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Abstract

Background: Immunotherapy-related fatigue is a persistent and debilitating symptom among patients receiving immune checkpoint

>4

inhibitors, often impairing physical functioning and overall well-being. Conventional management options remain limited,
prompting interest in non-pharmacological approaches such as mindfulness-based interventions. Virtual reality offers an immersive
and engaging platform that may enhance the delivery and effectiveness of mindfulness practices.

Objective: To evaluate the impact of a virtual reality—based mindfulness intervention on fatigue severity and quality of life compared
with standard supportive care in patients undergoing immunotherapy.

Methods: A randomized controlled trial was conducted with 48 adults receiving immunotherapy for solid tumors. Participants were
randomly assigned in a 1:1 ratio to either a virtual reality mindfulness program or standard supportive care. Fatigue severity was
assessed using the Brief Fatigue Inventory, and quality of life was evaluated using the EORTC QLQ-C30 at baseline, week 4, and
week 8. Data were analyzed using independent-sample t-tests and repeated-measures ANOVA under normal distribution
assumptions.

Results: The virtual reality group demonstrated a substantial reduction in fatigue scores from baseline (mean 6.8 = 1.2) to week 8
(3.9 £ 1.0), compared with smaller changes observed in the control group (6.7 £+ 1.3 to 5.9 + 1.3). Quality-of-life scores improved
markedly in the intervention group (from 52 £ 10.7 to 71 + 11.5), whereas the control group showed minimal improvement (51 +
11.1 to 56 + 10.6). Adherence exceeded 85%, with only mild and transient adverse effects reported.

Conclusion: Virtual reality—based mindfulness showed meaningful reductions in immunotherapy-related fatigue and improved
quality of life. This intervention presents a feasible and scalable supportive care option for individuals undergoing immunotherapy.

Keywords: Fatigue; Immunotherapy; Mindfulness; Neoplasms; Quality of Life; Randomized Controlled Trial; Virtual Reality.
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Immunotherapy has reshaped the landscape of modern oncology, offering clinically significant benefits across a wide range of
malignancies. Agents such as immune checkpoint inhibitors have become standard in the treatment of melanoma, lung cancer, renal
cell carcinoma, and several other tumors, largely due to their ability to enhance intrinsic antitumor immune responses(1). Despite
these advances, a substantial proportion of patients experience treatment-related toxicities that can interfere with daily functioning
and undermine quality of life. Among these toxicities, fatigue remains one of the most pervasive and debilitating symptoms.
Immunotherapy-related fatigue is often multifactorial, attributed to immune activation, cytokine release, metabolic alterations, and
psychosocial stressors associated with cancer treatment(2). Unlike transient fatigue experienced in acute illness, cancer-related
fatigue tends to be persistent, unpredictable, and disproportionate to physical exertion, leaving individuals with reduced physical
capacity, impaired cognition, and emotional distress(3).

Conventional approaches to the management of cancer-related fatigue have yielded variable outcomes. Pharmacological options
remain limited in effectiveness and are frequently accompanied by undesirable side effects, making them unsuitable for routine
use(3). Non-pharmacological strategies—including exercise programs, psychoeducational interventions, and mindfulness-based
therapies—have emerged as promising alternatives. Mindfulness, in particular, has been associated with improvements in stress
regulation, sleep quality, emotional resilience, and overall well-being(4). By encouraging present-moment awareness and non-
judgmental acceptance of internal experiences, mindfulness helps modulate physiological stress responses that contribute to fatigue.
However, traditional mindfulness interventions require time, instructor expertise, and a degree of patient engagement that may be
challenging for individuals undergoing active cancer treatment. Fatigue itself often reduces motivation and limits participation,
creating a paradox where the symptom that most needs relief also hinders adherence to therapeutic practices(5).

