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ABSTRACT

Background and Objectives: The optimal time of rectal resection after long-course
chemoradiotherapy (CRT) remains uncleak. feasibility study was undertaken for a multi-centre
randomized controlled trial evaluating the impact oé thterval after chemoradiotherapypon

technical complexity of surgery.

M ethods: Patients with rectal cancer were randomised to eitheweeks or 12-weeks interval
between CRT and surgery between June 2012 and May @BRICTN registration number:
88843062 For blinded technical complexity assessment @bservational Clinical Human
Reliability Analysis (OCHRA) technique was used to gifiaéchnical errors enacted within video
recordings of operations Other measured outcomes included resection compietes@ecimen
quality, radiological down-staging, tumour cell dgnslown-staging, and surgeon-reported technical

complexity.

Results: Thirty-one patients were enrolled: 15 were randomipedix-weeks and 16 to 12-weeks
across seven centres. Fewer eligible patients wentfiet than had been predicted. Of 23 patients
who underwent resection, mean 12-3 errors were observeageeat six-weeks vs. 10-7 at 12-weeks

(p=0-401). Other measured outcomes were similar betgreaps.

Conclusion: The feasibility of measurement of operative performance of rectal cancer sageny
endpoint was confirmed in this exploratory studRecruitment of sufficient numbers of patients
represented a challenge, and a proportion of patieshtaodiproceed to resection surgery. These
results suggest that interval after CRT may not sutisbanimpact upon surgical technical

performance.
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INTRODUCTION

Chemoradiotherapy (CRT) is used selectively in the dnrkéngdom for locally-advanced rectal
cancer prior to surgery in order to reduce the risk of ciferential resection margin (CRM)
involvement and subsequent local recurrence. Folpwampletion of CRT, surgery is performed
after an interval to allow time for tumour shrinkage; bwer, the optimal interval length remains
unclear. The only published randomized controlledl {fiRCT) investigating this question found
greater down-staging with a six to eight week intecamhpared to an interval of less than two weeks
[1]. A number of published observational studies have repgreater down-staging with intervals
longer than six to eight weeks, although the regiltsther observational series are conflicting [2].
Recently there has been a trend amongst some tearasdsowperating after longer intervals of
around 12 weeks, aiming to faciltate further tumour detaging or to enable more precise surgery
by allowing radiation-induced tissue inflammation aseddema to settle. A defintive large RCT is
indicated to generate evidence to supptinicians’ decisions about when to operate folowing CRT,

however a feasibility study is required first to assesguitenent.

Interest has grown recently in using objective assestsmmethodologies to evaluate technical
performance of surgery. The Objective Clinical HumanaRitiy Assessment (OCHRA) technique

has been successfully applied to evaluate surgichhizal performance at the specialist level [3,4].
This technique involves defining errors that could ooeithin a procedure and then observing an
operation to identify errors which are enacted. Thibrigoe could provide a quantitative description

of the impact of an intervention upon the technicatglexity of the surgery.

STARRCAT” (Surgical Timing After chemoRadiotherapy for Rectal Cancer, Analysis of Technique)
was a feasibility study with the aiof paving the way for a larg&RCT by (a) testing the feasibility of
trial processes, recruitment and acceptabilty to patieand (b) assessing the immediate impact of
the timing of surgery the interval of six vs. 12 weekstloe putative mediating variable of surgical

technical complexity.



METHODS

Participants

This was a RCT with 1:1 randomization to undergo reseetiter an interval of either six-weeks or
12-weeks following the last fraction of CRT with intentibm treat analysis. Surgery was to be
scheduled within ten days of this allocated timentpoiThese time points were chosen as they

represent intervals that are both widely used tod&jKircentres.

The study was approved by the South West EnglanddExeesearch Ethics Committee (reference
12/SW/0112) and locally at recruiting centre®atient representatives were consulted during trial

design and protocol development, and were active membf the study management group and

steering committee.

Inclusion & Exclusion Criteria

Eligible patients were aged 18 years or above, hatharican Society of Anaesthesiologists (ASA)
grade of I, Il, or Ill, had a histopathological-confirmed diagjs of adenocarcinoma requiring pre-
operative “long-course” CRT prior to resection with curative intent. Patients were excluded with a

background of inflammatory bowel disease, metastatieadie, contraindications to MRI, or who had

previous pelvic radiotherapy.

