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 ABSTRACT 

 Digital health (DH) is driving a paradigm shift in health care that is transforming the way 

 in which health services are delivered and received. DH applications are creating 

 significant opportunities for health care stakeholders to improve patient outcomes, 

 reduce unnecessary costs, and create additional value. To reap the benefits, multiple 

 organizations, including pharmaceutical companies, hospitals, public and private 

 payers, patient advocacy groups, traditional technology companies, and health 

 technology companies, among others, have sought to develop and incorporate DH 

 tools. Although DH has great potential value in oncology, the adoption of DH solutions in 

 this area has been relatively low compared with other disease areas, such as diabetes 

 and cardiovascular disease. This report outlines definitions of four promising categories 

 of DH solutions in oncology and presents in-depth analyses of the current state of each 

 category of solution. By piecing together the fragmented oncology DH market, the key 

 drivers of successful DH solutions are illuminated, along with the actions needed to 

 more effectively realize their future impact and value within oncology. 
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 INTRODUCTION 

 The size and revenue of the global digital health (DH) market are projected to increase 

 from $84.08 billion in 2019 to $220.94 billion in 2026 at a 14.8% compound annual 

 growth rate (CAGR) over the years 2021–2026.  1  Oncology  is an area ripe for DH 

 innovation and represents the fastest-growing area of health care spending in the 

 United States.  2 

 Despite advances in cancer treatment and growing survivorship, oncology remains a 

 major public health concern globally.  3  The introduction  of innovative therapeutics has 

 transformed understanding of cancer pathways, improving outcomes for patients; 

 however, there remain fundamental challenges that limit the efficiency and effectiveness 

 of health care delivery, as well as new challenges introduced by new therapies. For 

 example, self-administered oral formulations raise adherence challenges, long-term 

 maintenance therapies heighten the risk for toxicities, new types of immunotherapies 

 introduce novel adverse events (AEs), and strained health care systems can drive 

 inefficient or insufficient follow-up.  4 

 The opportunities for DH to address these challenges within oncology and create value 

 for stakeholders are immense, but the goal of bringing these solutions to market in a 

 scalable and sustainable way presents its own hurdles. In oncology, there is limited 

 up-to-date literature providing comprehensive and robust insights on the current DH 

 market and the key health care ecosystem dynamics that limit DH adoption. These are 

 critical bottlenecks slowing down the speed at which technology-fueled patient care 

 reaches the scale needed for significant impact. 
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 The aim of this review is to illuminate a pathway through these barriers to DH 

 implementation by offering a less fragmented picture of the oncology DH ecosystem. 

 The first step to piecing together this fragmented landscape is outlining definitions of 

 distinct categories of DH solutions and specifying the value and opportunities they offer 

 across stakeholders. Case studies are also included to illustrate key success factors for 

 the commercialization of DH within oncology. 

 Methodology 

 A mixed-methodology approach was adopted, comprising primary interview research 

 with a variety of stakeholders across different countries and secondary desk research 

 via PubMed and Google Scholar.  For the RPM section  of this report, 192 publications 

 associated with oncology-specific RPM were identified through PubMed, Google and 

 systemic reviews. Case reports (4), ongoing studies (5), thematic or systemic reviews 

 (37) and publications considered not relevant (51) were left out of the analysis, leaving 

 95 papers on completed studies. 

 Defining DH and DH Solutions 

 The definition of DH varies globally, but the common consensus is that DH involves the 

 use of digital technologies to facilitate health care via prevention, treatment, or 

 management.  5-7  According to the U.S. Food and Drug  Administration (FDA), if a medical 

 device uses computing platforms, connectivity, software, or sensors to collect, store, 

 process, or transmit health data to improve health care delivery or patient outcomes, it 

 is considered DH.  6 
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 Our research suggests that DH solutions are best defined by four key parameters: (1) 

 target user, (2) required clinical validation, (3) level of regulatory scrutiny, and (4) 

 intended use-case. This review focuses on four distinct types of digital health solutions, 

 each differing on these four parameters (Fig. 1). 

 Telehealth, enabling convenient virtual care, is another DH solution worthy of note, 

 though it is not covered in this report because there are already extensive insights into 

 its use and value. As of Q4 2020, many oncologists reported regular use of telehealth.  8 

 However, even with telehealth, health care providers (HCPs) struggle to objectively 

 assess patient status while outside the clinic. The solutions evaluated in this report have 

 the potential to address this area. 

 DH Solutions in Focus 

 Digital therapeutics 

 Working definition 

 A digital therapeutic (DTx) is a software as a medical device (SaMD) that delivers 

 evidence-based therapeutic interventions to patients to prevent, manage, or treat a 

 health condition. DTx solutions require rigorous clinical evidence of measurable 

 therapeutic benefit and are reviewed and cleared by regulatory bodies that implement 

 post-marketing requirements, distinguishing them from health and wellness 

 applications.  9 

 DTx solutions can be used to improve a health function, prevent a disease (e.g., by 

 facilitating forward-looking lifestyle changes in patients before a disease develops), treat 
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 a disease directly, or facilitate disease management (e.g., by collecting patient-reported 

 data on symptoms or AEs). 

 Classification 

 A DTx can be categorized according to its relationship to pharmacological therapies and 

 according to its intended use. At the time of this writing, several oncology DTx are in 

 discovery and development by companies such as Kaiku Health, Blue Note 

 Therapeutics, Voluntis, and Amalgam. Examples of different types and use-cases 

 currently on the market are presented in Fig. 2.  4 

 Stakeholder value 

 DTx have the potential to deliver distinct types of value to different stakeholders in 

 oncology: 

 Patients:  DTx solutions can improve outcomes for patients  receiving 

 pharmacological interventions. For example, a DTx can support patients with 

 behavioral interventions or with symptom and AE monitoring that reduce the severity 

 of complications from treatment or disease and thus decrease the need to 

 permanently discontinue anticancer therapy. In oncology, DTx can also improve 

 patient health-related quality of life (HRQoL), enhancing how patients manage and 

 navigate the challenges of cancer with digitally enabled behavioral and psychosocial 

 interventions. 

