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Patients with advanced non-small cell lung cancer (NSCLC) often experience burdensome symptoms, emotional distress, and poor quality of life (QOL). While national guidelines recommend early palliative care to address these supportive care needs, most patients with advanced NSCLC lack access to such comprehensive care. Our aim in the current study is to test a novel model of palliative care delivery and use of innovative technology to evaluate the feasibility, acceptability, and preliminary efficacy of a supportive care mobile application (app) for improving symptom management and adaptive coping in patients with advanced NSCLC. We will enroll 120 patients with unresectable Stage III or IV NSCLC diagnosed within the past 12 weeks receiving care with palliative intent at a major academic comprehensive cancer center and its community affiliates. The study will take place in two phases, the first of which will be dedicated to adapting an evidence-based, early palliative care treatment guide and prior supportive care mobile app intervention to address the specific symptom management and coping needs of patients with advanced NSCLC. The second phase of the study will be a two-group, randomized controlled trial. Study patients will complete baseline self-report measures of symptoms, mood, coping skills, and QOL, after which they will be randomized to receive either the mobile app intervention combined with usual oncology care or usual oncology care alone. Intervention patients will use a tablet computer to self-administer the mobile app, which consists of six modules that teach evidence-based skills for managing burdensome symptoms and coping effectively with advanced cancer and its treatment. At 12 weeks follow up, patients in both groups will repeat the same self-report measures. We will use descriptive statistics to determine feasibility metrics of enrollment and retention rates. For secondary self-report measures, we will use linear regression controlling for baseline values. The results of the present study will contribute to a growing body of evidence regarding the supportive care needs of patients with advanced cancer and will have implications for how best to use innovative technology to widely disseminate comprehensive supportive care services to all patients who may benefit.

Clinical Trial Registration: [www.ClinicalTrials.gov], identifier[NCT04629300].
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1. Introduction

Despite remarkable breakthroughs in cancer therapeutics prolonging survival, many patients with advanced lung cancer continue to experience high symptom burden, psychological distress, and poor quality of life (QOL; Morrison et al., 2017). To address these unmet supportive care needs, our multidisciplinary research team of clinician scientists who specialize in thoracic oncology, palliative care, and clinical psychology has been investigating the effects of integrating palliative care in the outpatient oncology setting for patients with advanced lung cancer. Multiple randomized trials and follow-up studies have demonstrated the positive effects of this integrated model of care on patient QOL, mood symptoms, prognostic awareness, and quality of end-of-life care (Temel et al., 2010, 2011, 2017; Greer et al., 2012). Moreover, the beneficial effects of the early, integrated palliative care intervention on QOL and mood symptoms appear to be accounted for by improvements in patients’ use of adaptive coping skills (Greer et al., 2018). Descriptive analyses of clinician documentation regarding topics addressed during outpatient palliative care visits from prior trials indeed confirm that the top two primary foci were symptom management and helping patients cope effectively with cancer and its treatment (Hoerger et al., 2018).

However, the field of supportive oncology has failed to translate evidence-based interventions, such as early, integrated palliative care, from randomized controlled trials into disseminated clinical services that are widely accessible and tailored to the unique experiences of patients and caregivers. Only a minority of patients with cancer and their caregivers receive or have access to supportive care, including early, integrated palliative care services (Sullivan et al., 1702; Dionne-Odom et al., 2018). Moreover, a retrospective cohort study using the SEER-Medicare linked database revealed that, from 2000 to 2009, rates of palliative care consultations for patients with advanced cancer only increased from 3.0 to 12.9% despite guidelines that recommend palliative care for all patients (Roeland et al., 2016; Ferrell et al., 2017). Most of these consultations occurred in the inpatient setting (83%) and during the final month of life (77%; Roeland et al., 2016). A major barrier to the dissemination of early, integrated palliative care is the lack of specialty trained clinicians available to provide this high quality, evidence-based intervention (Lupu, 2010; Lupu et al., 2018).

