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ABSTRACT

Objectives To determine the effectiveness of virtual
reality (VR)-based intervention on the symptoms and
rehabilitation management in patients with breast
cancer.

Design Systematic review and meta-analysis.

Study selection We included all eligible randomised
controlled trials and quasi-experimental studies
(published in English and Chinese).

Participants Patients with breast cancer (>18 years)
undergoing cancer treatment.

Interventions Any intervention administered to
improve the symptoms and rehabilitation of patients
with breast cancer. The control group was given
conventional care.

Outcomes All outcomes were as follows: pain, fatigue,
anxiety, depressive symptoms, cognitive function, and
range of motion of upper limb in patients with breast
cancer.

Data sources We searched PubMed, Embase, CENTRAL
and SinoMed, four electronic databases, covering the
database establishment period to January 2022.
Review methods Two reviewers independently
extracted content and data consistent with the
prespecified framework and assessed risk bias.
Random-effects meta-analysis was used to pool data
across trials. Meta-analysis was performed using
Review Manager V.5.4.

Results A total of eight studies met the eligibility
criteria and were included in this study. The combined
effect size showed that VR was positive for improving
patients’ anxiety(standard mean differenc (SMD)=-2.07,
95% Cl= (—3.81 to —0.34), 1>=95%) and abduction of
upper limbs (MD=15.54, 95% Cl= (12.79 to 18.29),
[2=0%), but fatigue (SMD=-0.92, 95% Cl= (—4.47 to
2.62), 1’=99%) was not. Qualitative analysis showed
VR improved patients' depressive symptoms, pain and
cognitive function.

Conclusions VR technology has a good effect on
symptoms and rehabilitation management of patients
with breast cancer, but the quality of evidence is

low, and the sample size is small. To date, there are
few intervention studies, therefore, giving precise
recommendation or conclusion is difficult. We have a
favourable view of this, and more clinical studies are
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Strengths and limitations of this study

» Unlike previous systematic reviews that focused on
many types of patients with cancer, this is the first
review that aims at investigating the effectiveness
of virtual reality in patients with breast cancer to
evaluate the relative safety and effectiveness of this
new technology.

» Due to the diversity of research design, we used the
random effect model for analysis.

» Faced with the COVID-19 pandemic period, the in-
tervention based on virtual reality provides patients
to undergo rehabilitation effectively at home and re-
duce the risk of infection.

» High heterogeneity in some outcome measures
due to different measurement tools, low quality of
included studies and small sample size limit the
further promotion of the results, resulting in a risk
of bias.

» The quality of the included literature is low, the long-
term effect on patients is still unclear, there is a lack
of literature support with a higher level of evidence.

needed in the future to improve the credibility of the
results.

INTRODUCTION

Breast cancer is the most commonly occur-
ring cancer in women.' There were over
2 million new cases and nearly 630 thou-
sand deaths globally in 2018.2 Moreover,
according to the prediction, new patients
with breast cancer will increase by more than
46% by 2040.> In recent years, there has
been a remarkable improvement in breast
cancer-related survival rate and life quality,*
because of the accessibility to various treat-
ment options and rehabilitation options,
for instance, early breast cancer screening,
chemotherapy radiotherapy, surgical therapy
and comprehensive treatment rehabilitation
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management.” However, the long-term breast cancer
disease progression and the treatment have some adverse
effects, which can cause some physical and psycholog-
ical negative consequences.'” These possible long-term
adverse effects include somatic symptoms such as limited
joint range of motion, pain and psychological distress
such as fatigue, anxiety and depressive symptoms.'' ™
Simultaneously, these symptoms and negative emotions
may further cause cognitive dysfunctions for the patient,
leading to poor predictive outcomes and affecting all
aspects of their life."* '

Some adjuvant treatments are used for rehabilitation
management of patients with breast cancer to improve
symptoms, side effects and the quality of life.'"® This
process is often carried out through traditional phys-
ical therapy and occupational therapy to improve the
patients’ symptoms and perform rehabilitation manage-
ment.'” However, these traditional methods are time-
consuming, cumbersome, and cost a lot, and the results
often depend on the medical staff’s actual capabilities."®
Moreover, traditional rehabilitation therapy is primarily
mechanical repetitive training, which lacks interest and
motivation.'? Patients often lose interest in this process,
which affects the training effect of patients. So the limita-
tions of traditional rehabilitation training prompted the
emergence of new and effective methods.

