
 

 

 

Long-term imaging characteristics of clinical complete
responders during watch-and-wait for rectal cancer-an
evaluation of over 1500 MRIs
Citation for published version (APA):

Lambregts, D. M. J., Maas, M., Boellaard, T. N., Delli Pizzi, A., van der Sande, M. E., Hupkens, B. J. P.,
Lahaye, M. J., Bakers, F. C. H., Beets, G. L., & Beets-Tan, R. G. H. (2020). Long-term imaging
characteristics of clinical complete responders during watch-and-wait for rectal cancer-an evaluation of
over 1500 MRIs. European Radiology, 30(1), 272-280. https://doi.org/10.1007/s00330-019-06396-1

Document status and date:
Published: 01/01/2020

DOI:
10.1007/s00330-019-06396-1

Document Version:
Publisher's PDF, also known as Version of record

Document license:
Taverne

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can
be important differences between the submitted version and the official published version of record.
People interested in the research are advised to contact the author for the final version of the publication,
or visit the DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these
rights.

• Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
• You may not further distribute the material or use it for any profit-making activity or commercial gain
• You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above,
please follow below link for the End User Agreement:
www.umlib.nl/taverne-license

Take down policy
If you believe that this document breaches copyright please contact us at:

repository@maastrichtuniversity.nl

providing details and we will investigate your claim.

Download date: 22 May. 2023

https://doi.org/10.1007/s00330-019-06396-1
https://doi.org/10.1007/s00330-019-06396-1
https://cris.maastrichtuniversity.nl/en/publications/f41c0f8a-0ca2-4847-872a-09f5c2765db1


GASTROINTESTINAL

Long-term imaging characteristics of clinical complete responders
during watch-and-wait for rectal cancer—an evaluation of over
1500 MRIs

Doenja M. J. Lambregts1 & Monique Maas1 & Thierry N. Boellaard1
& Andrea Delli Pizzi2 & Marit E. van der Sande3,4

&

Britt J. P. Hupkens4,5 & Max J. Lahaye1
& Frans C. H. Bakers6 & Geerard L. Beets3,4 & Regina G. H. Beets-Tan1,4

Received: 3 April 2019 /Revised: 24 June 2019 /Accepted: 26 July 2019
# European Society of Radiology 2019

Abstract
Objectives Rectal cancer patients with a clinical complete response after chemoradiotherapy (CRT) may be followed with a
‘watch-and-wait’ (W&W) approach as an alternative to surgery. MRI plays an important role in the follow-up of these patients,
but basic knowledge on what to expect from the morphology of the irradiated tumour bed during follow-up is lacking, which can
hamper image interpretation. The objective was to establish the spectrum of non-suspicious findings during long-term (> 2 years)
follow-up in patients with a sustained clinical complete response undergoing W&W.
Methods A total of 1509 T2W MRIs of 164 sustained complete responders undergoing W&W were retrospectively evaluated.
Morphology of the tumour bed was evaluated (2 independent readers) on the restaging MRI and on the various follow-up MRIs
and classified as (a) no fibrosis, (b) minimal fibrosis, (c) full thickness fibrosis, or (d) irregular fibrosis. Any changes occurring
during follow-up were documented.
Results A total of 104 patients (63%) showed minimal fibrosis, 38 (23%) full thickness fibrosis, 8 (5%) irregular fibrosis, and 14
(9%) no fibrosis. In 93% of patients, the morphology remained completely stable during follow-up; in 7%, a minor increase/
decrease in fibrosis was observed. Interobserver agreement was excellent (κ 0.90).
Conclusions Typically, the morphology as established at restaging remains completely unchanged. The majority of patients show
fibrosis with the predominant pattern being a minimal fibrosis confined to the rectal wall. Complete absence of fibrosis occurs in
only 1/10 cases. Once validated in independent cohorts, these findings may serve as a reference for radiologists involved in the
clinical follow-up of W&W patients.
Key Points
• In rectal cancer patients with a sustained complete response after chemoradiation, the rectal wall morphology as established
on restaging MRI typically remains unchanged during long-term MRI follow-up.

