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Abstract 

The importance of identifying iron deficiency anaemia in the early 

detection of colorectal cancer 

Orouba Almilaji 

Colorectal cancer (CRC) is common and carries a relatively poor prognosis. 

The strong relationship between tumour stage at diagnosis and survival is the 

basis of the English Bowel Cancer Screening Programme (BCSP) and 

highlights the importance of early diagnosis. Iron deficiency anaemia (IDA) is 

also common. About 10% of cases in males and post-menopausal females 

are due to underlying gastro-intestinal (GI) cancer, most commonly CRC - and 

IDA is often the first manifestation. This thesis examines the detailed 

relationship between IDA and CRC. 

Chapters 4 and 5 describe the analysis of four large IDA datasets, confirming 

the prevalence of GI cancer, and demonstrating that cancer risk can be 

predicted from four simple, objective clinical indicators. This IDIOM model 

proved robust on internal and external validation. This research is valuable for 

patient counselling, targeting the investigation of high-risk individuals and 

(perhaps) avoiding invasive investigation in ultra-low risk cases. 

Chapter 6 outlines the analysis of a subset with recurrent IDA, suggesting that 

the subsequent risk of GI cancer is higher in those who were incompletely 

investigated the first time around. 

Chapter 7 describes the development of the IDIOM App. This is a freely 

available web-tool which allows cancer risk in IDA to be calculated within 

seconds, lending itself to clinical usage. 

Chapters 8 and 9 report the analysis of a large CRC database, demonstrating 

that diagnosis through the IDA pathway (1) generates as many cases as the 

BCSP; (2) identifies a distinct sub-population with a predominance of right- 

sided lesions; and (3) like the BCSP, is associated with a favourable tumour 

stage profile. 

The findings suggest that identifying iron deficiency anaemia could play an 

important role in the early diagnosis of CRC. 
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Almilaji, O., Webb, G., Maynard, A., Chapman, T. P., Shine, B., 

Ellis, A. J., Hebden, J., Docherty, S., Williams, E. J., & Snook, 

J. 2021. Broad external validation of a multivariable risk 

prediction model for gastrointestinal malignancy in iron 
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deficiency anaemia. Diagnostic and prognostic research, 5(1), 

23. https://doi.org/10.1186/s41512-021-00112-8. 

Material from the same chapter has been accepted as poster 

presentations (Appendix Ia4 and Ia5) and published at the conference 

websites: 

1. Almilaji, O., Webb, G., Chapman, T. P., Williams, E. J., Shine, 

B. S. F., Ellis, A. J., Docherty, S., & Snook, J. Internal and 

External validation of the IDIOM score for predicting the risk of 

gastrointestinal malignancy in iron deficiency anaemia. National 

Cancer Research Institute (NCRI) Virtual Showcase. 2 -3 Nov 

2020. 

2. Almilaji, O., Webb, G., Chapman, T. P., Williams, E. J., Shine, 

B. S. F Ellis, A. J., Docherty, S., & Snook, J. External validation 

of the IDIOM score for predicting the risk of gastrointestinal 

malignancy in iron deficiency anaemia. Cancer Research UK 

(CRUK) Early Detection of Cancer Conference. 6 -8 Oct 2020, 

Online. 

 
 

• Chapter 6: Modelling the episodes of care for IDA patients in a 

secondary-care centre using continuous-time multistate Markov chain. 

The whole chapter is submitted as part of the integrated thesis format 

and was published: 

Almilaji, O. 2022. Modelling the Episodes of Care for IDA 

Patients in A Secondary-Care Centre Using Continuous-Time 

Multistate Markov Chain. Saudi J Gastroenterol. 28:115-21. 

DOI: 10.4103/sjg.sjg_387_21 

Material from the same chapter was accepted as poster presentations 

(Appendix Ia6 and Ia7) at: 

1. Almilaji, O. 2021. P2985 - Modelling the episodes of care for 

IDA patients in a secondary-care centre using continuous- 

time multistate Markov chain. American College of 



25  

Gastroenterology (ACG) Annual Scientific Meeting. 22-27 

Oct 2021. 

2. Almilaji, O., Docherty, S., & Snook, J. Modelling the episodes 

of care for IDA patients in a secondary-care centre using 

continuous-time multistate Markov chain. (ID: 3556). Virtual 

NCRI Festival: Making cancer research better together. 8-12 

Nov 2021. 

ACG abstract is published: 

 
Almilaji, O., S1313 Modelling the Episodes of Care for IDA 

Patients in a Secondary Care Centre Using Continuous-Time 

Multistate Markov Chain, The American Journal of 

Gastroenterology: October 2021 - Volume 116 - Issue -  p 

S605 doi: 10.14309/01.ajg.0000778784.81979.c6. 

 
 

• Chapter 7: The development of a web-based application to predict the 

risk of gastrointestinal cancer in iron deficiency anaemia; the IDIOM 

app. 

The whole chapter is submitted as part of the integrated thesis format 

and was published: 

Almilaji, O., Engen, V., Snook, J., & Docherty, S. 2022. The 

development of a web-based application to predict the risk of 

gastrointestinal cancer in iron deficiency anaemia; the IDIOM 

app. Digital 2022, 2, 104-119. 

https://doi.org/10.3390/digital2010007. 

Material from the same chapter has been presented orally by at: 

1. Virtual workshop between Bournemouth University (UK) and 

Northeastern University (China), IDIOM: A Software Medical 

Device to Predict the risk of GI cancer in IDA, on 4th Dec 2020, 

online. 

2. FHSS Research Seminar Series: Rehabilitation and Sports 

Science Department organised for the MSc Nutrition and 
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Behaviour students on 5th of Feb 2020, Bournemouth 

University. 

3. FHSS Research Seminar Series: Bournemouth University 

Clinical Research Unit (BUCRU) Digital Health on 20th of Feb 

2019, Royal London House, Bournemouth University. 

Material from the same chapter has been accepted as oral and poster 

presentation (Appendix Ia8) at BSG Campus (online), Jan 2021, and 

published: 

Almilaji, O., Engen, V., Snook, J., & Thomas, P., 2021. The 

development of a web-based application to predict the risk of GI 

cancer in IDA. https://youtu.be/DRjenumKdhY. Gut 70:A37- 

A38. 

 
 

• Chapter 8: Evidence for improved prognosis of colorectal cancer 

diagnosed following the detection of iron deficiency anaemia 

The whole chapter is submitted as part of the integrated thesis format 

and was published: 

Almilaji, O., Parry, S., Docherty, S., & Snook, J. 2021. Evidence 

for improved prognosis of colorectal cancer diagnosed following 

the detection of iron deficiency anaemia. Scientific Reports. 

13055. https://doi.org/10.1038/s41598-021-92623-z 

Material from the same chapter has been presented as poster at BSG 

Campus (online), Jan 2021 (appendix Ia9) and published: 

Almilaji, O., Parry, S., Thomas, P. and Snook, J., 2021. 

Downstaging of right-sided colorectal cancer diagnosed through 

iron deficiency anaemia. https://youtu.be/R7_llJjRBEo. 

Gut;70:A190. 

 
 

• Chapter 9: Colorectal cancer and the blood loss paradox 
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The whole chapter is submitted as part of the integrated thesis format 

and was published: 

Almilaji, O., Parry, S., Docherty, S., & Snook, J. 2021. Colorectal 

cancer and the blood loss paradox. Frontline 

Gastroenterology. October 2021. doi: 10.1136/flgastro-2021- 

101959. 

 
 

Additional Outputs 

There are additional Four PhD outputs are not included as integral parts of 

this thesis but derived from the PhD research. These are: 

 
• A confidential report of 400 pages that contains proprietary information 

and intellectual property to register the IDIOM App with the Medicines 

and Healthcare products Regulatory Agency (MHRA) as first-class 

software medical device. The report was written and is updated by the 

thesis author and include the administrative information of the app, the 

technical documentation, reference to the relevant standards, the 

code, and the declaration of conformity. The technical documentation 

includes the general description of the app and its intended use, the 

determination whether it is a medical device, the classification 

discussion, the relevant conformity assessment, and the development 

process documents of the IDIOM App. The development process 

documents of the IDIOM App include purpose, scope, definitions, 

development planning, requirements analysis, implementation, 

deployment, clinical evaluation, risk analysis, release and label, and 

the usability assessment questionnaires. The code includes the 

analysis code, the app interface, the server code, and the deployment 

relevant setup code. The report can be accessed and viewed at 

BUCRU. A copy of the declaration of the conformity is included in this 

thesis (Appendix Ib). 
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• The certified app itself which is developed, deployed, managed, and 

maintained by the thesis author. A complete citation of the app is given 

next. 

Almilaji, O., Thomas, P., & Snook, J. 2020. The IDIOM App (ver 

1.0): A Web-based Application to Predict the Risk of 

Gastrointestinal Cancer in Iron Deficiency Anaemia. BU 

Innovations Limited (BUI), UK. [Software Medical Device, Class 

I]. Available from: https://www.predict-gi-risk-in-ida.com. 

[Accessed on 14/12/2021]. 

 
• Published Paper: 

 
Stone, H., Almilaji, O., John, C., et al. 2020. The dedicated iron 

deficiency anaemia clinic: A 15-year experience. Frontline 

Gastroenterology. doi: 10.1136/flgastro-2020-101470. 

Though the thesis author was a co-author in this paper, responsible for 

the statistical analysis based on the PhD datasets. However, because 

the PhD candidate was not the first author, the paper is not submitted 

as a part of this integrated thesis, nor should it be assessed as such. 

 
• Paper in preparation: 

 
Almilaji O, Docherty S, Snook, J. 2021. Lessons learned from 

using a secondary data: Dealing with duplicates that share the 

same characteristics. 

 
In summary, the up-to-date outputs of this PhD project are: 

• 1 certified clinical support decision software medical device app. 

• 1 technical documentation relates to the app development project. 

• 8 original research articles (7 published, and 1 in preparation). 

• 9 peer-reviewed published conference papers. 

• 7 oral presentations. 

Among these outputs, only 6 published original research articles were 

submitted as part of this integrated thesis. 

https://www.predict-gi-risk-in-ida.com/
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Chapter 1 : Introduction 

 
1.1 Outline 

 
This chapter presents the context, objectives and importance of the study. 

Then it outlines the structure of this thesis. Finally, it summarises the impact 

of Covid-19 on delaying the timeline of PhD project. 

 

1.2 Study scope 

 
Gastrointestinal (GI) cancer is the most common cause of cancer death 

worldwide in 2020 (WHO 2021). Colorectal cancer (CRC) is most common 

type of GI cancer; the 2nd most common cause of cancer death in the UK, 

accounting for 10% of all cancer deaths in 2018; and the only GI cancer type 

that has its national screening programme. When diagnosed at its earliest 

stage, more than 91% people with CRC will survive their disease for five years 

or more, compared with 10% people when the disease is diagnosed at the 

latest stage (ONS 2019). Also, when diagnosed at its earliest stage, 65% 

people with stomach cancer - another type of GI cancer - will survive their 

disease for five year or more, compared with around 24% when the disease 

is diagnosed at the latest stage (ONS 2019). 

 
With the aim of reducing the former mortality rate by both earlier detection of 

CRC and removing polyps which, if left untreated may advance to cancer 

(Almilaji et al. 2021a), the Bowel Cancer Screening Programme (BCSP) has 

been introduced in England (PHE 2019). The BCSP included two arms, 

though the second is currently suspended: 

➢ Biennial home-based Guaiac faecal occult blood test (gFOBt) which 

was introduced in 2006 and changed in 2019 to a more sensitive faecal 

immunochemical tests (FIT) in the English BCSP. The test is offered to 

patients aged 60–74 years and if it is found positive, patients are 

offered a colonoscopy. 
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➢ Bowel scope test, which was introduced in 2013 to patients aged 55 

years and involves a one-off invitation for a flexible sigmoidoscopy. If 

pre-cancerous polyps are found, the patient is offered a colonoscopy. 

 
Regular bowel cancer screening has been shown to reduce the CRC mortality 

by about 15% (Koo et al. 2017), probably because 63% of CRC cases 

detected through the BCSP are diagnosed at early stages (stage I or II) 

(NCRAS 2016). However, because only about 10% of the total CRCs in the 

UK are detected through this BCSP route (NCRAS 2016; Koo et al. 2017; 

Nelson et al. 2017), the efficiency of this programme is still low. 

Predominantly, BCSP is inefficient in detecting the right-side CRCs cases, as 

74% of the screen-detected CRCs in the UK are found in the left side, and 

only 26% are found in the right (Braun et al. 2016). 

 
A potential approach to the earlier diagnosis of GI cancer in general, and CRC 

in particular is through the detection of iron deficiency anaemia (IDA). Much 

research has highlighted the association between GI cancer in both the upper 

and lower GI tract and IDA (Rocky and Cello 1993; Silva et al. 2014; Hung et 

al. 2002; Shahriari-Ahmadi et al. 2017; Goddard et al. 2011; Wijayasekara et 

al. 2016). Patients with IDA are at increased risk for in particular right-sided 

CRC (Goodman and Irvin 1993; Stebbing and Nash 1995; Alexiusdottir et al. 

2012; Edna et al. 2012; Schop et al. 2019; Tokunaga et al. 2019; Niv et al. 

2005). 

 
Since IDA can be caused by chronic bleeding GI lesions (Niv et al. 2005), 

many of which are malignant, an essential component of patient evaluation is 

by bidirectional endoscopy (BDE). Especially in the evaluation of unexplained 

iron deficiency, BDE is indicated to rule out any neoplasia (Hunt and Faigel 

2002). The endoscopic examination of the GI tract in IDA patients could 

provide an opportunity for the diagnosis of early-stage GI cancer at a curable 

stage. 
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However, these examinations are negative in a high proportion of cases 

without overt bleeding (Cilona 2011). And, in practice, the performance of a 

high-quality examination is varied, with noticeably an unacceptable high rate 

of failure to diagnose cancer (Beg et al. 2017). 

 
Often worse quality of cleansing of the right colon (Brenner et al. 2010), also, 

because of their flat morphology; right side CRCs are much more difficult to 

be picked up by these examinations than left side CRCs (Heresbach et al. 

2008). Unfortunately, as a result, right-sided CRCs are commonly detected in 

more advanced stages than left side CRCs (Baran et al. 2018). 

 
More importantly, BDE is labour-intensive, time-consuming procedure, and 

might cause complications particularly in the elderly (Almilaji 2020). 

 
gFOBt and FIT are simple and non-invasive investigations that have already 

been shown to be of some value in identifying IDA patients due to underlying 

GI malignancy (Nakama 2001; Chowdhury 2014; Kim et al. 2017; Selby et al. 

2019). FIT in particular has proven to have a high negative predictive value 

(NPV) in IDA (Ayling et al. 2019), in which NPV refers here to the probability 

that IDA patients with a negative FIT result truly do not have the GI cancer. 

Hence, FIT could be useful to prioritize BDEs (Cilona 2011). 

 
 
 

1.3 Study rationale 

 
Due to the prevalence of IDA in the population, IDA has a considerable impact 

on referrals for urgent investigation for suspected cancer (Snook et al. 2021). 

Previous research showed that a substantial number of referrals are 

inappropriate according to guidelines, and may lead to considerable 

workload, financial implications, and be detrimental to patient health (Shaw et 

al. 2008; Mankodi et al. 2010). 
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Therefore, it is important to identify sub-groups of IDA patients who are either 

at high risk of GI cancer, and so warrant fast-track BDE; or at such low risk 

that they could reasonably be managed without the need for invasive 

investigation. And, to assess whether FIT might allow further stratification of 

IDA patients prior to invasive investigation. 

 
As GI cancer is frequently found in patients with IDA, the burden of diagnosing 

and treating anaemia has shifted gradually from primary care physicians and 

haematological specialists to gastroenterologists (Zhu et al. 2010). This shift 

has led to the opening of the one of the first dedicated IDA clinics in the UK 

by the Gastroenterology Unit in Poole hospital (Wijayasekara et al. 2016). 

 
To assist with the patient counselling and prioritization of investigational 

resources, and by analysing data (n=720) generated by this particular clinic, 

the Iron Deficiency as an Indicator Of Malignancy (IDIOM) study (Silva et al. 

2014), has been conducted. Using multivariable analysis of the predictive 

value of age, sex, mean red cell volume (MCV), haemoglobin concentration 

(Hb), and iron studies for the risk of underlying GI malignancy, the study 

concluded that only age, sex, and Hb were associated with the risk of GI 

cancer. 

 
The study demonstrated that three simple and objective clinical variables; sex, 

age, Hb can be combined to provide a useful GI cancer risk stratification 

model (IDIOM score) for IDA patients. By combining these three risk factors, 

12% of the study population were identified at particularly low risk of GI cancer 

(low risk defined as risk <2%), and 16% as high risk (risk >20%). The model 

was validated in 2016, using new data (n= 643) from the same clinic and no 

other predictive clinical variables were identified (Wijayasekara et al. 2016). 

 
Along with the IDIOM score study, there were only other three published 

studies (Capurso et al. 2004; Ho et al. 2005; James et al. 2005) that 

developed a multivariable risk prediction model to predict the risk of GI cancer 

in IDA. The sample size for these studies was 98, 148, 695 respectively. 
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Though age was a universal positive predictor of the GI cancer risk, as 

expected, in all previous models as well as the IDIOM score, the results were 

conflicting with regard to the other predictors; sex, Hb, iron studies, and MCV. 

One explanation for these inconsistent results might be caused by the small 

size of the studies especially the first two (Capurso et al. 2004; Ho et al. 2005). 

Another explanation could be the forcing of the quarters or dichotomous 

classification of continuous predictor variables in the predictive model. Age 

and Hb for instance, were coded into categories in both the IDIOM score 

model, and James et al. (2005) study. 

 
Categorization of continuous data should be avoided in the statistical analysis 

as it leads to information loss, underestimation of the extent of variation in 

outcome between groups, and concealment for any non-linearity in the 

relation between the variable and outcome (Altman and Royston 2006). 

Further work was obviously required to refine the IDIOM score. 

 
By utilising larger different clinical datasets collected from the IDA clinic in 

Poole Hospital and from other secondary centres in the UK, this PhD research 

comprises a series of statistical investigations aiming to provide a detailed 

appraisal of the relationship between GI cancer and IDA, an assessment of 

the potential benefit of screening for IDA on the prognosis of CRC, and to 

ultimately build a digital decision support tool that enables simple access to 

health professionals in a busy clinical setting. 

 
 
 

1.4 Study objectives 

The aims of the PhD project are: 

 
 

1. Examining whether it is possible to add additional clinical and 

laboratory predictor(s) that could improve the performance of the 

IDIOM model. 
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2. Examining the generalisability of the IDIOM model by validating it using 

temporal dataset from the same IDA clinic. 

 
 

3. Examining whether FIT can improve risk stratification still further. 

 

 
4. Examining the transportability of the IDIOM prediction model by 

validating it using independent external data from other centres in the 

UK. 

 
 

5. Stratifying the IDA patients into GI risk groups according to the 

externally/internally validated IDIOM model. 

 
 

6. Investigating the proper methods to estimate the delay time spent 

between the two consecutive referrals, where an IDA patient did not 

complete investigations at the first referral, but at the second is 

diagnosed with positive GI cancer. 

 
7. Developing an automated decision-support tool in which anonymised, 

individual, patient data is entered, and GI cancer risk is calculated 

based on the IDIOM model. 

 
 

8. Examining whether CRC diagnosed through the detection of IDA are 

associated with an earlier tumour stage. 

 
 

9. Examining the association between prior blood count test events and 

CRC stage. 

 
10. Examining whether BCSP and IDA pathways identify different CRC 

sub-populations (left-sided and right-sided CRC). 



35  

1.5 Thesis outline 

 
Since this PhD project compromises several individual proposed studies, 

each addressing different research question(s) and analysing different 

dataset(s), the format of the integrated thesis was deemed appropriate. 

The thesis is composed of ten chapters. Chapters 4 to 9 are all already 

published as original research articles and appear in the corresponding 

journal format. 

 
Also, due to the permittable integrated thesis format, each of these chapters 

have self-contained components including their own abstract, keywords, 

abbreviations, introduction, literature review, background, aim(s), methods, 

data, results, discussion, figures, tables, and references. Because of the 

nature of publishing research articles, there were elements of the research 

study that not published as integral parts of these published original research 

articles. However, these elements were published separately in the journals 

as supplementary information and will be added at the end their chapters. 

 
The incorporation of publication-style chapters has led to some components 

that repeated / overlapped with parts of the other sections in the current thesis 

format. Upon a wishful acceptance of this thesis, only an online link to the 

article that was published as non-open access will be added under the chapter 

title (chapter 9). 

 
 

The PhD thesis starts with this chapter; then sequentially moves into the 

following chapters: 

 

Chapter 2. Background 

This chapter explains the relevant concepts and background to this research 

project, some of these concepts were skipped totally in the papers. These 

notions relate to anaemia, iron deficiency anaemia, iron metabolism, IDA 
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diagnosis, and treatment. Also, the chapter defines many terms related to the 

GI cancer including diagnosis, staging, and treatment. 

 

Chapter 3. General methods 

Being a PhD project in applied medical statistics, the description of the 

statistics analysis and software development in all the published papers was 

very extensive. Nonetheless, this chapter outlines the used datasets and main 

statistical approach per each objective. The summary of the software 

development project. The data management and ethical approvals for all the 

individual studies in this PhD project. 

 

Chapter 4. Refinement and validation of the IDIOM score for 

predicting the risk of gastrointestinal cancer in iron 

deficiency anaemia. 

After introducing the relevant concepts to the PhD project, and the summary 

of the methods, the analysis started in this chapter by addressing three 

objectives from this PhD. These are examining whether the existing IDIOM 

score model can be improved by adding a new predictor based on using larger 

dataset from the same IDA clinic at Poole hospital (objective 1). Then 

checking the model accuracy and performance, by validating it internally using 

data from the same IDA clinic but from a different time period (objective 2). 

Finally, based on the new validated model, the chapter examined whether the 

IDA risk stratification can be improved by adding the result of FIT to the model 

(objective 3). 

 

Chapter 5. Broad external validation of a multivariable risk 

prediction model for GI malignancy in iron deficiency anaemia 

To apply the model which was developed in chapter 4 with confidence to 

different populations, it must be tested, and amended in case of poor 

performance, using external validation dataset (objective 4). For this purpose, 

two datasets from Oxford and Sheffield were used. Only after this, it was 

possible then to finalise the stratification of the IDA patients into GI risk groups 
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(objective 5) according to the successful externally and internally validated 

IDIOM model. 

 

Chapter 6. Modelling the episodes of care for IDA patients in 

a secondary-care centre using continuous-time multistate 

Markov chain 

Using the risk groups which were proposed in the last chapter, this chapter 

examined whether being stratified in ultra-low risk or very-high risk group at 

the earlier episode of care is associated with being diagnosed with positive GI 

cancer at the following episode of care. This chapter investigated the proper 

methods to estimate the delay time spent between the two consecutive 

referrals, where an IDA patient did not complete investigations at the first 

referral, but at the second is diagnosed with positive GI cancer (objective 6). 

 
Chapter 7. The development of a web-based application to 

predict the risk of gastrointestinal cancer in iron deficiency 

anaemia; the IDIOM app 

Having built a risk prediction model for GI cancer in IDA patient, internally and 

externally validated it successfully in the last two chapters. It was then 

possible to build a tool that makes use of this model and enables simple 

access to healthcare professionals (objective 7). And indeed, using R the 

IDIOM App was developed and certified. Since there are, currently, limited 

resources on developing standalone software medical devices this chapter 

aimed to document the development of a web-based clinical support decision 

app in an academic setting. 

 
Chapter 8. Evidence for improved prognosis of colorectal 

cancer diagnosed following the detection of iron deficiency 

anaemia 

The results from earlier chapters confirmed that IDA is good marker for GI 

cancer. But given that the efficiency of BCSP is still low in detecting the right- 

side CRCs, and patients with IDA are at increased risk for right-sided CRC, 
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this chapter examined whether being diagnosed through the IDA pathway can 

lead to downstage the right-sided CRC and accordingly improve its prognosis 

(objective 8). And examined the association between prior blood count test 

event and CRC stage (objective 9). 

 

 

Chapter 9. Colorectal cancer and the blood loss paradox 

The results from earlier chapter confirmed that IDA pathway can lead to 

downstage the right-sided CRC, having a prior blood count test is related to 

detecting CRC at early-stage, and recommended a blood count test in the at- 

high risk population. To further support this recommendation, this chapter 

compared the clinical characteristics of patients with CRC diagnosed via 

BCSP and IDA pathways, and examined whether these pathways indeed 

identify different CRC sub-populations (objective 10). 

 

Chapter 10. General Discussion 

Since only online links will be retained for each published chapter in the final 

thesis body, this chapter recapped the key findings of each chapter 

extensively, explained its different limitations, critically and cautiously 

interpreted the results in relation to the objectives, discussed the new 

knowledge this project has generated, and any potential future research 

plans. 

 
 
 

 
1.4 Impact of Covid-19 pandemic on research 

 
Without warning, Covid-19 pandemic has struck in 2020 causing loss, grief 

and disruption to many lives. For the first time during this PhD project, the 

boundary between personal and academic life was diminished. Access to the 

office PC and desk at the university was no longer an option. Being a sole 

carer for an elderly mother with advanced heart disease, and a mother and 

academic support for a young woman who is at the last year at college 
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studying and preparing to go to the university, and all being locked in a very 

small apartment for months has introduced additional challenges to 

maintaining the momentum of this research, and resulted in increased stress 

of balancing home and research demands simultaneously. 

 
There were time periods in the pandemic in which research was significantly 

stalled or even stopped totally. These periods including four admissions for 

my mother to the hospital because of her deteriorating health during the 

pandemic. A waiting period to arrange a desk, a chair, and two large monitors 

in order to make a progress with external validation analysis, and many other 

situations. Because of the pandemic, about extra one year was added to the 

PhD initial 3 years period timeline. 

 
Despite all these barriers which imposed by the pandemic, there were some 

positive prospects of growing academically associated with pandemic. These 

include the participation in different conferences which pivoted to a virtual 

setting allowing reduced cost of registration, and more inclusive participation. 

The publication in academic journals which waived article processing charges 

(APCs), and/or granted extended time to the submission and doing the 

required corrections requested by the reviewers. Moreover, resorting to the 

scientific community via social media during the pandemic lockdown was an 

opportunity to nurture and develop professional relationships and 

collaborations with different researchers across the world. 

 
Most importantly, this pandemic has demonstrated strongly how important is 

the scientific research, including this PhD project. As a contrary to the title of 

this section, this research has actually a positive impact on the pandemic 

which has put unprecedented additional pressure on the Trust. Exceptionally, 

one of this PhD project’s outputs, namely; The IDIOM App was introduced 

into general clinical practice by the IDA clinic at Poole Hospital to triage 

patients during the Covid-19 lockdown, when investigational resources were 

extremely limited. 
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Chapter 2 : Background 

 
2.1 Outline 

 
This chapter provides relevant background to the main concepts and terms 

used in this research, dividing it into two main aspects - IDA and GI cancer. 

The first aspect includes the general concept of anaemia, IDA, iron 

metabolism, IDA diagnosis, and treatment. And the second aspect involves 

defining GI cancer and related terms - diagnosis, staging and treatment. 

 
 
 

2.2 Iron deficiency anaemia (IDA) 

 

2.2.1 Overview 

The Hb molecule is the combination of a protein (globulin) and non-protein 

portion (haem) in red blood cells (RBCs), and is responsible for transporting 

oxygen from the lungs to the body's tissues and returning carbon dioxide from 

the tissues back to the lungs (Patel et al. 2021). Anaemia is a serious 

worldwide public health problem that affects both developing and developed 

countries (Snook et al. 2021). The word “anaemia” came from the ancient 

Greek “anaimia” which means ‘lack of blood’ (Johnson-Wimbley and Graham 

2011). The WHO (2011) definition of anaemia is based on the haemoglobin 

(Hb) concentration, in which anaemia is described as a condition in which the 

number of red blood cells and / or the Hb within them is lower than normal. 

The definition of anaemia is Hb level below: 110 g/dL for children under 5 

years, 115 g/L for children 6–11 years, 120 g/L for children 12–14 years, 130 

g/L for adult males, 120 g/L for adult non-pregnant females and 110 g/L for 

adult pregnant females (WHO 2011). 

 
Anaemia can be developed as a result of malabsorption, malnutrition, chronic 

/ or acute bleeding, systemic inflammation, decline in endogenous 

erythropoietin (EPO) production, or a reduction in bone marrow response to 
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endogenous erythropoietin (Busti et al. 2018). However, the most common 

causes are haemoglobinopathies, nutritional deficiencies and infectious 

diseases such as HIV, malaria and tuberculosis (WHO 2011). The most 

recent published statistics by WHO shows that 50% of all anaemia cases 

worldwide are attributable to iron deficiency (WHO 2011). IDA is a form of 

anaemia due to the lack of sufficient iron to form normal red blood cells. IDA 

is typically a microcytic anaemia, defined by a decreased MCV (De 

Franceschi et al. 2017), and it affects 2.36 billion people worldwide (Disease 

and Injury Incidence and Prevalence Collaborators 2016). Common 

symptoms of IDA are headache, fatigue, pale skin, and dyspnoea (Lopez et 

al. 2016). 

 

2.2.2 Iron metabolism 

Because iron studies are fundamental concepts to this PhD study, this section 

introduces the related process to them in the human body by summarising 

how iron is absorbed into the body, regulated, used, recycled, and stored. The 

section is collectively derived from published literature (Lopez et al. 2016; 

Polin et al. 2013; Camaschella 2017; NICE 2021; Conard et al. 1966; Raffin 

et al. 1974). 

 

 
Absorption 

Iron enters the body either as haem iron that is come from animal source or 

as non-haem iron that is from vegetables. Haem iron is more easily absorbed 

into the body because it is not affected by the many ligands in the food; 

moreover, it is directly taken up into enterocytes. Non-haem iron in the form 

“Fe3+” (ferric iron) is reduced to the more easily absorbed form “Fe2+” (ferrous 

iron) by stomach acids, ferric reductase, and duodenal cytochrome b 

(DCYTB). Also, in the intestinal lumen, pancreatic enzymes play a role in 

freeing haem from globulin. Absorbed iron (1–2 mg per day) enters the 

intracellular iron pool of enterocytes (intestinal epithelial cells) by a transporter 

called intestinal haem iron (HCP1). Most of the absorption happens in the 

duodenum and jejunum. 
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Recycling 

Parallel to the absorption process is the process of recycling the iron inside 

the body through special type of white blood cells called macrophages. These 

cells digest and engulf microbes, cancer cells, foreign substances, cellular 

debris, and anything else that does not have proteins types specific to healthy 

body cells on its surface in a process called phagocytosis. In fact, the major 

source of iron in the body is provided by the macrophages that recycle iron 

from senescent red blood cells. Macrophages phagocytize and degrade 

damaged erythrocytes, uptake Hb, breakdown haem, predominantly to 

produce Hb in new erythrocytes. 

