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ABSTRACT 

Background: The capture of toxicities from systemic anti-cancer therapy (SACT) in real-world data will 

complement results from clinical trials. The aim of this study was to develop and validate a comprehensive 

coding framework to identify severe acute toxicity in hospital administrative data. 

Methods: A coding framework was developed to identify diagnostic codes representing severe acute toxicity in 

hospital administrative data. The coding framework was validated on a sample of 23,265 colon cancer patients 

treated in the English National Health Service between 1 June 2014 and 31 December 2017. This involved 

comparing individual toxicities according to the receipt of SACT and according to different SACT regimens as 

well as assessing the associations of predictive factors and outcomes with toxicity. 

Results: The severe acute toxicities captured by the developed coding system were shown to vary across 

clinical groups with an overall rate of 26.4% in the adjuvant cohort, 53.4% in the metastatic cohort, and 12.5% 

in the comparison group receiving no chemotherapy. Results were in line with regimen-specific findings from 

clinical trials. For example, patients receiving additional bevacizumab had higher rates of bleeding (12.5% vs. 

2.7%), gastrointestinal perforation (5.6% vs. 2.9%) and fistulation (1.4% vs. 0.5%), and allergic drug reactions 

(1.4% vs. 0.5%). Severe acute toxicity was associated with pre-existing renal (p=0.001) and cardiac disease 

(p=0.038), and urgency of surgery (p=0.004). Severe toxicity also predicted lower rates of completion of 

chemotherapy (p=<0.001) and an increased likelihood of altered administration route (p=<0.001). 

Conclusion: These results demonstrate that the developed coding framework captures severe acute toxicities 

from hospital administrative data of colon cancer patients. A similar approach can be used for patients with 

other cancer types, receiving different regimens. Toxicity captured in administrative data can be used to 

compare treatment outcomes, inform clinical decision making, and provide opportunities for benchmarking 

and provider performance monitoring. 
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1. INTRODUCTION 

Given the widespread use of systemic anti-cancer therapy (SACT), the ability to measure and understand 

severe acute toxicities is vital for comparing different treatments and informing patient and clinician decision 

making as well as for facilitating comparative assessment of toxicities across hospital settings to benchmark 

best practice and stimulate quality improvement. 

 

A study in breast cancer patients showed a hospitalisation rate of 43% in those receiving SACT, with 75% of 

admissions confirmed as chemotherapy-related adverse events.(1) Despite this significant burden of toxicity 

on patients and healthcare systems, there remains a lack of data related to real-world practice. Existing 

evidence usually comes from randomised controlled trials (RCTs) which can be limited in their application to 

real-world practice.(2, 3) First, there is evidence that acute toxicities are more common in real-world practice 

than in clinical trials.(4) Second, RCTs often underrepresent patients who are older, comorbid, or less fit, and 

sometimes ethnic and socioeconomic groups too.(5) Third, rare adverse events may be difficult to capture in 

RCTs with small sample sizes or short study durations. 

 

To date, some studies of real-world practice have used medical note abstraction or diagnostic and procedural 

codes from insurance claims to identify acute toxicity.(6-8) Medical note abstraction confers considerable time 

and cost implications and is impractical for ongoing monitoring. Insurance claims have been shown to provide 

inconsistent information about specific SACT regimens and incomplete data on the occurrence of events 

related to SACT.(9, 10) 

 

Many studies of acute SACT toxicity in real-world practice are limited by their lack of generalisability because 

they only included patients who had a specific toxicity, disease stage, or SACT regimen, or they excluded 

patients based on age or insurance status.(6-8) In addition, there is often a lack of granularity about SACT 

details such as administration dates which are important for ascertaining the precise timeframe during which 

acute toxicities may occur.(4) 

 

Most studies that attempted to validate coding frameworks were designed to identify acute toxicity from 

insurance claims or hospital administrative data in breast cancer patients.(1, 11, 12) These studies have 
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included only a small selection of toxicities, often not considering biologic therapies which have unique toxicity 

profiles. 

 

The aim of our study was to develop a broad and comprehensive coding framework of severe acute toxicity 

(toxicity necessitating an overnight hospital admission) from SACT across a range of organ systems using 

hospital administrative data, covering different regimens including biologic therapies. The performance of this 

coding framework was validated in a large national population-based sample of colon cancer patients treated 

in the English National Health Service (NHS). 

 

2. METHODS 

2.1 Data sources 

This study used National Bowel Cancer Audit (NBOCA) data(13), Hospital Episode Statistics (HES) (14, 15), and 

Systemic Anti-Cancer Therapy (SACT) data(16) linked at patient level for colon cancer patients in the English 

National Health Service (NHS). 

 

2.2 National Bowel Cancer Audit  

NBOCA is a prospective mandatory database for all newly diagnosed colorectal cancer patients in the English 

NHS. Data items in NBOCA were used to determine sex, age, Eastern Cooperative Oncology Group 

performance status(17), staging according to the TNM system, date of surgery, and surgical urgency 

(elective/scheduled or emergency/urgent). 

 

2.3 Systemic Anti-Cancer Therapy dataset 

The SACT dataset is a dedicated national chemotherapy dataset held by the English National Cancer 

Registration and Analysis Service.(18) Data are largely captured via electronic prescribing systems. The SACT 

dataset includes detailed drug-level information for chemotherapy administered in any inpatient, day-case, 

outpatient or community setting.(16) Data items in SACT were used to determine the first and last 

chemotherapy cycle administration dates, regimens, cycle completion, and change in administration route.  
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Adjuvant chemotherapy was defined as the receipt of a standard regimen (fluoropyrimidine monotherapy or 

combination therapy with oxaliplatin) commenced within the 4-month period  following the NBOCA date of 

surgery.(19) For patients with Stage IV disease, SACT administered as a first treatment within 4 months of 

diagnosis was included. 

 

2.4 Hospital Episode Statistics (HES) 

The HES dataset is a national administrative dataset of all admissions to English NHS hospitals.(15, 20) This 

study used HES Admitted Patient Care data which includes records of day-case or overnight admissions. HES 

records contain a unique patient identifier that allows for longitudinal follow-up. Diagnoses are coded using 

the International Classification of Diseases, 10th revision (ICD-10)(21) and procedures are coded using the 

Office of Population Censuses and Surveys Classification of Surgical Operations and Procedures, 4th revision 

(OPCS-4).(22) 

 

Data items in HES were used to determine the number of comorbidities, as well as specific markers for cardiac 

and renal impairment (important considerations for SACT use), according to the RCS Charlson Score.(23) HES 

was used to supplement chemotherapy capture in SACT, as per previous methodology.(24) 

 

2.5 Office for National Statistics 

If applicable, date of death was obtained from linkage to official death records provided by the Office for 

National Statistics (ONS).(25) 

 

2.6 Coding framework for severe acute toxicities 

Using a combination of previous studies (1, 11, 12), the CTCAE (Common Terminology Criteria for Adverse 

Events) dictionary, and adverse events commonly reported for RCTs (26-34), we compiled a comprehensive list 

of ICD-10 codes likely to represent severe acute toxicities in the context of chemotherapy administration 

(‘forward coding’) with expert input (JB & AA). Death was also included.  

 

Toxicities corresponded to Grade 3-5 severe adverse events according to the CTCAE.(35) Grade 3 toxicity 

includes severe or medically significant adverse events where hospitalisation is required, or adverse events 
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which are disabling or limit activities of daily living. Grade 4 toxicity includes life-threatening consequences or 

those requiring urgent intervention, and Grade 5 indicates death.  

 

The most frequently occurring diagnosis codes in the records of overnight admissions during and up to 8 

weeks after the last date of chemotherapy administration for patients with stage III and IV colon cancer 

receiving chemotherapy, were also examined and included if they were likely to represent acute toxicity from 

chemotherapy (‘backward coding’). Review of these codes was undertaken independently by two authors (JB 

& AA) with discrepancies discussed and resolved using clinical expertise (Appendix A). At patient level, 

diagnostic codes which may reflect chronic conditions were not included if they were recorded within the 12 

months preceding administration of the first cycle of chemotherapy to reduce the likelihood of coding pre-

existing conditions (Appendix A). 

