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Abstract
Purpose: Cancer patients experience distress and anxiety when undergoing imaging studies to
monitor disease status, yet these symptoms are not always appropriately identified or well-
managed. This interim analysis of a phase 2 clinical trial explored feasibility and acceptability of
a virtual reality relaxation (VR) intervention for primary brain tumor (PBT) patients at the time of

clinical evaluation.

Methods: English speaking, adult PBT patients with previous reports of distress and upcoming
neuroimaging were recruited between March of 2021 and March 2022. A brief VR session was
done within 2 weeks prior to neuroimaging with patient-reported outcomes (PROs) collected
before and immediately post-intervention. Self-directed VR use over the next 1 month was
encouraged with additional PROs assessments at 1 and 4 weeks. Feasibility metrics included
enrollment, eligibility, attrition, and device-related adverse effects with satisfaction measured
with qualitative phone interviews.

Results: 55 patients were approached via email, 40 (73%) responded and 20 (50%) enrolled (9
declines, 11 screen fails). 65% of participants were < 50 years, 50% were male, 90% were
White/non-Hispanic, 85% had good KPS (> 90), and most were on active treatment. All patients
completed the VR intervention, PROs questionnaires, weekly check-ins, and qualitative
interview. Most (90%) reported frequent VR use and high satisfaction and only 7 mild AEs were
recorded (headache, dizziness, nausea, neck pain).

Conclusion: This interim analysis confirmed feasibility and acceptability of a novel VR
intervention to target psychological symptoms for PBT patients. Trial enrollment will continue to

assess for intervention efficacy.

Trial Registration: NCT04301089 registered on 3/9/2020.

Keywords: virtual reality, primary brain tumor, distress, anxiety



Introduction

The National Comprehensive Cancer Network (NCCN) defines psychological distress in
cancer patients as a multifactorial unpleasant emotional experience of a psychological, social,
and/or spiritual nature which can affect a patient’s ability to effectively cope with their cancer
diagnosis, its physical symptoms, treatment-related toxicities, and diagnostic imaging.'® Past
work has shown that patients with brain tumors have some of the highest prevalence of clinically
significant distress among all solid tumor patients,*° yet this symptom is not always
appropriately identified or well-managed in clinical practice.® Distress exists along a continuum
that ranges from normal adjustment to life stressors to more pervasive adjustment, anxiety and
depressive disorders on the severe end of the spectrum.” While experiencing distress at some
point during the cancer journey is inevitable, ideally the goal is to identify and treat distress in
cancer patients early before it progresses to more severe psychological problems that are more
difficult to treat and more likely to negatively impact clinical outcomes.8°

After patients with primary brain tumors are diagnosed, they typically face an overall
poor prognosis with a challenging clinical course and high symptom burden.'®!" In addition to
the stress related to diagnosis, surgery, and treatment, these patients face an incurable tumor
that requires lifelong surveillance imaging to monitor for likely recurrence. The term “scanxiety”
describes the distress patients can experience related to significant anxiety surrounding the time
that they have diagnostic imaging performed ahead of their clinical evaluations.' While there
are some individuals who are anxious about being in the MRI scanner due to claustrophobia,
others are more anxious about the results of the scan and the implications for their survival
trajectory. Patients with primary brain tumors experience significant uncertainty surrounding
their illness and it has been proposed that intervening upon distress and other mood-related
symptoms (i.e. anxiety, depression) may modify the negative impact on subsequent symptom
burden. Therefore, targeting distress in brain tumor patients at the time of clinical evaluation
may also improve both their psychological and physical health.

In clinical practice, the common approach is to refer highly distressed patients to mental
health professionals, social workers, and/or chaplains for further evaluation so they can get
targeted support to address their psychological needs. One major problem with this strategy is
that despite well-intended referrals, less than half of patients elect to utilize these services when
offered.* One innovative strategy that has been increasingly used in clinical populations is
virtual reality (VR), which offers immersive computer-graphic or video-based environments that
allow users to feel actually present in a virtual world.'*'® VR has been implemented in a variety
of adult and pediatric clinical populations, but has been utilized infrequently in oncology patients.



