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Abstract

:

Electronic patient-reported outcome (ePRO) applications promise great added value for improving symptom management and health-related quality of life. The aim of this narrative review is to describe the collection and use of ePROs for cancer survivorship care, with an emphasis on ePRO-symptom monitoring. It offers many different perspectives from research settings, while current implementation in routine care is ongoing. ePRO collection optimizes survivorship care by providing insight into the patients’ well-being and prioritizing their unmet needs during the whole trajectory from diagnosis to end-of-life. ePRO-symptom monitoring can contribute to timely health risk detection and subsequently allow earlier intervention. Detection is optimized by automatically generated alerts that vary from simple to complex and multilayered. Using ePRO-symptoms during in-hospital consultation enhances the patients’ conversation with the health care provider before making informed decisions about treatments, other interventions, or self-management. ePRO(-symptoms) entail specific implementation issues and complementary ethics considerations. The latter is due to privacy concerns, digital divide, and scarcity of adequately representative data for particular groups of patients.
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1. Introduction


This narrative review aims to describe the collection and use of electronic patient-reported outcomes (ePROs) for cancer survivorship care, with an emphasis on ePRO-symptom monitoring. Worldwide, ePRO data collection is now gradually being implemented in survivorship care [1,2], and related literature is still limited. We therefore mainly present results from research settings. We used the definition of survivorship as the process that begins at the moment of diagnosis and continues until end-of-life [3].



The paper is subdivided in three sections: First, we introduce the methodology and implementation of ePROs in general. Second, we describe ePRO-symptom monitoring including outcomes, methodology, alerting algorithms, symptom self-management, and implementation. Third, we discuss ethical issues followed by concluding remarks. The narrative methodology is used to obtain a broad perspective. We did not intent to locate all relevant literature in a systematic search.




2. ePRO Methodology and Implementation


2.1. ePRO Methodology


PROs are defined by the Food and Drug Administration (FDA) as: ‘… any report of the status of a patient’s health condition that comes directly from the patient, without interpretation of the patient’s response by a clinician or anyone else’ [4]. Examples of PROs are symptoms, health-related quality of life (HRQOL) (with domains such as physical, psychological, and social functioning), self-efficacy, anxiety or depression. An electronic PRO Measure (ePROM) is an online question or questionnaire that is used to collect ePROs.



ePROMs are completed online or via a (telephone-based) interactive voice response system [5]. ePRO data collection is labeled to be active when the patient self-reports and passive when using devices such as wearables and monitoring tools on smartphones (e.g., sleep registration applications). Both methods are considered to be ePROs and help provide information of the patients’ health and disease. The emphasis in this paper will be on active ePRO reporting.



2.1.1. Selecting Questionnaires and Providing Feedback


A very large number of generic and cancer-specific ePROMs are available. For research purposes, e.g., the Dutch ‘Patient-Reported Outcomes Following Initial treatment and Long-term Evaluation of Survivorship’ (PROFILES) registry incorporates 60+ ePROMs for cancer patients [6,7]. For use in routine cancer care, guidance in choices for ePROMs was recently published by Cancer Care Ontario. They stated that selection should incorporate topic coverage, usability, and psychometric properties [8]. Topic coverage means the relevance for most cancer patients, cancer type, or cancer treatment and according to the phase of the disease (diagnosis, during or following active treatment) [9]. For example, patients receiving immunotherapy might not be able to adequately report their symptoms and HRQOL when using ePROMs developed in the era of chemo- and radiotherapy [10]. Usability includes conceptual characteristics (e.g., type of scale, and recall time frame), scoring (e.g., domain, item, and/or global scores), time to complete the measure, use of plain language, and licensing or fees for use. Psychometric core considerations include internal consistency, test re-test reliability, responsiveness, discrimination ability, meaningful change, and translation validity.



For selecting PROMs, the Patient-Reported Outcomes Measurement Information System (PROMIS) of the National Institutes of Health has been set up [11]. PROMIS uses item banks, short forms, and computer-adaptive testing to measure health-related constructs with fewer items than conventional questionnaires. A recent review summarized several PRO data collection methods with PROMIS, which is valid and reliable for use in the cancer population [12].



Definition of (e)PROM item sets for the emerging Value-Based Health Care (VBHC) [13] has been proposed for different cancer patient populations by the International Consortium for Health Outcomes Measurement (ICHOM) [14]. These standard sets are also meant to be used in routine cancer care and are published per cancer type. They have been developed by consortia of experts and patient representatives in the field and are combined with clinical items.



After completing ePROMs, patients and health care practitioners (HCPs) might receive (visualized) feedback. Feedback can be personalized comparing individual results with (1) their previous results; (2) with patients similar to them; or (3) with a normative population [15,16,17]. By being able to compare their own scores with a person of the same age and sex without cancer, a patient might be able to better interpret his/her own functioning. A recent review shows that PRO feedback results in improvements in cancer- and symptom control, HRQOL, communication, and patient satisfaction [18].




2.1.2. Timing


Longitudinal ePRO data collection is most often used; what is important to the patient in daily life related to cancer care can change over time. It might change during the survivorship trajectory from diagnosis until follow-up or in the transition from curative to palliative and end-of-life care [9,19].



In the longitudinal data collection, specific timings or frequencies for PROMS are chosen, depending on the purpose of ePRO data collection and the patient’s preferences. During active treatment, ePRO-symptom collection has been reported to be feasible and acceptable at every clinic visit [20], weekly [21,22] or even daily [23,24]. In this phase, the purpose is to prevent and rapidly detect worsening of symptoms primarily in the light of health risks and secondarily to improve HRQOL. Relatively long-time intervals are used to monitor HRQOL or symptoms in the phase of follow-up compared to active treatment. In follow-up, the aim is to gain insight into how the patient is doing, to detect recurrences, or to identify (non-urgent) issues that might be mitigated or resolved at the next in-hospital consultation or through self-management interventions. If patients are able to manage mild or moderate symptoms themselves at home, they contribute to the prevention of worsening of symptoms and reduce hospital and General Practitioner (GP) contacts [25].



Another timing topic is to visualize in detail a patient’s problem over the course of the day to discover patterns as a basis for intervention. In this so-called Ecological Momentary Assessment, the patient reports on his or her problems several times a day for a few weeks [26,27]. This is, for example, performed by automatic timing-based triggering following persistent high scores on an ePRO-symptom such as pain or fatigue [28]. A patient who feels exhausted every afternoon may find out that he/she is doing too many activities early in the morning and learns to better dose energy throughout the day. A last example of outcome-based frequency determination is using ePROs to screen for financial toxicity. Such data collection may be less frequently undertaken, i.e., especially during key transition points [29].




2.1.3. Future Developments


In the future, ePROs will be routinely used in survivorship care. In order to provide personalized survivorship care, it is helpful if the patient and/or the HCP can decide what type of ePRO data collection and feedback suits the specific individual patient best. In an ideal situation, choices can be made and activated online in the Electronic/Patient Health Record (EHR/PHR). These can be based on the patient’s context and profile, detected unmet needs, and preferences, including the option of no ePROs.



In addition to providing feedback, there should be the ability to share ePROs intra- and extramurally with the multidisciplinary team, the GP, dietician or paramedics. This would add to the interdisciplinary coordination of care, especially in shifts and referral situations [2]. Information sharing enhances the value of the collected ePROs and it reduces the reporting burden on the patient. However, to establish this exchange, there are challenges such as implementation of local care pathways, but also general awareness of the added value of ePROs and the ability to interpret them [2].





2.2. ePROs Implementation in Routine Care


The use of ePROs for survivorship care influences the patient’s involvement in monitoring and co-coordinating his/her disease, as well as the clinical workflow for HCPs. The added value of ePRO monitoring for both groups is highly dependent on the implementation. Implementation includes both adoption into routine cancer care as well as the strategies for this adoption.



