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What does this paper add to the literature?
By improving our understanding of the reasons for delays in adjuvant chemotherapy for colon cancer patients, there is the potential to improve patient outcome. This study determines the extent of complications by using both primary and secondary care data, which adjusting for emergency admissions, operative technique and patient demographics. 






ABSTRACT
Aim: By understanding the reasons for delays in adjuvant chemotherapy (AC) after colonic resection, there is the potential to improve patient outcome. The aim of this study is to determine the extent and impact of complications post hospital discharge on AC delays.
Method: The study cohort included patients who had a colorectal cancer resection in HES, with linkage to primary care data provided by CPRD. Complications during the index hospital stay (from HES) and post discharge (from CPRD) were compared. The risk of late AC treatment (eight weeks or later) following a complication, stoma at index procedure, or emergency admission was described after accounting for age and Charlson score.  A Cox hazards model determined the association of these factors on overall survival (OS).
Results: 1266 patients underwent AC following colon cancer resection, of which 598 (47.2%) received treatment within eight weeks. Patients receiving late AC had a significantly higher proportion of re-operations (7.0% vs 3.3% p<0.005) and wound infections (5.5% vs 3.7% p=0.042), 96% of the latter only noted in CPRD. In multivariate analysis, the risk of AC delay significantly increased following a complication (1.53 95%CI 1.16-2.03 p=0.003) or a stoma at the index operation. AC delay was associated with worse OS(HR 1.44 95%CI 1.16-1.79,p=0.001), as was an emergency admission(HR 1.59 95%CI 1.21-1.98, p<0.0005). However, the presence of a complication did not independently reduce OS (HR 1.15 95%CI 0.89-1.48,p=0.295).
Conclusion: By using only secondary care data, the true extent and impact of complications following colonic resection is underestimated. 
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INTRODUCTION
Adjuvant chemotherapy (AC) following resection for stage III colon cancers has been shown to improve prognosis, with an absolute increase of 7% in overall 5-year survival1. Although there are no official guidelines regarding the timing of AC, multiple studies have found a delay beyond eight weeks is associated with a reduction in the benefit of treatment2–4. 

Recent studies have suggested complications following resection may lead to a delay in adjuvant chemotherapy5. However these studies have concentrated on hospital data, and have not considered complications post-discharge such as venothromboembolic events or wound infections. These are often managed in primary care and have the potential to delay treatment further. In addition, no study has investigated an association between complications and a delay in adjuvant chemotherapy while confounding for the urgency of admission that led to the resection, co-morbidities and the type of surgical approach. It is unclear whether the impact of a delay in adjuvant chemotherapy on overall survival is maintained after taking into account these factors.

The aim of this observational cohort study was to describe the patient factors and complications encountered in primary and secondary care associated with an increased risk of a delay in adjuvant chemotherapy beyond eight weeks and the impact on survival. 

METHOD
Data source
Data were derived from the Clinical Practice Research Datalink (CPRD), which provides primary care data for 8-10% of the UK population6 and is considered accurate and representative of the whole population7. Internal criteria ensures the anonymized records are of an ‘acceptable’ standard8, and from practices with research quality data. Individual patient records are linked to Hospital Episodes Statistics (HES) and the Office for National Statistics (ONS) cause of mortality, making it is possible to identify the clinical events of interest along the patient pathway. Data was provided under protocol 13_078 with ethics approval from CPRD and ISAC. 

Patient selection
A patient was deemed to have undergone a resection for colon cancer if a relevant procedure was recorded in the linked HES dataset based on OPCS coding(Appendix A) during the same admission as an ICD-10 diagnosis of colon cancer(Appendix B) between 1st April 2000 and 1st April 2011. From this population the study cohort was selected as those with a HES episode for chemotherapy (Appendix C) within 16 weeks of the resection. A threshold of 16 weeks has previously been used as it is unlikely AC treatment beyond this is for curative intent9. Patients were excluded if they were under 18 years of age, had an ICD code indicating metastatic disease(Appendix D) recorded within 28 days of the resection, or an alternative cancer diagnosis within three years before the resection. 