A recent systematic review summarizing use of VR in solid tumor patients demonstrated

promising improvements in distress, anxiety, and depression while also providing helpful

distraction from unpleasant procedures or treatments,'” though brain tumor patients have been

largely excluded from past trials and continue to be understudied for psychosocial interventions.

The primary aim of this phase 2 trial was to determine the feasibility and acceptability of

a VR intervention to target distress and anxiety symptoms in a PBT patient population at the

time of clinical evaluation. We hypothesized that 1) the VR intervention would be feasible in this

population based on established parameters of eligibility, enrollment, device compliance and

adverse events, and completion of PROs assessments, and 2) patients would report high

satisfaction with the intervention. There are additional secondary and exploratory aims of this

trial (Supplemental Figure 1), which will be reported elsewhere following trial completion.

2.

2.

Secondary aims
1.

To assess the effects of the VR intervention on self-reported acute and subacute
distress and anxiety symptoms.

To determine if the effects VR has on distress and anxiety are more pronounced in
those with high distress (based on DT cut-off score of > 5) compared to those with low
distress (based on DT cut-off score of < 5).

To determine if the effects VR has on distress and anxiety are more pronounced in
those individuals not on systemic corticosteroids compared to those who are on active
CS therapy.

Exploratory aims
1.

To explore the correlations between biological stress measures (as measured by
salivary cortisol, dehydroepiandrosterone-sulfate, and alpha amylase with PROs

To explore the effects of a VR intervention on PROs collected on the NHS, including
mood disturbance, symptom burden and interference, health-related quality of life, and
cognitive function

To explore the impact of loneliness and financial toxicity on distress and anxiety
symptoms during the COVID-19 pandemic

To determine the proportion of patients with adjustment disorder (AjD) in a PBT
population

Supplementary Figure 1. Secondary and exploratory aims of the VR trial. Secondary aims
of this trial include assessing the effects of the VR intervention on acute (immediately post-
intervention) and subacute (1 to 4 weeks post-intervention) distress and anxiety symptoms
while determining if baseline distress levels and corticosteroid use have an impact on

intervention efficacy. Exploratory aims assess correlations between salivary stress biomarkers




and PROs, VR intervention effects on other PROs assess on the Natural History Study trial, and
exploring loneliness, financial toxicity, and prevalence of adjustment disorder.

Methods
Study Design
This was a phase 2 clinical trial with a single arm experimental design (Supplemental
Figure 2) which evaluated the feasibility of a VR intervention to improve distress and anxiety
symptoms for PBT patients at the time of clinical evaluation. While initially intended to be
conducted in-person, due to the COVID-19 pandemic all aspects of this trial were conducted
remotely via telehealth with participants using VR in their home.
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Supplementary Figure 2. Phase 2 trial protocol. Adult PBT patients were recruited from the
NOB NHS trial at the NIH. Eligible patients were recruited via email or in clinic and completed
baseline PROs and optional salivary stress biomarkers within 2 weeks of their clinical
evaluation. Research staff met with patients via telehealth to complete an initial VR intervention
where participants self-selected a scenario to complete, followed by post-VR intervention
assessments within 1 hour to assess acute effects. Patients then continued VR use at home for
the 1 month while on study and repeated post-VR intervention assessments at 1 week and 4



weeks to assess subacute effects. A qualitative phone interview was conducted 1 week
following the initial VR intervention to assess patient satisfaction.

Participants and Recruitment

The study population was comprised of patients who were actively enrolled on the
Neuro-Oncology Branch Natural History Study trial (NCT02851706) for primary central nervous
system tumors.'® Patients were screened for trial eligibility based on pre-defined criteria, which
are outlined in Table 1. Potential patients were identified by screening for those scheduled for
follow-up disease evaluation with subsequent review of their clinic notes in the electronic
medical record and discussion with their clinicians. Patients were recruited during clinic or
telehealth visits, as well as via email reach-outs using a study flyer. Interested patients who met
eligibility criteria were consented remotely via telehealth.