 
 

Storage and usage 

If the body does not require the iron, it is stored as protein ferritin mainly in 

the liver, or it may be transported to the bone marrow to make new red blood 

cells. 

For the iron to be exported into the bloodstream, it must be transported by 

transmembrane protein that release the iron across the basolateral 

membrane of enterocytes and macrophages, called ferroportin (FPN). For the 

ferrous iron to be transported in the bloodstream it must act as an acceptor 

and hence back to the form Fe3+. To facilitate this oxidisation chemical 

reaction, hephaestin and ceruloplamin assist. 

 

Regulation 

Iron release from macrophages, enterocyte, or iron storing hepatocytes is 

closely regulated by a peptide hormone produced by hepatocytes called 

hepcidin. Hepcidin binds to this sole cellular exporter ferroportin, and hence 

prevents iron entry into plasma. Hepcidin is stimulated by plasma iron and 

iron stores and stimulated by inflammation. Increased erythropoietic activity 

(the process of making red blood cells that is driven by decreased Oxygen 

levels in the circulation) inhibits hepcidin from binding to ferroportin through 

producing a protein hormone called erythroferrone. This hormone causes an 

increase in the amount of iron that is available for Hb synthesis. As a response 
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to hypoxia, the kidneys secrete a glycoprotein cytokine called erythopoietin to 

stimulate the bone marrow to make more red blood cells. 

 
 
 

2.2.3 How IDA is diagnosed and treated 

The cause of IDA can be broadly attributed to malabsorption of dietary iron 

and poor dietary intake, as well as several significant GI pathologies (Snook 

et al. 2021). 

 
For people with suspected IDA, a full blood count (FBC) should be arranged 

(NICE 2015). If results of the full blood count show a low Hb without obvious 

explanation, ferritin levels should be checked (NICE 2015). In all people, a 

serum ferritin level of less than about 30 μg/L confirms the diagnosis of iron 

deficiency (NICE 2015) though the exact figure varies between laboratories. 

However, ferritin levels are challenging to interpret if infection or inflammation 

is present, as levels can be high even in the presence of iron deficiency, and 

its level may be less reliable in pregnancy (NICE 2015). Other blood tests 

such as transferrin saturation can be helpful if a false-normal ferritin is 

suspected (Snook et al. 2021). 

 
Initial treatment of IDA should be with oral ferrous sulphate, fumarate, or 

gluconate, with intravenous iron, or (rarely) limited transfusion of packed red 

cells (Snook et al. 2021). Iron replacement therapy should not be deferred 

while awaiting investigations for IDA unless colonoscopy is imminent (Snook 

et al. 2021). Hb levels (full blood count) should be checked after to assess the 

patient’s response to iron treatment (NICE 2021). 

 
Bleeding, in general, is a known problem in cancer patients, related to local 

tumour invasion, abnormal tumour vasculature, or tumour regression 

(Johnstone and Rich 2018). Overt or occult bleeding is commonly prominent 

in GI cancers (Busti et al. 2018). Since IDA can be an outcome for a chronic 

low-grade blood loss from a malignant GI tumour (Almilaji et al. 2020), GI 

investigation on an urgent basis should be considered in adults with a new 
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diagnosis of unexplained IDA (Snook et al. 2021). In fact, per current 

guidelines in the UK, CRC referral should be arranged urgently using a 

suspected cancer pathway for an appointment within 2 weeks for people aged 

over 60 years with IDA (NICE 2015). And urgent referral should be considered 

for people with unexplained IDA aged under 50 years with rectal bleeding 

(NICE 2015). For people aged under 60 years with IDA and without rectal 

bleeding, quantitative faecal immunochemical tests should be offered (NICE 

2015). 

 
 
 

 
2.3 Gastrointestinal cancer (GI) 

 

2.3.1 Overview 

GI cancer is the most common cancer worldwide in 2020 (3.02 million new 

cases), affecting both men and women (WHO 2021). GI cancer refers to 

malignancies of the GI tract and its accessory organs of digestion such as the 

oesophagus, gallbladder, pancreas, stomach, and intestine (Tian and Hu 

2020). The GI wall surrounding the lumen of the GI tract is made up of four 

layers of specialised tissues - from the lumen outwards: the mucosa 

(epithelium, lamina propria, and muscular mucosae); the submucosa; the 

muscularis propria (inner circular muscle layer, intermuscular space, and 

outer longitudinal muscle layer); and the serosa (Rao and Wang 2010). 

 
The upper GI tract is constituted by the oral cavity and salivary glands, the 

oesophagus, stomach, and small intestine (duodenum, jejunum, and ileum) 

(Treuting et al. 2017). The lower GI tract comprises the appendix, caecum, 

colon, rectum, and anus (Treuting et al. 2017). The colon is approximately 1.5 

metres in length, and composed of five parts - the caecum, ascending colon, 

transverse colon, descending colon and sigmoid (Gervaz et al. 2004). 

 
This distinction between left-sided and right-sided colon is based on their 

embryological origins (Bufill 1990). The caecum, appendix, ascending colon, 
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hepatic flexure, and proximal two thirds of the transverse colon have 

originated from the midgut. Whereas distal one third of the transverse colon, 

splenic flexure, sigmoid colon, descending colon, and rectum originated from 

the hindgut (Bufill 1990; Imperial et al. 2018; Iacopetta 2002; Mik et al. 2017). 

Hence, right-sided CRCs arise from the epithelial tissue of the caecum, 

ascending colon, or proximal two thirds of the transverse colon and the left- 

sided CRCs arise from the descending, sigmoid, or distal one third of the 

transverse colon as illustrated in Figure 2-1. 

 
 

 

Figure 2-1 Right and left colon 

 
 

 
Besides the difference in their origin, the tumours of right-sided CRCs and 

left-sided CRCs have different histology (Baran et al. 2018). Right-sided 

CRCs have flat morphology that is more difficult to detect with colonoscopy 

screening than left-sided tumours (Nitsche et al. 2016; Brenner et al. 2010; 

Gualco et al. 2006; Nawa et al. 2008). Beside their flat morphology, often 

worse quality of cleansing of the right colon (Brenner et al. 2010), and 
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because some “complete” colonoscopies do not evaluate the entire right colon 

(Baxter et al. 2009) right-side CRCs are commonly detected in more 

advanced stages than left side CRCs (Baran et al. 2018; Heresbach et al. 

2008). In the UK, 74% of the screen-detected CRCs are found in the left side 

(Braun et al. 2016). And only 26% of these screen-detected CRCs are found 

in the right side (Braun et al. 2016). 

 

 
2.3.2 GI cancer diagnosis 

If GI cancer is suspected, different GI cancer investigations (Hiom 2015; PHE 

2017; Rubin et al. 2018) may be performed. These include: 

1. Genetic testing to check for family history. Examples of these genetic 

conditions include FAP (Familial Adenomatous Polyposis), Lynch 

syndrome, and MAP (MUTYH Associated Polyposis). 

2. Endoscopy or esophagogastroduodenoscopy (EGD) to check upper GI 

tract. 

3. Flexible sigmoidoscopy to check the lower part of the colon. 

4. Colonoscopy to check the lower GI tract. 

5. Lab tests to look for changes in the blood that could be signs of cancer, 

i.e., tumour marker such as cancer antigen (CA) 72-4, 

carcinoembryonic antigen (CEA) and cancer-related antigen 19-9 (CA 

19-9). 

6. Imaging studies (ultrasound, X-ray, magnetic resonance imaging 

(MRI), computed tomography scan (CT) scan, or positron emission 

tomography (PET) scan) to check for malignancies in the digestive 

system. 

7. Biopsy to obtain a sample of abnormal tissue and analyse it for the 

presence of malignancy. This is a part of procedure 2, 3, 4, and 6. 

8. Faecal immunochemical test (FIT). 
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2.3.3 GI cancer staging 

There are different systems usually used to classify GI cancer tumours. These 

include the TNM system, the number staging system, and the grading system. 

 
 

 
Tumour, nodes, and metastases (TNM) system 

The American Joint Committee on Cancer (AJCC 1977) and the Union for 

International Cancer Control (UICC 2016) maintain the TNM classification 

system to stage many different types of cancer based on certain common 

standards. This overall stage is based on assigning the cancer in question a 

letter and number to describe the tumour (T), node (N), and metastasis (M) 

categories. 

T describes the original (primary) tumour. 

• TX: no information about the primary tumour, accordingly it cannot be 

evaluated. 

• T0: no evidence of a primary tumour, accordingly it cannot be found. 

• Tis: in situ cancer or pre-cancer. This means cancer cells are only 

growing in the layer of cells where they started and not into deeper 

layers. 

• T1-T4: the tumour size and/or amount of spread. 

 
N describes whether the cancer has spread to the nearby lymph nodes. 

• NX: no information about the nearby lymph nodes, accordingly it 

cannot be evaluated. 

• N0: nearby lymph nodes (regional) do not contain cancer. 

• N1- N3: size, location, and/or the number of nearby affected lymph 

nodes. 

M describes whether the cancer has spread (metastasized) to distant parts of 

the body 

• M0: no distant cancer spread has been found. 

• M1: cancer has been found to have spread to distant organs or tissues. 
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Number staging system 

This is another commonly used staging system derived from Dukes 

classification (Dukes 1932). Stages are described with the Roman numerals 

I, II, III, and IV (National Health Service (NHS) 2018; Hawkes 2019). Stages, 

sometimes, are further subdivided using the letters A, B and C that imply 

certain characteristics found on work-up of the cancer. 

• Stage 0: This is also known as "carcinoma in situ," or cancer has not 

spread. 

• Stage I: The tumour is usually small and has not spread to nearby 

lymph nodes or major organs. 

• Stage II: The tumour has grown, but has not spread into nearby tissue, 

and have spread into the lymph nodes. 

• Stage III: The cancer is large and spread and more advanced and 

aggressive than Stage II. 

• Stage IV: This also known as "secondary" or "metastatic" cancer. 

 
 
 

Grading system 

This system describes how the cancer cells compared with normal cells look 

under the microscope (National Health Service (NHS) 2018). 

• Grade 1: well differentiated or low-grade is when the cancer cells look 

like normal cells and usually grow slowly. 

• Grade 2: intermediate-grade or moderate is when the cancer cells look 

more abnormal and are slightly faster growing. 

• Grade 3: poorly differentiated or high-grade is when the cancer cells 

look very different from normal cells and may grow rapidly. 
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2.3.4 Treatment 

A combination of different treatments may be tailored to each patient based 

on different factors such as cancer stage, type and patient age. These 

treatments (National Health Service (NHS) 2019a; National Health Service 

(NHS) 2019b; American Cancer Society 2020) include: 

• Chemotherapy: drugs to destroy cancer cells by stopping their ability 

to divide and grow. 

• Targeted therapy: drugs that target the specific genes, proteins, or the 

tissue environment that contributes to cancer survival and growth. 

• Surgery: traditional open procedure, or minimally invasive 

laparoscopic, or robotic procedure. 

• Radiotherapy:   high   doses  of  radiation to shrink tumours and 

destroy cancer cells. 
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Chapter 3 : General methods 

 
3.1 Outline 

This chapter outlines the datasets used and the main statistical approach for 

each objective, a summary of the software development project, and the data 

management and ethical approvals for all the individual studies in this PhD 

project. 

 

3.2 Study design 

 
The PhD project consists of two major parts. These are 

3.2.1 A series of statistical investigations 

 

a. For anonymised clinical data collected retrospectively from existing 

patients records: 

 
1. IDA training dataset: Patients (n=2295) referred to Poole Hospital IDA 

clinic between 2004 and 2016. The dataset includes age at 

presentation, sex, blood test results (Hb, MCV, and iron studies 

(Ferritin and /or Transferrin saturation)), and the diagnostic findings on 

standard investigation of the upper and lower GI tract. 

 
2. IDA validation dataset: Patients (n=602) referred to Poole Hospital IDA 

clinic between 2017 and 2018. The dataset includes age at 

presentation, sex, blood test results (Hb, MCV and iron studies), and 

the diagnostic findings on standard investigation of the upper and lower 

GI tract. 

 
3. Oxford validation dataset: Patients (n=1147) fast-track referred to two 

hospitals in Oxford between 2016 and 2019. The dataset includes age 

at presentation, sex, blood test results (Hb, MCV and iron studies), and 
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the diagnostic findings on standard investigations of the upper and 

lower GI tract. 

 
 

4. Sheffield validation dataset: Patients (n=477) referred to dedicated IDA 

clinic in one hospital in Sheffield between 2013 and 2018. The dataset 

includes age at presentation, sex, blood test results (Hb, MCV and iron 

studies), and the diagnostic findings on standard investigation of the 

upper and lower GI tract. 

 
 

5. CRC dataset: Patients (n=1258) diagnosed with CRC in the 

Gastroenterology Department in Poole hospital between 2010-2016 

and presented through different pathways. The dataset includes age 

at diagnosis; sex; Hb at presentation; presentation pathway (IDA, 

BCSP or symptomatic); tumour stage; tumour number; histology; and 

location(s). 

 
 

6. CRC_IDA detailed dataset: Patients (n=171) diagnosed with CRC in 

the Gastroenterology Department in Poole hospital and presented 

through IDA pathway between 2010- 2016. The dataset includes age 

at diagnosis; sex; the date and Hb result at presentation; tumour stage; 

tumour number, histology; location(s); whether a blood count had been 

checked in the 3 years prior to presentation; and if so, the date and Hb 

result for the last blood count. 

 
 

7. Referrals Dataset: Patients (n=83) referred to Poole Hospital IDA clinic 

between 2004 and 2018, each with more than one visit to the IDA clinic 

(a total of 168 episodes of care). The data includes sex, Hb, MCV, iron 

studies, the diagnostic findings on standard investigation of the upper 

and lower GI tract, date of the visit(s) to the IDA clinic, age at each visit, 

and Indicator of the GI investigations’ completion. 
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b. For anonymised clinical data collected prospectively following a simple 

universal intervention (FIT assessment): 

FIT dataset: Patients (n=80) who have been invited to Poole 

Hospital IDA clinic between 2017 and 2019 to provide a faecal 

sample for FIT prior to invasive investigation. The dataset 

includes age at presentation, sex, blood test results (Hb, MCV 

and iron studies), the diagnostic findings on standard 

investigation of the upper and lower GI tract (and side), and the 

FIT results. 

 
The setting for all these individual cohort studies was secondary care. The 

total number of the centres in this PhD project is 3; Dorset (Poole Hospital), 

Oxford, and Sheffield. Patients in all these studies were adults referred to 

secondary care and who went on to be investigated for IDA. Confirmation of 

IDA depended on the local lab in each centre. All subjects underwent standard 

GI investigation for IDA; comprising exclusion of coeliac disease, OGD and 

an adequate colonic examination – either by CT colonography or 

colonoscopy. 

 
 

For the purpose of transparency, a visual demonstration of the overlapping 

between these datasets is illustrated next in Figure 3-1, in which n stands for 

the number of patients: 



53  

 
 

Figure 3-1 Venn diagram of the datasets analysed in this PhD study 
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3.2.2 Software development project 

The project revolves around developing an automated decision-support tool 

in which anonymised, individual, patient data is entered and GI cancer risk is 

calculated based on the IDIOM model and displayed immediately. Human- 

centred design was employed to develop the solution, focusing on the users 

and their needs, whilst ensuring that they are provided with sufficient details 

to appropriately interpret the risk score. After a self-assessment for conformity 

certification was conducted to apply the CE marking, the technical 

documentation of the IDIOM App, is established per Annex VII in the MDD to 

include: the app general description and its intended use(s); development 

planning; requirements analysis; implementation, and deployment; clinical 

evaluation and interface usability assessment; risk analysis, maintenance and 

plan for post-market surveillance; and release and label. Also, the code, the 

data, the signed declaration of conformity, and a list of all the harmonization 

legislations and standards that has been adhered to during the app 

development and the writing of the technical documentation were included in 

the technical documentation. 

 
 

 
3.3 Main statistical analysis 

 
Different statistical approaches were employed in the PhD project, with each 

method driven by the research question and the data at hand. Details about 

the sample size, missing data, outcomes, predictors, etc. are embedded 

within each individual study, but the following are the main methods used to 

address different objectives: 

1. Multiple logistic models were employed to study the association 

between age, sex, Hb, and MCV, with GI cancer as the outcome, using 

IDA training dataset (objective 1). And to check whether FIT can 

improve risk stratification using FIT dataset (objective 3). 

2. The predictive performance of the original model was evaluated by 

estimating measures of calibration, discrimination, and clinical utility 
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using the IDA validation dataset, Oxford validation dataset, and 

Sheffield validation dataset (objective 2 and 4). 

 
 

3. The cut-offs selected to create the risk groups were based on the 

quarters of the positive predictive value (PPV) in IDA training and 

validation datasets combined- in which PPV is defined as the number 

of positive cases that were correctly classified divided by the total 

number of positive cases predicted-. The lowest quarter divided into 

two categories. At the highest cut-off, negative predictive value(NPV) 

remains 100% (objective 5). 

 

 
4. Continuous-time multi-state Markov chain was run to determine the 

transition rates among three observed states for IDA patients at the 

IDA clinic, “incomplete investigations,” “negative GI cancer,” and 

“positive GI cancer” and to estimate the delay time using Referrals 

Dataset (objective 6). 

 

 
5. Logistic regression models were employed to assess the associations 

between diagnostic pathway (Bowel Cancer Screening Programme 

(BCSP), IDA, symptomatic) and tumour side/stage using CRC dataset 

(objective 8). 

 

 
6. Bayesian parametric survival model was employed to examine the 

relationship between CRC stage and the event of having a blood count 

prior to CRC diagnosis using CRC_IDA detailed dataset (objective 9). 
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3.4 Data management 

 
The data were collected and anonymised by artificial identifiers by the clinical 

team in each hospital prior to the data provision and analysis. The PhD 

researcher had no interaction with patients, and no access to patients’ records 

or to the identifiers mapping code. Before carrying out the analysis on the 

provided data, the data was cleaned and prepared. The preparation process 

included detecting any odd values, inconsistency between the variables, 

duplicates, and human entry errors. Records of cleaning the data, and the 

data itself are included in appendix II. Any decision to correct the data was 

discussed, checked, and approved by the clinical and supervisory team 

before implementation. 

 
The PhD study documents, code and results were stored on the university 

encrypted H drive into one folder called PhD drive. PhD drive consists of 

several folders; each was dedicated for specific purposes such as reference, 

R code, PhD ethical approval documents, etc. The PhD study was conducted 

in accordance with the Good Research Practice, and ICH GCP, BU Code of 

Practice, and in accordance with the recommendations for physicians 

involved in research on human subjects adopted by the 18th world medical 

assembly, Helsinki 1964 and later revisions. 

 
 
 

3.5 Ethical approvals 

 
The studies of objective numbers 1, 2, 4, 5, 6, and 8, were low-risk studies 

revolve around conducting a retrospective statistical analysis on an 

anonymised secondary data. The timeline of attaining all the ethical approvals 

for them: 

➢ Attained the “No need for the NHS approval” authoritative 

decision on 7th Nov 2017 (appendix IIIa). 

➢ BU ethics checklist approval decision on the 22nd Feb 2018 with 

Ethics ID: 19925 (appendix IIIb). 
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➢ Confirmation of Capacity and Capability at Poole Hospital NHS 

Foundation Trust on the 3rd May 2018 (appendix IIIc). 

➢ Completing the study BU electronic folder at the BU ethics 

research as required by Good Clinical Practice guidelines on the 

8th May 2018. 

 
• For the pilot study (an observational study following a simple universal 

intervention (FIT assessment) of objective 3, the ethical approval was 

attained from the HRA (appendix IIId). 

 
• For the study of objective 7, the participants in the App interface 

usability assessment questionnaire were NHS staff such as IDA nurse 

specialists and gastroenterologists, and participation was voluntary 

and anonymous, so no ethical approval was needed for these 

participants. The MHRA were consulted on 13th Nov 2018 with regard 

to the CE marking and risk class. They advised that IRAS application 

would be required in the case of conducting clinical investigation which 

was not the case for the IDIOM (appendix IIIe). 
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Abstract 

 

Objective 
 

To refine and validate a model for predicting the risk of gastrointestinal (GI) 

cancer in iron deficiency anaemia (IDA), and to develop an App to facilitate 

use in clinical practice. 

 
Design 

 

Three elements - (1) Analysis of a dataset of 2390 cases of IDA to validate 

the predictive value of age, sex, blood haemoglobin concentration (Hb), mean 

cell volume (MCV) and iron studies on the probability of underlying GI cancer 

(2) A pilot study of the benefit of adding faecal immunochemical testing (FIT) 

into the model (3) Development of an App based on the model. 

 

 
Results 

 

Age, sex and Hb were all strong, independent predictors of the risk of GI 

cancer, with ORs (95% CI) of 1.05 per year (1.03 – 1.07, P<0.00001), 2.86 

for males (2.03 – 4.06, P<0.00001), and 1.03 for each g/l reduction in Hb (1.01 

– 1.04, P<0.0001) respectively. An association with MCV was also revealed, 

with an OR of 1.03 for each fl reduction (1.01 – 1.05, P<0.02). The model was 

confirmed to be robust by an internal validation exercise. In the pilot study of 

high-risk cases, FIT was also predictive of GI cancer (OR = 6.6, 95% CI 1.6 - 

51.8), but the sensitivity was low at 23.5% (95% CI 6.8 – 49.9%). An App 

based on the model was developed. 

 
Conclusion 

 

This predictive model may help rationalise the use of investigational resources 

in IDA, by fast-tracking high-risk cases and, with appropriate safeguards, 

avoiding invasive investigation altogether in those at ultra-low predicted risk. 
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Summary Box 
 
 
 

What is already known about this subject? 

GI cancer is the cause of IDA in 8 – 10% of adult males and post- 

menopausal females 

The risk of GI cancer in IDA is influenced by age, sex and Hb 

Faecal immunochemical testing (FIT) in IDA may be of value in 

identifying underlying GI cancer 

What are the new findings? 

Age, sex, and Hb are confirmed as strong predictors of the risk of 

GI cancer in IDA 

MCV is an additional independent predictor of the risk 

In combination, these four predictors can identify 10% of the 

referred IDA population who are at ultra-low risk of GI cancer. 

FIT is predictive of GI cancer risk in high-risk individuals with IDA, 

though the sensitivity is low 

An App can facilitate the use of the model in a clinical setting 

How might it impact on clinical practice in the foreseeable future? 

The predictive model may allow the use of investigational 

resources to be rationalised in IDA, by fast-tracking high-risk cases 

and, with appropriate safeguards, avoiding invasive investigation 

altogether in those at ultra-low predicted risk 

The App is intended to facilitate the use of this model in a clinical 

setting 
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Introduction 

 
Iron deficiency anaemia (IDA) is a common clinical problem, with an overall 

incidence in western populations approaching two cases per 1,000 pa, and a 

considerably higher age-specific incidence in those over the age of 70 1 2. 

More than a quarter of males and post-menopausal females with IDA have 

significant underlying gastrointestinal (GI) pathology, and malignancy is by far 

the most important cause, found in 8 – 10% of cases 3-5. IDA is an important 

indicator of GI cancer, particularly cancer of the right colon, as it often occurs 

before any other clinical pointer to the diagnosis 6. 

 
The IDA clinic at Poole Hospital is the point of referral for the many patients 

with IDA who have minimal or no symptoms to indicate the nature or location 

of the underlying cause of iron deficiency, and for whom further assessment 

is felt to be warranted. Basic patient data has been collected since inception 

for the purpose of clinical care, audit and service evaluation. The referral rate 

to the IDA clinic now exceeds 400 new patients per annum 2 7. 

 
In view of the possibility of underlying GI cancer, it is current standard practice 

to advise urgent investigation of at-risk subjects with IDA - which in the first 

instance generally involves gastroscopy and colonoscopy / colonography to 

examine the upper and lower GI tract respectively 8. These investigations are 

however expensive and labour-intensive, and not entirely without risk of 

problems and complications, particularly in those with significant co- 

morbidities. Furthermore, over 80% of investigations for IDA will not reveal 

significant pathology. 

 
As individuals with IDA are likely to vary in their individual likelihood of 

malignancy, a simple but reliable pre-investigation predictor of GI cancer risk 

would help considerably with patient counselling. Risk stratification could also 

rationalise the use of resources, with prioritisation of high-risk subjects for 

fast-track investigation, and perhaps avoidance of invasive investigation 

altogether in particularly low-risk individuals. 
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Previous work by our group and others 9 10 has demonstrated that three simple 

and objective clinical variables - age, sex and blood haemoglobin 

concentration - appear to be independent predictors of underlying GI cancer 

in IDA. In the IDIOM (Iron Deficiency as an Indicator Of Malignancy) study of 

an IDA cohort of 720, the combination of these variables was used to derive 

a score corresponding to the percentage probability of underlying GI 

malignancy - which ranged from less than 2% in low-risk subgroups to more 

than 20% in high-risk subgroups 10. These studies 9 10 do however have the 

shortcomings that both were retrospective in design and lacked an a priori 

hypothesis, simply because there was insufficient evidence on which to base 

such a hypothesis. 

 
The aims of the study reported here were threefold. First, to provide 

prospective validation of the independent variables identified in the original 

IDIOM study as predictors of underlying GI cancer, by analysing a much larger 

IDA cohort, and to determine whether mean cell volume and iron studies 

(transferrin saturation / serum ferritin) might prove to be additional predictors 

of risk. Second, to undertake a pilot study to explore whether faecal 

immunochemical testing for small quantities of human haemoglobin in faecal 

specimens can improve risk stratification still further. The rationale for this 

hypothesis is that chronic low-grade blood loss from the tumour bed is 

assumed to be the major factor contributing to the development of IDA in 

subjects with GI cancer. Third, to develop an App for use in the clinical setting 

to provide an instant assessment of GI cancer risk following the input of simple 

clinical data. 

 
 
 

Methods 

 

Validation study 

The first part of the study involved a detailed assessment of clinical data for 

subjects referred for assessment in the Poole IDA clinic with confirmed iron 

deficiency by standard laboratory criteria (transferrin saturation <15% and / or 
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serum ferritin concentration less than the lower limit of the reference interval 

for the laboratory at the time) who were assessed between 2004 and 2018 

inclusive 2, incorporating some cases included in a previous report 10. Cases 

presenting in 2004 – 2016 formed the training dataset, whilst those presenting 

in 2017 – 2018 provided the validation dataset. Developing the model using 

the training dataset was carried out in 2018, before receiving the validation 

dataset. 

 

 
The final datasets included age at presentation and sex, blood test results 

(Hb, MCV and iron studies) and the diagnostic findings on standard 

investigation of the upper and lower GI tract. Data sets were complete for age, 

sex, Hb, MCV and presence / absence of GI malignancy. As results were 

available for both transferrin saturation and serum ferritin in only 36.8% of the 

study population, iron deficiency was analysed as a dichotomous variable, 

being “severe” (arbitrarily defined as a transferrin saturation <10% and /or a 

serum ferritin <10 µg/l) or “non-severe” (criteria for severe deficiency not met). 

 
Anonymised data were analysed to assess whether the five clinical 

parameters could usefully predict the likelihood of GI malignancy on 

subsequent investigation. Data preparation involved cleaning the data by 

checking and correcting any unusual values, removing duplicate entries, and 

retaining only the first record for any patient referred more than once to the 

IDA clinic. A training dataset was used to derive the prediction model, which 

was then tested on a validation dataset. As this was a secondary analysis of 

anonymised data, formal Research Ethics approval was not required for this 

element of the study. 

 
Logistic regression models were run for each of the predictors separately, with 

GI cancer as the outcome. When any significant association was found 

between a predictor and GI malignancy (p<0.05), this predictor was added to 

a multivariable logistic regression model. Smoothed scatter plot, Cook’s 

distance and standardised residual errors, variance inflation factor, Akaike 

information criterion (AIC), Anova chi square test, Pseudo R squared and the 
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Hosmer-Lemeshow test were used to check the validity of the fitted logistic 

regression model and the goodness of fit 11. 

 
To assess the performance of the fitted model derived from the training 

dataset, we examined how well it predicted GI cancer in the validation dataset. 

Cut-off metrics 12 13 were used to assess performance, because traditional 

evaluations such as overall accuracy were not appropriate 14 in view of the 

small  percentage  of   participants   with   GI   malignancy   in   the   study.  

A classification cut-off probability (decision threshold) was identified using the 

training data, in which a value above that cut-off indicates the presence, and 

a value below the absence of GI cancer. The prediction model was then tested 

on the validation dataset using this cut-off. Three optimal prediction cut-offs 

were selected: 

1. Cut-off 1 - the highest cut-off at which the negative predictive value 

(NPV) remains 100%. NPV is the number of negative cases that were 

correctly classified divided by the total number of negative cases 

predicted 15. This cut-off identifies subjects who are at ultra-low risk of 

GI cancer. 

2. Cut-off 2 - at which geometric mean (G mean) of sensitivity and 

specificity is highest 16. G mean is calculated from the formula: 

√(sensitivity ∗ specificity) 17 18
 

3. Cut-off 3 – the lowest cut-off at which the PPV remains in the upper 

quartile (ie the point below which 75% of PPVs lie). PPV is the number 

of positive cases that were correctly classified divided by the total 

number of positive cases predicted 15. This cut-off identifies patients 

who are at high risk of GI cancer. 

 
 

Receiver operating characteristic (ROC) was used to compare and visualise 

the effectiveness of the predictive model at separating positive and negative 

classes according to each cut-off 19. 
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FIT pilot study 

A pilot study to explore the potential role of FIT - IDIOM-3 (ISRCTN No 

18342140) - was undertaken with Research Ethics approval (IRAS No 

201759). In brief, 80 subjects were prospectively identified who fulfilled all of 

the following criteria: (1) confirmed IDA, (2) high GI cancer risk based on age 

and Hb (70 years or over and < 100 g/l respectively) 10, (3) listed for 

investigation with gastroscopy and colonoscopy / colonography. Each was 

invited to provide a faecal sample for FIT prior to invasive investigation, using 

the Hema-screen SPECIFIC kit (Alpha Laboratories, Eastleigh, UK) - the 

manufacturer’s published analytical detection limit for this test is 50 μg Hb/g 

faeces 20. FIT analysis was undertaken without knowledge of the outcome of 

GI investigation. 

 
 

App development 

To simplify utilisation of the prediction model in clinical settings, a web-based 

Application was developed. R (version 3.6.1), RStudio (version 1.2.5001), R 

Shiny and DT packages were used to run the statistical analysis and to build 

the App. 

 
 

 
Results 

 

Validation study 

Over 2800 subjects with iron deficiency were seen in the IDA clinic during the 

study period. Excluding those in whom investigations were not completed due 

to patient preference, frailty or concurrent illness, and those whose records 

were incomplete, left 2390 subjects for detailed analysis. For the validation 

study, there were 1879 in the training dataset and 511 in the validation 

dataset. 
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The total study group comprised 1528 females and 862 males (a sex ratio of 

1.8), with a median age of 71 years (inter-quartile range: 59-79 years) and 

mean (SD) values for Hb and MCV of 103 (17.4) g/l and 80.0 (9.1) fl 

respectively. The arbitrary criteria for severe iron deficiency were met by 57% 

of the study population. GI carcinoma was identified in 200 individuals in the 

study group, giving an overall prevalence of 8.4%. Of those 172 (86%) were 

in the lower GI tract, and of those 140 (81%) were in the right colon. 