Defining the start of Adjuvant Chemotherapy
Patients in the early AC group included those with their first AC episode within eight weeks of the resection, the remainder forming the late group. Differences between the early and late groups were compared for age (under 60, 60 to 75, over 75), gender, smoking history, Charlson score (zero, one or more), year of procedure (2000 to 2003, 2004 to 2007, 2008 to 2011), surgical access (laparoscopic or open), admission type for resection (emergency or elective), stoma at resection and a complication following a resection. 

Study variables
Charlson score was calculated from three years of HES data preceding the resection10. A laparoscopic resection was defined by OPCS code (Appendix A) at the time of the resection. Conversion to open was considered as an open procedure rather than laparoscopic. Stoma at index procedure was defined as a Hartmann's procedure or the relevant OPCS code. The rate of stoma reversal (OPCS – G75.3 or H15.4) before the start of chemotherapy, and within 18 months of the original resection was also compared between the two groups. 

Complications were defined as re-operation (Appendix E), bowel obstruction without operation, wound infection or systemic (acute renal failure, myocardial infarction, cerebrovascular event, pneumonia, venothromboembolic event (VTE)). These complications were searched in HES in the interval between resection and start of AC, while CPRD was used to identify pneumonia, VTE or wound complications following discharge. A patient may have experienced more than one complication. These complications were included as they were considered relevant causes for a delay in adjuvant chemotherapy

Statistical analysis
Chi square test was used to investigate differences in categorical variables between the two AC groups. These variables were included in a binary logistic regression model to determine the risk of a delay in AC. Complications were considered either as present or absent. Clinically relevant two-way interactions were entered individually with the main effects model to determine whether they produced a significant change. All such interactions were then entered together into the model and removed step-wise if found to be non-significant. The only significant interaction included in the model was between the type of admission and surgical access. 

A Cox proportional hazards model identified whether there was a difference in mortality between the two AC groups, while taking into consideration the aforementioned patient and surgery variables. Survival was calculated from the start of AC to the date of death in ONS. No time dependent factors were found that would have violated the proportional hazards assumption. Smoking history and a delay in AC was the only significant interaction and was included in the full model.  Kaplan Meier curves described the difference in survival function between the early and late AC groups. 

Robust standard errors were constructed that accounted for heteroscedasticity. All analysis was carried out using SPSS (IBM v22), with significance taken at p<0.05.

RESULTS
In total 7501 patients had a colon cancer resection between 2000 and 2011. Of these 1266 (16.9%) underwent AC within sixteen weeks.  The median time to the first treatment was 8.1 weeks (Interquartile range 6.7 to 10.1). The earliest was at 2.3 weeks (figure 1), with the latest as per the criterion of 16 weeks. 598 patients (47.2%) started their AC within 8 weeks of the resection. 

Summary statistics
A higher proportion of patients over 75 (59.9%) experienced a delay in treatment compared with those under 60 (50.1%) and aged 60 to 75 (52.0%), although this did not reach significance (p=0.067) (table 1).  A significantly higher percentage of patients receiving AC late had a stoma at the time of the resection (65.5% p<0.005). There was no difference found between the two groups in terms of gender, year of resection or Charlson score, surgical access (laparoscopy 46.8% early vs 53.2% late, p=0.871) nor emergency admission (44.6% vs 55.4% respectively, p=0.241). Of the early AC group who had a stoma, one patient underwent a reversal before the start of chemotherapy, while 37.7% underwent a reversal within 18 months. This compares with 5 (4.3% p = 0.351) and 23.3% (p = 0.043). The proportion of patients undergoing an emergency resection decreased with time (2000 to 2003 = 31.9%, 2004 to 2007 = 26.7%, 2008 to 2011 = 26.0% p = 0.153).






Complications 
From CPRD, 59 patients suffered a wound infection managed conservatively, of which 57 (96.6%) were not noted in HES (table 2). All patients who experienced a delay in AC and had a wound infection in CPRD (n = 37) did not have this complication recorded in HES. A further six cases of VTE were in CPRD but not described in HES. There were no cases of pneumonia in CPRD.

A significantly higher percentage from the late group underwent a re-operation compared with the early group (3.3% vs 7.0% p=0.005). Although there was no significant difference in the rate of wound infections in the HES data between the two AC groups, this complication was significantly higher in the late AC group (5.5% vs 3.3% p=0.040).  