Table 1. Eligibility criteria for VR trial

Inclusion Criteria Exclusion Criteria

1. Diagnosed with PBT (brain + spine | 1. Lack of definitive tissue diagnosis (no past surgery

disease permissible) or biopsy)

2. Enrolled on NHS trial at NIH 2. Recent cranial surgery < 2 weeks prior to VR
intervention

3. Age > 18 years old 3. Scalp wound healing issues that might interfere
with VR headset use

4. Able to understand & sign 4. Pre-existing diagnosis of epilepsy (prior to brain

informed consent tumor diagnosis) or recent seizures < 6 weeks prior

to VR intervention
5. Can reliably self-report symptoms | 5. Diagnosis of GAD, PTSD, claustrophobia, or panic

(based on clinician assessment) disorder

6. Upcoming clinic or telehealth 6. Hypersensitivity to motion or currently
appointment with associated MRI experiencing severe nausea

scan

7. Reported distress > 1 on past 7. Visual deficits, including hemianopsia, diplopia,
symptom questionnaires and agnosia, that may interfere with VR experience

Abbreviations: PBT: primary brain tumor; NHS: Natural History Study; NIH: National Institutes of Health;
MRI: magnetic resonance imaging; VR: virtual reality; GAD: generalized anxiety disorder; PTSD: post-
traumatic stress disorder

VR intervention

Research staff demonstrated use of the VR headsets with the patients in a telehealth
meeting prior to the initial intervention. Once all baseline assessments were collected, patients
completed a brief, self-selected 5-minute VR intervention under remote supervision by study
staff. Staff remained in the telehealth meeting with the patients during the VR intervention so
they could monitor for any technology issues or device-related AEs.




The VR headset used in this trial is the Pico G2 4K device, which is an immersive,
lightweight, stand-alone headset that comes with an orientation-tracked controller and does not
require a smartphone or a PC to function. This headset can be used via “gaze mode” or
“controller mode” where the user can make selections on the screen by either directing their
gaze at a particular item or by pointing at it using the remote controller. Additionally, there is a
breath shield attachment on the front of the headset that can detect breathing patterns of the
user and will change the virtual environment experienced if a breath-based scenario is chosen.
The VR software loaded on the headset was designed by AppliedVR™ for use within clinical
populations and aims to target unpleasant symptoms and promote relaxation. There are a total
of 41 scenarios on the VR headset that fall within 3 main categories: 1) Dynamic Breathing, 2)
Guided Relaxation, and 3) Instant Escape, shown in Figure 1. While there are several
interactive games on the VR device, participants were instructed not to choose these during the

initial VR intervention since they tend to be more stimulating than anxiolytic.

Dynamic Breathing

MINDFUL BREATHING BREATH OF HOPE

Experiences that teach patients breath
awareness & slow, diaphragmatic breathing
techniques in order to manage stress & lower
heart rate

Experiences with meditative, calming
environments that allow patients to practice
mindfulness strategies & awareness of
streams of thought

Instant Escape

DOLPHINS HEALING BEAR BLAST
= R e ’-\ 2 & Experiences that are designed to provide
3 '5‘ \" ¥ % - multisensory distraction from unpleasant
- . .
- ey symptoms in order to alleviate stress

.

Figure 1. AppliedVR™ virtual scenarios on Pico G2 4K headset. The dynamic breathing
scenarios, which make use of a breath shield attachment, guide the participant to take slow,
deep breaths in order to slow the heart rate and induce relaxation as the environment seen
changes based on the breathing pattern. Guided relaxation scenarios are meditative in nature



and promote mindfulness and bringing attention to unhelpful thoughts and emotions that
participants might be experiencing. Instant escape scenarios allow distraction through
exploration of immersive environments, including ocean-based experiences, travel to various
locations around the world, and interactive games.