 HCP and health systems:  DTx can improve efficiencies  for health systems, extend 

 clinicians’ ability to care for patients beyond the clinic, and, with AE monitoring and 
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 mitigation solutions, increase the confidence of health care providers (HCPs) to 

 prescribe products. 

 Payers:  DTx solutions can improve patient outcomes  at a fraction of the cost of 

 branded pharmacological interventions and may have the potential to be more 

 cost-effective than pharmacological therapies because of this reduced cost. 

 Industry:  Manufacturers can create DTx solutions to  be used alongside existing 

 products to improve outcomes for and differentiate their existing therapies. A DTx 

 can also create a stand-alone, novel revenue stream; provide access to real-world 

 data (RWD) for commercial and clinical insights; and elevate the public standing of a 

 company. Furthermore, the DTx life cycle enables continuous iteration on 

 therapeutic efficacy and adaptation to additional disease areas, with no decline in 

 revenue or profitability when a patent expires. 

 Case study: Moovcare (Sivan Innovation)–a game changer for lung cancer 
 follow-up 

 Unmet need:  In standard lung cancer follow-up care,  there can be lengthy gaps between 
 oncologist appointments, leaving patients at risk of relapse, increased anxiety, and worse 
 prognosis. The Moovcare Lung DTx—the first iteration of the Moovcare series—is 
 indicated as a follow-up DTx for patients with a high risk of recurrence after lung cancer 
 treatment. 
 How it works:  Moovcare enables patients to report  their symptoms weekly with a simple 
 survey. The algorithm analyzes symptoms, alerting HCPs to meaningful anomalies.  10    
 Moovcare has enabled earlier detection of relapses, resulting in treatment optimization, 
 improved survival, and reduced anxiety, as demonstrated in randomized controlled trials 
 (RCTs).  11-14  One study found the average annual cost  of surveillance follow-up to be €362 
 lower per patient with Moovcare than in the control arm, and there was an incremental 
 cost-effectiveness of €12,127 per life-year gained and €20,912 per quality-adjusted 
 life-year gained.  13 

 6 



 Sivan is a private prescription DTx company that developed Moovcare, the first digital 
 platform for the early detection of disease recurrence. Their only marketed product at the 
 time of writing this is Moovcare Lung. 
 In March 2020, Bristol-Myers Squibb (BMS) France agreed to support the promotion of 
 Moovcare to all hospitals and HCPs treating lung cancer. BMS is mobilizing its field 
 collaborators to present the solution to HCPs and hospitals throughout France. The 
 pharma company cannot legally distribute the DTx, but if a hospital is interested, it will put 
 them in contact with Sivan.  15 

 The app is currently being used by 22 clinicians and 10 medical centers across France. 
 Sivan intends to test the app in other cancers and make it available in other European 
 countries, Israel, and the United States. 
 Select clinical trial results 

 Study  Results 

 Phase 3 trial of self-reported 
 symptoms transmitted via 
 Moovcare versus conventional 
 follow-up in patients with high-risk 
 lung cancer (  NCT02361099  )  16 

 Median overall survival was 22.5 months in the 
 Moovcare group and 14.9 months in the usual 
 care group, demonstrating greater overall survival 
 of 7.6 months with Moovcare. 

 Subsequent analysis of phase 3 
 RCT (  NCT02361099  ) 

 Demonstrated earlier detection of relapses and 
 reduced anxiety  10,17,18 

 The average annual cost of surveillance follow-up 
 was €362 lower per patient with Moovcare than in 
 the control group, and an incremental 
 cost-effectiveness of €12,127 per life-year and 
 €20,912 per quality-adjusted life year were 
 gained.  13    

 Two-armed, controlled feasibility 
 trial  19 

 On average, relapses were detectable 5 weeks 
 earlier than with planned visits. Sixty percent of 
 patients self-reported less anxiety during the days 
 before planned visits and imaging with the tool 
 than without. 

 Sensitivity and specificity, and positive and 
 negative predictive values, provided by the tool’s 
 follow-up were high: 100% for Moovcare (84% for 
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 routine imaging), 89% (96%), 81% (91 %), and 
 100% (93%), respectively, and were well 
 correlated with relapse (  P  χ 2 < 0.001). 

 Screenshot of HCP interface showing survey response views for a cancer patient 

 Key shortcomings 

 Despite their promise, the use of DTx systems in clinical practice is limited for several 

 key reasons, including limited market access and related legislation, limited clinical 

 validation, health system unwillingness to use DTx solutions, and lack of HCP trust and 

 awareness of DTx. 

 Challenge 1: Market access and related legislation 

 Countries lacking central reimbursement regulations for SaMDs have poorer market 

 access than those with central reimbursement frameworks. Although the United States 

 has a framework for clearance of SaMDs via the FDA, there is no reimbursement 

 framework, and the Centers for Medicare and  Medicaid Services (CMS) have yet to 

 formally recognize and reimburse DTx products, limiting overall access. In the European 

 Union and the United Kingdom, reimbursement varies widely;  20  Germany (DiGA),  21 
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 Belgium (mHealth Validation Pyramid),  22  and France (PECAN)  23  lead the way with 

 national coverage frameworks for DH, which includes DTx. 

 Challenge 2: Health system and other stakeholder buy-in 

 Health systems and hospitals are key stakeholders for any DTx requiring HCPs to 

 monitor patient status. Most health systems require a clear cost benefit to permit the 

 use of new digital solutions. Research indicates that there is more willingness in US 

 academic hospitals and EU hospitals, although cost savings remains the primary value 

 driver.  24  In addition, HCPs and health systems have  indicated that they are unwilling to 

 use solutions that are not already part of their workflow, making electronic medical 

 record (EMR) integration crucial for a DTx requiring HCP oversight . Another challenge 

 is payer concerns, as the greatest barriers to DTx coverage are price; inadequate 

 clinical validation and peer review, payment models, and workflow integration;  25  and 

 lack of coding standards and education.  26 

 Challenge 3: HCP awareness and trust 

 The medical community has limited awareness of DTx solutions, especially in oncology . 