Using HES alone, 88 (14.7%) patients from the early adjuvant chemotherapy group compared with 142 (21.3%) in the late group experienced a complication. By also including CPRD data, the number of patients identified increased by 24% for both groups. 
Regression analysis for delays
The risk of late AC treatment increased significantly following a complication (OR 1.53 CI 1.16-2.03 p=0.003) (table 3). Patients under 60 were significantly less likely to experience a delay in AC compared with those over 75 (OR 0.65 CI 0.46-0.93, p<0.019) while there was no difference compared with the 60 to 75 age group. Smoking (OR 1.60 CI 1.08-2.35 p=0.018) or a stoma at the index operation (OR 1.79 CI 1.26-2.52 p=0.001) increased the risk of a delay. Gender, the year of resection, laparoscopy or the type of admission did not alter the odds of a delay in AC.




Impact on survival 
A significantly higher proportion of patients in the late AC group had died by the end of ONS coverage (32.9% vs 27.3%). Compared with patients who received AC early, those in the late group were associated with an increase in the risk of death (HR 1.44 CI 1.16 – 1.79 p=0.001), as were smokers (HR 2.26 CI 1.41-3.64). 

Undergoing a laparoscopic rather than an open resection (HR 0.84 CI 0.56-1.27, p=0.414) or experiencing a complication (HR 1.15 CI 0.89-1.48, p=0.295) did not significantly alter prognosis. However an emergency resection significantly increased the risk of death by 59% (CI 1.28-1.98, p<0.0005) compared with those who underwent an elective procedure. A resection between 2008 to 2011 inclusive was associated with a significant decrease in the risk of death compared with patients treated between 2000 to 2003 (HR 0.64 CI 0.46-0.88 p=0.007).

Figure 2 suggests adjuvant chemotherapy within eight weeks was associated with a relative increase in survival by 12.3% at 5 years (65% in the early treatment group vs 73% in the late treatment group).

DISCUSSION
Summary
The aim of this study was to determine the factors associated with a delay in initiating adjuvant chemotherapy following colonic cancer resection, and their impact on long term prognosis. CPRD was shown to include a proportion of wound infections and VTE events that were not noted in HES, suggesting secondary care data is insufficient to describe the extent of complications experienced by patients before AC treatment. Smoking history, stoma at the time of resection and older age were associated with a delay in AC after eight weeks. By definition all the patients in this study survived to receive adjuvant chemotherapy. Therefore, although complications were associated with a delay in adjuvant chemotherapy, they did not independently impact survival. 

Comparison to previous studies
This is the first study to use routinely collected national primary and secondary care data to identify a combination of factors that are associated with a delay in adjuvant chemotherapy. CPRD has been validated as being reliable in terms of patient demographics, diagnoses and prescription data6. 

AC following colonic resection can be considered a marker of the standard of treatment11. No study has shown a poorer outcome if the treatment is started ‘too early’, but starting adjuvant chemotherapy after 12 weeks has been shown to produce little beneift12. The findings of an improvement of 12.3% survival at 5 years for patients treated within eight weeks is similar to previous studies2,9. 

Although it may be expected that complications are associated with a delay in the first episode of adjuvant chemotherapy, we were able to describe in detail complications from both primary and secondary care. For example, in previous studies post-operative hospital stay has been used as a surrogate marker for complications managed conservatively13, but data for conservative treatment of bowel obstruction has not previously been published. In our study this was the most common complication (9.6% n=122), and in the majority is likely to represent post-operative ileus. By utilising CPRD, we identified 56 extra patients as having suffered a complication, with the majority being wound infections.  5.3% of all patients underwent a re-operation, with a significantly higher proportion in the delayed AC group (7.0%, n=47). The overall re-operation rate is lower than the 14% reported by van der Geest et al.14 but similar to the 5.6% reported by Nachiappan et al. This reflects the different data sources: Geest et al. 14 used medical records, whereas the latter group used HES similar to our study

In addition to complications, a stoma at the initial operation was a risk factor for delays. However from HES it is not possible to ascertain with certainty whether the stoma was a permanent or temporary bowel discontinuation. The lack of detail also precludes differentiating whether the higher proportion of reversals before AC in the delayed group were because of high output or a pre-operative plan to reverse before AC. The lower proportion of patients from the delayed AC group undergoing a reversal within 18 months may reflect more end stomas or the patient was no longer suitable for another procedure.