Consent, Randomization and Blinding
Decisions about indications for CRT were made at participating sites’ local colorectal cancer

multidisciplinary team (MDT) meetings. Written informedonsent was obtained prior to

randomization and commencing CRT.

The randomization schedule was prepared by the tat$tgtian using a computer-generated list of
pseudorandom numbers and was held securely at a cesgesrch office, maintaining allocation

concealment.

It was not feasible to blind the patient, surgeon oeaesh nurse due to the nature of the intervention

being investigated. However, outcome assessmespiashition video recordings, resection specimen



photographs and MRI scans were performed by blinded ipatss. Videos were de-identified by

an administrator who allocated each case a randomirgtd numeric code.

Sample Size

This feasibility study was intended to aid the powalculation for a future large study, given the
imited published evidence on which to base sangde Bitarget recruitment of fifty patients was set
for the two year recruitment period based upon participating sites’ estimates of eligible patient

numbers.

Study Procedures

All patients underwent baseline MRI scan of the peivid computer tomographZT) scan of the
chest, abdomen and pelvis prior to commencing CRdtients underwent a “long-course” of CRT
according to local cancer network protocol, consistifig25 fractions of 1-8Gy radiotherapy.

Concurrent chemotherapy consisted of either Capecitabld-lrouracil (5-FU).

All patients had a pelvic MRI scan to evaluate respdoSCRT, performed approximately seven days
prior to the scheduled date of their operation, and Gin saf the chest, abdomen and pelis to
evaluate for development of metastatic disease. ratia the 12-week arm of the trial also
underwent an additional “interval” MRI scan at approximately six weeks following completion of

CRT.

Surgery was performed or directly supervised by consuttalarectal surgeons using either a
laparoscopic or open approach. Surgeons who choserfarmp laparoscopic resection had each
previously performed more than fifty laparoscopic rectalceanresection procedures and all
undertake regular audit of their practice. The operdtieng undertaken (APE or sphincter-
preserving) was also at the discretion of the operatirgesn. Post-operative care was carried out
according to local unit practice. Participating siias established Enhanced Recovery After Surgery

(ERAS) programs that guided post-operative care and digepdanning.



Feasibility and Acceptability to Patients

The principal aim of this study was to assess theliitgof conducting a future largRCT. Ths
study therefore included all trial processes and outcomasures being considered for use in the
definitive trial. Feasibiity was assessed with specific focus on receant to time, completeness of

data-capture, and acceptability of the study to pitiand clinicians.

Interviews were conducted to explore patients’ experience of participating in the study. These took
place at around eight weeks after surgery with 14 pgafisgpresenting all recruiting sites and patients
from both arms of the trial. Interviews were recorded aastribed verbatim by an administrator

for analysis by the research fellow.

Outcome M easures

Evaluation of technical errors

To evaluate the impact of timing of surgery upon texdinperformance, operations were video
recorded and evaluated using the OCHRA technique [3,6@1] laparoscopic surgery, the operation
was recorded directly from standard laparoscopic theatnpregnt using a Medicapture 300 HD
recorder (Medicapture Inc. Philadelphia, USA). For openesyrgrocedures were recorded using a
10mm diameter sterile 30-degree lens laparoscopebheddresearch fellow wearing a sterile gown

and gloves.

Rectal cancer resection procedures were divided ints taskacilitate comparison between cases
(Colon mobilization & pedicle division; Splenic flexummobilization (if performed); Mesorectal

dissection; Division of rectum & anastomosis / Pelimdissection). For laparoscopic surgery, a
consensus document describing the procedural stedse obperation formed the basis of a task
analysis to faciltate evaluation of surgery [8]. Intews with experts together with previous

descriptions of OCHRA were used to generate a checdkfigitential errors.



Identified technical performance errors were coded anddogge single research fellow assessor (a
colorectal registrar with experience in performing thesecqmores) Preliminary work was
undertaken to train the research fellow in assessmesttdl cancer surgery which also confirmed
the reliability and validity of this technique [9Errors were defined a&naction (or omission) that
resulted in a negative consequence (e.g. bleeding,yito mesorectum or hypogastric nerves) or
increased the operating time of the procedure through necessitating corrective action.” Total error

frequencies per case were compared between the two fatimessbudy.

