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Structured abstract 

 

Objective: This study aimed to identify risk-criteria available before the point of treatment 

initiation that can be used to stratify risk of obstruction in patients undergoing neoadjuvant 

chemotherapy (NAC) for high-risk colon cancer. 

 

Summary background data: Global implementation of neoadjuvant chemotherapy (NAC) 

for colon cancer, informed by the FOxTROT trial, may increase risk of bowel obstruction. 

 

Methods: A case-control study, nested within an international randomised controlled trial 

(FOxTROT. ClinicalTrials.gov: NCT00647530). Patients with high-risk operable colon 

cancer (radiologically-staged T3-4 N0-2 M0) that were randomised to NAC and developed 

large bowel obstruction were identified. Firstly, clinical outcomes were compared between 
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patients receiving NAC in FOxTROT that did and did not develop obstruction. Secondly, 

obstructed patients (cases) were age- and sex-matched with patients that did not develop 

obstruction (controls) in a 1:3 ratio using random sampling. Bayesian conditional mixed-

effects logistic regression modelling was used to explore clinical, radiological, and 

pathological features associated with obstruction. Absolute risk of obstruction based on the 

presence or absence of risk criteria was estimated for all patients receiving NAC. 

 

Results: Of 1053 patients randomised in FOxTROT, 699 received NAC, of whom 30 (4.3%) 

developed obstruction. Patients underwent care in European hospitals including 88 UK, 7 

Danish and 3 Swedish centres. There was more open surgery (65.4% versus 38.0%, p=0.01) 

and a higher pR1 rate in obstructed patients (12.0% versus 3.8%, p=0.004), but otherwise 

comparable postoperative outcomes. In the case-control matched Bayesian model, two 

independent risk criteria were identified: (1) obstructing disease on endoscopy and/or being 

unable to pass through the tumour (adjusted odds ratio: 9.09, 95% credible interval: 2.34-

39.66) and stricturing disease on radiology or endoscopy (OR: 7.18, 95% C.I.: 1.84-32.34). 

Three risk groups were defined according to the presence or absence of these criteria: 63.4% 

(443/698) of patients were at very low risk (<1%), 30.7% (214/698) at low risk (<10%), and 

5.9% (41/698) at high risk (>10%). 

 

Conclusions: Safe selection for NAC for colon cancer can be informed by using two features 

that are available before treatment initiation and identify a small number of patients with high 

risk of preoperative obstruction. 
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Introduction 

Bowel obstruction is a serious complication of colonic cancer and accounts for 50% of 

mortality within a year of diagnosis. It is the precipitant for the majority of emergency bowel 

cancer surgery, which incurs a three-fold higher risk of death compared with a planned 

operation1-4. Bowel obstruction also has a detrimental impact on longer term survival and 

oncological outcomes5,6. 

 

The Fluoropyrimidine, Oxaliplatin and Targeted-Receptor pre-Operative Therapy for patients 

with high-risk, operable colon cancer (FOxTROT) trial7, has demonstrated the safety and 

efficacy of short-course neoadjuvant chemotherapy (NAC) in patients with high-risk operable 

colon cancer. A substantial and rapid response to NAC was observed at histopathological 

assessment of the resected tumour; up to 60% treated with a 6 week duration of NAC had 

tumour regression at surgery, which translated into a 25% reduction in recurrent or persistant 

disease at 2-years, compared with straight to surgery8 and NAC can now be considered a 

therapeutic option in this patient group. However, for patients undergoing NAC, deferring 

surgery can put patients at risk of colonic obstruction. Oncologists need to be aware of this 

risk to their patients, as timely management is critical. 

 

As more integrated treatment pathways are developed for high-risk colonic cancer, improved 

patient stratification for large bowel obstruction risk will be required. Recognising patients 

risk factors would inform the consent process, enrich multidisciplinary team (MDT) decision 

making, and enable targeted active monitoring. 
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This study aimed to identify clinical, pathological, radiological, and endoscopic features of 

colon cancer that can be used to stratify patients at risk of bowel obstruction. This sought to 

inform perioperative management of locally advanced colon cancer. 

Methods 

Study setting and design 

The Fluoropyrimidine, Oxaliplatin and Targeted-Receptor pre-Operative Therapy for patients 

with high-risk, operable colon cancer (FOxTROT) trial (ISRCTN 87163246) was an 

international, multicentre, randomised controlled trial testing the feasibility, safety, and 

efficacy of preoperative chemotherapy for colon cancer. Patients with radiologically staged 

locally advanced tumours (cT3 and above) were randomly assigned in a 2:1 ratio to short 

course (three-cycles) NAC and standard adjuvant  chemotherapy (AC) or standard AC 

alone7,8. Patients with emergency presentations of colon cancer such as obstruction or 

perforation were excluded. The full trial inclusion and exclusion criteria are available in the 

published FOxTROT trial protocol. Hospitals managing patients with colon cancer through a 

multidisciplinary team in the UK, Sweden or Denmark were eligible. This study was a pre-

planned secondary analysis of FOxTROT data with a nested case-control study. National and 

institutional approvals were obtained for the FOxTROT trial protocol from the University of 

Birmingham, an NHS National Research Ethics Service, and all participating international 

institutions according to relevant local requirements. An Independent Data Monitoring 

Committee reviewed the database annually. 

 

Definition of cases and controls 

Cases were selected according to the following criteria: (1) Met inclusion criteria for the 

FOxTROT 7,8; (2) Randomised to receive NAC and standard postoperative chemotherapy; (3) 

Developed proven or symptomatic colonic obstruction after randomisation; (4) Diagnosis of 
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obstruction was made before the planned date of surgery. Colonic obstruction was defined 

pragmatically as: (1) proven obstruction, with radiological and clinical evidence of complete 

obstruction and/or obstruction requiring radiological placement of a colonic stent or urgent 

surgery (within 48 hours of presentation); (2) symptomatic obstruction, where radiological 

evidence was inconclusive but with clinical symptoms consistent with obstruction and/or 

obstruction requiring expedited surgery (greater than 48 hours from presentation). 