In recent years, virtual reality (VR) technologies have gained momentum in health care as tools for psychological support, pain
management, procedural distraction, and rehabilitation(6). VR’s immersive sensory environment offers a unique opportunity to
facilitate engagement and enhance the therapeutic impact of psychological interventions(7). For individuals with cancer, VR can
provide an accessible and appealing platform for relaxation, guided breathing, and mindfulness exercises without the need for
specialized training or clinic-based sessions. Immersive VR environments may help override intrusive bodily sensations, reduce
anxiety, and promote a sense of calmness, thereby potentially mitigating fatigue intensity(7). Furthermore, early exploratory studies
have shown that VR-based mindfulness can improve mood, reduce perceived stress, and enhance patient satisfaction, yet robust
clinical evidence—particularly in the context of immunotherapy-induced fatigue—remains scarce(8).

The integration of VR with mindfulness-based techniques aligns with the growing emphasis on supportive care strategies that
address the holistic needs of cancer patients(9). As treatment outcomes improve and survivorship increases, attention has shifted
toward maintaining quality of life alongside disease control. Fatigue, if unaddressed, can adversely affect physical activity, treatment
adherence, social participation, and emotional well-being, ultimately influencing clinical outcomes(10). Given the complexity of
fatigue and the limitations of existing interventions, there is a need for innovative, patient-centered approaches that are engaging,
easy to implement, and compatible with the demands of ongoing treatment. VR offers the advantage of standardization, scalability,
and the potential for home-based use, making it a particularly attractive modality for supportive care during immunotherapy.

Despite the theoretical promise of VR-based mindfulness interventions, empirical evidence from rigorously designed trials remains
limited(11). Most existing studies have small sample sizes, lack control groups, or examine VR applications for general anxiety or
symptom distress rather than treatment-specific fatigue. Immunotherapy presents unique physiological and psychological challenges
that may influence the effectiveness of behavioral interventions, underscoring the need for dedicated investigations in this
population(12). A randomized controlled trial is therefore essential to determine whether VR-based mindfulness provides
meaningful benefits beyond those achieved with standard supportive care(13). By systematically evaluating fatigue severity and
broader quality-of-life outcomes, such research can clarify the role of VR in contemporary oncology practice and guide the
development of integrative care pathways(14).

To address this gap, the present randomized controlled trial was designed to assess whether a virtual reality-based mindfulness
intervention can effectively reduce immunotherapy-related fatigue and improve quality of life compared with standard care alone.
The objective of this study is therefore to evaluate the impact of VR-guided mindfulness on fatigue severity and overall well-being
among patients receiving immunotherapy, providing evidence for an accessible and innovative approach to supportive cancer care.
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The study was conducted as a randomized controlled trial designed to evaluate the effectiveness of a virtual reality—based
mindfulness intervention for reducing immunotherapy-related fatigue and improving quality of life. The trial followed a parallel-
group structure with a 1:1 allocation ratio, comparing the VR mindfulness program with standard supportive care typically offered
to patients undergoing immunotherapy. The setting included a tertiary-level cancer treatment center where patients were routinely
monitored during immunotherapy cycles. This study was conducted in accordance with the Declaration of Helsinki. Ethical approval
was obtained from Lady Reading Hospital, Peshawar, Pakistan. Over a six-month recruitment period, a sample size of 48 participants
was considered feasible and statistically adequate for detecting moderate differences in fatigue scores, based on sample ranges
commonly reported in studies evaluating behavioral or digital interventions for cancer-related fatigue. This sample size also allowed
for potential attrition while maintaining the statistical power necessary for comparative analysis.

Eligible participants were adults aged 18 years or older who were receiving immune checkpoint inhibitors for solid tumors and had
self-reported moderate fatigue persisting for at least two weeks during treatment. Only individuals with stable disease status and an
expected continuation of immunotherapy for a minimum of six additional weeks were included to ensure consistency in treatment
exposure. Participants were required to have sufficient cognitive capacity and visual and auditory function to engage with the VR
content. Exclusion criteria consisted of known vestibular disorders such as severe motion sickness, active neurological conditions
that could interfere with VR use, unmanaged psychiatric illness, or any prior experience with structured mindfulness-based therapy
within the preceding six months. Patients whose symptoms required urgent clinical intervention or those hospitalized for acute
complications were not eligible to participate.