 Of the small number of HCPs who are aware of existing DTx approaches, many have 

 limited or no awareness of their clinical value and utility.  27  This is likely due to a 

 confusion of DTx with other types of digital solutions, leading HCPs to assume that DTx 

 solutions lack clinical evidence. Even in countries with robust payer coverage, such as 

 Germany, uptake remains limited despite high user engagement.  28  According to a 2022 

 DiGA report, only 4% of HCPs had prescribed a digital health application since Q4 

 2020.  28  Since most prescriptions came from the location  where DTx companies are 

 situated, HCP awareness is the likely barrier. 
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 Increasing the success and value of DTx solutions 

 Increasing the success and value of DTx solutions in oncology necessitates overcoming 

 these challenges (Fig. 3) and finding the right commercial environment to deliver 

 value.  25,29-31  Critically, companies must enter the  oncology DTx landscape with 

 end-in-mind clinical and technical development. The clinical development strategy 

 should be designed with the end goal in mind and be focused not only on technical 

 success, but with commercial, regulatory, market access, and end-user objectives 

 considered. Ultimately, success hinges on the same variables as traditional drug 

 interventions, but additional investment and forethought are required to develop the 

 commercial model and ensure that the requirements associated with digital products are 

 met. 

 Finding the right commercial environment 

 Finding the right commercial environment for oncology DTx solutions requires careful 

 consideration of certain key parameters, including whether a prescription is required, 

 who pays for the DTx, type of billing and payment, payment structure (e.g., subscription, 

 volume-based, time-based, one-time fee), promotional model (e.g., 

 business-to-business, business-to-consumer, business-to-business-to-consumer), and 

 value for the manufacturer in terms of direct revenue from sales or indirect revenue by 

 impacting pharmacological sales, out-licensing, and access to data. 

 Multiple payment models are available for DTx solutions, including the payer paying via 

 medical benefit, pharmacy benefit, or direct investment; the institution paying; the 

 patient paying; and innovative payment models such as value-based health care 

 contracts and risk-sharing agreements. However, to date, no dominant payment model 
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 has emerged. Medical benefit coverage is optimal for DTx solutions requiring HCP data 

 oversight, pharmacy benefit coverage when no HCP data oversight is required, and 

 direct payer investment and institution coverage when chronic management is required 

 and large payers and academic health systems are more willing to pay directly. It is 

 common for patients to pay for a niche DTx that is not covered by insurance. Some 

 companies pursue multiple payment models simultaneously.  32 

 The future of DTx solutions 

 Despite the vast functionalities of oncology DTx approaches and the extensive number 

 of potential-use cases, there is limited market saturation and therefore huge future 

 opportunity. Opportunities can be found in cancer prevention and screening; response, 

 relapse, and adherence monitoring; AE detection and management; pharmacological 

 response modulation; and HRQoL support. Currently, there are no DTx approaches for 

 the detection or management of AEs or for modulation of pharmacological response, 

 two key areas requiring intervention.  33  Currently,  broader pan-oncology solutions are 

 more common than solutions for specific disease indications. A tumor-specific model is 

 needed for a personalized approach to cancer care, as different types of cancer may 

 require specific treatment and management approaches due to variations in tumor 

 biology, therapy responses, and psychological factors.  10  For even greater 

 personalization, a move away from solutions focusing on cancer type to individual 

 patient–driven solutions, informed by patient-specific data, is warranted.  10 

 Remote patient monitoring 

 Working definition 
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 Remote patient monitoring (RPM) is a method of health care delivery in which 

 tailor-made software (and sometimes hardware) is used to gather and analyze patient 

 data outside of traditional health care settings for use by HCPs. RPM solutions do not 

 require clinical validation and subsequent regulatory review, though in many cases 

 these are pursued; according to our definition, when an RPM system is clinically 

 validated in a confirmatory study and earns a regulatory clearance for a specific 

 indication, it can be deemed an RPM-based DTx. This distinction can be useful in 

 distinguishing RPM systems with high-quality clinical evidence from those with little or 

 no evidence of benefit (Fig. 4). 

 Functionality and use-cases 

 RPM solutions can be used to collect numerous types of data (Fig. 5). Commonly, RPM 

 systems use electronic patient-reported outcomes (ePROs) to collect information on 

 general and cancer-specific health, self-care behaviors, AEs, and adherence to 

 treatment. RPM systems may also integrate data from wearable devices and sensors. 

 Some RPM solutions make use of “symptom thresholds” to alert care teams of potential 

 issues and send automatically triaged codes to HCPs . The HCP interface includes the 

 option to examine trends within and between patients. 

 Stakeholder value 

 The primary value of RPM is its ability to capture a greater depth and breadth of patient 

 information that can facilitate more personalized patient management. Indeed, up to half 

 of cancer patients’ symptoms go undetected by providers, and RPM offers an 

 opportunity to bridge this gap and create value.  17 
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 Most research evaluating oncology-specific RPM has comprised observational or 

 feasibility studies, but of 28 identified RCTs (from 2010 to Q2 2021), 25 demonstrated 

 statistically significant benefits for patients, caregivers, and health systems. Although 

 the seminal study by Basch et al.  34  showed improvements  in overall survival, the most 

 common benefit of RPM is reduced symptom-related distress,  18,35-40  which is potentially 

 attributable to early detection and intervention, bidirectional communication between 

 patients and HCPs, and improvements in adherence, AE management, and care 

 continuity. 

 Additional benefits of RPM include cost savings via reduced use of health care 

 resources  13,34,41,42  and increased workflow efficiencies  that facilitate the delivery of 

 value-based care.  13  For manufacturers, RPM can be  used to support patient adherence 

 to pharmacological treatment, helping to detect AEs earlier so that they can be 

 managed sooner, before severity escalates and permanent treatment discontinuation is 

 required. RPM can also provide manufacturers with unique access to RWD insights, 

 generate stand-alone commercial revenue of its own, and be paired exclusively with a 

 single therapy to further differentiate a product from other treatments. 