 

Controls were defined as patients randomised to the FOxTROT trial to receive NAC and AC 

but did not develop proven or symptomatic colonic obstruction before their planned date of 

surgery. Each case was matched with three controls (1:3 ratio) based on gender (male or 

female) and age group (<50, 50–59, 60–69, or ≥70 years). Controls were sampled at random 

from other (unobstructed) patients receiving NAC using a random number matching 

algorithm within SAS® Software (SAS Institute Inc., Cary, NC, USA)9. 

 

Identification of cases 

Cases were identified from Serious Adverse Events (SAE) reported by site investigators in 

the FOxTROT trial and corroborated by data from the NAC Case Report Form. Where 

further detail was required, sites retrieved source data (clinical notes or Electronic Health 

Records) in order to confirm or refute the diagnosis of obstruction. Identification of cases 

from SAE data was performed independently by two investigators (JG, KH), and any 

differences were resolved by the trial Chief Investigator (DM). 

 

Outcome measures 

The primary outcome measure was colonic obstruction, defined as proven or symptomatic 

obstruction (see Definition of cases), after randomisation and before the planned date of 
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surgery. Secondary outcome measures were grouped into three categories: (1) surgical 

decision making (operative approach [laparoscopic versus open]; stoma formation); (2) 

pathological outcomes (resection plane [intramesocolic versus mesocolic versus muscularis 

propria]; other bowel perforation (away from the tumour site); resection margin status [pR0 

versus pR1 versus pR2]); (3) clinical outcomes, defined within 30 days of surgery with day 

of surgery as day 0 (death; length of stay [days]; re-operation; anastomotic leak [in patients 

for whom an anastomosis was performed]). 

 

Covariates and data sources 

Covariates related to clinical and radiographic features at the time of randomisation were 

extracted from the FOxTROT study database including age, sex, tumour location, and 

baseline radiological TNM stage. All radiologists were provided with face-to-face training in 

the assessment of colonic primary tumours within the FOxTROT trial to standardise 

reporting.  Stricturing disease was defined as annular tumours, with evidence of luminal 

narrowing (in the absence of upstream dilatation of the colon). Stricturing disease either on 

radiological examination or endoluminal evaluation (or both) was coded as ‘stricturing’ for 

the purposes of the risk model. Endoscopic data (annular versus other tumour type, ability to 

pass endoscope past the tumour site) were not collected routinely in the FOxTROT trial, so 

were extracted for both cases and controls in source data from collaborating sites. Data 

extraction was performed from source data by two independent investigators (JG, YS), with 

any differences resolved by the senior investigator (DM). Pathological data on tumour 

regression grade (no/mild regression, moderate/marked/complete regression) was extracted 

from postoperative histological data, confirmed with central analysis of all specimens. As 

biopsy data was not collected routinely within FOxTROT, tumour differentiation and subtype 
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derived from postoperative pathological analysis were used as a surrogate for likely biopsy 

findings. 

 

Statistical analysis 

The study was conducted according to the STROBE (Strengthening the Reporting of 

Observational Studies in Epidemiology) extension for case-control studies (Appendix B, 

Supplemental Digital Content 1, http://links.lww.com/SLA/E942) and reported according to 

SAMPL (Statistical Analyses and Methods in the Published Literature). Missing data were 

described and included in summary tables where applicable. Full statistical methodology is 

reported in Appendix A, Supplemental Digital Content 1, http://links.lww.com/SLA/E942. 

 

Clinical, radiological, endoscopic and pathological characteristics of patients and tumours, 

and clinical and pathological outcomes were compared between: (Analysis 1) cases versus all 

other (unobstructed) patients randomised to receive NAC; (Analysis 2) cases versus matched 

controls. Timing of obstruction was examined using a continuous variable of time (in days) 

from randomisation to diagnosis of proven or symptomatic obstruction. To explore the effect 

of treatment response on timing of obstruction, patients were grouped by their 

histopathological assessment of treatment response (no or minimal response versus moderate 

or marked regression). 

 

Adjustment for confounding 

We assessed the association between covariates and subsequent bowel obstruction in matched 

patients using Bayesian hierarchical unconditional (unmatched) logistic regression analysis10, 

with the diagnosis of bowel obstruction as the primary dependent variable. In this mixed-

effects model, both proven and symptomatic obstruction were coded into a single obstruction 
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outcome variable. Models were adjusted using clinically plausible covariables listed above, 

including the matching variables10. Model coefficients are presented as adjusted odds ratio 

(OR) and 95% credible intervals (CI); these can be interpreted similarly to 95% confidence 

intervals but are philosophically distinct11. A sensitivity analysis for the primary model was 

conducted using proven obstruction only as the dependent variable. Analyses were conducted 

using R Foundation Statistical Program version 3.1.1 and C-STAN (packages: finalfit, 

tidyverse, BRMS). Model diagnostics were explored using shinystan. 

 

Calculation of absolute risk of obstruction in the presence of risk characteristics 

The prevalence of clinical, radiological, endoscopic, and pathological characteristics 

independently associated with risk of obstruction in the Bayesian mixed-effects model 

(named ‘risk criteria’) in cases and controls were summarised as percentages. The absolute 

risk of obstruction in the patients receiving NAC in FOxTROT in the presence or absence of 

each high-risk feature alone or in combination were estimated for tumours across different 

locations by assuming consistency in prevalence of risk criteria in the controls sample and 

patients randomised to NAC. 95% confidence intervals (C.I.) for proportions are provided for 

all percentage estimates. Cut-offs for very low, low- and high-risk groups were defined 

pragmatically through consensus amongst the international writing group, based on clinically 

important thresholds to influence clinical practice. 