• The vast majority of complete responders show fibrosis with the predominant pattern being a minimal fibrotic remnant that
remains confined to the rectal wall; complete absence of fibrosis occurs in only 10% of the cases.

• Once validated in independent cohorts, the findings of this study may serve as a reference for radiologists involved in the
clinical follow-up of rectal cancer patients undergoing watch-and-wait.
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Abbreviations
CRT Chemoradiotherapy
DWI Diffusion-weighted imaging
ESGAR European Society of Gastrointestinal

and Abdominal Radiology
FSE Fast spin echo
FU Follow-up
T2W T2-weighted
W&W Watch-and-wait

Introduction

Organ-preserving treatment is increasingly considered as an
alternative to major surgery in rectal cancer patients that re-
spond verywell to neoadjuvant treatment. Studies have shown
good oncological and functional outcomes for a watch-and-
wait (W&W) approach in patients with a clinical complete
response after neoadjuvant chemoradiotherapy (CRT) [1–5].
Recently, long-term outcome was published of a large registry
study of 880 clinical complete responders undergoing W&W
in 47 institutes from 15 different countries. Results showed
good 5-year overall and disease-free survival of 85% and
94%, respectively, for patients with a sustained complete re-
sponse. Twenty-five percent of patients developed a local re-
growth in the first 2 years, almost exclusively located in the
bowel wall. These patients can typically be managed with
salvage surgery, resulting in similar outcomes compared to
non-complete responders who are immediately operated after
CRT [6].

An important prerequisite of the W&W strategy is to en-
sure adequate follow-up (FU) so that tumour regrowths can be
detected as early as possible to allow for timely salvage sur-
gery. Although follow-up strategies differ between reports and
institutions, the two mainstays of follow-up are flexible en-
doscopy and MRI. Main signs indicative of a luminal tumour
regrowth on MRI are the re-appearance of an intermediate
signal intensity mass within the irradiated tumour bed on
T2-weighted (T2W) MRI combined with focal high signal
intensity on diffusion-weighted imaging (DWI) when avail-
able [7]. Absence of these findings favours the diagnosis of a
sustained complete response. Although thus seemingly
straightforward, interpretation of the morphology of the rectal
wall on follow-up T2W MRI can be challenging since—due
to the relative novelty of the W&W approach—basic knowl-
edge on what to expect from the morphology of the ‘normal’
irradiated tumour bed during long-term follow-up is lacking.
This is a knowledge gap that needs to be overcome as radiol-
ogists are now confronted with a new type of follow-up im-
aging without an evidence-based reference for normal post-
therapy findings. In 2011, a first pilot study was published
showing, in a small group of n = 19 W&W patients, that the
morphology of the rectal wall could roughly be categorised

into four patterns ranging from complete absence of fibrosis
(‘normalization of the rectal wall’) to various degrees of min-
imal, thick, or spiculated fibrosis, which tended to remain
consistent over time [8]. So far, these findings have not been
validated in larger patient cohorts.

The aim of the current study is to add to these previous data
by studying a large cohort of rectal cancer patients with a
sustained clinical complete response for more than 2 years
after chemoradiotherapy in order to strengthen the evidence
on the spectrum of ‘normal’ (non-suspicious) long-term mor-
phologicalMRI findings on standard T2-weightedMRI in this
group. Since the primary focus is to assess the morphology of
the rectal wall on T2WMRI, evaluation of DWI—although of
clinical importance—was outside the scope of the current
study [7]. The findings of this study—once validated by other
groups—can serve as a potential reference for future research
and for radiologists involved in the clinical follow-up of pa-
tients undergoing watch-and-wait.

Methods

Patients

For this study, the MR images of 164 rectal cancer patients
with a sustained clinical complete response for at least 2 years
after inclusion in a watch-and-wait protocol (2010–2016)
were retrospectively evaluated. As part of the follow-up pro-
gram, patients were routinely monitored with MRI (combined
with digital rectal examination and endoscopy), performed
every 3 months during the first year, and then every 6 months
(until a total of 5 years). Patients were all selected from pre-
viously published or ongoing clinical studies focussing on the
cl inical outcome of organ preservat ion [2, 6, 9;
NCT03426397]. Ethical review board approval was obtained
for this retrospective imaging study and informed consent was
waived. Patients were included if they (a) completed a long
course of neoadjuvant treatment for biopsy-proven primary
rectal adenocarcinoma, (b) were included in a watch-and-
wait program, and (c) had a sustained clinical complete re-
sponse with no signs of a local tumour regrowth (on imaging
and endoscopy ± biopsies) during a follow-up period of at
least 2 years. This cut-off was chosen as it is known that the
vast majority of local recurrences in patients undergoing
W&Woccur in the first 2 years of follow-up [6].

