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Head and Neck Cancer in the Digital Age: an evaluation of mobile health applications 
Abstract
Aim: The technology of online and mobile-based symptom checkers is developing on a background of unprecedented demand for GP and medical services. This study was performed to assess the performance of popular ‘artificial intelligence’ (AI) symptom checkers currently available to the public and evaluate their accuracy as a screening tool for head and neck cancer symptoms.
Method: We selected three of the most popular and previously compared mobile app symptom checkers available including Babylon (London), Your.md (London) and Ada (Ada Health GmbH, Munich). A recent Pan-London Suspected Cancer Referral Guide was obtained and distilled into a list of qualifying symptoms for referral to secondary care on a two week wait cancer pathway. A generic patient background was devised and each symptom was passed through the selected symptom checker apps. Differential diagnosis and recommended triage times were compared. 
Results: Overall a cancer diagnosis was suggested possible in the differential diagnosis in 33% of symptoms. As a screening tool, Babylon was the most accurate for including a potential cancer diagnosis in the differential diagnosis, with a sensitivity of 45% cases, Ada with 32% and Your.md 23%. Ada attempted the most diagnoses, able to provide a differential diagnosis in 95% scenarios, but was also the most risk averse triage assessor, with 55% outcomes recommending medical advice immediately or within hours. 
Conclusion: The ability of modern symptom checkers to promote health awareness and self-checks is promising, but we have identified a number of areas of potential improvement but at present the sensitivity of the tested symptom checker apps remains low for head and neck cancer.





Introduction
It is an exciting time for technology in healthcare. The global digital health market was expected to reach £43 billion in 2018, with the UK market reaching almost £3 billion, much of this driven by digital mobile applications (apps)[1]. This technology is developing on a background of unprecedented demand for GP and medical services, with one recent survey revealing that 74% of 186 GP partners thought that their practice would be unable to cope during a recent Winter crisis[2]. The current health secretary has certainly embraced technology with his initial policy announcements; Rt Hon Matt Hancock MP has listed technology as one of his top priorities in his NHS vision, with half a billion pounds committed to his technology plans for ‘The Future of Healthcare’[3] and he has publicly endorsed new models of care, citing his use of ‘GP at Hand’, an NHS GP application privately operated by Babylon Health (London)[4]. Online and mobile based apps have sought to capitalise on this growing industry and the perceived difficulty of getting an expedient doctor’s appointment. In addition, there is an apparent ever-increasing public demand for self-diagnosis with estimates ranging from 25-51% of UK adults seeking to research their symptoms without a traditional doctor’s appointment, 39% looking up advice on the internet and 10% utilising a mobile health app [5,6].
There are few more urgent places to concentrate additional resources than in cancer care. Cancer wait times continue to rise and the 62 day wait to treatment target was standing at 78.2% in July 2018, meaning that treatment for over 3000 people was not meeting this target[7]. The ability to recognise early red-flag symptoms and direct patients promptly to urgent referral pathways is a hugely attractive benefit of smartphone or accessible web applications, and the Government’s own policy document on the future of this technology states that “citizens who wish to personalise their use of health… (should be able to) use apps that enable them to self-care, knowing that the information is secure and available to care professionals in all settings, and having a consistent and convenient user experience”[3]. Experience to date on such technology however has been received with scepticism by the profession. A recent study presented by Babylon Health suggested that their ‘chatbot’ performed better than the ‘average’ GP in an MRCGP assessment with equivalent performance in diagnosis rate in ‘real life’ patient scenarios[8], but the methodology has received criticism[9]. 
This study was performed to assess the performance of popular ‘artificial intelligence’  (AI) symptom checkers currently available to the public on mobile devices and evaluate their accuracy as a screening tool for head and neck cancer symptoms. This will provide the first published assessment of whether this technology has a place in the head and neck cancer pathway. 