 

Results 

Of 1053 patients randomised in the FOxTROT trial between, 699 (66.4%) were randomised 

to receive NAC between May 2008 and December 2016. Patients were included from at 85 

centres (79 in the UK, 3 in Denmark, and 3 in Sweden). One patient withdrew their data from 

the study and was subsequently excluded from analyses. Of 698 patients undergoing NAC, 
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30 (4.3%) developed obstruction of whom 22 (3.2%) had radiologically proven and 8 (1.1%) 

had progressive symptoms suggestive of obstruction. Figure 1 demonstrates the inclusion 

patients in this analysis from the FOxTROT trial participants. 

 

Natural history of obstruction 

Figure 2 displays the distribution from time of randomisation to obstruction, grouped by 

tumour regression grade. The median time from randomisation to bowel obstruction was 1.6 

months (IQR: 1.1 to 2.0 months). The frequency of obstruction increased over time. There 

was no clear association between regression grade and timing of obstruction. 

 

One patient was deemed to be obstructed immediately after randomisation so was taken 

straight for surgery and didn’t start NAC. Of the remaining 29 patients, 20 (69.0%) 

completed NAC and 9 (31.0%) didn’t finish NAC. Of those who started NAC, 5 (17.2%) 

were deemed to have moderate or marked regression, and 23 (79.3%) mild or no regression 

(2 missing data). There were 2 patients with mismatch repair deficient tumours amongst the 

30 patients with obstruction (6.7%). We did not identify an association between tumour 

regression grade (p=0.22) or MMR status and obstruction (p=0.381) in this sample. 

 

Analysis 1: Comparison of obstructed and unobstructed patients receiving NAC 

Table 1 displays a comparison of patient and tumour characteristics between the groups. 

Obstructed patients were more likely to have a tumour at the hepatic flexure (16.7% versus 

5.7%), splenic flexure (13.3% versus 2.8%) or in the transverse colon (23.3% versus 7.2%, 

p<0.001) than unobstructed patients. There was a numerically higher proportion of T4 

tumours in obstructed patients, but this was not statistically significant (37.9% versus 23.8%, 

p=0.145). 
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Outcomes of obstruction 

Of the obstructed patients (n=30), no perforation with frank peritonitis was seen at operation. 

Microperforation (contained and sealed) was seen in 5 patients (16.7%); representing a low 

absolute risk in patients undergoing NAC (1 in 139 [5/698]). Obstruction was managed with 

colonic stenting for 8 patients (26.7%) and expedited surgery for 21 (70.0%). 1 patient died 

preoperatively of an occlusive stroke; site investigators reported a concurrent symptomatic 

obstruction in this patient. All other patients (n=29) went on to primary tumour resection. 

 

Table 2 displays outcomes of surgery in obstructed versus unobstructed patients. There was 

an increased frequency of open surgery (65.4% versus 38.0%, p=0.01) and occurrence of pR1 

resections (12.0% versus 3.8%, p=0.004) in the obstructed group; however, only one pR2 

resection was observed in an obstructed patient. There were no significant differences 

observed in the rates of stoma formation, anastomotic leak, reoperation, overall recurrence or 

death up to 30-days after surgery. 

 

Obstructed patients were less likely to start adjuvant chemotherapy than non-obstructed 

patients (70.0% versus 88.0%, p<0.001), and fewer that successfully completed 18 weeks of 

AC (30.0% versus 65.3%, p=0.015). The 2-year overall recurrence rate was numerically 

higher in obstructed versus unobstructed patients, but this was not statistically significant 

(23.3% [7/30] versus 17.8% [119/668]; p=0.599). 

 

Analysis 2: Comparison of obstructed cases and unobstructed controls 
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Table 3 describes the clinical, radiological and endoscopic features of the cases and controls. 

Cases and controls were well matched on both age and sex. Cases were more likely to be 

observed to have: 

(1) obstructing disease on baseline endoscopy and/or be unable to pass past the lumen 

with the endoscope (53.3% versus 20.0%, p=0.008) 

(2) stricturing disease on baseline radiology or endoscopy (78.3% versus 26.2%, 

p=0.002). 

 

There were numerically more cases at the flexures and in the transverse colon than controls, 

although this was not statistically significant (p=0.051). This relationship could be explained 

through more frequent occurrence of endoscopic obstruction (p=0.004) or stricturing disease 

in these locations (p=0.006, Supplementary Figure 1, Supplemental Digital Content 1, 

http://links.lww.com/SLA/E942). There was also a trend towards an increased rate of 

radiological T4 disease in cases (p=0.056). 

 

In the Bayesian mixed effects model (Table 4, Supplementary Table 1, Supplemental Digital 

Content 1, http://links.lww.com/SLA/E942, Supplementary Figure 2, Supplemental Digital 

Content 1, http://links.lww.com/SLA/E942 and 3, Supplemental Digital Content 1, 

http://links.lww.com/SLA/E942), the two features that remained strongly associated with 

obstruction after risk adjustment were: 

(1) obstructing disease on endoscopy and/or being unable to pass through the lumen with 

the endoscopy (OR: 9.09, 95% CI 2.34 to 39.66) 

(2) stricturing disease on radiology or endoscopy (OR: 7.18, 95% CI 1.84 to 32.34). 

There was no independent association between tumour location or T-stage and obstruction. 

This was consistent across sensitivity analyses, including for proven obstruction only 
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(Supplementary Table 2, Supplemental Digital Content 1, http://links.lww.com/SLA/E942). 

These were defined as ‘risk criteria’ for the remainder of this analysis. 