Following eligibility screening, participants who expressed interest were provided with detailed verbal and written information
outlining the purpose of the study, the nature of the VR intervention, procedures involved, and their right to withdraw without any
effect on treatment. Written informed consent was obtained before enrollment. After consent, participants were randomized using a
computer-generated allocation sequence prepared by an independent researcher not involved in data collection. Allocation was
concealed through sequentially numbered, opaque envelopes opened only after baseline assessment. Blinding of participants was
not feasible due to the interactive nature of the intervention; however, outcome assessors remained unaware of group assignment to
reduce assessment bias.

Participants in the intervention group received a VR-based mindfulness program delivered through a lightweight headset. The
program consisted of guided breathing, body-relaxation sequences, and immersive natural landscapes designed to promote focused
attention and reduce internal stress responses. Each session lasted approximately 15-20 minutes and was completed three times per
week for four consecutive weeks. Participants were supervised for the first session to ensure safe and correct use of the device, while
subsequent sessions could be completed independently either during clinic visits or at home. Technical support was available
throughout the study period. The control group continued to receive standard supportive care, which included routine counseling,
fatigue education, and general lifestyle advice commonly provided during immunotherapy.

Outcome data were collected at baseline, at the end of week four, and again at week eight to assess short-term sustainability of
effects. Fatigue severity was measured using the Brief Fatigue Inventory (BFI), a validated instrument widely used in oncology
research. Quality of life was evaluated using the European Organisation for Research and Treatment of Cancer Quality of Life
Questionnaire (EORTC QLQ-C30), which captures multidimensional domains including physical, emotional, and social
functioning. Additional measures such as adherence to the VR sessions, adverse effects, and self-reported engagement levels were
documented to provide contextual information on feasibility.

All data were entered into a secure database and checked for completeness before analysis. Distribution of continuous variables was
examined using the Shapiro—Wilk test, confirming normality assumptions, which allowed the use of parametric statistical tests.
Descriptive statistics were presented as means and standard deviations for continuous variables and as frequencies for categorical
variables. Between-group differences in fatigue severity and quality-of-life scores at follow-up time points were analyzed using
independent-sample t-tests. Repeated-measures analysis of variance (ANOVA) was applied to assess within-group changes over
time and interaction effects between time and group assignment. A two-tailed significance level of p < 0.05 was used for all
comparisons. Missing data were handled through pairwise deletion, as the small sample size and short follow-up reduced the risk
of systematic missingness.

The methodological choices employed in this trial were selected to ensure transparency, reproducibility, and adequate control of
confounding factors while maintaining a patient-centered approach. The design allowed for a rigorous assessment of whether a
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virtual reality—based mindfulness intervention could offer measurable benefits beyond standard care for individuals experiencing
fatigue during immunotherapy.

Results

The study enrolled 48 participants, with 24 randomized to the virtual reality (VR) mindfulness group and 24 to the control group.
All participants completed baseline assessments, while 45 completed the week-4 assessment and 43 completed the week-8 follow-
up. Attrition was comparable between groups. The mean age of the participants was 56.7 + 10.4 years, and 54.2% were female.
Baseline demographic characteristics, cancer types, and treatment durations were similar across the two groups, as shown in Table
1.

Baseline fatigue severity scores measured by the Brief Fatigue Inventory (BFI) were comparable between the VR group (mean 6.8
+ 1.2) and the control group (mean 6.7 = 1.3). At week 4, the VR group’s fatigue score decreased to 4.2 + 1.1, whereas the control
group showed a smaller reduction to 6.1 £ 1.2. By week 8, the VR group demonstrated further reduction to 3.9 = 1.0, while the
control group’s fatigue score measured 5.9 + 1.3. These values are summarized in Table 2. The trends in fatigue scores over time
are illustrated in Figure 1.

