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Clinical Question Box

Among patients with cancer receiving outpatient chemotherapy, does virtual reality (VR) improve

patient-reported outcomes compared with standard care or non-VR control interventions?

Although VR may reduce anxiety during outpatient chemotherapy, the evidence is not conclusive.
The certainty of the evidence was rated as low for quality of life and very low forpain, indicating
substantial uncertainty about these outcomes. Overall, VR appears to be a promising supportive
intervention for anxiety reduction, but further high-quality trials' are’ needed before firm

conclusions can be drawn regarding its broader effects on symptom burden and quality of life.
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Abstract

Background: Patients receiving outpatient chemotherapy frequently experience anxiety, pain, and
reduced quality of life (QOL). Virtual reality (VR) has been proposed as a supportive

nonpharmacological intervention; however, its effectiveness in this setting remains uncertain.

Methods: A systematic review and meta-analysis of randomized controlled trials (RCTs) was
conducted to evaluate the effectiveness of VR interventions among patients.undergoing outpatient
chemotherapy. Eligible studies compared VR with standard care or non-VR control conditions and
reported outcomes related to anxiety, pain, psychological distress, or QOL. Pooled mean

differences (MDs) with 95% confidence intervals (Cls) were calculated for continuous outcomes.

Results: Ten RCTs involving 937 patients were-included. in the study. It was found that VR
significantly reduced anxiety compared with.econtrol conditions (MD = 8.66, 95% CI [4.87, 12.45],
I = 84.2%). Sensitivity analysis.demonstrated a smaller but still significant effect (MD = 6.06, 95%
CI [3.81, 8.32], I*> = 24.8%). Conversely, VR was not associated with a significant reduction in
pain (MD = 1.55, 95% CI [-4.05, 7.16], I = 96.9%) or a significant improvement in QOL (MD =
0.15,95% CI [-0.47, 0.77], = 0%). The certainty of evidence was low for QOL and very low for

anxiety and pain.

Conclusions: VR appears beneficial for reducing anxiety during outpatient chemotherapy, but
evidence for improvements in pain and QOL remains insufficient. Therefore, further high-quality

trials are warranted.

Keywords: Virtual reality; outpatient chemotherapy; anxiety; pain; quality of life; meta-analysis
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Introduction

Cancer remains a major global cause of morbidity and mortality, ranking as the second leading
cause of death worldwide and imposing a substantial burden on healthcare systems.! However,
advances in early detection and treatment have increased survival rates, leading to a growing
number of patients receiving chemotherapy as part of cancer management.> An increasing
proportion of chemotherapy regimens are delivered in outpatient settings, allowing patients to
receive treatment without hospitalization while reducing the burden on inpatient services and
enhancing the efficiency of healthcare delivery.> Recent evidence indicates that most
chemotherapy care is delivered in outpatient settings, with over 80% of chemotherapy-related
healthcare encounters occurring in ambulatory care.* Nevertheless, patients receiving outpatient
chemotherapy frequently experience a range of physical and psychological symptoms that

negatively influence their treatment experience and quality of life.

Chemotherapy is commonly associated. with multiple adverse effects. Chemotherapy-induced
nausea and vomiting occur in approximately 70-80% of patients receiving cytotoxic chemotherapy
agents, making it one 'of the most distressing side effects of the treatment.® Additionally,
chemotherapy-induced peripheral neuropathy affects approximately 30—40% of patients, often
leading to functional impairment and reduced adherence to treatment protocols.” Beyond physical
symptoms, psychological distress is also highly prevalent among patients undergoing cancer
treatment. Systematic reviews have reported that approximately 23% of cancer patients experience
anxiety and 27% experience depression during the disease trajectory.®® Furthermore, anxiety is
highly prevalent among patients undergoing chemotherapy. For instance, a 2023 longitudinal study

of oncology outpatients receiving chemotherapy found that nearly 45% of the patients reported
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clinically meaningful levels of state anxiety over two treatment cycles, exhibiting the

psychological burden associated with chemotherapy procedures.'?