 

Risk criteria in cases and controls 

The prevalence of both risk criteria in cases and controls can be found in Supplementary table 

3, Supplemental Digital Content 1, http://links.lww.com/SLA/E942. A high proportion of 

obstructed cases had one or more risk criteria (28/30), and half had both risk criteria (15/30). 

Over half the controls had neither (48/90). Of patients with available data for both parameters 

(N=77), 14 patients were reported to have stricturing disease and 40 not to have stricturing 

disease on both radiological and endoscopic evaluation. 4 patients were reported to have 

stricturing disease on radiological and not on endoscopic evaluation, and 19 patients on 

endoscopic but not on radiological evaluation. There was 59.7% agreement between 

modalities with a Cohen’s Kappa value of 0.37. 

 

Risk stratification and implementation 

The estimated proportion of patients randomised to NAC with one or both risk criteria and 

the rate of obstruction is summarised by tumour location in Table 5. The baseline risk for 

patients with neither high risk feature was 0.2% (0.0% to 0.6%) across different tumour 

locations. Identification of one high risk feature increased the obstruction risk (0.0% to 

9.9%). Presence of both risk criteria concurrently conveyed the highest risk of obstruction. 

There was considerable variation in the absolute obstruction risk by tumour location: tumours 

at the flexures carried the highest risk (67.8%, 95% C.I. 34.3% to 93.8%) whilst sigmoid or 

rectosigmoid tumours had the lowest risk (7.6%, 95% C.I. 0.0% to 15.5%). Three risk 

classifications were defined for all patients undergoing NAC according to the presence or 
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absence of these criteria: 63.4% (443/698) of patients were at very low risk (<1%), 30.7% 

(214/698) at low risk (1-10%), and 5.9% (41/698) at high risk (>10%). 

Discussion 

This nested case-control study within an international randomised trial identifies two risk 

criteria features that target a small group of patients (5.9%) at substantial risk of colonic 

obstruction during NAC for colon cancer. There was considerable variation in the absolute 

risk of obstruction by tumour site. Importantly, these features are readily available to the 

MDT before treatment initiation and can be used to inform NAC decision making. We 

propose that these data can be used in four ways. Firstly, to inform patient consent. Secondly, 

to provide enhanced monitoring for patients at risk. Thirdly, to inform a decision to proceed 

straight to surgery, if appropriate. Fourthly, to provide support for colonic stenting or 

diversion to facilitate NAC, particularly where there is concern that the primary tumour may 

be unresectable. 

 

Uniquely, this study was able to prospectively observe a large patient cohort who had a 

planned delay before undergoing resectional surgery. We did not detect an association 

between the occurrence and timing of obstruction and treatment response (assessed using 

tumour regression grade) nor dMMR status. The study did however identify physical tumour 

factors identifiable by endoscopy and radiology that could define tumours at higher risk of 

obstruction. As care pathways for colon cancer increase in complexity, this study has 

implications for the safe implementation of novel chemotherapy pathways for colon 

cancer8,12. 

 

The two risk criteria identified here are anatomical properties of a colonic tumour, rather than 

related to their treatment response, histopathological subtype or genomic profile. Specifically, 
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transmural disease (causing stricturing and scarring) noted on radiology or endoscopy, and an 

obstructing phenotype noted at the point of endoscopy. Obstruction was most common in 

tumours at the hepatic and splenic flexures; it is plausible that this is related to peritoneal 

tethering and reduced compliance of the colon in these locations, although multivariable 

analysis suggested tumour stricturing and/or obstructing disease were the most influential 

features. A description of obstructive features at endoscopy before patients undergo NAC has 

not previously been reported. We suggest that complete luminal assessment could be added 

to MDT assessment criteria for high-risk colon cancer. Being unable to traverse a tumour 

should not be considered a contraindication to NAC in the absence of clinical symptoms 

suggestive of acute obstruction (only 3 of 28 patients (10.7%) where this was attempted went 

on to obstruct). With the high rate of tumour regression seen this higher risk group may in 

fact benefit most from NAC where the tumour is chemo-sensitive. The presence of a 

circumferential tumour alone was not associated with risk of obstruction during NAC, but 

where it had reached the point that a circumferential tumour caused luminal stricturing that 

visible radiologically or endoscopically, this reached statistical significance. As would be 

expected in a pragmatic study, with a degree of subjectivity in tumour evaluation despite 

quality assurance measures, there was some disagreement in characteristics reported using 

different treatment modalities. This highlights the important of having all information related 

to multi-modal assessment available to the multidisciplinary team at the time a treatment 

decision is made. 

 

The rate of stoma formation, anastomotic leak, reoperation and early postoperative mortality 

were all comparable between obstructed and non-obstructed patients. This contrasts with a 

wealth of previous literature1,3,5,13,14. We hypothesise that the favourable outcomes we have 

seen may be related to the enhanced monitoring provided to patients attending the hospital 
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for neoadjuvant therapy, enabling early intervention in the event of obstructive signs and 

symptoms. Importantly, this benefit should continue to be realised in routine practice beyond 

the trial itself15. Improved perioperative outcomes (for example, reduced rates of anastomotic 

leak) were also seen following NAC in the FOxTROT trial in comparison with patients 

randomised to proceed directly to surgery8. This may also reflect the benefits of preoperative 

patient care in the oncology outpatient setting7,8. 

 

There were still adverse outcomes from obstruction observed in this series. The rate of 

initiation or completion of adjuvant therapy was lower in obstructed patients, which may 

reflect prolonged recovery after urgent surgery. Although there was no difference in 

advanced lymph node involvement (N2 rate in Analysis 1: 27.6% obstructed cases versus 

28.3% unobstructed patients randomised to NAC), there was a higher proportion of T4 rather 

than T3 tumours seen in obstructed patients (Analysis 1: 37.9% versus 23.8% respectively). 