RO Resection Status
Tumour located one milimetre or less from a resecti@rgn was considered “involved” (R1
resection) whether this was by primary spread, discantspread, intravascular, perineural or

intra-nodal [10]

MRI Assessment of Down-staging

MRI scans were evaluated for all patients by a singteldd radiologist. TNM stage, tumour size

and height, and MRI tumour regression grade (mrTRG) were espfi]

Histopathology Assessment

Photographs of the mesorectal surface of the whole resspéeimen and serial cross-sectional slices
were assessed by a blinded histopathologist usietadardized three-point scale [12]. Rates of
pathological complete response, tumour regression g CRM involvement were reported

according to the Royal College of Pathologists guieslifor reporting colorectal cancer [13]

Tumour cell density (TCD) was assessed in both thelibasbiopsy (pre-treatment) and resected

specimen (post-treatment). The hematoxylin and estgined glass slide with the greatest amount of
residual tumour was selected, and between 285 d@ndd&a-points analysed within each specimen.

For each point, the tissue component was descriligld: Was expressed as the percentage of tumour
points out of all the informative points within the aref interest [14] Within eachspecimen, TCD

was calculated for the whole tumour area and for a®ame®a of greatest tumour density.

Surgeon-reported Complexity of Surgery



Complexity of surgery was assessed using a structurestiaqueire that was completed by the

surgeon following the operation using 100mm Visuallégae Scales (VAS).

Clinical Outcomes

Patients were prospectively followed-up for 30 days a$tengery. Morbidity during the index
admission and at 30-days was categorized using thae@iDindo classification. [15]. Rates of the
specific complications of re-operation, re-admissionasémmotic leak, and perineal wound

infection/dehiscence were also collected.

Statistical Analysis

As this was a feasibilty study, the analyses performede intended to be descriptive in nature to
inform a definitive study. The only outcome formalyrgeared between groups was the number of
errors identified through objective analysis of video rdings of operations. Normality of
distribution for this data was tested with the Shaili- test [16] and Q-Q plots. wWo-tailed
parametric testing was used for the error frequency compabstween the trial arms. To aid
interpretation, a p value of less than 0.05 was cereitito indicate statistical significance. Other
outcome results are presented as mean or median waillestandard deviation or inter-quartile
range (IQR) and/or range in parentheses as appropriateoeerad frequencies. Missing data items
are presented as a proportion of total data itemsaw aksessment of the success of the study data
capture systems. Data were analysed using StdtBaxkage for Social Sciences software Version

22 (IBM Inc. Armonk, USA).

RESULTS
Feasibility
Recruitment

Thirty-one patients were recruited from seven sites baEtwkth June 2012 and 30th May 2014.

Recruitment challenges were experienced including slelayopening sites for recrutment, and



lower-than-estimated numbers of eligible patientsitiied for the studyFigure 1]. The proportion
of rectal cancer presentations reported as eligible tostidy varied between individual sites from

6% to 28%.

Fifteen patients were randomized to the six-week andh]l& were randomized to a 12-week interval

[Figure 1]. Median age was 67 years in the six-week arm an@&Bsyin the 12-week arm. Baseline

patient and tumour characteristics for the two groups \wexadly similarf Table 1].

Twenty five patients underwent surgery at their recruttiegtre within the trial, although one from
each trial arm had un-resectable disease at the fimergery. Six patients did not undergo surgery
due to development of metastatic disease (n=3),via@lomargins on the pre-operativeRM
necessitating referral to a tertiary centre for exenterdhier2), or patient choice after apparent
clinical complete response to CRT (n=1). Four pati€t8o; two from each arm) had their surgery

scheduled more than 10 days from the allocated timedpe

Acceptability

Interviewed patients from this study reported favourablytteeir participation and confirmed the
acceptabilty of having their operation video recordadditalysis. Reported reasons for participating
in the study were broadly divided into two main themieelping future patients; and improving the
patient’s own care. Six of the interviewed patients reported a personal preference for one arm of the
trial: mostly the six-week arm, citing a desire to éndlie cancer removed from them as soon as

possible.

Outcome M easures

Technical Complexity Evaluation

A total of 262 individual execution errors were identifiduring the assessment of 88 hours of video
footage. Total error frequencies were approximately normistributed in both trial arms with mean

12-3 6d=4-1) errors per case at six-weeks versus Ku4(9) errors per case at 12-weeks. The



difference between arms was 1.6 errors per case (95% caoefidetierval -2.3 to 5.5), with no
observed statistical significance difference in thelteteor rate between 6 and 12 weeks arms

(p=0-40).

