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Abstract  
Brain cancer is a devastating diagnosis characterized by significant challenges and uncertainties for patients and 
their caregivers. Although mobile health and patient-facing technologies have been successfully implemented in 
many patient populations, tools and technologies to support these users are lacking. We conducted semi-structured 
interviews with 13 patients and caregivers, investigating experiences, challenges, interests, and preferences for 
managing symptoms and health information. We found that although current technology use in health-related 
activities was minimal, participants reported being highly willing to use such technologies to capture and manage 
information, provided they were designed according to the needs, interests, and abilities of these users. Participants 
felt that such tools could benefit patient care activities, and help to address information challenges for both current 
and future patients and caregivers. We present findings surrounding these challenges, behaviors, and motivations, 
and discuss considerations for the design of systems to support current and future patients and caregivers. 
 
Introduction and Background 
In 2016, nearly 78,000 US adults will be diagnosed with a primary brain tumor1. Although rare, these tumors are a 
significant cause of morbidity and mortality, and are characterized by a high symptom burden, decreased health-
related quality of life, and an often poor prognosis1-4. The delicate and complex structure and functions of the brain 
make these often aggressive tumors difficult to treat, with high recurrence rates contributing to poor long-term 
survival5. Despite advances in treatment technologies and approaches, nearly 42% of patients diagnosed with 
malignant disease will pass away within the first year after diagnosis1. For these patients, overall 5-year survival 
rates fall at 34.4%, led by glioblastoma, the most common and aggressive high-grade tumor, which falls at 5.1%1.  
 
In addition to poor prognosis, primary brain tumors are also associated with high symptom burden. As these tumors 
grow and invade the delicate tissues and spaces of the brain, patients experience neurological symptoms including 
headaches, seizures, issues with language, vision, memory, and hearing, as well as cognitive and motor impairments, 
and changes in behavior and personality5. The type and severity of these symptoms depends on the histology, 
location, and size of the tumor6. Treatments for these patients involves surgery to remove as much as the tumor as 
possible without damaging adjacent health tissues and functions, as well as radiation therapy and chemotherapy to 
kill any remaining tumor cells and prevent future growth or recurrence for as long as possible. Patients are often 
prescribed a variety of medications including steroids to reduce swelling in the brain, antiemetics to control nausea, 
analgesics for pain, and anti-seizure medications to provide symptom and side effect relief and prevent additional 
harm and neurological complications for the patient. Each of these medications and procedures bring their own 
risks, discomforts, and side effects, some of which may be lasting or even present years down the road. Because of 
these risks presented by these medications and procedures, and the high risk for recurrence associated with many 
primary brain tumors, the follow-up period of these patients typically lasts years, if not indefinitely.  
 
Patients and their caregivers face many challenges as they take on new roles and responsibilities in navigating the 
diagnosis and treatment process. Many of these challenges center around the need for more data and information in 
the face of compounding uncertainties. In addition to taking an active role in decision-making activities, patients and 
their caregivers must work to manage complicated medication schedules and treatment protocols, endure complex 
neurological symptoms and toxic side effects, all while becoming experts in their own disease and care process. 
 
With the increasingly pervasive nature of technology in daily life, mobile health and patient-facing technologies 
have been proposed and implemented as solutions to many challenging health issues including increasing 
medication adherence among individuals with HIV in Sub-Saharan Africa7, supporting self-management activities 
for patients with chronic diseases like diabetes8, and supporting personal health information management activities 
in breast cancer9-11. Across health, reach of these technologies is great. A recent systematic review explored 
examples of self-tracking for health management in older adults, documenting the design and development of 
interventions across a wide range of health areas for these users12.  Additionally, there a multitude of applications 
are available to support mental health and individuals with mental illness, including PTSD Coach, an application 
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design by the Veterans Administration to support education, tracking, and management surrounding PTSD 
symptoms13-15. Technology is also widely used in searching and accessing health information, with 25% of US 
adults acknowledging they use the internet for the purpose of self-diagnosis, and 72% of internet users reporting 
acknowledging using the internet to access or research health information in 201216.  Electronic patient portals also 
provide a means for supporting communication, access, and health information management. Despite these 
impressive undertakings in the US and around the world, patient-facing tools and technologies to support individuals 
with rare conditions including primary brain tumors are still lacking17. 
 