With the rapid development of computer science, more
and more modern technologies are applied to managing
symptoms and rehabilitation of patients with breast
cancer, and it is continuously developing.*

Virtual reality (VR) is mainly used as a brand new reha-
bilitation therapy for patients with breast cancer. The
concept of VR was first proposed in the 1960s and grad-
ually rose at the end of the 20th century, and it is an arti-
ficial intelligence technology based on multidisciplinary
cooperation.21

It uses the computer as the core architecture, calculates
and simulates a three-dimensional (3D) virtual environ-
ment, and combines with other somatosensory devices
(such as somatosensory handle, sensing helmet, 3D
glasses) to make up the gap between the virtual environ-
ment and reality.”

It allows interactive feedback between the user and the
virtual environment, providing the user with visual, audi-
tory, tactile, and other signal stimuli to produce their feel-
ings. The features of VR are summarised into ‘3i’. They
are immersive, interactive and imaginative.”> Compared
with the traditional ‘viewing from the outside—in silico
operation’, ‘VR emphasises human beings’ dominant
role in virtual environments. With the high-speed devel-
opment of VR technology, its connotation is also further
broadened. Based on VR, the concepts of augmented
reality, mixed reality were extended.* Although VR tech-
nology is more diversified, it is mainly applied to patients
with breast cancer in immersive experiences using head-
gear and computer games.

In recent years, VR has received increasing attention
as a symptom and rehabilitation training approach to

address pain reduction, fatigue, anxiety, depression and
cognitive dysfunction in different groups. It has been
applied for physical rehabilitation management of some
diseases, such as stroke, Parkinson’s, rectal cancer and
prostatic cancer.” ™ Moreover, it has indeed received
good results, and the quality of life of these patients has
been dramatically improved. Considering that patients
with breast cancer have similar physical and mental
burdens, it is feasible to attempt VR into them. As for
patients with breast cancer, VR technology was gradually
introduced into American scholars' clinical intervention
research in the early 21st century.”® However, there are
few intervention studies for patients with breast cancer.
Many of them are still in clinical trials, and there is no
systematic review to summarise and analyse them. There
is no specific intervention strategy. Existing systematic
reviews primarily focused on the inclusion and analysis of
mixed samples of patients with cancer.”

Therefore, we need to focus on specific populations of
patients to be selected in research. Thus, doubts could
be raised as to whether VR treatment methods for breast
cancer can improve these symptoms; and whether the
rehabilitation of patients is effective is worth studying. For
this reason, we aimed to perform a meta-analysis as a scien-
tific method to investigate the effects of this uncertain
treatment using statistical methods to examine whether
VR training is practical for patients with breast cancer
symptoms and rehabilitation management. According
to the current guidelines for patients with breast cancer,
we mainly focus on those who receive breast surgery or
receive radiotherapy or chemotherapy on Tumor Node
Metastasis classification (TNM) 1-4 stage.30 Based on the
data analysis findings, we can make an objective evalua-
tion and analysis of VR technology in the rehabilitation
and symptom management of patients with breast cancer,
hoping to provide a reference for the Application of
patients and the clinical decision making of medical staff.

METHODS

Search strategy

We checked up to three English databases (PubMed,
Embase and CENTRAL), and one Chinese database
(SinoMed) from the establishment of databases to
November 2020, with the following Mesh terms and text
words: (“Breast Neoplasms” OR “Breast Cancer Lymph-
edema” OR “breast tumor*” OR “breast cancer”) AND
(“Virtual Reality” OR “Virtual Reality Exposure Therapy”
OR “simulation environment”). Online supplemental
appendix 1 shows the exact searching strategy. Finally,
based on the above results, we performed a snowballing
approach to search, screen, and examine papers, classi-
fying them as potentially eligible studies.