The most common error mechanisms observed Wéseection in wrong tissue plane,” (N=66) “too
much blunt force applied to tissue” (N=45) and “dissection performeth wrong direction” (N=34).
Two hundred and thirty one errors had directly observedsemences. The most common
consequences wefdleeding ” (Nn=91), “mesorectal injury into fat” (n=57), and “mesorectal fascia

injury” (n=49).

Where a laparoscopic technique was used, the enticegure could be satisfactorily seen on the
video and analysed using OCHRA, with the exceptiothefperineal dissection during APE, which
was performed by an open technique in all cases. peor surgery cases, a median of 8-6% of the
procedure time (range 1-9% to 15-7%) could not be dedluwdue to poor views of the operating

field.

RO Resection Status
One patient in the study (4%) from the 12-week arm wasdfdo have an involved CRM. All other

patients had CRM >1mijTable 4].

MRI Assessment of Down-staging

Evaluation of dowrstaging between baseline and “pre-op” MRI scans are presented in Table 2. Si
patients from the six-week arm (40%) and seven patients the 12-week arm (50%) had down-
staging of their primary tumour by at least one coraptetT stage.Lymph node den-staging was
observed for 10 patients in the six-week arm (67%) amel patients in the 12-week arm (64%). No

patient had an increase in mrT stage between basaelihpre-operative scans.

Histopathology Assessment

Seven of ten patients (70%) from the 6-week arm and efidt& (62%) from the 12-week arm were
judged to have been resected in the mesorectal falaci (intact mesorectunifable 4]. Median
TCD for the whole tumour area in the resected specin@n0a3% (IQR 0-0-7) for the six-week arm

9



and 4-3% (IQR 0-7-8-8) for the 12-week gFigure 2]. None of the five patients found to have a
complete pathological response were reported as hawymyTO tumour on their pre-operative MRI

scan.

Surgeon-reported Complexity of Surgery
Median VAS score for overall complexity of the procedurgsvé6mm (IQR 18-74) at six weeks

versus 53mm (IQR 34-75) at 12 weeks.

Clinical Outcomes

No mortalities occurred within 30-days of surgery during study. Five patients (22%) required
admission to hospital prior to surgery due to side-effeft CRT. Operative and post-operative
clinical outcomes are summarizedTiable 3. Median length of hospital stay was 8-5 days [range 1-

15 days] for the six-week arm and nine days [range 4&¥8]dor the 12-week arm.

DISCUSSION

This study has shown that a definitive RCT comparisixaveek versus 12-week interval between
CRT and surgery for localy-advanced rectal cancer appeses and feasible in terms of ttia
processes, data collection and analysis. The maltigyd of applying OCHRA into objective
evaluation of the performance of rectal cancer surgery aiss shown to be feasible. However
recruitment challenges were encountered in this fatys&iidy, and a definitive study would likely

require many sites or a prolonged recruitment period

Nevertheless, the results from this feasibilty studygest that the technical complexity of surgery
may not be substantially affected by the interval Miallg CRT. No significant difference was

observed between six-week or 12-week arms in the freguafntechnical errors identified using the
OCHRA technique, although the low recruitment meant @pparison would be under-powered
Video recording and technical performance analysis USIGHRA have previously been used in

clinical practice and training environments [72Z0- We have shown that & possible to expand

10



such a methodology and to co-ordinate the recordirgpefations within a multi-centre trial. Using
error analysis as an outcome measure afibiive investigation of technical performance within this
feasibility study using a small sample size. Thiesgntial time required to evaluate operative video

recordings may limit the application of this technigudarger studies.

Some studies have reported increased rates of tumourstaging when a longer interval between
CRT and surgery is employed [2B]. Other studies do not, however, support these findjgand

a data from definitie large RCTs are therefore awaited with interest423-

Given that down-staging following CRT is mediated dBll death in response to radiation-induced
DNA damage, it seems logical that a longer intervghinfaciitate greater down-staging. A

prolonged delay could however also be associatedturitiour regrowth. Although caution is needed
when interpreting results from small studies such as the@<igher TCD observed at 12-weeks might
represent small areas of early tumeoesrgrowth. Additionally, in clinical practice, accurapge-

operative identification of response to CRT can be diffje4].