MR imaging

Patients underwent anMRI for primary staging (pretreatment)
and a second MRI for restaging and response evaluation,
which was routinely performed between 8 and 10 weeks after
completion of neoadjuvant therapy. After inclusion into the
watch-and-wait program, patients routinely underwent MRI
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every 3 months in the first year of follow-up and then every
6 months in years 2–5 as described above. Follow-up MRIs
were performed at 1.5 T (Achieva or Ingenia MR System,
Philips Healthcare). The protocol included T2-weighted fast
spin echo (FSE) sequences in 3 planes. The transverse and
coronal T2-weighted sequences were angulated perpendicular
and parallel to the former tumour axis, respectively, with con-
sistent imaging planes over time. Slice thickness was 3 mm
with an in-plane resolution of 0.78 × 0.78 mm. Echo time was
set at 130 ms with a variable repetition time (‘shortest’).
Spasmolytics were not routinely given.

Image evaluation

The morphological T2-weighted MR images were indepen-
dently evaluated by two experienced rectalMRI readers (TNB
and ADP), who assessed the morphology of the tumour bed
on the restaging MRI (with reference to the primary staging
scan) and on the various consecutive follow-up MRIs. First,

the two readers classified the morphologic pattern on the
restaging MRI as (a) no fibrosis, (b) minimal fibrosis, (c) full
thickness fibrosis, or (d) irregular fibrosis, according to a clas-
sification system previously reported [8]. Imaging examples
of these four morphologic patterns are provided in Fig. 1.
When no residual tumour mass or hypointense fibrosis could
be detected at the site of the previous tumour, the pattern was
classified as ‘no fibrosis’ (Fig. 1a). ‘Minimal fibrosis’ was
defined as a small area of hypointense fibrosis that remains
restricted to the rectal wall, causing only minimal local thick-
ening of the rectal wall (Fig. 1b). Full thickness fibrosis was
defined as a more pronounced (mass-like) hypointense fibrot-
ic thickening of the rectal wall at the site of the previous
tumour (Fig. 1c). ‘Irregular fibrosis’ was defined as a fibrotic
mass or wall thickening with irregular and/or spiculated mar-
gins (Fig. 1d). Second, the readers recorded whether any
changes in rectal wall morphology (i.e. change in pattern,
subjective increase or decrease in the size of the fibrosis) were
visually apparent on any of the sequential follow-up

Fig. 1 The morphology of the rectal wall was categorised as (a) ‘absence
of fibrosis’ (apparent normalization), when no hypointense residue could
be detected at the site of the previous tumour, (b) ‘minimal fibrosis’when
only a small area of hypointense fibrosis confined to the bowel wall was
observed (black arrow) causing only a minimal local thickening of the

rectal wall, (c) ‘full thickness fibrosis’ when a more pronounced mass-
like fibrotic thickening was observed (white arrows), and (d)’irregular
fibrosis’ when a fibrotic mass or wall thickening with irregular and/or
spiculated margins was observed (black arrowheads)
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examinations. In case of any discrepancies in the scoring be-
tween the two readers, a third reader (DMJL, a rectal MRI
expert with > 9 years specific rectal MRI experience) was
consulted to reach final consensus. The morphology of the
tumour pretreatment (on the primary staging MRI) was docu-
mented and classified as ‘polypoid’, ‘semi-circular’, or
‘bulky/irregular’, according to classifications previously re-
ported [7, 10].

Data analysis

Data was analysed with IBM SPSS Statistics 22 (IBM Corp.
2013). The distribution (%) of the four morphologic patterns
amongst the study patients as well as any changes in morphol-
ogy over time was assessed using descriptive statistics.
Interobserver agreement was assessed using quadratic weight-
ed kappa analysis.