Due to the nature of the disease and the potential for cognitive, physical, emotional, and behavioral impacts, 
caregivers often take on an active role in care, decision-making, and information seeking and management activities. 
In working to understand and address some of the challenges, several researchers explored the information needs of 
patients with brain tumors, as well as their caregivers18-21. Although each of these studies provided a great deal of 
insight into different aspects of needs, challenges, and experiences for patients and caregivers, none sought to 
explore the use of health-related technologies in these activities in the context of designing future systems. In order 
to address this gap, and develop further understanding of the needs and challenges facing this population, we 
engaged patients and caregivers affected by primary brain tumors in semi-structured interviews. Through these 
interviews, we investigated symptoms and side effects, challenges, and current health tracking and information 
management approaches, as well as the use of technology in brain tumor related health activities. We also utilized 
brainstorming questions to generate ideas on how we as researchers, alongside participants serving as experts, might 
design tools to address some of these challenges, and better support future patients and caregivers.  
 
Methods 
Eligibility & Recruitment 
Patients diagnosed with a primary brain tumor and primary caregivers of these patients were recruited to participate 
in semi-structured interviews coupled with a demographic, health, and technology use survey to explore needs, 
challenges, and experiences, as well as current and future use of health-related technologies. In addition to the 
eligibility criteria presented in Table 1, participants had to be able to understand the information presented during 
the consent process and make an informed decision regarding participation. In instances where cognitive impairment 
was a concern, participants were asked a series of questions during the consent process to ensure understanding of 
the purpose of the study and their rights as a participant. Patients could participate regardless of whether their 
caregivers chose to take part, and vice versa. Participants were recruited over a 9-month period through a local brain 
tumor support group as well as in the clinic at radiation therapy treatment centers in the Seattle area. University of 
Washington Institutional Review Board approval was obtained prior to commencing this research. 
 
Table 1: Eligibility information 

Patients: 
• Diagnosed and treated for a primary brain tumor within the past 5 years OR experienced a recurrence that 

required any form of treatment within the past 5 years 
• Treatment involved some form of radiation therapy 
• Able read, write, and speak English* 
• At least 18 years of age 
 

Caregivers: 
• Primary caregiver of a patient meeting the patient eligibility criteria 
• Able to read, write, and speak English 
• At least 18 years of age 

 

*This requirement was not used to exclude patients with aphasia or communication disorders, provided they were 
comfortable participating in the study, and could understand information presented and provide informed consent. 

 
Data Collection 
Demographic, Health, and Technology Use survey 
Participants were asked to complete a survey to provide information surrounding demographics, diagnosis, and 
treatment history. The second component of this included questions regarding current use of technology in health 
related activities, with survey questions based on the 2012 Pew Health Tracking survey22.  
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Semi-Structured Interview  
Interviews were conducted as either 1-hour individual sessions (patient OR caregiver), or 2-hour patient-caregiver 
dyad sessions, according to participant preference. Individual interview sessions allowed patient and caregiver 
perspectives to be shared more freely and equally, and allowed for participation from individuals who did not have a 
patient or caregiver who was interested or able to participate (e.g. paid caregiver, severely impaired patient). Patient-
caregiver combined sessions were offered both as a convenience, and as a way to allow for participation from 
individuals who may need extra support with language or memory, for example. Because many individuals travel 
long distances for care and then return home following the end of treatment, both in person and phone interview 
sessions were offered. Interviews were audio recorded and participants were compensated for their time.  
 
Data Analysis 
Interview data was transcribed and verified prior to data analysis. A thematic analysis was conducted with two 
separate coders analyzing the transcripts to identify codes and themes; each coder generated a codebook based on 
themes and codes. Codebooks were merged into a single codebook, and additional codes were added and reconciled 
as additional transcripts were coded.  
 
Results 
A total of 13 participants (7 patients, 6 caregivers) were recruited to take part in this study, representing 
approximately 11 hours of interview data. Twelve individuals participated via in-person interviews, while one opted 
to do a phone interview due to location. Six participants opted for patient-caregiver dyad sessions, while one dyad 
participated separately, and 5 individuals participated independently. All interviews were conducted at the 
University of Washington Medical Center, however, many participants were treated outside of the UW Medicine 
system for part or all of their care. As such, information captured during these interviews was not limited to 
experiences at UWMC or its entities.  
 