 

The framework was purposefully kept broad to ensure applicability to most cancer types and chemotherapy 

regimens, including potential new therapies. 

 

2.7 Validation cohort 

Patients aged 18 years and above with a primary diagnosis of colon cancer (ICD-10: C18) were identified in the 

NBOCA database. Patients undergoing treatments at an English NHS hospital between 1 June 2014 and 30 

April 2017 with pathological stage I, II, III and IV disease were identified. This time-period was chosen because 

not all English NHS chemotherapy providers were submitting SACT data before the end of May 2014.(16) SACT 

and HES data from 30 June 2014 until 30 April 2018 were used to capture all chemotherapy episodes. 

2.8 Validation and statistical analysis 

All admissions requiring an overnight stay, from administration of the first cycle of chemotherapy up until 8 

weeks after administration of the last cycle of chemotherapy, were examined to identify diagnosis codes from 

the coding framework. 

 

A three-step validation process of the coding framework was undertaken. First, the toxicity profiles were 

compared across the three clinical validation groups: patients receiving adjuvant chemotherapy following 

major resection for stage III disease; patients receiving chemotherapy for stage IV disease; and a comparison 
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group of patients with stage I and II disease undergoing major resection with no record of chemotherapy 

receipt. In addition, a multivariable logistic regression model was used to estimate the association between 

severe acute toxicity and clinical group, adjusting for age, sex, comorbidity, and performance status. Missing 

values for these patient factors were imputed with multiple imputation using chained equations, creating 10 

datasets, and using Rubin’s rules to combine the estimated odds ratios across datasets.(36) 

 

As the patients with stage I and II disease had not actually received chemotherapy, pseudo start and end times 

for their chemotherapy were defined. These corresponded to the 10th centile of the time from major resection 

to administration of the first cycle of chemotherapy (6 weeks) and the 90th centile (7 months) of this 

timeframe, using data from the stage III patients who received adjuvant chemotherapy. 

 

Second, toxicity profiles were compared across different chemotherapy regimens known to have different 

toxicity profiles. Stage III patients receiving capecitabine monotherapy were compared with patients receiving 

capecitabine and oxaliplatin (CAPOX). This is because oxaliplatin combination chemotherapy is expected to 

have higher rates of haematological, gastrointestinal, and neurological toxicities compared to 

monotherapy.(33, 37) Stage IV patients receiving 5-fluorouracil and oxaliplatin (FOLFOX), or 5-fluorouracil and 

irinotecan (FOLFIRI), were compared with patients receiving FOLFOX or FOLFIRI in addition to biologic agents in 

the form of either a vascular endothelial growth factor receptor inhibitor (bevacizumab) or epidermal growth 

factor receptor inhibitor (cetuximab or panitumumab). These are known to be associated with unique acute 

toxicities including bleeding, gastrointestinal perforation and fistulation, and skin reactions.(27-29) 

 

 

Third, patient and clinical factors expected to predict acute toxicity were evaluated in patients with stage III 

disease receiving adjuvant chemotherapy including renal disease, cardiac disease, performance status, and 

urgency of surgery. Similarly, factors expected to be influenced by severe acute toxicity were evaluated, 

including completion of chemotherapy and change of administration route. 

 

Chi squared tests were used to compare proportions. Stata® version 15.1 (StataCorp, College Station, Texas, 
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USA) was used for all data management and analysis. 

 

3. RESULTS 

3.1 Description of the validation cohort 

We included a total of 42,872 patients (Figure 1). 15,746 patients had stage I or II disease. Of these, 13,573 

(86.2%) did not have chemotherapy and were used as a comparison group. 10,680 patients had stage III 

disease, with 6,012 (56.3%) of these receiving adjuvant chemotherapy. 16,846 patients had stage IV disease, 

with 3,680 (21.4%) having records of chemotherapy being administered as the first treatment within 4 months 

of diagnosis.  

 

Appendix B presents the demographics of each of the clinical cohorts. Of note, patients in the stage I/II 

comparison group were considerably older (29.1% aged 80 and over, compared to 6.5% of stage III patients 

and 9.2% of stage IV patients, p<0.001) and more comorbid (19.4% have ≥2 comorbidities according to the RCS 

Charlson Score, compared to 8.8% of stage III patients and 10.4% of stage IV patients, p<0.001). 

 

3.2 Validation across clinical groups 

For all 16 organ systems, those receiving chemotherapy for stage IV disease had more toxicities recorded than 

those receiving chemotherapy for stage III disease and those in the stage I/II comparison group (Table 1). For 

example, 23.5% of patients with stage IV disease had a gastrointestinal event captured (e.g. diarrhoea), 

compared to 12.7% of those with stage III disease, and 3.4% of those in the stage I/II comparison group 

(p<0.001). Similarly, 13.7% of patients with stage IV disease had a haematological event captured (e.g., 

neutropenia), compared to 4.1% of those with stage III disease, and 1.0% of those in the stage I/II comparison 

group (p<0.001). 

 

The coding framework captured 54 individual toxicities, and toxicity profiles were in keeping with clinical 

expectation. For example, when comparing stage III patients who received adjuvant chemotherapy with the 

stage I/II comparison group, we found the most marked differences in the proportion of patients with 

neutropenia (4.1% versus 0.1%, p<0.001), neutropenic sepsis (2.5% versus <0.1%, p<0.001), line complications 

(1.4% versus 0.2%, p<0.001), neuropathy (0.8% versus 0.1%, p<0.001), and diarrhoea (9.3% vs 1.2%, p<0.001). 
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Overall, 12.5% of patients with stage I/II disease who did not receive chemotherapy had diagnostic codes 

included in the coding framework for toxicity, which is much lower than the patients with stage III or stage IV 

disease receiving chemotherapy. Of note, patients with stage I/II disease were considerably older and more 

comorbid than stage III and IV patients (Appendix B). 

 

The multivariable regression model demonstrated adjusted odds ratios for severe acute toxicity of 2.98 (95% 

CI: 2.75 to 3.23) for the stage III chemotherapy group and 8.98 (95% CI: 8.22 to 9.80) for the stage IV 

chemotherapy group compared to the comparison group of stage I/II not receiving chemotherapy, despite 

adjustment for age, sex, comorbidity, and performance status (p<0.001) (Appendix C). 

3.3 Validation across chemotherapy regimens 

Toxicity profiles for different chemotherapy regimens were in keeping with clinical expectation (Table 2). For 

example, when comparing stage III patients that received CAPOX with those that received capecitabine 

monotherapy, there were increased proportions of haematological (4.0% versus 1.6%, p<0.001), 

gastrointestinal (15.4% versus 9.1%, p<0.001), neurological (2.9% versus 1.0%, p<0.001), infective (10.9% 

versus 7.1%), and cardiovascular (6.7% versus 5.1%, p=0.051) toxicities.   

 

In addition, patients with stage IV disease that received FOLFOX/FOLFIRI with bevacizumab had higher 

proportions of bleeding compared to those receiving FOLFOX/FOLFIRI with cetuximab/panitumumab, or 

FOLFOX/FOLFIRI alone (12.5% versus 3.4% versus 2.7% respectively, p=<0.001). Although not statistically 

significant, patients receiving additional bevacizumab compared to those receiving FOLFOX/FOLFIRI alone also 

had higher rates of hypertension (4.2% versus 3.6%, p=0.98), gastrointestinal perforation (5.6% versus 2.9%, 

p=0.31) and fistulation (1.4% versus 0.5%, p=0.62), renal failure (9.7% versus 7.2%, p=0.44), and allergic drug 

reactions (1.4% versus 0.5%, p=0.62). 