Results

Patient characteristics

Baseline patient characteristics are presented in Table 1. At the
time of analysis, the 164 study patients together had
underwent a total of 1509 MRI examinations (164 primary
staging examinations, 164 restaging examinations, and 1181
follow-up MRIs). The median number of follow-up MRIs
analysed per patient was 7 (range 3–14). The median
recurrence-free follow-up time after inclusion in the W&W
programwas 50months (range 30months–5 years) at the time
of writing.

Distribution of morphologic patterns and evolution
over time

Table 2 shows the distribution of the four morphologic pat-
terns amongst the 164 study patients combined with an over-
view of any documented changes inmorphology over time. At
first evaluation (on the restaging scan performed after com-
pletion of CRT), no fibrosis (i.e. an apparent normalization of
the rectal wall) was observed in a minority of patients (n = 14,
9%). The remaining majority of patients (91%) showed at
least some degree of fibrosis with a minimal fibrotic remnant
in n = 104 (63%), a full thickness fibrosis in n = 38 (23%), and
irregular/spiculated fibrosis in n = 8 (5%). In the majority of
patients (n = 153/164, 93%), the morphology of the rectal wall
as identified on the first restaging MRI remained stable during
long-term follow-up and no changes in pattern, in signal in-
tensity, or in the shape or size of fibrosis were visually ob-
served over time (example shown in Fig. 2). In the remaining
11 patients, some minor changes occurred: in 7 patients, a
slight subjectively assessed thickening of the fibrosis occurred

after the first post-CRT scan; in 1 patient, the fibrosis slightly
decreased in volume; and in 3 patients, who initially presented
with minor fibrosis, no fibrosis could be reproduced anymore
on the subsequent follow-up scans. In all 11 patients, the pat-
terns remained consistent during further follow-up and no
further changes were observed. Representative imaging exam-
ples are provided in Fig. 3.

Correlation with pretreatment morphology

Table 3 shows the correlation between the 4 patterns of fibro-
sis and the primary morphology of the tumour before treat-
ment (as assessed on the baseline staging MRI). Twenty-three
percent of patients initially presented with polypoid tumours
(Fig. 4a), which were all classified into the ‘no fibrosis’ (5%)

Table 1 Baseline characteristics

Variable No. of patients (total
n = 164)

Sex

Male 111

Female 53

Median age (range) 65 (33–84)

Histologic tumour type

Adenocarcinoma (solid type) 164

Adenocarcinoma (mucinous type) 0

Primary local tumour stage
(as assessed with MRI)

cT-stage

cT1–2 43

cT3 107

cT4 14

cN-stage

cN0 37

cN1 50

cN2 77

Mesorectal fascia (MRF) involvement

cMRF+ 57

cMRF− 107

Median tumour length (mm) on primary
staging MRI (range)

39 (16–81)

Median distance from anorectal junction
(mm) on primary staging MRI (range)

19 (0–135)

Neoadjuvant treatment regimen

Long-course chemoradiotherapy* 154

5 × 5 Gy + prolonged waiting interval 10

Median FU in months since inclusion in
watch-and-wait (range)

31 (12–80)

Median number of FU MRIs since inclusion
in watch-and-wait (range)

7 (3–14)

*The routine chemoradiotherapy scheme consisted of 50.4-Gy radiation
combined with 2 × 825 mg/m2 per day of capecitabine
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or ‘minimal fibrosis’ (18%) pattern groups after CRT. The
majority of patients (66%) initially presented with semi-
circular tumours (Fig. 4b), most of which proceeded into the
‘minimal fibrosis’ (41%) or ‘full thickness fibrosis’ (18%)
subgroups after CRT. Only 10% of patients initially presented
with more bulky and irregular tumours (Fig. 4c). These tu-
mours were also relatively larger in size at baseline (mean size
55 mm versus 40 mm for the semi-circular and 27 mm for the
polypoid tumours).

Interobserver agreement

Agreement between the two readers in determining the mor-
phologic patterns was excellent (κ 0.90). Discrepancies oc-
curred in only 9/164 patients (5%). Consensus was easily
reached for these cases after discussion of the cases with the
third expert reader.

