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ABSTRACT

Purpose: To evaluate what features on restaging MRI and scmwjuy led to a false clinical diagnosis of residual

tumour in patients with a pathological completgpmsse after rectal cancer surgery.

Methods: Patients with an ‘unrecognized’ complete respoafier (chemo)radiotherapy were selected in a
tertiary referral centre for rectal cancer treatmém ‘unrecognized’ complete response was defaed clinical

incomplete response at MRI and/or endoscopy witlathological complete response of the primary tumou
after surgery. The morphology of tumour bed andgiimodes were evaluated on post-CRT T2-weighted MRI
(T2-MRI) and diffusion weighted imaging (DWI). PeSRT endoscopy images were evaluated for residual

mucosal abnormalities. MRI and endoscopy featurr® worrelated with histopathology.

Results: Thirty-six patients with an unrecognized completsponse were included. Mucosal abnormalities were
present at restaging endoscopy in 84%, mixed signahsity on T2-MRI in 53%, an irregular aspecttioé
former tumour location on T2-MRI in 69%, diffusioestriction on DWI in 51% and suspicious lymph rode

25%.

Conclusions. Overstaging of residual tumour after (chemo)rdwapyin rectal cancer is mainly due to residual
mucosal abnormalities at endoscopy, mixed sigriehsity or irregular fibrosis at T2-MRI, diffusiaestriction
at DWI and residual suspicious lymph nodes. Presefthese features is not definitely associatetl vesidual

tumour and in selected cases an extended waitiagval can be considered.
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INTRODUCTION

Fifteen to twenty percent of patients with rectahcer present with a pathological complete resp@p&&)
after chemoradiotherapy (CRT) and total mesoreetalsion (TME) [1]. TME is associated with substaht
morbidity and mortality and therefore the needrf@jor surgery is questioned in good and completpaeders.
Moreover, it has raised interest in organ-preseraifternatives to major surgery, such as a locak®a in near
complete responders or a watch-and-wait policyoimglete responders [2-6].

Selection of patients who may benefit from orgaesprvation requires an accurate identificationahpglete
responders. Main tools for response assessment heheded clinical assessment with digital rectal
examination, endoscopy and biopsy, and imaging siscMRI and endorectal ultrasound [4, 5, 7]. Howgeve
when used individually, none of these techniques able to accurately predict pCR after CRT, due to
overestimation of residual tumour [8-10]. The conddl use of these techniques increases the diagnosti
accuracy [11]. It is currently recommended to camebidigital rectal examination, endoscopy and MRI
(including diffusion weighted imaging (DWI)) [11T his strategy is aimed at minimizing the risk ofseihg
residual tumour and therefore minimizing the riskumdertreating patients. Mainly patients with itgal
clinical complete response, fulfilling strict sefiea criteria that include whitening of the mucosath
teleangiectasia and mucosal integrity on endosampybined with absence of luminal and nodal disease
(DWI-)MRI, are considered for organ preservatiot,[12]. However, due to these strict criteria uB086 of
the complete responders are not recognized atcalimesponse assessment, with the consequencéhésat
patients undergo major surgery while organ presimvaould be a possibility [11, 13]. In order ®duce the
number of unrecognized complete responders it oitant to see what we can learn from these unrezed
complete responders. Specifically, we should evaludnether there are distinct features on MRI ardbscopy
that lead to the false diagnosis of residual tunaiuesponse assessment, so that these pitfallbenaged as a
teaching reference and to optimise the identificatf complete responders in the future. Therefire aim of
this study was to evaluate what features on resgaljiRl and endoscopy led to a false diagnosis sidtal

tumour in patients with a pathological completegpmsse after rectal cancer surgery.