Systematic reviews report limited adoption of ePROMs into routine care [30,31,32]. They describe common barriers such as technological and behavioral issues as well as how and why to use ePROs. In addition, context-specific enablers are identified such as easy to use technology, clear feedback of results, sufficient local resources, and long-term implementation support. Therefore, tailored implementation strategies need to be designed, based on the resources of each individual clinic [32]. Both the ‘International Society for Quality of Life Research (ISOQOL) PROMs/Patient-Reported Experience Measures in Clinical Practice Implementation Science Work Group’ as well as Cancer Care Ontario advocate the use of implementation science and frameworks [8,32]. Cancer Care Ontario has actually developed a framework, containing three key themes for implementation of PROMs: acceptability, outcomes, and sustainability [8]. Acceptability incorporates patient and HCP perspectives, as well as the clinic as a whole. Engaging all stakeholders and a clinic protagonist for each participating hospital is key for successful implementation [28,33]. Outcomes are about identifying and using the relevant ePROMs to improve care and add value. ePROMs are sustainable if they have the potential to be embedded in routine cancer care, including support and resources [8].



The primary stakeholders to be involved in implementation are patients, who have been found to be more willing to complete ePROs if the questions are relevant to them personally and if the results are actually used during consultation [2,21]. In addition, the ePROMs need to be easy to understand and easy to complete [8]. A review showed that patients generally liked to be able to complete questionnaires at home, accepted the (often extensive) length of the questionnaires, and were as well willing to answer additional questions [31]. Patients are better prepared and more willing to participate if they are offered to discuss the ePROMs process with an (research/nursing/lay) assistant who can spend more time addressing patients’ questions than a clinician or nurse during in-hospital consultation [33,34]. Instruction videos about interpretation of scores and the use of the reports for communication with HCPs also foster patient activation [28,35]. Both should be incorporated in the clinical or study resources when planning ePROM data collection.



Further, HCPs are important stakeholders for implementation. They need to feel that the results are clinically relevant and outcomes amenable to change; they prefer ePRO collection that allows them to do something in response to a burdensome symptom or a worsening ePRO score [8]. They must be able to interpret the ePRO scores, understand the hows and whys, and integrate this in the clinical flow [8,32]. It is well embedded in the workflow if the ePRO collection is not considered an additional task but is rather a workload reallocation. In addition, it needs to be perceived that it meets a patient’s need, reduces (undesirable) care variation, and optimizes the use of resources and multidisciplinary care [1]. In the clinic, managers, information technology specialists, data managers, and security officers also need to be involved in implementation.



Future Developments


A recent review found that in most institutions, both patients and HCPs do not yet receive ePRO feedback reports in the stand-alone applications or in the EHRs/PHRs or dashboards [18]. Integration in the EHR/PHR is time consuming and costly and must be arranged separately in each individual institution. There are several levels of technical solutions to provide feedback. A multi-step approach can be followed, from simply pushing (static) feedback to the EHR, to single sign-on integration, to sophisticated deep and dynamic integration. These structural aspects are of utmost importance for the use of the results in the consultation room and therefore for successful implementation. This should be addressed at the outset, ideally within a health care system [36].






3. ePRO-Symptom Monitoring


In this review, symptom monitoring is defined as the process in which patients actively report symptoms through electronic devices at home (or in the hospital). It may also include feedback to the patient and/or HCP.



3.1. ePRO-Symptom Monitoring Outcomes


The overall advantages of symptom monitoring for quality of care and HRQOL in research settings are well known: Due to early intervention following alerts, patients experience less severe symptoms that prolong for a shorter period. In addition, they have survival benefits and a better HRQOL, they are less anxious, have an improved physical well-being, adhere longer to therapy, need fewer visits to the emergency room, are less frequently admitted to the hospital, and it increases their confidence in self-management [13,28,37,38,39]. In addition, ePRO symptom monitoring improves communication between the patient and HCP. As a result, it has the potential to enhance access to care as well as patient engagement, patient empowerment, and self-efficacy to manage symptoms [22].



Another advantage of monitoring and feedback is that the patient and HCP have an overview of the course of symptoms over time [21,25,33]. Therefore, trends of deterioration or improvement can be easily observed as well as the symptoms that require attention during in-hospital consultation. In contrast to what may be expected, clinicians report that feedback from symptom monitoring does not lengthen these consultations [40].



Future Developments


Amongst other advantages for the individual patient, symptom monitoring is expected to increase quality of care and patient safety by delivering a more correct identification of symptom gradings [41]. Firstly, in clinical trials, symptom reporting by clinicians usually focusses on grade 3 and 4 toxicity. In contrast, with ePRO-symptom assessment, the whole spectrum of grade 1 to 4 is collected, enabling more fine-grained and patient-centered toxicity and severity evaluation. Secondly, patients report different symptom profiles than the HCPs as patients tend to report earlier, more frequent, and higher symptom grades [42,43]. Symptoms remain undetected and unaddressed by HCPs up to half of the time [44,45]. Correctly diagnosing the severity of symptoms as experienced by the patient is important; it determines the intervention that will be chosen according to clinical symptom management guidelines, informs dose modification of cancer therapies, and facilitates patient-centered care.



Another advantage arises when ePRO-symptoms are also measured at baseline, which is uncommon in clinical trials and is rarely structurally recorded in routine care. Studies have shown that at baseline, many low- and high-grade symptoms are already present [41]. Therefore, these should not be attributed to the treatment, but to the disease and/or co-morbidities, and/or other patient characteristics and may require a different (timing of) interventions.



As ePRO-symptom monitoring in survivorship care is relatively new, its value for the prevention of persistent adverse events (AEs), i.e., long-term and late effects, is still unknown. Since many patients continue to suffer from persistent symptoms for many years after diagnosis [46,47,48], we expect early prevention through monitoring during treatment to be also beneficial for long-term HRQOL. This emphasizes the value of ePRO reporting across the entire survivorship trajectory from diagnosis until follow-up.





3.2. ePRO-Symptom Monitoring Methodology


Worldwide, many ePRO-symptom monitoring applications for cancer patients have been developed and tested in studies [5,49,50]. A recent rapid review showed mostly randomized trials and feasibility studies from Europe and North America to report these applications [5]. They had different content but contained essentially similar features and served similar purposes. Most applications sent alerts when a symptom exceeded a predefined threshold and provided feedback to the patient and HCP. The applications were intended for patients with different types of cancer and treatments. Some applications were enhanced with self-management advice and patient education or an eConsult function, or with additional triage questions. Triage automatically distinguishes between low-grade symptoms that only require reassurance or self-management advice and the higher-grade symptoms that need to be followed up by a HCP [5]. Most symptom monitoring infrastructures also captured other ePROs, such as HRQOL.



ePRO symptom monitoring has been shown to be feasible and can be of added value for patients of all ages. Most studies are performed among adults (30–90 years) [21,22,33,37,38,39,51], but it also has been initiated in adolescents and young adults [51] and pediatric patients [52]. The extent of usage is influenced not only by age but also by gender, race or education, as well as by the attitude of the HCP towards monitoring and the use of the results [21,22].



In the literature, various measures are used for ePRO-symptom monitoring. The most common are the Patient-Reported Common Terminology Criteria for Adverse Events (PRO-CTCAE), the Edmonton Symptom Assessment Scale/System (ESAS), and the Memorial Symptom Assessment Scale (MSAS) [5,49]. The ESAS represents one of the first symptom batteries, originated for usage in palliative care in 1991 [53]. Since then it has been extensively validated and translated into more than 20 languages. It has been implemented by Cancer Care Ontario where monthly more than 30,000–40,000 patients provide their ePRO-symptoms using ESAS [39].



The PRO-CTCAE [54] is also translated and validated in many languages worldwide and is mapped with the CTCAE [55]. This means that PRO symptom scores can be converted to toxicity grades of the CTCAE, which in turn allows us to determine the necessary intervention according to clinical guidelines.



3.2.1. Alert Algorithms for ePRO-Symptom Monitoring


Algorithms trigger alerts when symptom severity reaches a predetermined threshold. Alerts are sent to patients and/or to HCPs to initiate or intensify symptom management. These alerts enhance the usefulness and benefits of real-world ePRO-symptom data [49]. Monitoring algorithms are defined as any method that transforms data into prognostics or alerting systems. Alerting algorithms for symptom monitoring are diverse and range from simple to complex, multilayered systems that can include automated self-management advice [5]. Simple “reasoning algorithms” that trigger an alert based on a single parameter threshold (e.g., moderate or severe symptoms) and/or worsening of a symptom(s) are common in cancer symptom monitoring [37,56,57]. Similarly, applications and (telephone-based) interactive voice response systems set a conservative threshold of “quite a bit” or “very much” or a two-point worsening from the previous week to denote a clinically significant level of symptom severity for triggering of alerts [35,58,59]. These systems may also generate a single alert for multiple symptoms simultaneously as a cluster of symptoms.