 

 
Comparison of the training and validation datasets revealed marginally higher 

values for mean Hb (102 v 106 g/l, P <0.001) and mean MCV (79.4 v 82.2 fl, 

P<0.001) in the latter. This is consistent with changes in the characteristics of 

our IDA population over time reported elsewhere 2. There were otherwise no 

significant differences between the training and validation datasets for any of 

the key variables. 

 

 
Analysis of the training dataset confirmed that age, sex and Hb were all 

strong, independent predictors of the risk of GI cancer. MCV was also 

predictive though there was greater variability, resulting in a wider confidence 

interval. There was no significant relationship with the results of iron studies. 

The final multiple binary logistic regression model was therefore constructed 

according to the formula: ln(GI_cancer) ~ β0 + β1age + β2sex + β3Hb + β4MCV. 

Statistical assessment of validity and goodness of fit of the logistic regression 

model based on the criteria outlined in the Method section was satisfactory. 

 

 
The odds ratios (95% CI, P value) for the four predictive variables were as 

follows: 

• Age - 1.05 per year (1.03 – 1.07, P<0.00001) 

• Sex - 2.86 for males (2.03 – 4.06, P<0.00001) 

• Hb - 1.03 for each g/l reduction (1.01 – 1.04, P<0.0001) 

• MCV - 1.03 for each fl reduction (1.01 – 1.05, P<0.02) 
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The ROC curve for the training dataset shows the true positive rate on Y axis 

(sensitivity) and false positive rate on X axis (1-specificity), along with the 

three optimal cut-offs described in the Method section (Figure 4-1). Using the 

regression model to calculate predicted GI malignancy risk, cut-off 1 (risk 

1.5%) was able to stratify about 10% of both cohorts into an ultra-low risk sub- 

group. Cut-off 2 (risk 7.4%) maximised G mean in the training dataset (69.2% 

; 95% CI 21.8 – 219.9%) and gave a comparable value in the validation 

dataset (73.2% ; 95% CI 27.4 – 195.6%), with closely overlapping confidence 

intervals and similar values for sensitivity and specificity. Cut-off 3 (risk 11.1%) 

stratified about 25% of both cohorts into a high risk sub-group. These results 

(summarised in Table 4-1) demonstrate that the model is robust in predicting 

the risk of underlying GI cancer in a new IDA dataset collected in a different 

time period. 
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Figure 4-1 Receiver operating characteristic (ROC) curve for the training 

dataset, showing the three optimal cut-off points defined in the text: cut- 

off 1 = 1.5%, cut-off 2 = 7.4%, cut-off 3= 11.1%. AUC = area under curve 
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Table 4-1 Characteristics of the three optimal cut-off points for predicted 

probability of GI cancer, as applied to the training and validation 

datasets. NPV = negative predictive value, G mean = geometric mean, 

PPV = positive predictive value 

 
 
 
 

 

Threshold 
 

Criterion 
Training 

Dataset (%) 

Validation 

Dataset (%) 

Optimal 

off 1 

(1.5%) 

cut-  
NPV 

100% 

 
= 

Sensitivity 

(95% CI) 

100.0 

100.0) 

(97.7- 100.0 (91.8- 

100.0) 

NPV (95% CI) 
100.0 

100.0) 

(98.0- 100.0 (95.1- 

100.0) 

Optimal 

off 2 

(7.4%) 

cut- 
 

 
G mean 

Sensitivity 

(95% CI) 

75.8 

82.3) 

(68.3- 
79.1 (63.9-89.9) 

Specificity 

(95% CI) 

63.2 

65.5) 

(60.9- 
67.7 (63.3-71.9) 

Optimal 

off 3 

(11.1%) 

cut- PPV 

highest 

quartile 

in 
Sensitivity 

(95% CI) 

56.1 

63.9) 

(47.9- 
60.5 (44.4-75.0) 

PPV (95% CI) 
18.6 

22.4) 

(15.2- 
23.9 (16.2-32.9) 

 
 
 

 

The striking effect of combining the predictive variables on predicted risk is 

displayed in heat-map format in Figure 4-2. This demonstrates the high risk 

in all older males with IDA regardless of haematology findings, and the 

extremely low risk in younger females with marginal anaemia and a normal 

MCV. None of the individuals with a risk predicted by the model of less than 

1.5% proved to have GI cancer on investigation - accounting for 10% of the 

whole cohort. 
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Figure 4-2 Heatmap showing the probability of gastrointestinal (GI) 

cancer in the overall IDA cohort (n=2390) according to age, sex, blood 

haemoglobin concentration (Hb: g/l) and mean cell volume (MCV: fl). The 

darker the box, the higher the GI cancer risk – as shown on the risk key. 

The risk ranges are based on positive predictive value quartiles, with the 

lowest quartile divided in two 
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FIT pilot study 

A total of 62 subjects at predicted high risk of GI malignancy returned an 

adequate faecal sample for FIT analysis and completed their scheduled 

investigations. Of these 17 (27.4%) proved on subsequent investigation to 

have a GI cancer (upper GI - 2, right colon - 14, left colon - 1). A summary of 

the results is shown in Table 4-2 - FIT positivity was associated with GI 

malignancy (OR = 6.6, 95% CI 1.6 - 51.8), and this significant association 

persisted after adjustment for the IDIOM score variables of age, sex, Hb and 

MCV. However, the sensitivity of FIT for GI cancer was low at 23.5% (95% CI 

6.8 – 49.9%), and this only increased to 26.7% (95% CI 7.8 – 55.1%) with 

exclusion of the upper GI cancers. 

 

 
Table 4-2 Distribution of gastrointestinal (GI) cancers by faecal 

immunochemical testing (FIT) result in 62 subjects with IDA at predicted 

high risk 

 
 

 

 
GI cancer 

Negative (n=45) Positive (n=17) 

 

 
FIT result 

Negative (n=56) 43 13 

Positive (n=6) 2 4 
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App development 

An App (Predict GI Cancer in IDA) was developed based on the model. This 

generates an estimate of GI cancer risk (with 95% confidence interval) 

following the insertion of data for the four key variables – age, sex, Hb and 

MCV. The whole process takes just a few seconds, which lends itself to use 

in busy clinical settings, and our intention is to make the App freely available 

following MHRA approval and CE marking. A screenshot from the App is 

shown in Figure 4-3. 

 
 
 

 
 

Figure 4-3 A screenshot from the App Predict GI Cancer in IDA 
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Discussion 

 
IDA is a problem commonly encountered in clinical practice, and the 

prevalence of underlying GI cancer in IDA is the primary justification for urgent 

investigation 3-8. Bidirectional endoscopy (BDE), combining gastroscopy and 

colonoscopy in the same session, is generally accepted as the most efficient 

method of assessing the GI tract unless there are clear clinical clues as to the 

cause 7. It does however carry a small but significant risk of complications, 

particularly in the elderly and those with major co-morbidities, and it is 

important to consider the risk-benefit ratio for the investigation of IDA on an 

individual case basis. 

 

 
BDE is also labour-intensive, taking up to an hour to complete for each patient 

- yet over 90% of procedures for IDA will not reveal malignancy. Because it is 

common, IDA is a major drain on investigational resources, accounting for a 

substantial proportion of the workload in many Endoscopy units - with 

estimates in the region of 20% of all diagnostic examinations 2. Any 

manoeuvre to safely reduce the number of necessary investigations has the 

potential to make a substantial positive impact on both costs and waiting 

times. 

 

 
There is therefore the need for a simple and reliable pre-test predictor of the 

risk of underlying malignancy that is sufficiently discriminating to be clinically 

useful for patient-centred counselling. Effective risk stratification is a 

potentially useful clinical tool for two reasons. Firstly, it allows the identification 

of a high-risk sub-group who warrant accelerated investigation and can be 

advised accordingly. Secondly it reveals individuals at very low risk who are 

unlikely to benefit from invasive investigation and may wish to make a 

considered decision not to proceed. The development of an App means that 

GI cancer risk can be computed in a few seconds, with obvious benefit in busy 

clinical settings. 
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The findings of this study have limitations. Firstly, the predicted GI cancer risk 

is in all cases greater than 0% and less than 50%. Secondly, whilst GI cancer 

is the most important cause of IDA, it is not the only one – and we know from 

previous work that the model is not useful in predicting the likelihood of these 

other causes 10. For these two reasons, the model can never be more than a 

guide to the need for invasive investigation. Finally, whilst large the study is 

based on a single centre experience, raising the question of universal 

applicability. Work is underway to address this by validating the model on a 

totally independent external IDA dataset. 

 

 
The study reported here builds on previous reports from our group and others 

9 10 by confirming in a much larger IDA cohort that age, sex and Hb are all 

strong independent predictors of the risk of GI cancer. It also reveals a 

relationship with MCV, albeit less strong – barring a single report on a very 

small cohort 21 this has not been evident in previous analyses 9 10, and has 

perhaps emerged in this study because of the substantially larger cohort size. 

The observations are further strengthened by the findings of the internal 

prospective validation exercise reported here. 

 

 
The predictive value of age and sex is not unexpected, given that the 

incidence of the major GI malignancies rises steeply after the age of 70 years, 

particularly in males 22 23. It may be that Hb is predictive of GI cancer risk 

simply because the nature of the pathology means that GI malignancy is 

disproportionately more likely than the other (non-malignant) causes of IDA 

to lead to greater degrees of anaemia. 

 

 
The explanation for the effect of MCV on risk is less clear. It might perhaps 

reflect either chronicity or severity of the depletion of body iron stores in those 

with underlying GI cancer. Although the analysis of iron studies does not 

support the latter explanation, ferritin and transferrin saturation are surrogate 

markers of iron stores and may be influenced by other factors. Serum ferritin 
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in particular is an acute phase protein, and may therefore be spuriously high 

in individuals with malignancy. 

 

 
IDA is a particular challenge in the elderly 24, as this is the age-group with the 

highest prevalence of IDA, and the highest risk of underlying GI cancer 2. But 

it is also the age-group at highest risk of complications from invasive 

investigation or from subsequent surgery if required – and debatably the least 

to gain from intervention. Management planning in this situation needs to be 

made on a case-by-case basis, and whilst only one element of the risk-benefit 

equation, an accurate prediction of GI cancer risk can only help the individual 

concerned to reach the right decision. 

 

 
One of the striking findings of the study is the identification of sub-groups with 

a very low GI cancer risk. Indeed, in the 10% of the total cohort with a 

predicted risk of less than 1.5%, no GI cancers were found. It is important to 

note that this includes some post-menopausal females, as shown in Figure 4- 

2. The finding is unlikely to be the result of referral bias, as younger women 

with mild anaemia are the IDA sub-group least likely to be referred unless 

there was some other reason for suspecting GI disease, for example a strong 

family history of GI cancer. 

 

 
It is important to stress that “low-risk” does not equate to “no risk”, and that 

additional fail-safes need to be incorporated before advocating a no 

investigation policy for low risk subgroups, a process known as diagnostic 

safety-netting 25. The first safety-net for “low risk” IDA is ensuring a full and 

sustained haematological response to a course of iron replacement therapy. 

This should already be standard practice, and has been shown to predict a 

very low risk of missed pathology following BDE in those with IDA 26. 

 
A second potential safety-net is testing for tiny quantities of blood in a faecal 

sample using FIT. The development of FIT is undoubtedly a major step 

forward in the risk assessment of patients in primary care presenting with 
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lower GI symptoms, and in screening programmes for colorectal cancer 

(CRC) such as the NHS England Bowel Cancer Screening Programme 27-30. 

It has a greater sensitivity for CRC (the commonest GI cancer underlying IDA) 

than guiac-based testing for faecal occult blood 31 32, and has been shown to 

be of some predictive value for GI cancer in the IDA population without clinical 

risk scoring 27 33 34. The situation might be analogous to established practice 

in the diagnosis of pulmonary embolism, where it is accepted that those with 

a low clinical probability score and a low test result (for d-dimer) have such a 

vanishingly low risk that further investigation is not warranted 35. 

 
The pilot study reported here demonstrates that in a high-risk IDA sub-group 

FIT can predict the presence of CRC, but the sensitivity of 26.7% is 

disappointingly low. Numbers are obviously small, but this suggests that FIT 

may not be a particularly helpful adjunct to the IDIOM score in predicting GI 

cancer risk, at least at the 50 μg Hb/g faeces detection threshold. It may be 

that FIT at a lower detection threshold might improve the sensitivity for CRC 

in IDA without an unacceptable fall in specificity, although a recent meta- 

analysis demonstrates only a marginal improvement in sensitivity on reducing 

the FIT threshold from ≥30 to 10 μg Hb/g faeces, despite more than doubling 

the number of positive results 36. 

 
 

The low sensitivity found here may at first sight seem surprising, but it is 

important to bear in mind that whilst right-sided lesions account for about 35% 

of all CRCs, the figure is over 80% for the sub-group presenting with IDA 2. 

Concerns have been raised about the sensitivity of FIT for right-sided CRC 33, 

and two recent real-world studies have confirmed that this is an issue, 

reporting that about 10% of all CRCs had a FIT of less than 10 μg Hb/g faeces, 

most of these being right-sided tumours presenting with IDA 28 29. An analysis 

of quantitative FIT results revealed median concentrations of 41.6 and 286.8 

μg Hb/g faeces for right-sided (n=17) and left-sided (n=23) CRCs respectively 

(P < 0.03) 29. 
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A recent systematic review of CRC detection by FIT in IDA cohorts yielded 5 

studies with a sensitivity of 0.82 (95% CI 0.68–0.90), though most were small, 

and the evidence quality was poor with a high risk of bias 27. Further research 

in this area is warranted, but the provisional conclusion must be that a 

negative FIT does not reliably exclude CRC in the context of IDA. Following 

on from this, it may be safest to regard IDA and FIT as complementary 

indicators of the possibility of underlying CRC. 

 

 
In conclusion this study has extended previous observations, confirming that 

the simple and objective criteria of age, sex and Hb are strong and 

independent predictors of the risk of underlying GI cancer in subjects with 

IDA, and the additional benefit of incorporating MCV into the risk stratification 

model. It has demonstrated that in combination these variables can identify 

10% of the study population who are at ultra-low risk. The development of an 

App based on this model adds practical value in a clinical setting. 
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Abstract 

 
Background 

Using two large datasets from Dorset, we previously reported an internally 

validated multivariable risk model for predicting the risk of GI malignancy in 

IDA – the IDIOM score. The aim of this retrospective observational study was 

to validate the IDIOM model using two independent external datasets. 

 
Methods 

The external validation datasets were collected, in a secondary care setting, 

by different investigators from cohorts in Oxford and Sheffield derived under 

different circumstances, comprising 1117 and 474 patients with confirmed IDA 

respectively. The data were anonymised prior to analysis. The predictive 

performance of the original model was evaluated by estimating measures of 

calibration, discrimination, and clinical utility using the validation datasets. 

 
Results 

The discrimination of the original model using the external validation data was 

70% (95% CI: 65, 75) for the Oxford dataset and 70% (95% CI: 61, 79) for the 

Sheffield dataset. The analysis of mean, weak, flexible, and across the risk 

groups calibration; showed no tendency for under or over-estimated risks in 

the combined validation data. Decision curve analysis demonstrated the 

clinical value of the IDIOM model with a net benefit that is higher than 

“investigate all” and “investigate no-one” strategies up to a threshold of 18% 

in the combined validation data. Using a risk cut-off of around 1.2% to 

categorise patients into the very-low risk group showed that none of the 

patients stratified in this risk group proved to have GI cancer on investigation 

in the validation datasets. 

 
Conclusion 

This external validation exercise has shown promising results for the IDIOM 

model in predicting the risk of underlying GI malignancy in independent IDA 

datasets collected in different clinical settings. 
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Background 

The strong association between iron deficiency anaemia (IDA) and 

gastrointestinal (GI) cancer is well recognised [1-5]. As a result, IDA in at-risk 

groups is an accepted indication for fast-track referral to secondary care for 

further investigation in the UK [6]. The problem with this approach is that IDA 

is common, but the prevalence of malignancy is only 8 - 10% [7] - meaning a 

large workload for a relatively small yield. 

 
With the aim of risk stratification, we have previously built and internally 

validated a binary multivariable logistic model to predict the risk of GI cancer 

in patients with confirmed IDA, based on four simple variables: age, sex, 

haemoglobin concentration (Hb), and mean cell volume (MCV) – the IDIOM 

model (Iron Deficiency as an Indicator of Malignancy) [4]. Identifying 

subgroups of IDA patients who are at increased / reduced risk of GI cancer 

might lead to (a) accelerating the investigation of those at high predicted risk, 

with potential prognostic implications, and (b) helping those at low predicted 

risk to avoid unnecessary invasive procedures. 

 
The clinical data used to develop the original model was collected for adult 

patients with IDA (n=1879) referred to the IDA clinic in Poole hospital during 

the period 2004-2016 inclusive. The criteria for inclusion were iron deficiency 

confirmed by standard laboratory criteria, and subsequent investigation of the 

upper and lower GI tract. Due to informed patient preference, concurrent 

illness, or major co-morbidity, about 10% of IDA patients usually fail to 

undergo GI investigation for IDA [3,8]. 

 
Developing the original model was carried out before receiving an internal 

dataset (n=511) from the later period 2017-2018. Using this dataset, temporal 

validation of the fitted model showed excellent promise of generalisability. The 
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area under the receiver operating characteristic (ROC) curve (AUC) was 

estimated at 81% (95% CI: 74, 86). The prevalence of malignancy was 8.4% 

in the temporal dataset. The average estimated risk of 7.6% indicated that the 

IDIOM model has no tendency to underestimate or overestimate risk. The 

calibration intercept and slope were 0.1 (95% CI: -0.1, 0.4) and 1.1 (95% CI: 

0.8, 1.5) respectively, suggesting that risk estimates were not systematically 

too moderate or extreme. 

 
However, the data used to validate the model were collected by the same 

centre (IDA clinic in Poole hospital), for the same population (Dorset), using 

the same predictors and outcome definitions and measurements. Confirmed 

IDA was defined using the same blood laboratory marker cut-offs in the 

training and internal validation datasets, but these cut-offs are relevant only 

to the local laboratory and may vary between laboratories. 

 
So to apply the model with confidence to different populations it must be 

tested, and amended in case of poor performance, using data collected by 

other investigators in other geographic areas and preferably using locality- 

specific definitions for the predictors. This retrospective cohort study aims to 

address the transportability of IDIOM score model by broadly validating it 

using two independent external datasets. 

 
 
 

Methods 

After temporally validating the model in 2020, the training and internal 

datasets were merged to form the Dorset dataset. This was used to fit the full 

IDIOM model [9]. The multiple binary logistic regression of this full model was 

constructed according to the formula: 

 

ℙ(𝐺𝐼 𝑀𝑎𝑙𝑖𝑔𝑎𝑛𝑐𝑦 = 𝑝𝑜𝑠𝑡𝑖𝑣𝑒) 
log {

ℙ(𝐺𝐼 𝑀𝑎𝑙𝑖𝑔𝑎𝑛𝑐𝑦 = 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒)
}
 

= −1.84 + 0.94 𝑠𝑒𝑥 + 0.06 𝑎𝑔𝑒 − 0.03 𝑀𝐶𝑉 − 0.03 𝐻𝑏 
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The full IDIOM model was almost identical to the original model using only the 

training dataset [4]. Statistical assessment of the validity and goodness of fit 

of the logistic regression model (Smoothed scatter plot, deviance and residual 

test, Cook’s distance and standardised residual errors, variance inflation 

factor, Akaike information criterion, analysis of variance χ2 test, pseudo R2) 

was satisfactory. 

 
Before importing the coefficients of the full IDIOM model to predict the risk of 

GI cancer in the validation data, least absolute shrinkage and selection 

operator (Lasso) was applied to regulate the model. A comparison of different 

regularisation method effects on the model coefficients is shown in the 

Supplementary information, Table S 5-1. The model coefficients after applying 

these methods were very close, however, Lasso method was selected 

because it is the method that shrunk the coefficients the most. 

 
The final updated multiple binary logistic regression of the full IDIOM model 

regulated using Lasso method and validated in this study was constructed 

according to the formula: 

 

ℙ(𝐺𝐼 𝑀𝑎𝑙𝑖𝑔𝑎𝑛𝑐𝑦 = 𝑝𝑜𝑠𝑡𝑖𝑣𝑒) 
log {

ℙ(𝐺𝐼 𝑀𝑎𝑙𝑖𝑔𝑎𝑛𝑐𝑦 = 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒)
}
 

= −1.84 + 0.89 𝑠𝑒𝑥 + 0.05 𝑎𝑔𝑒 − 0.03 𝑀𝐶𝑉 − 0.06 𝐻𝑏 
 
 

The ORs (95% CI, p value) for the four predictive variables were as follows: 

• Sex: 2.44 for men (1.88 to 3.49, p<0.0001) 

• Age: 1.05 per year (1.04 to 1.08, p<0.0001) 

• MCV: 1.03 for each fl reduction (1.01 to 1.05, p<0.01) 

• Hb: 1.03 for each g/l reduction (1.02 to 1.04, p<0.0001) 

 

 
The quartiles of positive predictive values (PPV) were updated based on the 

penalised model (Table 5-1). The first PPV quarter was divided into two 

halves, in which the lower half corresponds to negative predictive values 

(NPV) equal to 100% only. The highest predicted risks in each PPV quarter 
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(and the lower half of the first quarter) were used as cut-offs to create the risk 

groups. The updated cut-offs to create the risk groups were 1.18%, 2.16%, 

4.24%, and 7.97%. 

 
Table 5-1 Risk groups cut-offs after regulating IDIOM model based on 

the quartiles of PPV 

 

PPV quarters PPV values range % Corresponding 

predicted risk cut-offs 

% 

Risk group 

Lower half of the 1st 

quarter of PPV* 

[8.4-9.4] <=1.18 very-low risk 

Upper half of the 1st 

quarter of PPV 

]9.4-10.8] ]1.18-2.16] Low risk 

2nd quarter of PPV ]10.8-14.7] ]2.16-4.24] Moderate risk 

3rd quarter of PPV ]14.7-19.6] ]4.24-7.97] High risk 

4th quarter of PPV >19.6 >7.97 Very high risk 

 
*: The risk group at which PPV values are in the lower quarter, and 

NPV =100 

PPV is the number of positive cases that were correctly classified 

divided by the total number of positive cases predicted. NPV is the 

number of negative cases that were correctly classified divided by the 

total number of negative cases predicted. 

 
The highest Gmean (geometric mean of sensitivity and specificity) value in 

the Dorset dataset was updated using the penalised IDIOM model and found 

to be around 70%. 
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Source of data 

Independent datasets were collected by investigators in Oxford and Sheffield 

and included all subjects who met the inclusion criteria within the collection 

time frame. The Oxford dataset was collected for the period 2016-2019 and 

comprised 1147 subjects with IDA referred for fast-track investigation. The 

Sheffield dataset was collected for the period 2013-2018 and compromised 

477 subjects with IDA referred to a dedicated IDA Clinic. 

 

Patients 

For all datasets the subjects were adults referred to secondary care who went 

on to be investigated for IDA. The decision to refer was generally made in 

primary care by the GP who requested the blood test revealing IDA, usually 

following a discussion with the patient concerned about the significance and 

potential implications of the result. 

 
Confirmation of IDA depended on local practice but was broadly accepted as: 

(a) Transferrin saturation (T.sat) <15% and / or serum ferritin less than the 

lower laboratory limit of normal at the time for the Dorset dataset, (b) T.sat 

<16% and / or serum ferritin <10 μg/l (women) or <20 μg/l (men) for the Oxford 

dataset, (c) serum ferritin <31 μg/l (both sexes) for the Sheffield dataset. The 

diagnosis of iron deficiency was confirmed in all subject in each of the 

datasets by the finding of an abnormally low serum ferritin and / or transferrin 

saturation. All subjects underwent standard first-line GI investigation for IDA, 

comprising exclusion of coeliac disease, OGD and an adequate colonic 

examination – either by CT colonography or colonoscopy. 

 

Outcome and predictors 

As for the IDIOM model, the outcome was the presence / absence of cancer 

of the upper or lower GI tract. The predictors were the recoded values of age 

at presentation (years), sex (male / female), Hb (g/l) and MCV (fl) measured 

from the same blood sample taken prior to iron replacement therapy. The 

decision regarding the presence or absence of GI malignancy was made by 

clinician with responsibility for the case after GI investigations were complete. 
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Sample size 

Being a retrospective analysis of secondary data meant there was no control 

of the size of the external validation datasets. The number of outcome events 

in the Oxford and Sheffield datasets were 86, 36 respectively. Following the 

simulation-based sample size calculations for external validation of clinical 

prediction models [10], the anticipated precisions of performance measures 

were estimated based on the available number of outcome events in each 

external validation dataset, and on them both combined. Further details about 

sample size considerations are included in the Supplementary information 

(sample size, Figure S 5-1, Figure S 5-2). 

 

Development vs. validation(s) 

Differences in the quoted normal ranges for Hb, MCV, T.sat, and serum ferritin 

were to be expected between the laboratories in Dorset, Oxford, and Sheffield 

as these references are relevant only to the local laboratory. However, the 

differences for all the variables (as shown in the Supplementary information, 

Table S 5-2) were marginal. 

 

Missing data 

There was no missing data in the external validation datasets for the results 

of IDA investigations, Hb, MCV, sex, and age. 

 

Statistical analysis 

Before starting the analysis, external validation datasets were prepared by 

taking out duplicates and applying inclusion (confirmed IDA patients who 

underwent standard first-line GI investigation for IDA) and exclusion criteria 

(all IDA patients diagnosed with other malignancies e.g. ovarian cancers, 

renal cancers, GIST, neuroendocrine tumours were excluded). The updated 

cut-offs used to create the risk groups in Dorset (Table 5-1) were imported to 

create risk groups in Oxford, Sheffield, and the combined validation datasets, 

and then the predictive performance of the IDIOM model was evaluated using 

the validation datasets by estimating the following measures: 



91  

Discrimination 

Discrimination refers to the ability of the model to distinguish correctly 

between the presence and absence of GI cancer in the validation datasets. 

Discrimination of the IDIOM model was assessed by examining the values of 

C-statistic for these datasets. For a binary outcome, the C-statistic is 

equivalent to the area under the receiver operating characteristic (ROC) curve 

(AUC). The highest Gmean values in the Dorset, Oxford, Sheffield, and the 

combined validation datasets were compared visually by adding them to the 

ROC curve graph. 

 
 

Calibration 

Calibration quantifies how close estimated risks are to observed ones in the 

validation datasets. Assessment of IDIOM calibration was carried out 

following published methodology [11], employing mean calibration (or 

calibration-in-the-large), weak calibration (calibration intercept and calibration 

slope), and moderate calibration (flexible calibration curve based on Loess 

functions). 

 
To check calibration across the risk groups, we split the combined validation 

dataset based on descending order of probabilities into fifths (5 groups) using 

the defined cut-offs (in Table 5-1). Then the calibration between observed and 

predicted risks across the risk groups was assessed visually using a 

calibration plot. As per the sample size considerations (Supplementary 

information), the two external datasets were combined to assess the 

calibration. 

 
 

Net benefit 

The net benefit (NB) expresses the relative value of benefits and harms 

associated with using the model. Benefits reflect the diagnosis of a GI cancer 

by investigation, whilst harms include the risks and cost of carrying out an 

unnecessary invasive investigation. 
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Since the current standard of care is to offer investigation to all patients with 

IDA at risk of malignancy, a major potential use of the IDIOM risk model would 

be to identify those at very low risk who may not warrant investigation. 

 
Decision curves can be used as a tool for assessing the performance of risk 

prediction models [12], Decision curves were used to assess the clinical value 

of the model by ensuring that it had a higher NB than simple strategies such 

as “investigate all” or “investigate no-one” across a plausible range of risk 

thresholds. Clinical impact curves, which are alternative plots for the outputs 

of decision curves, were used to compare the estimated number of patients 

who would be classified as low risk, and the number of patients classified low 

risk without the outcome of interest (true negative) at each threshold. 

 
Subjects diagnosed with GI cancer (cases) have expected benefit B > 0 from 

the investigation, where B accounts for the totality of good and bad effects. 

Likewise, subjects who do not have GI cancer (controls) have a cost (or 

burden) of the investigation, C > 0 [13]. Given benefit (B) and cost (C), the 

optimal risk threshold (R) for determining investigation is: 

 
𝐶 

𝑅  = 
𝐶 + 𝐵 

 
 

When the policy is “investigate all”, all controls experience the cost of 

investigation. The advantage of an opt-out policy to the patient population 

accrues from controls whose estimated risks are below R, as such patients 

avoid the cost [13]. Expressing NB in terms of avoided unnecessary 

investigations is recommended if the reference strategy is “investigate all”, 

and so NB is expressed in terms of true negatives rather than true positives 

[14]. Given that 𝜌 is the proportion of cases, the standardised net benefit- 

which is easier to be interpreted than net benefit- can be calculated by dividing 

the net benefit by (1 − 𝜌) as can be shown from the equation [13]: 

 
 

𝑠𝑁𝐵 = 𝑇𝑁𝑅𝑅 − 
𝜌 

(1 − 𝜌) 

1 − 𝑅 

𝑅 
𝐹𝑁𝑅𝑅 
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In which TNR is the specificity at a given risk threshold R, and FNR is the miss 

rate at the same threshold. At “investigate no-one”; TNR=FNR≡1, and at 

“investigate all”; TNR=FNR≡0. In an “investigate all” standard of care, the 

standardised net benefit can be viewed as the TNR appropriately discounted 

by the FNR [13]. 

 
With an “investigate all” standard of care it is difficult for any model to perform 

better than a strategy of “investigate no-one” when the prevalence is low, and 

so for this analysis we combined both external validation datasets into one 

and compared that to the Dorset dataset. 

 
The TRIPOD (Transparent reporting of a multivariable prediction model for 

individual prognosis or diagnosis) Initiative was followed to report this study 

[15]. R (version 3.6.1) and RStudio (version 1.2.5001) were used to run the 

statistical analysis and to produce the graphs. 