PATIENTSAND METHODS

The need for informed patient consent was waivedthry institutional ethics review board due to the
retrospective nature of this study. This study wadormed in a referral centre for organ preseovain rectal
cancer (Maastricht University Medical Centre, Maakt, the Netherlands), where restaging after dpo@nt
treatment was routinely performed. In our centiiepatients with a complete clinical response dfered organ
preservation, and patients with an incomplete cdihresponse are offered standard treatment wiécten.
Criteria for a clinical complete response have baescribed previously [14]. However, some patievith an
incomplete clinical response showed pathologicahmlete response after resection, and could be deresd
‘unrecognized’ clinical complete responses. Theastepts were included in the present retrospeciiuely,
providing they met the following inclusion criterifl) biopsy proven primary rectal cancer, (2) tment with
surgery after either a long course of CRT or atshourse of radiotherapy (5x5Gy) followed by a prajed
waiting interval, between July 2006 and Decembet52(3) availability of restaging MRI (and endosm)p
examinations for response assessment after ne@eudjtneatment, and (4) complete response of thagpyi
tumour at histopathology after surgery (ypT0). Refé patients had surgery in their primary hospialtients

were excluded if they had surgery for persistingustoms (e.g. obstructive stenosis).

Restaging MRI was routinely performed and availdbleall study patients. Until 2012, endoscopy vesty
performed upon indication (i.e. in case of a go@gponse on imaging). From 2012 on, endoscopy wasedy

performed as part of the response assessmentpatadhts.

Re-evaluation of MRI

All MR imaging was performed with a 1.5T systemtéha (Achieva) or Ingenia, Philips Medical SysteBsst,
The Netherlands) using a phased array body caju&eces included T2-weighted MRI and diffusion-virtégl
MRI. Detailed sequence parameters of the sequensed during the study period are provided in the
Supplementary File 1. The primary staging MRIs performed before treatiweere also at the reader’s disposal.
Images were analysed by a single expert radiolglylstl.) with 8 years of experience in reading récancer
MRI. As this study aimed at identifying featureadéng to unrecognized complete response and ragsasssing
diagnostic performance to assess response, therrems aware that all patients had a pathologicaiptete

response in the resected specimen.

The following features were evaluated on the restad2-weighted images: signal intensity of the cwmbed,
pattern of fibrosis, presence of rectal wall oedeEMVI and lymph node morphology. The signal inignsf
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the tumour bed was scored to be either hypo-intensmnsisting of mixed signal intensity. Pattefrfibrosis
was scored as normalised rectal wall, minimal fispor regular/irregular full-thickness fibro§is]. Figure 1
shows examples of the MRI features that were etedud.ymph node morphology was assessed by evaduati
the border, contour, the signal intensity hetereggrof the nodes and the presence of fibrosisiwithe nodes.

Examples of irregular nodes are showirigure 2.

On restaging DWI-MRI, the presence and distribut{fotal or diffuse) of diffusion restriction (higkignal
intensity on b1000 DW-images and correspondingdamal on the apparent diffusion coefficient mapihin

the tumour bed were recorded.

Re-eval uation of endoscopic images

Endoscopy with a flexible endoscope was perfornftmt a phosphate enema, by one of six surgeonswete
specialized in endoscopic response assessmentliditaly stored endoscopy images (white light gaa only)
were re-evaluated for this study by a single exgpexed surgeon (G.B.) with 12 years of experienaestaging
endoscopy. The presence of a white scar, a flatrubcdeep ulcer with irregular borders, polypésdue or gross
tumour mass was scored. Examples of these endasiiogings are shown ifigure 3. If biopsies were taken
at the time of endoscopy, results were also pralitte the reader and taken into account during sgori
Similarly to MRI, the reader was aware that alligratls had a pathological complete response indbkected

specimen.

Correlation with histopathology

Surgical specimens were assessed according tmatinal guidelines [16]. The histopathology repat the
surgical specimens were reviewed to correlate pagtwlogy features with MRI and endoscopic featufid®
presence of the following histopathologic featunese scored: dysplasia, inflammation, fibrous tssacellular
mucin, ulceration or calcifications. Examples ofesh histopathological findings can be found in the

Supplementary file 2.