 

Patients with stage IV disease that received FOLFOX/FOLFIRI with cetuximab/panitumumab had higher 

proportions of dermatological toxicities compared to those receiving FOLFOX/FOLFIRI with bevacizumab, or 

FOLFOX/FOLFIRI alone (5.4% versus 1.5% versus 1.4% respectively, p<0.001). Similarly, those receiving 

FOLFOX/FOLFIRI with cetuximab/panitumumab had higher proportions of metabolic toxicities (13.2% versus 

8.3% versus 7.8% respectively, p=0.003). Specifically, for patients receiving FOLFOX/FOLFIRI with 
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cetuximab/panitumumab compared to those receiving FOLFOX/FOLFIRI alone there were increased rates of 

skin reactions (5.2% versus 1.2%, p<0.001), nausea and vomiting (7.8% versus 5.4%, p=0.11), electrolyte 

disturbances (12.4% versus 7.3%, p=0.004), and ophthalmic disorders (0.8% versus 0.2%, p=0.26). 

 

3.4 Validation according to patient and clinical factors associated with acute toxicity. 

In stage III patients, factors demonstrated to be associated with an increased risk of acute toxicity were pre-

existing renal (35.5% versus 26.0%, p=0.001) and cardiac disease (31.6% versus 26.2%, p=0.038), and 

presentation requiring emergency/urgent surgery (29.7% versus 25.6%, p=0.004) (Table 3). Acute toxicity was 

found to be similar across age groups under 80 and lower in those aged 80 and over (p=0.011). Poor 

performance status was associated with an increased risk of acute toxicity but this was not statistically 

significant. 

 

Patients who had a severe acute toxicity were less likely to complete standard chemotherapy compared to 

those that did not have toxicity (p=<0.001), and were more likely to have a change in the chemotherapy 

administration route (p=<0.001) (Table 4). 

 

4. DISCUSSION 

4.1 Key Findings 

This is the first study to develop a comprehensive coding framework to identify a broad spectrum of severe 

acute toxicities after SACT (including traditional cytotoxics and targeted biologic agents). The toxicities are 

mapped across organ systems using diagnostic codes from hospital administrative data with reference to the 

established CTCAE dictionary. The validity of this coding framework has been exemplified using a three-step 

approach demonstrating its ability to distinguish the ‘signal’ of severe acute toxicity from the ‘noise’ of 

background diagnoses in colon cancer patients. 

 

4.2 Comparison with other studies of SACT toxicities 

Our finding that stage IV patients receiving chemotherapy had a considerably higher rate of severe acute 

toxicity than stage III patients receiving adjuvant chemotherapy is in line with a previous study including breast 
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cancer patients.(11) Higher rates in the advanced setting are likely multifactorial and might be explained by 

more prolonged courses of treatment, and increased use of combination SACT regimens in older patients. 

 

We have demonstrated differences in toxicity profiles as expected from RCTs. First, CAPOX had higher rates of 

haematological, gastrointestinal, and neurological toxicities compared to capecitabine monotherapy.(30, 38-

40) Second, the addition of bevacizumab showed increased rates of bleeding, gastrointestinal perforation and 

fistulation, hypertension, and allergic drug reactions.(41, 42) Third, the addition of cetuximab and 

panitumumab demonstrated increased rates of skin disorders and electrolyte imbalances.(28, 29) 

 

Our results broadly show higher rates of individual acute toxicities in comparison to RCTs. For example, 

compared to an RCT for CAPOX, we found a rate of 11.7% versus 8.8% for diarrhoea, 1.9% versus 0.6% for 

febrile neutropenia, 2.4% versus 11.9% for neutropenia, 4.4% versus 1.3% for vomiting, 1.4% versus 0.9% for 

mucositis, and 0.6% versus 2.8% for fatigue.(43) Similarly, compared to an RCT for stage IV patients receiving 

first line FOLFOX or FOLFIRI we found a rate of 11% versus 5.7% for diarrhoea, 5.4% versus 1.6% for vomiting, 

3.6% versus 1.6% for mucositis, 12.9% versus 2.1% for febrile neutropenia, and 14.4% versus 42.3% for 

neutropenia.(44)  

It is to be expected that we typically found higher toxicity than observed in RCTs given the older and more 

comorbid population in real-world practice.(45, 46) The lower rates reported for neutropenia and fatigue are 

likely explained by RCTs being able to identify these toxicities based on information that we do not have 

available; namely laboratory results and functional information. 

 

4.3 Relation to existing coding frameworks  

Our coding framework for severe acute toxicities includes a large number of diagnostic codes which contrasts 

with two studies of US insurance claims data which analysed just eight and fourteen toxicities, respectively, in 

breast and lung cancer patients.(9, 11) These studies are also limited by inherent exclusions based on age, 

geography, and insurance status. This is in contrast to our use of national hospital administrative data which 

includes more than 95% of patients diagnosed within the English NHS. 
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A Canadian study of early breast cancer patients used ICD-10 codes within linked hospital administrative data 

to ascertain emergency department visits and hospitalisation rates related to SACT.(1, 47) Reasonable 

accuracy was demonstrated in the identification of SACT-related visits when validated against medical chart 

records, especially if hospitalisation had occurred (90% sensitivity and 100% specificity). Our study expands on 

this by reporting a broader range of toxicities and profiles for specific regimens. 

 

4.4 Strengths and limitations 

To date, this study represents the largest observational study in colorectal cancer patients to demonstrate 

real-world severe acute toxicity profiles in a representative cohort of patients across a spectrum of 

chemotherapy regimens, including biologic therapies.  

 

First, a key strength of this study is the development of a comprehensive and systematic coding framework 

which aims to maximise the capture of all severe acute toxicities through ‘forwards’ and ‘backwards’ coding 

techniques. Second, we accounted for pre-existing comorbidities to avoid the misclassification of chronic 

conditions as toxicity. Third, in order to standardise the severity and clinical relevance of toxicities captured for 

much needed comparisons of regimens, patients groups, and healthcare providers using hospital 

administrative data, we restricted the analyses to overnight hospitalisations (a measurable consistent 

outcome).(35) Fourth, given the framework’s breadth it can be applied to any chemotherapy regimens, 

including potential new therapies (e.g., immunotherapy), as well as being transferable to other cancer types. 

 

A limitation of this study is the reliance on the accurate coding of diagnoses in hospital administrative data. 

However, diagnostic codes in HES have been shown to be accurate compared to clinical notes, thereby 

supporting its use for research.(48) It was not feasible to validate these results using medical notes although 

this has already been done in previous studies.(1, 12)  

 

In addition, we found that patients not receiving chemotherapy had diagnostic codes from the coding 

framework present. However, there were factors present which would have increased the background rate of 

hospitalisations. First, despite attempting to identify a more homogeneous comparison group by using stage 

I/II patients not receiving chemotherapy rather than stage III patients not receiving chemotherapy, the cohort 
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remained significantly older and more comorbid (Appendix B). However, a strong association between severe 

acute toxicity and clinical group persisted despite adjustment for age, sex, comorbidity, and performance 

status (Appendix C). Second, a pseudo timeframe was used because these patients did not actually receive 

chemotherapy meaning a fixed 6-month period was used for identification of diagnostic codes. 

 

Whilst absolute rates of toxicity are informative, these are likely to be overestimates given the inability to 

determine from hospital administrative data whether the overnight hospitalisations truly represent severe 

acute toxicity, or other clinical confounders or disease burden. However, it has previously been shown that 

75% of hospital visits during chemotherapy treatment were due to toxicity.(1) The coding framework is 

therefore best suited for comparing groups receiving different chemotherapy regimens or being treated by 

different chemotherapy providers. 

 

4.5 Implications 

The medical management of cancer patients is becoming increasingly complex with new combinations of 

therapies and biologic agents. However, there remains disconnect between RCT and real-world patient 

populations.(49) This means that the ability to quantify the burden of SACT in terms of toxicities in real-world 

clinical practice has many implications. First, it will facilitate improved counselling of patients and enhance 

patient and clinician decision-making processes, particularly for therapies used towards the end of life.  