Complex, multilayered alerting algorithms with multiple pathways have also been tested in cancer patients. For example, the Advanced Symptom Monitoring and Management System (ASyMS) was tested in several trials [60], and an adapted version uses reasoning algorithms based on more than one parameter in a risk-based scoring system [13]. In this system, alerts are graded (red and amber) based on a combination of symptom severity and other parameters (e.g., severe diarrhea combined with severe pain). The color defines the expected HCP response time: urgent red alerts have a 30-min time window to be addressed by the HCP, whereas amber alerts have an 8-h window. In the Canadian adapted version of ASyMS, parameters were further customized with additional questions. These questions are triggered for patient completion based on evidence-informed symptom triage guidelines (i.e., symptoms of dehydration plus moderate or severe diarrhea) to generate red alert risk levels [61]. The e-RAPID system for systemic therapy [62] and the system under development for post-surgical monitoring [63] stratify symptoms into three levels of symptom severity. For systemic therapy Level 1 is a mild or moderate symptom and the patient receives self-management advice. Level 2 means severe improving symptoms or a combination of moderate symptoms, and Level 3 is a medically severe symptom. In the algorithm, HCP alerts are generated for Level 3, and patients receive automated text messaging to contact the hospital for Levels 2 and 3.




3.2.2. Future Developments


In the future, ePRO-symptom monitoring applications can be made more patient-centered and relevant by adding a dynamic list of symptoms to be reported during specific treatment phases such as surgery, radiotherapy, or systemic therapy [7,64,65,66]. For the latter, symptom incidences vary highly between, for instance, chemotherapy and immunotherapy. Therefore, increased relevance would be achieved if the most anticipated symptoms for a particular (combination of) agent(s) are retrieved from a pharmacotherapeutic database and incorporated in the application. Giving patients the option to report symptoms that are not in the standard list also increases relevance for the patient.





3.3. Self-Management as an Intervention Following ePRO-Symptom Monitoring


Interventions following ePRO-symptom monitoring may include referrals, prescription of (co-)medication, switching or discontinuation of therapy, dose modification, or combinations of supporting electronic Health (eHealth) interventions and self-management recommendations [24,67]. All of these aim to improve patients’ HRQOL and/or symptom self-management. Self-management is the individual’s ability to manage symptoms, treatment, physical and psychosocial consequences, and lifestyle changes, inherent in living with a chronic condition. It comprises sufficient knowledge, adequate skills, and effective confidence to achieve attainable goals. The belief that one can successfully execute behavior required to produce an expected outcome in relation to consequences of cancer and its treatment is defined as self-efficacy. Self-efficacy is an important prerequisite of successful self-management. Self-management advice is not yet a common feature of ePRO-infrastructures for routine care [15]. As far as we know, OncoKompas is the only monitoring system that uses reasoning pathways to generate personalized self-management advice for cancer survivors based on ePRO data and cancer type [1]. Moreover, the eRAPID infrastructure includes self-management advice for mild or moderate symptoms and showed improved patient self-efficacy [25].



Self-management can be guided if health status is known, e.g., by monitoring self-management support (SMS) needs, self-efficacy to manage symptoms, symptom distress, and HRQOL [1]. Usually, SMS is an educational intervention that is part of an ongoing process to facilitate patient self-management behavior. Examples of SMS projects are Improving Patient Experience and Health Outcomes Collaborative (iPEHOC) [68], Symptom Management Improves your LifE [69], OncoKompas [67], and the Symptom Navi Program [70,71]. However, current evidence on SMS remains inconclusive to date [72]. A recent review of systematic reviews on post-treatment online interventions found only substantive evidence for the improvement of psychosocial and physical effects, particularly for improving fatigue and cognitive functioning [73]. There is a lack of SMS guidelines and little clarity on what components work for improving outcomes. Best practices are obscured by varying terminology, incomplete description of the intervention approach, and heterogeneity of outcomes. Therefore, despite a growing body of research, it is difficult to draw firm conclusions regarding best practices guiding SMS components and approaches to delivering interventions, particularly in the field of eHealth-enhanced SMS in survivorship care [72].



Future Developments


The minimal use of SMS is a missed opportunity to engage patients in the use of ePRO data since they are largely responsible for managing most HRQOL-related issues in daily life, outside of clinic visits. Therefore, the Global Partners on Self-Management in Cancer have recently defined six key actions to improve and accelerate the use of SMS in survivorship care [72]. It not only requires SMS programs and infrastructures, but also changes in the active involvement of patients, in HCP communication and SMS skills, and in organization of health services.





3.4. ePRO-Symptom Monitoring Implementation


Focal points for implementation of ePROs in routine care also apply to implementation of ePRO-symptom monitoring. There are, however, several nuances. In comparison to general ePRO monitoring over longer time intervals, the often high-frequency reporting of ePRO-symptoms and the subsequent alerts are more time-consuming and intensive for patients and HCPs. Despite this time investment, patients show moderate to high compliance (51–92%) when using a monitoring application [22,33,73]. For HCPs, broad clinical adoption of symptom monitoring is limited particularly due to their doubts and resistance to a large volume of alerts [22]. In routine cancer care, especially ad hoc management is performed against escalating symptoms. Now alerts need to be handled and managed accordingly, requiring extensive adjustments in the clinical workflow. The impact on the workflow depends greatly on the active or reactive handling of alerts. In case of the reactive approach, patients are advised to contact the HCP, which will be less time consuming for HCPs, but may also be less effective [74]. Usually, nurses are primarily involved in handling alerts. Nurse-led management of symptom monitoring has shown to be feasible and effective [13,22,24].



Other reasons for limited adoption of ePRO-symptom monitoring are lack of expected or perceived value and a lack of broadly available oncology-specific symptom monitoring platforms (that are now rapidly emerging commercially) [49]. However, following proper implementation, nurses as well as oncologists, are highly compliant in reviewing the results and consider it overall useful [22,24].



To drive maximal adoption of ePRO-symptom monitoring for clinically meaningful use, the iPEHOC intervention has been developed. It aimed at implementation in multi-site (n = 6) Canadian oncology practices and was used for 6000 cancer patients [73]. Key factors for successful uptake were a supportive leadership structure that established ePROs use as a performance metric and building clinician capacity and confidence in interpreting and responding to ePRO-symptoms. Another key factor was obtaining extra information following high-severity symptom scores that prolonged over time. This extra information was an ePROM about the particular issue, which was automatically forwarded to the patient using algorithms in the online application. The iPEHOC implementation methods toolkit is available online [68].



An example for ePRO-symptom implementation and subsequent self-management is the CHEMO-SUPPORT approach [75]. The CHEMO-SUPPORT intervention applies motivational interviewing and goal-directed self-management coaching. With this coaching, ePRO-symptoms are embedded in the broader vision on nursing and SMS. Another example is the Symptom Navi Program, which describes implementation of a nurse-led intervention. It is especially developed to guide patients in self-management applying the principles of SMS, based on behavior change theories [70,71]. The integration of the Symptom Navi Program as an eHealth intervention is currently investigated.



Instructions for the patient to act if severe or unexpected symptoms occur is extremely important to include in implementation plans, especially when ePRO-symptom monitoring is performed during the active treatment phase. In the case of these symptoms, patients need to follow the regular (offline) procedures and should in no case postpone reporting until the planned timing in the online application [21,33].



Future Developments


Alert algorithms for symptom monitoring will be continuously refined, using artificial intelligence approaches. We think international multidisciplinary collaboration is desirable, as it is a very time-consuming and delicate piece of work. This collaboration should include information technology engineers as well as machine learning and artificial intelligence specialists. Collaboration is also warranted for algorithms that provide guidance towards self-management because this feature turns the application into a medical aid and introduces additional legal requirements [76]. In all developments, minimization of the symptom alert burden on nurses, in addition to optimal safety for patients, is of utmost importance [22].