Discussion

The results of this study, based on an evaluation of over 1500
clinical MRI examinations, show that in the vast majority of
rectal cancer patients with a clinical complete response after
chemoradiotherapy, at least some fibrotic remnant remains
visible in the rectal wall at the site of the previous tumour
bed on T2W MRI, which typically remains completely stable
during follow-up apart from some almost negligible changes
in the subjectively assessed size of fibrosis in a small minority
of patients. A minimal fibrotic remnant confined to the bowel
wall was the predominant pattern (present in 63%), followed
by patients presenting with full thickness (23%) or irregular/
spiculated (5%) fibrosis. A complete absence of fibrosis with
apparent normalization of the rectal wall was observed in only

9% of patients at restaging. In an additional 3 patients, some
fibrosis was initially observed which could not be reproduced
later during follow-up (after a mean interval of 10 months),
adding up to a total of 10% of patients with an apparently
normalised wall without any visible fibrosis.

The distribution of morphologic patterns in our current
study is largely in line with that previously reported in a small-
er patient cohort, although the percentage of patients without
fibrosis was somewhat larger (26%) in this previous cohort,
likely due to the small overall sample size (n = 19) [8].
Consistent with the previous report, the majority of patients
in our study presented with only a minimal fibrotic remnant
within the bowel wall. This makes sense, as it has also previ-
ously been shown that—when looking at the whole spectrum
of patients undergoing chemoradiotherapy for locally ad-
vanced disease—tumours that regress into a small, focal fi-
brotic remnant within the rectal wall have a relatively high
chance of complete response (± 50%) [10]. At baseline, these
tumours are typically relatively small and localised to a certain
(polypoid or semi-circular) area of the rectal wall, as illustrat-
ed in Table 3. Tumours that show more irregular/spiculated
fibrosis after CRT have been previously reported to still con-
tain viable residual tumour in the majority of cases (± 80%)
[10]. This probably also explains why the latter group, with
thus a relatively low complete response chance, was also un-
derrepresented in our current study cohort consisting exclu-
sively of complete responders.

Our study was primarily intended to establish the range
and distribution of morphological appearances of a com-
plete response and to document whether any changes in
morphology are to be expected in patients with a
sustained complete response during long-term (> 2 years)
follow-up. Based on the findings of our study, we now
know that the morphology as established at restaging

Table 2 Patterns of response and
evolution over time Pattern No. of patients

(%)
Change in morphology over time
(No. of patients)

Mean time to change in
morphology*

1. No fibrosis 14 (9%) None (n = 14) N/A

2.Minimal fibrosis 104 (63%) None (n = 93) N/A

Minor thickening of fibrosis (n = 7) 4.9 months (2, 2, 3, 3, 4, 5,
and 13 months)#

Minor decrease in fibrosis (n = 1) 5.0 months#

Normalization (fibrosis no longer
visible)|(n = 3)

10.3 months (5, 5, and
20 months) #

3. Full thickness
fibrosis

38 (23%) None (n = 38) N/A

4. Irregular fibrosis 8 (5%) None (n = 8) N/A

*Mean number of months from the first post-CRT MRI to the timepoint at which the change in morphology was
observed. Numbers between parentheses are the actual number of months for the individual patients concerned
# In all patients (n = 11) in whom a change in morphology was observed at a certain time point, no further changes
occurred on the further subsequent follow-up scans. None of these patients experienced a local tumour regrowth

N/A not applicable
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typically remains consistent over time. In the minority of
patients (n = 11, 7%) in whom we did observe some slight
thickening or decrease in fibrosis over time upon subjec-
tive visual evaluation, these changes were very subtle (al-
most negligible) and mainly occurred early during follow-
up, after a mean interval of 5 months. All 11 patients were
from the ‘minor fibrosis’ group, which is likely related to
the fact that this was by far the biggest subgroup in our
cohort. As all 11 patients continued to have a complete
remission on further follow-up, these very minor changes
may probably be neglected and are within the range of
‘normal’ variations. With this in mind, any more signifi-
cant change in signal or size should thus raise the suspi-
cion of a local tumour regrowth, in which case patients
need to be referred for endoscopy and further clinical (and