 

Second, an improved appreciation for the real-world incidence of regimen-specific toxicities may allow the 

development of interventions for more prompt identification and treatment of these.(50) It may uncover rarer 

adverse events that might not be picked up within the trial setting and, unlike RCTs, hospital administrative 

data is free from observer bias.(51, 52) This is especially important for the novel biologic therapies for which 

an understanding of their outcomes in real-world populations remains limited. 

 

Third, by using a coding framework based on hospital administrative data, one can start to provide a more 

detailed understanding of the cost implications of toxicities of novel therapies across different tumour types.  
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Fourth, the coding frame work for real-world data facilitates comparative provider performance monitoring 

and quality improvement which is essential given previously demonstrated variation in toxicity across 

providers.(11)   

 

Finally, using hospital administrative data is more cost-efficient and less labour-intensive than medical note 

abstraction. It is also readily available and population-based, facilitating ongoing monitoring. In comparison to 

claims data there are no exclusions limiting the generalisability of results and the data is fit for purpose. 

 

5. CONCLUSION 

This study has demonstrated the validity of a coding framework for the identification of severe acute toxicity 

from SACT using diagnostic codes captured in hospital administrative data, alongside a dedicated national 

chemotherapy dataset. The breadth of the framework means that it can be readily applied to other 

chemotherapy regimens and cancer types, following appropriate validation. 
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Figure 1 – Flow chart of patients included in the study. 
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Table 1 – Presence of diagnostic codes per patient, by organ system, according to receipt of chemotherapy and 
stage of colon cancer 

 

 Chemotherapy No Chemotherapy  

 Stage III  
(n=6,012) 

 

Stage IV  
(n=3,680) 

Stage I/II  
(n=13,573) 

p value (χ2) 

Overall 26.4% 53.4% 12.5% <0.001 

     

Gastrointestinal 12.7% 23.5% 3.4% <0.001 

Diarrhoea 9.3% 11.3% 1.2%  

Nausea or vomiting 3.6% 6.4% 0.8%  

Constipation 1.2% 6.5% 0.8%  

Oral mucositis 1.6% 3.4% 0.2%  

GI ulceration or perforation 0.3% 2.4% 0.2%  

Stoma dysfunction 0.7% 0.5% 0.7%  

Hepatic failure 0.2% 0.7% <0.1%  

GI fistulation 0.2% 0.5% <0.1%  

     

Infection 10.5% 24.8% 5.5% <0.001 

Infection 10.5% 24.8% 5.5%  

Additional neutropenia 2.5% 9.3% <0.1%  

     

Cardiovascular 6.5% 14.7% 3.9% <0.001 

Pulmonary Embolism 1.6% 4.9% 0.4%  

Arrhythmia* 2.0% 4.7% 1.5%  

Hypotensive episode 1.4% 3.5% 0.9%  

Hypertension* 1.1% 3.6% 1.3%  

Thrombophlebitis 0.6% 1.9% 0.2%  

Arterial or venous thromboembolism 0.6% 0.9% 0.1%  

Heart Failure* 0.5% 0.7% 0.7%  

Cerebrovascular event* 0.5% 0.8% 0.5%  

Angina* 0.4% 0.5% 0.3%  

Acute MI 0.5% 0.3% 0.3%  

Pericardial disease 0.2% 0.2% 0.1%  

Cardiomyopathy 0.0% 0.0% 0.1%  

     

Metabolic & Endocrine 4.7% 8.9% 2.3% <0.001 

Electrolyte abnormalities 4.6% 8.5% 2.1%  

Glucose abnormalities 0.3% 0.7% 0.2%  

Other endocrine <0.1% 0.0% <0.1%  

     

Constitutional 4.4% 9.7% 1.9% <0.001 

Hypovolaemia 3.5% 6.1% 1.3%  

Peripheral oedema 0.4% 1.7% 0.2%  

Fatigue 0.5% 1.8% 0.2%  

Anorexia 0.4% 1.4% 0.4%  

Volume overload 0.2% 0.3% 0.1%  

     

Renal 4.2% 7.7% 3.2% <0.001 

Acute renal failure 4.0% 6.8% 3.0%  

Tubulo-interstitial disease 0.4% 1.3% 0.3%  
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Haematology 4.1% 13.7% 1.0% <0.001 

Neutropenia 3.1% 10.5% 0.1%  

Anaemia* 1.0% 4.1% 0.9%  

Thrombocytopenia 0.3% 0.7% 0.1%  

Disseminated intravascular coagulation 
(DIC) 

0.0% 0.1% 0.0%  

     

Pain 3.8% 6.3% 1.6% <0.001 

     

Respiratory 1.1% 1.9% 0.4% <0.001 

Dyspnoea 0.8% 1.2% 0.2%  

Cough 0.2% 0.6% 0.1%  

Acute Respiratory Distress Syndrome 0.1% 0.1% <0.1%  

Pulmonary oedema <0.1% <0.1% <0.1%  

     

Neurological 2.3% 3.3% 0.9% <0.001 

Dizziness/syncope 0.9% 1.3% 0.4%  

Neuropathy 0.8% 0.8% 0.1%  

Headache 0.4% 0.7% 0.1%  

Seizures* 0.2% 0.4% 0.2%  

Other neurological 0.1% 0.3% 0.1%  

Laryngeal spasm 0.1% 0.1% 0.0%  

     

Line Complications 1.4% 3.3% 0.2% <0.001 

     

Psychological* 1.4% 4.4% 1.8% <0.001 

     

Bleeding 1.1% 3.0% 0.8% <0.001 

     

Dermatology & Rheumatology 1.1% 2.0% 0.4% <0.001 

Skin reaction 0.7% 1.6% 0.2%  

Gout* 0.4% 0.4% 0.3%  

     

Ophthalmic* 0.2% 0.5% 0.3% 0.079 

     

Drug Reaction 0.2% 0.4% <0.1% <0.001 

     

Death 1.9% 14.6% 2.3% <0.001 

  
*Code must not be present in previous 12 months (see Appendix A) 
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Table 2 – Acute toxicities for patients receiving chemotherapy, according to regimen, including biologic therapies 
 

 Stage III  Stage IV  

 Capecitabine 
(n=1,413) 

CAPOX 
(n=2,371) 

p value (χ2) FOLFOX or 
FOLFIRI 

(n=1,775) 

FOLFOX/FOLFIRI 
+ Bevacizumab 

(n=72) 

FOLFOX/FOLFIRI 
+ Panitumumab 

or Cetuximab 
(n=386) 

p value (χ2) 

Overall 18.4% 27.8% <0.001 54.3% 58.3% 55.2% 0.763 

        

Gastrointestinal 9.1% 15.4% <0.001 23.3% 26.4% 23.6% 0.826 

Diarrhoea 6.9% 11.7%  11.0% 16.7% 10.6%  

Nausea or vomiting 2.1% 4.4%  5.4% 8.3% 7.8%  

Constipation 0.7% 1.4%  6.3% 6.9% 6.2%  

Oral mucositis 1.3% 1.4%  3.6% 8.3% 3.4%  

GI ulceration or 
perforation 

0.4% 0.5%  2.9% 5.6% 2.9%  

Stoma dysfunction 0.5% 0.5%  0.7% 0.0% 0.5%  

Hepatic failure 0.4% 0.1%  0.8% 1.4% 0.5%  

GI fistulation <0.1% 0.0%  0.5% 1.4% 0.3%  

        

Infection 7.1% 10.9% <0.001 25.6% 31.9% 28.0% 0.330 

Infection 7.1% 10.9%  25.6% 31.9% 28.0%  

Additional neutropenia 1.1% 1.9%  12.9% 9.7% 10.9%  

        