Methods
We selected three of the most popular European-based mobile device symptom checkers available via the UK app store (cross-platform), who are frequently listed in top medical AI phone app lists[10], received a significant amount of publicity in health and mainstream press[11,12] and have undergone recent direct comparisons in the non-scientific literature [13,14]: Babylon (London), Your.md (London) and Ada (Ada Health GmbH, Munich). A recent Pan London Suspected Cancer Referral Guide was obtained[15](Supplementary File 1), a local version of well-established National referral guidelines[16], and distilled into a list of qualifying symptoms for referral to secondary care on a two week wait cancer pathway. We devised a generic patient with demographics typical for a head and neck cancer clinic: male, 50 years old, BMI 25-30, current smoker (20/day), current drinker (>21 units/week), no significant past medical history and a family history of type 2 diabetes mellitus only. For each presenting symptom from the two-week cancer referral guideline, if prompted we described it as mild but getting worse and symptoms lasting from 1 week to a month, as the objective of these applications is to prompt medical review when diseases are at an early stage. Associated symptoms were denied if a query was prompted during the app question process. The outcomes recorded for all three apps for comparison were 1) availability of differential diagnosis list 2) whether cancer was reported as a potential diagnosis in this list and 3) the recommended medical triage times offered in each symptom scenario. If generic advice was supplied to ‘see Dr’, this was interpreted as recommending a routine GP appointment (within weeks). 

Results
Utilising each referral symptom resulted in 22 individual scenarios tested independently on each app. Ada was the most successful for attempted symptom diagnosis with 95% (n=21) scenarios resulting in a differential diagnosis, followed by  Babylon with 73% (n=16) and Your.md with 64% (n=14). 
There was a lower yield of potential cancer diagnoses expressly mentioned in the differential diagnosis lists. Overall only 33% of two-week wait eligible symptoms in this study resulted in a potential cancer diagnosis being listed. Your.md avoided listing cancer diagnoses in the differential list provided to patients; to allow comparison we confirmed with the Your.md development team that the word ‘Urgent’ was automatically provided in the differential list instead of a specific cancer diagnosis; we therefore included this surrogate marker for cancer in the analysis. As a screening tool, Babylon was the most accurate for including a potential cancer diagnosis in the differential diagnosis, with a sensitivity of 45% (n=10) cases, Ada with 32% (n=7) and Your.md 23% (n=5)(Figure 1, left panel). 
Medical triage advice was provided in cases where diagnoses were offered, and often when symptoms were unrecognised. Ada was overall the most risk averse program, with 55% (n=12) stated medical triage outcomes recommending medical advice immediately or within hours, compared to 23% (n=5) with Babylon and 9% (n=2) for Your.md (Figure 1, right panel). Conversely, Your.md triaged almost a fifth of cases (18%; n=4) into not requiring medical attention, compared with just 9% (n=2) for Ada, and 5% for Babylon (n=1). The list of differential diagnoses for each app were collated and represented on a word cloud (Figure 2) with a sequentially increased font for each repeated term frequency. Ada provided the greatest number of differential diagnoses with an average of 4.2 diagnoses per case. 

Discussion
Symptom checkers have long been promoted as a means of reducing unnecessary visits to GPs, an already overstretched service. However the impact of this technology is still unclear, with no proven evidence that it reduces pressure on the NHS and diagnostic accuracy in ENT has already been previously questioned[17]. The impact on patients is also uncertain, with a risk that it may drive hypochondriasis[18]. This concern was presumably considered when Your.md decided to recommend an urgent medical review explicitly as opposed to mentioning a potential cancer diagnosis. Further studies would be required to determine which approach benefits patients more and what impact this has on the subsequent GP consultation. The ability of modern symptom checkers to promote health awareness and self-checks is promising, but the accuracy of these applications to recognise symptoms that might represent a new cancer diagnosis should be a fundamental standard. This study shows that deficiencies in this technology still exists.