 Case study: Kaiku Health—accelerating cancer care with a multi-partner 
 ecosystem 

 Kaiku Health, acquired by Elekta in 2020, is a complementary digital platform that offers 
 artificial intelligence– and machine learning (ML)–based RPM tailored to specific 
 classes of anticancer therapies to facilitate disease management. It offers modules for 
 more than 25 cancer types, covering various cancer care pathways. One key feature of 
 the platform is its ability to integrate with EHRs, allowing HCPs to access patient data in 
 real-time.  43 
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 Research has demonstrated that increased patient outcome data points enabled more 
 precise monitoring, clearer lines of communication with care teams,  44  and customized 
 HCP-patient interactions.  45  The technology was well  incorporated into HCP clinical 
 routines, enabling workflow optimization between physicians and nurses and saving 
 time by reducing phone consultations and patient visits.  45 

 Kaiku’s commercial model is based on a multi-partner ecosystem comprising pharma 
 and academic hospital partners. In 2019, the company joined forces with Amgen to roll 
 out remote digital symptom tracking for multiple myeloma, which was developed in 
 collaboration with the hematology unit of the Turku University Hospital in Finland.  46  By 
 July 2020, Kaiku had entered a strategic long-term partnership with Roche to 
 co-develop novel digital patient monitoring and management modules in oncology while 
 also co-advocating for reimbursement.  47 

 In 2021, Kaiku collaborated with Novartis to develop a therapy-specific module for 
 patients with melanoma receiving dabrafenib (Tafinlar  ®  )  and trametinib (Mekinist  ®  ).  48 

 The success of the collaboration led to the expansion of their partnership in 2022 to 
 provide better cancer care to a greater number of patients across multiple indications. 

 Screenshot showing multi-device of symptom reporting and monitoring with Kaiku 
 Health. 

 Select studies and findings 
 Study  Findings 

 ePROs and ML in 
 predicting immune-related 
 AEs of immune checkpoint 
 inhibitor therapies 
 (NCT3928938)  49 

 The Kaiku immuno-oncology module showed 
 an accuracy score of 0.97, area under the 
 concentration-time curve (AUC) of 0.99, F1 
 score of 0.94, and Matthew correlation 
 coefficient (MCC) of 0.92. 

 Prediction of immune-related AE (irAE) onset 
 was slightly lower—accuracy score = 0.96, 
 AUC = 0.93, F1 score = 0.66, and MCC = 
 0.64—but the model performance was still at a 
 good level, suggesting that ML-based 
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 prediction models can predict the presence 
 and onset of irAEs with high accuracy. 

 Retrospective analysis to 
 investigate whether 
 symptom information 
 collected by Kaiku Health 
 ePRO tool from cancer 
 patients receiving immune 
 checkpoint inhibitors (ICI) 
 lines up with that reported 
 in clinical trials and 
 whether coupling of 
 specific symptoms 
 occurs  50 

 Reported symptoms and severity were similar 
 to those found in ICI clinical trials. 

 Symptoms showed strong positive correlations 
 between itching and rash; nausea and 
 vomiting, decreased appetite or stomach pain; 
 and cough and shortness of breath, showing 
 an alignment with clinical data on ICI therapy. 

 Correlations occurred between symptoms, 
 potentially reflect therapeutic efficacy, side 
 effects, or tumor progression. 

 Key shortcomings 

 The RPM market structure in oncology is fragmented, and use and adoption of this 

 technology in oncology lags behind those of other therapeutic areas, such as diabetes. 

 Solutions are often tied to specific indications, regions, therapies, or health systems. 

 The adoption of RPM is mostly limited to academic centers, and there is minimal to no 

 use in community settings.  24  It may be that smaller  health systems and hospitals lack 

 the resources to invest in RPM systems, highlighting the need for RPM providers to 

 develop alternative commercial and pricing models that can accommodate smaller 

 treatment centers.  51 

 The state of RPM technology in oncology is also relatively rudimentary, with limited 

 solutions syncing to EMR. Laborious manual input from patients and interpretation from 

 HCPs is often required, reducing the time-saving value of solutions and hindering user 
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 engagement. Few solutions take advantage of digital sensors and wearables that have 

 the potential to more seamlessly measure activity, temperature, vital signs, and 

 treatment adherence. There is also a lack of autonomous data analysis and artificial 

 intelligence (AI) or machine learning (ML) to enhance the interpretation and alerting 

 capabilities of RPM in oncology.  24    

 Increasing the success and value of RPM 

 Increasing the success and value of RPM in oncology necessitates offering 

 stakeholder-specific value propositions, selecting the right partnerships and commercial 

 environment to deliver value, and creating customer-specific rollout strategies. In 

 addition, because RPM providers cannot sustainably subsidize their health systems’ 

 upkeep of solutions, it is important to have a clear understanding of country-level 

 regulations regarding RPM reimbursement, as well as a commitment to seeking payer 

 coverage. 

 Designing user-oriented RPM solutions 

 An immediate opportunity is to integrate existing advanced technologies to create more 

 user-friendly RPM solutions. For patients, the opportunity is to streamline their 

 experience with passive wearables and sensors that monitor a broader range of 

 physiological characteristics to complement ePROs. For HCPs, the opportunity is to 

 enhance workflows with ML-based analysis of raw data, allowing for more intelligent 

 alerts or continuous monitoring around issues of interest (e.g., specific AEs). 

 Automation of data monitoring has been highlighted as crucial given that HCPs do not 

 want to review additional data that are non-critical. 
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 RPM rollouts should seek to build stakeholder insights into design, commencing with 

 small pilots that enable iteration on RPM designs. RPM providers should consider 

 starting with solutions that have narrow areas of focus, rather than generalized systems 

 across oncology, to improve the relevance and beneficial impact of solutions. One 

 approach that has shown promise is the creation of RPM solutions dedicated to a 

 specific drug class or AE. 

 Selecting the right partners 

 Future RPM developers will need to select the right partners to successfully 

 commercialize oncology RPM. These partnerships could be with EMR companies that 

 can embed RPM solutions directly into an existing health system infrastructure  52  or with 

 commercial health technology companies (e.g., Navigating Cancer  51  ) that already 

 provide broad RPM systems to end users via single or multiple health systems. RPM 

 can also be delivered to end users through single large payers or employer plans or 

 with government payers (e.g., the National Health Service in England). Market 

 geography will guide the best partnership model. In primary research, US and UK 

 stakeholders identified working with EMR companies and health technology companies 

 with existing RPM systems as the optimal partnership approaches.  24  In the UK, working 

 with government bodies and payers could also be valuable. Some companies may 

 require a mix of partners or different partners for different markets. 