This may, in part, be due to poorly responsive disease, but potentially may represent an 

increased propensity for obstruction in more advanced disease. A higher proportion of T4 

tumours may also explain the increased pR1 rate in obstructed patients. For patients 

developing progressive obstruction where there is a real concern for the resectability of the 

primary tumour, colonic defunctioning or stenting may be helpful to facilitate NAC16,17. 

 

This nested case-control study benefitted from high-quality data monitoring, governance and 

quality assurance within a randomised trial, and provides the best available evidence on this 

topic. Nonetheless, this study has several limitations. First, the absolute number of 

obstructions within this cohort was low (n=30), so inferential statistics are challenging. To 

account for this, we have adopted Bayesian methodology to allow us to interpret the 

probabilistic distributions of factors associated with obstruction. All model assumptions were 
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met, MCMC chains demonstrated no evidence of divergence, and the results were robust to 

sensitivity analyses. Second, case-control matching was performed using only two simple 

matching variables (age and sex) in a 3:1 ratio. This was done to ensure that no factors highly 

associated with obstruction were included in the case-matching process, therefore becoming 

uninterpretable. However, this pragmatic approach may have left residual sampling bias or 

confounding. There are several biases of conditional logistic regression which come under 

criticism, so unmatched logistic regression was selected for the primary analysis10. Third, the 

true impact of treatment response on risk of obstruction may be left unexplored here, as 

tumours that were highly anatomically unfavourable (i.e., obstructed early within the window 

to surgery) would not have had the opportunity to demonstrate regression at the time of 

resection; for example, no tumours demonstrating a pathological complete response 

obstructed. However, tumours obstructed throughout the treatment window even when 

displaying moderate regression, suggesting that this did not seem to be a key factor in its 

pathoaetiology. Fourth, the estimates of absolute risk rely on the assumption that the 

prevalence of risk criteria is similar in the control sample to the other unobstructed patients 

that received NAC. Fifth, whilst clinical and radiological data were collected prospectively, 

endoscopic characteristics were collected retrospectively (directly from prospectively 

recorded source data (e.g., endoscopy reports). Finally, we were unable to compare outcomes 

for patients that were not randomised in the trial because of obstructive symptoms with those 

in the trial that developed obstruction. This was because of a lack of consent and such 

patients would frequently be managed through an emergency pathway; the generalisability of 

our data relies of the assumption of similar disease biology. 
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This study defines a prospectively identifiable subgroup of patients at greater than 10% risk 

of obstruction and so provides a risk stratification tool that can assist oncologists in the safer 

introduction of neoadjuvant chemotherapy for patients with colon cancer. 
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Figure 1. Flowchart of included patients 
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Figure 2. Timing from randomisation to obstruction in patients undergoing neoadjuvant 

chemotherapy grouped by pathological regression grade. 
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Gulati, R. Kerwat, N. Maisey, G. Mikhaeel*; Queen Elizabeth Hospital Birmingham - T. 

Ismail, G. Middleton*, A. Page, N. Steven, P. Taniere; Queen’s Hospital - J. Gutmann, J. 

Huang, S. Raouf*; Queens Medical Centre - W. Dunn, C. Lopez Escola*, V. Potter, J. 
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Scholefield, G. Walker, A. Zaitoun; Raigmore Hospital - D. Eason, N. McPhail, W. Mmeka*, 

G. Stenhouse, A. Watson; Royal Bournemouth General Hospital - B. Fozard, T. Hickish*, S. 

Snape; Royal Cornwall Hospital - R. Ellis*, W. Faux, R. Jenkins, G. Maskell; Royal Derby 

Hospital - R. Kulkarni, J. Lund*, S. Menon, R. Singh; Royal Devon & Exeter Hospital - I. 

Chandler, I. Daniels, S. Harries, M. Osborne*; Royal Free Hospital - J. Bell, D. Krell*, A. 

Mayer, O. Ogunbiyi, J. Watkins; Royal Lancaster Infirmary - C. Bronder, D. Eaton*, A. 

Taylor; Royal Marsden Hospital - G. Brown, D. Cunningham*, P. Tekkis, A. Wotherspoon; 

Royal Preston Hospital - M. Dobson, P. Mitchell*, M. Pitt, N. Scott, S. Susnerwala; Royal 

Stoke University Hospital - F. Adab, I. Britton, S. Ghiridaran*, C. Howitt, R. Kirby; Royal 

United Hospital Bath - L. Biddlestone, S. Dalton, E. De Winton*, A. Phillips; Russells Hall 

Hospital - D. Ferry, S. Grumett*, A. Kawesha, K. Maleki, N. Momtahan; Salford Royal 

Hospital - H. Burnett, S. Hayes, M. Soop*; Salisbury District Hospital - G. Branagan*, I. 

Cook, S. Cook, T. Iveson, A. Shablak; Scunthorpe General Hospital - A. Coup, A. Hamid, P. 

Moore, L. O'Toole*, D. Pai; Southampton General Hospital - A. Bateman*, A. Bateman, R. 

Blaquiere, P. Nichols; Southend Hospital - M. Chappell, M. Dworkin, S. Jain, D. Tsang*; 

Southmead Hospital - K. Hopkins, E. Loveday, A. Lyons*, N. Rooney; Southport & Formby 

District General Hospital - N. Ali, M. Chatterjee*, A. Chiphang, S. Dundas, A. Sun Myint, 

M. Zeiderman; St George’s Hospital - N. Beharry, H. Chong, F. Lofts*, D. Melville; St 

James’ University Hospital - P. Finan, M. Seymour*, D. Tolan, N. West; St Mark’s Hospital 

- N. Anyamene*, D. Burling, R. Kennedy, M. Moorghen; Stepping Hill Hospital - S. 