Eligibility criteria

Types of studies

We included all eligible randomised controlled trials
(RCTs), and quasi-experimental studies (published
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in English and Chinese), at least one of which was an
ongoing VR training programme for inclusion in the
review.

Types of participants

Our inclusion population was required to meet the
following criteria: (1) breast cancer diagnosed by patho-
logical analysis (TNM stage I-1V); (2) age 218 years old;
(3) after surgery ongoing chemotherapy or radiotherapy.
We also developed exclusion criteria for the participants:
(1) brain primary (patients may have adverse reactions
to VR); (2) combined with other severe diseases (such as
severe heart disease, hypertension); (3) previous psychi-
atric illness or cognitive impairment; (4) primary limb
movement disorders; (5) visual and auditory impairment.

Types of interventions

The trial group participated in the organised and system-

atic intervention project based on VR technology for

patients with breast cancer. The primary intervention
goal was to reduce the psychological disorder, dysfunc-
tion, and pain of patients.

The intervention experiment based on VR needs to
meet the following core conditions:

1. Using computer-generated human-computer interac-
tive intervention means in the virtual environment,
such as VR glasses and headwear equipment.

2. Patients immerse themselves in the virtual environ-
ment constructed by electronic equipment.

3. Patients can perceive, feel and interact in a manner
that is similar to a physical place.

4. They can achieve effects by combining stimulation over
multiple sensory channels such as vision, sound, touch
and perception to produce a corresponding stimulus.
And the potential comparison groups included any

format of rehabilitation intervention, like exercise and

usual care.

Types of outcomes

Due to the different focus of the original research, the
leading evaluation indicators may be various. To show the
improvement of outcomes for patients by VR as compre-
hensively as possible and provide a reference for subse-
quent studies, we selected as many outcomes as possible
under objective and fair evaluation conditions. The
outcomes included: the patient’s anxiety, fatigue, depres-
sive symptoms, pain, cognitive function and abduction of
upper limbs. The measurement tools for outcomes are
shown in the characteristics of the included studies.

Data collection and analysis

Selection of studies

Two review authors independently screened all search
results (title, abstract) in the database to identify
studies that could be included in this paper. After initial
screening, the review authors performed a full-text eval-
uation to determine the literature for inclusion. When
disagreements occurred, they discussed the dispari-
ties and resolved them. If consensus was not reached

after discussion between the two, it was decided by the
third author independent arbitration. If necessary, we
contacted study authors for specific information.

Data extraction and management

Two review authors independently extracted data onto
a predesigned data collection form, including the trial
setting, inclusion and exclusion criteria, study population,
interventions, outcome measures and final results of the
papers. Both review authors, before data extraction, were
given detailed instructions and participated in training
sessions. Any disagreements or discrepancies regarding
data extraction were resolved through discussion, and a
third reviewer was consulted in case of any disagreement.

Assessment of risk of bias in included studies

We performed the risk of bias (ROB) of RCTs using
Cochrane Collaboration ROB-2.*! The overall assessment
was recorded as high, low, and some concerns. Synthesis
of ROB plots was done using online software Robvis (visu-
alisation tool).”’ We used Joanna Briggs Institute (JBI)
critical appraisal checklist for quasi-experimental studies
evaluated and included the before-and-after study.32

Data analysis

All analyses were performed using RevMan V.5.4
(Cochrane Collaboration, http://ims.cochrane.org/
revman). Heterogeneity was assessed using Cochran’s
Q test and quantified with the I? test. A random-effects
model was applied to calculate the pooled results if
2 >50%; otherwise, a fixed-effects model was used. Forest
plot graphics were generated to present the pooled effect.
The mean difference (MD) and standard MD (SMD) with
corresponding 95% CI were used to calculate the effect
size. SMD was calculated where the same outcome was
reported but using different measurement tools. All tests
are two-sided, and p<0.05 was considered to be statisti-
cally significant.

Dealing with missing data
There were no missing data for any of the included
articles.

RESULTS

Search process

After searching in four databases, we retrieved 3058 arti-
cles. For these documents, we conducted a duplicate
check, preliminary screening, and full-text reading for
screening. Finally, eight papers met the criteria of this
meta-analysis. Six were RCTs, and two were before-and-
after studies. Figure 1 shows the detailed search process
and results.