 Selecting the right commercial model 

 Since different customers (i.e., those paying or reimbursing RPM providers) have 

 different needs and internal approval processes, RPM providers must tailor their 

 commercial models to meet the needs of their target customers. For example, the 
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 choice between a subscription versus an outcomes-based payment model depends on 

 whether the company is serving the community or catering to well-funded academic 

 institutions. 

 To select the right commercial model, market research and other assessments are 

 needed to inform the financial viability, scale of opportunity, and feasibility of different 

 approaches. Feasibility parameters include barriers to initiating partnerships, the time 

 and cost required to launch, and technical and operational impediments. Financial 

 viability and opportunity parameters include scale of reach, potential end-user uptake, 

 and overall financial return. Ultimately, there is no single best commercial model, 

 because all come with risks and rewards. Key differences between geographies and the 

 RPM provider’s goals will dictate the ideal model. For example, in the United States, 

 hospitals have autonomy to buy into solutions, whereas in the UK, buy-in is required 

 from both the National Health Service (NHS) and local NHS trusts. Manufacturers may 

 see the primary financial rationale of RPM as supporting product adherence and thus 

 sales, whereas health technology companies may rely exclusively on RPM sales to 

 generate a return on RPM systems. 

 Customer-specific value proposition 

 Successful uptake of RPM is dependent on health systems, EMR providers, payers, 

 and/or government bodies agreeing to invest in and deliver RPM to their end users 

 (patients and HCPs). To gain buy-in from these stakeholders, RPM providers must 

 convey a value proposition that demonstrates positive or direct impact on their bottom 

 line. Initial customers of RPM solutions (i.e., those who will pay for the solution) need to 
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 see cost savings or efficiencies before they agree to invest in or reimburse solutions. It 

 is crucial to generate evidence to validate efficacy and value to stakeholders. 

 The future of RPM 

 The global RPM market is expected to grow at a CAGR of 19.7% from 2021 to 2028 

 and to reach $4.1 billion by 2028.  53  Although the  North American region had the 

 greatest share of the RPM market in 2022, accounting for 41.45%  of overall revenue, 

 the Asia Pacific region is expected to witness the fastest growth by 2028, owing to 

 opportunities in India and China. Primary research with US and UK stakeholders shows 

 an anticipation that RPM will ‘explode’  in the near future.  24  For this explosion to add 

 growing value, the RPM market needs to gain maturity within oncology. Areas offering 

 huge potential moving forward include geriatric oncology vis-à-vis the use of RPM to 

 monitor and predict treatment tolerance and all-cause mortality and to help in the 

 assessment of older patients.  54,55  Although there  is limited evidence on the feasibility 

 and utility of RPM in geriatric oncology, it is an area requiring investment as the elderly 

 population is expands and cancer patients live longer. 

 Patient health and wellness apps (non-DTx) 

 Working definition 

 Patient health and wellness apps are software programs for mobile devices that process 

 or provide health-related data for users.  56  These  programs are designed for patient use 

 only and do not require rigorous clinical validation or regulatory review before being 

 released to the public. 

 Functionality and use-cases 
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 Patient health and wellness apps aid in self-management, enabling patients to monitor 

 their symptoms, organize appointments and medications, keep a diary, and learn about 

 cancer-specific or holistic well-being and lifestyle choices (Fig. 6). 

 Stakeholder value 

 The effective use of patient health and wellness apps can empower patients to be more 

 autonomous in how they manage their general and cancer-specific health, supporting 

 them to take control over those aspects of their health that they can positively influence. 

 This autonomy can create patient-HCP partnerships and reduce burden on health 

 services.  57 

 Case study: Pfizer’s LivingWith app 
 Pfizer launched the free LivingWith app in 2017 to help cancer patients better manage 
 life with cancer and its associated daily challenges.  58  The app is designed to help 
 patients remain up to date on their treatment and health status, maintain a dashboard 
 of daily tasks and coordinate assistance from loved ones, manage and remember 
 important information from doctor’s visits, and track their health and well-being. Key 
 features of the app include: 

 User roles:  The app can be used by both patients and  the people who are 
 supporting them. The user interface can be customized according to the role 
 selected, and patients can also assign a proxy to handle the app on their behalf. 
 Based on the level of access provided to them, the proxy can update tasks, track 
 medicines, and respond to messages on the app.  59 

 Health tracking:  Patients can track their health and  well being on the app with the 
 MyWellbeing feature, rating their fatigue, pain, mood, and sleep. There is also the 
 option to sync steps and sleep data from wearables like Google Fit (for Android 
 devices), a FitBit tracker, or Apple Health (for iOS devices). MyWellbeing can 
 provide better insight into the patient’s current health status and how it might change 
 over time. The MyWellbeing Stats tab allows the patient to view and download a 
 customized graph of each health challenge and share it as a report with their 
 physician. 
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 Resources and tools:  The app includes a resource tab  with articles and videos on 
 topics like finance, diet, fitness, and relationships. In addition, there is a host of 
 behavioral tools to support the patient’s well-being, which are presented based on 
 the rating provided for specific health challenges. 
 Medication manager:  This feature allows patients to  add details about their 
 medication, including name, dose, and schedule, and to set up reminders. The 
 tracking feature shows doses that have been logged, skipped, or missed. 