 
 
 

 
Results 

 

Patients 

After tidying the databases and applying the exclusion criteria, 1117 cases 

were available for detailed analysis from the Oxford dataset and 474 from the 

Sheffield dataset. There were differences between the datasets, as shown in 

Table 5-2. As expected, the Oxford dataset had a lower median Hb in 

particular, as subjects presented exclusively through the fast-track pathway. 
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Table 5-2 Descriptive statistics for the three datasets 

 

 
Dataset 

 
Dorset 

 
Oxford 

 
Sheffield 

Dataset 

size 
N 2390 1117 474 

GI Cancer positive - n (%) 200 (8.4%) 86 (7.7%) 36 (7.6%) 

Sex male - n (%) 862 (36%) 446 (40%) 227 (48%) 

Age 

(Years) 
median (min, max) 71 (16, 96) 74 (22, 97) 69 (18,93) 

Hb (g/l) median (min, max) 104 (32,159) 91 (29,129) 104 (54,152) 

MCV (fl) median (min, max) 80 (53,112) 81 (55,125) 80 (32,104) 

 
A Density plot of continuous variables according to the presence/absence of 

GI cancer in each dataset using the IDIOM model is illustrated in the 

Supplementary information, Figure S 5-3 whilst the probability distributions for 

each dataset are shown in the Supplementary information, Figure S 5-4. 

 
 
 

Model performance 
 

Discrimination 

The discrimination of the IDIOM model was AUC: 77% (95% CI: 74, 80) for 

the Dorset dataset, AUC: 70% (95% CI: 65, 75) for the Oxford dataset, AUC: 

70% (95% CI: 61, 79) for the Sheffield dataset, and AUC: 69% (95% CI: 65, 

74) for the combined validation dataset. As predicted by the sample size 

calculations, due to the small sample size of the Sheffield dataset, the width 

of the CI for the discrimination was the largest. And for the combined 

validation data, was less than 10%. 
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Using the risk groups cut-offs in Table 5-1, analysis showed that: 

• Cut-off 1 (<=1.18%) stratified about 11% of the Dorset dataset and 3% 

of both external cohorts (Oxford:2%, Sheffield: 5%) into the very-low 

risk group. 

• Cut-off 2 (1.18-2.16%) stratified about 14% of the Dorset dataset and 

8% of both external cohorts (Oxford:7%, Sheffield: 12%) into the low 

risk group. 

• Cut-off 3 (2.16-4.24%) stratified about 26% of the Dorset dataset and 

25% of both external cohorts (Oxford:22%, Sheffield: 31%) into the 

moderate risk group. 

• Cut-off 4 (4.24-7.97%) stratified about 24% of the Dorset dataset and 

31% of both external cohorts (Oxford:30%, Sheffield: 33%) into the 

high risk group. 

• Cut-off 5 (>7.97%) stratified about 25% of the Dorset dataset and 33% 

of both external cohorts (Oxford:39%, Sheffield: 19%) into the very- 

high risk group. 

 
 

The proportion of patients who fell into the higher-risk groups from the Oxford 

dataset was large (69%). This was expected because the patients in the 

Oxford dataset had lower Hb values. None of the patients stratified in the very- 

low risk group from the validation datasets (Oxford:2%, Sheffield: 5%) proved 

to have GI cancer on investigation as NPV remains 100%. 

 
The ROC curve (Figure 5-1) showed that the highest Gmean values in the 

validation datasets were close (70% in the Dorset dataset, 66% in the Oxford 

dataset, 68% in the Sheffield dataset, and 64% in the combined dataset). 
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Figure 5-1 Receiver operating characteristic curve shows the sensitivity 

on Y axis, and specificity on X axis for the Dorset (black), Oxford (dark 

grey), Sheffield (grey), and combined validation (dotted black) datasets 

with the highest GMean value in each dataset. AUC - area under curve. 

GMean - geometric mean of sensitivity and specificity 
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Calibration 

 
Risk groups calibration 

Assessing the calibration visually across the five risk groups in the combined 

validation data suggested (Supplementary information, Figure S 5-5) that the 

observed and predicted risks across the five risk groups were overall similar. 

 

 
Mean calibration (calibration-in-the-large) 

The prevalence of malignancy was 7.7% (86/1117) for the Oxford series, 

7.6% (36/474) for the Sheffield series, and 7.7% (122/1591) for the combined 

datasets. The average risks estimated by the IDIOM model were 8.5%, 5.5%, 

and 7.6% respectively. Assessing the risk ratios, using the validation datasets 

separately, showed that there was an over-estimating for the risks in the 

Oxford dataset (by 10%), and under-estimation for the risk in the Sheffield 

dataset (by 28%). However, the analysis using the combined validation 

dataset showed no tendency for the model to under- or over-estimate risk (by 

1%). 

 

 
Weak calibration (calibration intercept and calibration slope) 

For the Oxford dataset, the calibration intercept and slope were -0.11 (95% 

CI: -0.34, 0.12), and 0.87 (95% CI: 0.59, 1.15) respectively. For the Sheffield 

dataset, the calibration intercept and slope were 0.35 (95% CI: 0.01, 0.70) 

and 0.96 (95% CI: 0.5, 1.42) respectively. For the combined Oxford and 

Sheffield datasets the number of events was 122, the calibration intercept and 

slope  were  0.01  (95%  CI:  -0.18,  0.20),  and  0.84  (95%  CI:  0.60,  1.07) 

respectively. With zero as the target value for the intercept, the results for 

Oxford dataset and the combined data suggest no tendency for under- or 

over-estimated risks. The calibration slopes were close to the target value of 

1, suggesting that risk estimates for Oxford dataset and the combined data 

were not systematically too moderate or extreme in either dataset. 
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The confidence intervals for the calibration intercept all contain 0 apart from 

the small size Sheffield dataset. All confidence intervals were wide >0.2, 

however, this result was consistent with what the sample size calculations 

predicted based on the existing relatively small number of outcome events. 

 

 
Moderate calibration (flexible calibration curve) 

The flexible calibration plot for the combined validation dataset (Figure 5-2) 

showed that the model was well-calibrated for risks up to about 17%, but 

miscalibrated for a few of the higher risk patients. For example, in Figure 5-2, 

a predicted risk of 30% corresponds to an observed risk of around 20%. 

However, about 92% of the combined cohort patients have predicted risks 

less than 17.5% and the model is well-calibrated in this region. Also, using 

any of these cut-off values above 17.5% would put these patients in the very 

high-risk group regardless of their predicted risks. 

 
The calibration plot for the Oxford dataset (Supplementary information, Figure 

S 5-6) showed similar results to that in the combined validation dataset (in 

which 90% of the Oxford cohort patients have predicted risks less than 

17.5%). 

 
Furthermore, the flexible calibration plot for the Sheffield dataset 

(Supplementary information, Figure S 5-7) showed a strong deviation from 

the ideal line across the range of true risks above 20%. The miscalibration 

above 17.5% was consistent with the previous results in the Oxford and 

combined datasets. However, only 2% of the Sheffield cohort have predicted 

risks more than 17.5%. 
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Figure 5-2 Flexible calibration curve for the combined external datasets, 

showing the relationship between the estimated risks (on the x-axis) and 

the observed proportion of events (on the y-axis) 

 

 
Net benefit 

Decision curve analysis suggested that the IDIOM model is of clinical value 

because it has the potential to add value - i.e. standardised NB is higher than 

“investigate no-one” and “investigate all” for a range of risk thresholds up to 

27% in the Dorset dataset, up to 18% in the combined validation dataset (and 

up to 18% in the Oxford dataset, and to 18% in the Sheffield dataset as can 

be seen from the Supplementary information, Figure S 5-8 and Figure S 5-9). 
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So at a risk threshold of 10% for example, use of the IDIOM model would be 

the equivalent to a theoretical strategy that reduced the number of 

unnecessary investigations by about 43 per 100 in the Dorset dataset (Figure 

5-3), and 38 per 100 in the combined validation dataset (38 per 100 in the 

Oxford dataset, 37 per 100 in the Sheffield dataset) (Figure 5-4). 

 
 

 
Figure 5-3 Decision curve analysis for GI investigation using Dorset 

data. Grey line: penalised IDIOM model. Black line: investigate no-one 

strategy. Dashed line: investigate all strategy. The vertical axis displays 

standardized net benefit. The horizontal axis shows the risk thresholds 
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Figure 5-4 Decision curve analysis for GI investigation using the 

combined external datasets. Grey line: penalised IDIOM model. Black 

line: “investigate no-one” strategy. Dashed line: “investigate all” 

strategy. The vertical axis displays standardized net benefit. The 

horizontal axis shows the risk thresholds 

 

 
The clinical impact curves (Supplementary information, Figure S 5-10 and 

Figure S 5-11) showed that at a risk threshold of 10%, around 825 of 1,000 

IDA patients in the Dorset dataset would be anticipated as low risk and about 

780 of these as true negatives for GI cancer (cost/benefit: 1/9). At the same 

risk threshold, of 1000 IDA patients in the combined validation dataset, about 

750 would be predicted as low risk and about 710 of them as true negatives 

for GI cancer (cost/benefit: 1/9). 
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Figure S 5-12 and Figure S 5-13 (Supplementary information) showed that at 

the same risk threshold of 10%, around 690 of 1,000 IDA patients in the 

Oxford dataset would be anticipated as low risk and about 650 of these as 

true negatives for GI cancer (cost/benefit: 1/9). At the same risk threshold, of 

1000 IDA patients in the Sheffield validation dataset, about 870 would be 

predicted as low risk and about 840 of them as true negatives for GI cancer 

(cost/benefit: 1/9). 

Regardless of the sample size, in every dataset, the net benefit analysis has 

shown consistently a clinical value for the IDIOM model in the validation 

datasets. 

 
 
 

Discussion 

IDA is a problem commonly encountered in clinical practice, and the 

prevalence of underlying GI cancer is the primary justification for the urgent 

investigation of it [7, 16-21]. Bidirectional endoscopy, combining gastroscopy 

and colonoscopy in the same session, is generally accepted as the most 

efficient method of assessing the GI tract unless there are clear clinical clues 

as to the cause [20]. It does however carry a small but significant risk of 

complications, particularly in the elderly and those with major comorbidities, 

and it is therefore important to consider the risk-benefit ratio for the 

investigation of IDA on an individual case basis. 

 
Bidirectional endoscopy is also labour intensive, taking up to an hour to 

complete for each patient, yet over 90% of procedures for IDA will not reveal 

malignancy. Because it is common, IDA is a major drain on investigational 

resources, accounting for a substantial proportion of the workload in many 

endoscopy units - with estimates of up to 20% of all diagnostic examinations 

[3]. Any manoeuvre to safely reduce the number of necessary investigations 

has the potential to make a substantial positive impact on both costs and 

waiting times. 
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We have previously proposed the IDIOM score as a simple and reliable pre- 

test predictor of the risk of underlying malignancy that is sufficiently 

discriminating to be clinically useful for patient-centred counselling [4]. 

Effective risk stratification is a potentially important clinical tool for two 

reasons. First, it allows the identification of a very high-risk subgroup who 

warrant accelerated investigation and can be managed accordingly. Second, 

it reveals individuals at very low risk who are unlikely to benefit from invasive 

investigation and may wish to make a considered decision not to proceed. 

Since there is currently no consensus on the risk threshold warranting 

investigation for GI cancer in IDA, the IDIOM score is of potential use not just 

to predict the GI risk and stratify patients in meaningful risk groups, but also 

to inform the decisions of clinicians and patients when discussing whether 

invasive investigation is appropriate. 

 
Challenges to the applicability of the IDIOM score to other IDA populations 

include relatively small proportion of positive cases (8.4% for the Dorset 

dataset), and differences in predictor definitions, referral pathway, and patient 

characteristics between cohorts in different parts of the country. The external 

validation exercise reported here was therefore important to confirm that the 

model underlying the IDIOM score is capable of predicting the risk of 

underlying GI malignancy in independent external IDA datasets. 

 
Using the combined validation dataset, our results demonstrate that the 

IDIOM model has good discrimination performance, and of clinical value. The 

results also suggest that the IDIOM model has no tendency to under- or over- 

estimate risk, and the risk estimates are not systematically too moderate or 

extreme. Moreover, using the 1.18% cut-off to categorise patients into the 

ultra-low risk group showed that none of the IDA patients within this group 

proved to have GI cancer on investigation in any dataset (Dorset, Sheffield, 

and Oxford). 

 
The strength of this study is the inclusion of more than one independent 

external dataset to validate the model. Also, it represents the first risk 
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prediction model for gastrointestinal cancer in iron deficiency anaemia to be 

internally and externally validated. Being a retrospective analysis, limitations 

include our inability to control the size of the study external validation datasets 

which resulted in a restricted suboptimal evaluation per centre, or to 

incorporate other variables that might influence GI cancer risk such as family 

history, previous cancer, race, unintentional weight loss, and red meat 

consumption - though this is the aim of work to develop the model further. 

 
 
 

 
Conclusion 

By analysing two independent datasets, this paper externally validates the 

IDIOM score risk prediction model, a multivariable logistic regression model 

developed to predict the risk of gastrointestinal malignancy for patients with 

iron deficiency anaemia. The assessment of the model performance was 

evaluated by estimating the measures of discrimination, calibration, and net 

benefit. This external validation exercise has shown promising results 

regarding using the IDIOM model in predicting the risk of underlying GI 

malignancy in different IDA populations in the UK, however, further validation 

of this model in larger datasets would still be useful to confirm the findings 

from this study. 
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Abbreviations 
 

AUC Area Under The ROC 

CI Confidence Interval 

CRC Colorectal Cancer 

GI Gastrointestinal 

Hb Blood Haemoglobin Concentration 

IDA Iron Deficiency Anaemia 

 

IDIOM 
Iron Deficiency as An Indicator of 

Malignancy 

MCV Mean Cell Volume 

NB Net Benefit 

OGD Gastroscopy 

OR Odds Ratio 

ROC Receiver Operating Characteristic Curve 

T.sat Transferrin Saturation 
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Supplementary information 

 
Table S 5-1 Model coefficients before/after applying different 

regularisation methods 

 

 Full model1 Heuristic2
 Bootstrap3

 Penalised4
 Lasso5

 

Intercept -1.84 -1.80 -1.85 -1.77 -1.84 

Sex (male) 0.939 0.917 0.919 0.903 0.894 

Age (years) 0.057 0.056 0.056 0.055 0.049 

MCV (fl) -0.033 -0.032 -0.032 -0.032 -0.030 

Hb (g/l) -0.026 -0.025 -0.025 -0.025 -0.025 

 
1: Standard binary logistic model 

2: Heuristic shrinkage 

3: Bootstrap shrinkage (500 bootstraps) 

4: Penalized maximum likelihood using 

5: Least absolute shrinkage and selection operator (Lasso) 
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Sample size considerations 

 
Being a retrospective analysis of secondary data meant we did not have any 

control over the size of the external validation datasets. The number of 

outcome events in the Oxford and Sheffield datasets were 86, 36 respectively. 

Following the simulation-based sample size calculations for external 

validation of clinical prediction models [1], the anticipated precisions of 

performance measures were estimated based on the available number of 

outcome events in the external validation datasets, and on them both 

combined. 

Using a fixed base probability of 0.084 (200/2390 from Dorset dataset), the 

simulation-based sample size calculations predicted an average 95% CI width 

for the discrimination value of around 0.16 when the standard deviation of 

linear predictor SD(LP) is 1 for 36 outcome events (n=429) as can be seen 

from Figure S 5-1. The figure was 0.10 for 86 outcome events (n=1024), and 

0.08 for 122 outcome events (n=1452). Accordingly, to achieve a 95% CI 

width for the C-statistic < 0.1, 86 outcome events should be sufficient to 

achieve this precise performance measure. This means that the Oxford 

dataset can be used separately, or it can be combined with the Sheffield 

dataset to achieve more precise discrimination. A precision of discrimination 

performance < 0.1 cannot be achieved by using Sheffield dataset alone. 

The simulation also showed that for the calibration slope (Figure S 5-2), a 

95% CI width of 0.8 would be predicted at SD(LP) =1 for 36 outcome events, 

0.6 for 86 outcome events, and 0.4 for 122 outcome events. Achieving a 95% 

CI width for the calibration slope < 0.2, would need about more than 500 

outcome events. Thus, to achieve the most possible precise 95% CI width for 

the calibration slope, the two validation datasets must be combined. 

 
Reference: 

1. Snell, K., Archer, L., Ensor, J., et al. External validation of clinical prediction 

models: simulation-based sample size calculations were more reliable than 

rules-of-thumb. J Clin Epidemiol 2021 Feb 14(135):79-89. doi: 

0.1016/j.jclinepi.2021.02.011. 
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Figure S 5-1 Average 95% confidence interval width for the C-statistic 

(discrimination) at different effective sample sizes comparing by SD(LP) 

at fixed base probability = 0.084 
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Figure S 5-2 Average 95% confidence interval width for the calibration 

slope at different effective sample sizes (based on number of events) 

comparing by SD(LP) at fixed base probability =0.084 
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Table S 5-2 Normal ranges for Hb, MCV, ferritin, T.sat in each lab 

 
 Dorset dataset Oxford dataset Sheffield dataset 

Ferritin 

(ug/l) 

Female: 13-150 

Male: 30-400 

Female: 10-200 

Male: 20-300 

31-400 

T.sat (%) 15-45 16-50 Female: 15-45 

Male: 15-50 

Hb (g/l) Female: 115-150 

Male: 130-170 

Female: 120-150 

Male: 130-170 

Female: 110-147 

Male: 131-166 

MCV (fl) 78-99 83-105 Female: 80.0-98.1 

Male: 81.8-96.3 
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Figure S 5-3 Density plots show the distributions of continuous 

variables per GI presence/absence in each dataset using IDIOM model 
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Figure S 5-4 Density plots show the distribution of estimated risks per 

GI presence/absence in each dataset using IDIOM model 
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Figure S 5-5 Risk groups calibration in the combined validation dataset 

shows the relation between the estimated risks (on the x-axis) and the 

observed risks (on the y-axis) 
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Figure S 5-6 Flexible calibration curve in Oxford dataset shows the 

relation between the estimated risks (on the x-axis) and the observed 

proportion of events (on the y-axis) 
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Figure S 5-7 Flexible calibration curve in Sheffield dataset shows the 

relation between the estimated risks (on the x-axis) and the observed 

proportion of events (on the y-axis) 
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Figure S 5-8 Decision curve analysis for GI investigation using Oxford 

dataset. Grey line: penalised IDIOM model. Black line: “investigate no- 

one” strategy. Dashed line: “investigate all” strategy. The vertical axis 

displays standardized net benefit. The horizontal axis shows the risk 

thresholds 
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Figure S 5-9 Decision curve analysis for GI investigation using Sheffield 

dataset. Grey line: penalised IDIOM model. Black line: “investigate no- 

one” strategy. Dashed line: “investigate all” strategy. The vertical axis 

displays standardized net benefit. The horizontal axis shows the risk 

thresholds 
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Figure S 5-10 Clinical impact curve for penalised IDIOM risk model using 

Dorset data, with 95% CIs constructed via bootstrapping. Of 1,000 

patients, the heavy black solid line shows the total number who would 

be deemed low risk for each risk threshold. The blue dashed line shows 

how many of those would be true negatives. The vertical axis displays 

standardised net benefit. The two horizontal axes show the 

correspondence between risk threshold and cost:benefit ratio 
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Figure S 5-11 Clinical impact curve for penalised IDIOM risk model using 

combined validation data from Oxford and Sheffield, with 95% CIs 

constructed via bootstrapping. Of 1,000 patients, the heavy black solid 

line shows the total number who would be deemed low risk for each risk 

threshold. The blue dashed line shows how many of those would be true 

negatives. The vertical axis displays standardised net benefit. The two 

horizontal axes show the correspondence between risk threshold and 

cost:benefit ratio 
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Figure S 5-12 Clinical impact curve for penalised IDIOM risk model using 

the Oxford dataset, with 95% CIs constructed via bootstrapping. Of 

1,000 patients, the heavy black solid line shows the total number who 

would be deemed low risk for each risk threshold. The blue dashed line 

shows how many of those would be true negatives. The vertical axis 

displays standardised net benefit. The two horizontal axes show the 

correspondence between risk threshold and cost:benefit ratio 
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Figure S 5-13 Clinical impact curve for penalised IDIOM risk model using 

the Sheffield dataset, with 95% CIs constructed via bootstrapping. Of 

1,000 patients, the heavy black solid line shows the total number who 

would be deemed low risk for each risk threshold. The blue dashed line 

shows how many of those would be true negatives. The vertical axis 

displays standardised net benefit. The two horizontal axes show the 

correspondence between risk threshold and cost:benefit ratio 
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Table S 5-3 Transparent reporting of a multivariable prediction model for 

individual prognosis or diagnosis (TRIPOD): The TRIPOD statement 

https://www.equator-network.org/reporting-guidelines/tripod-statement/ 
 

Section/ 
 

Topic 

Item Checklist Item Page 

Title and abstract 

 
Title 

 
1 

Identify the study as developing and/or validating a multivariable 

prediction model, the target population, and the outcome to be 

predicted. 

 
83 

 
Abstract 

 
2 

Provide a summary of objectives, study design, setting, participants, 

sample size, predictors, outcome, statistical analysis, results, and 

conclusions. 

 
84 

Introduction 

 
 
 
Background 

and objectives 

 

 
3a 

Explain the medical context (including whether diagnostic or 

prognostic) and rationale for developing or validating the 

multivariable prediction model, including references to existing 

models. 

 

 
85 

3b 
Specify the objectives, including whether the study describes the 

development or validation of the model or both. 
86 

Methods 

 
 
 
Source of data 

 
4a 

Describe the study design or source of data (e.g., randomized trial, 

cohort, or registry data), separately for the development and 

validation data sets, if applicable. 

 
89 

4b 
Specify the key study dates, including start of accrual; end of accrual; 

and, if applicable, end of follow-up. 
89 

 
 

 
Participants 

 
5a 

Specify key elements of the study setting (e.g., primary care, 

secondary care, general population) including number and location 

of centres. 

 
89 

5b Describe eligibility criteria for participants. 89 

5c Give details of treatments received, if relevant. NA 

https://www.equator-network.org/reporting-guidelines/tripod-statement/


127  

 

 
Outcome 

6a 
Clearly define the outcome that is predicted by the prediction model, 

including how and when assessed. 
89 

6b 
Report any actions to blind assessment of the outcome to be 

predicted. 
NA 

 
 
 
Predictors 

 
7a 

Clearly define all predictors used in developing or validating the 

multivariable prediction model, including how and when they were 

measured. 

 
89 

7b 
Report any actions to blind assessment of predictors for the outcome 

and other predictors. 
NA 

Sample size 8 Explain how the study size was arrived at. 90 

 
Missing data 

 
9 

Describe how missing data were handled (e.g., complete-case 

analysis, single imputation, multiple imputation) with details of any 

imputation method. 

 
90 

 
 

Statistical 

analysis 

methods 

10c For validation, describe how the predictions were calculated. 90 

10d 
Specify all measures used to assess model performance and, if 

relevant, to compare multiple models. 
90-93 

10e 
Describe any model updating (e.g., recalibration) arising from the 

validation, if done. 
NA 

Risk groups 11 Provide details on how risk groups were created, if done. 90 

Development 

vs. validation 
12 

For validation, identify any differences from the development data in 

setting, eligibility criteria, outcome, and predictors. 
90 

 Results 

 
 
 

 
Participants 

 

 
13a 

Describe the flow of participants through the study, including the 

number of participants with and without the outcome and, if 

applicable, a summary of the follow-up time. A diagram may be 

helpful. 

 

 
93 

 
13b 

Describe the characteristics of the participants (basic demographics, 

clinical features, available predictors), including the number of 

participants with missing data for predictors and outcome. 

 
94 
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13c 

For validation, show a comparison with the development data of the 

distribution of important variables (demographics, predictors and 

outcome). 

 
94 

Model 

performance 
16 Report performance measures (with CIs) for the prediction model. 

94- 

102 

Model- 

updating 
17 

If done, report the results from any model updating (i.e., model 

specification, model performance). 
NA 

Discussion 

Limitations 18 
Discuss any limitations of the study (such as nonrepresentative 

sample, few events per predictor, missing data). 

102- 

103 

 

 
Interpretation 

19a 
For validation, discuss the results with reference to performance in 

the development data, and any other validation data. 

102- 

103 

19b 
Give an overall interpretation of the results, considering objectives, 

limitations, results from similar studies, and other relevant evidence. 
104 

Implications 20 
Discuss the potential clinical use of the model and implications for 

future research. 
104 

Other information 

Supplementary 

information 

 
21 

Provide information about the availability of supplementary 

resources, such as study protocol, Web calculator, and data sets. 

Attac 

hed 

file 

Funding 
22 

Give the source of funding and the role of the funders for the present 

study. 
14 
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Chapter 6 : Modelling the episodes of care for 

IDA patients in a secondary-care center using 

continuous-time multistate Markov chain 

 
 

 
Open access original research article published at: 

https://www.saudijgastro.com/article.asp?issn=1319- 

3767;year=2022;volume=28;issue=2;spage=115;epage=121;aulast=Almilaji 

 

 

Citation: Almilaji, O. Modelling the episodes of care for iron deficiency anemia 

patients in a secondary-care center using continuous-time multistate Markov 

chain. 2022. Saudi J Gastroenterol; 28:115-21. doi: 10.4103/sjg.sjg_387_21 

https://www.saudijgastro.com/article.asp?issn=1319-3767%3Byear%3D2022%3Bvolume%3D28%3Bissue%3D2%3Bspage%3D115%3Bepage%3D121%3Baulast%3DAlmilaji
https://www.saudijgastro.com/article.asp?issn=1319-3767%3Byear%3D2022%3Bvolume%3D28%3Bissue%3D2%3Bspage%3D115%3Bepage%3D121%3Baulast%3DAlmilaji
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Abstract 

 
Background 

Despite the high prevalence of gastrointestinal (GI) cancer in iron deficiency 

anemia (IDA), some IDA patients do not complete all the necessary GI 

investigations at the initial referral. As a result, existing cancers are diagnosed 

at a later referral with worse prognosis. The potential to detect GI cancer early 

depends on minimizing the delay time spent between the two consecutive 

referrals, where a patient did not complete investigations at the first referral, 

but at the second is diagnosed with positive GI cancer. This retrospective 

longitudinal study aims to highlight the proper methods to model these 

referrals. 

 
Methods 

Using anonymized data of 168 episodes of care for IDA patients at an IDA 

clinic in secondary care setting, continuous-time multi-state Markov chain is 

employed to determine the transition rates among three observed states for 

IDA patients at the IDA clinic, “incomplete investigations,” “negative GI 

cancer,” and “positive GI cancer” and to estimate the delay time. 

 
Results 

Once in the state of incomplete investigations, an estimated mean delay time 

of 3.1 years (95% CI: 1.2, 5) is spent before being diagnosed with positive GI 

cancer. The probability that the “positive GI diagnosis” is next after the state 

of “incomplete investigation” is 17% compared with 11% when it is followed in 

the state of negative GI cancer. Defining the survival as the event of not being 

in the state of “positive GI cancer,” the survival rate of IDA patients with 

negative GI cancer is always higher than those with incomplete investigations. 

Finally, being diagnosed with positive GI cancer is always preceded by the 

prediction of being considered “very high risk” at the earlier visit. 
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Conclusion 

A baseline model was proposed to represent episodes of care for IDA patients 

at a secondary care center. Preliminary results highlight the importance of 

completing the GI investigations especially in IDA patients who are at high 

risk of GI cancer and fit enough to do the investigations. 

 
Keywords: Endoscopy, episodes of care, gastrointestinal cancer, iron 

deficiency anemia, secondary care. 

 
 
 

Introduction 

 
The early detection of gastrointestinal (GI) cancer could lead to improve its 

prognosis. However, newly developed malignant tumors and some types of 

advanced cancers (right-side colorectal cancer) are asymptomatic or difficult 

to be picked up by the usual population screening programme 

(sigmoidoscopy, Fit test).[1] Accordingly, opt-in clinical investigations that 

target the ‘at high-risk’ population are necessary to detect these new or silent- 

type cancers. Due to the strong association between iron deficiency anaemia 

(IDA) and GI cancer,[2-6] and with the aim of managing IDA and investigating 

whether GI cancer is the underlying cause of any confirmed iron deficiency, a 

dedicated IDA nurse-led clinic was established under the supervision of the 

Gastroenterology Department at Poole General Hospital, UK in 2004.[4,7] The 

diagnosis of GI cancer is established by standard clinical investigations 

including gastroscopy, colonoscopy, CT scanning, and biopsy.[4]
 

 
Despite the high prevalence of GI cancer in IDA (8-10%),[8] and being a major 

trigger for urgent GI investigations,[9-14] due to informed patient preference, 

concurrent illness, or major co-morbidity including frailty, some IDA patients 

do not complete all the necessary GI investigations.[4] Consequently, cancers 

that already existed during the time at which patients did not complete their 

investigations are diagnosed at later referrals with worse prognosis. Many 

factors may influence any patient’s re-referral to the clinic such as new 
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symptoms including rectal bleeding, weight loss, stomach pain, and so on and 

also, being a recurrent IDA patient who is willing and fit enough to undergo 

the GI investigations. 

 
The time spent by a confirmed IDA patient between two consecutive referrals 

to the clinic, where, at the first episode of care the required GI investigations 

were not completed, and at the second the patient is diagnosed with positive 

GI cancer is referred to as the ‘delay time’. The potential to detect GI cancer 

early depends on minimizing this delay time. To predict the risk of GI cancer 

in patients with confirmed IDA, a binary multivariable logistic model was 

previously built and internally/externally validated based on four simple 

variables: age, sex, hemoglobin concentration (Hb), and mean cell volume 

(MCV)– the IDIOM model (Iron Deficiency as an Indicator of Malignancy).[4,15] 

Based on the predicted cancer risks that were derived from this model, IDA 

patients were stratified into five risk groups in which the lowest risk group 

(ultra-low risk) represents the lower half of the first quarter of positive 

predictive values with negative predictive values =100%, and the highest risk 

group (very-high risk) represents the fourth quarter of positive predictive 

values. 

 
Due to the small size of the available multi-state data, in which only 168 

episodes of care were found in the admission history at the IDA clinic for 83 

patients with only four positive GI cancer cases at the subsequent episodes 

of care, the leading focus of this study is on gaining insights into the proper 

methods of modelling the episodes of care for IDA patients at the IDA clinic, 

and not on making inference from the preliminary results of applying these 

proposed methods on such small sample size. Therefore, when enough data 

becomes available in the future from a subsequent temporal period at the 

same clinic and/or from other similar secondary-care centers, a large-scale 

study can make use of the suggested methodology in this study to estimate 

the delay time, and to examine whether being stratified in ultra-low risk or 

very-high risk group by the IDIOM score at the earlier episode of care could 
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lead to being diagnosed with positive GI cancer at the following episode of 

care. 