Mobile applications (apps) offer a useful approach for enhancing the accessibility and scalability of interventions addressing the supportive care needs of patients who cannot access health care clinicians with necessary expertise. Once patients receive appropriate instructions on their use, mobile app interventions are highly acceptable to patients regardless of their age, health literacy, or computer experience (Vernon, 2010; Basch et al., 2016). Moreover, the growing use of mobile apps across various age, ethnic, and socioeconomic groups has started to reduce the “digital divide” observed in prior studies of interventions administered through the internet on desktop computers (Carroll et al., 2017). Mobile behavioral interventions have shown promising efficacy in addressing a variety of health problems including depression, anxiety, substance use disorder, and insomnia in the general population and in patients with psychiatric conditions (Bewick et al., 2008; Andersson and Cuijpers, 2009; Cuijpers et al., 2009; Ritterband et al., 2009; Vernon, 2010; Mohr et al., 2013; Cuijpers et al., 2014). While some studies of behavioral web-based and mobile interventions have demonstrated low adherence, mobile apps that incorporate features to enhance patients’ engagement including the use of tailored logic, educational games (i.e., gamification), adaptive skill-building, and a record of personal progress through the app content, have shown greater than 85% usability and retention rates (Payne et al., 2015). To overcome the challenges due to limited access to supportive care for patients with advanced cancer, our multidisciplinary research team has begun to develop and test the use of mobile apps. These apps include interventions based on CBT, psychoeducation, and behavioral self-management aimed at improving outcomes such as anxiety, symptom burden, and adherence to oral chemotherapy. The results from these trials showed that participants with worse baseline distress or adherence problems benefited most from the mobile app interventions (Fishbein et al., 2017; Greer et al., 2019, 2020).

Thus, the primary aim for the present study is to develop a novel supportive care mobile app by adapting our team’s existing mobile app interventions to address the specific symptom management and coping needs of patients with advanced NSCLC. We will examine the feasibility, acceptability, and preliminary efficacy of the mobile app to improve symptoms, coping skills, and QOL in patients with advanced NSCLC. We also aim to understand patients’ general perceptions of the mobile app and their overall satisfaction with the intervention by conducting qualitative exit interviews at the end of the study.



2. Methods and analysis


2.1. Design

The proposed study includes two phases for (a) mobile app development and refinement and (b) pilot efficacy testing. The first preliminary phase was dedicated to adapting our evidence-based, early palliative care treatment guide and prior supportive care mobile app interventions to address the specific symptom management and coping needs of patients with advanced NSCLC (Jacobsen et al., 2021). Our team’s prior research on mobile app interventions, specifically adapted to other populations of patients with advanced cancer, focused largely on addressing physical symptoms and emotional well-being. While patients with NSCLC do similarly experience obstacles across these domains, we have also found that they face challenges regarding their social, functional, and existential well-being. Given their complex and broad care needs across multiple domains, our research team comprised of clinician scientists with expertise in thoracic oncology, palliative care, and clinical psychology specifically designed and tailored our app to address each of these domains. We collaborated closely with a mobile app development and design company to create, refine, and finalize the supportive care mobile app, called “THRIVE.” We met with this technology partner weekly for approximately 1 year and communicated regularly online over Basecamp to review and refine scripted content for each learning module as well as illustrative graphics and interactive exercises to enhance patient engagement with learning the coping skills and symptom management strategies. Each module was constructed based on evidence-based psychoeducation, CBT, and acceptance and commitment therapy (ACT) principles. We completed the development and programming of all the THRIVE mobile app modules, and we conducted extensive user testing to identify and resolve any bugs, glitches, graphic errors, or other performance issues. Table 1 outlines the domains of the supportive care modules and corresponding skills-based interventions that the app includes. This phase was completed by September 2021.