Feasibility studies are becoming increasingly receghas an important step in the development of
high-quality trials in surgery [26-28] They can help to plan future definitive trials through

assessment of recruitment and retention rates, and¢hess of data collection mechanisms. Patient
and surgeon equipoise are major determinants of thessiat recruitment into surgical RCT29,

and preferences were observed amongst patients by #itwge research in this study. These

chalenges with recruitment and pre-surgery attritionldvoeed to be considered when estimating

sample sizes, should a larger study be undertaken.

This feasibility study does have a numlnérimitations and caution is needed when interpreting the
data evaluating the impact of the interval upon teelhicomplexity Only 31 patients were recruited
in the allocated time period. However, as this wdeasibility study the rate of patient eligibilitycan
recrutment was itself an important end-point which Wwamg tested. The reliability and validity of

using the OCHRA technique for assessment of surgicahitadtperformance may be questioned,

11



however the methodology was previously tested, comirits validity for asessing rectal cancer

resection and demonstrating excellent test-reteshifigligs,9].

Given the experiences and outcomes of this feastilitgly, and also the large RCTs investigating the
oncological impact of the interval to surgery that héeen conducted during the time of our study,

[23-25] it does not seem feasible to proceed to a larger R@&Etigating the impact of the interval

after CRT upon technical performance of surgery.

In conclusion, objective video assessment of techp@drmance of surgery can be used to evaluate
the impact ofan intervention upon the technical complexity of surgefe results of this exploratory
study suggesthat the interval after CRT may not substantialy impapbn surgical technical

performance.

FUNDING
This work was supported by the UK National InstituteHealth Research, through the Research for
Patient Benefit program (grant FB=101023326). The funding body did not have any role & th

planning of the study, recruitment, data collectiommalysis.

ACKNOWLEDGEM ENTS

Patient recrutment and data collection was performediibigal teams and research nurses at the
participating research sites. We would like to th#mk following clinicians, research nurses and
administrators whose hard work is much appreciatedseo8aunders, Katrina Kirby, Ann Lyons;
(North Bristol); Clare Adams, Mark Coleman, Laura EvendetaryiRowley, Elie Shepherd
(Plymouth); Erica Beaumont, Joanne Taylor, Paul Mackay, Eyre-Brooke (Taunton); Hema
Arumugam, Darren Beech, Richard Elis, Melanie FeldmdriipPHarvey, Kirsty Maclean, Nick
Morley (Truro); Karen Bobruk, Rebecca Houlihan, Katrina Hur€atherine PhilpottJmathan
Randall, Mike Thomas (University Hospitals BritoNitya Chandratreya, Deborah Coles, Harvey

Dymond, Krishna Kandaswamy, Hugh Lloyd-Jones, Vm@nPixton (Weston Super-Mare

12



Additionally Brendan Moran and Siobhan Creanor for partioigaon the Steering Committee, Steve
Gore, Nicky Marks, Joanna Alison, Andrea Bradshaw, &K&jpurdle, Hannah Thurlow, and Tressy
Pitt-Kerby for their help, support and assistance irettatting this study. The TCD calculations were
assisted by Emma Tinkler-Hundal, Dan Bottomley, Mikale, Dave Turner and Martin Waterhouse.
Pathology & Tumour Biology at the University of Leedssupported by Yorkshire Cancer Research,
the Pathological Society of Great Britain and Irelan# #Artademy of Medical Sciences, the

Experimental Cancer Medicines Centre and the MedicaldRels€Council.

AUTHORS’ CONTRIBUTIONS

NF, GH, SF, PE, HR, BWY and EC conceived and desighedstudy. JF analgd the operation

videos. EC analyzed the pathology specimens and sepdR analyzed the MRI scans. NW
performed the TCD analysis. JF, PE and NK performed ttee alsalysis. JF and NF drafted the
manuscript. Al authors contributed to the interpretatf the data, editing of the manuscript and

approved the final version of the manuscriphe authors have no conflicts of interest to declare.

REFERENCES

1. Francois Y, Nemoz CJ, Baulieux J, et al. Influence oirttegval between preoperative
radiation therapy and surgery on downstaging and orateeof sphincter-sparing surgery for
rectal cancer: the Lyon R90-01 randomized trial. J CicdD 1999; 17: 2396.