Following the initial VR intervention, patients had self-directed VR use for the 1 month
period they were on study and could choose any scenario available on the headset. Study staff
conducted weekly check-ins to help troubleshoot any technological questions, to ask about
device-related AEs, and to ask how often they used VR during the previous week. Other
members of the household were permitted to use the VR headset and patients were asked to

inform us if this occurred, though no data was collected from those individuals.

Measures

Feasibility and acceptability. This study will be considered successful if the following
feasibility and acceptability metrics are met: 80% of approached eligible patients agree to
participate in the trial, 70% compliance with VR headset use during the initial intervention, 70%
of PROs are completed, no grade 3 or higher device-related adverse effects (AEs) reported,
and high patient satisfaction with the intervention, which is determined by responses obtained
during the qualitative interview and the Was It Worth It (WIWI) questions.

Patient-reported outcomes. Study outcome measures were collected using validated,
patient-reported instruments. Device-related AEs were a primary outcome, distress and anxiety
symptoms were secondary outcomes, and loneliness, financial toxicity, and adjustment disorder
were exploratory outcomes. Table 2 outlines additional details about the PROs instruments
used in this trial.

Table 2. PROs measures included in trial

Measures Description Clinical Cut-Offs
Primary
PRO-CTCAEs"™ 5 items (related to VR use) with option | 1 = mild
to add items, 5-point Likert scale or 0/1 | 2 = moderate
for absent/present 3 = severe
4 = life-threatening
5 = death
Secondary
NCCN Distress 1 item, 11-point Likert scale with > 5 = moderate-severe
Thermometer® accompanying Problem List
STAI-6 (S-scale)?!22 6 items from S-scale, 4-item Likert > 40 = clinically
scale (total score converted to range significant
from 20 to 80)




Exploratory

UCLA Loneliness 20 items, 4-point Likert scale 20 to 34 = low

Scale?2 35 to 49 = moderate
50 to 64 = moderately
high
65 to 80 = high

COST Questionnaire® 11 items, 5-point Likert scale not established

ADNM-2026 Stressor & ltem lists, 4-point Likert > 47.5 = high risk

scale

Abbreviations: PRO-CTCAEs: Patient-Reported Outcomes version of the Common Terminology Criteria
for Adverse Events; AE: adverse event; STAI-6: State-Trait Anxiety Inventory 6-item; S-scale: “state”
anxiety subscale of STAI-6; UCLA: University of California — Los Angeles; COST: Comprehensive Score
for Financial Toxicity; ADNM-20: Adjustment Disorder New Module — 20

Qualitative assessment. A 7-item semi-structured questionnaire was used during a
phone interview with trial participants 1 week following the initial VR intervention in order to
assess patient satisfaction with the intervention, feedback about the device, adverse effects
related to device use, and the patient’s experience during the COVID-19 pandemic related to
their psychological health. The interview concluded with 4 yes/no WIWI questions that further
assessed satisfaction with the VR intervention. The phone interviews were recorded and the
content transcribed to allow for qualitative thematic analysis. For the purposes of this interim
analysis, responses to the WIWI questions were used to report patient satisfaction and the
results from qualitative thematic analysis will be reported elsewhere.

Correlative biomarkers. This trial has optional collection of salivary stress biomarkers,
including salivary cortisol, dehydroepiandrosterone-sulfate, and salivary alpha amylase, which
are collected by patients at their home with kits supplied by the study team. Due to restrictions
related to the COVID-19 pandemic, no saliva has been collected to date.

Data Management and Monitoring

The PROs data from the questionnaires was collected via the Scribe electronic interface
using links emailed to participants at the 4 study timepoints (baseline, immediate post-VR
intervention, 1 week post-VR intervention, and 1 month post-VR intervention). All trial data was
exported into a password-protected internal database and audited for errors by trained data
analysts. To protect confidentiality, patient identifiers are stored in a separate location from the
research data and only the key study personnel have access to identifying information.