Satigtical analysis

Statistical analyses were performed with SPSSsHiti22 (IBM, Armonk, NY). Baseline data were ectied
for all patients and included age, sex, baselimécel staging, neoadjuvant therapy, type of swagprocedure
and histopathological staging. Descriptive statsstivere calculated for the baseline characterigtics MRI,

endoscopic and histopathologic features.



RESULTS

Sudy population

Thirty-nine rectal cancer patients with pathologicaomplete response of the primary tumour
(ypTO) after surgery were considered for inclusibhree patients were excluded because they haod#ration

for surgery irrespective of the clinical respongeghe tumour for the following reasons: stenosigontinence
and rectal stent. In total, 36 patients were ineth(R4 men, 12 women; mean age at diagnosis 64year3, for
details se€lTable 1). Of the 36 patients, 8 patients had nodal metastat histopathology (7 ypN1, 1 ypN2).
These patients are separately described on theipHynode assessment below. The median interval from
completion of (chemo)radiotherapy to response asseist was 8 weeks (IQR 8-17 weeks). Median interval
from response assessment to resection was 28 Mais15-36 days). Twenty (56%) patients underwemt lo
anterior resection, 13 (36%) patients had an abdoperineal resection and 3 (8%) patients had aHidkness
local excision. The 3 patients with local excisahhad a disease-free follow-up of > 3 years, areltherefore

considered to be ypTONO.

T2-weighted MRI
Overall, in 26 (78%) patients features of residuahinal tumour were present on the restaging TZyhteid
MRI. Mixed signal intensity was present in 19 (53p#&tients. Full-thickness or irregularly shapeddiis was

seen in 25 (69%) patients. EMVI was recorded iB®) of the patients and oedema in 17 (47%) patients

Diffusion-weighted MRI
In 33 out of 36 patients a DWI sequence was availabixteen (49%) patients showed no residual sliffio
restriction. In the remaining 17 patients, eithecdl diffusion restriction (n=14, 42%) or diffusdffdsion

restriction (n=3, 9%) was found at re-evaluation.

Endoscopy

Restaging endoscopy was performed in 19 (53%) @88 patients. Only 3 patients (16%) presented wavifllat
scar without mucosal abnormalities. Polypoid tisstss present in 4 (21%) patients, a flat ulcer i(R6%)
patients, an ulcer with irregular borders in 6 (32%tients and gross residual tumour was preseft (5%)
patient. Biopsies were taken in 10 patients. Inafiemts, this led to a suspected residual tumoysatients
showed high grade dysplasia and one biopsy aderinoara, while in the resection specimen no

adenocarcinoma was found in any of these patients.



Lymph nodes
In the 28 patients with ypTONO, suspected residuedorectal nodal metastasis was present in 7 (pa¥%ents,
these nodes showed fibrosis and/or a spiculatedebom the 8 patients with ypTON+, 5 (71%) patseatso

showed a fibrotic appearance or spiculated borfitreir nodes.

One of the patients with ypTONO showed a suspicentsamesorectal node in the right obturator ateldRRl

and underwent a TME resection with removal of @iteral node. The lateral node was negative onlbggto

Correlation of imaging and endoscopy features with histopathology

Correlations between histopathology findings andl iRl endoscopic features are presentelaliies 2 and 3.
All patients had a pathological complete resporigbeprimary tumour (ypTO) and in six (19%) speeim foci
of low- or high grade dysplasia at the former tumtmcation were found. Histopathology reports diser
fibrosis in 30 (83%) patients, ulceration in 19 ¥@3patients and inflammation in 18 (50%) patietsellular
mucin was present in 5 (14%) surgical specimensdgsttophic calcifications were seen in 5 (14%)capens.
Fibrous tissue was more frequently found in patigith mixed signal intensity on T2-weighted MRI thin
patients with homogeneous signal (100% vs. 65%kgrddicopic ulceration was also found more frequeintly
patients with mixed T2-weighted signal (74% vs. 29%d in patients with a high signal on the DWI-MRV%
vs. 38%), sedable 2. Presence of acellular mucin or calcifications dat differ between patients with and
without signs of residual disease on MRI. Dysplas&s found more frequently in patients with clitiga

suspected residual tumour at endoscopy than iemgatiwithout suspected residual tumour (100% v80)17