2. Foster JD, Jones EL, Falk S, Copper EJ, Francis NKndiof Surgery After Long-Course
Neoadjuvant Chemoradiotherapy for Rectal Cancer: A SysteReview of the Literature.
Dis Colon Rectum 2013; 56: 92930.

3. Miskovic D, Ni M, Wyles SM, Parvaiz A, Hanna GB. Obsational clinical human reliability
analysis (OCHRA) for competency assessment in laparoscopiectal surgery at the
specialist level. Surg Endosc. 2012; 26:-783.

4. Talebpour M, Aljani A, Hanna GB, Moosa Z, Tang B, Cued A. Proficiency-gain curve
for an advanced laparoscopic procedure defined by obeerednical human reliability
assessment (OCHRA). Surg Endosc. 2009; 23:-8&

13



10.

11.

12.

13.

14.

15.

Wilson PJ. Use of Human Reliability Analysis to Ea Surgical Technique for Rectal
Cancer. PhD Thesis, University of Dundee, 2012. Ablailat

http://discovery.dundee.ac.uk/portal/files/129982080/l phd 2012.pdfast accessed 15

July 2015.

Joice P, Hanna GB, Cuschieri A. Errors enacted duringsengdc surgery - a human
reliability analysis. Appl Ergon. 1998; 29: 46114,

Tang B, Hanna GB, Cuschieri A. Analysis of errors enagiesthigical trainees during skills

training courses. Surgery. 2005; 138:-2@.

Miskovic D, Foster JD, Agha A, et al. Standardisatibrtaparoscopic total mesorectal
excision for rectal cancer - a structured internationpée>consensus. Ann Surg. 2015; 261.:
716-722.

Foster JD, Miskovic D, Alison AS, Conti J, OckrimGooper EJ, Hanna GB, Francis NK.
Application of Objective Clinical Human Reliability Alysis (OCHRA) in Assessment of
Technical Performance in Laparoscopic Rectal Cancer Sufigaty.Col 2016 (In Press).
DOI: 10.1007/s1015016-14444

Wittekind C, Compton C, Quirke P, et al. A uniform residuanor (R) classification:
integration of the R classification and the circumferéntiargin status. Cancer. 2009; 115:
3483-3488.

PatelUB, Taylor F, Blomqvist L, et al. Magnetic resm®imaging-detected tumor response
for locally advanced rectal cancer predicts survivalmuts: MERCURY experience. J Clin
Oncol. 2011; 29: 3753760.

Nagtegaal ID, van de Velde CJ, van der Worp E, etatrbscopic evaluation of rectal
cancer resection specimen: clinical significance oftologist in qualty control. J Clin
Oncol. 2002; 20: 1729734.

Wiliams GT, Quirke P, Shepherd NA. Minimum datasetiorectal cancer. Histopathology
Reports, 2nd edn. Royal College of Pathologists, Lon2iod7

West NP, Dattani M, McShane P, et al. The propomibtumour cells is an independent
predictor for survival in colorectal cancer patients. Br ddéa 2010; 102: 1519523.

Dindo D, Demartines N, Clavien PA. Classffication of g&gcomplications: a new proposal
with evaluation in a cohort of 6336 patients and tesila survey. Ann Surg. 2004; 240:
205-213.

14


http://discovery.dundee.ac.uk/portal/files/1299820/Wilson_phd_2012.pdf

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Shapiro SS & Wik MB. An Analysis of Variance Test foriN@lity (complete samples).
Biometrika. 1965; 52, 595611.

Tang B, Hanna GB, Bax NM, Cuschieri A. Analysis of tecahsurgical errors during inttial
experience of laparoscopic pyloromyotomy by a group e€B®pediatric surgeons. Surg
Endosc. 2004; 18: 1714720.

Tang B, Hanna GB, Joice P, Cuschieri A. Identificatiod eategorization of technical errors
by Observational Clinical Human Reliability Assessm{@EHRA) during laparoscopic
cholecystectomy. Arch Surg. 2004; 139: 121220.

Tang B, Hanna GB, Canté-, Adamson GD, Martindale JP, Cuschieri A. Compegenc
assessient of laparoscopic operdive am cogntive skills: Objective Suctured Clinical
Examindion (OSCE) or Obsesational Clinical Human Réability Assessnent (OCHRA).
World JSurg 2006 30: 527-534.

Ahmed K, Miskovic D, Darzi AAthanasiou T, Hanna GB. Observational tools for
assessment of procedural skills: a systematic reviewd Surg. 2011; 202: 46980.