Device-related AEs were assessed via the PRO-CTCAE questionnaires and through
patient report during weekly check-ins with the study team. In the event that the participant
reported any adverse effects, either during the intervention or with ongoing VR use at home,
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they were instructed to remove the VR headset and allow time to recover from the symptoms. If
their symptoms persisted despite a break from using the device, their clinical team was notified,
VR use was discontinued, and they completed follow-up PROs assessments, per investigator

and clinician discretion.

Statistical Analysis

To evaluate the feasibility of the VR intervention, descriptive statistics were used to
summarize rates of recruitment and retention, data completion, compliance, device-related AEs,
and patient satisfaction. Analysis of secondary and exploratory aims will be reported elsewhere

following recruitment of the full cohort.

Results

Feasibility of Recruitment

Recruitment occurred from March 2021 to March 2022 during the second year of the
COVID-19 pandemic. A total of 55 patients who were pre-screened by the research team were
approached for participation via email with 15 patients not responding and 9 patients declining
participation (Figure 2). Reasons for patient declines included lack of self-perceived distress or
anxiety, treatment-related nausea, or unknown. The remaining 31 patients who were interested
in participating were screened for eligibility with 20 patients (65%) deemed eligible and 11
patients (35%) failed screening. The majority of screen fails (7/11) were due to the presence of
a pre-existing anxiety disorder, with other exclusionary reasons including recent seizures (1/11),
nausea/vertigo (1/11), incisional scalp pain (1/11), and visual deficits (1/11). All 20 patients who
were approached and deemed eligible elected to enroll in the trial.
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Recruited for Participation
(N =55)
| > No Response (N = 15)
l Declines (N = 9)
Screened for Eligibility
(N=31)
| > Screen Fails
4 (N=11)
Eligible Patients
(N =20)
C(o’\? s:g(tgd Decline Reasons
Denies distress or anxiety symptoms (N = 3)
l Treatment-related toxicities (N = 1)
Reason not provided (N = 5)
Completed Baseline
Assessments
(N =20) Screen Fail Reasons
Anxiety disorder (N = 7)
Recent seizures (N = 1)
Visual deficits (N = 1)
Completed VR Intervention Vertigo/nausea (N = 1)
(N = 20) Incisional scalp pain (N = 1)

l

Completed Post-Intervention
Assessments
(N =20)

l

Completed Phone Interview
(N =20)

Figure 2. Consort diagram. A total of 55 PBT patients were recruited for participation in this
trial (46 via email, 9 in clinic) with 15 patients not responding to the reach-out and 9 patients
declined participation (reasons listed above). There were 31 patients who were interested in
participating and were screened for eligibility with a total of 11 screen fails (reasons outlined
above). Ultimately, 20 patients were eligible and consented to the trial. All enrolled patients
completed baseline assessments, the VR intervention, all post-intervention assessments,
weekly check-ins with the study team, as well as the qualitative phone interview.

Table 3 shows the patient demographics and clinical characteristics. The mean age of
patients was 43 years with 65% of those enrolled < 50 years old. There was an even gender
distribution with 100% of patients reporting White race and 15% reporting Hispanic or Latino
ethnicity. Most patients had a high-grade tumor (60%) with glioblastoma being the most
common diagnosis (30%). Half of the patients were on active treatment and 85% had a good
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Karnofsky Performance Status (KPS) score at the time of enrollment. The vast majority of
patients had low baseline distress (90%), as defined by a score of 0 to 4 on the MD-Anderson

Symptom Inventory-Brain Tumor instrument, going into the VR intervention and none were on

corticosteroid therapy.