TABLE 1 THRIVE mobile app components.
[image: Table1]

The second phase consists of a multi-site pilot randomized controlled trial in a sample of 120 patients with advanced NSCLC to assess the feasibility, acceptability, and preliminary efficacy of the THRIVE mobile app intervention for improving patient-reported symptoms, coping, and QOL compared to usual oncology care. Enrolled patients are randomized in 1:1 fashion and stratified by study site (i.e., Massachusetts General Hospital [MGH] Cancer Center, Dana-Farber Cancer Institute, and four community affiliates) to receive either the THRIVE mobile app combined with usual oncology care or usual oncology care alone. After enrollment, participants complete baseline self-report measures regarding their symptoms, mood, coping behaviors, and QOL, which they repeat at 12 weeks post baseline. We also conduct qualitative exit interviews with up to 30 patients who are randomized to the mobile app intervention to understand and assess patients’ experiences using the THRIVE app.



2.2. Selection/treatment of subjects


2.2.1. Screening for eligibility

Trained RAs screen the oncology clinic schedules at the study sites to identify potentially eligible patients. The target sample is 120 patients with newly diagnosed advanced NSCLC. Once a patient is deemed eligible in the screening process and approval is obtained from their treating oncologist, the RA approaches the patient in a private clinic setting at their next oncology visit or via telephone to describe the study, confirm eligibility, and complete informed consent procedures. The research team also may provide study information to eligible patients via a secure patient portal, using templated language. Specifically, patients receive a summary of the study and are encouraged to contact the research team if interested in learning more about participating in the study.

Participant inclusion/exclusion criteria are as follows:


2.2.1.1. Inclusion criteria

a. Age ≥ 18 years.

b. Diagnosed with unresectable Stage III or IV NSCLC in the past 12 weeks and receiving care with palliative intent.

c. Eastern Cooperative Oncology Group (ECOG) Performance Status = 0–2 (with 0 indicating that the patient is asymptomatic, 1 that the patient is symptomatic but fully ambulatory, and 2 that the patient is symptomatic but in bed < 50% of the day; Cella et al., 2022).

d. Plan to receive oncology care at one of the participating study sites.

e. Ability to read and respond to questions in English.



2.2.1.2. Exclusion criteria

a. Significant uncontrolled psychiatric disorder (e.g., psychotic disorder, bipolar disorder, major depression) or other co-morbid disease (e.g., dementia, cognitive impairment), which the treating oncology clinician reports would prohibit the ability of the patient to participate in study procedures.




2.2.2. Registration and randomization

Enrolled patients are registered in the Clinical Trials Management System, OnCore, as required by Dana-Farber/Harvard Cancer Center standard operating procedures. Once the patient has been registered, a member from the MGH Cancer Outcomes Research and Education Program (independent from the study staff) performs randomization procedures using a predetermined computer-generated randomization schema developed and stored independently from the study team with 1:1 allocation, stratified by study site. Given the interventional nature of the study, neither participants nor study staff are blinded to group assignment.




2.3. Interventional methods

Upon study enrollment, participants complete baseline self-report measures, after which they are randomly assigned to either the THRIVE mobile app (intervention) with usual oncology care group or the usual oncology care alone group (control).


2.3.1. Intervention group

For patients randomized to the THRIVE intervention, the RA provides them with a study-issued tablet computer from which the participants access the mobile app or assists the patient in downloading the app onto a suitable device already owned by the participant. The mobile app is optimized for the iOS operating system. The RA provides intervention patients with a comprehensive tutorial and detailed instructions regarding how to use the app and is available throughout the study to provide technological support if needed. Intervention patients also receive a handout with application download instructions, an informational video sent securely via email, and a user guide. Patients complete the mobile app intervention modules at their desired pace over approximately 10 weeks. The app prompts patients with reminders to complete their modules and utilizes incentives to enhance patient engagement. Table 1 details the components of the THRIVE mobile app modules. The mobile app electronically collects data on intervention fidelity (e.g., the number of completed modules, proportion of each module completed, time spent on each module, etc.).