 After its release, the LivingWith app was evaluated in a 3  -  month RCT comprising 
 patients receiving chemotherapy who were randomized to either usual care or to using 
 the app weekly for 3 months. Patients in the intervention group reported 0.74 fewer 
 medical office visits (  P  = 0.043) and 0.24 fewer visits  with a mental health professional 
 (  P  = 0.061) during the 3-month period. However, there  were no significant changes 
 between the two groups in terms of HRQoL or visits to emergency departments and 
 urgent-care facilities. In the intervention group, 75.3% of participants reported using the 
 app an average of 11.7 times over the 3-month period.  60 

 Key shortcomings 

 Five key challenges currently limit the use and value of patient health and wellness 

 apps in oncology: 

 Challenge 1: Usability 

 Ease of use.  Cancer apps often lack intuitive designs,  user instructions, and glossaries 

 to help users understand cancer-related information.  57,61  In one study investigating the 

 use of Pfizer’s LivingWith app, non-use was due to lack of time and interest in apps and 

 usability challenges.  60 

 Limited interactive features.  Despite collecting vast  amounts of valuable patient data, 

 oncology patient health and wellness apps do not integrate with HCP workflows and do 

 not offer the ability to easily share data with clinical teams. This can hinder joint 

 decision-making and discourage patient-HCP partnerships.  57 
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 Accessibility and digital literacy.  Lack of access to the internet, low socioeconomic 

 status, old age, and lack of familiarity with mobile devices can impact accessibility to 

 cancer apps.  57,62,63 

 Challenge 2: Insufficient regulation and evidence of app quality and value 

 Few apps are supported by robust scientific evidence. In one review of oncology apps, 

 only 42% were reported in scientific literature, 1% were evaluated in a feasibility study, 

 and none were studied in RCTs.  57  In addition, many  oncology apps do not provide 

 reliable sources for their content.  57,61 

 Challenge 3: Lack of stakeholder involvement 

 App development has primarily been led by web developers, who often lack direct 

 involvement in oncology research or clinical care. Without the input of subject matter 

 experts, developers run the risk of creating content that is neither beneficial nor 

 accurate. There is a need for more oncology experts to participate in the development 

 and deployment of oncology-specific wellness apps.  64  Critically, oncology patients need 

 to be involved in app development to drive relevance and usability.  65 

 Challenge 4: Lack of awareness 

 Health and wellness apps may not be adopted and used to their full potential due to 

 limited patient awareness and understanding of their value.  66  In a study comprising 

 participants with skin cancer, 98.9% reported never using skin cancer–related apps or 

 could not recall doing so. In 49.7% of cases, patients expressed uncertainty regarding 

 the usefulness of such apps.  67 

 Challenge 5: Lack of commercialization 
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 Few oncology-related apps exist commercially.  57,64  Of 54 studies that used oncology 

 mobile apps, as identified via meta-analysis,  68  only  two could be matched to 

 commercially available apps, suggesting a substantial divide between investigation and 

 product dissemination.  64 

 Increasing the success and value of patient health and wellness apps 

 In addition to addressing the preceding challenges, the success and value of these 

 apps in oncology can be increased via the following: 

 Targeting patient preferences:  Apps require patients  to be proactive and must 

 incorporate features and functionalities preferred by patients. This requires further 

 research on the functionality preferences of current apps and patient input into the 

 design of future apps.  65 

 Personalization:  To empower patients to be proactive  in their health care, apps 

 must incorporate features that offer personalized treatment support based on the 

 patient's specific cancer type, stage, treatment plan, and personal symptoms or 

 AEs.  69 

 Education:  Choice overload can lead to inaction, especially  when accompanied by 

 decision aids such as information on the quality of different choices.  70  Patients 

 should be educated on how to select the best app for their needs. To this end, HCPs 

 could be provided with access to a continuously updated list of recommended apps 

 for different purposes and patient segments. 

 Partnerships:  Pharmaceutical companies, app developers,  and patient advocacy 

 groups can collaborate to create oncology-specific solutions that bring the best of 
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 each world to create more valued and engaging solutions. Partnerships with 

 behavioral scientists are also critical because successful app use is driven by 

 personal motivation, user-centered design, and other psychological and behavioral 

 factors for which the industry may require outside expertise.  71 

 Tackling the digital divide:  Variations in DH literacy  need to be addressed via 

 targeted app design and implementation, the latter of which can be facilitated by 

 input from those at risk of low DH literacy, such as older patients and those from a 

 lower socioeconomic status.  72  Access to DH could be  facilitated by reimbursement of 

 DH technologies and expenses related to implementation and maintenance, 

 ensuring that apps are available to non–English-speaking patients, and making apps 

 available at community oncology centers.  73 

 The future of patient health and wellness apps 

 A 2021 analysis identified 794 oncology-specific English-language mobile apps,  64  most 

 of which were being used for self-management activities.  74  With smartphone ownership 

 on the rise and increasingly empowered patients who want to play a proactive role in 

 their health and health care, the use of patient-facing apps is likely to increase.  75 

 However, the category of siloed patient health and wellness apps, as it is defined today, 

 is unlikely to be the optimal approach for driving value in the future. These solutions will 

 most likely need to move toward integration into EHRs to enable easy data sharing with 

 HCPs, pushing these solutions into the category of RPM. Without this integration, 

 patient self-management and HCP care will remain siloed, hindering the streamlined 

 and coordinated model of care that many health systems are moving toward.  57  For this 
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 future vision to occur, app quality and usage will need to be improved and valued over 

 quantity. 

 Clinical decision support systems 

 Working definition 

 Clinical decision support (CDS) systems are software-based tools that assist HCPs in 

 making informed clinical decisions by providing relevant, up-to-date, and patient-specific 

 information at the point of care. CDS solutions require validation in a confirmatory study 

 (or multiple studies) and must be cleared by regulatory bodies before reaching the 

 market. 

 Functionality and use-cases 

 The FDA define CDS as “a software function that provides healthcare professionals and 

 patients with knowledge and person-specific information, intelligently filtered or 

 presented at appropriate times, to enhance health and health care.”  76  CDS devices can 

 also provide risk scores, probability assessments, and time-critical outputs but do not 

 provide the basis for recommendations; rather, HCPs must be able to interpret the data 

 and make their own, informed decisions. 