Demographic information for participants is presented in Table 2. Diagnoses included oligodendroglioma, 
anaplastic oligodendroglioma, oligodendroastrocytoma, astrocytoma, anaplastic astrocytoma, and glioblastoma, 
ranging from grades 2 to 4. Time since diagnosis ranged from 2 months to 4 years, 10 months, with one participant 
falling outside of the 5 year cut off, but having had a recurrence within the time frame of interest. All seven patient 
participants had undergone some form of radiation therapy, while six had also undergone surgery, and four had done 
chemotherapy. Four participants were currently in treatment, and three of the seven participants had reported 
recurrence or progression of disease. Participants represented a range of educational backgrounds with three 
participants having associate’s degrees, four with bachelor’s degrees, and six with graduate or professional degrees. 
Technology use information is discussed in findings section of this paper.  
 
Table 2:  Demographic Information 

Patients Patients (P##) Caregivers (C##) 
 Gender Female 4, Male 3 Female 5, Male 1 

Age Average 52.86, range 42-66 Average 50.3, range 39-63 
Time since diagnosis Average 20.2 months N/A 
Race Caucasian 6, Not listed 1 Caucasian 5, Asian Indian 1 

 
Overall Findings 
Patients and caregivers faced a multitude of challenges as they worked to understand and manage complicated 
symptoms, side effects, medications, and treatment protocols. Participants looked to many different sources for 
information including clinicians, the internet, pamphlets and brochures, support groups, medication packaging 
information, scientific literature and clinical trials, patient advocacy groups, webinars, blogs and cancer forums, as 
well as trusted friends and family members to address different aspects of these challenges. Even with a wide range 
of information sources, many issues remained and in some situations, new challenges arose with increased access to 
information. Patients wanted to know what to expect in terms of symptoms and side effects, as well as what the 
future held for them. As a result of these experiences nearly all participants reported feeling lost, alone, scared, or 
overwhelmed at least once during the process. In this section, we present our findings, as outline in Table 3. 
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Table 3. Interview Findings and Interpretations 
Themes Findings and Interpretations Summary 
Current Challenges Symptom and side effect challenges Patients and caregivers often struggle 

with unmet information needs and 
uncertainties, especially early in the 
diagnosis and treatment process 

Information challenges 

Current Behaviors Tracking of health information  Current technology use is limited in 
these activities is minimal, as 
participants perceived many barriers 
and limitations; caregivers play an 
important role in many situations 

Communication of health information  
Caregiver role in management and care 
Technology use 

Future Behaviors and 
Motivations 

Self-tracking to support patient care and 
understanding 

There is great potential for future 
technology design and development 
in this area, but barriers and needs of 
this population require careful 
consideration 

Benefits of viewing previous patients data and 
experiences 
Willingness and motivation  

 
Current Challenges 
Symptom and side effect challenges 
Throughout these interviews, participants reported experiencing over 60 different symptoms, side effects, and health 
events ranging from seizures, fatigue, nausea, anxiety and depression, to gross impairments in cognitive and motor 
functions, as well as changes in behavior and personality. While some were anticipated, others came as a surprise in 
terms of presence, severity, and duration. Many patients and their caregivers experienced challenges identifying and 
detecting these symptoms and side effects. Part of this challenge stemmed from the fact that symptoms can vary 
widely depending on the size and location of the tumor, and that they may be subtle in nature, or present slowly over 
time. A major contributing factor, however, was the fact that participants were not previously familiar with 
neurological symptoms. For example, five patients had experienced what they believed to be a stroke or dizzy spell, 
but was later diagnosed as a seizure. Additionally, one patient had been experiencing weakness on one side of their 
body during follow-up, but because they did not previously have any motor symptoms or impairments, they did not 
know to associate it with the tumor and report it to their clinicians. This later turned out to be a recurrence of the 
disease in another region of the brain. In several situations, caregivers noticed symptoms that patients were not 
aware of, mainly related to changes in cognition, behavior, and personality. In addition to challenges identifying and 
detecting symptoms, participants were also concerned with understanding the causes of the symptoms and side 
effects they were experiencing, and knowing how to manage and react to them. This involved trying to determine 
whether their experiences were related to the disease (i.e. progression or recurrence), or whether treatments or 
medications were responsible. Similarly, knowing what was normal or to be expected, when to be concerned, and 
what to do in response to these events was also a major challenge.  
 