biopsy) confirmation, before proceeding to salvage sur-
gery. Detailed assessment of the morphology of patients
presenting with recurrent disease was outside the scope of
the current study. In addition to morphology, evaluation of
diffusion-weighted images has been reported to be poten-
tially helpful to detect early regrowths as an increase in
DWI signal may precede visible changes in morphology
on T2-weighted MRI, albeit at a risk for false positive
findings in some cases [7]. Moreover, DWI is known to
improve the performance of MRI to differentiate areas of
viable tumour within post-radiation fibrosis, as has been
shown by several studies on restaging of rectal cancer
after chemoradiotherapy [11–14]. In the recently pub-
lished consensus guidelines on rectal MRI by the
European Society of Gastrointestinal and Abdominal

Fig. 2 Example of a patient with a semi-circular tumour in the rectal wall pretreatment that regressed into a minimal fibrotic remnant confined to the
rectal on the post-treatment scan (white arrows). The aspect of the fibrosis remained completely unchanged after 1 year and 3 years of follow-up

Eur Radiol (2020) 30:272–280 277



Radiology (ESGAR), routine use of DWI is also recom-
mended to assess local tumour response after CRT, al-
though the ESGAR guidelines provide no specific recom-
mendations on the use of MRI (with or without DWI) in
the follow-up setting of patients undergoing W&W [15].
In our current study, we aimed to focus specifically on the
morphology of the tumour bed on T2W MRI and as such
we did not take into account the signal of the tumour bed
on DWI, also because the value of DWI in this setting has
already previously been reported on by our group [7].

Our study had some limitations. First, we did not take into
account the morphology of the remaining mesorectal lymph
nodes. Assessment of the nodes is, however, typically less

challenging in the follow-up setting as the majority of nodes
in complete responding patients disappear or decrease to less
than 5 mm in size, which has been shown to be a relatively
accurate predictor of a yN0 status with reported negative pre-
dictive values of > 90% [16]. Furthermore, nodal recurrences
(without a concomitant luminal regrowth) constitute only a
small minority of 3% of all local regrowths [6]. Finally, as
discussed above, we did not include a direct comparison of
the morphology of complete responders to the imaging find-
ings of patients with a regrowth as this was outside the scope
of the current study and will be addressed by future studies.

In conclusion, we have confirmed that the vast majority of
patients with a sustained clinical complete response after

Fig. 3 Two examples of patients in whom some slight changes in
morphology were observed over time. The upper row shows a male
patient with a semi-circular tumour before treatment (a) who presented
with a minimal fibrotic remnant in the rectal wall on the first restaging
scan (arrows in b). After 3 months, some slight thickening of the fibrosis
occurred (arrows in c) which remained consistent on further follow-up

imaging. The bottom row shows a female patient with a polypoid tumour
before treatment (d). On the initial restaging scan, a minimal fibrotic
remnant was observed (arrowhead in e) that could not be reproduced
anymore on the scan performed after 6 months (f), a pattern that remained
consistent during further follow-up

Table 3 Correlation between
patterns of fibrosis and
pretreatment morphology of the
tumour at primary staging

Pattern pre-CRT Pattern post-CRT Total

No fibrosis Fibrosis

Pattern (Mean size ± SD) Minimal Full thickness Irregular

Polypoid 27 ± 7 mm 8 (5%) 30 (18%) 0 (0%) 0 (0%) 38 (23%)

Semi-circular 40 ± 9 mm 6 (4%) 68 (41%) 30 (18%) 5 (3%) 109 (66%)

Bulky/irregular 55 ± 8 mm 0 (0%) 6 (4%) 8 (5%) 3 (2%) 17 (10%)
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chemoradiotherapy present with fibrosis with the predominant
pattern being a minimal fibrotic remnant that remains con-
fined to the rectal wall. A complete absence of fibrosis (i.e.
apparent normalization of the rectal wall) occurs in only 10%
of the cases. Typically, the morphology as established at
restaging remains completely unchanged during further fol-
low-up. Once validated in independent cohorts, these findings
can serve as a reference for future studies and for the clinical
follow-up of patients undergoing watch-and-wait.
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