Cardiovascular 5.1% 6.7% 0.051 15.1% 15.3% 18.9% 0.175 

Pulmonary Embolism 0.9% 1.9%  5.1% 0.0% 8.0%  

Arrhythmia* 1.6% 1.8%  4.9% 9.7% 5.2%  

Hypotensive episode 1.1% 1.5%  3.2% 4.2% 5.7%  

Hypertension* 1.1% 0.8%  3.6% 4.2% 3.1%  

Thrombophlebitis 0.2% 0.8%  2.6% 2.8% 1.0%  

Arterial or venous 
thromboembolism 

0.4% 0.3%  1.2% 1.4% 0.8%  

Heart Failure* 0.4% 0.3%  0.5% 0.0% 0.8%  

Cerebrovascular event* 0.7% 0.4%  1.0% 1.4% 1.0%  

Angina* 0.4% 0.6%  0.5% 0.0% 0.3%  
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Acute MI 0.6% 0.4%  0.3% 0.0% 0.5%  

Pericardial disease <0.1% <0.1%  0.0% 0.0% 0.5%  

Cardiomyopathy 0.0% 0.0%  0.0% 0.0% 0.0%  

        

Metabolic & Endocrine 4.0% 5.6% 0.025 7.8% 8.3% 13.2% 0.003 

Electrolyte 
abnormalities 

3.9% 5.5%  7.3% 8.3% 12.4%  

Glucose abnormalities 0.1% 0.2%  0.6% 0.0% 1.6%  

Other endocrine <0.1% 0.0%  0.0% 0.0% 0.0%  

        

Constitutional 3.1% 5.2% 0.002 8.7% 12.5% 11.4% 0.168 

Hypovolaemia 2.4% 3.8%  5.0% 8.3% 6.7%  

Peripheral oedema 0.2% 0.6%  1.8% 1.4% 2.1%  

Fatigue 0.4% 0.6%  1.8% 2.8% 2.1%  

Anorexia 0.2% 0.5%  1.3% 1.4% 2.1%  

Volume overload <0.1% 0.3%  0.3% 1.4% 0.5%  

        

Renal 2.9% 4.0% 0.077 7.2% 9.7% 9.3% 0.273 

Acute renal failure 2.8% 3.8%  6.3% 9.7% 7.5%  

Tubulo-interstitial 
disease 

0.1% 0.4%  1.2% 1.4% 2.3%  

        

Haematology 1.6% 4.0% <0.001 17.6% 13.9% 14.3% 0.215 

Neutropenia 1.2% 2.4%  14.4% 11.1% 11.9%  

Anaemia* 0.5% 1.3%  4.4% 5.6% 3.6%  

Thrombocytopenia 0.2% 0.4%  0.6% 0.0% 0.5%  

Disseminated 
intravascular 

coagulation (DIC) 

0.0% 0.0%  0.2% 0.0% 0.3%  

        

Pain 3.0% 4.1% 0.067 6.1% 9.7% 7.3% 0.352 

        

Respiratory 0.7% 0.9% 0.474 1.6% 1.4% 2.9% 0.261 

Dyspnoea 0.6% 0.7%  1.1% 1.4% 1.3%  

Cough 0.1% 0.0%  0.6% 0.0% 1.0%  
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Acute Respiratory 
Distress Syndrome 

<0.1% 0.2%  0.1% 0.0% 0.5%  

Pulmonary oedema 0.0% 0.0%  0.0% 0.0% 0.0%  

        

Neurological 1.0% 2.9% <0.001 3.3% 4.2% 3.4% 0.914 

Dizziness/syncope 0.7% 0.8%  1.1% 0.0% 1.6%  

Neuropathy 0.0% 1.4%  0.8% 2.8% 1.3%  

Headache 0.0% 0.3%  0.9% 0.0% 0.5%  

Seizures* <0.1% 0.2%  0.4% 0.0% 0.5%  

Other neurological 0.2% <0.1%  0.3% 1.4% 0.0%  

Laryngeal spasm 0.0% 0.3%  0.1% 0.0% 0.0%  

        

Line Complications 0.2% 0.5% 0.218 4.2% 5.6% 8.0% 0.006 

        

Psychological* 1.1% 1.4% 0.563 4.6% 1.4% 3.9% 0.367 

        

Bleeding 0.6% 1.4% 0.032 2.7% 12.5% 3.4% <0.001 

        

Dermatology & 
Rheumatology 

0.9% 1.2% 0.335 1.5% 1.4% 5.4% <0.001 

Skin reaction 0.5% 0.7%  1.2% 1.4% 5.2%  

Gout* 0.4% 0.5%  0.3% 0.0% 0.3%  

        

Ophthalmic* 0.2% 0.3% 0.803 0.2% 1.4% 0.8% 0.039 

        

Drug Reaction 0.1% 0.4% 0.188 0.5% 1.4% 0.0% 0.182 

        

Death 1.6% 1.7% 0.815 13.9% 9.7% 14.5% 0.557 

 
 
*Code must not be present in previous 12 months (see Appendix A) 
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Table 3 – Patient and clinical characteristics for those with pathological stage III colon cancer receiving 
adjuvant chemotherapy according to whether or not they have evidence of at least one acute toxicity 
 
 
 

Total (n=6,012) Severe Acute 
Toxicity 

P value (χ2) 

 
Present 

(n=1,589) 
 

 
n %  

Age Category   0.011 

<60 429 26.8  

60-69 538 26.8  

70-79 547 27.2  

≥80 75 19.2  

    

Prior renal disease   0.001 

Yes 89 35.5  

No 1,500 26.0  
 

   

Prior cardiac disease   0.038 

Yes 95 31.6  

No 1,494 26.2  
 

   

Performance Status   0.167 

0 813 25.9  

1 437 27.0  

≥2 138 30.2  

Missing 791   

Surgical urgency   0.004 

Elective/scheduled 1,229 25.6  

Emergency/urgent 358 29.7  
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Table 4 – Clinical outcomes according to the presence of acute toxicity for patients with pathological stage III 
colon cancer 

 

 

  

 Toxicity Flag P value 

 Yes (%) No (%)  

Completion of chemotherapy (n=6,012)   <0.001 

Yes 556 (18.8) 2,402 (81.2)  

No 1,033 (33.8) 2,021 (66.2)  

Change of route of administration of CAPOX 
or FOLFOX (n=4,147) 

  <0.001 

Yes 54 (51.4) 51 (48.6)  

No 1,165 (28.8) 2,877 (71.2)  
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Appendix 

Appendix A – Coding framework used to determine acute toxicity 
 

Haematology 

D701 D702 D703 D708 D709 D70X D695 D696 D699 M311  
R233 D65X D65 D611 D618 D619 D648 D509* D630 D649*  

 

Constitutional 

R530 R531 R538 R53X R64 R64X R630 R634 R638 E877 
E860 E86X E861 E869 R600 R601 R609 R60X 

 

Cardiovascular* 

I200* I201* I208* I209* I210 I211 I212 I213 I214 I219 I220 I221 I228 I229 I230 I231 I232 I233 I234 I235 I236 I238 I500* 
I501* I509* I440* I441* I442* I443* I444* I445* I446* I447* I471* I472* I480* I483* I484* I489* I48X* I450* I451* 

I452* I453* I454* I455* I456* I458* I459* I490* I491* I492* I493* I494* I495* I498* I499* R000 R001 R002 R008 I10* 
I10X* I110* I119* I120* I129* I130* I131* I132* I139* I150* I151* I152* I158* I159* I630* I631* I632* I633* I634* 
I635* I636* I638* I639* I600* I601* I602* I603* I604* I605* I606* I607* I608* I609* I64* I64X* I610* I611* I612* 

I613* I614* I615* I616* I618* I619* I620* I621* I629* I690* I691* I692* I693* I694* I698* G450* G451* G452* G453* 
G454* G458* G459* G460* G461* G462* G463* G464* G465* G466* G467* G468* I950 I951 I952 I958 I959 I260 I269 

I313 I319 I427 I429 I740 I741 I742 I743 I744 I745 I748 I749 I822 I823 I828 I829 I800 I801 I802 
I803 I808 I809 

 

Respiratory 

R05X R05 J80X J80 J81 J81X R060 
 

Infection 

R502 R508 R509 R680 R650 R651 R659 A410 A411 A412 A413 A414  
A415 A418 A419 A020 A021 A022 A028 A029 A040 A041 A042 A043 A044 A045 A046 A047  
A048 A049 A050 A051 A052 A053 A054 A058 A059 A070 A071 A072 A073 A078 A079 A080  