 
 
 

Methods 

 

Study population 

A total of 2788 patients with no other neoplasm, and with confirmed iron 

deficiency were referred to Poole hospital IDA clinic during the period of 2004- 

2018. Confirmed iron deficiency was defined by transferrin saturation <15% 

and/or serum ferritin less than the lower laboratory limit of normal at the time 

of the analysis. The anonymized secondary data for each referral, per patient, 

included: 

• Patient ID 

 

• Sex 

 

• Age 

 

• Blood hemoglobin concentration (Hb) 

 

• Mean cell volume (MCV) 

 

• Iron studies (transferrin saturation and serum ferritin) 

 

• Date of the visit(s) to the IDA clinic 

 

• The outcome of the GI investigation (positive/negative GI cancer) 

 

• Indicator of the GI investigations’ completion 

 
GI Investigations were considered “complete” if the upper GI tract had been 

examined by gastroscopy, and the colon had been fully imaged either by 

colonoscopy or CT colonography.[4]
 

 
Statistical analysis 

Usually patients are seen at intermittent referral visits in the IDA clinic, at 

which admission information is collected, but information from the periods 
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between visits is not available. The admission history (or the outcomes of 

episodes of care), for any IDA patient, comprises being observed either in the 

state of incomplete investigations, in the state of positive GI cancer, or in the 

state of negative GI cancer but never in any more than one state at one time; 

these states are finite disjoints states. Because the durations between the 

consecutive admissions to the clinic are irregularly spaced, a continuous-time 

multi-state Markov chain was appropriate to model these states, to determine 

the transitions rates between states, and to estimate the delay time. 

 
Due to their ability to represent repetitive events, and time, Markov chains 

have been used intensively to model transition rates in clinical settings. In 

particular, Markov chains are frequently used to model disease 

progression.[16] Markov models are often developed to represent random 

processes that evolve over time.[17] These random processes satisfy the 

Markov property of “memorylessness”.[18] That is, the state of the process at 

a future time, given the previous history of the process up to the present time, 

depends only on the present-time state. These models assume that an entity 

is always in one of a finite number of discrete states, called Markov states, 

and all events are represented as transitions.[19] IDIOM score was used to 

predict the GI cancer risk for each patient and to stratify the patient per visit 

in the different risk groups based on the threshold proposed in Almilaji et al.[15]
 

 
 

Specifying the baseline model 

 

The patient clinic admission history was modelled in a three-states 

continuous-time Markov model [Figure 6-1], through which the IDA patient 

can be moved in. These observed states are: S1) incomplete investigations, 

S2) negative GI cancer, and S3) positive GI cancer. “Death” state was not 

included in the model due to the totally missing information about this event, 

and because the time spent in states S1 or S2 is independent of any transition 

after S3. The time of observation refers to the last time the patient is seen at 

the clinic per referral and is used as surrogate time for the diagnosis time. 
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Time interval between any pair of consecutive visits per patient is measured 

in years. 

Figure 6-1 Markov-state diagram. The rectangles represent states, 

arrows represent transitions between states. Arrows leading from a 

state to itself indicate that the patient can remain in that state in 

consecutive cycles 

 

 
Model assumptions 

• For each instant of time t, for each pair of states the probability of an 

event at time t+1 depends exclusively on the actual state of the process 

and not on the previous states (Markov property). 

• Transition probabilities only depend on the difference t between s and 

s + t and not on the actual times (s, s + t) that is the Markov model is 

homogeneous. 

• As any clinical diagnosis is based on complete investigations, positive 

and negative GI cancer are assumed to be 100% accurate. So, no 

misclassification is proposed in this model. 
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• Positive GI cancer stage is an absorbing state as the patient cannot go 

back to the other states once it enters this absorbing stage. Once a 

patient is diagnosed with positive GI cancer, he/she will be transferred 

from the IDA clinic to another specialist clinic to start receiving the 

cancer treatment. 

• Though some patients might totally avoid the GI investigations, in this 

analysis, “non-investigations” is regarded as a subset of incomplete 

investigations. 

• The observation times vary either randomly and independently of the 

current outcome of the investigations, or according to primary care 

policies in which IDA patients with new signs of GI cancer are re- 

referred to the clinic. Hence, observation times are assumed to be non- 

informative sampling times.[20]
 

 
 
 

 
Intensity matrix 

The tendency of a patient to make a transition from one state to another is 

described by the rate of transition (transition intensity). Transition rates (𝐪𝐢𝐣) 

are elements of an intensity matrix Q, in which at time t > 0, it is given by: 

 

−(𝐪𝟏𝟐 + 𝐪𝟏𝟑) 𝐪𝟏𝟐 𝐪𝟏𝟑 

𝑄 = [ 𝐪𝟐𝟏 −(𝐪𝟐𝟏 + 𝐪𝟐𝟑) 𝐪𝟐𝟑] 
0 0 0 

 

 
The proposed model is governed by this transition intensity matrix. The 

transition rate represents the number of occurrences of an event for a given 

number of patients per unit of time and is similar to an instantaneous velocity. 

It can take any value in the range [0, ∞]. The rows sum, in this matrix, to 0. 

The diagonal entries are defined as minus the sum of all the other entries in 

the row. It is important to remember that the data are assumed to represent 

snapshots of the process at arbitrary times and fitting the model is a process 

of finding values of the four unknown transition intensities: q12, q13, q21, and 
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q23, which maximize the likelihood. Transition probabilities for any time t, 

calculated by taking the matrix exponential of the scaled transition intensity 

matrix: 

P(t) = etQ 

 

The final row is all zeroes in this Q matrix because positive GI cancer is an 

absorbing state and there are no transitions back to the other states. 

Inevitably, when insufficient data is used, the parameters of the proposed 

model (transition intensities) cannot be identified. Hence, given the small size 

of the data, the proposed model in this study was built as a simple model with 

no covariates. 

 
As this study was retrospective analysis of anonymized secondary data, no 

patient was involved. R (version 3.6.1), RStudio (version 1.2.5001), and msm 

package were used to run the statistical analyses and to produce the graphs. 

The Strengthening the Reporting of Observational Studies in Epidemiology 

(STROBE) guidelines[21] were used to ensure the reporting of this study. 

 
 

Results 

 

Patients 

Patients started to be re-referred the clinic in 2008 at which the number of 

returning visits has started to increase gradually. The median time between 

any two consecutive referrals for all patients at the clinic was about 3 years. 

The median age of the 83 patients’ cohort was 70 years (IQR: 60–77). Despite 

the four positive GI cancer cases at the subsequent episodes of care were all 

for male IDA patients, female patients were more likely to re-visit the clinic 

than male patients (Female/Male sex ratio: 2.5 (= 59/24)) as can be seen from 

Figure 6-2. 
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Figure 6-2 Patients’ admission history to the IDA clinic during the study 

period 2004–2018 

 
 

 
During the study period, there were 2873 episodes of care. About 2788 of 

these represent the first episodes of care for every patient, in which, 393 

patients had incomplete investigations, 2194 diagnosed with negative GI 

cancer, and 201 diagnosed with positive GI cancer. Of the patients who had 

negative GI cancer or incomplete investigations, 83 had been re-referred to 

the clinic for the second time. About 18 of these patients did not complete 

investigations, 62 were negative GI cancer, and three were positive GI cancer. 
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Two of these 83 patients whose previous diagnoses were negative have been 

re-referred to the IDA clinic for the third time in which one was diagnosed with 

positive GI cancer and one with negative GI cancer as can be seen from the 

following patients’ flow chart [Figure 6-3]. 

 
 

 

 

 
Figure 6-3 Flow chart of patient’ states at the IDA clinic during the study 

period 2004–2018 

 

 
To summarize the multi-state data in this study, a frequency table of pairs of 

consecutive states that counts for all patients, the number of times a patient 

had an observation of one state followed by an observation of another state 

is presented [Table 6-1]. Thus, out of the four GI positive cases, two came 

from state 1 (incomplete investigations), and two from state 2 (negative GI 

cancer) as can be seen from Table 6-1. 
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Table 6-1 Frequency table of consecutive states pairs 

 
 To 

Incomplete 

investigations 

Negative GI 

cancer 

Positive GI 

cancer 

From Incomplete 

investigations 

7 4 2 

Negative GI cancer 11 59 2 

 
 
 

 
Transition intensities estimates and 95% confidence intervals 

(CI) 

The maximum likelihood estimates of the unknown parameters and 95% 

confidence intervals (CI) is given in Table 6-2. 

 
Table 6-2 Estimated transition Intensities 

 
Transition Intensities Estimates (95% CI) 

State 1–State 1 -0.184 (-0.46, -0.07) 

State 1–State 2 0.153 (0.05, 0.45) 

State 1–State 3 0.031 (0.01, 0.14) 

State 2–State 1 0.066 (0.03, 0.14) 

State 2–State 2 -0.075 (-0.15, -0.04) 

State 2–State 3 0.008 (0.002, 0.03) 

 
 

From the estimated intensities of the fitted model in Table 6-2, it can be seen 

that the rate of moving from “incomplete investigations” to “positive GI 

diagnosis” (0.031) is higher than that of moving from “negative GI diagnosis” 

to “positive GI diagnosis” (0.008). Patients are five times (0.153/0.031) more 

likely to be negative GI cancer than positive GI cancer at a later visit to the 

clinic (transitions from state 1). After being diagnosed with negative GI cancer 
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moving into the state of being not investigated state is eight times 

(0.066/0.008) more likely than the progression into positive GI cancer. 

 
Once in the state of negative GI diagnosis, an estimated mean of 13.4 years 

(95% CI: 6.8, 26.2) is spent in the state of negative GI diagnosis before being 

diagnosed with positive GI cancer or moved into the state of being with 

incomplete investigations. And the probability that the “positive GI cancer” is 

next after the state of “negative GI cancer” is 11%. Once in the state of 

incomplete investigations, an estimated mean of 5.4 years (95% CI: 2.2, 13.4) 

is spent in the state of incomplete investigations before being diagnosed with 

negative or positive GI cancer. The estimated mean delay time was 3.1 years 

(95% CI: 1.2, 5). And the probability that the “positive GI diagnosis” is next 

after the state of “incomplete investigation” is 17%. 

 
 
 

Survival plot 

Defining the survival as the event of not being in the state of “positive GI 

cancer,” the 10-year survival probability for IDA patients with negative GI 

diagnosis is approximately 0.87, as opposed to 0.79 with incomplete 

investigations. Accordingly, the survival of IDA patients with negative GI 

diagnosis is always higher than those with incomplete investigations as can 

be seen from Figure 6-4. 
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Figure 6-4 Survival plot. Survival is defined as not being in the state of 

“positive GI cancer” 

 
 
 

IDIOM risk groups 

At the following visits, for all patients who have completed their investigations, 

no difference was found between the observed GI cancer risk that was 6% 

(4/67) and the 8% predicted risk by IDIOM. A preliminary conclusion could be 

that that recurrent IDA is not a risk factor for GI cancer. Interestingly, the four 

patients who have been diagnosed with positive GI cancer were predicted by 

IDIOM score to be in the very-high risk group at the earlier visits. Also, all the 

patients who were predicted to be in the lowest risk group at the earliest visits 

and complete their investigations at the follow-up visits were diagnosed with 

negative GI cancer. 



143  

Discussion 

 
About 14% of the patients who were referred to the IDA clinic did not complete 

their investigations at the first referral to the clinic compared with 79% 

diagnosed with negative GI cancer and 7% with positive GI cancer at the 

same first referral. About 21% did not complete their investigations at their 

subsequent referrals to the clinic compared with 74% diagnosed with negative 

GI cancer and 5% with positive GI cancer at the following referrals. 

 
Applying the proposed methods on the available data showed that the 

transition rate of moving to positive GI cancer is higher when patients are 

observed in incomplete investigations state than negative GI cancer. The 

average delay time in “incomplete investigations” for IDA patients is about 3 

years, and the probability that a positive GI cancer is followed by the state of 

incomplete investigations was 17% compared with 11% when it is followed by 

the state of negative GI cancer. Another finding was that the survival of IDA 

patients with incomplete investigations was always lower than those with 

negative GI cancer despite the fact that the waiting time in the state of 

“negative GI cancer” was about double the time of the delay time. Finally, 

being diagnosed with positive GI cancer always preceded by the prediction— 

according to IDIOM score—of being considered very high risk at the earlier 

visit. Nevertheless, as mentioned earlier, these former findings are preliminary 

results only and should always be reported within the context of the available 

small-size data and interpreted with caution especially that only two patients 

developed cancer from the group of incomplete investigations and the other 

two developed from previously negative diagnosis group. The small numbers 

of patients have resulted in wide confidence intervals for the estimates. 

 
The limitations of this study include the inability to increase the size of the 

sample, and accordingly restricting the analysis to a baseline model of the 

transitions between consecutive admissions. However, for any future large- 

scale studies using the methodology proposed in this study, we should take 
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into consideration the following issues that became apparent while developing 

the model: 

1. Transition rates might be dependent on patient-related variables such 

as sex, age, and other pathologies including inflammatory disease, 

celiac disease, adenoma, and so on. For any future model to be 

accurate, the effects of these covariates on the transition rates should 

be addressed by using a proportional intensities model. 

2. In the developed baseline model, there was no differentiation between 

the events of “incomplete investigations” and “no investigations”. A 

question about whether being observed with partial or no investigations 

could affect the transition rates to the positive GI cancer state 

differently must be answered. If a variance is found, a separation 

between these two states should be adopted in any future model. 

3. One of the assumptions in this study was that a negative GI cancer is 

always accurate because it is based on full clinical investigations, and 

thus there was no account for any misdiagnosis margin. A future 

comprehensive model must investigate and support this claim. 

4. This study implicitly assumed that in those patients who were 

diagnosed with positive GI cancer at the subsequent referral to the 

clinic after not completing the investigations at earlier referral, the GI 

cancer had already existed at the time of the first referral. However, 

high-grade aggressive GI cancer could have an onset time between 

the consecutive referrals. One way to compensate for this fact is to 

include the GI cancer grade and stage in the analysis and examine 

whether at the succeeding visits, positive GI cancers tend to be 

diagnosed at late stages/more aggressive grades indeed. 

5. One of the developed model assumptions in this study was that 

detecting GI cancer early depends on minimizing the delay time. 

However, considering the former point—the possibility for more 

aggressive GI cancer to be initiated in the time interval between two 

referrals—leads to the conclusion that detecting GI cancer early 

depends also on the frequency of the investigations. The effect of 
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investigations frequency on the transition rates should be assessed as 

well. 

6. Though a normal progressive disease model will end up with “death” 

state, death state was not included in the developed model. Adding 

death state to the model could help to examine the over-diagnosis of 

nonprogressive or very slow-growing GI cancers. 

7. Most importantly, in the developed model, “incomplete investigation” 

state was presumed as a mutually exclusive state from positive and 

negative GI cancer states, as only the “observed” states in the patients’ 

admission history were considered. However, a patient who is 

observed in the state of incomplete investigation might be healthy 

(negative GI cancer) or have a hidden GI cancer that can be diagnosed 

by clinical investigations. Accordingly, to incorporate this possible 

misclassification, a hidden Markov model should be fitted to distinguish 

between the observed states and the truly underlying states of the IDA 

patients’ admissions as proposed in the diagram [Figure 6-5]. 
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Figure 6-5 Markov three-state diagram: the white boxes are the observed 

states and the gray boxes are the true underlying state. The solid lines 

are the transitions between true states. Observation of an incomplete 

investigations could be truly healthy or misclassification of an 

investigations-detectable GI cancer 

 
 

 
The strengths of this study are that it represents the first study that 

demonstrates the appropriate methods to model the IDA patients’ episodes 

of care at a secondary-care center. It also raises the awareness of the 

importance of completing the GI investigations especially in IDA patients who 

are at high risk of GI cancer and fit enough to do the investigations-. The 

estimation of the transition rates and length of delay time in the state of 

incomplete investigations in future large-studies can help policy makers to 

establish what is the maximum delay time a confirmed IDA patient should not 

be allowed to stay in before investigated, and what are the measures that 

could be put in place to reduce or minimize this time. 
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Abstract 

 
To facilitate the clinical use of an algorithm for predicting the risk of 

gastrointestinal malignancy in iron deficiency anaemia – the IDIOM score, a 

software application has been developed, with a view to providing free and 

simple access to healthcare professionals in the UK. A detailed requirements 

analysis for intended users of the application revealed the need for an 

automated decision-support tool in which anonymised, individual, patient data 

is entered and gastrointestinal cancer risk is calculated and displayed 

immediately, which lends itself to use in busy clinical settings. Human-centred 

design was employed to develop the solution, focusing on the users and their 

needs, whilst ensuring that they are provided with sufficient details to 

appropriately interpret the risk score. The IDIOM App has been developed 

using R Shiny as a web-based application enabling access from different 

platforms with updates that can be carried out centrally through the host 

server. The application has been evaluated through literature search, 

internal/external validation, code testing, risk analysis, and usability 

assessments. Legal notices, contact system with research and maintenance 

teams, and all the supportive information for the application such as 

description of the population, intended users have been embedded within the 

application interface. With the purpose of providing a guide of developing 

standalone software medical devices in academic setting, this paper aims to 

present the theoretical and practical aspects of developing, writing technical 

documentation, and certifying standalone software medical devices using the 

case of the IDIOM App as an example. 

 
 
 

Keywords: software medical device; digital health; medical risk prediction 

models, decision support systems, gastrointestinal cancer, GI, iron deficiency 

anaemia, IDA. 
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1. Introduction 

The association between iron deficiency anaemia (IDA) and gastrointestinal 

(GI) cancer is well documented in the medical literature [1-6]. As a 

consequence, IDA finding in at-risk patients is considered as reason for 

suspected cancer referral to secondary care in the UK [7]. To predict the GI 

cancer risk in IDA, and stratify the patients in risk groups accordingly, we have 

previously built a binary multivariable logistic model to predict the risk of GI 

cancer in patients with confirmed IDA– the IDIOM score; Iron Deficiency as 

an Indicator Of Malignancy [4], based on four simple variables: age, sex, 

haemoglobin concentration (Hb), and mean cell volume (MCV). 

 
With a view to providing free and open access to healthcare professionals in 

the UK, a digital decision support tool called the IDIOM App [8], was 

developed in 2018-2020. The app consists of two major components. These 

are: 

• An internal algorithm to predict the GI cancer risk in IDA patients, 

IDIOM score. 

• A web−based interface to allow selecting input data (sex, age, Hb, 

MCV); presenting the results (prediction of the GI cancer risk estimate, 

and the risk group); the app terms of use, privacy and cookies policy, 

and app description; enabling the communication with the app 

research and maintenance teams; and printing (or saving) the results 

when needed. 

The IDIOM App’s model was based on retrospective examination of 

secondary clinical datasets for adult patients (n=2390) referred to Poole 

Hospital IDA clinic between 2004 and 2018. The anonymized dataset includes 

age at presentation, sex, blood test results (Hb, MCV, and iron studies 

(Ferritin and /or Transferrin saturation)), and the diagnostic findings on 

standard investigation of the upper and lower GI tract (i.e. the presence or 

absence of GI cancer). 

The model did not include other potential risk factors of GI cancer such as 

family history, previous cancer, race, unintentional weight loss, red meat 

consumption, alcohol, and tobacco use, etc. Therefore, it is not possible to 
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use the IDIOM App to diagnose GI cancer, and its results must be viewed as 

reference information only and interpreted in the context of each patient’s 

individual circumstances. Whilst using the app, healthcare professionals 

should rely on their own independent clinical judgement and knowledge, 

relevant referral guidelines, and on assessing all the GI cancer risk factors 

including the factors which have not been considered in the app when taking 

any decision relating to the patient’s future clinical management. 

 
There are, currently, limited resources on developing standalone software 

medical devices. Therefore, this paper aims to present the theoretical and 

practical aspects of developing, writing technical documentation, and 

certifying standalone software medical devices using the case of the IDIOM 

App as an example. Unlike the structure of typical research papers; 

introduction, methods, results, and discussion (IMRAD), the structure of this 

paper starts with the introduction, then follows the logical order of creating and 

putting the App into service, and concludes with a general discussion of 

lessons learnt and considerations for interested readers. 

 
 
 

2. Compliance to standards 

The first step in any medical device development project is to know what the 

applicable laws to the medical device are. Like any other set of regulations, 

these laws depend on time and place. Time is a factor of which the law takes 

cognizance, and it affects the laws in many issues such as commencing date, 

terminating date, legal duration, and the retrospective effect of legislation [9]. 

Place refers to the locations of performance and jurisdiction, i.e. the location 

of the manufacture, and the location in which the medical device will be placed 

on market. 

 
Standards are considered as the minimum regulatory requirements medical 

devices should be satisfying. In general, standards are documents written by 

national or international committees to document the "state of the art". 

Examples of these standards in the EU are Medical Device Directive (MDD) 
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[10], and Medical Device Regulations (MDR) [11]. In addition, manufacturers 

of medical devices are advised to develop their products in adherence to 

harmonized standards (depending on the nature of the device) such as IEC 

62304 [12], IEC 62366 [13], ISO 14971 [14], ISO 9241-210 [15], ISO 13485 

[16] and other relevant guideline documents [17-25]. Although these 

harmonized standards and guideline documents are not legally binding in the 

EU, demonstrating that software medical devices have met the legal 

requirements would be difficult without them. 

 
The IDIOM App was developed in adherence to the EU-wide MDD [10], which 

has recently been superseded by the MDR [11] . Since the MDR has come 

into force in 26 May 2021 this means medical devices which lawfully placed 

on the EU market pursuant to the MDD prior to 26 May 2021, may continue 

to be made available on the market up to 5 years from the certificate’s 

issue/renewal date or 4 years from the MDR date of application, whichever 

comes first. The MDD, and all relevant harmonization standards/guideline 

documents to software medical devices were followed whilst developing the 

IDIOM App. 

 

3. App risk classification 

The second step is to confirm that the software is a medical device, and if so 

what risk class it is. Because the IDIOM App software combines medical 

knowledge databases and algorithms with patient specific data; it is 

considered as a “decision support software” [21]. The IDIOM App does not 

allow direct diagnosis of the gastrointestinal cancer by itself and only provides 

reference information to enable healthcare professionals to make clinical 

decisions as they ultimately rely on their own knowledge. However, given that 

any “decision support software” that applies automated reasoning i.e., a 

prediction algorithm in which the healthcare professional does not review the 

source/raw data, may be considered as a medical device that falls within the 

scope of the MDD; the IDIOM App was considered as a medical device. 
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Because this software works alone and not in combination with any physical 

medical device; it is a “stand-alone software” [21] or so called “software as a 

medical device”(SAMD) [23]. Medical device classification rules are based on 

the impact of the device on patients or users and the potential risks associated 

with the technical design and production of the devices [10]. As no direct 

diagnosis for GI cancer is possible based on the information provided by the 

IDIOM App, nor is this application diagnosing a vital physiological process, 

rule 12 from section 3, III Classification annex IX, of the MDD may be applied 

and the app can be classified as Class I. Since the IDIOM App is a stand- 

alone medical device software; it is an “active device” according to chapter 

one (I definitions), annex IX, in the MDD [10]. Consequently, the full and final 

app classification was “stand−alone, clinical decision−support (CDS) 

software, none−sterile, none−measuring, none−reusable surgical instrument, 

active Class I medical device”. 

 
According to the MDD, for any app that falls within the definition of a medical 

device to be put into service and be used by health professionals in the 

European Community, it must bear the Conformité Européenne (CE) mark. 

CE mark cannot be affixed to any medical device app unless the app is 

registered with the competent national authority in the country it would be put 

in service at. In the UK, all apps must be registered with the UK Medicines 

and Healthcare Products Regulatory Agency (MHRA). Registering the app 

with the MHRA cannot be done unless the app indicates its conformity with 

the provisions of the MDD through signing the declaration of conformity 

(DoC). Indicating the conformity with the provisions of the MDD is carried out 

through following the appropriate conformity assessment procedure. 

 
After Brexit, CE marking will continue to be recognised in Great Britain until 

30 June 2023. As of 1 July 2023, a UKCA (UK Conformity Assessed) mark 

will be required in order to place a device on the Great Britain market. Until 

30 June 2023, manufacturers can use the UKCA mark on a voluntary basis. 

From 1 July 2023, a UKCA mark will be needed in order to place a device on 

the Great Britain market. However, Class I devices that have not a measuring 
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function nor are sterile can be self-certified against the UKCA mark. The 

Great Britain route to market and UKCA marking requirements is still based 

on the requirements originated from current EU legislation [26]. 

 

4. Relevant conformity assessment 

The third step is to identify the relevant conformity assessment route for the 

device. Conformity assessment procedures differ according to the 

classification of the medical devices. For medical device Class I, like the 

IDIOM App, Annex VII in the MDD must be followed to draw up the DoC before 

placing the medical device on the market, and to prepare the technical 

documentation that allow the assessment of the conformity of the product. 

The details of what to include in each part of this technical documentation and 

who should be responsible of assessing it depends on the description and 

classification of the app, the relevant regulations, and harmonized standards. 

 
So, for instance: 

• While high-risk software medical devices need to include the 

documentation for every development process such as design, 

integration, and testing, according to EN 62304, only development 

planning, requirements analysis, implementation and release are 

needed to be included in the documentation for the development 

process of Class I software medical devices according to the same EN 

62304 standard. 

• “instructions for use” which are required by the MDD for higher-risk 

medical devices are not required for Class I medical devices. 

• Descriptions of “used methods and validation report” which are 

required by the MDD for Class I medical devices that are placed on the 

market in a sterile condition, are not applicable for software Class I 

medical devices. 

• While compliance of Class I devices is based on self-declaration, all 

other higher-risk devices require use of an approved notified body to 

assess compliance. 
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The following figure illustrates the needed steps to put software medical 

device on market: 

 
 

Figure 7-1 Steps of placing a software medical device on the market 

 
After a self-assessment for conformity certification was conducted to apply 

the CE marking, the technical documentation of the IDIOM App, is established 

per Annex VII in the MDD to include: the app general description and its 

intended use(s); development planning; requirements analysis; 

implementation, and deployment; clinical evaluation and interface usability 

assessment; risk analysis, maintenance and plan for post-market 

surveillance; and release and label. Also, the code, the data, the signed 
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declaration of conformity, and a list of all the harmonization legislations and 

standards that has been adhered to during the app development and the 

writing of the technical documentation were included in the technical 

documentation. A version control copy of the technical documentation is kept 

and updated by the App’ research and maintenance team at the University. 

 

5. Technical documentation 

 

5.1 App general description 
 

5.1.1 What the App does? 

Using four predictors (input data); sex, age, Hb, and MCV, the IDIOM App 

calculates the risk of any type of GI cancer for a specific iron−deficient patient. 

The results of the calculations are displayed in a table that contains the 

selected predictors' values of sex, age, Hb, MCV for the patient, the risk 

estimate with its 95% confidence interval and the risk group of the patient 

based on the risk estimate. This table is followed by an explanation of the risk 

estimate, confidence interval of the risk, and the risk groups. The risk estimate 

represents a probability (in a percentage format) that an individual confirmed 

ID patient with the particular set of predictors entered will prove on 

investigation to have cancer somewhere in his/her GI tract. Though this 

probability risk provides a realistic estimate of any potential GI cancer, it 

implies no certainty about the presence of GI cancer. The confidence interval 

of the predicted risk represents a range of values that predicts where the risk 

will fall for a population of confirmed ID patients who share the selected values 

of sex, age, Hb, and MCV with 95% confidence interval. Risk groups are 

classifications that describe IDA patients who fall within certain ranges of risk 

estimates values of positive GI malignancy. 

 
• If the predicted risk of GI cancer is very low, the risk figure will be 

displayed in dark green font colour and the risk and groups' cells in 

light green background colour. 
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• If the predicted risk of GI cancer is low, the risk figure will be displayed 

in dark green font colour and the risk and groups' cells in white 

background colour. 

• If the predicted risk of GI cancer is moderate, the risk figure will be 

displayed in black font colour and the risk and groups' cells in white 

background colour. 

• If the predicted risk of GI cancer is high, the risk figure will be displayed 

in red font colour and the risk and groups' cells in white background 

colour. 

• If the predicted risk of GI cancer is very high, the risk figure will be 

displayed in red font colour and the risk and groups' cells in amber 

background colour. 

 
A screenshot of the IDIOM App is shown in Figure 7-2, in which a very low Gi 

cancer risk is predicted. 

 

Figure 7-2 A screenshot of the IDIOM App 
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5.1.2 Who is the App for? 

The intended patients' population for this app are the confirmed iron−deficient 

patients (adults only). Confirmed iron deficiency is defined by standard 

laboratory criteria; transferrin saturation <15% and / or serum ferritin 

concentration less than the lower limit of the reference interval for the 

laboratory. The app is not intended to be used on patients who have been 

given iron replacement therapy prior to their blood testing as their Hb and 

MCV might be elevated by this therapy and might cause the app’s calculation, 

which relies on these blood markers values (Hb, MCV), to be unreliable. 

 
 

5.1.3 Who should be using the App and where? 

The IDIOM App is designed as an adjunct to standard counselling and 

personal discussion with a healthcare professional and cannot replace it. The 

intended targeted end users for the software are healthcare professionals only 

such as gastroenterologists, and specialist nurses. The intended environment 

in which this app should be used is a clinical setting such as IDA clinics, within 

gastroenterology departments in hospitals. 

 

5.1.4 Manufacture 

Because the app was a research outcome of a match−fund PhD project 

between Bournemouth University (BU) and University Hospitals Dorset NHS 

Foundation (Poole Hospital); At the conclusion of the project, BU assigned 

the IP to BU Innovations Limited (BUI) for the latter to be the designated legal 

owner and manufacturer of the current version of the App. 

 
 
 

5.2 Development planning 

The development of the IDIOM App was conducted using an agile approach 

in which a loop of different tasks is completed through multiple iterations. 

Every iteration aimed to deliver target milestones by working on described 

tasks and had scheduled start and end dates. Tasks include planning, 



162  

requirement analysis, design, implementation, testing, and release illustrated 

in Figure 7-3. 

 
 

Figure 7-3 The agile model for developing the IDIOM App with three 

iterations, each iteration includes six tasks: planning, requirement 

analysis, design, implementation, testing, and release 

As an example, for the “design” task, target milestones include function 

hierarchy diagram, screen layout diagrams, pseudo code, entity-relationship 

diagram with a full data dictionary, etc. For each iteration, planned number of 

these milestones are accomplished. 
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5.3 Requirement analysis 

The requirements of the intended users of the IDIOM App were gathered and 

understood through: 

• Interacting directly with the expected end users by working as an honorary 

research fellow in a gastroenterology department which has its own 

dedicated IDA clinic [3]. 

• Showcasing the early version of the app in presentations at conferences 

and gastrointestinal departmental clinical governance meetings. These 

opportunities enabled the interaction with the experts in the domain, learn 

more about the rational of the app, and how to improve it [27-32]. 

• Other similar apps such as ‘predict prostate app’ [33] that has been 

developed in Cambridge University to provide cancer-specific and overall 

percentage survival estimates for up to 15 years, were another very useful 

source to envisage probable solutions. 

 
The requirements were documented in a requirement specification table, 

according to their type, the description of each requirement, and the proposed 

solution for each requirement. Specified requirements include: licensing, 

registration, terms of use, data protection and privacy notice, release notice, 

security, printing, ease of learning, understandability, structure & visibility, 

subjective satisfaction, end users’ feedback and enquiries, accuracy, 

availability, safety, response, installation, adaptability, compatibility, level of 

support, and maintainability. Requirements main types were functional, legal, 

usability, reliability, performance, and supportability. 