To address these challenges, non-pharmacological interventions have increasingly been explored
as supportive strategies in oncology care.!! Virtual reality (VR) is an emerging technology that
creates immersive computer-generated environments capable of engaging users through visual and
auditory stimulation.!? By immersing patients in interactive virtual environments, VR can divert
attention away from unpleasant stimuli and reduce perceived pain and anxiety during medical
procedures.!? Previous studies have demonstrated that VR-based interventions may significantly
reduce treatment-related symptoms such as pain, anxiety, stress, and fatigue among patients
undergoing chemotherapy.'* Moreover, randomized controlledtrials. (RCTs) have reported that
immersive VR interventions can significantly reduce anxiety and improve emotional well-being

among patients receiving chemotherapy in outpatient infusion settings.!>!°

Although previous systematic reviews and meta-analyses have examined VR interventions among

14.17 Earlier reviews included

patients receiving chemotherapy, important‘evidence gaps remain.
broader populations and study designs, such as adult and pediatric patients or both randomized and
crossover studies, whiehimay limit the applicability of their findings to routine outpatient
chembotherapysettings. Morcover, the publication of additional RCTs in recent years provides an
opportunity to update and refine the evidence base. To address these gaps, the present meta-
analysis focused specifically on RCTs evaluating VR interventions in patients receiving outpatient
chemotherapy. This study aimed to provide a more rigorous and clinically relevant synthesis of the

effects of VR on treatment-related anxiety, pain, psychological distress, and overall treatment

experience among patients receiving outpatient chemotherapy.



92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

Methods
Study Design

The present study was conducted as a systematic review and meta-analysis to evaluate the
effectiveness of VR interventions among patients undergoing outpatient chemotherapy. The review
was performed in accordance with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines to ensure methodological transparency and rigor in the
identification, selection, and synthesis of eligible studies.!® The study protocol was registered with

the Open Science Framework (OSF) under registration ID h5xew.!
Search Strategy

A comprehensive literature search was performed using several electronic databases, including
PubMed, Embase, Web of Science, and the Cochrane Library, from database inception to the most
recent available date. The search strategy combined keywords and Medical Subject Headings
related to virtual reality, chemotherapy, and RCTs. The primary search terms included “virtual

99 <6

reality,” “VR,” or “immersive virtual reality,” combined with “chemotherapy,” “cancer treatment,”
or “oncology” and ‘randomized controlled trial” or “RCT.” Additionally, the reference lists of

relevant studies and review articles were manually screened to identify additional potentially

eligible studies.

Eligibility Criteria

Studies were included in this meta-analysis if they met the following criteria: (1) the participants
in the study were patients with cancer receiving chemotherapy in outpatient settings; (2) the

intervention involved the use of VR during chemotherapy; (3) the comparison group received

standard care, usual care, or another non-VR intervention; (4) the study used a RCT design; and
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(5) the study reported outcomes related to treatment-related symptoms or psychological well-being.
Conversely, studies were excluded if they were observational studies, case reports, conference
abstracts without full text, review articles, studies that did not involve VR interventions during

chemotherapy, or studies from which data could not be extracted.

Study Selection

All records identified through the database search were imported into. EndNote reference
management software, and duplicate entries were removed. Two independent reviewers screened
the titles and the abstracts of the retrieved articles to identify potentially eligible studies. Afterward,
full-text articles deemed potentially relevant were assessed according to the predefined inclusion
and exclusion criteria. Any disagreements between the reviewers were resolved through discussion

or, when necessary, consultation with a third reviewer.

Data Extraction

Data from the included studies were independently extracted by the two reviewers (N.H. and 1.K.)
using a standardized data extraction form. The extracted information comprised the author names,
year of publication, country of study, study design, sample size, participant characteristics, type
and duration of the VR intervention, comparison intervention, outcome measures, and primary
findings. For outcomes reported in more than two studies, the data were extracted only when the
same outcome assessment method was used across studies. Any discrepancies in the extracted data

were resolved through discussion between the reviewers.

Risk of Bias Assessment

The methodological quality of the included RCTs was assessed using the Cochrane Risk of Bias 2

(RoB 2) tool, which evaluates potential sources of bias across several domains, including the
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randomization process, deviations from the intended interventions, missing outcome data,
outcome measurement, and selective reporting. Each study was categorized as having low risk,

some concerns, or high risk of bias.?°
Data Synthesis and Statistical Analysis

Meta-analysis was undertaken when at least two studies reported sufficiently comparable outcome
measures. For continuous outcomes, pooled effect sizes were estimated using mean differences
(MDs) with 95% confidence intervals (CIs). Statistical heterogeneity among studies was evaluated
using the I? statistic and interpreted using the Cochrane Handbook’sirough, guide: 0%—40% might
not be important, 30%—60% may represent moderate heterogeneity, 50%-90% may represent
substantial heterogeneity, and 75%—100% may representi¢onsiderable heterogeneity.?! Sensitivity
analyses were conducted to assess the robustness\of the pooled estimates and explore potential
sources of heterogeneity. Studies were considered for exclusion in sensitivity analyses when they
differed substantially from the otherincluded trials in terms of cancer type, VR intervention
protocol, comparator condition, timing of‘outcome assessment, or risk of bias. In addition,
subgroup analyses were performed to explore potential sources of heterogeneity, including cancer
type. A leave-one-outysensitivity analysis was also considered to assess whether any individual
study disproportionately influenced the pooled estimate or heterogeneity. Further, a random-effects
model was used in the presence of substantial heterogeneity; otherwise, a fixed-effects model was
applied. Publication bias was examined using funnel plots and Egger’s regression test when
sufficient studies were available for assessment. All statistical analyses were performed using

JASP software (version 0.96).

