEMMRI is that at the first
postoperative scan many reactive enlarged nodes are found
which can confuse the radiologist (Fig. 6).

Interobserver agreement was moderate to good for all mo-
dalities and outcomes. However, interobserver agreement was
relatively low for the presence of predictive morphological
features for luminal recurrence (e.g. appearance of intermedi-
ate signal in the scar/rectal wall). Given the low prevalence of
recurrence we calculated the proportion of specific agreement
for either the presence or absence of a morphological feature,
rather than using Cohen’s κ (Table 4) [22]. This shows that
mainly the agreement on presence of intermediate signal in the
rectal wall and of the mesorectum is relatively low, even
though it does increase during follow-up (from 0.24 at the first
post-TEM MRI to 0.31 during follow-up). However, the fact
that these features were predictive for luminal recurrence in
the logistic regression analyses supports the fact that these
features are reproducible and robust, even though agreement
is relatively low. For all other morphological features agree-
ment is moderate to excellent and, specifically, agreement on
the absence of features is excellent.

Limitations

This study has several limitations. First, the study is retrospective
and some of the patients underwent (neo)adjuvant chemoradia-
tion, while others did not. However, we observed that the aspect
of morphological changes is similar between the two groups, but
in patients who had CRT changes were more profound and fre-
quently encountered. After longer follow-up this difference de-
creased. Also, several patients refused salvage surgery, while
based on histopathology salvage surgery was indicated.
Second, follow-up was performed in two hospitals and MR pro-
tocols differed to some extent (Appendix 1). Third, only expert
readers were involved, so it is unsure whether the results are

applicable to the general reader. Last, there is no comparisonwith
standard follow-up after TEM (endoscopy usually combined
with CT/ERUS), so no recommendation can be made regarding
cost-effectiveness of implementing MRI in the follow-up com-
pared to regular follow-up.

Conclusion and recommendations

MRI (including DWI) is feasible for follow-up after TEM for
rectal cancer. At the first postoperative scan the postoperative
changes can be confusing, but during follow-up diagnostic per-
formance and interobserver agreement increase. Therefore, we
recommend using the first post-TEMMRI as a baseline scan for
further follow-up. Because early recurrence can occur, the base-
line scan can be performed approximately 4–6weeks after TEM.
The factors on post-TEM MRI that are most suspicious for a
recurrence are: (appearance of) intermediate signal and/or ap-
pearance of high signal at b1000 DWI-MRI in the scar tissue at
the former tumour location. Nodal staging remains a challenge.
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