Finally, we conduct qualitative interviews with up to 30 patients who are randomized to the intervention group to learn about their experiences with the THRIVE mobile app. We purposively sample patients to ensure adequate representation based on age and gender. The semi-structured interviews are conducted after the 12-week post assessment time point.



2.3.2. Usual oncology care group

Patients assigned to the usual oncology care group receive standard cancer care without the THRIVE mobile app. As part of usual care, we query the electronic health record to track and record participant use of any supportive care services, such as social work, psychology, psychiatry, and palliative care. While we expect the referral and use of these services to be low and balanced between study groups, we will include these variables as covariates in the outcome analyses as needed.



2.3.3. Self-report measures

The study staff administers the following validated, self-report questionnaires at baseline prior to randomization and at approximately 12 weeks (+/− 2 weeks) after baseline. Participants are given a four-week time frame surrounding the 12-week time point to complete the measures. This window, which has consistently been used by our research group, allows for greater flexibility for participants to complete these measures given their degree of medical morbidity. These measures can be administered via paper hard-copy or electronically using Research Electronic Data Capture (REDCap), a secure, online HIPAA-compliant survey tool (Harris et al., 2009). The RA asks study participants to complete questionnaires in-person during clinic visits, via email, or over the telephone if necessary.

• Socio-demographic characteristics: Participants self-report their gender, race, ethnicity, marital status, education level, employment status, income, and frequency of technology use on a demographic questionnaire.

• Quality of life: Functional Assessment of Cancer Therapy-Lung (FACT-L; Cella et al., 1995). The FACT-L consists of four subscales assessing physical, social, emotional, and functional wellbeing during the past week. The instrument also contains the Lung Cancer Subscale (LCS), which evaluates specific symptoms related to lung cancer. Scores range from 0 to 5 on each item and the total scale score ranges from 0 to 136 with higher scores indicating better QOL.

• Symptoms: MD Anderson Symptom Inventory (MDASI; Cleeland et al., 2000). The MDASI is a 19-item survey, which consists of two subscales to assess cancer-related symptom severity and interference with daily activities on a 0–10 scale, with higher scores indicating worse symptoms.

• Mood: Hospital Anxiety and Depression Scale (HADS; Zigmond and Snaith, 1983). The 14-item HADS includes two subscales that measure anxiety and depression symptoms in the past week. Scores range from 0 to 21 on each subscale, and a threshold of > 7 on either subscale indicates clinically significant anxiety or depression symptoms.

• Coping strategies: Brief COPE Questionnaire; (Carver et al., 1989; Carver, 1997). The Brief COPE consists of 28 items assessing diverse coping methods on 14 subscales (e.g., active coping, use of emotional support, positive reframing, acceptance, behavioral disengagement, denial, and self-blame). Each item is scored on a 4-point Likert scale, with each subscale ranging from 0 to 8. Higher scores indicate higher use of that coping strategy. To reduce participant burden, we modified the questionnaire to consist of 8 subscales (Hagan et al., 2017).

• Supportive care service use: The Supportive Care Service Use Questionnaire (SCSUQ) includes two items that measure a patient’s use of mental health services, integrative medicine interventions, palliative care, and spiritual support over the past month.

• Mobile App Usability (intervention group only at week 12): The System Usability Scale (SUS; Bangor et al., 2008). The 10-item SUS evaluates patients’ subjective assessment of a product’s usability and acceptability.

• Perceptions and satisfaction with the mobile app (up to 30 intervention participants): Using a semi-structured qualitative interview guide, we assess patients’ experiences and satisfaction with the mobile app intervention.



2.3.4. Electronic health record review

Study staff collects data from the electronic health record regarding patient age, cancer diagnosis, ECOG performance status, cancer therapy information, emergency department visits, hospitalizations, hospice referral, and use of supportive care services.