DISCUSSION

The selection of patients with a complete respdosergan preservation remains a challenge, wittrstaging
of residual tumour being the main source of erfidiis can lead to not recognizing patients with aplete
response, who subsequently have a major resedtithe sectum while they could have been treateth wigan
preservation. The goal of this study was to evalwgiat features on restaging MRI and endoscopioledfalse
diagnosis of residual tumour in these unrecognizetplete responses. Overall, the commonest pitfedie
mucosal abnormalities on endoscopy, mixed signaregular aspect on T2-weighted MRI and a residhigh
signal on DWI-MRI. Overstaging of nodes was anotihgportant pitfall. For some of the pitfalls on M@hd

endoscopy a potential substrate was found wheewénvg histopathology.

Mucosal abnormalities such as an ulcer or polypiédue were present in the majority (88%) of the
unrecognized complete responders at restaging eopipsThese findings are in line with the studyNmhas et

al [13], who showed that 89% of the patients with umexpected pCR after TME resection showed gross
mucosal abnormalities at restaging endoscopy. Ttherostudies showed that in 61-74% of the patients
downstaged to ypTO, macroscopic residual mucosabrahalities were found in the surgical specimen [i18].
Routine biopsies have been advocated to distingeisidual tumour from healing mucosa or residuanadna.
However, because of sampling errors there is atantisl risk for false negative biopsies [19]. hetpresent
study there is even a false positive finding: oadiemt had adenocarcinoma in the biopsy taken sihgeng

endoscopy while having a pCR at resection onlyweeks later.

Similar to endoscopy, T2-weighted MRI tends to egtimate the presence of residual tumour, maintyabse
of the presence of residual wall thickening at fitvemer tumour location [9]. If this residual wahitkening
shows a dark homogeneous fibrotic aspect, expexienadiologists will generally be able to identiiys as a
complete response. However, when the residualdesiows a mixed signal, radiologists will interpttes as a
sign of residual tumour. Although mixed signal isgnhoften associated with residual tumour, thisasalways
the case. In patients with a pathological comptetponse this heterogeneous wall thickening is giviyba
mixture of fibrosis and oedema in the healing phafséhe bowel wall, that in due time will proceedl full
thickness homogeneous dark fibrosis. The additibmiffusion-weighted imaging to standard T2-weighte
imaging can help to differentiate between scaruésand residual tumour, as areas with residuatsidgh
restriction are suspicious for residual tumour [28]meta-analysis on the assessment of respon&Rioin
rectal cancer patients showed that the additioDWi results in a significantly improved sensitivityom 50%
with standard T2-weighted sequences to 84% with O8YI In the present study approximately half oé th
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unrecognized complete responders showed residuzljfdiffusion signal abnormalities. Probably stiean be
explained by interpretation errors caused by pimgisT2 signal from the rectal wall which is nottiesly
suppressed at DWI. Due to the small size of these évaluation on the quantitative ADC map isidifft and
leads to failure in recognizing these areas ashitieshrough21]. Histological reactive changes, e.g. an ulcer,
may cause a false high signal leading to intergogtaerrors. Similar interpretation pitfalls havedm reported

for DWI-MRI after transanal endoscopic microsurggit®, 23].