Development and implementation of the many applications on ePRO-symptom monitoring in survivorship care are costly. To our knowledge, one trial on symptom monitoring in follow-up for lung cancer showed it to be a cost-effective strategy [77]. This means that the medical profession considers the clinical evidence on effectiveness of these applications firm enough to continue broad implementation. In our view, however, cost evaluation is required, and cost-effectiveness models need to include questions about the value of care [35,78].



We strongly recommend that future developments and implementation strategies apply the principles of public and patient involvement, as recommended by the conceptual framework of the eHealth enhanced chronic care model [36]. Patient involvement should incorporate attention for patients with low health or eHealth literacy, mainly because they are reported to benefit the most. A trial evaluating ePRO-symptom monitoring in routine cancer care reported higher relevance and importance for communication with the HCP if patients had no prior experience with connected technologies and if they were less educated [22].






4. ePROs Ethical Considerations


While ePRO use in cancer control offers opportunities for improvement in cancer outcomes, it presents several ethical challenges that need to be recognized and addressed proactively. Many of these are not unique to (e)PROs, but rather inherent to the delivery of health care in general, such as considerations for privacy, confidentiality, and ownership of data. Systematic collection of any data requires balancing interests of an individual versus the population. If data collection only serves population-outcome monitoring, the individual may not derive any or only minimal personal benefit. For ePROs, this is the case if patients and HCPs do not receive feedback after the patient completes the questionnaires.



The important ethical considerations particularly relevant to ePRO use revolve around justice and fairness. As ePRO collection is a way of systematizing patients’ perception of outcomes that are important to them, it is critical that the ePRO application is relevant, appropriate, acceptable, and accessible to all those whose perspectives it is meant to represent. However, patients who feel unwell, those with multiple chronic conditions or other complex needs, i.e., for whom ePRO collection could be particularly useful, may find it more cumbersome to provide data. However, it is precisely their voice that must be heard to provide the insights to what the unmet needs are [79]. In contrast, if self-management approaches provide support to patients who have moderate problems, then this can free limited health care resources to treat those most in need.



Furthermore, most ePRO data are collected in higher income countries [5], and therefore many patient groups are underrepresented. As a consequence, the rapid advancement of using technologies in health care raises the problem of the digital divide and subsequent data poverty [80]. Digital divide refers to the gap between demographics and regions that have access to modern information and communications technology and those that do not or have restricted access [81,82]. Data poverty is the inability for individuals, groups, or populations to benefit from discovery or innovation due to a scarcity of adequately representative data [80]. This includes the groups of patients with lower health or eHealth literacy and those with limited access to technology as they may not engage with ePRO collection [83,84]. It results in the fact that aggregated datasets used to develop and validate eHealth technologies might be safe and effective for some people, but less beneficial for others. Language barriers pose similar challenges.



Ensuring minimal burden of data collection and access to appropriate formats including translation of questionnaires, or use of images rather than text, is critical in facilitating access. It is also an advantage if an application is publicly available, without license and fee or royalty, such as PROMIS [11]. Another solution for equity and access to care is to provide patients without a smartphone with a device for ePRO monitoring, which has been successfully implemented in some US hospitals already [33].



Individuals and populations that are sources of data should not be just the passive recipients of the data capturing tools. They should rather be autonomous agents who understand the purpose of the data collection, see it as relevant and appropriate to their needs, and applied in the format that is acceptable to them. Without it, ePRO collection is just shifting responsibility for health care management onto a patient without any support. This again stresses the requirement of an early, proactive co-design process with patients before implementation of ePRO collection. Relevance and appropriateness also need to be embedded into the overall approach that supports SMS as an integral component of survivorship care [73]. An example of such successful experience-based co-design is a process of development of a PRO dataset for Indigenous Australians [85].



In addition, HCPs should use ePROs to optimize patient involvement. As patients are increasingly empowered to monitor and co-coordinate their disease, they need to be involved in the coordination and communication of care [72]. ePROs are one of the means to make this possible if they are actively used to feed the discussions with HCPs before making informed decisions. As such, the use of ePRO’s appears to be promising to amplify the patients’ voice in their own cancer care.



To address these challenges, implementation of ePROs in routine survivorship care requires collaborative consideration of its purpose, to ensure that the expected benefit of ePRO collection outweighs the risks and burdens of data collection and storage. This careful balance between beneficence and non-maleficence needs consideration at the individual patient level to provide appropriate support. It also needs consideration at the population level to ensure that the access to ePRO data is not biased and does not accentuate disparities [78].




5. Conclusions


Due to the narrative approach of this review, no systematic literature search or quality assessment was performed, introducing selection bias. Therefore, interpretation needs to be done with this in mind.



This review provides the reader with a comprehensive overview of many steps that have already been taken in the development, collection, and use of ePRO(-symptom) data for survivorship care. It showed the developments that are desirable for the future, especially for the routine and patient-centered use of ePROs. It is important to share, reuse, and incorporate the existing knowledge in future work, as many health care services and systems around the world are still in the starting phase of ePRO implementation. Regardless of the infrastructure that is used for ePRO collection, international developments can be unlocked by providing controlled access to ePRO data, algorithms, and models.



The use of ePROs is instrumental in driving innovation in the eHealth era. For symptom management, it is shifting care from reactive to proactive and preventive by integrating predictive devices into the patient’s daily life [86]. All in all, patients and HPCs always have the choice about whether, in what way, and to what extent to utilize ePROs and subsequent self-management interventions. Currently, the range of choices is expanding rapidly. In contrast, ePRO monitoring provides an overview, thereby narrowing the scope as it comes to addressing unmet needs and delivering survivorship care.







Author Contributions


Authors C.J.G.v.d.H., F.M., M.E., R.J.C., A.B., G.G., I.W., A.C. (Annemarie Coolbrandt), M.L., G.V., A.C. (Andreas Charalambous), B.K., D.H., E.M.B. and L.V.v.d.P.-F. have contributed to the conceptualization, review and editing of the manuscript; Original draft preparation, C.J.G.v.d.H., F.M., M.E., R.J.C., A.C. (Andreas Charalambous), B.K., D.H. and L.V.v.d.P.-F.; visualization, C.J.G.v.d.H.; All authors have read and agreed to the published version of the manuscript.




Funding


R.J.C. received salary support from National Health and Medical Research Council (APP1194051). The remaining authors received no external funding.




Conflicts of Interest


Author C.J.G.v.d.H. has received institutional implementation and research grants from AstraZeneca, Boehringer-Ingelheim, Bristol Myers Squibb, Ipsen and Merck. Author M.E. received institutional research grants from Kaiku Health, Bristol Myers Squibb and Roche and institutional fees as a Scientific Advisory Board Member/Consultant from Roche. Author G.V. reports personal fees from Roche, Eisai, Novartis, Seattle Genetics and Sanofi, and institutional grants from Breast Cancer Now, EORTC, Yorkshire Cancer Research, Pfizer and IQVIA, outside the submitted work. Author E.M.B. receives personal fees as a scientific advisor/consultant to the following entities that provide bio-medical services and could give the appearance of potentially influencing the work: AstraZeneca, Carevive Systems, Navigating Cancer, Resilience, N-Power, and Sivan Healthcare. Author D.H. receives personal fees as a Scientific Advisory Board Member/Consultant to Carevive Systems and institutional grants from Astra Zeneca. Author A.C.(Andreas Charalambous), has received speaker honoraria and consultant fees from AstraZeneca, Daichy Sankyo, SPCC, MSD and project grants from Takeda and Amgen. Author R.J.C. has received speaker honoraria from Dr Reddy’s Laboratory and Stratpharma. The remaining authors declare no conflicts of interest.