Interestingly smoking was found to be an independent risk factor for a delay in AC. An interaction between smoking and complications or Charlson score was not demonstrated to explain this finding. A surgeon may decide to use a minimally invasive approach to reduce recovery time15. However, this study demonstrates there is no difference in using laparoscopy or open surgery in terms of reducing post-operative treatment delays after adjusting for complications. 

Our findings suggest patients who manage to start AC treatment despite experiencing a complication are no longer at risk of increased mortality due to the complication. This is similar to a previous studies by Tevis et al.5 and Nachiappan et al.16. As expected a smoking history17 or an emergency admission18 reduced overall survival. Patents treated between 2008 to 2011 demonstrated a better prognosis than those treated in 2000-2003. Between these periods our data demonstrate a reduction in the rate of emergency resections perhaps due to the NICE referral guidelines and/or screening. It could also reflect a change in practice to treat high risk stage II colon cancer with adjuvant chemotherapy, or the addition of oxaliplatin in chemotherapy regimens19. 

Strengths and Limitations
This is the first study to use linked data from CPRD as the source and so we have been able to consider post-discharge complications leading to delays in treatment. The number of colon cancer patients’ cases identified through our method compares well with the National Bowel Cancer Audit20. In 2011 the latter reported 17161 patients underwent a colonic resection. From our data in 2010, 1242 had a resection, representing 7.2%. This is close to the 8% coverage of the national population by CPRD. However the proportion of patients receiving AC could be considered low, as previous studies have shown almost 20% of colon cancer patients receive treatment1. This is likely related to the completeness of chemotherapy coding in HES which has improved in latter years. 

As the accuracy of CPRD21 and HES22 in terms of complications compared to patients notes is unclear, it is not possible to conclude with confidence that wound infections recorded in CPRD and not in HES were de novo diagnoses in primary care or missing cases. The accuracy of these two datasets would have improved in the latter years. We are unable to ascertain the percentage of patients that had a delay in treatment due to administrative issues unrelated to the resection, such as unavailability of services, or did not complete the treatment regimen. The latter has been shown to effect overall survival23. As we could not include stage, we assumed the presence of AC episodes, and the exclusion of patients with metastases was sufficient to identify patients receiving AC for curative purposes. 

CONCLUSION
Relying only on secondary care data will underestimate the rate of complications following colonic resection. After adjusting for potential confounders such as type of surgical access and emergency admission, this study demonstrated complications, identified in primary care and in the hospital, are associated with a delay in AC following resection for colon cancer. The significant reduction in survival following a delay in AC should encourage the clinician to ensure all steps are taken to reduce complications and manage them effectively. 