Critical appraisal of quality

Figure 2 shows the quality assessment of the included
studies: 3 RCTs™ ™ judged by ROB-2 have a high ROB, 1%°
have a low ROB, while the remaining 23738 studies showed
the uncertain risk bias. The following were the primary
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Figure 1 Flow chart for study selection according to

PRISMA Declaration 2020. PRISMA, Preferred Reporting
Items for Systematic Reviews and Meta-Analyses.

sources of bias: deviations from intended intervention,
differences in outcome measurement and unclear rando-
misation process. In summary, the quality of the included
RCTs was considered as having a high ROB. 2% * before-
and-after studies judged by the JBI tool show the central
bias exists in: comparison receiving similar care and
multiple measurements of the outcome (table 1).

Study characteristics

The essential characteristics of the included studies are
shown in table 2. The quality of the eight studies met our
inclusion criteria. Three studies were from China,34 35 40
and the others were from the United States,39 ]0rdan,37
Italy,”® Turkey® and Australia.”® Two of them were before-
and-after controlled trials, and the other six were RCTs.
The research was conducted in specialised wards and

Risk of bias domains
D4 |

| b2 | overal

Mohammad et al 2018

Chirico et al 2019

Feyzioglu et al2020

Study

Jimenez et al 2018

Jinetal 2018 a

Jinetal 2018 b

O] JOX O J=
008000
L O
002008
L0 0 Q0
L X JOL 1 1O

Domains:

D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data.

D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result.

Judgement

@ Hion

- Some concerns
. Low
Figure 2 Quality assessment of the included studies.

cancer centres of hospitals. The number of participants
ranged from 6 to 120. All participants were patients with
breast cancer who met the inclusion criteria. VR interven-
tion included both immersive and non-immersive formats,
and the duration of the intervention ranged from 20 min
to 3 months. The studies assessed VR-based interventions'
impact on health-related outcomes, including anxiety,
depressive symptoms, fatigue, pain, cognitive function
and abduction of upper limbs.

Outcome analysis

Due to the limitation of research type and significant
heterogeneity between groups, we only selected anxiety,
fatigue, and abduction for meta-analysis. As for the
remaining outcomes, we chose the form of qualitative
analysis. We detailed the research form, time, equip-
ment, and content of each study in table 2. Although we
could not conduct a meta-analysis, we also analysed and
expounded on their strengths and limitations.

Anxiety meta-analysis

Three studies™*”*® evaluated the impact of VR on anxiety
of patients with breast cancer. Compared with the control
group, the results showed that VR-based intervention
had a significant effect (SMD=-2.07, 95% CI= (-3.81 to
-0.34), p=0.02, figure 3). Heterogeneity was considerably
high (I°=95%).

Abduction meta-analysis

Two studies™ *® evaluated the impact of VR on abduction
of patients with breast cancer. Compared with the control
group, the results showed that VR-based intervention had
a significant effect (MD=15.54, 95% CI= (12.79 to 18.29),
p<20.00001, figure 4). Heterogeneity was considerably low
(I'=0%).

Fatigue meta-analysis

Two studies™ * evaluated the impact of VR on fatigue of
patients with breast cancer. Compared with the control
group, the results showed that VR-based intervention
had no significant effect (SMD=-0.92, 95% Cl= (-4.47 to
2.62), p=0.61, figure 5). Heterogeneity was considerably
high (I’=99%).

Depressive symptoms analysis

In two studies, participants were distracted by training
in a recovery game in a virtual environment, and both
before-and-after study” and RCT* showed improvement
in depressive symptoms. At the end of the intervention,
the depression symptoms scores (MD) of patients in
the before-and-after study decreased by 8.3 compared
with baseline data (p<0.05), and there were differences
between the VR and control groups after the interven-
tion in the RCT (p<0.05). The results were statistically
significant.

Pain analysis
Three studies focused on patients’ pain symptoms after
the VR intervention, one before-and-after study,39 and
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Table 1

Results of critical appraisal for quasi-experimental studies

Questions (potential bias and threat) House et al*® Chen et al*®
1. Is it clear in the study what is the 'cause' and what is the 'effect'? Yes Yes

2. Were the participants included in any comparisons similar? Yes Yes

3. Were the participants included in any comparisons receiving similar No Unclear
treatment/care, other than the exposure or intervention of interest?