Abbreviations




	AE
	Adverse Event



	ASyMS
	Advanced Symptom Monitoring and Management System



	CTC-AE
	Common Terminology Criteria for Adverse Events



	eHealth
	electronic Health



	HCP
	Health Care Practitioners



	HER
	Electronic Health Record



	EORTC
	European Organisation for Research and Treatment of Cancer



	ePRO
	electronic Patient-Reported Outcome



	ESAS
	Edmonton Symptom Assessment Scale/System



	FDA
	Food and Drug Administration



	GP
	General Practitioner



	HCP
	Health Care Practitioner



	ICHOM
	International Consortium for Health Outcomes Measurement



	iPEHOC
	Improving Patient Experience and Health Outcomes Collaborative



	ISOQOL
	International Society for Quality of Life Research



	MSAS
	Memorial Symptom Assessment Scale



	PHR
	Personal Health Record



	PRO
	Patient-reported Outcome



	PRO-CTC-AE
	Patient-Reported Outcomes Common Terminology Criteria for Adverse Events



	PROM
	Patient-Reported Outcome Measure



	PROMIS
	Patient-Reported Outcomes Measurement Information System



	PROFILES
	Patient-Reported Outcomes Following Initial treatment and Long term Evaluation of Survivorship



	SISAQOL
	Setting International Standards in Analyzing Patient-Reported Outcomes and Quality of Life Endpoints Data



	SMS
	Self-Management Support



	VBHC
	Value Based Health Care







References


	



Koczwara, B.; Bonnamy, J.; Briggs, P.; Brown, B.; Butow, P.N.; Chan, R.J.; Cohn, R.J.; Girgis, A.; Jefford, M.; Joske, D.J.L.; et al. Patient-reported outcomes and personalised cancer care. Med. J. Aust. 2021, 214, 406–408. [Google Scholar] [CrossRef]

	



Damman, O.C.; Jani, A.; de Jong, B.A.; Becker, A.; Metz, M.J.; de Bruijne, M.C.; Timmermans, D.R.; Cornel, M.C.; Ubbink, D.T.; van der Steen, M.; et al. The use of PROMs and shared decision-making in medical encounters with patients: An opportunity to deliver value-based health care to patients. J. Eval. Clin. Pract. 2019, 26, 524–540. [Google Scholar] [CrossRef] [PubMed]

	



Marzorati, C.; Riva, S.; Pravettoni, G. Who Is a Cancer Survivor? A Systematic Review of Published Definitions. J. Cancer Educ. 2017, 32, 228–237. [Google Scholar] [CrossRef] [PubMed]

	



Patient-Reported Outcome Measures: Use in Medical Product Development to Support Labeling Claims. Available online: https://www.fda.gov/regulatory-information/search-fda-guidance-documents/patient-reported-outcome-measures-use-medical-product-development-support-labeling-claims (accessed on 11 March 2022).

	



Oldenmenger, W.; van den Hurk, C.J.G.; Howell, D. Utilizing Technology to Manage Symptoms. In Developing and Utilizing Digital Technology in Healthcare for Assessment and Monitoring, 1st ed.; Charalambous, A., Ed.; Springer: Berlin/Heidelberg, Germany, 2020; pp. 55–72. [Google Scholar]

	



van de Poll-Franse, L.V.; Horevoorts, N.; van Eenbergen, M.; Denollet, J.; Roukema, J.A.; Aaronson, N.K.; Vingerhoets, A.; Coebergh, J.W.; de Vries, J.; Essink-Bot, M.L.; et al. The Patient Reported Outcomes Following Initial treatment and Long term Evaluation of Survivorship registry: Scope, rationale and design of an infrastructure for the study of physical and psychosocial outcomes in cancer survivorship cohorts. Eur. J. Cancer 2011, 47, 2188–2194. [Google Scholar] [CrossRef]

	



van de Poll-Franse, L.; Horevoorts, N.; Schoormans, D.; Beijer, S.; Ezendam, N.; Husson, O.; Oerlemans, S.; Schagen, S.B.; Hageman, G.J.; van Deun, K.; et al. Measuring clinical, biological and behavioral variables to elucidate pathways of deteriorating patient (reported) outcomes in cancer survivorship: The PROFILES registry approach.  J. Natl. Cancer Inst. 2022. online ahead of print. [Google Scholar] [CrossRef]

	



Montgomery, N.; Howell, D.; Ismail, Z.; Bartlett, S.J.; Brundage, M.; Bryant-Lukosius, D.; Krzyzanowska, M.; Moody, L.; Snyder, C.; Barbera, L.; et al. Selecting, implementing and evaluating patient-reported outcome measures for routine clinical use in cancer: The Cancer Care Ontario approach. J. Patient Rep. Outcomes 2020, 4, 101. [Google Scholar] [CrossRef]

	



Ramsey, I.; Corsini, N.; Hutchinson, A.D.; Marker, J.; Eckert, M. A core set of patient-reported outcomes for population-based cancer survivorship research: A consensus study. J. Cancer Surviv. 2021, 15, 201–212. [Google Scholar] [CrossRef]

	



Colomer-Lahiguera, S.; Bryant-Lukosius, D.; Rietkoetter, S.; Martelli, L.; Ribi, K.; Fitzpatrick-Lewis, D.; Sherifali, D.; Orcurto, A.; Juergens, R.; Eicher, M. Patient-reported outcome instruments used in immune-checkpoint inhibitor clinical trials in oncology: A systematic review. J. Patient-Rep. Outcomes 2020, 4, 58. [Google Scholar] [CrossRef]

	



Patient-Reported Outcomes Measurement Information System. Available online: https://www.healthmeasures.net/explore-measurement-systems/promis (accessed on 11 March 2022).

	



Tran, T.X.M.; Park, J.; Lee, J.; Jung, Y.S.; Chang, Y.; Cho, H. Utility of the Patient-Reported Outcomes Measurement Information System (PROMIS) to measure primary health outcomes in cancer patients: A systematic review. Supportive Care Cancer 2021, 29, 1723–1739. [Google Scholar] [CrossRef]

	



Maguire, R.; McCann, L.; Kotronoulas, G.; Kearney, N.; Ream, E.; Armes, J.; Patiraki, E.; Furlong, E.; Fox, P.; Gaiger, A.; et al. Real time remote symptom monitoring during chemotherapy for cancer: European multicentre randomised controlled trial (eSMART). BMJ 2021, 374, n1647. [Google Scholar] [CrossRef]

	



ICHOM. Available online: www.ichom.org (accessed on 11 March 2022).

	



Oerlemans, S.; Arts, L.P.; Horevoorts, N.J.; van de Poll-Franse, L.V. “Am I normal?” The Wishes of Patients with Lymphoma to Compare Their Patient-Reported Outcomes with Those of Their Peers. J. Med. Internet Res. 2017, 19, e288. [Google Scholar] [CrossRef]

	



Arts, L.P.J.; van de Poll-Franse, L.V.; van den Berg, S.W.; Prins, J.B.; Husson, O.; Mols, F.; Brands-Nijenhuis, A.V.M.; Tick, L.; Oerlemans, S. Lymphoma InterVEntion (LIVE)—Patient-reported outcome feedback and a web-based self-management intervention for patients with lymphoma: Study protocol for a randomised controlled trial. Trials 2017, 18, 199. [Google Scholar] [CrossRef]

	



Oerlemans, S.; Arts, L.P.J.; Kieffer, J.M.; Prins, J.; Hoogendoorn, M.; van der Poel, M.; Koster, A.; Lensen, C.; Stevens, W.B.C.; Issa, D.; et al. Web-Based Return of Individual Patient-Reported Outcome Results among Patients with Lymphoma: Randomized Controlled Trial. J. Med. Internet Res. 2021, 23, e27886. [Google Scholar] [CrossRef]

	



Graupner, C.; Kimman, M.L.; Mul, S.; Slok, A.H.M.; Claessens, D.; Kleijnen, J.; Dirksen, C.D.; Breukink, S.O. Patient outcomes, patient experiences and process indicators associated with the routine use of patient-reported outcome measures (PROMs) in cancer care: A systematic review. Supportive Care Cancer 2021, 29, 573–593. [Google Scholar] [CrossRef]

	



Rojas-Concha, L.; Hansen, M.B.; Petersen, M.A.; Groenvold, M. Which symptoms and problems do advanced cancer patients admitted to specialized palliative care report in addition to those included in the EORTC QLQ-C15-PAL? A register-based national study. Supportive Care Cancer 2020, 28, 1725–1735. [Google Scholar] [CrossRef]

	