Information Challenges: availability, depth, and presentation of information 
Having access to information was incredibly important to all participants across this study. There was a considerable 
amount of variation however, between participants in regards to overall satisfaction with the quality and quantity of 
information provided by their clinicians. In general, participants felt that they received more and better information 
during radiation treatment than while on chemotherapy at home. This was largely attributed to the fact that during 
radiation, patients were at the treatment center daily over a 6 to 8-week period, and met with clinicians once a week 
to discuss progress and questions. In contrast, patients on oral chemotherapy typically only saw clinicians once 
during each 6 to 8-week chemo cycle. The difference in quantity of face-to-face interactions, and the extended 
periods of time between appointments meant that patients and caregivers often waited longer to receive information, 
ask questions, and report concerns.  
 
Participants also noted challenges involving the level of detail and presentation of information. Many participants 
stated that they would have appreciated more information surrounding diagnosis, treatment procedures, medications, 
side effects and potential complications, especially early on. P06 explained this in saying “I think [knowing more 
about] the medications [and] the treatments would have been helpful because you feel like you are jumping out of 
an airplane without a parachute when you start this journey.” For others, the amount and presentation of 
information was overwhelming, as described by P06 in saying “It’s actually kind of hard from my viewpoint, going 
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through this. I think they are talking at you a lot, and we’re both pretty much in a little state of denial or 
something… You can’t keep track of all the information they are giving you and be able to register it enough to keep 
everything in your head.” Interestingly, C06, the other half of this patient-caregiver dyad, countered this, expressing 
frustrations over missing information several times, and summarizing in saying “Well, I would say that is true for 
you. I could keep track of everything they said because they didn’t tell me very much [both laughing]. I felt a lack of 
information, and you were overwhelmed by everything because of your state.” This feeling was most likely due to 
the fact that patients may not always be in a state cognitively or emotionally to take in and process the information 
being presented, especially following surgery and during treatment. At the same time, some caregivers felt they did 
not always receive the information they wanted or needed. One caregiver reported doing research on her own to 
learn the information and terminology so the clinicians would know and trust that she wanted more information.  
 
Both patients and caregivers reported that they felt clinicians were often vague, unwilling, or unable to provide 
answers, especially related to prognosis. They acknowledged that at times, the information they wanted was not yet 
available, as was the case before biopsy to determine the type and grade of the tumor. In other cases, they attributed 
the hesitancy of clinicians to provide the level of information desired to the individualized nature of the disease and 
number of variables involved, as well as the lack of available clinical trial data for this small, rare disease 
population. Emotional considerations also came into play as participants believed that clinicians at times held back 
information or emphasized the positive extremes because they did not want to depress or upset the patients and their 
caregivers. This scenario was described by P04 in saying “Well I got the distinct impression that he was trying to 
invoke the power of positive thinking. He didn’t want to put any negative sort of doom-saying scenarios into the 
works because that can probably turn into a self-fulfilling prophecy.” Although this participant understood and 
appreciated the concern of their clinician, they went on to further describe that this information was also very 
important and necessary for setting expectations and making decisions about the future, as they often wanted to 
know whether they should be planning in terms of months or years.  
 
Information Challenges: Applicability and the need for personalized information 
It was nearly unanimously reported among patients and caregivers that they wanted to know what to expect 
throughout the treatment process and into the future, and that more and better information was necessary to make 
this happen. This included wanting to know what to expect for their individual situation in terms of symptoms, side 
effects, survival, quality of life, and the potential both long-term and short-term cognitive deficits. Participants 
frequently wanted to be able to compare their situations to information they found online or in the literature but 
experienced challenges in doing so. This was especially common when looking into information surrounding 
prognosis, where many factors can contribute to the likely outcome. Some participants were unable to find relevant 
studies or information at the time of decision-making, while others found that they were unlike the patients in the 
clinical trials due to factors including age, tumor size or location, and treatment history. Factors behind these 
challenges and frustrations extended beyond lack of availability in the literature, and into the clinic. Many patients 
reported repeatedly being told that every patient and every tumor is unique. Although likely intended to provide 
reassurance and discourage participants from reading into what they are finding in trials and on the internet, this type 
of communication lead to more confusion and uncertainty than relief. The frustrations associated with this type of 
communication were described by P07 in saying “What most of the doctors say is like… ‘oh well this is your tumor, 
and there is no other tumor like it. So your experience is your experience, and there’s no such thing as an average.’ 
And so they make these projections as to how I might or might not respond, but they don’t know, and they always 
quantify it saying ‘I can’t tell you because it’s you and your tumor, and it’s not somebody with their tumor that’s 
had the experience that’s in the statistics.’ And so the trouble with that is you come away without any knowledge 
whatsoever…” Concerns and the desire for in-depth, personalized and relatable information did not end once 
treatment was over. For certain participants, setting clear expectations relieved stress, and helped them prepare for 
and accept future possibilities.  
 