The prioritization of the requirements is carried out according to Moscow 

method [34] in which each requirement was categorized as (must have, 

should have, could have, or won’t have). At the last stage of requirements 

analysis, an ordered list of interactions between the actors and the app has 

been illustrated through a “Use Case”. 
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5.4 Implementation 

A web-based design was chosen for the app after considering different issues 

such maintenance, compatibility, security, speed and performance, and 

overall control. The programming language which was used develop the app 

is R. Because it is free, highly extensible, and it was the same language used 

to run the statistical analysis. Two additional R packages were used when 

building the app: namely Shiny package and DT package. However, since R 

(and its packages) is an open source language, the general public license 

(GPL) must be considered carefully if “commercializing” is an aim for other 

medical devices. Using Shiny Package, two R scripts have been created in 

the app’ folder; a user interface object (ui.R) and a server function (server.R). 

 
The interface controls the layout, appearance, and facilities entering the 

users’ inputs and displaying the outputs of the model. The server contains the 

instructions that needs to run the app. The app’s folder contains all the 

resources required to build the application such as the prediction model 

(which was saved as R object without the data), logo, and support information 

HTML pages. 

 
 

5.4.1 The Interface 

Since the IDIOM App end users who are healthcare professional who work 

usually in very busy environment, the user interface was designed and 

implemented to avoid any computing/statistics jargon language, and 

unnecessary explanations such as what is meant by Hb or MCV. The number 

of the main panels in the display area was limited/minimized. And the 

navigation between them made predictable by following a natural reading 

pattern i.e. the English language reading pattern (the title and subtitle come 

at the top, then the direction is left to right). Screen layout diagrams and the 

specifications for the app interface were documented. For each artefact, a list 

of its attributes and special design considerations are described. For the 

navigation panel, attributes include, CE marking, legal notice menu, app info 

menu, contact menu, print (or save) command, and cite the app box message. 



165  

Considerations include placing appropriate icons in front of each former panel 

element to easily identify them, are described in detail. A responsive user 

interface has been implemented by calling the function fluidpage(). 

Fluidpage() easily adapts and responds very well on all devices (desktop, 

laptop, tablet, mobile, etc.). Even when changing the orientation of the mobile 

device from landscape to portrait mode, the design would change 

automatically without reducing the visible content. The collapsible feature was 

used also in the implementation of the app tables. So, when the result table 

cannot be fitted in a small browser window, the table will be collapsed to fit 

the width of the screen. 

 
 

5.4.2 The IDIOM App logo 

The logo has been created by the same app developer -the PhD candidate; 

O.A.M- and designed to be as simple as possible by using only two colours 

(black and white), and by depicting a human gastrointestinal tract inside a 

magnifier to reflect the fact that this app is examining something relating to 

the GI tract. 

 

5.4.3 Text, font, and colours 

To look more friendly and less complex, the displayed numeric values in the 

text have been rounded to have a maximum of two digits only. The font size 

was selected to be readable from an arm length distance. Also, the colour 

scheme and font choices which have been selected to be used in the app 

were as consistent as possible to NHS identity colours and fonts. This is 

because the users of the app are mostly health professionals who work within 

the NHS. Thus, the font families which have been used in the app were 

Frutiger and Arial. Frutiger is a clear and easy to read at a distance and in 

small sizes. As the colours blue and white are strongly associated with the 

NHS with. The NHS Blue is the dominant colour in the app colour palette. 

Because red colour is typically used to refer to danger or emergency, it has 

been used and one of its shades (amber) to refer to the positive GI malignancy 
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text and cell background. While the green colour has been used to refer to the 

negative GI malignancy. 

 

5.4.4 Mouse/pointing devices 

No keyboard or sound effects have been used. Only mouse and pointing 

devices are used and a single click (or tap on touch-screen devices) is enough 

to select a value e.g. the sex variable. 

 
 

5.4.5 Server function 

The server-side is defined to accept inputs and compute outputs by assigning 

reactive expressions to output slots. Reactive expressions cache their values 

and know when their values have become outdated. This means at that the 

first time when a reactive expression runs; it will save its result. So, the next 

time the reactive expression is called, it can return this saved result without 

doing any computation (which will make the app faster). Renderdatatable() is 

used to generate output. This reactive wrapper returns special expressions 

that are only re-executed when their dependencies change. This behaviour is 

enabled the app to automatically update output whenever input changes. A 

specification for the app’s the function hierarchy was documented, in which 

each function is listed along with its initiator (executed by), and the steps of 

running this function (executed through). So, for instance, the “select patient’ 

data” function, will be executed by the end user through ticking the right sex 

input box, and moving the inputs sliders in the inputs panel to choose the 

values of age, Hb, and MCV. 

 
 
 

5.5 Deployment 

The IDIOM App was deployed online by setting up a single instance of the 

app on a server connected to the internet. The chosen online platform to 

deploy the IDIOM App was a cloud server. Before uploading the app to this 

virtual server, the server was configured by setting up a secure access and 

firewall, installing R & DT / Shiny packages from the comprehensive R archive 
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network (CRAN), installing nginx web server in order for the app content to be 

visible to the public through Hypertext Transfer Protocol (HTTP), and adding 

Secure Sockets Layer (SSL) certificate to the HTTP to get HTTPS. After that, 

and to make the Uniform Resource Locator (URL) address of the app an easy 

address to remember, a dedicated domain called predict-gi-risk-in-IDA.com 

has been created and purchased. Finally, the IDIOM App website was 

registered with Google search console and optimized for search engines. No 

personal or identifying information of users that are accessing or using the 

app, are gathered by the IDIOM App. 

 
 
 

5.6 Clinical evaluation 

To clinically evaluate the IDIOM App, a valid clinical association between GI 

cancer and IDA was established through existing evidence literature 

searches. In fact, five previous studies have examined the association 

between gastrointestinal cancer and iron deficiency anaemia and developed 

a multivariable risk algorithm to predict the risk of GI cancer in IDA (35, 

36,37,38, 2]. The sample size for these studies was 98, 148, 695, 643, 720 

respectively. Though age was a universal positive predictor of the GI cancer 

risk, as expected, in all these studies, the results were conflicting with regard 

to the other predictors; sex, Hb, iron studies, and MCV. 

 
One explanation for these inconsistent results might be caused by the small 

size of the studies especially in Capurso et al. 2004 and Ho et al. 2005. [35- 

36]. Another explanation could be the forcing of the quarters or dichotomous 

classification of continuous predictor variables in the predictive model. Age 

and Hb for instance, were coded into categories in Silva et al. 2014 study [2] 

and James et al. 2005 [37] study. Categorization of continuous data should 

be avoided in the statistical analysis as it leads to information loss, 

underestimation of the extent of variation in outcome between groups, and 

concealment for any non-linearity in the relation between the variable and 

outcome [39]. Then an analytical validation for this association was carried 

out by using previously collected patients’ data (n=1879) who were assessed 
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between 2004 and 2016 inclusive at the Poole IDA clinic [4]. Finally, a clinical 

validation was carried out by assessing the app model performance using 

internal and external clinical datasets. 

 
The IDIOM model was internally validated using an anonymized clinical 

dataset from Dorset [4], and externally validated using two anonymized 

clinical datasets from Oxford and Sheffield [40]. The criteria for inclusion in all 

the datasets were iron deficiency confirmed by standard laboratory criteria, 

and subsequent investigation of the upper and lower GI tract. The internal 

Dorset dataset was were collected for the period 2017-2018 and comprised 

in total 511 subjects with IDA referred to a dedicated IDA Clinic. The Oxford 

dataset was collected for the period 2016-2019 and comprised 1147 subjects 

with IDA referred for fast-track investigation. The Sheffield dataset was 

collected for the period 2013-2018 and compromised 477 subjects with IDA 

referred to a dedicated IDA Clinic. The training and internal datasets were 

merged to form the Dorset dataset (2390=1879+511) which was used to fit 

the updated full IDIOM model. After this, the full IDIOM model was regulated 

using Lasso method (least absolute shrinkage and selection operator). The 

final updated regulated multiple binary logistic regression of the IDIOM model 

was constructed according to the formula [40]: 

 
 

log { 
ℙ(𝐺𝐼 𝑀𝑎𝑙𝑖𝑔𝑎𝑛𝑐𝑦 = 𝑝𝑜𝑠𝑡𝑖𝑣𝑒) 

ℙ(𝐺𝐼 𝑀𝑎𝑙𝑖𝑔𝑎𝑛𝑐𝑦 = 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒) 

 

} = −1.84 + 0.89 𝑠𝑒𝑥 + 0.05 𝑎𝑔𝑒 − 0.03 𝑀𝐶𝑉 − 0.06 𝐻𝑏 

 
 

There were differences between the datasets, as shown in table 7-1. As 

expected, the Oxford dataset had a lower median Hb in particular, as subjects 

presented exclusively through the fast-track pathway. 
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Table 7-1 Descriptive statistics for the three datasets 

 
Dataset  Dorset Oxford Sheffield 

Dataset size N 2390 1117 474 

GI Cancer Positive - n (%) 200 (8.4%) 86 (7.7%) 36 (7.6%) 

Sex Ratio M/F 0.56 0.66 0.92 

Age (Years) Median (Q1, Q3) 71 (59, 79) 74 (65, 81) 69 (61, 77) 

Hb (g/l) Median (Q1, Q3) 104 (93, 113) 91 (79, 101) 104 (95, 116) 

MCV (fl) Median (Q1, Q3) 80 (74, 86) 81 (75, 87) 80 (76, 86) 

 
 

Statistical The goodness of fit for the IDIOM model was satisfactory (by 

examining the deviance and residual test, smoothed scatter plot, variance 

inflation factor, Cook’s distance and standardised residual errors, analysis of 

variance χ2 test, Akaike information criterion, pseudo R2) [35]. 

 
By estimating measures of discrimination, calibration, and clinical utility using 

the external validation datasets, the predictive performance of the app’s 

model was assessed. The discrimination of the IDIOM model using the 

external validation data was 70% (95% CI 65, 75) and 70% (95% CI 61, 79) 

for the Oxford and Sheffield datasets respectively. The analysis of calibration 

showed no tendency for under or over-estimated risks in the external 

validation datasets. Decision curve analysis showed the clinical value of the 

model with a net benefit that is higher than ‘investigate no-one’ and 

‘investigate all’ strategies up to a threshold of 18% in the external validation 

datasets. Using a risk threshold of around 1.2% to categorise patients into the 

ultra-low risk group showed that none of the patients stratified in this risk group 

proved to have GI cancer on investigation in the training, internal, and external 

validation datasets. Therefore, the validation has demonstrated promising 

results for the IDIOM model in predicting the risk of underlying GI cancer in 

independent datasets collected in different clinical settings [35]. 

Further work is planned to compare the IDIOM model performance, which is 

built using logistic regression, to other machine learning methods such as 
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random forest and support vector machine and multi-layer perceptrons (a type 

of artificial neural network commonly used for structured, numeric, data). 

Conceptually these types of machine learning models work the same, but may 

yield further performance improvements. 

 
 
 

5.7 Interface usability assessment 

To evaluate usability of the app interface, standard usability questionnaire 

applied. Participants include NHS staff such as IDA nurse specialists, 

gastroenterologists, etc. Participation was voluntary and anonymous. 

Participation was done at two points of time, where at the first time point, four 

participants assessed the interface usability. And at the second time point, 

three participants did the same. Two participants among those who assessed 

the usability at the second point of time, were also among those who assessed 

the app at the first point of time. Each participant tried using the app then 

commented on the: 

• Ease of use, in terms of keystroke level model (KLM) [41]. 

• Understandability, in terms of what the app does, its intended use, etc. 

• Structure and visibility including app’s layout, font, familiarity, interface 

elements, clarity, navigation through the main panels in the interface, 

colours, readability, etc. 

 
After commenting on the former aspects of the app’s interface, each user has 

given an overall satisfaction score (scale 1 to 10, in which the higher the 

number the better is the interface), and provided an open feedback. 

Feedback, generally, were revolved around changing the explanations of the 

risk estimate and confidence interval to a more lay English. All users’ 

feedback was taken on board and the interface was changed accordingly. 

Usability assessments (n=7) have shown a promising overall mean user 

satisfaction score of 8.5 out of 10. Notably, mean user satisfaction score was 

higher at the second point of time. 
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5.8 Risk analysis, maintenance and plan for post-market 

surveillance (PMS) 

Risk management techniques were applied throughout the life cycle of the 

IDIOM App. The risk analysis includes the documentations for: 

• risk management plan, 

• initial hazard identification and risk assessment, 

• risk control, 

• and evaluation of the overall residual risk. 

 

The risk management plan includes responsibilities, risk review requirements, 

risk acceptability levels, reference to standards, verification activities, criteria 

for risk acceptability, overall residual risk acceptability, production and post- 

market activities. 

 
Initial hazard identification and risk assessment includes a description of the 

intended use(s)/purpose(s) of the device, the intended patient population, the 

users and the use environment, a list of all qualitative or quantitative 

characteristics that could affect safety, known or foreseeable hazards that 

are/could associated with the device in normal and fault conditions, causes, 

consequences, and associated risks identifications in terms of severity and 

probability of the harm occurring. 

 
All the identified hazards for the IDIOM App were low/acceptable foreseeable 

risks. Examples of these risks are: 

1. Denial-of-service (DoS). This risk might be caused by external 

technical attack. 

2. Using the app to predict GI cancer for the wrong population. This risk 

might be caused by human error. 

The risk control includes for each risk, the risk type, description of the risk 

identified, risk, elimination/reduction measures, evaluation of the risk at the 

reduced level, probability and severity of the risk. 

Examples of measures applied to mitigate the risk of “using the app to predict 

GI cancer for the wrong population” include providing a clear definition of the 



172  

appropriate patient population in the welcome page, the description page of 

the app, and in the terms of use. 

 
The evaluation of overall residual risk includes a list of all the residual risks 

that were identified in the risk control, with their new status after risk controls 

have been applied, evaluation of the overall residual risk, additional control 

measures need to be applied, and justification of the updated status of the 

overall risk. 

 
All the residual risks of the app were acceptable apart from one low-risk (the 

DoS risk). Yet, the overall residual risk was acceptable because any further 

reduction was impractical (not possible) to DoS risk. Since the app is web- 

based application, external DoS risk cannot be 100% prevented. 

Plans for post-market maintenance, and reactive/proactive surveillance have 

been established. Maintenance is expected to be run routinely during the 

expected lifetime of this app, and it will involve bug−fixing and routine updates. 

 
 
 

5.9 Release and label 

All the labelling (also be referred to as “information supplied”) content have 

been provided in an electronically accessible forms that can be accessed 

directly through the app webpage and were subject to document (version) 

control principles. The IDIOM App labelling was delivered in human readable 

format and included: app description, terms of use, R’ GPL, privacy and 

cookies policy, research teams details, research team publications, app title, 

CE Marking sign, date/time of access, app logo, BUI copyright notice, and the 

developer’s name. 
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6. Discussion 

 
Though the IDIOM App was classified as low-risk by the MDD, placing it on 

market was a time-consuming process, as it was new to several parties 

involved. After three years of full-dedicated time, the process of developing, 

and writing the technical documentation was completed and the IDIOM App 

Version 1.0, was successfully registered with the MHRA and lawfully placed 

on the market pursuant to the MDD on 1st Dec 2020, with expected service 

life up to June 30th 2023 under the present certification. 

 
During this process, many lessons were learned, and many hurdles were 

overcome, these involved: 

1. Most and foremost, being a de novo software medical device 

development project in an academic setting has demanded a lot of 

initiative extra learning by the research team as the university did not 

have the pathway and processes that supported digital medical device 

development when the project has started. Nevertheless, without the 

genuine willingness of BU to do things differently such as setting up 

surveillance system when the app went live, the IDIOM app was not 

distanced to succeed. BU is now developing quality managed device 

development process as a consequence of this project success. 

 
2. Being part of a PhD project, there were no available resources to 

outsourcing the app development, developing the app and producing 

the technical file that met certification standards categorically 

demanded time-consuming fastidious attention to details and record- 

keeping. This is not a light undertaking and is actually very tough 

without an existing framework. 

 
3. Coordinating with many stakeholders with different perspectives and 

priorities within the university (research development and support 

department, legal department, IT service, etc.), the trust, and external 
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consultancy  which has   required a high level of commitment, 

negotiation skills, and clear communication. 

 
4. Finishing the project within a limited PhD timeframe that caught up in 

the stressful Covid-19 pandemic period. A period which did not only 

witness the delaying of the enforcement of the new EU regulation 

(MDR) but also entangled the uncertainty about the new applicable 

medical device laws in the UK after the Brexit. Changing the applicable 

laws, actually, makes the case of IDIOM App project a very interesting 

case. 

 
The app is currently used in the UK secondary care such as Poole hospital as 

decision support tool. Recently, it was endorsed by the British Society of 

Gastroenterology guidelines for the management of iron deficiency anaemia 

in adults [42]. The total up-to-date number of the app users is 762. According 

to Google analytics, these users are from the UK (78%), Spain (4%), India 

(2%), and from 45 countries around the world. Most of the access to the app 

comes through desktop (76%), then mobile (23%), and finally tablet machines 

(1%).. And the most visited pages are the app page itself, the publications 

page, and research team page. 

 
Experience gained through developing, updating, and interacting with the 

app’s prospective users through the embedded contact system in the app 

might help to develop the app further. Conditional on being successful in 

future funding, further plans are proposed for the new version of the app to 

include: 

• Certifying the app pursuant to the new UKCA and MDR regulations. 

The MDR regulations are more strict than the MDD, and the IDIOM 

App might be confirmed by the MDR as a medical device and not as a 

borderline. This is because “disease prediction” is included now as a 

new medical purpose in the new MDR regulations. 

• Using the App in primary care, subject to clinical validation, as a 

decision-support tool to refer patients to secondary care. 
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• Expanding the sample size, and adding new variables such as family 

history, BMI, and the FIT test to the prediction model after examining 

their predictive values. 

• Validating the app externally on new clinical datasets for patients from 

outside the UK. 

 
The strength of this study it represents the first study to document the 

development of a standalone software medical device in an academic setting 

from a practical experience. And to discusses the hands-on aspects and 

hurdles that academics may face when developing medical devices. The 

limitations include the fact that the process of developing and certifying the 

IDIOM App was done according to the MDD regulations which were 

subsequently supressed by other regulations. Yet, the process of developing 

standalone software medical device still follows the same logical process 

regardless of the place, time, and risk class. 
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Abbreviations 
 

Acronyms & abbreviations Definition 

App Application 

BUI BU Innovations Limited 

CDS Clinical decision-support 

CE Conformité Européenne 

CRAN Comprehensive R archive network 

DoC Declaration of conformity 

DoS Denial-of-service 

EC European community 

EU European union 

GI Gastrointestinal 

GPL General public license 

Hb Haemoglobin concentration 

HTTP Hypertext transfer protocol 

IDA Iron deficiency anaemia 

IDIOM Iron Deficiency as an Indicator of Malignancy 

KLM Keystroke level model 

MCV Mean cell volume 

MDD Medical device directive 

MDR Medical device regulation 

 

MHRA 
Medicines and Healthcare Products Regulatory 

Agency 

PMS Post-market surveillance 

SAMD Software as a medical device 

SSL Secure sockets layer 

UKCA United Kingdom conformity assessed 

URL Uniform resource locator 
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Abstract 

 
Iron deficiency anaemia (IDA) is common in colorectal cancer (CRC), 

especially, in right-sided CRC which is known to have an overall worse 

prognosis. The associations between diagnostic pathway (Bowel Cancer 

Screening Programme (BCSP), IDA, symptomatic) and tumour side/stage 

was assessed using logistic regression models in 1138 CRC cases presenting 

during 2010-2016 at a single secondary-care centre in the UK. In the IDA sub- 

group, the relationship between CRC stage and the event of having a blood 

count prior to CRC diagnosis was examined using Bayesian parametric 

survival model. IDA was found as the only significant predictor of right-sided 

CRC (OR 10.61, 95% CI 7.02 - 16.52). Early-stage CRC was associated with 

both the IDA (OR 1.65, 95% CI 1.18-2.29) and BCSP pathway (OR 2.42, 95% 

CI 1.75-3.37). At any age, the risk of detecting CRC at late-stage was higher 

in those without a previous blood count check (hazard ratio 1.53, 95% 

credibility interval 1.08-2.14). The findings of this retrospective observational 

study suggest a benefit from diagnosing CRC through the detection of IDA, 

and warrant further research into the prognosis benefit of systematic 

approach to blood count monitoring of the at-risk population. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Keywords: Iron deficiency anaemia; colorectal cancer; stage; side or 

location; pathway or presentation. 
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Abbreviations 
 

 
BCSP Bowel Cancer Screening Programme 

CI Confidence Interval 

CRC Colorectal Cancer 

GP General Practitioner 

Hb Blood Haemoglobin Concentration 

IDA Iron Deficiency Anaemia 

OR Odds Ratio 
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Introduction 

 

Colorectal cancer (CRC) is the fourth common cancer in the United Kingdom, 

accounting for 12% of all new cases; and the second common cause of 

cancer-related death, responsible for about 10% of all cancer deaths in the 

UK [1, 2]. Although the outlook is slowly improving, the 5‐year survival rate for 

CRC is still relatively poor at 58% because most CRC cases in the UK are 

diagnosed at late stage [3, 4]. 

 

 
It has been recognized that those with more advanced CRC at diagnosis have 

a worse prognosis, leading to the development of the TNM staging system for 

CRC [5]. The association is striking – treated five-year survival ranges from 

over 90% for stage I disease down to about 10% for stage IV disease [1, 4]. 

The fact that tumour stage generally increases progressively with time, 

highlighting the importance of early diagnosis. Unfortunately, CRC may not 

cause symptoms until the disease is already advanced, and when symptoms 

do develop there is sometimes reluctance to seek medical advice. The 

consequence of these delays is that many cases of CRC present at a late 

stage, with a correspondingly high mortality rate. The focus over recent years 

has therefore been on early diagnosis by screening of the pre-symptomatic 

at-risk population [1, 6]. 

 

 
The English Bowel Cancer Screening Programme (BCSP) was developed 

with the aim of reducing the mortality rate by both earlier detection of CRC 

and removing polyps which if left untreated might advance to cancer [6]. The 

BCSP is based on the biennial offer of a faecal occult blood test to all in the 

population aged 60 – 74, with a view to colonoscopy if positive. 

 

 
Bowel cancer screening has been shown to reduce the mortality rate of CRC 

by about 15% with faecal occult blood testing [7, 8], probably because cases 

were detected at an earlier stage [1, 9]. The proportion of CRCs diagnosed at 
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early stage (I or II) was about 64% for the BCSP in 2017, compared to 47% 

for GP referrals and 32% for those presenting as emergency admissions [10]. 

However only about 10% of all CRCs countrywide are detected through the 

BCSP [11]. The relatively low proportion of screened detected cancers 

probably relates to a number of factors, including low population uptake (less 

than 50% in some areas) and limited sensitivity of the initial screening test [9]. 

 

 
Overall about a third of CRCs occur in the right colon, and these differ in a 

number of important respects from those found in the left colon [1, 12]. Right- 

sided CRCs tend to present with larger tumours at a more advanced stage, 

and a correspondingly worse prognosis [12-18]. They are also strongly 

associated with the finding of iron deficiency anaemia (IDA) at presentation 

[19-23], believed to be due to chronic low-grade loss of (iron-rich) blood from 

the tumour bed, resulting in the slowly progressive depletion of body iron 

stores. IDA often occurs before any other clinical manifestations of CRC [24], 

and as the development of IDA is gradual it may precede the diagnosis of 

CRC by up to 2 years [25]. This provides a window of opportunity for the 

detection of CRC earlier in the disease course, particularly for tumours of the 

right colon, and is the basis of the recommendation for urgent investigation of 

unexplained IDA in the at-risk population [26, 27]. 

 

 
The study reported here is based on the analysis of a large dataset of patients 

with CRC presented through different diagnostic pathway at a single centre, 

and the objectives were twofold. First, to compare the effect of the three major 

diagnostic routes for CRC – the IDA, BCSP, and symptomatic pathways – on 

the stage and side of CRC. Second, to explore the scale of the missed 

opportunity for earlier diagnosis of CRC through the IDA pathway, by 

assessing the prevalence and results of blood counts prior to CRC diagnosis 

in the IDA pathway sub-group, and comparing the relationship between prior 

blood count event and the risk of late-stage disease at diagnosis. 
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Methods 

 

This study is a retrospective observational study involved statistical analysis 

of anonymised secondary clinical data on the Poole Hospital CRC MDT 

database for the years 2010 to 2016 inclusive. Assuming the smallest effect 

size (0.1), and significance level= 0.05, the sample size was estimated to be 

around 967 when power= 80%, and around 1268 when power= 90%. The 

Strengthening the Reporting of Observational Studies in Epidemiology 

(STROBE) guidelines were used to ensure the reporting of this study. Since 

this is an observational study, and simply involved the analysis of anonymised 

secondary clinical data, formal ethical/institutional approvals, consent to 

participate/publish were not required. 

 

 
The association between stage/ side and presentation 

pathway 

The first part of this study involved the statistical analysis of 1258 CRC cases. 

The data was scrutinized in 2018 for the purposes of a service audit and 

included: 

• age at diagnosis 

• sex 

• haemoglobin concentration (Hb) at presentation 

• presentation pathway (IDA, BCSP or symptomatic) 

• tumour stage (of the most advanced if synchronous lesions present) 

• tumour number, histology and location(s) 

 

Iron deficiency was defined by transferrin saturation <15% and / or serum 

ferritin less than the lower laboratory limit of normal at the time of the analysis. 

The symptomatic group comprised cases with symptoms relating directly to 

the underlying CRC (other than symptomatic anaemia) that resulted in GP 

referral or emergency admission to secondary care. Patients with both bowel 

symptoms and IDA were allocated to a presentation pathway based on which 
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was felt to be the dominant feature – in a few cases this was rather arbitrary, 

but the allocation was made without knowledge of tumour site or stage. 

 
The diagnosis of CRC was established by standard clinical investigation 

including colonoscopy, and CT scanning. Tumours were graded according to 

the simplified TNM staging system [5] based on the initial radiological 

appearances, modified in the light of subsequent surgical and pathological 

findings where available. For the purposes of the analysis, stage I and II CRCs 

were combined into one category - early stage; whilst stage III and IV CRCs 

were combined as a second category - late stage. CRCs located at or beyond 

the splenic flexure were considered left-sided, and those proximal to splenic 

flexure right-sided. Eight cases had synchronous CRCs, and for the purposes 

of this study they were considered right-sided if any tumour was proximal to 

the splenic flexure. 

 

 
The exclusion criteria were (a) incomplete records (17 cases), (b) second 

entry due to metachronous CRC (7), (c) other neoplastic diagnoses such as 

stromal tumours, small bowel carcinoma, neuroendocrine tumours, and anal 

carcinoma (35), (d) non-incident presentation / diagnosis made at another 

hospital (27), and (e) diagnosis of CRC on cancer follow-up or as an incidental 

finding on a scan undertaken for some unrelated reason (34). When no 

histological confirmation was found, cases were included only if the 

radiological features were regarded as characteristic of CRC, and they were 

managed as such clinically. 

 

 
The effects of age, sex, Hb, and presentation pathway on tumour stage (early 

/ late) or side (left / right) were analysed using simple binary logistic regression 

models run for each of the predictors separately, with stage or side as the 

outcome. When any significant association was found (p < 0.05), the predictor 

was added to a multivariable logistic regression model. Due to correlations 

with particular presentation pathways (such as in the case of BCSP and age, 

and IDA and Hb), only simple regression models were built for age and Hb. 
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Statistical methods used to check the validity of the fitted logistic regression 

models and the goodness of fit are shown in (Table S 8-1, supplementary 

information). 

 
 
 

The association between prior blood test event and stage 

The second part of the study involved a detailed assessment of the 171 IDA 

sub-group from all the 1258 cases dataset. An arbitrary “presentation period” 

was defined as the three months immediately prior to the date of CRC 

diagnosis. The anonymised data for each subject included whether a blood 

count had been checked in the 3 years prior to the start of their presentation 

period, and if so, the date and Hb result for the last blood count in this window. 

On the basis of published literature regarding temporal changes in blood 

count prior to the diagnosis of CRC [26], an arbitrary window of 2 years was 

taken as the basis of comparison for this study. 

 

 
A proportional hazards parametric survival model was employed to estimate 

the effect of previous blood count testing (done / not done) on the onset time 

of late-stage disease in the IDA sub-group using current status data. Current 

status data consisted of (a) observation time (CRC diagnosis time) and (b) 

whether the observation time was smaller or larger than the time to late-stage 

CRC. Diagnosis time was assumed to be independent of late-stage CRC 

onset time, and survival time (free of late-stage CRC ie diagnosed with early 

stage CRC) to equal age (in years). 

 

 
The endpoint of interest was “time to late-stage CRC”. So, if patient i was 

investigated at age Ci and late-stage CRC diagnosed, the time of onset was 

recorded as the interval [0, Ci]. If early-stage CRC was diagnosed, then the 

time of late-stage onset was recorded as the interval [Ci, ∞]. 
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The Weibull distribution was specified as the baseline parametric distribution 

because it allows for constant, increasing, or decreasing hazard rates. To 

approximate the posterior distribution parameters, four Markov Chain Monte 

Carlo (MCMC) methods were used (sample size per chain was 1000). As 

current status data was uninformative, we incorporated prior information into 

the analysis by extending the parametric model to Bayesian framework. The 

prior information was based on the following assumptions (a) hazard rates of 

late-stage disease do not decrease with age and (b) without intervention, all 

early-stage CRCs would progress to late-stage within 10 years. To 

incorporate (a) the shape parameter was constrained to be >1, whilst for (b), 

we set a maximum possible time equal to the age of the patient plus 10 years 

instead of the upper end of the interval (∞). Statistical assessments of validity 

and goodness of fit of the models were based on the method outlined in (Table 

S 8-1, Figure S 8-1, Figure S 8-2, Supplementary information). 

 

 
The methods used in this study were guided by previous relevant publications 

[28-32]. R (version 3.6.1) and RStudio (version 1.2.5001) were used to run 

the statistical analyses and to produce the descriptive statistics, and graphs. 

Ethics declarations. Retrospective analysis of anonymised secondary data, 

formal research ethics approval was not required. 

 
 
 

Results 

 

The association between stage/ side and presentation 

pathway 

After tidying the database and applying the exclusion criteria, 1138 complete 

cases were available for detailed analysis. Of these, 90% had histologically 

confirmed colorectal adenocarcinoma, and most of the remainder had high- 

grade dysplasia on biopsy, undifferentiated carcinoma, or signet cell 

carcinoma. As shown in Table 8-1, almost 70% of cases presented via the 

symptomatic pathway, with about 15% each through the IDA and BCSP 
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routes. Overall, 45% of cases presented with early-stage disease, and 39% 

with right-sided tumours. 