Table 3. Sample demographics & clinical characteristics (N = 20)

Age Mean (SD) 43 (11)
Median (range) 43 (27-60)
N %
> 50 years 7 35
< 50 years 13 65
Sex Female 10 50
Male 10 50
Race White 20 100
Black or African American 0 0
Asian 0 0
Other 0 0
Unknown 0 0
Ethnicity Hispanic or Latino 3 15
Current tumor type Glioblastoma 6 30
Anaplastic ependymoma 4 20
Anaplastic astrocytoma 2 10
Anaplastic pilocytic astrocytoma 1 5
High-grade neuroepithelial tumor 1 5
Pleomorphic xanthoastrocytoma 2 10
Oligodendroglioma 3 15
Clear cell ependymoma 1 5
Current tumor grade Low grade (1 or 2) 7 35
High grade (3 or 4) 12 60
Not specified 1 5
Current tumor location  Brain 17 85
Brain + spine 3 15
Treatment status Newly diagnosed 1 5
Active treatment 10 50
On surveillance 9 45
KPS score < 80 (poor) 3 15
> 90 (good) 17 85
Baseline distress level Low (0 to 4) 18 90
High (510 10) 2 10
Active corticosteroids No 20 100
Yes 0 0

Abbreviations: SD: standard deviation; KPS: Karnofsky Performance Status
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Feasibility of Intervention and Procedures

Of the 20 patients who participated in the trial, 100% completed baseline (To)
assessments and underwent the initial VR intervention in a telehealth meeting with the study
team. Following a demonstration about how to use the headset, all patients were able to
navigate use of the device without significant difficulties and completed their first VR scenario
under supervision of the research team. 100% of patients completed all post-intervention
assessments, including immediately following the first VR intervention (T+), 1 week post-
intervention (T2) and 1 month post-intervention (Ts) with self-directed ongoing use of the device
and completion of the 1 month study period. There were 4 minor deviations due to late
completion of questionnaires, which were easily addressed by the study team reaching out
electronically to the patient. All patients also took part in the qualitative phone interview 1 week
following the initial VR intervention to report their satisfaction.

Out of 20 enrolled patients in the trial, a total of 7 patients (35%) reported mild (grade 1)
adverse effects related to use of the VR device, all of which self-resolved following
discontinuation of device use during that session. The remaining 13 patients experienced no
AEs related to VR device use. The most frequently reported AE was dizziness (3 patients),
followed by headache (2 patients), nausea (1 patient), and neck stiffness (1 patient). The 3
patients who reported headache and nausea had just begun chemotherapy treatment.
Additionally, the 1 patient who reported neck stiffness was using the VR headset in “gaze mode”
while lying down in bed, which likely caused this symptom and resolved when using the remote
control for the headset.

Acceptability of Intervention

Acceptability metrics of the VR intervention based on the WIWI questionnaire can be
seen in Supplementary Table 1. The majority of patients who participated in this trial reported
that it was worthwhile to participate in the VR intervention (90%) and that if they had to do it
over again they would use VR in the future (90%). Nineteen out of 20 patients (95%) would
recommend VR use to other patients prior to their clinic appointments, which also indicates high
acceptability of the intervention. Lastly, 12 of 20 patients (60%) indicated that their quality of life

improved following use of VR during their time on study.
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Supplementary Table 1. Responses from Was It Worth It (WIWI) questionnaire

Question N Yes (N, %) | No (N, %)

Was it worthwhile for you to participate in the VR 20 18, 90% 2,10%

intervention?

If you had to do it over, would you use VR again? 20 18, 90% 2,10%

Would you recommend VR to other patients to use 20 19, 95% 1,5%

before their clinic appointments?

Overall, did your quality of life change by using VR? 20 12, 60% 8, 40%
Discussion

Use of VR has the potential to ameliorate some of the negative aspects of cancer that
patients endure and allows them to escape to more pleasant environments and experience
more positive thoughts and emotions to aid with coping.2” Within oncology, much of the
previous literature has focused on VR interventions that aim to reduce symptoms associated
with chemotherapy infusions,?3'! painful procedures such as port or IV placement,2 or
targeting distress and other psychological symptoms?”-3* with promising results to support its
use, yet very little information regarding efficacy for patients with brain tumors. This phase 2
feasibility trial is the first known study to assess the feasibility and acceptability of a VR
intervention to target distress and anxiety symptoms in this population at the time of clinical
evaluation, a time known to cause worsening of psychological symptoms. Results from this
interim analysis suggest that this novel interventional strategy is feasible in patients with primary
brain tumors and has high reported acceptability to date. We did not attempt to analyze the
impact of VR use on distress and anxiety symptoms in this preliminary analysis given the lack of
power with such a small sample, though we plan to assess the aforementioned secondary and
tertiary study aims in future analyses once accrual and data collection is complete.