Dolinsky CM, Mahmoud NN, Mick R, et al. Effect of timatérval between surgery and
preoperative chemoradiotherapy with 5-fluorouracil or Srflucacil and oxaliplatin on

outcomes in rectal cancer. J Surg Oncol. 2007; 96:2A2.

Wolthuis AM, Penninckx F, Haustermans K, et al. Intgddanterval between neoadjuvant
chemoradiotherapy and TME for localy advanced rectadeaon pathologic response and

oncologic outcome. Ann Surg Oncol. 2012; 19: 22&311.

Evans J, Tait D, Swift I, et al. Timing of surgery follogy preoperative therapy in rectal

cancer: the need for a prospective randomized trialZal@n Rectum. 2011; 54: 1251259.

Garcia-Aguilar J, Smith DD, Avila K, et al. Timing Bfectal Cancer Response to
Chemoradiation Consortium. Optimal timing of surgery aftemcoradiation for advanced
rectal cancer: preliminary results of a multicenter, nawioenized phase Il prospective trial.
Ann Surg. 2011; 254. 9402.

Lefevre JH, RousseauA, Svrcek M, Parc Y, Simon T, Hrdfrench Research Group of
Rectal Cancer Surgery (GRECCAR). A multicentric randomized deudtriial on the impact
of lengthening the interval between neoadjuvant radiowtherapy and surgery on complete
pathological response in rectal cancer (GRECCAR-6 trianadé and design. BMC
Cancer. 2013; 13417.

15



26.

27.

28.

29.

Treasure T, Lang-Lazdunski L, Waller D, et al. Extrauphl pneumonectomy versus no
extra-pleural pneumonectomy for patients with maligraetral mesothelioma: clinical
outcomes of the Mesothelioma and Radical Surgery (MARS8praised feasibilty study.
Lancet Oncol. 2011; 12: 76372.

Boulind CE, Ewings P, Bulley SH, et al. Feasibilityidst of analgesia via epidural versus
continuous wound infusion after laparoscopic colorgetséction. Br J Surg. 2013; 100: 395
402.

Avery KN, Metcalfe C, Berrisford R, et al. The feasibility aorandomized controlled trial of
esophagectomy for esophageal cantlee ROMIO (Randomized Oesophagectomy:
Minimally Invasive or Open) study: protocol for a rand@dizontrolled trial. Trials. 2014;
15: 200.

Jones EL, Wiliams-Yesson BA, Hackett RC, Staniszev@kaEvans D, Francis NK.

Quality of reporting on patient and public involvemenithin surgical research: a systematic
review. Ann Surg. 2015; 261: 24350.

16



6 week Ml')zstg‘g 12 week MI'DS;I'QQ

Total patients 15 16
Female : Male 6:9 0/15 2:14 0/16
Age (years, median [IQR]) 67 [65-73] 0/15 68 [57-73] 0/16
Body Mass Index 5.20. Aoq.
(kg/?, median [IOR]) 27.6 [26-2-30-7] 1/15 25.9 [22-4-28-25.8] 0/16
Smoking status:

Current 3 3

Previous 7 215 8 0116

Never 3 5
Performance Status:

0 7 14

1 5 2/15 5 0/16

2 1 0
POSSUM predicted
morbidity (median [IQR]) 47% [41-57%] 4/15 47% [49-55%] 0/16
POSSUM predicted o4 [Q.130 o [9.190
mortalty (median [IQR]) 10% [8-13%] 4/15 10% [8-12%] 0/16
P-POSSUM predicted
mortality (median [IQR]) 2% [2-4%] 4/15 2% [2-3%)] 0/16
Diabetes mellitus 1 2/15 1 0/16
Previous abdominal surge 4 2/15 5 0/16
Antiplatelet therapy 3 2/15 1 0/16
Steroid therapy 0 2/15 2 0/16
Metastatic disease
confirmed at baseline 0 0/15 0 0/16
Tumour height (MRI) from
anal verge (mm, median 50mm [35-60mm] 0/15 49mm [29-81mm] 0/16
[QR) |
Defunctioning stoma prior 1 0/15 5 0/16

to CRT

Table 1 - Baseline demographic and clinical characterigics of participants.
MRI = magnetic resonance imaging, CRT = chemoradiatne CRM=circumferential resection