Information Challenges: Credibility, cognitive impairment, and emotions  
Patients and caregivers often looked to others for information, guidance, and support throughout the journey. As 
most participants did not know anyone else who had a brain tumor prior to their own diagnosis, they were often 
forced to look to the internet for information to learn about patient and caregiver experiences by way of blogs, 
personal websites, and online forums. Several participants felt that without being able to interact with the source of 
the information and assess their cognitive and emotional state, they could not be certain of the credibility of the 
information being shared. This concern was linked to the fact that changes in personality, behavior, and cognition 
are common in individuals with brain tumors, thus, there is increased potential for sharing of misinformation, 
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whether intentional or not. Interestingly, this sense of distrust and skepticism was more common amongst patient 
participants, whereas several caregivers reported more positive impressions, likely due to the fact that they were 
interested in learning different types of information from these sources. There were also great concern involving the 
internet, both in terms of the potential for discovering information that is scary or upsetting, as well as finding 
incorrect information. Most participants reported using the internet to look up information in the early stages of the 
disease and treatment process, but had since significantly decreased or completely stopped to avoid the stress and 
reduce the potential for misinformation.  
 
Current Behaviors: Tracking, Communication, Caregivers and Technology Use in Information Management  
Tracking and recording health information 
Keeping track of health, symptom, and side effect information can be a valuable component of health information 
management. The majority of current tracking activities were informal in nature with participants largely relying or 
memory, or taking notes in journals or on pieces of paper. Participants primarily noted when they noticed changes in 
a certain symptom or side effect, or if something unexpected occurred that they wanted to bring up with their care 
team. For the majority of these participants, recording of information related to symptoms, side effects, and 
experiences was not intended to serve as a written record, but was used instead to support memory, communication, 
and organization of information. Motivations and reasons for tracking or taking notes varied. One caregiver was 
mentally tracking concerning symptoms for the patient in order to help identify the cause, and hopefully find some 
sort of solution or resolution. For another participant, tracking of seizure information led to the discovery of a 
correlation between the frequency of her seizures and her menstrual cycle. For the participant who was sharing 
caregiving responsibilities with another family member, tracking came about as a byproduct of communication and 
comparing notes rather than a deliberate decision to track or record information. 
 
Reasons why formal tracking or recording health related information did not take place, using mobile health 
applications or otherwise, typically fell into three categories: (1) participants were not explicitly asked to capture 
data by their clinicians, (2) participants felt as though they were seeing the care team frequently enough that 
symptoms and side effects were being adequately assessed, or (3) participants felt that they did not know what or 
how to track health information. Category two was especially interesting with this population as this lead to the 
discovery that tracking and reporting needs and behaviors varied significantly depending on the stage in the 
treatment or follow-up process. As previously mentioned, patients are seen far more frequently when undergoing 
radiation therapy, as compared to at home oral chemotherapy. Two participants explicitly stated that they felt they 
didn’t need to track or record information related to their symptoms during this time period because the clinicians 
were already keeping track of the information that they were interested in. In contrast, during oral chemotherapy, 
patients were seen far less frequently, and often felt like they didn’t know how or what to track.  
 
Communication of Health Related Information  
Communication activities, preferences, and behaviors varied among participants as well. Email was by far the 
preferred method for contacting clinicians with routine questions and prescription refill requests. Several 
participants appreciated when clinicians were willing to use email, avoiding the inevitable game of phone tag that 
typically ensued when patients called in with questions. Despite being convenient and familiar, participants also 
experienced some issues with using email. Patients and caregiver feared overlooking important symptoms, but also 
did not want to burden healthcare providers with unnecessary or ‘stupid’ questions, despite their need for 
information. P07 described a situation where they had attempted to reach out to a clinician via email, but was 
conflicted and worried about being a bother. Others also reported that they had reached out to certain clinicians via 
email, but abandoned it as a method of communication after failing to receive a response. Clinician preferences for 
communication during treatment and follow-up, especially regarding email, were rarely made clear, thus, knowing 
who to contact, and how to reach them when help was needed remained a challenge. The use of secure messaging 
through the patient portal was used much less frequently, and was seen as much less convenient than email.  
 