Screening and enroliment for this trial proved to be feasible in this population, despite
fairly conservative eligibility criteria to ensure safety of enrolled participants. Most patients who
were pre-screened & approached for the study were interested in participating. This likely
relates to a high prevalence of distress, which was likely heightened during the COVID-19
pandemic, and the enthusiasm for an intervention that they could complete at home. The
most common reason for screen failures for interested potential patients was having an
exclusionary pre-existing anxiety disorder, including generalized anxiety disorder (GAD), post-
traumatic stress disorder (PTSD), claustrophobia, and panic disorder. While we did not believe
the VR intervention would be harmful to individuals with these conditions, given that this trial

aimed to intervene on more situational distress and anxiety at the time of diagnostic imaging, we
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thought it practical to exclude those with more pervasive anxiety disorders that might be less
likely to benefit. Based on the high prevalence of these disorders in our population thus far, we
will consider including these individuals in future recruitment in order to assess feasibility and
responsiveness to the VR intervention.

Overall, the intervention and study procedures were found to be both feasible and
acceptable based on high completion rates for all assessments, zero attrition from the study,
and favorable responses to the WIWI questions during the qualitative phone interview. Through
weekly check-ins with the patients and study team, we were able to attain 100% data
completion for all PROs electronic questionnaires with only 4 deviations for assessments
received outside of the pre-determined time windows. Some of the reasons that patients with
brain tumors tend to be excluded from clinical trials include a perceived lack of interest in
participating in trials or clinician concern for severe cognitive dysfunction in the patients that
might prohibit them from following study procedures.®® We found quite the opposite and despite
the majority of patients having high-grade tumors and undergoing active treatment, they were
very capable of operating the VR device, following directions for completion of PROs, and were
grateful for the opportunity to be a part of this study. Providing patients with a virtual orientation
to the device was helpful to address any questions they had upfront and staff were available via
email for any questions that arose.

A unique aspect of this trial is that the VR intervention was delivered remotely with
patients using the device in their own home. While none of us were used to communicating with
patients exclusively via telehealth platforms prior to the COVID-19 pandemic, there were some
distinct advantages to this remote approach that may have positively impacted feasibility and
acceptability of the VR intervention. Once we all had adapted to using the various virtual
platforms, communication with patients was relatively easy there was more flexibility in
arranging times for meetings and patients did not have to travel to the NIH to participate.
Furthermore, patients were much more likely to be relaxed when using the VR device while in
their home environments,3” which may have enhanced the satisfaction with the intervention and
potentially augmented any symptomatic improvement they experienced.

A main limitation for this trial is its single-center, non-randomized design. As this is the
first VR-based interventional trial in the brain tumor population, it was important to demonstrate
feasibility and preliminary efficacy prior to launching a larger randomized study. Additionally,
conducting this study during a global pandemic presented challenges for recruitment and also
may have biased the types of patients enrolled. Lastly, these findings are from an interim

analysis with a relatively small sample and require confirmation in a larger study where
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feasibility and preliminary efficacy of the intervention can be established. These analyses are
planned and will be reported once all patients have been recruited.

In conclusion, findings from this phase 2 trial interim analysis suggest that use of VR to
target distress and anxiety symptoms in patients with primary brain tumors at the time of clinical
evaluation is both feasible and acceptable and can be administered remotely. Continuation of
this trial to collect data from the remaining sample is warranted and will allow further
assessment of these feasibility metrics, as well as establishing preliminary efficacy for improving
these psychological symptoms in the neuro-oncology population.
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