Albaba, H.; Barnes, T.A.; Veitch, Z.; Brown, M.C.; Shakik, S.; Su, S.; Naik, H.; Wang, T.; Liang, M.; Perez-Cosio, A. Acceptability of Routine Evaluations Using Patient-Reported Outcomes of Common Terminology Criteria for Adverse Events and Other Patient-Reported Symptom Outcome Tools in Cancer Outpatients: Princess Margaret Cancer Centre Experience. Oncologist  2019, 24, e1219–e1227. [Google Scholar] [CrossRef]

	



Eenbergen van, M.C.; Hurk van den, C.; Mols, F.; Poll van de-Franse, L.V. Usability of an online application for reporting the burden of side effects in cancer patients. Supportive Care Cancer 2019, 27, 3411–3419. [Google Scholar] [CrossRef]

	



Basch, E.; Stover, A.M.; Schrag, D.; Chung, A.; Jansen, J.; Henson, S.; Carr, P.; Ginos, B.; Deal, A.; Spears, P.A.; et al. Clinical Utility and User Perceptions of a Digital System for Electronic Patient-Reported Symptom Monitoring during Routine Cancer Care: Findings from the PRO-TECT Trial. JCO Clin. Cancer Inform. 2020, 4, 947–957. [Google Scholar] [CrossRef]

	



Coolbrandt, A.; Steffens, E.; Wildiers, H.; Bruyninckx, E.; Verslype, C.; Milisen, K. Use of a symptom diary during chemotherapy: A mixed-methods evaluation of the patient perspective. Eur. J. Oncol. Nurs. 2017, 31, 37–45. [Google Scholar]

	



Coolbrandt, A.; Muylaert, K.; Vandeneede, E.; Dooms, C.; Wildiers, H. Real-time symptom management in the context of a remote symptom-monitoring system: Prospective process evaluation and cross-sectional survey to explore clinical relevance. Supportive Care Cancer 2021, 29, 3401–3408. [Google Scholar] [CrossRef]

	



Absolom, K.; Holch, P.; Warrington, L.; Samy, F.; Hulme, C.; Hewison, J.; Morris, C.; Bamforth, L.; Conner, M.; Brown, J. E lectronic patient self-R eporting of A dverse-events: P atient I nformation and a D vice (eRAPID): A randomised controlled trial in systemic cancer treatment. BMC Cancer 2017, 17, 318. [Google Scholar] [CrossRef] [PubMed]

	



Thong, M.S.Y.; Chan, R.J.; van den Hurk, C.; Fessele, K.; Tan, W.; Poprawski, D.; Fernandez-Ortega, P.; Paterson, C.; Fitch, M.I.; group, M.E.w. Going beyond (electronic) patient-reported outcomes: Harnessing the benefits of smart technology and ecological momentary assessment in cancer survivorship research. Supportive Care Cancer 2021, 29, 7–10. [Google Scholar] [CrossRef] [PubMed]

	



Kampshoff, C.S.; Verdonck-de Leeuw, I.M.; van Oijen, M.G.; Sprangers, M.A.; Buffart, L.M. Ecological momentary assessments among patients with cancer: A scoping review. Eur. J. Cancer Care 2019, 28, e13095. [Google Scholar] [CrossRef]

	



Howell, D.; Li, M.; Sutradhar, R.; Gu, S.; Iqbal, J.; O’Brien, M.A.; Seow, H.; Dudgeon, D.; Atzema, C.; Earle, C.C. Integration of patient-reported outcomes (PROs) for personalized symptom management in “real-world” oncology practices: A population-based cohort comparison study of impact on healthcare utilization. Supportive Care Cancer 2020, 1–10. [Google Scholar] [CrossRef] [PubMed]

	



Chan, R.J.; Gordon, L.G. Screening for Financial Toxicity in Clinical Care with Finance-Related Outcome Measures. Cancer Nurs. 2021, 44, 87–88. [Google Scholar] [CrossRef] [PubMed]

	



Foster, A.; Croot, L.; Brazier, J.; Harris, J.; O’Cathain, A. The facilitators and barriers to implementing patient reported outcome measures in organisations delivering health related services: A systematic review of reviews. J. Patient Rep. Outcomes 2018, 2, 46. [Google Scholar] [CrossRef] [PubMed]

	



van Egdom, L.S.E.; Oemrawsingh, A.; Verweij, L.M.; Lingsma, H.F.; Koppert, L.B.; Verhoef, C.; Klazinga, N.S.; Hazelzet, J.A. Implementing Patient-Reported Outcome Measures in Clinical Breast Cancer Care: A Systematic Review. Value Health J. Int. Soc. Pharmacoecon. Outcomes Res. 2019, 22, 1197–1226. [Google Scholar] [CrossRef] [PubMed]

	



Stover, A.M.; Haverman, L.; van Oers, H.A.; Greenhalgh, J.; Potter, C.M.; On behalf of the ISOQOL PROMs/PREMs in Clinical Practice Implementation Science Work Group. Using an implementation science approach to implement and evaluate patient-reported outcome measures (PROM) initiatives in routine care settings. Qual. Life Res. 2021, 30, 3015–3033. [Google Scholar] [CrossRef]

	



Naughton, M.J.; Salani, R.; Peng, J.; Lustberg, M.; DeGraffinreid, C.; Moon, J.; Loyan, H.; Hery, C.M.B.; Paskett, E.D. Feasibility of implementing a text-based symptom-monitoring program of endometrial, ovarian, and breast cancer patients during treatment. Qual. Life Res. 2021, 30, 3241–3254. [Google Scholar] [CrossRef]

	



van Roij, J.; Zijlstra, M.; Ham, L.; Brom, L.; Fransen, H.; Vreugdenhil, A.; Raijmakers, N.; van de Poll-Franse, L. Prospective cohort study of patients with advanced cancer and their relatives on the experienced quality of care and life (eQuiPe study): A study protocol. BMC Palliat. Care 2020, 19, 139. [Google Scholar] [CrossRef]

	



Billingy, N.E.; Tromp, V.; Veldhuijzen, E.; Belderbos, J.; Aaronson, N.K.; Feldman, E.; Hoek, R.; Bogaard, H.J.; Onwuteaka-Philipsen, B.D.; van de Poll-Franse, L.; et al. SYMptom monitoring with Patient-Reported Outcomes using a web application among patients with Lung cancer in the Netherlands (SYMPRO-Lung): Study protocol for a stepped-wedge randomised controlled trial. BMJ Open 2021, 11, e052494. [Google Scholar] [CrossRef]

	



Gee, P.M.; Greenwood, D.A.; Paterniti, D.A.; Ward, D.; Miller, L.M. The eHealth Enhanced Chronic Care Model: A theory derivation approach. J. Med. Internet Res. 2015, 17, e86. [Google Scholar] [CrossRef]

	



Basch, E.; Deal, A.M.; Kris, M.G.; Scher, H.I.; Hudis, C.A.; Sabbatini, P.; Rogak, L.; Bennett, A.V.; Dueck, A.C.; Atkinson, T.M. Symptom monitoring with patient-reported outcomes during routine cancer treatment: A randomized controlled trial. J. Clin. Oncol. 2016, 34, 557. [Google Scholar] [CrossRef]

	



Denis, F.; Lethrosne, C.; Pourel, N.; Molinier, O.; Pointreau, Y.; Domont, J.; Bourgeois, H.; Senellart, H.; Tremolieres, P.; Lizee, T.; et al. Randomized Trial Comparing a Web-Mediated Follow-up with Routine Surveillance in Lung Cancer Patients. J. Natl. Cancer Inst. 2017, 109, 436. [Google Scholar] [CrossRef]

	



Barbera, L.; Sutradhar, R.; Seow, H.; Mittmann, N.; Howell, D.; Earle, C.C.; Li, Q.; Thiruchelvam, D. The impact of routine Edmonton Symptom Assessment System (ESAS) use on overall survival in cancer patients: Results of a population-based retrospective matched cohort analysis. Cancer Med. 2020, 9, 7107–7115. [Google Scholar] [CrossRef]

	



Stover, A.; Irwin, D.E.; Chen, R.C.; Chera, B.S.; Mayer, D.K.; Muss, H.B.; Rosenstein, D.L.; Shea, T.C.; Wood, W.A.; Lyons, J.C.; et al. Integrating Patient-Reported Outcome Measures into Routine Cancer Care: Cancer Patients’ and Clinicians’ Perceptions of Acceptability and Value. Egems 2015, 3, 1169. [Google Scholar] [CrossRef]