Certainty of Evidence
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The certainty of evidence for each outcome was assessed using the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) approach and rated as high, moderate, low,
or very low according to risk of bias, inconsistency, indirectness, imprecision, and publication

bias.??
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Results
Study Selection and Characteristics

A total of 2,150 records were identified, out of which 147 duplicates were removed.
Following the title and abstract screening of the remaining 2,003 records, 108 full-text articles
were assessed for eligibility. Of these, 98 were excluded, leaving 10 RCTs for-inclusion in the
review (Figure 1). The 10 included RCTs comprised 937 patients. receitving outpatient
chemotherapy and were conducted in China, Italy, Indonesia, the United States, Jordan, Japan, and
Turkey (Table 1).23-32 Sample sizes ranged from 44 to 327, and mean ages ranged from 45 to 57
years. Most studies predominantly enrolled women, largely due to the inclusion of breast and
gynecologic cancer populations; however, patients with acute leukemia and mixed cancer
diagnoses were also represented. VR interventions varied across studies and included immersive
VR, VR-based meditation, smartphone-based VR'relaxation, and distraction-based VR during
chemotherapy, whereas control groups received matched care without VR exposure. Although
outcome measures varied across studies, the most commonly used instruments were the State
Anxiety Inventory (SAI) for anxiety, the Visual Analog Scale (VAS) for pain, and the QLQ-C30
for quality of life (QOL). The meta-analysis was conducted based on these measures. Follow-up

ranged from‘immediately after the intervention to six months.
Effects on Anxiety

The meta-analysis of anxiety outcomes indicated that VR interventions significantly reduced
anxiety levels among patients undergoing chemotherapy. Compared with control conditions, the
pooled estimate revealed a significant anxiety reduction, with an MD of 8.66 (95% CI [4.87,

12.45]). Nevertheless, substantial heterogeneity was observed among the included studies (I =

10
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84.2%). Sensitivity analysis (Figure S1) resulted in a reduced MD of 6.06 (95% CI [3.81, 8.32])
and markedly lower heterogeneity (I> = 24.8%). Overall, these findings support the potential
effectiveness of VR in reducing psychological distress during chemotherapy. Subgroup analysis
was conducted to compare breast cancer with other cancer types. For breast cancer, the pooled
estimate revealed an anxiety reduction, with an MD of 10.71 (95% CI [—1.61, 23.03]); however,
high heterogeneity was observed (I> =92.9%). For other cancer types, the pooled estimate revealed
an anxiety reduction, with an MD of 7.06 (95% CI [3.06, 11.01]), with l6wer heterogeneity (I> =

5.25%) (Figure S2).

Effects on Pain

For pain outcomes, all included studies assessed pain‘intensity using, the Visual Analog Scale
(VAS). The pooled analysis showed an MD of 1.55 (95% CI [-4.05, 7.16]), with considerable
heterogeneity (I = 96.9%). Although the effect estimate favored VR interventions, the CI included
zero, indicating that the reduction in pain was not statistically significant. Sensitivity analysis
(Figure S3) yielded a reduced MD of 0.12 (95% CI [-4.52, 4.76]) with moderate heterogeneity (I

= 49.3%).

Effects on QOL

For QOL, the meta-analysis showed a pooled effect size of 0.15 (95% CI [-0.47, 0.77]) without
showing heterogeneity (I*> = 0%). These results indicate that VR interventions did not produce a

statistically significant improvement in QOL compared with standard care.

Risk of Bias and Publication Bias

Figures S4-S6 present the risk of bias for the anxiety, pain, and QOL outcomes. The primary

concern across most studies was bias arising from deviations from the intended interventions.