 

 
Table 8-1 Descriptive statistics of the CRC dataset divided by 

presentation pathway (IDA – iron deficiency anaemia, BCSP – Bowel 

Cancer Screening Programme, and symptomatic group) 

 

 
IDA BCSP Symptomatic 

Number n (%) 171 (15.0%) 187 (16.4%) 780 (68.6%) 

Sex ratio M / F 1.1 1.5 1.3 

Age (years) 
Median (Q1 - 

Q3) 
78 (71 - 86) 68 (64 - 71) 75 (64 - 83) 

Hb at diagnosis 

(g/l) 

Median (Q1 - 

Q3) 

89 (80 - 

100) 

138 (126 - 

147) 
124 (106 - 140) 

Early stage (I +II) n (%) 89 (52.0%) 115 (61.5%) 310 (39.7%) 

Right-sided n (%) 141 (82.5%) 56 (29.9%) 245 (31.4%) 

 
 
 

As anticipated, the BCSP group were more likely to be male, and to be 

younger. The proportion with right-sided tumours was markedly higher in the 

IDA group and slightly reduced in the BCSP group. 

By crude comparison with the symptomatic group, there was a greater 

percentage of early-stage CRCs in both of the other groups (Figure 8-1). 
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Figure 8-1 The distribution of tumour stage by presentation pathway 

 
 

Four binary logistic regression models were constructed, and their findings 

are summarised in Table 8-2. 
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Table 8-2 Summary of logistic regression analyses showing variables 

predictive of right-sided CRC (models A – C) and early-stage CRC 

(model D) 

 

Model Outcome Predictor OR (95% CI) P value 

 
 

 
A 

 

 
Right-sided 

CRC 

Presentation (IDA) 
10.61 (7.02 - 

16.52) 
<0.0001 

Presentation (BCSP) 0.95 (0.67 - 1.35) 0.78 

Sex (female) 1.94 (1.49 - 2.53) <0.0001 

B 
Right-sided 

CRC 
Hb (g/l) 0.95 (0.94 - 0.96) <0.0001 

C 
Right-sided 

CRC 
Age (years) 1.04 (1.03 - 1.05) <0.0001 

 

D 

 
Early-stage 

CRC 

Presentation (IDA) 1.65 (1.18 - 2.29) 0.003 

Presentation (BCSP) 2.42 (1.75 - 3.37) <0.0001 

 
 
 

In model A, analysis revealed that sex and presentation pathway were both 

strongly significant predictors of tumour side. The final multiple binary logistic 

regression model was therefore constructed according to the formula (left- 

side CRC as reference category): 

 
ℙ(𝑆𝑖𝑑𝑒 = 𝑟𝑖𝑔ℎ𝑡) 

log { 
ℙ(𝑆𝑖𝑑𝑒 = 𝑙𝑒𝑓𝑡) 

} = 𝛽0 + 𝛽1 𝑝𝑟𝑒𝑠𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 + 𝛽2 𝑠𝑒𝑥 

 
 

The odds of right-sided CRC were about 11 times higher for the IDA pathway 

than the symptomatic one, whilst the BCSP route was not a significant 

predictor of right-sided CRC. CRCs were 94% more likely to be right-sided in 

females compared to males. 
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In model B, Hb was found to be a very significant negative predictor of right- 

sided CRC - for each unit (g/l) decrease in Hb, there was about a 5% increase 

in the odds of right-sided CRC. 

Model C showed that age is also a very significant positive predictor of right- 

sided CRC - for each rising year of age, the odds of right-sided CRC increased 

by about 4%. 

In model D, statistical analysis showed that only presentation pathway was a 

significant predictor of early-stage CRC. The association between tumour side 

and stage is not statistically significant (p = 0.07). The final binary logistic 

regression model was therefore constructed according to the formula (late 

stage as reference category): 

 
ℙ(𝑆𝑡𝑎𝑔𝑒 = 𝑒𝑎𝑟𝑙𝑦) 

log { 
ℙ(𝑆𝑡𝑎𝑔𝑒 = 𝑙𝑎𝑡𝑒) 

} = 𝛽0 + 𝛽1 𝑝𝑟𝑒𝑠𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 

 

 
The findings indicate that IDA was a significant positive predictor of early 

stage CRC. Results also show CRCs presenting through the IDA and BCSP 

routes are 65% and 142% respectively more likely to be diagnosed at early 

stage, as compared to the symptomatic pathway. Statistical assessment of 

validity and goodness of fit of the logistic regression models was satisfactory 

(based on the criteria outlined in Table S 8-1 – Supplementary information). 

 

 
The association between prior blood test event and stage 

Figure 8-2 shows the cumulative percentage prevalence of blood counts over 

the three years prior to the presentation period for CRC, for the 171 cases 

presenting via the IDA pathway. 
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Figure 8-2 The cumulative percentage prevalence of blood count checks 

in the 12, 24 and 36 months prior to the diagnosis of CRC in the IDA 

group, sub-divided according to the tumour stage (early / late) and Hb 

result (g/l) 

 
 
 

 
In the two years prior to diagnosis of CRC, 31% of did not have a record of 

any blood count, and a further 22% had an abnormally low blood count (Hb 

<110g/l) which did not result in immediate referral. Most of these abnormal 

results were recorded in the 12 months prior to the presentation period. 

Descriptive statistics for the IDA group broken down by the result of the last 

blood count in the two years prior to the presentation window of CRC are 

shown in Table 8-3. There were trends towards those with ‘blood test not 

done’ being younger, more likely to have right-sided CRC, and less likely to 

have early-stage disease. 
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Table 8-3 Descriptive statistics for the IDA group (n = 171) by outcome 

of the last blood count in the two years prior to presentation with CRC 

 

 
Hb > 110g/l Hb <110g/l Not done 

Number n (%) 80 (47%) 38 (22%) 53 (31%) 

Sex ratio M / F 1.5 0.7 1.1 

Age (years) Median (Q1 - Q3) 78 (75 - 85) 83 (77 - 88) 73 (66 - 83) 

Hb at diagnosis 

(g/l) 
Median (Q1 - Q3) 94 (85 - 102) 84 (71 - 92) 87 (74 - 99) 

Early stage n (%) 44 (55.0%) 20 (52.6%) 25 (47.2%) 

Right-sided n (%) 65 (81.2%) 30 (78.9%) 46 (86.8%) 

 
 

Bayesian Weibull regression showed that the posterior baseline survival 

distribution of IDA patients with early-stage CRC at diagnosis (ie not having 

reached late-stage disease) decreased with increasing age. This survival 

figure fell from 80% at age 60 to about 35% at age 80 (Figure 8-3a); a. 

Analysis also revealed that having a prior blood test (regardless of result) was 

significantly related to time to late-stage disease (mean (sd): 0.66 (0.18), 95% 

credibility interval: 0.46-0.93). Looked at the other way, the hazard ratio for 

detecting CRC at late-stage was 53% higher in those without a previous blood 

count (1.53, 95% credibility interval 1.08 – 2.14). 

 

 
The posterior median onset time of late-stage CRC in those with a blood count 

in the preceding two years was 75 years (95% credibility interval: 72 – 78). 

This was 5 years later than the median onset time of 70 years of age (95% 

credibility interval: 65 – 74) for those without a blood count. This implies that 
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at a given age, the probability that CRC is detected at an early-stage is higher 

in those with a previous blood count (Figure 8-3b). 

 
 
 

Figure 8-3 Posterior survival distributions for the IDA group, showing 

(a) the baseline survival probability at any given time S(t), with dashed 

lines representing the credibility interval, and (b) the survival 

probabilities for sub-groups categorised by whether a blood count was 

done in the two years prior to the presentation window 

 

 
Discussion 

 

Our results demonstrate that during the seven-year study period, just over 

30% of CRCs were diagnosed via either the IDA or BCSP pathway, with 

similar numbers in each. Comparison with national data reveals a similar 

proportion of early-stage disease diagnosed through the symptomatic 

pathway, at around 40% [10]. The figure for the BCSP pathway is slightly 

lower than the national figure (62% v 64%), but this may reflect the higher 

proportion of right-sided cancers detected (30% v 23%) [9, 10]. 

 

 
We have confirmed previous observations that IDA is strongly associated with 

right-sided CRC, but the striking finding from our study is that diagnosis 

through a contemporary IDA pathway has the potential to downstage the 

disease, as previously demonstrated for the BCSP pathway [9]. This is in 
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contrast to reports in the literature suggesting that IDA is a marker of poor 

prognosis in CRC [22, 23, 33, 34]. The reasons why our findings differ from 

those of some historical studies may include issues of confounding and 

diagnostic delay. Firstly, the risk of confounding arises from the strong 

association between IDA and right-sided CRC – a pattern of disease which is 

associated with later diagnosis at a more advanced stage, and a 

correspondingly poorer prognosis [12-18]. Secondly, the diagnosis of CRC 

through the IDA pathway has been beset by delays resulting in late diagnosis 

of CRC and so a poor prognosis [35-39]. 

 

 
In years past major delays at three points in the pathway of CRC diagnosis 

through the detection of IDA were all too common, and the cumulative effect 

of these delays may have been a major contributor to the historical 

association of IDA with poor prognosis in CRC [35-39]. The first is 

confirmation of IDA on a blood test – a particular issue as even severe 

anaemia may not cause appreciable symptoms. The second is lack of 

awareness of the significance of IDA as a marker of underlying malignancy, 

and therefore of the importance of swift referral for investigation. The third is 

the time between referral and an adequate diagnostic examination of the 

(right) colon. Survival in anaemic CRC appears to be inversely related to this 

last delay [39]. 

 

 
Various developments over recent years have had a major bearing on these 

delays. Firstly, routine blood count checks in the at-risk population have 

become much more frequent and widespread - the rate of blood count testing 

increased progressively in the UK between 2000 and 2015, from 

approximately 160 to 430 per 1000 population per annum [40]. 

 

 
Secondly, much has been done to accelerate the referral and comprehensive 

investigation of patients found to have IDA, particularly those at risk of CRC. 

This includes education in primary care, national guidelines encouraging fast- 

track referral [26, 27], and the development of dedicated IDA triage services 
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in secondary care – such as the IDA Clinic at Poole [41, 42], which was 

incidentally operational throughout the years of this study. Finally, 

gastroenterology speciality groups have introduced quality initiatives to 

improve the diagnostic yield of investigation, particularly in the right colon [43]. 

 

 
The strengths of this study are the novelty of examining the association 

between the event of having prior blood count check and the CRC stage in 

IDA patients, and inclusion of a BCSP CRC group as a positive control. 

Limitations include the uncertain applicability of a single centre experience to 

other populations, and being a retrospective analysis, our inability to control 

the size of the study subgroups or to incorporate other variables that could 

impact the prognosis in CRC. In fact, the major potential constraint of the 

study was the use of stage/side as the only markers of prognosis in CRC. We 

feel however that this methodology is justified because the link between 

stage/side and prognosis is so strong [1, 4], and this view is supported by the 

results for the BCSP group, which fit well with the established improvement in 

prognosis with this programme [7-9, 44]. Nonetheless, further studies are 

clearly warranted to corroborate the findings. 

 

 
With correction for confounding and a reduction in diagnostic delays, our 

results suggest that CRC in the right colon may be detected at earlier stage 

with a correspondingly better prognosis. This observation strengthens the 

case for the inclusion of monitoring for IDA in the repertoire of screening 

approaches for the early diagnosis of CRC. Currently however there is no 

systematic process for routinely checking blood counts in the at-risk 

population, despite the universal presence of the necessary laboratory infra- 

structure. 

 

 
Bearing in mind that the development of IDA is a gradual process prior to the 

diagnosis of CRC, our results suggest that there may be scope for further 

improvement in how we screen for bowel cancer. Of those diagnosed with 

CRC via the IDA pathway, some 31% had not had a blood count in the two 
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years prior to diagnosis, whilst a further 22% had a low blood count – that in 

retrospect may perhaps have been indicative of undiagnosed CRC. Our 

results also suggest that the median onset age of late-stage CRC in those 

with a previous blood count is about five years older than in those without, so 

that for a given age, the proportion of CRCs detected at early stage is higher. 

This is an interesting observation for which there are various possible 

explanations, but we feel that confounding is perhaps the most likely - 

individuals who avoid medical care are inherently less likely to have a blood 

test, and also less likely to present early with their undiagnosed CRC. 

 

 
Nevertheless, we feel that a strong case can be made for formally 

recommending a blood count test on perhaps an annual basis in the at-risk 

population – with follow-up iron studies for those with detected anaemia. 

Blood count checks have an advantage over the current CRC screening 

modalities of stool testing or sigmoidoscopy in being more acceptable to many 

people. However, the recommendation would be to introduce blood count 

checks as a screening test complementary to the current BCSP, not an 

alternative. The logic to this is that IDA screening would be expected to 

predominantly detect right-sided CRC, whilst the current BCSP predominantly 

targets left-sided CRC, with the suspicion that it may be less effective at 

picking up right-sided lesions [9, 44]. 

 

 
In conclusion, our findings suggest prognostic benefit from diagnosing CRC 

through the detection of IDA, and that IDA screening is currently sub-optimal. 

These observations strengthen the case for a systematic approach to blood 

count monitoring of the at-risk population. 
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Supplementary information 

 
Table S 8-1 Statistical assessment methods employed 

 
 

Analysis 
 

Methods 

 

 
The association 

between stage/ 

side and 

presentation 

pathway 

 
 

Smoothed scatter plot, Cook’s distance and standardised 

residual errors, variance inflation factor, Akaike information 

criterion, analysis of variance, χ2 test and pseudo R2 were 

used to check the validity of the fitted logistic regression 

models and the goodness of fit. 

 
 

 
The association 

between prior 

blood test event 

and stage 

 

To inspect the Bayesian Weibull model fit, we examined the 

baseline distribution by plotting it against the semi- 

parametric estimate to see whether there were systematic 

deviations for the chosen parametric distribution from the 

semi-parametric (Figure S 8-1). Trace plots were used to 

confirm that the model converged to the target distribution 

(Figure S 8-2), and that the sampled values for each 

parameter in the chain were overlapping with values close 

to 1. 
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Figure S 8-1 Demonstration of the baseline distribution against the non- 

parametric estimate and other parametric families 
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Figure S 8-2 Demonstration of the trace plots and marginal density 

estimates of the posterior samples 
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Chapter 9 : Colorectal cancer and the blood loss 

paradox 
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Chapter 10 : General discussion 

 
10.1 Outline 

 
This chapter starts by discussing the contribution to knowledge and key 

findings of this PhD study with reference to the study’ objectives -set in 

Chapter 1-, while considering the limitations and results from similar studies. 

The chapter then moves into reviewing the significance of the research 

findings to the clinical practice. After this, it highlights its academic and 

societal impacts. Finally, it concludes with a summary of the PhD project and 

potential future research plans. 

 

10.2 Key findings 

 
As mentioned previously in chapter one, the analysis of this thesis starts in 

chapter 4, hence, the key results of this PhD project will be reviewed in the 

following sections, commencing with chapter 4: 

 
 
 

Chapter 4. Refinement and validation of the IDIOM score for 

predicting the risk of gastrointestinal cancer in iron 

deficiency anaemia. 

 
This study (Almilaji et al. 2020) examined and internally validate the 

association between GI cancer and IDA; and showed that FIT is a predictor 

of GI cancer in the IDA. 

 
By utilizing a large dataset, and by keeping the continuous exploratory 

variables (age, Hb, and MCV) without categorisation in the model, MCV was 

found as a new significant predictor of GI cancer risk in IDA patients (objective 

1). The odds ratio for MCV was similar to that of Hb, in which for each one fL 
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reduction in MCV, the risk of GI cancer increased by 3%. Confirming MCV as 

a new predictor for GI cancer risk was consistent with other studies such as 

Capurso study (Capurso et al. 2004). Checking the model accuracy and 

performance, by validating it internally (objective 2), confirmed that age, sex, 

Hb, and MCV were all independent predictors of the risk of GI cancer. 

 
Results showed also that FIT positivity is significantly associated with GI 

malignancy in IDA (objective 3). The finding that FIT has some predictive 

value for GI cancer in the IDA population is consistent with previous studies 

(Nakama et al. 2000; Cilona et al. 2011). 

 
Limitations of this study include the small numbers of FIT participants. This 

resulted in a very low sensitivity of FIT for GI cancer with very wide confidence 

interval. Furthermore, because both transferrin saturation and serum ferritin 

values were only available in about one-third of the study population, the 

analysis of iron deficiency as an independent predictor of GI cancer was 

suboptimal in this study. Finally, using secondary data for the analysis meant 

that there was no opportunity to examine the predictive value of other 

important variables such as BMI, weight, etc. 

 
 
 

Chapter 5. Broad external validation of a multivariable risk 

prediction model for GI malignancy in iron deficiency anaemia 

 
This study (Almilaji et al. 2021b) externally validated the IDIOM model and 

stratified IDA patients into 5 risk groups based on the PPV, and NPV values. 

Externally validating the risk prediction model was a necessary step for this 

model to be used in practice. 

 
The evaluation of the IDIOM model was carried out in this chapter by using 

not just one but two independent datasets from Oxford (n=1117) and Sheffield 

(n=474) (objective 4). 
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The findings of the external validation showed an acceptable discrimination 

performance of the model (about 70% in each dataset), no tendency for the 

IDIOM model to under or over-estimate of the cancer risk in both datasets, 

and a net benefit above the “investigate all” and “investigate no-one” 

strategies. The external validation analysis showed also that the IDIOM model 

can be applied with confidence to different populations in the UK. 

 
The IDA patients were stratified into 5 GI risk groups (objective 5). Using a 

risk cut-off of 1.25% to categorise patients into the ultra-low risk group showed 

that none of the IDA patients within this group proved to have GI cancer on 

investigation in any dataset (Dorset, Oxford, and Sheffield). 

 
As a retrospective analysis, limitations include the inability to control the size 

of the study external validation datasets, especially in the case of Sheffield 

dataset in which the number of events was small (36 events only). This has 

resulted in a restricted evaluation per centre. 

 
 
 

Chapter 6. Modelling the episodes of care for IDA patients in 

a secondary-care centre using continuous-time multistate 

Markov chain 

 
This study (Almilaji et al. 2022a) proposed a baseline model to represent 

episodes of care for IDA patients at a secondary care centre using 

continuous-time multi-state Markov chain (objective 6). 

 

 
Preliminary results from this study showed that being diagnosed with positive 

GI cancer is always preceded by the prediction of being considered “very high 

risk” by the IDIOM model at the earlier visit. 

 
Thus, the study raises the awareness of the importance of completing the GI 

investigations especially in IDA patients who are at high risk of GI cancer and 
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fit enough to do the investigations. Also, the proposed methods in this study 

could help policy makers in the future to establish what is the maximum delay 

time a confirmed IDA patient should be allowed to stay in before investigated, 

and what are the measures that could be put in place to reduce this time. 

However, due to the small sample size, preliminary results from this study, 

still need further validation. 

 
 
 

Chapter 7. The development of a web-based application to 

predict the risk of gastrointestinal cancer in iron deficiency 

anaemia; the IDIOM App 

 
This study (Almilaji et al. 2022b) documented in full detail the development 

and certifying process of the standalone software medical device app -the 

IDIOM App- in an academic setting by a PhD student. 

 
 

Using R language, the IDIOM App Version 1.0, was successfully developed, 

registered with the MHRA and lawfully placed on the market with expected 

service life up to June 2023 under the present certification (objective 7). 

 
 

There are different examples of published research that relates to developing 

apps in medical and healthcare setting (Andersson et al. 2020; Hsiao et al. 

2006; Saho et al. 2021). However, this study may be proved to be of high 

value for other researchers who want to conduct a similar development project 

in the future as the resources for developing medical device apps are currently 

very limited. 

 
A limitation of this chapter relates to the fact that the process of developing 

and certifying the IDIOM App was carried out according to the MDD 

regulations which were subsequently replaced by the more-strict MDR and 

more recently by the UKCA regulations. Consequently, some steps/details 
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that were described in this study may be different and not relevant to the new 

regulations. 

 
 
 

Chapter 8. Evidence for improved prognosis of colorectal 

cancer diagnosed following the detection of iron deficiency 

anaemia 

 
This study (Almilaji et al. 2021a) confirmed previous observations that IDA is 

strongly associated with right-sided CRC. 

 
However, in contrast to other studies that suggest IDA is a marker of poor 

prognosis in CRC (Alexiusdottir et al. 2012; Tokunaga et al. 2019; Stapley et 

al 2006; Wilson et at. 2017), this study showed that diagnosis through an IDA 

pathway has the potential to downstage the disease (objective 8). Causes for 

these apparent dissimilarities might be because right-sided CRC is associated 

with diagnosis at a more advanced stage, and thus poorer prognosis (Mik et 

al. 2017; Yahagi et al. 2015; Petrelli et al. 2017; Snaebjomsson et al 2010; 

Hasen and Jess 2012; Nawa et al. 2008; Stebbing and Nath 1995; Goodman 

and Irvin 1993; Teng et al. 2014). 

 
 

The study also examined the association between prior blood count test event 

and CRC stage (objective 9). Results showed that at any age, the risk of 

detecting CRC at later stage was higher in those without a previous blood 

count check. This observation may be because individuals who avoid medical 

care are inherently less likely to have a blood test, and thus less likely to 

present early with their undiagnosed CRC. 

 
 

Limitations of this study include the uncertain applicability of a single centre 

experience in Dorset to other populations, and being a retrospective analysis, 

the inability to control the size of the study subgroups or to incorporate other 

variables such as grade, and MCV. 
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Chapter 9. Colorectal cancer and the blood loss paradox 

 

This study (Almilaji et al. 2021c) further supported the recommendation of a 

blood count test in the at-high risk population from the former chapter. 

 
The study compared the clinical characteristics of patients with CRC 

diagnosed via BCSP and IDA pathways and examined whether these 

pathways indeed identify different CRC sub-populations (objective 10). 

 
The results from this chapter showed significant differences in the proportion 

with right-sided cancer and anaemia for patients with CRC diagnosed via FOB 

and IDA pathways. The implication is that these pathways identify distinct 

CRC sub-populations. 

 
 
 

 
10.3 Significance of the study to the clinical practice 

 

10.3.1 Introducing a unique threshold to refer IDA patients for 

suspected GI cancer pathway 

 
In NICE guidelines (2015), PPV is used to determine the risk threshold, 

whereby if the risk of symptoms being caused by any type of cancer is above 

this threshold, then investigation or referral is warranted. Considering the 

financial implications, the guideline development group agreed to use a 3-5% 

PPV threshold value(s) to underpin the recommendations for suspected 

cancer pathway referrals and urgent direct access investigations, such as 

endoscopy. In the same recommendations, only smoking and age were found 

to be significantly predictors of cancer and hence should be included where 

relevant (NICE 2015). 
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The study showed that beside age; sex, Hb, and MCV are also significant 

predictors of GI cancer in IDA patients and hence all should be used when 

stratifying IDA patients in GI cancer risk groups. 

 
Using all these significant predictors, the stratification of the IDA patients into 

GI risk groups was carried out in this study, based on the PPV quartiles, in 

which the lowest quarter is divided into two categories based on a risk 

threshold at which the NPV remains 100%. 

 
The study showed that the lowest PPV value for the risk of GI cancer was 

about 8% in IDA patients, and which is well above the NICE PPV values of 3- 

5%. Thus, for suspected GI cancer pathway referrals in IDA population, the 

current NICE PPV values of 3-5% could lead to over-investigation of a large 

population with poor yield. 

 
 
 

10.3.2 Stratifying IDA patients in GI cancer groups to prioritise 

investigations 

 
Instead of classifying all patients with suspected cancer into two categories 

only (refer: above the 5% PPV value, or not to refer: below 5% PPV value), 

this study provides an opportunity to prioritise investigations especially when 

resources are limited by classifying IDA patients into five GI cancer risk 

groups. Therefore, patients who are classified in the highest risk group could 

be investigated as a priority, while patients who are classified in the second 

highest risk group could be investigated next, and so on. 

 
In practice, stratifying IDA patients into high/very high-risk groups of GI cancer 

might lead to speeding the GI investigation and thus reducing its potential 

prognostic implications. Stratifying IDA patients into ultra-low risk group of GI 

cancer and by using also other safety net measures such as FIT, might lead 

to saving unnecessary referrals and investigations cost and helping patients 

to avoid invasive procedures. 
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10.3.3 Proposing blood count checks for at-risk population as 

a screening complementary element to the current Bowel 

Cancer Screening Programme in the UK 

 
Colorectal cancer is one of the most common cancers and is currently one of 

the major causes of cancer-related mortality worldwide. This high mortality of 

CRC has made early diagnosis of CRC an important global issue (Han et al. 

2019). Diagnosing cancer at early stages, often allows for more effective 

treatment options, and longer survival periods. To detect CRC as early as 

possible, many countries have population-based CRC screening programmes 

(Carroll et al. 2014). However, current CRC screening programmes have 

lower uptake than other cancer screening programmes, and lower sensitivity. 

 
The uptake of CRC screening programme remains lower than that for other 

screening programmes (Koo et al. 2017). Only 50% to 58% of people in the 

UK who are invited for bowel cancer screening are screened adequately 

within 6 months of invitation (PHE 2015). In the routine breast screening 

programme, the level of the uptake never fell lower than 70% - the acceptable 

level of uptake- over the past 10 years period (National Health Service (NHS) 

Digital 2019). 71.4% is the uptake level in the cervical screening programme 

in 2017-2018 (National Health Service (NHS) Digital 2018). 

 
Acceptability of the screening program may affect its uptake (Koo et al. 2017). 

For example, though colonoscopy is generally safe, it is still an invasive 

procedure with a 0.2% rate of severe complications (Nelson et al. 2002). With 

a 10-fold higher complications risk than any other commonly used cancer 

screening test (Ransohoff et al. 2009), it obviously will not be accepted by a 

substantial proportion of people. 

 
Another factor affecting this low uptake may be how the bowel cancer 

screening programme is perceived by the screened population. Higher 

perceived “ease of completion” is found to be a significant predictor to 

complete the FIT test (Chambers et al. 2016a). On the contrary, many patients 
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were put off by their perception that completing the FOB test is a disgusting 

thing to do (Chambers et al. 2016b). 

 
The low sensitivity of the CRC screening programme may be attributed to the 

inherited low sensitivity in the faecal tests, and the inefficiency of detecting 

right-side CRCs. 

 
If the cancer was not bleeding when the screening faecal test was taken, there 

is a chance that a cancer might be missed (Public Health England 2019). At 

cut-off of 10 μg/g, FIT sensitivity estimated to be 92.1% (95% CI: 86.9% - 

95.3%) (D’Souza et al. 2019). Although FIT sensitivity is better than FOB test, 

there are still 8% of people with CRC will be missed in this test. Moreover, FIT 

sensitivity is still lower than that of the other national screening programmes. 

The sensitivity of digital screening mammography in breast is 97% (Zeeshan 

et al. 2018). In a cervical screening programme, sensitivity of detecting CIN3 

cervical cancer precursors in a colposcopy reached 97.2% (Wentzensen et 

al. 2012) and p16/Ki-67 dual-stained cytology showed a sensitivity of 100% 

(Uijterwaal et al. 2014). 

 
Furthermore, in the UK, 74% of the screen-detected CRCs are found in the 

left side (Braun et al. 2016). And only 26% of these screen-detected CRCs 

are found in the right (Braun et al. 2016). This may be due to different reasons 

including often lower quality of cleansing of the right colon (Brenner et al. 

2010). Also, because of their flat morphology, right side CRCs are much more 

difficult to be picked up than left side CRCs (Heresbach et al. 2008). 

Unfortunately, as a result, right-sided CRCs are commonly detected in more 

advanced stages than left side CRCs (Baran et al. 2018). 

 
This study has shown clearly that CRC diagnosis through the identification of 

IDA pathway has the potential to downstage CRC- especially the right sided 

cases-, and at any age, the probability that CRC is detected at an early-stage 

is higher in those with a previous blood count. 



221  

Accordingly, the current approach to the diagnosis of CRC could be improved 

by complementing the existing BCSP by new blood count checks for IDA. 

These blood count checks have an advantage over the current CRC 

screening modalities of stool testing or sigmoidoscopy in being more 

acceptable to many people, have low cost, and more sensitive in detecting 

the right-sided CRCs. Indeed, all the WHO principles of early disease 

detection screening test (Wilson et al. 1968) are met in terms of the condition 

sought should be an important health problem, being acceptable test, easy to 

implement, lower cost, and effective. 

 
Recommending the introduction of blood count checks for the at-risk 

population is in line with other studies that have tried to prioritise of 

colonoscopy/investigations in anaemia by identifying individuals at increased 

risk for CRC by analysing blood counts. Examples of these studies are 

Thompson et al. 2017; Kinar et al. 2016. 

 
 
 

10.3.4 Introducing an automated tool to inform investigations 

decisions in a secondary care setting 

 
To date there is no consensus on the risk threshold warranting investigation 

for GI cancer in IDA patients. Health professionals are relying on the 

discussion with their patients, and on their experience when estimating the GI 

cancer risk. 

 
The IDIOM App is of potential use because it provides an immediate non- 

subjective reliable estimate for the GI risk in IDA, stratifies patients in 

meaningful risk groups, and inform the decisions of healthcare professionals 

and patients with regards to the future management of IDA patients, and 

appropriateness and timing of the investigations. 

 
The IDIOM App represent the first ever software medical device that is 

developed, certified, and used in secondary care in the UK as clinical decision 
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support tool to estimate the risk of GI cancer in IDA. It has proven to be 

popular as the number of its users has been increasing steadily since it 

became put in service on 1st Dec 2020. The total up-to-date number of the 

app users is 762, and they come mainly from the UK (78%), then Spain (4%), 

India (2%), and from 45 countries around the world. 

 
 
 

 
10.4 Academic and societal impacts 

 
This PhD project involved the analysis of the largest dataset used ever to 

examine and internally validate the association between IDA and GI cancer. 

And represents the first study to externally validate a multivariable predictive 

model for GI risk in IDA patients by using more than one external dataset; 

stratify IDA patients into five risk groups based on the PPV, and NPV values; 

demonstrate and discuss the appropriate methods to model the IDA patients’ 

episodes of care at a secondary-care centre; develop, certify, and document 

in full details the development of standalone software medical device app in 

an academic setting; and investigate the association between the event of 

having prior blood count check and the CRC stage in IDA patients. 

 
The academic impact of the research includes the dissemination of research 

findings through various presentations at different international / national 

conferences and specialty academic meetings. These conferences and 

meetings were valuable opportunities to publish different outputs of this PhD 

project; and enabled the interaction and learning from experts in the domain, 

and the development of potential academic collaborations with researchers 

with similar research plans. 

 
The academic impact of the research includes also the publications of original 

research articles with the PhD student as first author in peer-reviewed 

scientific journals from highly respected academic publishing groups such as 

the BMJ, Nature, etc. These articles were cited by other researchers during 
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the PhD project. One notable academic impact is the endorsement of the 

IDIOM App by the British Society of Gastroenterology guidelines for the 

management of iron deficiency anaemia in adults (Snook et al. 2021). This 

endorsement represents the pinnacle of this PhD academic impact. Because 

this clinical practice guidelines represents the highest level of evidence-based 

research ever in the field, that prepared by a team of experts to assist 

practitioners in making patient decisions and offer an evaluation of the quality 

of the relevant scientific literature. 