 Stakeholder value 

 CDS has the potential to improve patient care and outcomes by furnishing HCPs with 

 the data they need to make the most informed clinical decisions,  77  which in turn can 

 decrease medical errors.  78  This can further translate  into fewer hospital readmissions, 

 minimizing health care costs.  77  CDS can also boost  efficiency by enabling swifter 
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 decision-making and ensuring that HCPs have access to the latest medical research 

 and guidelines.  79 

 Key shortcomings 

 Because CDS systems rely on the accuracy of the data entered, there is a risk of errors, 

 which could have serious consequences for patients.  77  Additionally, CDS might not 

 consider all relevant factors for a particular patient or condition, further increasing this 

 risk.  80  Another potential risk is the possibility  of bias. CDS algorithms are based on 

 historical data, which can contain biases that lead to inappropriate recommendations for 

 certain patient populations.  81  Therefore, it is perhaps  not surprising that clinician trust 

 can be one of the greatest barriers to the use of CDS systems. Some clinicians even 

 believe that CDS is a threat to their clinical judgment.  82,83  Confounding these 

 shortcomings are negative impacts on existing workflows, CDS systems that cannot 

 adapt to local needs,  82  and high costs for initial  set-up, integration, and training.  77 

 Increasing the success and value of CDS 

 Five key areas of consideration drive success in CDS: 

 1.  Strategic implementation:  CDS can be integrated into  workflows via EMRs at 

 the level of the multidisciplinary tumor board to support treatment decisions (e.g., 

 surgery versus radiotherapy) and at the specialist level to support the choice of 

 treatment technique (e.g., whether to use a prostate spacer).  84 

 2.  Data standardization and interoperability:  Lack of  standardized data, along 

 with issues around federated data access, data representation, and data mining 

 approaches, pose significant obstacles to the effectiveness of oncology CDS 
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 systems. Consensus data standards need to be developed within oncology as a 

 requirement across EHR vendors and to require the adoption of Fast Healthcare 

 Interoperability Resource application programming interface from all certified 

 EHR vendors. This would facilitate the exchange of information among different 

 CDS systems, enhance data quality, and enable more accurate CDS systems.  85 

 3.  Multi-stakeholder involvement:  Collaboration among  clinicians, researchers, 

 technologists, insurers, patients, and patient advocacy groups is vital to ensure 

 that CDS systems address the diverse needs of the oncology community. 

 Establishing multidisciplinary working groups and involving stakeholders in the 

 development, evaluation, and refinement of CDS tools would contribute to more 

 effective and user-friendly solutions.  84 

 4.  Education and training:  Stakeholders need to be empowered  to obtain optimal 

 value from CDS. This can be achieved by continuous education and training on 

 CDS interpretation, which will also build acceptance and trust in these systems 

 by maximizing their value in oncology. Additionally, ongoing educational 

 programs should be designed to keep clinicians abreast of evolving 

 evidence-based guidelines to help them confidently accept, reject, or adjust CDS 

 output.  84 

 5.  Clinical validation:  To facilitate stakeholders’ trust  in CDS, developers should 

 seek to confirm CDS solutions in RCTs, similar in scale to what is expected from 

 pharmacological interventions, showing improvements not just in 

 decision-making accuracy but also in patient outcomes and cost savings. 
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 Case study: Navify for intelligent decision-making by multidisciplinary teams 
 Roche’s Navify suite of DH solutions utilizes a range of advanced technologies and 
 data analytics to bridge the gap between the vast amount of data available to HCPs 
 and the need for quick, patient-centric decision-making.  86  The Navify portfolio, which 
 improves workflow efficiency and aids precision oncology,  87  includes: 
 Navify Oncology Hub—  a single view of patient data,  including clinical, genomic, and 
 imaging data, enabling clinicians to make more informed decisions about treatment 
 and to collaborate more effectively with other HCPs. 
 Navify Tumor Board—  an online platform for clinicians  to collaborate on and discuss 
 cases and to more efficiently prepare for tumor board meetings. Studies have shown 
 this solution to improve multidisciplinary tumor board workflows and user satisfaction, 
 reduce case preparation time, decrease “failure-to-discuss” rates, and reduce the 
 amount of time to match patients to clinical trials.  88-90 

 Navify Mutation Profiler—  a feature that  helps clinicians  to identify clinically relevant 
 variants in cancer genomes via Sanger, next-generation, and transcriptome 
 sequencing methods. 
 Navify Digital Pathology—  a HIPAA-compliant environment  for sharing digital 
 pathology images and data. It includes a variety of tools to help pathologists and 
 technicians analyze images, including image annotation, comparison, navigation, and 
 sharing. 
 Navify Pass—  a secure way to store and share test results. 
 Navify Algorithm Suite—  a single platform hosting a  library of digital medical 
 algorithms that generate patient-centric insights and can aid earlier diagnosis.  91 

 Screen shot from Navify Oncology Hub 
 Select studies and results 

 Study  Findings 

 Evaluation of Navify 
 Tumor Board (NTB) 
 impact on tumor board 

 Showed significant reductions (30%) in 
 overall preparation time across three tumor 
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 preparation time across 
 multiple user groups  89 

 boards pre-NTB compared with the final 
 post-NTB implementation phase 

 Evaluation of impact on 
 case discussion time 
 during tumor board 
 meetings  88 

 Demonstrated that NTB significantly 
 decreased average discussion time per 
 case at breast and gastrointestinal tumor 
 boards and decreased postponement rates 
 in ear, nose, and throat tumor boards 

 Evaluation of Navify 
 Mutation Profiler 
 accuracy  87 

 Showed substantial agreement (Cohen κ = 
 0.62) for classifying actionable mutations, 
 presented accurate targeted therapies 
 across different regions, and remained up 
 to date with evolving regional approvals 
 and medical guidelines 

 The future of CDS 

 The global CDS market is expected to grow at a rate of 11.3% per year from 2020, 

 reaching a value of $2.5 billion by 2026.  92  By 2030,  the market is estimated to be worth 

 $10.7 billion, with an annual growth rate of 10.4%. This growth is expected to be due to 

 the increasing adoption of EHRs, the need to improve patient outcomes, and the 

 growing focus on health care quality and safety.  77,93 

 The CDS market is seeing increasing integration of AI and ML technologies, which 

 enable the analysis of large amounts of data and the provision of real-time, 

 personalized recommendations.  84,94,95  In oncology,  a significant barrier to the use of 

 precision medicine is human cognitive capacity, which is typically constrained to five 

 variables for decision-making.  96  Continuously learning  AI-based CDS systems have the 

 potential to solve this problem by offering validated predictive models based on a range 
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 of data (e.g., clinical, imaging, biologic, genetic, and cost) to guide HCP care and 

 treatment decisions.  84  These systems can provide personalized  probable outcomes 

 related to toxicity, tumor control, HRQoL, and the cost-effectiveness of various pathway 

 decisions to optimize care. 