	



Dueck, A.C.; Scher, H.I.; Bennett, A.V.; Mazza, G.L.; Thanarajasingam, G.; Schwab, G.; Weitzman, A.L.; Rogak, L.J.; Basch, E. Assessment of Adverse Events from the Patient Perspective in a Phase 3 Metastatic Castration-Resistant Prostate Cancer Clinical Trial. JAMA Oncol. 2020, 6, e193332. [Google Scholar] [CrossRef]

	



Atkinson, T.M.; Dueck, A.C.; Satele, D.V.; Thanarajasingam, G.; Lafky, J.M.; Sloan, J.A.; Basch, E. Clinician vs Patient Reporting of Baseline and Postbaseline Symptoms for Adverse Event Assessment in Cancer Clinical Trials. JAMA Oncol. 2020, 6, 437–439. [Google Scholar] [CrossRef] [PubMed]

	



Basch, E.; Bennett, A.; Pietanza, M.C. Use of patient-reported outcomes to improve the predictive accuracy of clinician-reported adverse events. J. Natl. Cancer Inst. 2011, 103, 1808–1810. [Google Scholar] [CrossRef]

	



Basch, E.; Jia, X.; Heller, G.; Barz, A.; Sit, L.; Fruscione, M.; Appawu, M.; Iasonos, A.; Atkinson, T.; Goldfarb, S.; et al. Adverse symptom event reporting by patients vs clinicians: Relationships with clinical outcomes. J. Natl. Cancer Inst. 2009, 101, 1624–1632. [Google Scholar] [CrossRef]

	



Atkinson, T.M.; Li, Y.; Coffey, C.W.; Sit, L.; Shaw, M.; Lavene, D.; Bennett, A.V.; Fruscione, M.; Rogak, L.; Hay, J.; et al. Reliability of adverse symptom event reporting by clinicians. Qual. Life Res. 2012, 21, 1159–1164. [Google Scholar] [CrossRef] [PubMed]

	



Rutherford, C.; Müller, F.; Faiz, N.; King, M.T.; White, K. Patient-reported outcomes and experiences from the perspective of colorectal cancer survivors: Meta-synthesis of qualitative studies. J. Patient-Rep. Outcomes 2020, 4, 27. [Google Scholar] [CrossRef] [PubMed]

	



Firkins, J.; Hansen, L.; Driessnack, M.; Dieckmann, N. Quality of life in “chronic” cancer survivors: A meta-analysis. J. Cancer Surviv. 2020, 14, 504–517. [Google Scholar] [CrossRef] [PubMed]

	



Mols, F.; Beijers, T.; Lemmens, V.; van den Hurk, C.J.; Vreugdenhil, G.; van de Poll-Franse, L.V. Chemotherapy-induced neuropathy and its association with quality of life among 2- to 11-year colorectal cancer survivors: Results from the population-based PROFILES registry. J. Clin. Oncol. 2013, 31, 2699–2707. [Google Scholar] [CrossRef]

	



McGregor, B.A.; Vidal, G.A.; Shah, S.A.; Mitchell, J.D.; Hendifar, A.E. Remote Oncology Care: Review of Current Technology and Future Directions. Cureus 2020, 12, e10156. [Google Scholar] [CrossRef]

	



Warrington, L.; Absolom, K.; Conner, M.; Kellar, I.; Clayton, B.; Ayres, M.; Velikova, G. Electronic systems for patients to report and manage side effects of cancer treatment: Systematic review. J. Med. Internet Res. 2019, 21, e10875. [Google Scholar] [CrossRef]

	



Wesley, K.M.; Fizur, P.J. A review of mobile applications to help adolescent and young adult cancer patients. Adolesc. Health Med. Ther. 2015, 6, 141–148. [Google Scholar] [CrossRef]

	



Leahy, A.B.; Schwartz, L.A.; Li, Y.; Reeve, B.B.; Bekelman, J.E.; Aplenc, R.; Basch, E.M. Electronic symptom monitoring in pediatric patients hospitalized for chemotherapy. Cancer 2021, 127, 2980–2989. [Google Scholar] [CrossRef]

	



Hui, D.; Bruera, E. The Edmonton Symptom Assessment System 25 Years Later: Past, Present, and Future Developments. J. Pain Symptom Manag. 2017, 53, 630–643. [Google Scholar] [CrossRef]

	



Patient-Reported Outcomes Version of the Common Terminology Criteria for Adverse Events. Available online: https://healthcaredelivery.cancer.gov/pro-ctcae/ (accessed on 11 March 2022).

	



Basch, E.; Becker, C.; Rogak, L.J.; Schrag, D.; Reeve, B.B.; Spears, P.; Smith, M.L.; Gounder, M.M.; Mahoney, M.R.; Schwartz, G.K.; et al. Composite grading algorithm for the National Cancer Institute’s Patient-Reported Outcomes version of the Common Terminology Criteria for Adverse Events (PRO-CTCAE). Clin. Trials 2021, 18, 104–114. [Google Scholar] [CrossRef]

	



Basch, E.; Deal, A.M.; Dueck, A.C.; Scher, H.I.; Kris, M.G.; Hudis, C.; Schrag, D. Overall survival results of a trial assessing patient-reported outcomes for symptom monitoring during routine cancer treatment. JAMA 2017, 318, 197–198. [Google Scholar] [CrossRef]

	



Denis, F.; Basch, E.; Septans, A.-L.; Bennouna, J.; Urban, T.; Dueck, A.C.; Letellier, C. Two-year survival comparing web-based symptom monitoring vs routine surveillance following treatment for lung cancer. JAMA 2019, 321, 306–307. [Google Scholar] [CrossRef]

	



Cleeland, C.S.; Wang, X.S.; Shi, Q.; Mendoza, T.R.; Wright, S.L.; Berry, M.D.; Malveaux, D.; Shah, P.K.; Gning, I.; Hofstetter, W.L.; et al. Automated symptom alerts reduce postoperative symptom severity after cancer surgery: A randomized controlled clinical trial. J. Clin. Oncol. 2011, 29, 994–1000. [Google Scholar] [CrossRef]

	



Mooney, K.H.; Beck, S.L.; Wong, B.; Dunson, W.; Wujcik, D.; Whisenant, M.; Donaldson, G. Automated home monitoring and management of patient-reported symptoms during chemotherapy: Results of the symptom care at home RCT. Cancer Med. 2017, 6, 537–546. [Google Scholar] [CrossRef]

	



Kearney, N.; McCann, L.; Norrie, J.; Taylor, L.; Gray, P.; McGee-Lennon, M.; Sage, M.; Miller, M.; Maguire, R. Evaluation of a mobile phone-based, advanced symptom management system (ASyMS©) in the management of chemotherapy-related toxicity. Supportive Care Cancer 2009, 17, 437–444. [Google Scholar] [CrossRef]

	



Moradian, S.; Krzyzanowska, M.K.; Maguire, R.; Morita, P.P.; Kukreti, V.; Avery, J.; Liu, G.; Cafazzo, J.; Howell, D. Usability Evaluation of a Mobile Phone–Based System for Remote Monitoring and Management of Chemotherapy-Related Side Effects in Cancer Patients: Mixed-Methods Study. JMIR Cancer 2018, 4, e10932. [Google Scholar] [CrossRef]

	



Holch, P.; Warrington, L.; Bamforth, L.; Keding, A.; Ziegler, L.; Absolom, K.; Hector, C.; Harley, C.; Johnson, O.; Hall, G. Development of an integrated electronic platform for patient self-report and management of adverse events during cancer treatment. Ann. Oncol. 2017, 28, 2305–2311. [Google Scholar] [CrossRef]

	



Avery, K.N.; Richards, H.S.; Portal, A.; Reed, T.; Harding, R.; Carter, R.; Bamforth, L.; Absolom, K.; Francischetto, E.O.C.; Velikova, G. Developing a real-time electronic symptom monitoring system for patients after discharge following cancer-related surgery. BMC Cancer 2019, 19, 463. [Google Scholar] [CrossRef]

	