Caregiver roles, responsibilities, and challenges in care and information management  
In several cases, patients were either unable, or unwilling, to participate in managing and capturing this information 
during parts or all of their care process due to the cognitive, emotional, and physical impact of the disease and 
treatment process. This meant that caregivers took on much of the responsibility for managing information provided 
by clinicians, accessing test results through the patient portal, transferring records between healthcare organizations, 
scheduling appointments, researching treatment options, medications, diets and nutrition, refilling prescriptions, 
dealing with insurance and managing financial and logistical aspects of the care process. At the same time, 
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caregivers faced unique challenges in that their questions and concerns often did not take priority, and at times went 
unaddressed despite the fact that they were often heavily involved in research, decision-making, and patient care 
activities. In several cases, caregivers felt as though they could not ask sensitive questions in front of the patient, or 
patients felt that their questions were more of a priority given the limited amount of time they had with the 
clinicians. In other instances, patients were feeling well enough to take on all of the information management 
activities, and didn’t feel that they needed caregiver assistance or participation in appointments, and may have 
blocked caregiver access to clinicians, despite the fact that they may have had their own questions and concerns. 
Additionally, cognitive impairments and issues with behavior and personality led to at least one patient becoming 
confrontational, and not wanting caregivers to talk about symptoms or ask questions during appointments. In three 
cases, participants felt that separate caregiver appointments might have been beneficial to getting caregiver 
questions answered. Another aspect of information management that arose was the issue of co-caregivers. Because 
caregiving is often time consuming and demanding, some caregivers shared responsibilities with s sibling or spouse. 
This meant that multiple people were involved in activities like scheduling appointments and managing medications, 
as well as capturing information about the patient’s condition, and comparing notes over time.  
 
Technology Use 
Despite the fact that all participants reported using technology in their daily lives, with 12 of the 13 participants 
owning and using a smartphone regularly, the use of personal technologies in health activities related to their cancer 
diagnosis was very limited. From the technology use survey, we found that all 6 caregiver participants reported 
helping to keep tracking of information for the patient, with 4 relying on memory, and 2 using paper. For the 
patients tracking their own health information, three relied on memory, and two used paper. Additionally, two 
patient participants reported using smartphone applications for other aspects of health and well-being, unrelated to 
their cancer treatment. A few participants mentioned using electronic calendars for managing appointment 
information, as well as spreadsheets for keeping track of appointment schedules, medications, and financial 
information. In two cases, email was used as a means of communication as well as a method for documentation and 
management of information. One caregiver had tried using a medication reminder application for the patient they 
cared for, but found that it was difficult to maintain, and easy to ignore. It was not worth the effort of making 
updates to reflect frequent changes in medication type, dosage, and frequency, especially as the patient was not 
responding to the alerts.  
 
Several participants had used smartphone applications for tracking exercise and fitness, diet, menstrual cycles, 
meditation, and information related to other health conditions. Despite everyday use of technology, paper was 
largely considered to be the easiest, fastest, and most convenient option. For several participants, paper was more 
likely to be on hand and immediately accessible compared to cellphones, computers, or tablets. Other participants 
felt that they could not navigate these devices quickly or efficiently enough to record the information of interest. 
With paper, participants could jot down questions or notes whenever they came to them without having to go find a 
device, log in, and access a feature for recording information. In the clinic, participants could write out their 
questions beforehand, and quickly record responses alongside those questions during the appointment. Another 
benefit of paper, for one participant, was that they could practice cognitive and motor skills including hand eye 
coordination when writing in their notebook. For these participants, limited technology use in health was not related 
to distrust, but convenience was a matter of functionality and convenience.  
 