	Health technology has a history of not being held to the same level of scrutiny as other innovations in patient care[19], although recent studies performed by Babylon for example to validate their technology[8], despite the methodological concerns, are to be encouraged. The published results reported an accuracy of 98% for Babylon’s AI system for common primary care conditions. Our study was not designed to assess the diagnostic accuracy, but cancer triage accuracy is also an important metric. Despite Babylon outperforming other applications here for picking up a potential cancer diagnosis when one of the red flag 2-week wait symptoms was inputted, the 45% hit rate is still significantly below the standard expected of general practitioners, where all patients with described symptoms should expect referral.
The risk averse nature of these applications was also evident, most notable with the Ada application. This has the significant potential to cause undue patient anxiety. Despite the NHS’ own telephone triage system previously being implicated in increasing the burden on emergency departments[20], the drive to accurately triage patients is potentially biased by the income generating stream for some of these new applications, many of which are now offering teleconferencing GP services following completion of the symptom checker. From the symptom list, we would have expected at most a 9% rate of recommendation for medical advice within hours due to 1) stridor and 2) facial palsy, with only the Your.md application meeting this target. 
During the process of completing the symptom checker questionnaires, there were a number of areas of potential improvement that could be identified. Two of the three algorithms failed to question about smoking or alcohol behaviours, known high risk factors for head and neck cancer, and only Ada enquired about the progression of symptoms, a likely high yield question. Similarly, all the tested applications frequently failed to question about the laterality of symptoms, another important factor in deciding the risk of malignancy in head and neck symptoms. 
This study has a number of limitations; three of the most commonly cited health applications in print and online media were selected but we acknowledge there are a number of other symptom checkers – both mobile and web based that are currently available. We also acknowledge that this technology is continuing to evolve and we can only provide a snapshot during the evaluation period of the included apps. The case scenario presented is a hypothetical case, although based on a classic demographic for a head and neck cancer patient. It is unclear how a more complex patient history may affect the differential diagnostic accuracy of the symptom checkers tested. Given the wide availability and increasing demand for these apps, further studies are required. A retrospective analysis of patient presentations, although feasible, would present frequent data gaps due to the breadth of questions that the app presents, demonstrating the importance of prospective studies. However, with a recent meta-analysis demonstrating that the positive predictive value of a two week wait head and neck cancer referral for a subsequent cancer diagnosis ranging from 2.2% to 14.6%[21], collating evidence for all the 22 red flag symptoms would require a prolonged data collection period and there is a pressing need for contemporary evaluation of these apps given their current widespread advertising and uptake by members of the public. We would therefore next propose a prospective pan-cancer study for patients being referred on respective 2-week wait pathways with pre-visit app completion and, importantly, a follow up to allow determination of true diagnostic accuracy of the symptom checkers. 
We emphasise the need for a robust regulatory framework for these applications[9]. Despite significant improvements in the technology, the sensitivity of the tested symptom checker applications remains low for head and neck cancer and do not yet demonstrate significant sophistication to reliably direct patients towards appropriate health interventions. This is despite their widespread availability to patients. Healthcare digital innovation shows no sign of slowing down but more studies are needed to protect patients, validate claims of accuracy, and drive improvements. This is especially important given the current focus on technology in the NHS. These applications have a great potential to bring medical information directly to patients and allow them to take control of their health. Critical appraisal is therefore vital to both ensure that patients are aware of the limitations of such technology, but also to drive improvements in these innovations to allow patients to make safe, informed decisions about their health.
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Figure 1: Differential diagnosis and triage comparison across applications. Left panel: Stacked bar charts for each app, indicating percentage of benign and malignant diagnoses listed for each symptom as well as those symptoms where no diagnosis was offered (yellow bars). 22 key red-flag symptoms represented. Right panel: Bar chart representation of recommended triage times for each corresponding app. 
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Figure 2: Word cloud (worditout.com) for each application including all listed differential diagnoses for each of the 22 urgent head and neck symptoms. Over-represented diagnoses are represented in with sequential larger font size. ‘Unknown diagnosis’ and similar comments have been removed for clarity. 
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