4. Was there a control group? Yes Yes

5. Were there multiple measurements of the outcome both pre and post the Yes No
intervention/exposure?

6. Was follow-up complete and if not, were differences between groups in Yes Yes
terms of their follow-up adequately described and analysed?

7. Were the outcomes of participants included in any comparisons measured in Yes Yes

the same way?

8. Were outcomes measured in a reliable way? Yes Yes

9. Was appropriate statistical analysis used? Yes Yes

two RCTs** ¥ showed a reduction in patients’ pain scores.
At the end of the intervention, patients’ pain scores
(MD) in the before-and-after study decreased by 1.5
compared with baseline (p<0.05). There were differences
in pain after intervention between the VR and control
groups in two RCTs (p<0.05). The results were statistically
significant.

Cognitive function analysis

Two before-and-after studies examined the effects of
VR on patients’ cognitive function, showing significant
improvements in executive function, language function,
memory and visual function. The results were statistically
significant.

39 40

DISCUSSION

This systematic review and meta-analysis evaluated the
application effect of intervention based-on VR in patients
wih breast cancer. Consistent with previous research,"
the results showed that compared with traditional breast
cancer care, patients’ anxiety, depressive symptoms, pain,
cognitive function and abduction of the upper limbs were
improved with a statistical significance. However, the
pooled effect showed that VR-based intervention had no
effect on fatigue.

Our results showed that VR had a significant effect on
anxiety among patients with breast cancer. With the trans-
formation from the traditional medical system to a biopsy-
chosocial medical network, much more attention has
been paid to the role of anxiety in the aetiology and prog-
nosis of breast cancer.” The prevalence of anxiety among
patients with breast cancer was 41.9%." The previous
study assessed the effectiveness of VR for patients with
cancer, and their results showed VR had no significant
effect on reducing anxiety in patients.” The difference

in results might be that we focused on patients with
breast cancer, who were more uniform and had minor
variations. Our results indicated that the heterogeneity of
the included studies was significant. Due to the limited
number of articles, we were unable to conduct sensitivity
analysis to find the source of heterogeneity. According
to the study design, we found that heterogeneity might
exist in the specific treatment types of patients under-
going VR intervention, different pathological stages of
cancer, small sample size, inconsistent equipment used
and different or unclear frequency and duration of
intervention. Like anxiety, patients with breast cancer
usually get mental problems and physical symptoms. A
total of 97% of patients with breast cancer report expe-
riencing depression symptoms and pain. Our review also
included the effect of VR on depressive symptoms. In
both studies analysed, the VR treatment had a reducing
effect on depressive symptoms. Because of the different
types of research and lack of data, we could not show their
combined effect sizes. We believe the possible mechanism
behind VR’s effect on the above symptoms is the distrac-
tion mechanism. According to Buhle et al,44 the mecha-
nism of distraction is different from placebo. Their MRI
analysis showed distraction effectively suppressed pain
processing in the brain, while placebo had no significant
effect on pain processing. We hypothesise VR reduces
pain through distraction, thereby improving patients'
psychiatric symptoms during treatment. As mentioned
before, our study was limited in many aspects, such as the
type of study and sample, so we should treat this result
with caution.

Our results showed that VR had a significant effect
on the abduction of upper limbs among patients with
breast cancer. Bleeding, effusion, necrosis of skin flap
and upper limb oedema often occur after radical breast
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Control
Mean SD Total Weight

Experimental

Study or Subgroup Mean SD Total

Chirico 2019 37.444 1.684 30 43841 15 34 323%
Jimenez 2018 294 773 19 35.2 133 18 33.5%
Mohammad 2018 3768 38 38 5013 932 38 MI%
Total (95% CI) 87 90 100.0%

Heterogeneity: Tau®= 2.22; Chi*= 39.74, df= 2 (P < 0.00001); = 95%
Testfor overall effect: Z= 2.35 (P=0.02)
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Figure 3 Effect of VR-based interventions on anxiety. IV, inverse variance; VR, virtual reality.