REFERENCES

1. 	Gill S, Loprinzi CL, Sargent DJ, et al. Pooled analysis of fluorouracil-based adjuvant therapy for stage II and III colon cancer: Who benefits and by how much? J Clin Oncol. 2004;22(10):1797-1806. doi:10.1200/JCO.2004.09.059.
2. 	Biagi JJ, Raphael MJ, Mackillop WJ, Kong W, King WD, Booth CM. Association between time to initiation of adjuvant chemotherapy and survival in colorectal cancer: a systematic review and meta-analysis. JAMA. 2011;305(22):2335-2342. doi:10.1001/jama.2011.749.
3. 	Des Guetz G, Nicolas P, Perret G-Y, Morere J-F, Uzzan B. Does delaying adjuvant chemotherapy after curative surgery for colorectal cancer impair survival? A meta-analysis. Eur J Cancer. 2010;46(6):1049-1055. doi:10.1016/j.ejca.2010.01.020.
4. 	Hershman D, Hall MJ, Wang X, et al. Timing of adjuvant chemotherapy initiation after surgery for stage III colon cancer. Cancer. 2006;107(11):2581-2588. doi:10.1002/cncr.22316.
5. 	Tevis SE, Kohlnhofer BM, Stringfield S, et al. Postoperative complications in patients with rectal cancer are associated with delays in chemotherapy that lead to worse disease-free and overall survival. Dis Colon Rectum. 2013;56:1339-1348. doi:10.1097/DCR.0b013e3182a857eb.
6. 	Herrett E, Thomas SL, Schoonen WM, Smeeth L, Hall AJ. Validation and validity of diagnoses in the General Practice Research Database: A systematic review. Br J Clin Pharmacol. 2010;69:4-14. doi:10.1111/j.1365-2125.2009.03537.x.
7. 	Williams T, van Staa T, Puri S, Eaton S. Recent advances in the utility and use of the General Practice Research Database as an example of a UK Primary Care Data resource. Ther Adv drug Saf. 2012;3(2):89-99. doi:10.1177/2042098611435911.
8. 	Khan NF, Harrison SE, Rose PW. Validity of diagnostic coding within the General Practice Research Database: A systematic review. Br J Gen Pract. 2010;60(March):199-206. doi:10.3399/bjgp10X483562.
9. 	Nachiappan S, Askari A, Mamidanna R, et al. The impact of adjuvant chemotherapy timing on overall survival following colorectal cancer resection. Eur J Surg Oncol. 2015;41(12):1636-1644. doi:10.1016/j.ejso.2015.09.009.
10. 	Sundararajan V, Henderson T, Perry C, Muggivan A, Quan H, Ghali WA. New ICD-10 version of the Charlson comorbidity index predicted in-hospital mortality. J Clin Epidemiol. 2004;57(12):1288-1294. doi:10.1016/j.jclinepi.2004.03.012.
11. 	Hendren S, Birkmeyer JD, Yin H, Banerjee M, Sonnenday C, Morris AM. Surgical complications are associated with omission of chemotherapy for stage III colorectal cancer. Dis Colon Rectum. 2010;53(12):1587-1593. doi:10.1007/DCR.0b013e3181f2f202.
12. 	Xu F, Rimm AA, Fu P, Krishnamurthi SS, Cooper GS. The impact of delayed chemotherapy on its completion and survival outcomes in stage II colon cancer patients. PLoS One. 2014;9(9):e107993. doi:10.1371/journal.pone.0107993.
13. 	Cheung WY, Neville BA, Earle CC. Etiology of delays in the initiation of adjuvant chemotherapy and their impact on outcomes for Stage II and III rectal cancer. Dis Colon Rectum. 2009;52(6):1054-63; discussion 1064. doi:10.1007/DCR.0b013e3181a51173.
14. 	van der Geest LGM, Portielje JEA, Wouters MWJM, et al. Complicated postoperative recovery increases omission, delay and discontinuation of adjuvant chemotherapy in patients with Stage III colon cancer. Colorectal Dis. 2013;15(10):e582-91. doi:10.1111/codi.12288.
15. 	Raymond TM, Dastur JK, Khot UP, Parker MC. Hospital Stay and Return to Full Activity Following Laparoscopic Colorectal Surgery. JSLS  J Soc Laparoendosc Surg. 2008;12(2):143-149.
16. 	Nachiappan S, Askari A, Mamidanna R, et al. Initiation of adjuvant chemotherapy within 8 weeks of elective colorectal resection improves overall survival regardless of reoperation. Color Dis. 2016;18(11):1041-1049. doi:10.1111/codi.13308.
17. 	Sharma A, Deeb A-P, Iannuzzi JC, Rickles AS, Monson JRT, Fleming FJ. Tobacco Smoking and Postoperative Outcomes After Colorectal Surgery. Ann Surg. 2012;258(2):296-300. doi:10.1097/SLA.0b013e3182708cc5.
18. 	McArdle CS, Hole DJ. Emergency presentation of colorectal cancer is associated with poor 5-year survival. Br J Surg. 2004;91(December 1994):605-609. doi:10.1002/bjs.4456.
19. 	Sanoff HK, Carpenter WR, Martin CF, et al. Comparative effectiveness of oxaliplatin vs non-oxaliplatin-containing adjuvant chemotherapy for stage III colon cancer. J Natl Cancer Inst. 2012;104(3):211-227. doi:10.1093/jnci/djr524.
20. 	Partnership HQI. National Bowel Cancer Audit. http://content.digital.nhs.uk/bowel. Accessed November 9, 2016.
21. 	Herrett E, Gallagher AM, Bhaskaran K, et al. Data Resource Profile: Clinical Practice Research Datalink (CPRD). Int J Epidemiol. 2015;44(3):827-836. doi:10.1093/ije/dyv098.
22. 	Burns EM, Rigby E, Mamidanna R, et al. Systematic review of discharge coding accuracy. J Public Health (Oxf). 2012;34(1):138-148. doi:10.1093/pubmed/fdr054.
23. 	Morris M, Platell C, Fritschi L, Iacopetta B. Failure to complete adjuvant chemotherapy is associated with adverse survival in stage III colon cancer patients. Br J Cancer. 2007;96(5):701-707. doi:10.1038/sj.bjc.6603627.