 
The societal impact of the PhD research involves the usage of the IDIOM App 

exceptionally during the Covid-19 pandemic, as mentioned before in the 

introduction, when investigational resources were limited to assist with the 

triage of subjects with IDA in the Gastroenterology department at Poole 

hospital. The trial proved extremely successful, and therefore continues to be 

routinely used to assist with counselling of subjects with IDA since the 

restrictions have eased. The robustness of the app’s model, the ease of 

accessing the app from different devices at any time, and the speed of 

displaying and explaining the GI cancer risk in a lay language made the app 

a very useful, popular, and reliable tool that fits well with the health 

professionals knowledge and experience when informing their discussions 

with regards to the future management of IDA patients. 

 
 
 

10.5 Conclusion and future work 

 
In conclusion, this study has confirmed and extended previous observations, 

showing that the simple and objective criteria of age, sex, Hb and MCV are 

strong and independent predictors of the risk of underlying GI cancer in 

subjects with IDA using the largest sample size used yet to study the 

association between GI cancer and IDA. The IDIOM model was validated 

internally and externally and showed a good promise of generalisability and 

transportability; and stratified IDA patients into different risk groups that could 

lead to fast track the investigation or save cost and help patients avoid 
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invasive procedures. The study highlights the importance of completing GI 

investigations and proposes a strong case for formally recommending the 

introduction of blood count checks of the at-risk population as a screening test 

complementary to the current BCSP. An automated decision-support tool, the 

IDIOM App, is developed in which anonymised, individual, patient data is 

entered, and GI cancer risk is calculated based on the IDIOM model and 

displayed immediately. 

 
Subject to being successful in securing further funding, future plans that relate 

to different components of this PhD study include certifying the new version 

of the App pursuant to the new UKCA and MDR regulations after externally 

validating the IDIOM model by using new clinical datasets for patients from 

outside the UK and preferably from populations that do not share the same 

western diet such as India, China, etc. Attaining all the ethical approvals for 

adding a functionality to collect real-time clinical data from the IDIOM app is 

planned. Finally, validating the app in primary care setting as a decision- 

support tool to refer patients to secondary care similar to the usage of that 

information technology for identification of suspected colorectal cancer in 

primary care in the CREDIBLE study (Kidney et al. 2015). 

 
New interesting research questions related to this PhD project, can be 

answered in the future by applying different statistical and machine learning 

methods. These questions relate to examining whether other factors such as 

ethnicity and BMI can be strong independent predictors of the risk of GI cancer 

in IDA. Estimating the appropriate age range and test frequency for the 

proposed IDA blood screening test. Assessing the clinical impact of the 

proposed IDA blood screening test on the available endoscopy services. 

Examining the causation between IDA and GI cancer and addressing the 

issue of whether IDA is a trigger of the GI cancer initiation or an outcome 

(symptom/sign) that is resulted from the cancer development. Finally, 

comparing the IDIOM model performance which is built using logistic 

regression to other artificial intelligence methods such as random forest and 

support vector machine. 
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Appendix I: Research outputs 

Appendix Ia: Peer reviewed conference abstracts 

 
 

Appendix Ia1: 10th Annual Postgraduate BU Conference. Mar 2018 

 

 
Accepted abstract: 

 
 

The Importance of Identifying Iron Deficiency Anaemia in the Early 

Detection of Colorectal Cancer 

 
This is a 13-year retrospective analysis of data collected from 2295 patients 

who attended iron deficiency anaemia (IDA) outpatient clinic in Poole hospital. 

The datasets were anonymised and consist of five main groups, including 

demographic data, blood test results, investigations, outcome of the 

investigations, and cancer data. The aim of this study is to investigate the 

association between colorectal cancer (CRC) and IDA, and discover whether 

new risk factors can be identified and contributed to earlier diagnosis of CRC 

through the detection of IDA. R programming language will be used for the 

statistical analysis. Clustering methods will be performed to discover distinct 

patients’ groups and patterns. And multinomial logistic regression will 

categorize patient profile (blood test results, age, and gender) as either low 

CRC risk, or high CRC risk. Decision trees and support vector machines 

[SVM], will be applied also and all will be compared to select the optimal 

method. 
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Appendix Ia2: BU PGR Live Exhibition. Dec 2018 

 

 
Presented poster: 
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Appendix Ia3: British Society of Gastroenterology (BSG) Annual 

Meeting. Glasgow Jun 2019 

 

Accepted abstract: 

Open access published at: https://gut.bmj.com/content/68/Suppl_2/A192.1 
 

Citation: Almilaji, O., Thomas, P., & Snook, J. 2019. PWE-042 Predicting the 

risk of gastrointestinal cancer in iron deficiency anaemia. Gut 68:A192. 

 
 

PWE-042 Predicting the risk of gastro-intestinal cancer in iron 

deficiency anaemia 

 
Introduction: Iron deficiency anaemia (IDA) is a common clinical 

presentation, and in a significant minority of cases (–0%) is the first indication 

of an underlying cancer in the gastro-intestinal (GI) tract. IDA is therefore 

considered an indication for fast-track endoscopic investigation, though the 

majority of cases will not actually have cancer. This study explores whether 

cancer risk in IDA can be predicted on the basis of simple and objective 

clinical variables. 

Method: A study of the predictive value of sex, age, haemoglobin 

concentration (Hb), mean red cell volume (MCV) and iron studies for the risk 

of GI malignancy on subsequent investigation in adults with confirmed IDA 

attending a single IDA clinic. The study population comprised a training 

dataset (n = 2295) and a validation dataset (n = 602). The analysis was 

undertaken using logistic regression, and an App to predict the probability of 

GI cancer in IDA was developed as a clinical tool using R Shiny programming 

language. 

Results: Using the training data, the best model showed that the risk of GI 

malignancy was strongly associated with sex (OR for males: 2.83, P<0.001) 

age, (OR: 1.05 for each added year, and Hb (OR: 0.975 for each g/l fall, 

P<0.001) – see figure 1 for the combined effects with their confidence 

intervals. GI cancer risk was less strongly associated with MCV (OR: 0.971 

for each fl fall, P<0.05), with a complex relationship largely due to an 

https://gut.bmj.com/content/68/Suppl_2/A192.1
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increased cancer risk in those with more severe anaemia, particularly in 

younger age-groups. 

The model was tested on the validation data and produced similar results. It 

allowed stratification of 13% of the study population into a sub-group at high 

risk of cancer (arbitrarily defined as >15%), 28% into a sub-group at low risk 

(–%), and 16% into a sub-group at very low risk (<1%). 

 

Figure 1 
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Appendix Ia4: NCRI Virtual Showcase. Nov 2020 

 
 

Accepted abstract: 

Open access published at: https://abstracts.ncri.org.uk/abstract/external- 

validation-of-the-idiom-score-for-predicting-the-risk-of-gastro-intestinal- 

malignancy-in-iron-deficiency-anaemia/ 

Citation: Almilaji, O., Webb, G., Chapman, T. P., Williams, E. J., Shine, B. S. 

F., Ellis, A. J., Docherty, S., & Snook, J. Internal and External validation of the 

IDIOM score for predicting the risk of gastrointestinal malignancy in iron 

deficiency anaemia. National Cancer Research Institute (NCRI) Virtual 

Showcase. 2 -3 Nov 2020 

 

External and Internal validation of the IDIOM score for predicting the risk 

of gastro-intestinal malignancy in iron deficiency anaemia 

 
Background: Gastrointestinal (GI) malignancy is a common finding in iron 

deficiency anaemia (IDA), with a prevalence of about 8%. Using two large 

datasets from Dorset, we have previously reported and internally validated a 

model for predicting the risk of GI malignancy in IDA – the IDIOM score. This 

is based on four independent and objective clinical parameters - age, sex, 

mean corpuscular volume (MCV), and haemoglobin concentration (Hb). This 

study aims to assess the performance of the predictive model applied to an 

unrelated external validation dataset. 

Method: The external validation dataset was derived from a different 

population (in Oxford), collected under different circumstances (from fast- 

track referrals), and comprised a total of 1118 patients with confirmed IDA. 

The data were anonymised prior to analysis. The logistic regression model 

based on the training data was used to predict the GI malignancy risk in this 

new dataset. Due to the imbalance between the “positive” and “negative” GI 

malignancy numbers, geometric mean (G mean), and negative predictive 

value were used to assess the performance of the model. 

Results: The characteristics of the external validation dataset differed from 

those of the training dataset, with lower mean Hb in particular. Using the 

https://abstracts.ncri.org.uk/abstract/external-validation-of-the-idiom-score-for-predicting-the-risk-of-gastro-intestinal-malignancy-in-iron-deficiency-anaemia/
https://abstracts.ncri.org.uk/abstract/external-validation-of-the-idiom-score-for-predicting-the-risk-of-gastro-intestinal-malignancy-in-iron-deficiency-anaemia/
https://abstracts.ncri.org.uk/abstract/external-validation-of-the-idiom-score-for-predicting-the-risk-of-gastro-intestinal-malignancy-in-iron-deficiency-anaemia/
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regression model to calculate predicted GI malignancy risk, a threshold risk 

of 7.43% maximised the G mean in the training dataset (69%) and gave a 

comparable value in the external validation dataset (61%). At this threshold, 

sensitivity and specificity were 76% and 63% respectively in the training 

dataset and 84% and 44% in the external validation dataset. A predicted risk 

threshold of 1.5% was the largest value to give a negative predictive value of 

100% in the training dataset and gave an identical result in the external 

validation dataset. 

Conclusion: This external validation exercise has demonstrated that the 

model underlying the IDIOM score is robust in predicting the risk of underlying 

GI malignancy in a large IDA dataset collected in a different clinical setting. 

Impact statement: Ultimately, validating the model would help to using it to 

rationalise the use of investigational resources in IDA, by fast-tracking high- 

risk patients and, with appropriate safeguards, avoiding invasive investigation 

altogether in those at ultra-low predicted risk. 
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Appendix Ia5: CRUK Early Detection of Cancer Conference. Oct 2020, 

Online 

 

Accepted abstract (non-open access): 

Citation: Almilaji, O., Webb, G., Chapman, T.P., Williams, E.J., Shine, B.S.F., 

Ellis, A.J., Docherty, S. and Snook, J., 2020. External validation of the IDIOM 

score for predicting the risk of gastro-intestinal malignancy in iron deficiency 

anaemia. In: CRUK Early Detection of Cancer 6-8 October 2020 online. 

 
Presented poster: 

 

 
This image has been redacted as the 

publication is not available without 
registration with the conference website. 
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Appendix Ia6: American College of Gastroenterology (ACG) Annual 

Scientific Meeting. Oct 2021 

 

Accepted abstract: 

Open access published at: 
 

https://journals.lww.com/ajg/Fulltext/2021/10001/S1313_Modelling_the_Epis 

odes_of_Care_for_IDA.1317.aspx 

Citation: Almilaji, O., S1313 Modelling the Episodes of Care for IDA 

Patients in a Secondary Care Centre Using Continuous-Time Multistate 

Markov Chain, The American Journal of Gastroenterology: October 2021 - 

Volume 116 - Issue - p S605 doi: 10.14309/01.ajg.0000778784.81979.c6. 

 

 
S1313 Modelling the Episodes of Care for IDA Patients in a Secondary 

Care Centre Using Continuous-Time Multistate Markov Chain 

 
Introduction: Despite the high prevalence of gastro-intestinal (GI) cancer in 

iron deficiency anaemia (IDA), some IDA patients do not complete all the 

necessary GI investigations at the initial referral due to informed patient 

preference, concurrent illness, or major co-morbidity including frailty. As a 

result, existing cancers are diagnosed at a later referral with worse prognosis. 

The potential to detect GI cancer early depends on minimizing the delay time 

spent between the two consecutive referrals, where a patient did not complete 

investigations at the first referral, but at the second is diagnosed with positive 

GI cancer. This retrospective longitudinal study aims to highlight the proper 

methods to model these referrals. 

Methods: Using anonymised data of 168 episodes of care for IDA patients at 

an IDA clinic that was established under the supervision of the 

Gastroenterology Department at General Hospital, continuous-time multi- 

state Markov chain is employed to determine the transition rates between 

three observed states for IDA patients at the IDA clinic; “incomplete 

investigations”, “negative GI cancer”, and “positive GI cancer” and to estimate 

the delay time. 

https://journals.lww.com/ajg/Fulltext/2021/10001/S1313_Modelling_the_Episodes_of_Care_for_IDA.1317.aspx
https://journals.lww.com/ajg/Fulltext/2021/10001/S1313_Modelling_the_Episodes_of_Care_for_IDA.1317.aspx
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Results: Once in the state of incomplete investigations, an estimated mean 

delay time of 3.1 years (95% CI: 1.2, 5) is spent before being diagnosed with 

positive GI cancer. The probability that the “positive GI diagnosis” is next after 

the state of “incomplete investigation” is 0.17 (95% CI: 0.03, 0.54) compared 

with 11% (95% CI: 0.02,0.39) when it is followed the state of negative GI 

cancer. The survival rate of IDA patients with negative GI diagnosis is always 

higher than those with incomplete investigations (Figure 1). Finally, being 

diagnosed with positive GI cancer is always preceded by the prediction of 

being considered “very high risk” at the earlier visit. 

Conclusion: A baseline model was developed to represent episodes of care 

for IDA patients at a secondary care centre. The suggested methodology in 

this study can be used in the future to help policy makers establishing what is 

the maximum delay time, a confirmed IDA patient, should not be allowed to 

stay in before investigated for GI cancer, and what are the measures that 

could be put in place to reduce this time. 

 
 

Figure 1. Survival plot. Survival is defined as not being in the state of “positive 

GI cancer”. State 1 means being observed with incomplete investigations. 

state 2 means being observed with negative GI cancer. 
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Appendix Ia7: Virtual NCRI Festival: Making Cancer Research Better 

Together. Nov 2021 

 

Accepted abstract: 

Open access published at: 
 

https://abstracts.ncri.org.uk/abstract/modelling-the-episodes-of-care-for-iron- 

deficiency-anaemia-patients-in-a-secondary-care-centre-using-continuous- 

time-multi-state-markov-chain/ 

Citation: Almilaji, O., Docherty, S., & Snook, J. Modelling the episodes of care 

for IDA patients in a secondary-care centre using continuous-time multistate 

Markov chain. (ID: 3556). Virtual NCRI Festival: Making cancer research 

better together. 8-12 Nov 2021. 

 
Modelling the episodes of care for iron deficiency anaemia patients in a 

secondary-care centre using continuous-time multi-state Markov chain 

 
Background: Due to informed patient preference, concurrent illness, or major 

co-morbidity, some IDA patients do not complete all the necessary GI 

investigations at the initial referral . As a result, existing cancers are 

diagnosed at a later referral with worse prognosis. The potential to detect GI 

cancer early depends on minimizing the delay time spent between the two 

consecutive referrals. This study aims to highlight the proper methods to 

model these referrals. 

Method: Using anonymised data of 168 episodes of care for IDA patients, 

continuous-time multi-state Markov chain is employed to determine the 

transition rates between three observed states for IDA patients; “incomplete 

investigations”, “negative GI cancer”, and “positive GI cancer”; and to estimate 

the delay time. 

Results: Once in the state of incomplete investigations, an estimated mean 

delay time of 3.1 years (95% CI: 1.2, 5) is spent before being diagnosed with 

positive GI cancer. The probability that the “positive GI diagnosis” is next after 

the state of “incomplete investigation” is 17% compared with 11% when it is 

https://abstracts.ncri.org.uk/abstract/modelling-the-episodes-of-care-for-iron-deficiency-anaemia-patients-in-a-secondary-care-centre-using-continuous-time-multi-state-markov-chain/
https://abstracts.ncri.org.uk/abstract/modelling-the-episodes-of-care-for-iron-deficiency-anaemia-patients-in-a-secondary-care-centre-using-continuous-time-multi-state-markov-chain/
https://abstracts.ncri.org.uk/abstract/modelling-the-episodes-of-care-for-iron-deficiency-anaemia-patients-in-a-secondary-care-centre-using-continuous-time-multi-state-markov-chain/
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followed the state of negative GI cancer. Finally, being diagnosed with positive 

GI cancer is always preceded by the prediction1, 2, 3 of being considered “very 

high risk” at the earlier visit. 

Conclusion: A baseline model was developed to represent episodes of care 

for IDA patients at a secondary care centre. 

Impact statement: The suggested methodology can be used in the future  

to help policy makers establishing what is the maximum delay time, a 

confirmed IDA patient, should not be allowed to stay in before investigated for 

GI cancer, and what are the measures that could be put in place to reduce 

this time. 

References: 

1: Almilaji O, Snook J, Thomas P. 2020. The IDIOM App. https://www.predict- 

gi-risk-in-ida.com 

2: Almilaji O, Smith C, Surgenor S, et al. 2020. Refinement and validation of 

the IDIOM score for predicting the risk of gastrointestinal cancer in iron 

deficiency anaemia. BMJ Open Gastroenterol. doi: 10.1136/bmjgast-2020- 

000403 

3: Almilaji O, Parry SD, Docherty S, Snook J. 2021. Evidence for improved 

prognosis of colorectal cancer diagnosed following the detection of iron 

deficiency anaemia. Sci Rep. 11(1):13055. doi: 10.1038/s41598-021-92623- 
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Appendix Ia8: British Society of Gastroenterology (BSG) Campus. Jan 

2021, Online 

 

Accepted abstract: 

Open access published at: 
 

https://gut.bmj.com/content/70/Suppl_1/A37.2 

Citation: Almilaji, O., Engen, V., Snook, J., & Thomas, P., 2021. The 

development of a web-based application to predict the risk of GI cancer in 

IDA. https://youtu.be/DRjenumKdhY. Gut 70:A37-A38. 

 
O67 The development of a web-based application to predict the risk of 

GI cancer in IDA 

 
Introduction: Gastrointestinal (GI) malignancy is a common finding in iron 

deficiency anaemia (IDA), with a prevalence of about 8%. We have previously 

reported and validated an algorithm for predicting the risk of GI malignancy in 

IDA – the IDIOM score. This was derived by logistic regression analysis based 

on four independent and objective clinical parameters - age, sex, mean 

corpuscular volume (MCV), and haemoglobin concentration (Hb). To facilitate 

the clinical use of this algorithm, a software application has been developed, 

with a view to providing free and simple access to healthcare professionals in 

the UK. 

Methods: A detailed requirements analysis for intended users of the 

application revealed the need for an automated tool in which anonymised, 

individual, patient data is entered and GI cancer risk is calculated and 

displayed. The solution needed to be user-friendly and platform independent, 

and needed to facilitate future communication with the development team. 

Human-centred design (HCD) was employed to develop the solution, focusing 

on the users and their needs, whilst ensuring that they are provided with 

sufficient details to appropriately interpret the risk score. To evaluate usability, 

standard usability questionnaire applied. Participants include healthcare 

professionals such as IDA nurse specialists, gastroenterologists, etc. 

https://gut.bmj.com/content/70/Suppl_1/A37.2
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Results: Predict GI Cancer in IDA has been developed using R Shiny as a 

web-based application enabling access from different platforms with central 

updating. The application has been evaluated and tested through literature 

search, internal validation exercises, code testing, risk analysis, and usability 

assessments. Usability assessments (n=7) has shown mean user subjective 

satisfaction of 8.5 out of 10. Plans for post-production maintenance and 

surveillance have been established. A technical file for the application has 

been written according to Medical Devices Directive (MDD) and all other 

relevant harmonised standards. The process of registering the application 

with the MHRA and for CE marking is underway. 

Conclusions: The application Predict GI Cancer in IDA generates an 

estimate of GI cancer risk (with 95% confidence interval), following the 

insertion of data for the four key variables. The whole process takes just a few 

seconds, which lends itself to use in busy clinical settings. Legal notices, 

contact system and all the supportive information for the application such as 

description of the population, intended users, safety information have been 

embedded within the application interface. 
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Appendix Ia9: British Society of Gastroenterology (BSG) Campus. Jan 

2021, Online 

 

Accepted abstract: 

Open access published at: 
 

https://gut.bmj.com/content/70/Suppl_1/A190.1 

Citation: Almilaji, O., Parry, S., Thomas, P. and Snook, J., 2021. 

Downstaging of right-sided colorectal cancer diagnosed through iron 

deficiency anaemia. https://youtu.be/R7_llJjRBEo. Gut;70:A190. 

 
P288 Downstaging of right-sided colorectal cancer diagnosed through 

iron deficiency anaemia 

 
Introduction: Previous studies have suggested that iron deficiency anaemia 

(IDA) is an indicator of poor prognosis in colorectal cancer (CRC), but this 

may be due to confounding – IDA is much commoner in right-sided CRC, 

which tends to late presentation and therefore a worse prognosis. This study 

aims to determine the effect of diagnosing CRC through the detection of IDA 

on tumour stage - a surrogate marker of prognosis in CRC - whilst controlling 

for tumour side. 

Methods: A total of 1154 cases of CRC with adequate clinical information 

were identified from the MDT records of a single general hospital for 2010– 

2016. Histological confirmation of adenocarcinoma was available in 90%. 

Each case was staged on the basis of the available radiological and surgical 

evidence, and the route of presentation identified. Because tumour side and 

presentation are surrogate markers of prognosis in CRC, these variables were 

merged to create a new variable to reflect CRC prognosis, and analysed using 

binary logistic regression models. 

Results: A summary of the basic patient data is shown in table 1. 

https://gut.bmj.com/content/70/Suppl_1/A190.1
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Table 1 
 

 
 

As anticipated, most cases presenting with IDA proved to have right-sided 

tumours, whilst the majority of cases diagnosed through screening were left- 

sided. As expected, left-sided tumours diagnosed through screening (mostly 

in the national bowel cancer screening programme) were significantly down- 

staged in comparison to those presenting with symptomatic disease – with an 

odds ratio for early stage disease of 2.09 (95% CI 1.4 - 3.1, P<0.001). 

The key finding in this study is that right-sided tumours diagnosed following 

the detection of IDA also appear to be down-staged compared to those 

presenting with symptomatic disease – with an odds ratio for early stage 

disease of 2.52 (95% CI 1.6 - 3.8, P<0.0001). 

Conclusion: The findings suggest a prognostic benefit to diagnosing right- 

sided CRC through the detection of IDA, with a benefit comparable to that of 

the screening programme for left-sided CRC. This strengthens the case for a 

systematic approach to blood count monitoring in the population at-risk of 

CRC. 
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Appendix II: The Data cleaning 

Appendix IIa: Cleaning Training Dataset (IDA) 

 

• Correction in year 2017 

 
1. Delete one header from the two headers namely the first one which includes: 

demographic data, dates, Initial Haematology, Investigation, and outcome. 

2. Round the age to a whole number. 

 
3. Change the birth year of case 2146 from 2016 to 1943. 

 
4. Build three variables out of the two variables of Date of birth and Date of 

assessment. The new variables are in terms of (day, month, year). 

5. Correct the levels of the gender variable from four levels (“f”, “f “, “F”,“m”) to 

two levels (Female, Male). 

6. Change the values: "x", "X", "" in all blood test results variables to NA. 

 
7. Change the Ferritin value from 0 to 8 in case 897. 

 
8. Change the levels of OGD from 0, 1 to 1, 2. 0 showed as null values in R (228 

null variables) and OGD levels are appeared as only one level. 

9. Changed the values: "x", "" in Colonoscopy variable to 0, cases 355, and 

2128. 

10. Change the levels of Colonoscopy from 0, 1 to 1, 2 as 0 showed as null values 

in R (327 null variables) and Colonoscopy levels are appeared as only one 

level. 

11. Change the NA in GI Investigation incomplete variable to 0 which means no- 

investigations, then change the levels from 0, 1, 2 to 1, 2, 3 

12. Change the "x" in Cancer, Adenoma, Inflam, and Coeliac variables to NA, 

then change the levels from 0, 1, 2, 3 to 1, 2, 3, 4 according to the exiting 

levels, in Coeliac only two levels are existed: 0,1 to 1, 2. In Adenoma and 

Inflam only three levels existed, so 0, 1, 2 changed to 1, 2, 3. 

13. Ordering the dataset according to the assessment date and change the 

values of the months from 1:12 to the names of the months. 
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14. Correct the day of assessment in observation 1387 from “ 26” to 26. 

 
 
 

• Correction in January 2018 

 
Inspecting the complete/incomplete GI investigation values has bought some 

observations into question, especially that, missing data for the outcome variables 

(321) is not equal to the 322 of incomplete assessments due to patient preference or 

unsuitability. There was need to check patient records for: 

Cases (957, 1867, 1920) in which there are incomplete investigations due to patient 

preference or unsuitability, yet outcomes have values. 

After checking with Dr. Snook, the following table has been given to correct the 

values: 

 
 
 
 
 
 
 
 
 
 
 

Also, three observations (80, 1716 and 2207,) that I have asked to be checked have 

been confirmed to be correct. Cancers in observations 80, 1716 and 2207, indeed, 

have not been discovered by colonoscopy or OGD. Cancer in observation 80 

discovered by laparotomy. Cancer in 2207 has been discovered by CT scan and 

confirmed by Ascitic cytology test. Cancer in 1716 has been discovered by CT scan 

and confirmed by Pleural effusion cytology test. 

 
 

• Correction in March 2018 

 
Change the MCV values in: 

1813: from 24.6 to 78 6 

317: from 26.3 to 81.8 

 
1443: from 24 to 74.3 
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Duplicates have been found in the dataset as follows: 

 
Repeated entries in which a patient has been seen at the clinic in the same day: 

234,2018,544,1387,1385. 

Repeated entries in which a patient has been seen at the clinic in the same year: 

 
1244,821,487,793,1066,2125,568,1087,2087,1386,1860,2120,837,1788,1342,153 

1,1541,1650,1424,2138,743,1255,1872,949,2101,1487,2000,946,1812,1404 

 
 
 

• Correction in May 2018 

 
1. Change the data of birth from 21/4/32 to 21/4/52 for A2018. 

 
2. Change the gender from female to male for a954, a1501, a532. 

 
3. Delete case234 (no borrowing of values from it to substitute in the matched 

record). 

4. Delete case1244 (no borrowing of values from it to substitute in the matched 

record). 

5. Delete case 544 (substitute ferritin value of 8 in the case of 538 with the value. 7 

from the deleted matched case of 544, cases recorded in the same day). 

6. Delete case 2138 (no borrowing of values from it to substitute in the matched 

record). 

7. Delete case 1385 (no borrowing of values from it to substitute in the matched 

record). 

8. Delete case 1379 because it belongs to the same person who has been seen in 

the same day more than once). 

9. Change case 2218 birthdate from 1/1/1900 to 19/5/1938. 

 
10. Change case 1813 MCV from 24.6 to 78. 

 
11. Change case 1443 MCV from 24 to 74.3. 

 
12. Change case 317 MCV from 26.3 to 81.8. 
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Appendix IIb: Cleaning the Internal Validation Dataset 

 

• Correction on October 2018 

 
1. Taking out the first header (demographic data, Initial Haematology, Investigations, 

and outcomes). 

2. Change the levels of Gender variable: 

 
m to Male, M to Male 

 
f to Female, F to Female 

 
3. Round the age to whole number. 

 
4. Change the values of MCV (less than 50) for 298, 283, and 377 (human entry 

error: the nurses entered the values of MCH instead of MCV). 

5. Checked the date of birth dates for some young female demographic with very low 

blood indicators. (all correct). 

6. Check the gender of 407, it was right and did not change: male. 

 
7. The missing coeliac value of 553 which is 0. 

 
8. Check the results of investigation for 112 since OGD =1 (was and still correct no 

need to change). 

9. Check the odd values for T.satu in 483,414,529. All correct. T.satu responds 

quickly to iron treatment before ferritin and this is why we might have this 39 or 17. 

10. Delete case v40 from the testing data as it is the same record for patient A2139 

(identical) in the training dataset. 
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Appendix IIc: Cleaning CRC Dataset 

 

• Initial size: 1258 rows * 11 variables 

 
Variables: Study.No, Date.of.Birth, Gender, Date.of.Diagnosis, Diagnosis, 

Synch.tumours, Histology, Presentation, Haemoglobin, Final.Staging, TNM.Stage. 

55 entries were taken out due to other neoplastic diagnoses and diagnosis of CRC 

and non-incident presentation made at another hospital. This left 1203 rows * 11 

variables 

• Duplicates: 14 records (7 patients): 

 
Study IDS: "B451" , "B1183" , "B141" , "B421" , "B252" , "B749" , "B158" , "B1164" , 

"B426", "B901" , "B405" , "B623" , "B236" , "B625" 

After keeping the earliest record per patient and removing the second records: 

"B625", "B623", "B901", "B1164", "B749", "B421", "B1183", CRC dataset size 

became 1196 (1203-7). 

 
After consulting with Dr Snook by e-mail on 16th Jan 2019 about the records which 

read as “C189 - Malignant neoplasm of colon, unspecified” in the diagnosis: "B112" 

"B157" "B230" "B751" "B900" "B905" "B946" "B957" "B961" 

Dr Snook has checked the records, and confirmed that: 

 
1. "B112", "B230", "B751", "B946" were all correct in which histology for 

each entry is taken from metastasis. No CT or colonoscopy, or 

primary tumour were seen on CT. 

2. "B900" histology was taken from peritoneal fluid, primary tumour was 

not seen on CT. 

3. "B157" & "B957" were both incorrect: amended each one to malignant 

neoplasm of sigmoid colon in the diagnosis variable. 

4. "B961" & "B905": No evidence of colonic primary, so advised to 

remove both records from the dataset. 

After amending and removing the last two records, CRC dataset becomes 1194 

(1196-2). 
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• After consulting with Dr Snook to confirm the TNM. Stages for patients IDs; 

“B79”, “B1046”, “B17”, and “B26”: 

Dr Snook has checked the records, and confirmed that: 

 
1. The stage for B79 should be changed from 3 to 2 

 
2. The stage for B1046 should be changed to 2 

 
3. The stage for B17 and B26: unstageable, as no scan or 

surgery 

We excluded those with no tumour TNM. Stages from the final analysis. After taking 

out 17 records of TNM.Stage with missing values, CRC became 1177 (1194-17). 

• After removing patients group C ; “other surveillance eg cancer follow-up, 

incidental finding on scan “because it did not fit in any other category, the 

dataset became 1143 (1177-34). 

• After removing 5 records has no location, , the dataset became 1138 (1143- 

5). 

• There were 17 entries with no Hb (these were left in). 
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Appendix III: Ethical approvals 

Appendix IIIa: No Need for the NHS Approval 
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Appendix IIIb: BU Ethics Checklist Approval Decision 
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Appendix IIIc: Capacity and Capability at Poole Hospital 
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Appendix IIId: Pilot Study (HRA approval) 
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Appendix IIIe: MHRA Consultation with regard to the CE 

marking and Risk Class of the App 
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