A081 A082 A083 A084 A085 A150 A151 A152 A153 A154 A155 A156 A157 A158  
A159 A170 A171 A178 A179 A180 A181 A182 A183 A184 A185 A186 A187 A188 A190 A191  

A192 A198 A199 A38 A38X A390 A391 A392 A394 A395 A398 A399 A400 A401  
A402 A403 A408 A409 A420 A421 A422 A427 A428 A429 A46 A46X A480 A481 A482  

A483 A484 A488 A490 A491 A492 A493 A498 A499 A810 A811 A812 A818 A819 A850  
A852 A858 A86X A86 A870 A871 A872 A878 A879 A880 A881 A888 A89 A89X B001 B002 B003 B004 B005  

B007 B008 B009 B010 B011 B012 B018 B019 B020 B021 B022 B023 B027 B028 B029 
B07X B07 B080 B081 B082 B083 B084 B085 B088 B09X B150 B159 B160 B161 B162 B169 B170  

B171 B172 B178 B179 B190 B199 B250 B251 B252 B258 B259 B270 B271 B278 B279 B300 
B301 B302 B303 B308 B309 B330 B331 B332 B333 B334 B338 B340 B341 B342 B343 B344 

B348 B349 B371 B372 B373 B374 B375 B376 B377 B378 B379 B440 B441 B442 B447 
B448 B449 B450 B451 B452 B453 B457 B458 B459 B49X B59X B950 B951 B952 B953 B954 B955 

B956 B957 B958 B960 B961 B962 B963 B964 B965 B966 B967 B968 B970 B971 B972 B973  
B974 B975 B976 B977 B978 B99 B99X J200 J201 J202 J203 J204 J205 J206 J207 J208 J209 

J120 J121 J122 J123 J128 J129 J13 J14 J13X J14X J150 J151 J152 J153 J154 J155 J156 J157 J158 
J159 J160 J168 J170 J171 J172 J173 J178 J180 J181 J182 J188 J189 J09 J100 J101 J22X  
J108 J110 J111 J118 J850 J851 J852 J853 J860 J869 N10X N390 N300 N308 N309 N340  

N151 N450 N459 N410 N412 N413 L00X L010 L011 L020 L021 L022 L023 L024 L028 L029  
L030 L031 L032 L033 L038 L039 L040 L041 L042 L043 L048 L049 L050 L059 L080 L081  

L088 L089 N700 N709 N710 N72X N730 N732 N733 N735 N760 N762 N764 N61X T814 G000 G001  
G002 G003 G008 G009 G01X G020 G021 G028 G030 G038 G039 G040 G041 G042 G048 G049  

G050 G051 G052 G058 G060 G061 G062 G07X G08X A851  
M600 I330 I339 I300 I301 I308 I309 I400 I401 I408 I409 I514 I518 H700 K052 K113 J040  

J041 J042 H600 H601 H603 H660 J010 J011 J012 J013 J014 J018 J019 J020 J028 J029 J030 J038  
J039 M871 K102 M860 M861 M869 M000 M001 M002 M008 M009 K750 K610 K611 K612 K613 K614 K800 K803 K804 

K810 K830 K630 K65 K65X 
 

Renal 

N170 N171 N172 N178 N179 N19X N19 N10 N10X N12X N12 N130  
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N131 N132 N133 N134 N135 N136 N137 N138 N139 N141 N142 N144 N158 N159 N280 
 

Line Complications 

T825 T827 T828 T829 Z452 T800 T801 T802 T808 T809 
 

Gastrointestinal 

K521 K528 K529 A090 A099 R110 R111 R112 R11X R13X K590 K564 K121 K123 B370 K710 K711 K712 K716 K719 K720 
K729 R17 R17X K221 K223 K251 K253 K255  K261 K262 K263 K265 K271 K273 K275 K281 K283 K285 K291 K293 K295 

K914 K631 N321 N820 N822 N823 N824 K316 K603 K605 K604 
 

Bleeding 

R040 R310 R31X N938 N939 R042 J942 K625 I850 K920 K921 K922 K250 
K252 K254 K256 K260 K262 K264 K266 K270 K272 K274 K276 K280 K282 K284 K286 

K290 K292 K294 K296 
 

Metabolic & Endocrine 

E870 E871 E872 E873 E874 E875 E876 E878 E833 E835 E838 E839 E883 E834 
R730 R739 E15 E15X E160 E161 E162 E032 E058 E064 E273 E231  

 

Pain 

R100 R101 R102 R103 R104 M255 M540 M541 M542 M543 M544 M545 
M546 M548 M549 R07 R07X R070 R071 R072 R073 R074 R520 R529 H920 K146 H571 M796 

 

Neurological* 

R55X R55 R42 R42X G400* G401* G402* G403* G404* G405* G406* G407* G408* G409* 
G410* G411* G412* G418* G419* R56* R560* R568* G620 G628 G629 R200 R201 R202 R203 R208 R209  

H910 H931 J385 G250 G251 G252 G253 G258 G259 G240 G254 G256 G711 G720 R270 R260  
G430 G431 G432 G433 G438 G439 G440 G441 G442 G443 G444 G448 R51 R51X 

 

Dermatology & Rheumatology* 

R21X R21 L270 L271 L298 L299 L51 L510 L511 L512 L518 L519  
L539 R238 R239 M100* M102* M104* M109*  

  

Drug Reaction 

L500 T782 T783 T784 T886 T887 T451 
 

Ophthalmic* 

H320 H191 H192 H10 H100 H101 H102 H103 H105 H108  
H109 H11 H111 H112 H113 B300 B301 B302 B303 B308 B309 H150 H151 H158 H159 H160  

H161 H162 H163 H164 H168 H169 M350 H170 H171 H178 H179 H180 H181 H182 H183  
H184 H186 H187 H188 H189 H200 H202 H208 H209 H210 H211 H212 H213 H214 H215  

H218 H219 H263 H278 H279 H406 H531 H532 H533 H534 H535 H536 H538 H539 H540*  
H541* H542* H543* H544* H545* H546* H549* H000 H001 H010 H018 H019 H041 H042 H043  

H020 H021 H050 H052 H058 H059 H578 H579 H490* H491* H492* H493* H494* H498* 
H499* H500* H501* H502* H503* H504* H505* H506* H508* H509* H510* H511* H512* H518* H519* 

H46X* H46* H470* H471* H472* H473* H474* H475* H476* H477* H300* H301* H302* H308* H309* H310* 
H311* H313* H314* H318* H319* H330* H332* H335* H340* H341* H342* H348* H349* H350* H352* H353* H356* 

H357* H358* H359* H431 H432 H433 H438 H439 H440 H441 H448 H449 
 

Psychological* 

F320 F321 F322 F323 F328 F329* F410 F411 F412 F413 F418 F419* 

 
*Codes excluded if present in the 12 months preceding chemotherapy administration 
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Appendix B - Patient characteristics according to colon cancer stage and receipt of chemotherapy 

  
Stage I/II MR – no 

chemo 
(n=13,573) 

Stage III MR – 
chemo 

(n=6,012) 

Stage IV – chemo 
(n=3,680) 

P value* 

 
No. % No. % No. %  

Sex   
  

  <0.001 

Male 7,217 53.2 3,177 52.8 2,119  57.6  

Female 6,355 46.8 2,835 47.2 1,561  42.4   
  

  
   

Age   
  

  <0.001 

<60 1,447 10.7 1,599 26.6 1,129  30.7  

60-69 3,148 23.2 2,009 33.4 1,113  30.2  

70-79 5,023 37 2,014 33.5 1,100  29.9  

≥80 3,955 29.1 390 6.5 338  9.2   
  

  
   

RCS Charlson Score 
 

 
  

  <0.001 

0 6,637 48.9 3,787 63 2,176 60.9  

1 4,303 31.7 1,695 28.2 1,024 28.7  

≥2 2,633 19.4 530 8.8 373 10.4  

Missing 0 0 0 0 107 2.9  

        