 Another trend is the increasing use of mobile devices and cloud-based solutions, which 

 allow HCPs to access CDS systems from anywhere, improving timely 

 decision-making.  92  Finally, although CDS is currently  used primarily by HCPs to make 

 decisions, it is anticipated that CDS will enhance HCP-patient discussions and drive 

 shared decision-making.  84 

 DISCUSSION 

 The lag in the adoption of digital innovation in the field of oncology relative to other 

 therapeutic areas is likely due to a number of challenges, including inadequate 

 understanding of cancer care by DH developers; limited customer drive to adopt DH, 

 which results from poor elucidation and comprehension of the full value of DH in 

 oncology; unclear commercial opportunity and viability of DH in oncology; and lack of a 

 standardized infrastructure to reimburse or implement digital innovations into the health 

 care ecosystem.  97  There is a clear need for input  by multiple stakeholders, combining 

 clinical, technological, and commercial expertise, to realize the promise of DH. 

 Health care stakeholders who take the plunge into oncology DH will be faced with the 

 following challenges, which currently limit its adoption in  this field: 

 ●  An unclear and rapidly evolving DH regulatory and legislative environment makes 

 it difficult for DH developers to plan their path to market. 
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 ●  Lack of regulations and standards on reimbursement limits DH tools from 

 consistent reimbursement. 

 ●  There is limited clarity and guidance on how regulators and payers should 

 assess the efficacy and value of DH tools 

 ●  To date, many DH tools in oncology have had no or poor-quality clinical 

 validation, contributing to HCP hesitancy or dismissal of DH; future DH solutions 

 will require high-quality evidence to drive a shift in perception and gain trust. 

 ●  Community health systems and HCPs have shown less willingness to invest 

 resources to adopt DH tools; future DH developers must clearly demonstrate the 

 cost savings that DH tools can deliver to health care systems. 

 ●  The security of sensitive patient information is a growing concern due to the 

 rising incidence of cyber attacks. Robust measures will be needed to protect 

 patient information, comply with privacy regulations, and ensure secure data 

 transmission. 

 ●  It is anticipated that DH will help to overcome health disparities in oncology by 

 bringing care to patients’ homes and communities, but caution is needed around 

 widening health disparities, as levels of DH literacy and access to digital tools 

 varies widely.  98  AI and ML might also perpetuate health  disparities due to bias 

 from data set training, which can lead to underestimating risk among 

 underrepresented populations.  73,99 

 ●  There is a potential for rapid disruption from large technology companies like 

 Google and Amazon. 
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 Several DH pioneers, such as Pear Therapeutics, have recently failed, and a winning 

 model for success in DH has yet to be established; though future DH developers will be 

 able to learn from recent failures. 

 Case study – Key learnings from the downfall of PEAR Therapeutics 
 Pear Therapeutics was a pioneer and one of the most well-known DTx companies from 
 2013 to 2022. They were the first prescription DTx company to receive FDA clearance 
 to launch a prescription digital therapeutic (PDT), which in turn was the first PDT to 
 receive Breakthrough Designation and the first to be cleared through the 510(k) 
 pathway and FDA’s Software Precertification Pilot Program. With a portfolio of three 
 approved PDTs covered by multiple state Medicaid plans, the company went public in 
 December 2021 in a $1.6 billion deal and successfully lobbied CMS to establish the first 
 HCPCS Level II code for a prescription digital behavioral therapy.  100,101 

 The company projected making $100–120 million in revenue in 2022 but earned just 
 under $13 million in that year.  102  Despite its initial  success, Pear Therapeutics filed for 
 Chapter 11 bankruptcy protection on April 7, 2023 and was sold for $6 million on May 
 18, 2023.  102 

 The CEO said the company failed because of denials from payers and poor funding 
 conditions. Despite having direct contracts with certain state Medicaid providers, there 
 was no statutory benefit category for Medicaid or Medicare to reimburse for PDTs. 
 Although many of these forces fell outside of the company’s power, one controllable 
 variable that may have contributed to the limited acceptance and use of its solutions 
 was its investment in clinical validation. Although Pear did generate high-quality 
 empirical evidence of the benefit of its solutions, the magnitude of evidence pales in 
 comparison to that of traditional pharmaceutical treatments, potentially underwhelming 
 payers and others in the nascent field. 
 So, what are the implications for the future of DH as a whole? It primarily comes down 
 to commercializing DH solutions: 

 ●  The optimal business model for DH remains unclear, but it is likely not 
 one-size-fits-all. 

 ●  Payer reimbursement, and the regulations around it, will continue to be one of 
 the biggest challenges. 

 ●  DH companies following the pharmaceutical model (i.e., reimbursement per 
 prescription) are struggling more than other models, given limited capital to wait 
 many years to break even; pharmaceutical companies will have a key advantage 
 here. 
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 ●  The funding environment is likely to be more constrained for DH due to investor 
 skepticism. 

 ●  Investing in robust clinical validation is essential to gaining trust and buy-in from 
 payers and prospective customers, especially as DTx remains a novelty. 

 Figures suggest that, despite growing pains, DH solutions such as DTx, patient health 

 and wellness apps, RPM, and CDS will become mainstays of health care. As 

 demonstrated in this report, the opportunities that DH solutions can provide to oncology 

 care can make them a valuable addition to patient outcomes and health care 

 efficiencies. Looking to the future, DH is expected to dramatically shift HCP practice, 

 patient outcomes, and the model for delivering oncology health care from modest 

 efficiencies to driving clinical decisions that improve outcomes. However, predicting the 

 pace, timing, and the entities that will drive this evolution can be difficult. 
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 Fig 2  Examples of DTx products with oncological indications. 
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 Fig. 3  Challenges with recommended steps to drive  DTx success and value.  25,29-31 
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 Fig. 4  Differences and overlap between RPM and DTx  products. 
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 Fig. 5  Examples of RPM products with oncological indications. 
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 Fig. 6  Examples of health and wellness apps with oncological  indications. 
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