TABLE AND FIGURE LEGENDS
Table 1 - Summary statistics comparing patients with first episode adjuvant chemotherapy before and after eight weeks n (%)
Figure 1 - Frequency distribution of patients according to first adjuvant chemotherapy episode
Table 2 - Complications recorded after colonic resection and before start of adjuvant chemotherapy treatment 1Includes acute renal failure, pneumonia, venothromboembolic event, cerebrovascular event and myocardial infarction 2Managed without an operation. 
Table 3 - Odds ratio (OR) for first adjuvant chemotherapy treatment after eight weeks or more
Figure 2 - Kaplan Meier analysis and life tables for first adjuvant chemotherapy episode before or after 8 weeks or more









	
	
	Total
	Less than 8 weeks
N = 598 (47.2)
	8 weeks or more
N = 668 (52.8)
	p value

	Age
	Under 60
	361 (28.5)
	180 (49.9)
	181 (50.1)
	0.067

	
	60 to 75
	698 (55.1)
	335 (48.0)
	363 (52.0)
	

	
	Over 75
	207 (16.4)
	83 (40.1)
	124 (59.9)
	

	Gender
	Male
	693 (54.7)
	337 (48.6)
	356 (51.4)
	0.275

	
	Female
	573 (45.3)
	261 (45.5)
	312 (54.5)
	

	Year of resection
	2000 to 2003
	307 (24.2)
	157 (51.1)
	150 (48.9)
	0.132

	
	2004 to 2007
	386 (30.5)
	187 (48.4)
	199 (51.6)
	

	
	2008 to 2011
	573 (45.3)
	80 (44.3)
	88 (55.7)
	

	Stoma at resection
	No Stoma
	1089 (86.0)
	537 (49.3)
	552 (50.7)
	< 0.005

	
	Stoma
	177 (14.0)
	61 (34.5)
	116 (65.5)
	

	Admission type
	Elective
	916 (72.4)
	442 (48.3)
	474 (51.7)
	0.241

	
	Emergency
	350 (27.6)
	156 (44.6)
	194 (55.4)
	

	Surgical access
	Open
	1035 (81.8)
	490 (47.3)
	545 (52.7)
	0.871

	
	Laparoscopic
	231 (18.2)
	108 (46.8)
	123 (53.2)
	

	Charlson score
	Zero
	975 (77.0)
	466 (47.8)
	509 (52.2)
	0.465

	
	I or more
	291 (23.0)
	132 (45.4)
	157 (54.6)
	


Table 1 Summary statistics comparing patients with first episode adjuvant chemotherapy before and after eight weeks


	
	 
	Interval to adjuvant chemo
	
	

	
	