Performance Status  
   

  <0.001 

0 5,459 48.3 3,141 60.2 1,468 45.5  

1 3,798 33.6 1,620 31 1,169 36.2  

≥2 2,040 18.1 460 8.8 590 18.3  

Missing 2,276 16.8 791 13.2 453 12.3   
  

  
   

*Chi-squared test 
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Appendix C – Multivariable regression model estimating the association between severe acute toxicity and 

clinical validation group, adjusting for age, sex, comorbidity, and performance status 

 

 Adjusted Odds Ratio (OR) 95% Confidence Intervals P value* 

Age (years)   0.153 

<60 1.0 -  

60-69 0.92  0.84 to 1.02  

70-79 0.96 0.87 to 1.06  

≥80 1.03 0.92 to 1.16  

    

Sex   0.217 

Female 1.0 -  

Male 1.04 0.98 to 1.12  

    

RCS Charlson comorbidity 
score 

  <0.001 

0 1.0 -  

1 1.24 1.15 to 1.34  

≥2 1.77 1.60 to 1.95  

    

Performance status   <0.001 

0 1.0 -  

1 1.18 1.08 to 1.28  

≥2 1.75 1.58 to 1.94  

    

Clinical group    

Stage I/II MR** – no chemo 1.0 - <0.001 

Stage III MR – chemo 2.98 2.75 to 3.23  

Stage IV – chemo 8.98 8.22 to 9.80  

    

*Wald value 

**Major resection 

 

 

 

 

 

 



27 

REFERENCES 

1. Krzyzanowska MK, Enright K, Moineddin R, Yun L, Powis M, Ghannam M, et al. Can 
Chemotherapy-Related Acute Care Visits Be Accurately Identified in Administrative Data? J 
Oncol Pract. 2018;14(1):e51-e8. 
2. McKee M, Britton A, Black N, McPherson K, Sanderson C, Bain C. Methods in health 
services research. Interpreting the evidence: choosing between randomised and non-
randomised studies. Bmj. 1999;319(7205):312-5. 
3. Sørensen HT, Lash TL, Rothman KJ. Beyond randomized controlled trials: a critical 
comparison of trials with nonrandomized studies. Hepatology (Baltimore, Md). 
2006;44(5):1075-82. 
4. Hassett MJ, O'Malley AJ, Pakes JR, Newhouse JP, Earle CC. Frequency and cost of 
chemotherapy-related serious adverse effects in a population sample of women with breast 
cancer. Journal of the National Cancer Institute. 2006;98(16):1108-17. 
5. Gross CP, Filardo G, Mayne ST, Krumholz HM. The impact of socioeconomic status 
and race on trial participation for older women with breast cancer. Cancer. 2005;103(3):483-
91. 
6. Hu CY, Chan W, Delclos GP, Du XL. Adjuvant chemotherapy and risk of 
gastrointestinal, hematologic, and cardiac toxicities in elderly patients with stage III colon 
cancer. American journal of clinical oncology. 2012;35(3):228-36. 
7. Kahn KL, Adams JL, Weeks JC, Chrischilles EA, Schrag D, Ayanian JZ, et al. 
Adjuvant chemotherapy use and adverse events among older patients with stage III colon 
cancer. Jama. 2010;303(11):1037-45. 
8. Sanoff HK, Carpenter WR, Freburger J, Li L, Chen K, Zullig LL, et al. Comparison of 
adverse events during 5-fluorouracil versus 5-fluorouracil/oxaliplatin adjuvant chemotherapy 
for stage III colon cancer: a population-based analysis. Cancer. 2012;118(17):4309-20. 
9. Lamont EB, Herndon JE, 2nd, Weeks JC, Henderson IC, Lilenbaum R, Schilsky RL, 
et al. Measuring clinically significant chemotherapy-related toxicities using Medicare claims 
from Cancer and Leukemia Group B (CALGB) trial participants. Medical care. 
2008;46(3):303-8. 
10. Warren JL, Harlan LC, Fahey A, Virnig BA, Freeman JL, Klabunde CN, et al. Utility of 
the SEER-Medicare data to identify chemotherapy use. Medical care. 2002;40(8 Suppl):Iv-
55-61. 
11. Du XL, Osborne C, Goodwin JS. Population-based assessment of hospitalizations for 
toxicity from chemotherapy in older women with breast cancer. Journal of clinical oncology : 
official journal of the American Society of Clinical Oncology. 2002;20(24):4636-42. 
12. Mandelblatt JS, Huang K, Makgoeng SB, Luta G, Song JX, Tallarico M, et al. 
Preliminary Development and Evaluation of an Algorithm to Identify Breast Cancer 
Chemotherapy Toxicities Using Electronic Medical Records and Administrative Data. Journal 
of oncology practice. 2015;11(1):e1-e8. 
13. National Bowel Cancer Audit.  [Available from: https://www.nboca.org.uk/. 
14. Sobrero A, Grothey A, Iveson T, Labianca R, Yoshino T, Taieb J, et al. The hard road 
to data interpretation: 3 or 6 months of adjuvant chemotherapy for patients with stage III 
colon cancer? Annals of oncology : official journal of the European Society for Medical 
Oncology. 2018;29(5):1099-107. 
15. Herbert A, Wijlaars L, Zylbersztejn A, Cromwell D, Hardelid P. Data Resource Profile: 
Hospital Episode Statistics Admitted Patient Care (HES APC). International journal of 
epidemiology. 2017;46(4):1093-i. 
16. Bright CJ, Lawton S, Benson S, Bomb M, Dodwell D, Henson KE, et al. Data 
Resource Profile: The Systemic Anti-Cancer Therapy (SACT) Dataset. International journal 
of epidemiology. 2019. 
17. Oken MM, Creech RH, Tormey DC, Horton J, Davis TE, McFadden ET, et al. Toxicity 
and response criteria of the Eastern Cooperative Oncology Group. American journal of 
clinical oncology. 1982;5(6):649-55. 