Agrawal, J. Hasan*, S. Mehta, M. Saeed; The Great Western Hospital - P. Burgess, L. John, 

S. Lowndes*, A. Planner; The Royal Liverpool University Hospital - F. Campbell, M. 

Hughes, P. Rooney*, D. Smith; University College Hospital - D. Hochhauser, A. Obichere, 

M. Rodriguez-Justo, K. Shiu*, S. Taylor; University Hospital Coventry - P. Correa*, S. 

James, W. Shatwell, N. Williams; University Hospital Lewisham - J. Brady*, E. Lanaspre, G. 
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Mikhaeel; University Hospital of North Tees - M. Ahmad, T. Gill*, D. Wilson; University 

Hospital of Wales - R. Adams*, R. Beehen, M. Morgan; University Hospital Umeå - B. 

Lindh; Velindre Hospitel - R. Adams*, M. Morgan; Warrington Hospital - A. Ford, K. Gopal, 

N. Pranesh*, D. Shareef, M. Tighe; Warwick Hospital - K. Busby, P. Correa*, S. Sanders, R. 

Sinha; West Middlesex University Hospital - R. Ahmad*, S. Desai, S. Ramesh; Weston 

General Hospital - S. Hilman*, M. Lott, J. O’Brien, D. Radstone, D. West; Weston Park 

Hospital - S. Amin, J. Hampton, J. Hornbuckle*, P. Kitsanta; Wexham Park Hospital - M. 

Ali, A. Desai, M. Hadaki, M. Hall*; Whittington Hospital - D. Arul, D. Hochhauser, P. 

Leonard*, H. Mukhtar, D. Murray; Worcestershire Royal Hospital - A. Baxter, M. Churn*, 

D. Farrugia, S. Lake, G. Smith; Wrexham Maelor Hospital - A. Bansal, P. Chandran, C. Corr, 

S. Gollins*; Wythenshawe Hospital - A. Davenport, M. Saunders*, S. Sukumar; Yeovil 

District Hospital - N. Bathurst, E. Beaumont*, E. Cooper, N. Francis, M. Sephton, G. 

Sparrow;  York Hospital - A. Clarke, J. Haselden, K. Last*, N. Woodcock; Ysbyty Glan 

Clwyd - M. Atkinson, S. Gollins*, M. Gupta, A. Maw; Ysbyty Gwynedd District General 

Hospital - N. Abdullah, C. Bale*, M. Lord. 
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Table 1. Characteristics of obstructed patients (cases) and other unobstructed patients randomised to 
receive NAC. 

 

Factor Level 
Cases 
(N=30
) 

Other patients 
randomised to NAC 
(N=668)* 

P-
valu
e 

Clinical features 

Age at randomisation Mean (SD) 
61.6 (9
.4)

63.1 (9.9) 
0.41
4

Sex 
Female 

11 (36.
7)

240 (35.9) 
1 

Male 
19 (63.
3)

428 (64.1) 

Tumour location 

Caecum 2 (6.7) 119 (17.8)

<0.0
01 

Ascending colon 1 (3.3) 120 (18.0)

Hepatic Flexure 
5 (16.7
)

38 (5.7) 

Transverse colon 
7 (23.3
)

48 (7.2) 

Splenic flexure 
4 (13.3
)

19 (2.8) 

Descending colon 2 (6.7) 34 (5.1)

Sigmoid 
7 (23.3
)

240 (35.9) 

Rectosigmoid 2 (6.7) 50 (7.5)

Baseline radiological features 

T-stage 

Muscularis propria (T2
) 

0 (0.0 1 (0.2) 

0.14
5 

Beyond muscularis pro
pria (T3)

18 (62.
1)

505 (76.1) 

Adjacent organs or 
peritoneum (T4)

11 (37.
9)

158 (23.8) 

Missing 1 4

N-stage 

N0 
12 (41.
4)

157 (23.6) 

0.07
1 

N1 (1-3 nodes) 
9 (31.0
)

319 (48.0) 

N2 (4+ nodes) 
8 (27.6
)

188 (28.3) 

Missing 1 4
Maximum tumour thi
ckness (mm) 

Mean (SD) 
23.9 (2
1.7)

20.3 (11.7) 
0.12
9

Maximum distance of
 spread 
beyond muscularis pr
opria (mm) 

Mean (SD) 
9.9 (9.
0) 

9.2 (7.9) 
0.62
2 

Irregularly enhancing 
LNs 

Mean (SD) 
1.2 (1.
8)

1.9 (2.1) 
0.12
3
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Peritonealisation 

Non-peritonealised 
3 (13.0
)

163 (30.0) 
0.12
9 Peritonealised 

20 (87.
0)

380 (70.0) 

Missing 7 125

Extra-
mural vascular invasi
on 

No 
10 (34.
5)

270 (41.0) 

0.32
2 

Minimal spreading 
10 (34.
5)

190 (28.8) 

Nodular spread into sm
all vessel

9 (31.0
)

151 (22.9) 

Spread along large vei
n 

0 (0.0) 48 (7.3) 

Missing 1 9

Pathological features 

RAS status 

Mutant 
6 (27.3
)

165 (34.0) 

0.73
0 

Not determined 1 (4.5) 13 (2.7)

Wildtype 
15 (68.
2)

307 (63.3) 

Missing 8 183

Tumour subtype 

Adenocarcinoma 
27 
(96.4)

550 (87.5) 
0.20
9 

Mucinous 1 (3.6) 82 (11.4)
Signet ring 0 (0.0) 8 (1.1)
Missing 2 28

Differentiation 
Well/moderate 

27 (96.
4)

532 (85.3) 
0.16
8 Poor 1 (3.6) 92 (14.7)

Missing 2 44
 

Chi-squared test calculations exclude missing data. *One patient randomised to NAC and AC withdrew 
from the FOxTROT trial and was excluded. 
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Table 2. Clinical and pathological outcomes in obstructed patients (cases) versus 
other unobstructed patients randomised to receive NAC. 
 