Another reason for not recognizing a complete raspavas the erroneous interpretation of a residodé as
malignant. A common feature in overstaged nodesthva presence of border irregularity, a featuat ihalso
found in many malignant nodes. While in primarygstg the accuracy for nodal staging improves by the
addition of morphological criteria to size critefiad4, 25], for nodal response assessment afterdjiaant
treatment the use of morphological criteria cancbefusing as both normal and metastatic nodes baw s
abnormal nodal morphology [26, 27]. With a completsponse in the primary tumour, there is a lowiarp
risk of about 3-5% for residual nodal disease [Mjerefore, in order to avoid needless surgerys itvorth
considering (in patients with a clinical completsponse in the primary tumour) to observe smaltues
irregular nodes for an additional period, espegiathen the nodes have decreased in size.

In many centres, organ preservation is only comsutiéf a patient presents with a typical clinicaimplete
response: a white scar with absence of mucosalratalities on endoscopy and no signs of residualrafrand
nodal disease on MRI. The results of this studywstimat patients with mixed T2 signal, residual asibn
restriction, mucosal abnormalities or irregular @do not necessarily have residual disease. éotsél patients
an extended waiting interval can be considereddwsige a more convincing picture on whether orthete is a
complete response. In our current clinical practeehave implemented an extended waiting intervalatients
who show a ‘near-CR’ at first response assessmégt\Beeks after neoadjuvant treatment, to allowfdiother
regression to a complete response[28]. How manyvemat combinations of the abovementioned equivocal
features allow for safe extension of the waitintgimal remains unclear. The more of these feataregpresent,

the less likely it seems a patient is going to hemeemplete response. This should be further etedua

Our study has some limitations. First, during tbag study period the response evaluation stratégy a
(chemo)radiotherapy gradually changed, which lechissing endoscopy images in the early patientsoi®g
the time between response assessment and rese@®mather long in some patients, so it is posdihde
patients did not have a pathological complete nespaluring response assessment, but developed @etem
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response during the interval to surgery and thu® wetually not overstaged. Third, histopathologgyarts were
used to compare imaging findings with histologiadiings. By using standard clinical reports rattiern doing
a reassessment of histopathology it is possiblehistological reactive changes were not alway®nego when
present. Last, as we only included patients wigiatihological complete response of the primary tunzo did
not have a control group, we cannot draw conclissadmout the incidence of the discussed featurgsatiants
with true residual tumour, which would provide wisi into the prevalence of these features and ttiiical

impact.

CONCLUSION

Overstaging of residual tumour after CRT is maicdyised by the presence of residual mucosal abnitiesait
endoscopy, mixed signal or irregular fibrosis atwe&ighted MRI, focal diffusion restriction at difion-
weighted MRI and residual irregular nodes. Knowkedy these pitfalls can help clinicians to imprabe
selection of complete responders. In patients witvery good clinical response, the abovementioeaetufes
should not be regarded as unequivocal signs afuaktumour and an extended waiting interval fokoMby a
reassessment can be considered to provide a mowencimg picture of the presence of a complete gasp.
Advances in imaging techniques, endoscopy and tumuarkers will in the future hopefully overcome the

challenges in response assessment.
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FIGURESAND TABLES

Figure 1. Examples of main pitfalls in restaging MRI in yppétients leading to overstaging of residual tumour.
Mixed signal intensity (white arrowhead) within area of fibrosis (arrows) (a), thick fibrosis in) @nd

irregular fibrosis (white arrowheads) in (c) at iwighted MRI; massive diffusion restriction (d) diodal

diffusion restriction (e) at DWI-MRI.

Figure 2. Irregular nodes in yNO patients (a+b) and in yN+dcpatients.

Figure 3. Examples of mucosal abnormalities at restaging semwy in ypTO patients. A red scar with an
adenomatous nodule (white arrowheads) (a), a stlaresidual flat mucosal ulceration (b), deep naado
ulceration with fibrinous tissue (c) and grossdaal mass (d). All patients had ypTO at histopaibplafter

rectal cancer surgery.

Table 1. Patient characteristics (n=36).

Table 2. Frequency of histological features per MRI featfime36).