	Before 8 weeks n (%)
	8 weeks or more n (%)
	Total 
n (%)
	p value

	HES
	Systemic1  
	20 (3.3)
	46 (6.9)
	66 (12.1)
	<0.005

	
	Re-operation 
	20 (3.3)
	47 (7.0)
	67 (5.3)
	< 0.005

	
	Bowel obstruction2 
	52 (8.7)
	70 (10.5)
	122 (9.6)
	0.283

	
	Wound infection2 
	4 (0.7)
	5 (0.7)
	9 (0.7)
	0.895

	CPRD
	Pneumonia
	0
	0
	0
	-

	
	VTE
	6 (1.0)
	10 (1.5)
	16 (1.3)
	0.432

	
	VTE not in HES
	2 (0.3)
	4 (0.6)
	6 (0.5)
	0.494

	
	Wound infection 
	22 (3.7)
	37 (5.5)
	59 (4.7)
	0.042

	
	Wound infection not in HES 
	20 (3.3)
	37 (5.5)
	57 (4.5)
	0.040

	At least one complication
	HES 
	88 (14.7)
	142 (21.3)
	230 (18.2)
	<0.005

	
	HES and CPRD 
	109 (18.2)
	177 (26.5)
	286 (22.6)
	<0.0005


Table 2 - Complications recorded after colonic resection and before start of adjuvant chemotherapy treatment 1Includes acute renal failure, pneumonia, venothromboembolic event, cerebrovascular event and myocardial infarction 2Managed without an operation. 





	
	
	OR (95% CI)
	p value

	Age (years)
	Over 75
	ref
	

	
	60 to 75
	0.73 (0.53 to 1.01)
	0.056

	
	Under 60
	0.65 (0.46 to 0.93)
	0.019

	Gender
	Male
	ref
	

	
	Female
	1.17 (0.93 to 1.46)
	0.182

	Smoker
	No
	ref
	

	
	Yes
	1.60 (1.08 to 2.35)
	0.018

	Charlson Score
	Zero
	ref
	

	
	One or more
	1.00 (0.76 to 1.32)
	0.997

	Surgical Access
	Open
	ref
	

	
	Laparoscopic
	1.12 (0.80 to 1.56)
	0.514

	Admission
	Elective
	ref
	

	
	Emergency
	1.10 (0.84 to 1.45)
	0.485

	Stoma
	No
	ref
	

	
	Yes
	1.79 (1.26 to 2.52)
	0.001

	Resection year
	2000 to 2003
	ref
	

	
	2004 to 2007
	1.04 (0.77 to 1.42)
	0.786

	
	2008 to 2011
	1.15 (0.85 to 1.57)
	0.373

	Complication
	No
	ref
	

	
	Yes
	1.53 (1.16 to 2.03)
	0.003


Table 3 – Multivariate analysis demonstrating the odds ratio (OR) for first adjuvant chemotherapy treatment after eight weeks or more

























Appendix A – ICD-10 diagnosis for colon cancer
	C18.0
	Malignant neoplasm of cecum

	C18.1
	Malignant neoplasm of appendix

	C18.2
	Malignant neoplasm of ascending colon

	C18.3
	Malignant neoplasm of hepatic flexure

	C18.4
	Malignant neoplasm of transverse colon

	C18.5
	Malignant neoplasm of splenic flexure

	C18.6
	Malignant neoplasm of descending colon

	C18.7
	Malignant neoplasm of sigmoid colon

	C18.8
	Malignant neoplasm of overlapping sites of colon

	C18.9
	Malignant neoplasm of colon, unspecified

	D37.4
	Neoplasm of uncertain behavior of colon




Appendix B – OPCS codes for a colon cancer procedure
	H04-
	Total excision of colon and rectum

	H05-
	Total excision of colon

	H06-
	Extended excision of right hemicolon

	H07-
	Other excision of right hemicolon

	H08-
	Excision of transverse colon

	H09-
	Excision of left hemicolon

	H10-
	Excision of sigmoid colon

	H11-
	Other excision of colon

	H29-
	Subtotal excision of colon

	G72.5
	Anastomosis of ileum to anus and creation of pouch




Appendix C – OPCS code for chemotherapy
	X35.2
	Intravenous chemotherapy

	X72.1
	Delivery of complex chemotherapy for neoplasm including prolonged infusional treatment at first at

	X72.2
	Delivery of complex parenteral chemotherapy for neoplasm at first attendance

	X72.3
	Delivery of simple parenteral chemotherapy for neoplasm at first attendance

	X72.4
	Delivery of subsequent element of cycle of chemotherapy for neoplasm

	X72.8
	Other specified delivery of chemotherapy for neoplasm

	X72.9
	Unspecified delivery of chemotherapy for neoplasm

	X73.1
	Delivery of exclusively oral chemotherapy for neoplasm

	X73.8
	Other specified delivery of oral chemotherapy for neoplasm

	X73.9
	Unspecified delivery of oral chemotherapy for neoplasm

	X74.8
	Other specified other chemotherapy drugs

	X74.9
	Unspecified other chemotherapy drugs
















Appendix D – ICD code for metastastic disease
	C78.0
	Secondary malignant neoplasm of lung