Outcome Levels 
Cases 
(N=30)* 

Other patients randomised to 
NAC 
(N=668) 

P-
value 

Surgical decision making 

Operative appro
ach 

Open 17 (65.4) 216 (38.0)
0.01 Laparoscopic 9 (34.6) 352 (62.0)

Missing 4 100

Stoma formatio
n 

No 24 (88.9) 569 (88.4)
1 

Yes 3 (11.1) 75 (11.6)
Loop stoma 2 (66.7) 45 (60.0)

1 End stoma 1 (33.3) 30 (40.0)
Missing 3 24

Pathological outcomes 

Resection plane 

Mesocolic 16 (76.2) 133 (86.2)

0.324 
Intramesocolic 4 (19.0) 62 (11.0)
Muscularis propri
a 

1 (4.8) 16 (2.8) 

Missing 9 105

Bowel 
perforation€ 

No 26 (86.7) 615 (92.2)
0.454 Yes 4 (13.3) 52 (7.8)

Missing 3 70

Margin status 

pR0 21 (84.0) 577 (95.8)

0.004 
pR1 3 (12.0) 23 (3.8)
pR2 1 (4.0) 2 (0.3)
Missing 5 66

Clinical outcomes (up to 30 postoperative days)

Death 
No 27 (96.4) 651 (99.5)

0.396 Yes 1 (3.6) 3 (0.5)
Missing 2 14

Length of stay Mean (SD) 
10.8 (15.
1)

7.3 (7.5) 0.023 

Reoperation 
No 27 (96.4) 626 (95.7)

1 Yes 1 (3.6) 28 (4.3)
Missing 2 14

Anastomotic lea
k 

No 27 (96.4) 617 (96.7)

1 
Yes 1 (3.6) 21 (3.3)
No anastomosis$ 1 30
Missing 2 14

Adjuvant therapy 

Treatment status 

Completed 10 (33.3) 436 (65.3)

<0.00
1 

Started did not fi
nish 

10 (33.3) 135 (20.2) 

Did not start 10 (33.3) 80 (12.0)
Missing 0 17

Oncological outcomes (at 2 years after randomisation)
No 22 (75.9) 549 (82.2) 0.599
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Overall 
recurrence 

Yes 7 (24.1) 119 (17.8) 

 
*1 case died preoperatively of an occlusive stroke, so postoperative outcome data is not 
available. €Included both macroscopic perforation (noted at operation) and microscopic 
(noted during pathological examination) $Patients with no anastomosis not included in 
proportion of patients with anastomotic leak. Chi-squared test calculations exclude 
missing data. NAC = Neoadjuvant therapy. 
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Table 3. Clinical, radiological, endoscopic and pathological features of obstructed cases 
versus matched controls. Chi-squared test calculations exclude missing or unavailable 
data. 

Factor Levels 
Cases 
N=30 

Control
s 
N=90 

P-
Value 

Clinical features 

Age at randomisation 
Mean (SD) 61.6 (9.4

)
61.6 (9.6
) 

0.974 

Sex 

Female 11 (36.7
)

33 (36.7
) 

1 
Male 19 (63.3

)
57 (63.3
) 

Tumour location 

Caecum 2 (6.7) 13 (14.4
) 

0.051 

Ascending colon 1 (3.3) 12 (13.3
) 

Hepatic Flexure 5 (16.7) 8 (8.9) 
Transverse colon 7 (23.3) 11 (12.2

) 
Splenic flexure 4 (13.3) 2 (2.2) 
Descending colon 2 (6.7) 3 (3.3) 
Sigmoid 7 (23.3) 35 (38.9

) 
Rectosigmoid 2 (6.7) 6 (6.7) 

Baseline radiological features 

T-stage 

Beyond muscularis propria (
T3)

18 (62.1
)

71 (78.9
) 

0.117 Adjacent organs or 
peritoneum (T4)

11 
(37.9)

19 
(21.1) 

Missing 1 0 

N-stage 

N0 12 (41.4
)

21 (23.3
) 

0.07 
N1 (1-3 nodes) 9 (31.0) 49 (54.4

) 
N2 (4+ nodes) 8 (27.6) 20 (22.2

) 
Missing 1 0 

Maximum tumour thicknes
s (mm) 

Mean (SD) 23.9 (21.
7)

20.2 (12.
0) 0.257 

Missing 1 1 
Maximum distance of sprea
d  
beyond muscularis propria 
(mm) 

Mean (SD) 9.9 (9.0) 8.1 (7.2) 

0.248 Missing 1 1 

Irregularly enhancing LNs 
Mean (SD) 1.2 (1.8) 1.9 (2.1) 

0.151 
Missing 2 2 

Peritonisation 
Non-peritonealised 3 (13.0) 20 (27.0

) 
0.273 
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Peritonealised 20 (87.0
)

54 (73.0
) 

Missing 1 0 

Extra-
mural vascular invasion 

No 10 (34.5
)

37 (41.1
) 

0.26 

Minimal spreading 10 (34.5
)

29 (32.2
) 

Nodular spread into small ve
ssel

9 (31.0) 17 (18.9
) 

Spread along large vein 0 (0.0) 7 (7.8) 
Missing 1 0 

Circumferential (radiology) 

No 18 (78.3
)

54 (70.1
) 

0.619 Yes 5 (21.7) 23 (29.9
) 

Missing 7 13 

Stricturing (radiology) 

No 13 (56.5
)

68 (88.3
) 

0.002 Yes 10 (43.5
)

9 (11.7) 

Missing 7 13 

Obstructing (radiology) 

No 20 (87.0
)