Patient portal usage was also explored in this study. The majority of participants had accessed their own patient 
portal at least once, or the portal of the patient they were providing care for. They felt that in general, the features 
and information was useful, but often limited. They reported accessing the portal to look at blood work, radiology 
reports, and other test results, and occasionally to verify appointment information. There were also challenges and 
limitations associated with patient portals, however. Access was an issue for several participants, as they had 
experienced difficulties with the system failures or had forgotten their log in information. For some participants, 
patient portal access was not offered until later in their treatment process, and historical information was not 
available through the system. Additionally, many caregivers did not know whether they could receive access to the 
portal of the patient they provided care for, and instead had to rely on having the patient log in and allow them to 
view the information. Some patients were receiving care from providers across different healthcare systems, or at 
healthcare systems without integrated portals so information was inaccessible or dispersed across portal systems. 
They also expressed frustrations related to missing data and the often limited nature of the information provided in 
reports. Participants felt that they should have immediate access to their own health data, and that delays in posting 
this information was unacceptable. In some cases, the patient and their caregiver already knew all of the information 
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by the time it was posted to the portal. Other noted challenges and frustrations involving systems not being user 
friendly. Many of these challenges and limitations led to users to abandon the portals, instead relying on other means 
of communication or information access such as requesting print outs in during clinic visits. Several participants 
noted that these portals could be much more useful if they provided additional information, features, and 
functionalities including the ability to record their own information and notes, and access to information and 
resources about the patient’s diagnosis and resources would be helpful to have. 
 
Future Behaviors and Motivations 
Self-tracking to support patient care and understanding 
Many participants felt that technology could potentially be beneficial for supporting tracking and managing health 
information, provided that it was designed to meet their needs, interests, and abilities. They felt that having a more 
complete record of information for clinicians to work through in making decisions and determining causes of 
symptoms and side effects could be helpful. Additionally, some felt tracking could be helpful in understanding and 
finding correlations in their own data, and could reduce the need for memory in recalling questions and information 
related to experiences in the days and weeks between appointments. However, because participants were not 
currently using any sorts or applications or tools in tracking or managing their health information, and because the 
only reference they had was the limited functionality of current patient portals, there was some reluctance to say 
with confidence that they would switch over if tools were to become available. Some of this was resistant to change 
as they had already developed methods that worked well enough for them, relying on paper and memory. As such, 
current behaviors and motivations, as well as the needs, interests, and abilities of these patients and their caregivers 
would need to be carefully considered in future technology design.  
 
Benefits for future patients and caregivers 
Thinking back on the challenges they faced, many participants felt that they could have benefitted greatly from the 
data and experiences of previous patients and caregivers, especially in helping to know what to expect, and to 
determine whether what they were experiencing was normal. One caregiver felt having access to such data, through 
the mediation and interpretation of clinicians, would have helped them to ensure that they were not being naïve in 
their expectations, while another felt that this would help them in reassuring and supporting the patient they were 
caring for, especially early on. Data of interest included quality of life and survival, and information surrounding 
type, severity, and duration of symptoms and side effects, as well as whether they resolved on their own or if 
intervention was necessary and effective.  
 
Another area where this would have been useful is in working through information surrounding prognosis and what 
to expect as the disease progresses. As clinical trial data is incredibly limited for patients with primary brain tumors, 
clinicians are often forced to rely on their own experiences and anecdotal evidence when providing this information. 
Several participants felt having access to more complete tracked data could potentially help clinicians in providing 
more confident estimates of prognosis. Many participants were highly motivated by data and felt that having the 
option of knowing the potential possibilities, and having statistics to back that up would be of great comfort and 
benefit to themselves as well as future patients and caregivers. Although the majority of participants would have 
appreciated seeing such data or experience information, others had strong preferences about what they did and did 
not want to see. One participant indicated that they were not at all interested in seeing or hearing about experiences 
of previous patients with their condition because of the personal nature, and the eventual uncomfortable reality that 
it is a terminal disease. The same participant was comfortable with viewing data, but reaffirmed that they were not 
interested in anything related to personal experiences. They felt that the experience information may have been 
helpful for their caregiver, however.  
 
Willingness and motivation for Future Tracking 
Recognizing that patient and caregiver tracking and reporting of these data and experiences would be essential to 
having it available to address these challenges for future patients and caregivers, these participants were almost 
entirely unanimous in their willingness to provide that data. Some participants like P07 felt that this would be a good 
way to contribute, saying “I said right from the beginning, I would be happy to help down the road… I am not the 
last one that’s going to get this diagnosis, there’s people coming up all the time with it. If I can help somebody else, 
I would be happy to do that.” For others, the major motivation was mainly in having the data available for current 
patient care activities and psychological comfort.  
 