2.4. Data analysis

We will first report baseline characteristics of all study participants using descriptive statistics. The primary endpoint of the proposed study is feasibility. To assess intervention feasibility, we will calculate rates of patient enrollment, retention, intervention completion, and attrition while documenting reasons for withdrawal or loss to follow-up. The proposed intervention app will be deemed feasible if at least 65% of patients with advanced NSCLC who are approached to enroll in the study consent to participate and at least 70% complete the majority of study procedures as assigned (i.e., at least four of the six mobile app modules as well as baseline and 12-week outcome measures). These feasibility and intervention module completion thresholds are commonly used in behavioral intervention studies (Steinhauser et al., 2006; Siddiqi et al., 2008; Bowen et al., 2009). We will also use descriptive statistics to examine the acceptability and usability of the mobile app based on the System Usability Scale (Bangor et al., 2008).

To evaluate secondary outcomes, we will compare participant QOL (FACT-L; primary), symptoms (MDASI), mood (HADS), and coping (Brief COPE) between groups at week-12 using separate linear regression models controlling for the respective baseline values of the outcome variables. If necessary due to any imbalances between groups in baseline characteristics, we will control for selected demographic and clinical factors when examining the outcomes of interest. We will also test for potential moderators of the intervention effects using interaction terms for the linear models to assess whether differences in patient-reported outcomes are moderated by any clinical or socio-demographic factors (e.g., patient age, gender). Given the pilot nature of this study, we will use conservative (alpha = 0.05) and liberal (alpha = 0.15) values to assess statistical significance, especially as we evaluate outcomes in preparation for powering a subsequent full-scale efficacy trial. We will track and record reasons for all missing data (e.g., disease worsening, hospitalizations, hospice referral, lost to follow up, etc.). To address any missing data concerns, we will employ multiple imputation if data appear to be missing at random. If data are not missing at random, we will employ pattern mixture modeling.

Lastly, we will analyze the qualitative data with a multi-step process using coding and content analysis to explore patients’ perceptions and satisfaction regarding the mobile app content and features. This process will involve coding to structure data into categories and creating groups according to the broader issues or themes. We will identify major and minor themes within each content area, and we will extract and highlight messages. Two independent coders will examine discrepant, unexpected, or unclear data until agreement is reached. To assure the trustworthiness of our findings, we will take steps to maximize reliability and credibility including investigator triangulation (using a multidisciplinary team of investigators) and team debriefs of the interview content.


2.4.1. Power analysis

The primary aim of the proposed study is to assess feasibility. We chose the sample size of 120 patients based on the feasibility of completing the project during the proposed timeframe and the ability to assess the preliminary efficacy of the intervention. The target sample size will provide us with preliminary data that can be used to determine within and between-group effect sizes and inform power analyses for future trials. Assuming 10% attrition within the sample of 120 participants, the study would have 80% power to detect between-group differences in mean change from baseline to 12 weeks of 0.54 standard deviation units (i.e., medium effect size) for the FACT-L and other secondary self-report outcomes.





3. Discussion

The goals of the present study are to develop and assess the feasibility, acceptability, and preliminary efficacy of a supportive care mobile app intervention for patients with advanced NSCLC. Prior work has demonstrated that these patients experience debilitating physical and emotional symptoms that are associated with poor QOL, and current guidelines recommend the early integration of palliative care with oncology care from the time of diagnosis and throughout the course of disease (Levy et al., 2016; Ferrell et al., 2017). However, the majority of patients with advanced lung cancer throughout the United States do not receive early palliative care in the ambulatory setting due to the lack of specialty trained clinicians and limited integration of palliative care in oncology (Hui et al., 2010; Lupu, 2010; Spetz et al., 2016; Lupu et al., 2018).