Quality-of-life outcomes, assessed with the EORTC QLQ-C30 global health status score, also demonstrated changes across the
study period. Baseline scores were similar between groups, with means of 52 + 10.7 in the VR group and 51 £ 11.1 in the control
group. At week 4, the VR group’s score increased to 68 + 12.3 compared with 55 + 10.4 in the control group. By week 8, the VR
group reached a mean score of 71 + 11.5, while the control group showed minimal improvement to 56 £+ 10.6. Table 3 provides a
detailed summary, and Figure 2 visualizes the progression of quality-of-life scores.

Repeated-measures ANOVA showed significant time effects for both outcomes. For fatigue severity, the VR group demonstrated a
marked reduction across all time points, whereas the control group showed only modest change. Between-group differences at both
week 4 and week 8 were statistically significant. Similarly, quality-of-life scores showed consistent improvement in the VR group
across time, while the control group’s scores remained largely stable. Independent-sample t-tests indicated significant differences
between groups at both follow-up intervals.

Adherence to the VR protocol was high, with 87.5% completing at least 10 of the 12 recommended sessions. Only mild VR -related
effects were reported, such as brief dizziness in two participants and eye strain in three participants; all completed the study. No
participant discontinued due to adverse effects. Session engagement logs indicated an average session duration of 18.3 & 2.1 minutes.

Together, the results indicate that the VR mindfulness intervention was associated with measurable changes in fatigue severity and
quality-of-life scores over an eight-week observation period. The numerical findings presented in the tables and accompanying
figures summarize the progression of outcomes during the study period without further interpretation.

Table 1: Demographic Characteristics (n = 48)

Variable VR Group (n=24) Control Group (n=24)
Age, mean + SD 56.4+10.2 57.1+10.7

Female, n (%) 13 (54.2%) 13 (54.2%)

Cancer type — Solid tumors, n (%) 24 (100%) 24 (100%)
Immunotherapy duration (months), mean + SD 41+13 40+14

Table 2: Fatigue Severity (BFI Scores)

Time Point VR Group (mean + SD) Control Group (mean = SD)
Baseline 6.8+1.2 6.7+1.3
Week 4 42+1.1 6.1+£1.2
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Week 8 39+1.0 59+13

Table 3: Quality of Life (EORTC QLQ-C30 Global Health Score)

Time Point VR Group (mean + SD) Control Group (mean + SD)
Baseline 52+10.7 51+11.1
Week 4 68 +12.3 55+104
Week 8 71+11.5 56 +10.6

Table 4: Intervention Adherence

Variable VR Group
Completed >10 sessions, n (%) 21 (87.5%)
Average session duration (min), mean + SD 183+2.1
VR-related adverse events, n (%) 5 (20.8%)

Quality of Life Over Time
Change in Fatigue Scores Over Time
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Discussion

The findings of this randomized controlled trial suggest that a virtual reality—based mindfulness intervention yielded clinically
meaningful reductions in fatigue severity over an eight-week period, along with sustained improvements in global quality of life(15).
Participants who engaged in the VR mindfulness sessions experienced a markedly greater decline in Brief Fatigue Inventory scores
than those receiving standard supportive care, with the greatest effects observed by week 8. Concurrently, the VR group’s EORTC
QLQ-C30 global health status rose substantially, indicating that the intervention had broad effects on well-being(16).