76 (98.7
) 

0.055 
Yes 3 (13.0) 1 (1.3) 
Missing 7 13 

Pathological features 

MMR status 

Proficient 26 
(96.3)

67 
(84.8) 

0.116 Deficient 1 (3.7) 12 
(15.2) 

Missing 3 11 

RAS status 

Mutant 6 (27.3) 19 (26.8
) 

0.996 
Not determined 1 (4.5) 3 (4.2) 
Wildtype 15 (68.2

)
49 (69.0
) 

Missing 8 19 

Tumour subtype 

Adenocarcinoma 27 
(96.4)

70 
(84.3) 

0.219 
Mucinous 1 (3.6) 12 

(14.4) 
Signet ring 0 (0.0) 1 (1.2) 
Missing 2 7 

Differentiation 

Well/moderate 27 (96.4
)

72 (86.7
) 

0.282 
Poor 1 (3.6) 11 (13.3

) 
Endoscopic features 
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Unable to pass scope 

No 3 (10.0) 25 (27.8
) 

0.004 

N/A – Caecal 3 (10.0) 17 (18.9
) 

N/A – Flexible 
sigmoidoscopy only

8 (26.7) 30 (33.3
) 

Yes 16 (53.3
)

18 (20.0
) 

Circumferential (endoscopy
) 

No 13 (59.1
)

43 (71.7
) 

0.414 Yes 9 (40.9) 17 (28.3
) 

Not available 9 30 

Stricturing (endoscopy) 

No 6 (27.3) 41 (69.5
) 

0.002 Yes 16 (72.7
)

18 (30.5
) 

Not available 8 31 

Ulcerating (endoscopy) 

No 18 (81.8
)

47 (78.3
) 

0.97 Yes 4 (18.2) 13 (21.7
) 

Not available 8 30 

Polypoid (endoscopy) 

No 20 (90.9
)

48 (78.7
) 

0.34 Yes 2 (9.1) 13 (21.3
) 

Not available 1 29 

Obstructing (endoscopy) 

No 14 (60.9
)

71 (88.8
) 

0.005 
Yes 9 (39.1) 9 (11.2) 
Not available 7 10 

Summary baseline features (radiological and endoscopic) 

Circumferential (all) 

No 12 (48.0
)

44 (53.7
) 

0.789 Yes 13 (52.0
)

38 (46.3
) 

Missing 5 4 

Stricturing (all) 

No 5 (21.7) 59 (73.8
) 

<0.00
1 

Yes 18 (78.3
)

21 (26.2
) 

Missing 7 10 
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Table 4. Bayesian unconditional mixed-effects model demonstrating features associated with 
obstruction in the case-control matched data. 
 

 
 95% credible interval

Odds ratio Lower Upper 

Age Years 0.97 0.91 1.05 

Sex 
Female - - - 

Male 1.63 0.39 7.29 

Tumour location* 

Ascending or descending colon - - - 

Hepatic or splenic flexure 1.39 0.18 9.83 

Transverse colon 0.55 0.05 4.99 

Sigmoid or rectosigmoid 0.36 0.06 2.25 

Radiological T-
stage 

T3 - - - 

T4 1.61 0.39 6.60 

Stricturing disease 
No - - - 

Yes 7.18 1.84 32.34 

Obstructing 
(endoscopy)  
or unable to pass 
scope 

No - - - 

Yes 9.09 2.34 39.66 

 
*Tumour locations were grouped anatomically by peritoneal covering of associated the large 
bowel: sigmoid and transverse on a mesentery; ascending/descending colon retroperitoneal; 
flexures tethered. 
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Table 5. Estimated absolute risk of obstruction in all patients receiving NAC in FOxTROT 
(n=698) with presence or absence of risk criteria. 

Presented as estimated percentage risk with 95% confidence intervals in rounded brackets. 
N= represents the estimated number of patients from all patients receiving NAC in 
FOxTROT represented by each group. A suggested classification is presented by colour: 
green (very low risk <1%, including 443 patients (63.4%)); yellow (low risk 1% to 10%, 
including 214 patients (30.7%)); red (high risk >10%, including 41 patients (5.9%). 

 
Tumour location 

 

Ascending or 
descending colon 

Hepatic or splenic 
flexure 

Transverse 
colon 

Sigmoid or 
rectosigmoid 

No 
stricturin
g disease 
AND 
able to 
pass 
scope / 
non-
obstructi
ng 

0.4% 
(0.0% to 1.3%) 
n=223 

0.0% 
(0.0% to 0.0%) 
n=15 

0.0% 
(0.0% to 
0.0%) 
n=19 

0.6% 
(0.0% to 1.8%) 
n=167 

Stricturi
ng 
disease 
(radiolo
gy or 
endosco
py) 

3.3% 
(0.0% to 9.5%) 
n=31 

6.8% 
(0.0% to 19.2%) 
n=16 

0.0% 
(0.0% to 
0.0%) 
n=13 

2.5% 
(0.0% to 7.4%) 
n=41 

Unable 
to pass 
scope / 
obstructi
ng 
(endosco
py) 

9.9% 
(0.0% to 27.4%) 
n=11 

4.5% 
(0.0% to 13.0%) 
n=23 

0.0% 
(0.0% to 
0.0%) 
n=6 

2.1% 
(0.0% to 6.1%) 
n=49 

Stricturi
ng 
disease 
(radiolo
gy or 
endosco
py) 
AND 
Unable 
to pass 
scope / 
obstructi
ng 
(endosco
py) 

19.8% 
(0.0% to 42.2%) 
n=12 

67.8% 
(34.3% to 93.8%) 
n=12 

31.4% 
(9.2% to 
53.6%) 
n=17 

7.6% 
(0.0% to 15.5%) 
n=43 ACCEPTED
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