Table 3. Frequency of histological features per endoschipiting (n=19).
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Table 1. Patient characteristics (n=

36).

Characteristic

Number of patients

Sex
Male
Female
Mean age, in years (SD)
cT stage
T1-2
T3ab
T3cd
T4
cN stage
NO
N1
N2
Neoadjuvant therapy
CRT (50.0-50.4Gy)

Short course RT +
waiting interval (25Gy)
Surgical procedure

LAR
APR
FTLE

Median CRT-restaging interval,
in weeks (IQR)

Median restaging-resection
interval, in days (IQR)

24 (67%)
12 (33%)
64 (13)

7 (19%)
14 (39%)
9 (25%)
6 (17%)

6 (17%)
8 (22%)
22 (61%)

34 (94%)
2 (6%)

20 (56%)
13 (36%)
3 (8%)
8 (8-17)

27 (15-36)

Abbreviations: CRT=chemoradiotherapy, RT=radiotherapy,
LAR= low anterior resection, APR=abdominoperineal
resection, FTLE=full thickness local excision,

IQR=interquartile range.




Table 2. Frequency of histological features per MRI feat{ime36).

Mixed T2-weighted

Full thickness/

signal irregular fibrosis Diffusion restriction Oedema EMVI
Total no yes no yes no yes no yes no yes

Dysplasia 6 4(235)  2(10.5) 2(18.2) 4 (16.0) 3(188)  3(17.6) 5 (27.8) 1(5.9) 6 (18.2) - (0.0)
Fibrous tissue 30 11 (64.7) 19 100.0) 7(63.6) 23(92.0) 11(68.8) 16 (94.1) 14 (77.8)  15(88.2) 27 (81.8)  3(100.0)
inflammation 18 S04 1384 3073 15(60.0) 6(37.5 11(647)  7(389) 11(647)  16(485)  2(66.7)
meclmlar 5 1 (59  4(211) 2(18.2) 3(12.0) 1(63)  4(235) 1(5.6) 4(235) 301  2(66.7)
Ulceration 19 5(29.4) 14 (73.7) 3(27.3) 16 (64.0) 6(37.5) 13 (76.5) 6(333) 12 (70.6) 17615 2(66.7)
Dystrophic 5 2(11.8)  3(15.8) -(0.0) 5 (20.0) 1 (63) 3(17.6) 1(5.6) 4(235) 5 (15.2) - (00)

calcifications

Abbreviations: DWI=diffusion weighted imaging; EVMI=extramural venous invasion

Numbers between parentheses are percentages




Table 3. Frequency of histological features per endoschipitng (n=19).

Scar

Flat ulcer

Ulcer with irregular

Polypoid tissue

Residual tumour

border
Total no yes no yes no yes no yes no yes
Dysplasia 4 4 (25.0) - (0.0) 3(21.4)  1(20.0) 3(231) 1(16.7) 3(20.0)  1(25.0) 3(16.7)  1(100.0)
Fibrous tissue 17 15(93.8)  2(66.7) 12(85.7) 5 (100.0) 12(923)  5(83.3) 13(86.7) 4 (100.0) 16(88.9) 1 (100.0)
Inflammation 8 7(438)  1(33.3) 5(35.7)  3(60.0) 4(30.8)  4(66.7) 8 (53.3) - (0.0) 8 (44.4) - (0.0)
Acellular 2 2 (12.5) - (0.0) 1(71)  1(200) 1(7.7)  1(16.7) 2 (13.3) - (0.0) 2 (11.1) - (0.0)
Ulceration 10 9(56.3)  1(33.3) 6(42.9)  4(80.0) 5(38.5  5(83.3) 10 (66.7) - (0.0) 10 (55.6) - (0.0)
Dystrophic 4 4 (25.0) -(0.0) 3(21.4)  1(20.0) 2(154)  2(33.3) 3(20.0)  1(25.0) 4(22.2) -(0.0)

calcifications

Numbers between parentheses are percentages.