	C78.1
	Secondary malignant neoplasm of mediastinum

	C78.2
	Secondary malignant neoplasm of pleura

	C78.3
	Secondary malignant neoplasm of other and unspecified respiratory organs

	C78.4
	Secondary malignant neoplasm of small intestine

	C78.5
	Secondary malignant neoplasm of large intestine and rectum

	C78.6
	Secondary malignant neoplasm of retroperitoneum and peritoneum

	C78.7
	Secondary malignant neoplasm of liver and intrahepatic bile duct

	C78.8
	Secondary malignant neoplasm of other and unspecified digestive organs

	C79
	Secondary malignant neoplasm of other and unspecified sites

	C79.0
	Secondary malignant neoplasm of kidney and renal pelvis

	C79.1
	Secondary malignant neoplasm of bladder and other and unspecified urinary organs

	C79.2
	Secondary malignant neoplasm of skin

	C79.3
	Secondary malignant neoplasm of brain and cerebral meninges

	C79.4
	Secondary malignant neoplasm of other and unspecified parts of nervous system

	C79.5
	Secondary malignant neoplasm of bone and bone marrow

	C79.6
	Secondary malignant neoplasm of ovary

	C79.7
	Secondary malignant neoplasm of adrenal gland

	C79.8
	Secondary malignant neoplasm of other specified sites

	C79.9
	Secondary malignant neoplasm, unspecified site




























Appendix E
	Wound operations including dehiscence
S608,  S068,  S604,  S069,  S089,  S242, S571, S573, S572, S574, S575, S576, S577, S578, S579, S472, S474, S478, S432, S434, S438, S439, S476, S352, S358, S359, S628, S132, S152, T282, T283, S424, S428, T288, T289, S421, S422, S423, S429, T315, T316, T318, T963  

	Re-enter abdomen for bleeding
T301, Y321, G523, H212, H242, J104, J105

	Further resection
As appendix S2

	Relief of bowel obstruction inc. adhesionlysis or stent
T412, T413, T415, T423, Y181,  H310, H311, H312,  H313, H314, H315, H318, H319, H170, H175, H176, H178, H179, H211, H214, H243, H244,  G611, G618, G589, G638, G535, G538, G699, G513, G781, G514, G518, G519, G692, G693, G694, G698, G711, G712, G713, G714, G715, G718, G721, G722, G723, G731, G733, G768, G782, G786, G788, G822, T374, G674, G671, G634, G734, G738, G762, G763, G828, G584, G588, G728, G782, G824

	Peritoneal washout
T331, T411, T414, T418, T419, T428, T431, T432, T488,  T341, T342, T343, T348, T349, T461, T462, T463, T468, T469, T450, T451, T452, T453, T454, T458, T459

	Formation or attention to stoma
G733, G739, G741, G742, G743, G748, G749, G751, G752, G753, G754, G755, G758, G759, H141, H142, H148, H149, H151, H152, H153, H155, H156, H158, H159, H321

	Repair of organ inc perforation
G784, G633, J203, G362, G532, G350, G351, G352, G358, G359, G521, G522,  M372, M212, M218, M162, M221, M228, M264, M373, M378, M379, M202, M258, M274, M335, M228, M136, M292, P253, P258, J041, J042, J043, J048, J049, J721, J722, J723, J724, J725, J728, J729, M222, M223, M275, M276, M277, M278, M279, M300, M302

	Splenectomy
J691, J692, J693, J698, J699

	Repair of hernia
T251, T252, T253, T258, T259, T261, T262, T263, T264, T268, T269, T271, T272, T273, T274, T278, T279

	Perineal operation
N242, N248, N249, P111, P131, P138, H531, H558, H581, H582, H583, H588, H589, H412, H418, H419, H464, H468, H469, H541, H568, H444, H448, Q552, H556. H444

	Attention to anastomosis
G731, G734, G738, G739

	Re-enter abdomen NEC
T300, T302, T303, T304, T308, T309

	Operation on mesentery
T381, T382, T383, T384, T388, T389
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