These results align with emerging evidence that immersive VR can ameliorate fatigue and distress among patients with cancer. For
instance, a recent randomized controlled trial reported that immersive VR significantly reduced fatigue in oncology patients
undergoing cytotoxic therapy. (PubMed) A systematic review and meta-analysis of RCTs similarly demonstrated that immersive VR
reduces fatigue in adult cancer populations, with standardized mean differences favoring VR over control conditions. (PubMed) The
present data extend these findings by showing not only short-term decreases but continued benefit through a sustained follow-up in
a population receiving immunotherapy, a context that has been underexplored in prior work(17).
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Moreover, this study’s VR mindfulness program echoes recent pilot research of at-home immersive experiences. In a trial of women
with metastatic breast cancer using home-based VR, clinically meaningful reductions in fatigue and improvements in quality of life
were recorded over only a few weeks. (BioMed Central) The Acceptability and safety profile in the current trial was favorable;
adherence was high and adverse events were mild and infrequent, supporting the feasibility of implementing VR mindfulness in an
oncology outpatient environment(18).

The mechanisms by which VR mindfulness may produce these benefits likely include enhanced engagement, attentional distraction,
and regulation of stress responses(19). Prior qualitative and quantitative work has shown that virtual environments can redirect
patients’ focus away from intrusive bodily sensations and negative emotions, offering an immersive ‘escape’ that amplifies the effect
of mindfulness training. (BioMed Central) In addition, VR interventions have been associated with reductions in physiological stress
markers, such as decreased heart rate and increased positive affect during infusion therapy. (Oncology Nursing Society) For patients
receiving immunotherapy, who may experience systemic inflammation and cytokine-related fatigue, such stress modulation may
confer distinct advantages(20).

The strengths of this study include its randomized design, the use of validated outcome measures (BFI and EORTC QLQ-C30), and
repeated assessments to monitor both therapy adherence and longer-term sustainability. The inclusion of a control arm receiving
standard care allowed isolation of the specific effect of the VR mindfulness intervention. The relatively small sample size and low
attrition further support feasibility and acceptability in a real-world clinical setting.

Nevertheless, several limitations should be considered. First, the sample was modest in size and drawn from a single tertiary cancer
center, limiting generalizability to more diverse patient populations. Second, the study lacked an active comparator (such as non-
immersive mindfulness or guided imagery), raising the possibility that observed improvements are partly due to non-specific effects
such as novelty or expectancy. Third, outcome assessors were not fully blinded, which may have introduced measurement bias.
Fourth, although sessions were largely completed at home after initial orientation, variability in the home environment (e.g.,
distractions, technical difficulties) could have influenced participants’ experience and engagement in ways that were not
systematically captured. Finally, the follow-up was limited to eight weeks; longer-term durability of gains beyond this period
remains unknown.

Future research should address these limitations by conducting multicenter trials with larger, more heterogeneous samples and by
including active control arms to disentangle the specific contributions of mindfulness versus immersion. It would also be valuable
to explore dose—response relationships (e.g., varying session frequency or duration) and to examine physiological mediators (e.g.,
inflammatory biomarkers, heart-rate variability) to shed light on mechanistic pathways. Moreover, as the present study focused on
patients undergoing immunotherapy, future studies might assess whether VR mindfulness can mitigate fatigue across different
treatment modalities or stages of cancer, as well as its effects in long-term survivors.

In conclusion, this trial provides encouraging evidence that an accessible, scalable virtual reality—based mindfulness intervention
may significantly reduce immunotherapy-related fatigue and improve quality of life. With its favorable safety profile and high
adherence, VR mindfulness represents a promising adjunct to supportive oncology care. Further rigorous evaluation is warranted to
confirm its efficacy, assess long-term benefits, and explore integration into routine cancer treatment.

The virtual reality—based mindfulness intervention demonstrated meaningful reductions in immunotherapy-related fatigue and
supported notable improvements in quality of life compared with standard care. The high adherence and minimal adverse effects
highlight its practicality as a supportive strategy in oncology settings. These findings suggest that immersive mindfulness delivered
through VR may offer an accessible, scalable approach to enhancing symptom management for patients undergoing immunotherapy,
warranting further evaluation in larger and longer-term clinical studies.
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