To enhance access to supportive care interventions aimed at improving QOL, our research team has begun to develop and test several mobile apps that patients can self-administer and learn strategies for enhancing symptom management and adaptive coping with serious illness (Fishbein et al., 2017; Greer et al., 2019, 2020). For example, in a recent trial, we tested the efficacy of a mobile app of a cognitive-behavioral therapy (CBT) intervention tailored to treat anxiety in sample of patients with diverse advanced cancers (Greer et al., 2019). Study patients reported significant improvements in anxiety symptoms and QOL, with the CBT app being most effective among the subgroup of patients with moderate to severe anxiety at baseline. These findings suggest that, despite limited supportive care resources that exist for patients, the use of novel technological interventions may provide one avenue for enhancing accessibility to evidence-based comprehensive care.

To our knowledge, the proposed study is the first that aims to examine the integration of a mobile app intervention into comprehensive care for patients with advanced lung cancer. Further, our app is the first of its kind to address and intervene upon multiple domains of quality of life that have not previously been targeted in patients with advanced cancer, such as social, functional, and existential wellbeing. The use of mobile app interventions, such as THRIVE, possess great promise for broad dissemination of evidence-based supportive and palliative care interventions in a timely, scalable, convenient, and potentially cost-effective manner. More specifically, mobile apps offer a useful approach for increasing accessibility for patients without creating an additional need for specialty-trained clinicians, which remains one of the major barriers to patients receiving such supportive care (Lupu, 2010; Lupu et al., 2018). Further, mobile apps can be implemented in a variety of care settings from large, academic medical centers to community oncology practices, reaching a wide array of patients with unmet needs. Their use may also reduce cost and staff resources dedicated to scheduling and providing in-person palliative and supportive care given the remote and asynchronous nature of the technology. Additionally, their integration may prove helpful for patients who face barriers to receiving in-person, clinic-based services given the degree of morbidity in the patient population or due to logistical challenges such as transportation.

It is important to note several limitations of the above protocol. First, only patients with advanced NSCLC are recruited to the study, and enrollment takes place at large academic cancer centers and their affiliates; thus, generalizability may be limited with respect to other disease groups or patients receiving care in other settings, such as stand-alone community oncology clinics. Further, only English-speaking patients are enrolled in the study, which ultimately may limit generalizability to patients of other racial or ethnic backgrounds. Additionally, the design of the present study precludes our ability to blind participants during study procedures or randomization. Also, despite efforts to maximize patient engagement with the intervention, it is possible that varying levels of technologic comfort between participants may affect the results.

Also of note, the follow-up assessment period is limited to 12 weeks after enrollment. As such, any longer-term effects of the intervention may become apparent after the trial period has ended, which would not be captured in the present study. In future trials and large-scale efficacy testing, we hope to evaluate the long-term intervention effects by utilizing a more prolonged follow-up period. Additionally, at this point, the app is solely designed to address patient needs despite prior research demonstrating that family and friend caregivers of patients also face physical and emotional challenges throughout the course of a loved one’s disease (Given et al., 2004; El-Jawahri et al., 2017). Future work is needed to develop a companion app to target caregiver concerns. Lastly, some participants may have supportive care needs that exceed the capacity of the app, which has important implications for future studies. Potential next steps include evaluation of a stepped model of care, such that participants who require services beyond that which is provided by the app are able to access traditional palliative care. This model may also more efficiently triage allocation of resources by reserving palliative care referral only for those with unremitting distress or an existing need not covered by the app.

Despite the aforementioned limitations, this project has the potential to impact all patients with advanced NSCLC, regardless of their location of care. A mobile app could be implemented across all oncology practice settings to ensure patients have access to care focused on helping them manage their symptoms and cope effectively with their illness. The primary aims of this study are to develop a supportive care mobile app that not only is acceptable to patients and feasible to implement, but also improves patients’ symptoms, coping, and QOL. As the first study of a mobile app focused on the core supportive care elements of the early palliative care model, the proposed intervention has the potential to be adapted further and benefit all patients with a serious cancer diagnosis.
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