11
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Publication bias was assessed using funnel plots for anxiety, pain, and QOL outcomes (Figures
S7-S9). Visual inspection suggested that the plots were relatively symmetrical for all outcomes,
indicating no substantial publication bias. The certainty of the evidence was rated as very low for
anxiety and pain because of concerns regarding risk of bias, imprecision, and heterogeneity. For
QOL, the certainty of the evidence was rated as low owing to concerns regarding risk of bias and

imprecision (Table S2).
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Discussion

In this meta-analysis of ten RCTs involving patients receiving outpatient chemotherapy, VR
interventions were associated with a significant reduction in anxiety, whereas no significant effects
were observed for pain or QOL. This pattern is broadly consistent with previous reviews by Burrai

et al. and Gautama et al.,'*!”

which also suggested that VR may be more effective for reducing
psychological distress than for improving pain or broader patient-reported outcomes. The present
review adds to existing evidence by focusing specifically on RCTs conducted in outpatient
chemotherapy settings and incorporating recently published trials, theteby providing an updated
and clinically focused synthesis. Overall, anxiety reduction appears to be the most consistent

benefit of VR in this setting, although the certainty of evidence was rated as very low for anxiety

and pain and low for QOL, indicating that these findings should be interpreted with caution.

The most consistent finding was the reduction in anxiety, which aligns with the findings in previous
studies, suggesting that VR can alleviate treatment-related distress through immersive distraction,
attentional engagement, and modulation of emotional responses in stressful clinical settings.3-*
VR may reduce anxiety through several potential mechanisms. By providing immersive visual and
auditory stimulation, VR ¢an divert patients’ attention away from the chemotherapy environment
and treatment-related discomfort, thereby reducing anticipatory fear and emotional distress.®
Additionally, immersive environments may promote relaxation, enhance a sense of presence in
calming settings, and provide patients with a greater feeling of control during treatment. Together,
these effects may help lower anxiety levels during chemotherapy.*® Given the high burden of

anxiety during chemotherapy, VR may represent a feasible nonpharmacological adjunct in

outpatient oncology care.

13
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In contrast, VR was not associated with a statistically significant reduction in pain. Although the
pooled estimate favored VR, the CI crossed zero, and heterogeneity was substantial. The effects
of VR on pain appear to be less consistent than its effects on psychological distress. This may
reflect the multifactorial nature of pain during chemotherapy, which may be less responsive to
brief VR exposure, especially in the presence of between-study variation in. analgesic use,
symptom severity, and intervention characteristics.’”-*® Moreover, the certainty of the evidence for

pain was judged to be very low, which further limits confidence in this finding.

Furthermore, no significant improvement was observed for QOL. This finding is not unexpected,
as QOL is a multidimensional outcome encompassing physical, emotional, functional, and social
domains and may be less sensitive to short, session-based interventions.*® Previous studies have
similarly suggested that short-term reductions in distress do not necessarily translate into
measurable gains in global QOL, particularly when follow-up is limited. Thus, the certainty of the
evidence for QOL was low, suggesting that further well-designed studies may change the current

estimate of effect.

From a clinical perspective, these’ findings suggest that VR may be considered as a
nonpharmacologicalysupportive care intervention to help reduce anxiety during outpatient
chemotherapys, Its potential value lies in offering an immersive, low-risk, and patient-centered
approach that may complement existing supportive care strategies without adding pharmacological
burden. However, implementation in routine oncology practice requires careful consideration of
practical barriers. These include the initial costs of VR equipment and software, infection control
procedures for shared devices, staff training, patient acceptability, risk of cybersickness,
availability of technical support, and integration into busy chemotherapy workflows. Establishing

standardized protocols for patient selection, device cleaning, session timing, and staff

14
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responsibilities may help improve feasibility and support the safe adoption of VR in outpatient

chemotherapy settings.

The generalizability of these findings should be interpreted with caution given the characteristics
of the included study populations. Most studies enrolled predominantly female patients,
particularly those with breast or gynecologic cancers; therefore, the findings may not be fully
generalizable to male patients, patients with other cancer types, pediatric or older populations, or
patients receiving other treatment modalities. In addition, differences in baseline symptom burden,
treatment context, digital literacy, and acceptability of VR may_influence its effectiveness and
feasibility across diverse oncology settings. Future studies should include larger and more diverse
oncology populations, standardized intervention protogo6ls, \longer follow-up periods, and
economic evaluations to clarify the generalizability, durability, cost-effectiveness, resource

requirements, and scalability of VR interventions in routine oncology practice.