https://www.nboca.org.uk/


28 

18. Systemic Anti-Cancer Therapy (SACT) Chemotherapy Dataset. National Cancer 
Registration and Analysis Service. Public Health England. 
19. NICE. Colorectal cancer: the diagnosis and management of colorectal cancer. Full 
guideline. Clinical Guideline [CG131]. 2011 (updated July 2018). 
20. Ayanian JZ, Zaslavsky AM, Fuchs CS, Guadagnoli E, Creech CM, Cress RD, et al. 
Use of adjuvant chemotherapy and radiation therapy for colorectal cancer in a population-
based cohort. J Clin Oncol. 2003;21(7):1293-300. 
21. NHS Digital TRUD. NHS Classifications ICD-10. 
22. The Health and Social Care Information Centre. Chemotherapy regimens clinical 
coding standards and guidance OPCS-4 April 2017. (2017)  [ 
23. Armitage JN, van der Meulen JH. Identifying co-morbidity in surgical patients using 
administrative data with the Royal College of Surgeons Charlson Score. The British journal 
of surgery. 2010;97(5):772-81. 
24. Boyle JM, Kuryba A, Braun MS, Aggarwal A, van der Meulen J, Cowling TE, et al. 
Validity of chemotherapy information derived from routinely collected healthcare data: A 
national cohort study of colon cancer patients. Cancer epidemiology. 2021;73:101971. 
25. Office for National Statistics. Deaths.  [Available from: 
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths. 
26. Van Cutsem E, Tabernero J, Lakomy R, Prenen H, Prausová J, Macarulla T, et al. 
Addition of aflibercept to fluorouracil, leucovorin, and irinotecan improves survival in a phase 
III randomized trial in patients with metastatic colorectal cancer previously treated with an 
oxaliplatin-based regimen. J Clin Oncol. 2012;30(28):3499-506. 
27. Saltz LB, Clarke S, Díaz-Rubio E, Scheithauer W, Figer A, Wong R, et al. 
Bevacizumab in combination with oxaliplatin-based chemotherapy as first-line therapy in 
metastatic colorectal cancer: a randomized phase III study. J Clin Oncol. 2008;26(12):2013-
9. 
28. Sobrero AF, Maurel J, Fehrenbacher L, Scheithauer W, Abubakr YA, Lutz MP, et al. 
EPIC: Phase III Trial of Cetuximab Plus Irinotecan After Fluoropyrimidine and Oxaliplatin 
Failure in Patients With Metastatic Colorectal Cancer. Journal of Clinical Oncology. 
2008;26(14):2311-9. 
29. Van Cutsem E, Peeters M, Siena S, Humblet Y, Hendlisz A, Neyns B, et al. Open-
label phase III trial of panitumumab plus best supportive care compared with best supportive 
care alone in patients with chemotherapy-refractory metastatic colorectal cancer. J Clin 
Oncol. 2007;25(13):1658-64. 
30. Twelves C, Wong A, Nowacki MP, Abt M, Burris H, 3rd, Carrato A, et al. 
Capecitabine as adjuvant treatment for stage III colon cancer. N Engl J Med. 
2005;352(26):2696-704. 
31. Tournigand C, Andre T, Achille E, Lledo G, Flesh M, Mery-Mignard D, et al. FOLFIRI 
followed by FOLFOX6 or the reverse sequence in advanced colorectal cancer: a randomized 
GERCOR study. J Clin Oncol. 2004;22(2):229-37. 
32. Van Cutsem E, Labianca R, Bodoky G, Barone C, Aranda E, Nordlinger B, et al. 
Randomized phase III trial comparing biweekly infusional fluorouracil/leucovorin alone or 
with irinotecan in the adjuvant treatment of stage III colon cancer: PETACC-3. J Clin Oncol. 
2009;27(19):3117-25. 
33. Andre T, Boni C, Mounedji-Boudiaf L, Navarro M, Tabernero J, Hickish T, et al. 
Oxaliplatin, fluorouracil, and leucovorin as adjuvant treatment for colon cancer. N Engl J 
Med. 2004;350(23):2343-51. 
34. Popov I, Carrato A, Sobrero A, Vincent M, Kerr D, Labianca R, et al. Raltitrexed 
(Tomudex) versus standard leucovorin-modulated bolus 5-fluorouracil: Results from the 
randomised phase III Pan-European Trial in Adjuvant Colon Cancer 01 (PETACC-1). 
European journal of cancer (Oxford, England : 1990). 2008;44(15):2204-11. 
35. Kornmann M, Formentini A, Ette C, Henne-Bruns D, Kron M, Sander S, et al. 
Prognostic factors influencing the survival of patients with colon cancer receiving adjuvant 5-
FU treatment. European journal of surgical oncology : the journal of the European Society of 
Surgical Oncology and the British Association of Surgical Oncology. 2008;34(12):1316-21. 

https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths


29 

36. White IR, Royston P, Wood AM. Multiple imputation using chained equations: Issues 
and guidance for practice. Statistics in medicine. 2011;30(4):377-99. 
37. Kuebler JP, Wieand HS, O'Connell MJ, Smith RE, Colangelo LH, Yothers G, et al. 
Oxaliplatin combined with weekly bolus fluorouracil and leucovorin as surgical adjuvant 
chemotherapy for stage II and III colon cancer: results from NSABP C-07. J Clin Oncol. 
2007;25(16):2198-204. 
38. Díaz-Rubio E, Evans TR, Tabemero J, Cassidy J, Sastre J, Eatock M, et al. 
Capecitabine (Xeloda) in combination with oxaliplatin: a phase I, dose-escalation study in 
patients with advanced or metastatic solid tumors. Annals of oncology : official journal of the 
European Society for Medical Oncology. 2002;13(4):558-65. 
39. Porschen R, Arkenau HT, Kubicka S, Greil R, Seufferlein T, Freier W, et al. Phase III 
study of capecitabine plus oxaliplatin compared with fluorouracil and leucovorin plus 
oxaliplatin in metastatic colorectal cancer: a final report of the AIO Colorectal Study Group. J 
Clin Oncol. 2007;25(27):4217-23. 
40. Rothenberg ML, Cox JV, Butts C, Navarro M, Bang YJ, Goel R, et al. Capecitabine 
plus oxaliplatin (XELOX) versus 5-fluorouracil/folinic acid plus oxaliplatin (FOLFOX-4) as 
second-line therapy in metastatic colorectal cancer: a randomized phase III noninferiority 
study. Annals of oncology : official journal of the European Society for Medical Oncology. 
2008;19(10):1720-6. 
41. Saltz LB, Clarke S, Díaz-Rubio E, Scheithauer W, Figer A, Wong R, et al. 
Bevacizumab in Combination With Oxaliplatin-Based Chemotherapy As First-Line Therapy 
in Metastatic Colorectal Cancer: A Randomized Phase III Study. Journal of Clinical 
Oncology. 2008;26(12):2013-9. 
42. Strickler JH, Hurwitz HI. Bevacizumab-based therapies in the first-line treatment of 
metastatic colorectal cancer. The oncologist. 2012;17(4):513-24. 
43. Grothey A, Sobrero AF, Shields AF, Yoshino T, Paul J, Taieb J, et al. Duration of 
Adjuvant Chemotherapy for Stage III Colon Cancer. New England Journal of Medicine. 
2018;378(13):1177-88. 
44. Passardi A, Nanni O, Tassinari D, Turci D, Cavanna L, Fontana A, et al. 
Effectiveness of bevacizumab added to standard chemotherapy in metastatic colorectal 
cancer: final results for first-line treatment from the ITACa randomized clinical trial. Annals of 
oncology : official journal of the European Society for Medical Oncology. 2015;26(6):1201-7. 
45. Templeton AJ, Vera-Badillo FE, Wang L, Attalla M, De Gouveia P, Leibowitz-Amit R, 
et al. Translating clinical trials to clinical practice: outcomes of men with metastatic castration 
resistant prostate cancer treated with docetaxel and prednisone in and out of clinical trials. 
Annals of oncology : official journal of the European Society for Medical Oncology. 
2013;24(12):2972-7. 
46. Huang Bartlett C, Mardekian J, Cotter MJ, Huang X, Zhang Z, Parrinello CM, et al. 
Concordance of real-world versus conventional progression-free survival from a phase 3 trial 
of endocrine therapy as first-line treatment for metastatic breast cancer. PloS one. 
2020;15(4):e0227256. 
47. Enright K, Grunfeld E, Yun L, Moineddin R, Ghannam M, Dent S, et al. Population-
based assessment of emergency room visits and hospitalizations among women receiving 
adjuvant chemotherapy for early breast cancer. J Oncol Pract. 2015;11(2):126-32. 
48. Burns EM, Rigby E, Mamidanna R, Bottle A, Aylin P, Ziprin P, et al. Systematic 
review of discharge coding accuracy. Journal of public health (Oxford, England). 
2012;34(1):138-48. 
49. Yekedüz E, Trapani D, Xu W, de Vries EGE, Labaki C, Gyawali B, et al. Assessing 
population diversity in phase III trials of cancer drugs supporting Food and Drug 
Administration approval in solid tumors. International journal of cancer. 2021;149(7):1455-
62. 
50. Krzyzanowska MK, Treacy J, Maloney B, Lavino A, Jacobson JO. Development of a 
Patient Registry to Evaluate Hospital Admissions Related to Chemotherapy Toxicity in a 
Community Cancer Center. Journal of Oncology Practice. 2005;1(1):15-9. 



30 

51. Fromme EK, Eilers KM, Mori M, Hsieh YC, Beer TM. How accurate is clinician 
reporting of chemotherapy adverse effects? A comparison with patient-reported symptoms 
from the Quality-of-Life Questionnaire C30. J Clin Oncol. 2004;22(17):3485-90. 
52. Ioannidis JP, Lau J. Completeness of safety reporting in randomized trials: an 
evaluation of 7 medical areas. Jama. 2001;285(4):437-43. 

 

 

 