Discussion 
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Some of the significant findings from this study was the participants strong desire for more information, a 
willingness to contribute to their own care and that of future patients and caregivers, and the desire for a better 
understanding of their current situation and potential future with this disease. Due to the number of variables 
involved and problematic uncertainty, it is currently impossible for clinicians to provide detailed estimates of 
prognosis for the majority of these participants, which is a major point of confusion and frustration. Optimism and 
positivity from clinicians was appreciated at times, but also detracted from overall understanding. Although likely 
intended to inspire optimism to ‘defy the median survival rates,’ the approach and telling patients that they are 
unique, and not like other patients was not helpful. Rather, participants felt that having access to actual data through 
clinicians, and to compare themselves to know whether their experiences were as expected, and to identify possible 
trajectories was incredibly empowering. They felt data could help patients, caregivers, and clinicians to have these 
honest conversations, even if it meant that there were still many possible trajectories and outcomes. Also, 
acknowledging that this data likely does not yet exist motivated these participants to be an active part of the data 
collection process, providing benefit beyond their own patient care.  
 
In addition to these findings, we identified three major considerations for future design and development in this 
space. First, when discussing the design of technologies for users with complex medical conditions, the interests, 
needs, and abilities of the intended users require special attention. This is not unique to brain tumors, but because the 
brain controls so many functions, and these tumors can impact a wide variety of abilities, incorporating this 
information into design discussions from the start is important. For individuals with potential motor impairments or 
challenges with language, requirements for multiple methods of data entry (e.g. text, speech, pick list) may be 
necessary. Minimizing the need for memory, and streamlining the process to avoid redundancy was important. 
Participants felt that the technology should be ‘smart’ enough to pull relevant data directly from the medical record 
with minimal efforts from the patients and caregivers. They also emphasized that methods of data collection would 
be important for assessing reliability, preferring subjective measures over long narratives. Additionally, processes 
for verifying information would also be beneficial. Ultimately, data entry has to be convenient or else it will not 
occur. Considerations for shared access for caregivers was also necessary as some patients may be unwilling or 
unable to participate in tracking activities during part or all of their treatment process.  
 
Second, because participants were satisfied with their current methods of tracking and managing information, there 
will likely be a barrier to overcome in incorporating technologies into their routines. For these participants, the 
potential benefits of having a more complete record to support discussions, and the potential that this data might 
help patients to support their own discovery process was valuable. Integrating the use of this data into clinical 
encounters might be one way of overcoming that barrier. Incorporation into the clinical encounter also provides an 
opportunity for clinicians to review the information with patients and their caregivers to ensure reliability and 
completeness prior to submitting it to a repository. Patients and caregivers were more trusting of the information that 
they were given when it came directly from or was verified by their clinicians. Although data integrity can be an 
issue with many types of patient-reported data, it is especially a concern here where cognitive, emotional, and 
behavioral factors may influence the data, and where the amount of data available is likely to be very small. Another 
benefit of integration of these applications and discussions into the clinical encounter is that patients may feel like 
they have the tools to help lead discussions surrounding likely causes or correlations between side effects and 
medications. Clinicians can also control the conversation and interpretation of data, and can guide conversations 
based on an understanding of patient values and preferences. As a final consideration, participants felt that any 
solution that is put into place needs to be easier and more convenient than pen and paper, which for these 
participants, would be very difficult to achieve. To overcome this, there must be significant motivation and benefit 
for them. For these participants, some saw benefit for patient care activities, while others were incredibly motivated 
by the chance to provide data and give back to future patients and caregivers. This may be generalizable to other 
patient populations where there are few patients, and many uncertainties.  
 
There are two main limitations to acknowledge in considering the findings of this study. First, this study involved a 
relatively small number of participants due to challenges with recruitment, the rare nature of primary brain tumors, 
and the severe impact and burden they place on patients and their caregivers. Several potential participants were 
unable to participate due to demanding treatment schedules and the lasting effects of the disease. Additionally, these 
participants may not be truly representative of the overall brain tumor patient population, especially in terms of 
education and race. This was largely due to the fact that the patient population is small to begin with, and we only 
recruited within the Seattle area. Several of these participants however traveled from surrounding areas and states 
for specialized treatment at facilities in the Seattle area.  
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Conclusion 
Mobile-health and patient-facing technologies are not yet readily available for this population, however, the 
potential for tool design in this area is vast. Not only would a smartly designed tool, created to overcome barriers 
and designed with the needs and abilities of these particular users in mind, support current patients and their 
caregivers, but also those who will be stricken with this disease in the future. These patients and caregivers face 
numerous challenges and uncertainties, for which this data could provide a tremendous amount of insight and relief. 
Designing a patient facing tool for this area of healthcare has great potential to benefit not only this subset of 
patients, but also provide insight into the overwhelming number of little understood diseases.  
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