Notably, these findings should also be interpreted in light of several methodological limitations.
The included studies varied in VR modality, session duration, comparator conditions, timing of
outcome assessment, and treatment regimen. In addition, the modest number of trials, variable
sample sizes, and low.or very low certainty of evidence limit confidence in the pooled estimates.
Assessment<0f publication bias was also limited because visual interpretation of funnel plot
asymmetryis,unrcliable when fewer than 10 studies are included; therefore, publication bias could
not be reliably excluded. Most studies assessed only immediate or short-term effects during
chemotherapy, making it unclear whether the benefits of VR are sustained over time or across

repeated treatment cycles.
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Conclusion

The available evidence suggests that VR may reduce anxiety in patients undergoing outpatient
chemotherapy; however, current data do not support clear benefits for pain or QOL. These results
are consistent with prior work indicating that VR is most effective for short-term psychological
symptom relief. Further adequately powered trials with standardized intervention protocols,
consistent outcome measures, and longer follow-up are needed to better define its role in

supportive oncology care.
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Table 1. Characteristics of included studies evaluating virtual reality interventions in patients with cancer

Total o/ Age .
Study Country Cases Female (%) (years) Cancer type Intervention Outcomes Follow-up
Burrai 2023 Italy 90 38 (42%) 57 (12) Mixed cancers Immersive VR Anxiety, fatigue, pain siescitond hospital
Chirico 2020  Italy 63 47 (75%)  45(12) Breast cancer VR distraction Anxiety, mood, fatigue 14 days
Breast and Anxiety, perceived
Fabi 2022 Italy 50 37(74%) 56 (11) . VR distraction treatment duration, Post-intervention
ovarian cancer »
asthenia
Gautama 2024 Indonesia 60 60 (100%) 56 (6) Mixed cancers Smartp'hone-bas§d S Cpmfgrt, anxiety, pain, Post-intervention
relaxation (10 min) vital signs
. . VR therapy program (12 Psychological distress . .
0 ? -
Li 2024 China 80 80 (100%) 52 (11) Breast cancer wellks 212 ses e health-related QOL Post-intervention
Mohammad Jordan 99 69 (70%) 50 (11) Breast cancer x* plu§ morphine Pain, anxiety Post-intervention
2018 analgesia
Niki 2025 Japan 327 327(100%) 54 (10) ~ Oynecologict Immersive VR (10 - Nausea, depression, o o
cancers min/day for 7 days) antiemetic use, anxiety
Stansel 2025 U.S. 44 33(36%) 53(8)  Mixedcancers | | R session (12:min) - Pain, stress, affect, (o400 40 hours
during infusion heart rate
VR glasses with Second hospital
Uslu 2023 Turkey 58 58 (100%) 57 (11) Breast cancer  nature/beach content (30 Anxiety, fatigue visit p
min each cycle)
. . VR-based meditation  Anxiety, depression 4 cycles of
0 B )
Zhang 2023 China 66 66 (100%) 52 (9) Acute leukemia (20 min/day x14 days) QOL chemotherapy

VR, virtual reality; min: minutes; QOL, quality of life
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Figure Legends

Figure 1. Flow Diagram of Study Selection
Figure 2. Forest Plot of Anxiety Reduction
Figure 3. Forest Plot of Pain Reduction

Figure 4. Forest Plot of Quality-of-Life Improvement
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Identification

Identification of studies via databases and registers

Records identified from:
PubMed (n = 292)
Web of Science (n = 220)
Embase (n = 1025)
Cochrane Library (n = 613)

Records removed before
screening:
Duplicate records removed
(n=147)

Y

Screening

Records screened
(n =2003)

Records excluded**
(n = 1895)

Y

Reports sought for retrieval
(n=108)

A4

Reports not retrieved
(n=0)

Reports assessed for eligibility
(n=108)

Reports excluded:
Review (n = 54)
Single arm (n = 21)
Crossover (n = 17)
Data not available (n =6)

Studies included in review
(n=10)
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Study VR Control

Burrai 2023 25 25
Chirico 2020 30 30
Zhang 2024 31 32
Niki 2025 28 30
Fabi 2022 22 22
Uslu 2023 33 33
Mohammad 2018 40 40
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Study VR Control ‘

Gautama 2024 50 49 [ | 11 [-0.41, 0.19]
Stansel 2025 45 45 - 70 [-0.39, 1.79]
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Model Information ;
Heterogeneity: Q(2) = 65.69, p < 0.001 !
T =2.21[1.09, 10.00] .
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t(2) = 0.35, p = 0.760 '
Pooled Effect e —— 55 [-4.05, 7.16]
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Study Total VR Total Standard care
Li 2024 163 164
Fabi 2022 22 22

[-0.05, 0.39]
0.02 [-0.57, 0.61]

Model Information

Heterogeneity: Q(1) = 0.22, p = 0.638
12 = 0.00[0.00, 99.56]

Fixed Effect Estimate
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Pooled Effect

t(1) =3.11, p=0.198
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