cancer surgery, which will cause upper limb dysfunction
such as limited shoulder joint activity and limb weakness,
and significantly reduce the quality of life of patients.*
VR as a rehabilitation tool has been very mature. Appli-
cation in improving the range of motion of patients’
upper limbs, especially in stroke patients, has been well
verified.* Our results suggested that VR as a rehabilita-
tion tool could improve some aspects of patients' upper
limb movement. Still, we need more extensive sample size
trials to confirm its long-term effects. VR may not be the
only influential factor; it may need other auxiliary tools to
best use its effects.

Cancer-related fatigue has been documented as one of
the most distressing symptoms reported by breast cancer
survivors. It affects functioning and impacts quality of
life. Possible causal factors include physical conditions,
affective and cognitive states, proinflammatory cytokines
and metabolic factors.”” Our study found that VR had
no effect on fatigue among patients with breast cancer,
which was contradictory to the findings of Zeng et al,*’
who reported that VR-based intervention was related to
a statistically significant decline in fatigue scores among
patients with breast cancer. The possible reason for the
discrepancy may be related to the differences in partici-
pants’ characteristics. In addition, this may be related to
the small sample size of literature included in the study,
resulting in a significant bias. More strategies need to be
explored to help patients with breast cancer simultane-
ously manage the level of fatigue.

A total of 16%-75% of patients with breast cancer
receiving chemotherapy have some degree of cognitive
impairment.48 Cognitive impairment seriously affects
patients' quality of life, even more than the recurrence
and metastasis of breast cancer itself. Two before-and-
after studies examined the cognitive improvement of
VR in patients with breast cancer with improved vision,
memory, executive function and language function after
the intervention. Due to technical reasons, we failed to
conduct a combined effect size analysis, but from the data

analysis of the before-and-after study, VR is beneficial to the
cognitive function of patients. The primary characteristic
of VR is immersion, which enhances the subject’s heart
rate and activates brain circuit functions. In particular, it
acts on the midline 6 of the brain’s forehead, including
the frontal lobe and the left temporal area, bringing a
pleasant emotional experience to subjects, activating the
attention of related brain networks and improving motor
integration and spatial orientation functions.®

To sum up, in this context VR uses immersive experi-
ence to intervene and achieve positive effects for patients
with breast cancer. The devices which were used are:
wearable helmets, 3D glasses, somatosensory operating
devices, smart displays and computers. Subjects can
interact cognitively or physically in a computer-generated
virtual environment in real time to achieve their goals.
An immersive tool changes patients’ focus of atten-
tion, provides a positive and pleasant experience, and
improves progress. Because of the interactivity of VR,
patients enhance the effectiveness of an intervention in
the real-time interaction of VR. This may be related to
activating the midbrain marginal dopaminergic pathway
and VR technology stimulation in the interaction between
patients and VR.* The brain’s reward mechanism can
improve the attractiveness of participating in the inter-
vention, enhance patients with breast cancer interest, and
make patients more like this form. VR has the characteris-
tics of real-time in virtual environment. Not only can real-
time monitor the behaviour and physiological response
of patients, background data operation and guardians
observe the transmission of stimulation in the virtual envi-
ronment and comprehensively control the duration and
intensity of rehabilitation.”® The above utility mechanism
improves the positive experience, attention, interaction
and participation of patients to a certain extent. It carries
out rehabilitation in a real-time dynamic monitoring envi-
ronment to improve patients’ compliance, promote the
rehabilitation of patients with breast cancer and improve
their prognosis.

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Feyziodlu 2020 14413 2929 17 158857 189.28 19 7.5% -15.44 [-31.84, 0.96] *
JIN Ajxiang 2018 527 105 38 703 103 38 925% -1TGE0[-22.28,-12497) _._
Total (95% CI) 55 57 100.0% -17.44[-21.93,-12.94] R i
e iR _ _ . } } } 1
Heterogeneity: Chi®= 0.06, df=1 (P=0.80), F=0% a0 10 o 10 20

Test for overall effect: Z=7.60 {F = 0.00001)

Favours [virtual reality] Favours [control group]

Figure 4 Effect of VR-based interventions on the abduction of upper limbs. 1V, inverse variance; VR, virtual reality.
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Figure 5 Effect of VR-based interventions on fatigue. 1V, inverse variance; VR, virtual reality.