margin.
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Missing Missing
6 week Data 12 week Data
Baseline MRI T stage
Tl 0 0
T2 0 0/15 0 0/16
T3 13 15
T4 2 1
Baseline N stage
NO 5 2
N1 6 0/15 1 0/16
N2 4 3
Baselne CRM status
>1lmm 5 0/15 8 0/16
<lmm 10 8
MrMRG
mMITRG1 0 1
MITRG2 6 6
MITRG3 4 0/15 5 0/16
mMITRG4 5 3
MITRG5 0 1
Pre-op T stage
T0 0 1
T1 0 0
T2 5 0/15 6 2/16
T3 9 6
T4 1 1
T down-stagd 6 0/15 7 2/16
T up-staged 0 0/15 0 2/16
Pre-opN stage
NO 10 11
N1 5 0/15 1 2/16
N2 0 2
N down-staged 10 0/15 9 2/16
N up-staged 2 0/15 0 2/16
Pre-op CRM status
>1mm 8 0/15 9 2/16
<lmm 7 5

Table 2 — Radiological staging and down-staging of tumourson MRI scans at baseline and on
“pre-op” scan in week prior to planned surgery date.

CRM=circumferential resection margin, mr TRG = MRinaur regression grade, up/down-staged =
increase/decrease in T/N stage between “baseline” and “pre-op” scans
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Missing Missing
6 week Data 12 week Data

Operation performed

APE 4 7

Ant Resection+anastomos 5 0110 4 0113

Sphincter-pres+end stomal 1 2
Approach

Laparoscopic 5 5

Open 2 0/10 5 0/13

Lap converted to open 1 2
ASA Grade

I 1 1

I 5 0/10 12 0/13

" 4 0
I;fﬂ&gg?ﬁgg%:"ﬁgm) 305min [269-333min] | 0/10 | 350 min [300-425min] | 0/13
Blood Loss:

<100ml 3 2

100:500ml 2 0/10 6 0/13

501-1000m 2 4

>1000ml 3 1
(Lgar‘)?sthrg;g}:g 10R) 8.5days [5-5-8-5days 0/10 | 9days[6-12days] | 0/13
Re-admission 3 0/10 2 0/13
Re-operation 0 0/10 1 0/13
Anastomotic dehiscence 1 (of 5 Ant. resection) 0/5 0 (of 4 Ant. resection) 0/4
Perineal dehiscence/infectio 3 (of 4 APE) 0/4 3 (of 7 APE) o7
Highest Clavien-Dindo gradi
of complications at discharg

0 5 5

I 0 0

" 4 0/10 7 0/13

1] 1 1

v 0 0

Y 0 0
Highest Clavien-Dindo grad;
of complications at 30-days

0 2 4

| 1 1

I 5 0/10 7 0/13

" 2 1

v 0 0

Y 0 0

Table 3 — Operativeand post-operative outcomesfor patientswho underwent tumour resection.

APE= Abdominoperineal excision.
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Missin Missing
g Data 12 week Data

Resection margin status
RO 10 12
R1 0 0710 1
R2 0 0

0/13

CRM distance
>1mm/CR 10 0/10 12 0/13
<1mm / Involved 0 1

Overall mesorectal qualty
muscularis propria
mesorectal fat
mesorectal fascia

1/10 1/13

NP R

Tumou Regression
0 (No marked regression)
1 (Minimal residual tumon)
2 (No residual tumour/
mucus lakes only)

0/10 3 1/13

w o

Pathological complete 3

response (ypTO and ypNO) 0/10

N

0/13

ypT stage
ypT4
ypT3
ypT2

ypT1l
ypTO

0/10 0/13

WRNRPR
NFRPWO R

ypN stage

ypN2

ypN1
ypNO

0/10 0/13

R~~~ e
o

EMVI identified 1/10 1/13

Table 4 — Pathology outcomes for patients who underwent tumour resection.
CRM = circumferential resection margin; CR = completeponse; EMMVI = extramural venous
invasion
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FIGURE LEGENDS

Figure 1 - CONSORT 2010 Flow Diagram for the STARRCAT feasibiity RCT

Figure 2 — Percentage Tumour Cell Density identified on slides ftbe baseline biopsy and

resection specimen (for resection specimen, the pereeh@Q for both the whole tumour area and a

9mnt area of apparent greatest tumour density are reported)
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