Richards, H.S.; Blazeby, J.M.; Portal, A.; Harding, R.; Reed, T.; Lander, T.; Chalmers, K.A.; Carter, R.; Singhal, R.; Absolom, K.; et al. A real-time electronic symptom monitoring system for patients after discharge following surgery: A pilot study in cancer-related surgery. BMC Cancer 2020, 20, 543. [Google Scholar] [CrossRef]

	



Holch, P.; Pini, S.; Henry, A.M.; Davidson, S.; Routledge, J.; Brown, J.; Absolom, K.; Gilbert, A.; Franks, K.; Hulme, C.; et al. eRAPID electronic patient self-Reporting of Adverse-events: Patient Information and aDvice: A pilot study protocol in pelvic radiotherapy. Pilot Feasibility Stud. 2018, 4, 110. [Google Scholar] [CrossRef]

	



Charalambous, A. Personalizing the Technological Experience. In Developing and Utilizing Digital Technology in Healthcare for Assessment and Monitoring, 1st ed.; Charalambous, A., Ed.; Springer: Berlin/Heidelberg, Germany, 2020; pp. 19–28. [Google Scholar]

	



van der Hout, A.; van Uden-Kraan, C.F.; Holtmaat, K.; Jansen, F.; Lissenberg-Witte, B.I.; Nieuwenhuijzen, G.A.P.; Hardillo, J.A.; Baatenburg de Jong, R.J.; Tiren-Verbeet, N.L.; Sommeijer, D.W.; et al. Role of eHealth application Oncokompas in supporting self-management of symptoms and health-related quality of life in cancer survivors: A randomised, controlled trial. Lancet Oncol. 2020, 21, 80–94. [Google Scholar] [CrossRef]

	



Cancer Care Ontario. Available online: https://www.cancercareontario.ca/en (accessed on 11 March 2022).

	



Rha, S.Y.; Nam, J.M.; Lee, J. Development and evaluation of the Cancer Symptom Management System: Symptom Management Improves your LifE (SMILE)-a randomized controlled trial. Supportive Care Cancer 2020, 28, 713–723. [Google Scholar] [CrossRef]

	



Bana, M.; Ribi, K.; Kropf-Staub, S.; Näf, E.; Schramm, M.S.; Zürcher-Florin, S.; Peters, S.; Eicher, M. Development and implementation strategies of a nurse-led symptom self-management program in outpatient cancer centres: The Symptom Navi© Programme. Eur. J. Oncol. Nurs. 2020, 44, 101714. [Google Scholar] [CrossRef]

	



Bana, M.; Ribi, K.; Peters, S.; Kropf-Staub, S.; Naf, E.; Zurcher-Florin, S.; Stoffel, B.; Blaeuer, C.; Borner, M.; Malin, D.; et al. Pilot Testing of a Nurse-Led Basic Symptom Self-management Support for Patients Receiving First-Line Systemic Outpatient Anticancer Treatment: A Cluster-Randomized Study (Symptom Navi Pilot Study). Cancer Nurs. 2021, 44, E687–E702. [Google Scholar] [CrossRef]

	



Howell, D.; Mayer, D.K.; Fielding, R.; Eicher, M.; Verdonck-de Leeuw, I.M.; Johansen, C.; Soto-Perez-de-Celis, E.; Foster, C.; Chan, R.; Alfano, C.M. Management of cancer and health after the clinic visit: A call to action for self-management in cancer care. J. Natl. Cancer Inst. 2021, 113, 523–531. [Google Scholar] [CrossRef]

	



Howell, D.; Rosberger, Z.; Mayer, C.; Faria, R.; Hamel, M.; Snider, A.; Lukosius, D.B.; Montgomery, N.; Mozuraitis, M.; Li, M. Personalized symptom management: A quality improvement collaborative for implementation of patient reported outcomes (PROs) in ‘real-world’ oncology multisite practices. J. Patient-Rep. Outcomes 2020, 4, 1–13. [Google Scholar] [CrossRef]

	



Billingy, N.E.; Tromp, V.; van den Hurk, C.J.G.; Becker-Commissaris, A.; Walraven, I. Health-Related Quality of Life and Survival in Metastasized Non-Small Cell Lung Cancer Patients with and without a Targetable Driver Mutation. Cancers 2021, 13, 4282. [Google Scholar] [CrossRef]

	



Coolbrandt, A.; Milisen, K.; Wildiers, H.; Aertgeerts, B.; van Achterberg, T.; Van der Elst, E.; de Casterlé, B.D. A nursing intervention aimed at reducing symptom burden during chemotherapy (CHEMO-SUPPORT): A mixed-methods study of the patient experience. Eur. J. Oncol. Nurs. 2018, 34, 35–41. [Google Scholar] [CrossRef]

	



Policy for Device Software Functions and Mobile Medical Applications. Available online: https://www.fda.gov/regulatory-information/search-fda-guidance-documents/policy-device-software-functions-and-mobile-medical-applications (accessed on 11 March 2022).

	



Lizee, T.; Basch, E.; Tremolieres, P.; Voog, E.; Domont, J.; Peyraga, G.; Urban, T.; Bennouna, J.; Septans, A.L.; Balavoine, M.; et al. Cost-Effectiveness of Web-Based Patient-Reported Outcome Surveillance in Patients with Lung Cancer. J. Thorac. Oncol. 2019, 14, 1012–1020. [Google Scholar] [CrossRef]

	



Krzyzanowska, M.K.; Julian, J.A.; Powis, M.; Howell, D.; Earle, C.C.; Enright, K.A.; Mittmann, N.; Trudeau, M.E.; Grunfeld, E. Ambulatory Toxicity Management (AToM) in patients receiving adjuvant or neo-adjuvant chemotherapy for early stage breast cancer—A pragmatic cluster randomized trial protocol. BMC Cancer 2019, 19, 884. [Google Scholar] [CrossRef]

	



Agarwal, V.; Corsini, N.; Eckert, M.C.; Sharplin, G.; Ramsey, I.; Gunn, K.; Fitzgerald, M.K.; Koczwara, B. A pilot study of population-based, patient-reported outcome collection in cancer survivors. Supportive Care Cancer 2021, 29, 4239–4247. [Google Scholar] [CrossRef] [PubMed]

	



Ibrahim, H.; Liu, X.; Zariffa, N.; Morris, A.D.; Denniston, A.K. Health data poverty: An assailable barrier to equitable digital health care. Lancet Digit. Health 2021, 3, e260–e265. [Google Scholar] [CrossRef]

	



Thomas, J.; Barraket, J.; Wilson, C.K.; Rennie, E.; Ewing, S.; MacDonald, T. Measuring Australia’s Digital Divide: The Australian Digital Inclusion Index 2019; RMIT University: Melbourne, Australia, 2019. [Google Scholar]

	



Bodie, G.D.; Dutta, M.J. Understanding health literacy for strategic health marketing: eHealth literacy, health disparities, and the digital divide. Health Mark. Q. 2008, 25, 175–203. [Google Scholar] [CrossRef] [PubMed]

	



Kemp, E.; Trigg, J.; Beatty, L.; Christensen, C.; Dhillon, H.M.; Maeder, A.; Williams, P.A.; Koczwara, B. Health literacy, digital health literacy and the implementation of digital health technologies in cancer care: The need for a strategic approach. Health Promot. J. Aust. 2021, 32, 104–114. [Google Scholar] [CrossRef]

	



National Digital Inclusion Alliance. Available online: https://startup.digitalinclusion.org/index.html (accessed on 11 March 2022).

	



Garvey, G.; Beesley, V.L.; Janda, M.; Jacka, C.; Green, A.C.; O’Rourke, P.; Valery, P.C. The development of a supportive care needs assessment tool for Indigenous people with cancer. BMC Cancer 2012, 12, 300. [Google Scholar] [CrossRef]

	



Gensheimer, S.G.; Wu, A.W.; Snyder, C.F.; PRO-EHR Users’ Guide Steering Group ; PRO-EHR Users’ Guide Working Group. Oh, the Places We’ll Go: Patient-Reported Outcomes and Electronic Health Records. Patient 2018, 11, 591–598. [Google Scholar] [CrossRef]












	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  curroncol-29-00349


  
    		
      curroncol-29-00349
    


  




  





media/file0.png