Direction for future research and practice

The discussion shows VR for breast cancer symptom
management and rehabilitation intervention methods are
worth learning and promoting. With the rapid development
of 5G communication technology, artificial intelligence and
Internet of Things technology, VR methods are bound to be
more widely used and will receive technological innovation.
Around the world, some countries have begun to formulate
relevant laws and policies to give VR technical and economic
support and policy inclination to accelerate industrial inte-
gration and put the new VR technology into clinical practice
in medical and healthcare as soon as possible.”

According to our research results, we state the following
directions for further research. The Use of VR Security Ques-
tion. When using a VR device, subjects are immersed in a
virtual environment and often ignore the potential dangers
in the actual scene. There is a risk of accidental injury and
falling. Therefore, they should be monitored during use. At
the same time, professionals should evaluate and modify their
environment to ensure patient safety. Simultaneously, the
articles retrieved in our systematic review rarely involve safety
evaluation indicators, so we did not use them as outcome
indicators. In the follow-up research, the safety evaluation
system of VR application in patients can be constructed and
applied. Be alert to the potential adverse effects of VR. The
highly immersive nature of VR stimulates sensory nerves,
which may lead to adverse reactions such as blurred vision,
dizziness, nausea and vomiting. Although the existing short-
term intervention studies have not clearly defined it as an
adverse event, long-term effect monitoring is still needed
to avoid possible health problems and addiction caused by
long-term use. The hardware and ecological construction
are not yet mature. The application of VR to breast cancer
is still in its infancy. Most VR products on the market are not
specifically developed for patients with breast cancer. The
clinical integration is low, ecological resource construction
is not mature and patients’ targeted demands cannot be
met. It can be low selectivity. It is suggested that a multidis-
ciplinary team should be formed to develop VR hardware
and ecological communities for patients with breast cancer,
build a more extensive resource library, enrich the functions
of VR, and give patients more choices to maximise the bene-
fits. During the COVID-19 pandemic, the social activities of
the population were more alienated. This has demonstrated
the importance of remote treatment systems when in-person
patient-doctor contact is not possible. Because of the conve-
nience and mobility of breast cancer intervention based
on VR, patients can also be treated at home, reducing the
risk of infection when going out and alleviating the feeling

of social isolation. Telemedicine technology based on VR
may become a trend to improve the utilisation efficiency of
medical resources.

Limitations

This study has some limitations that need to be addressed,
and which is why we need to interpret the results with
caution. First of all, the types of studies included were rela-
tively diverse, so we could not analyse the combined effect
size in some outcomes. Although the qualitative analysis
was carried out and the results were positive, we should
treat it with caution because there was no quantitative anal-
ysis result. Second, we clarified and discussed the staging
of patients with breast cancer. Most patients were in stage
II-II, and the staging of patients in some of the included
studies was unclear. The specific form of VR therapy that
patients received also varies, so we cannot recommend its
use for specific clinical populations, but based on our find-
ings, we believe VR has significant benefits for patients with
mental symptoms. VR interventions included in the study
are different in terms of intervention time, frequency, and
specific intervention form, so there is heterogeneity. The
small sample size and number of participants in our study
may lead to considerable differences between groups. And
for this reason, we were unable to check for publication bias
in this study. In the future, we suggest researchers conduct
multi-centre RCTs to seek higher-quality evidence to prove
the effect of VR on patients with breast cancer.

CONCLUSION

The systematic review showed that VR-based interventions
improved anxiety, depressive symptoms, pain, cognitive
function and abduction of upper limbs in patients with
breast cancer, but not fatigue. Due to this paper’s limitations
and extensive sources, we were unable to carry out specific
recommendations and conclusions. In the future, large-scale
pilot studies on symptom management and rehabilitation in
patients with breast cancer should be carried out to explore
its applicability and feasibility in patients with breast cancer.
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