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Abstract
Purpose  To systematically examine and summarize the current evidence regarding the effects of virtual reality (VR) on 
physical, cognitive, and psychological outcomes in cancer rehabilitation.
Methods  Six bioscience and engineering databases were searched. Two independent reviewers screened the titles and 
abstracts of 2397 records and retrieved 25 full-text articles. Inclusion criteria included patients with a current or previous 
diagnosis of cancer; VR was used as an intervention for physical, cognitive, or psychological impairments and functional 
limitations; and clinical trials with at least two arms and with both pre- and post-intervention assessments. Reviewers assessed 
methodological quality using the Physiotherapy Evidence Database scale.
Results  Seventeen studies including 799 patients with cancer were identified. Within-group pooled analysis indicated that 
patients demonstrated significant improvement in pain (P < 0.001), fatigue (P < 0.001), anxiety (P < 0.001), upper extremity 
function (P < 0.001), and quality of life (P = 0.008) after VR intervention. Between-group pooled analysis indicated significant 
improvements with VR in pain (P = 0.004), anxiety (P < 0.001), and upper extremity function (P < 0.001) compared with 
the control. Three studies reported the positive effects of VR on cognition.
Conclusions  VR demonstrates promising effects in physical, cognitive, and psychological aspects of patients with cancer. VR 
can be incorporated into a comprehensive cancer rehabilitation program to alleviate impairments and functional limitations.

Keywords  Simulation · Oncology · Impairment · Physical therapy · Function

Introduction

Cancer has a major impact on human health across the lifes-
pan and creates a serious challenge on society. Cancer is 
the second-leading cause of death in the USA, accounting 
for one in every four deaths [1]. There were almost 17 mil-
lion cancer survivors in 2019 in the USA, and by 2030 this 

number is estimated to increase to more than 22 million 
with the growth and aging of the population [2]. Cancer 
treatments (surgery, chemotherapy, radiotherapy, immu-
notherapy) impose a variety of negative consequences on 
patients’ health and function. Cancer survivors or individu-
als undergoing cancer treatments may suffer from a decline 
in physical, cognitive, and psychological function. Cancer-
related disabilities may further limit their participation in 
daily activities and quality of life [3].

Cancer rehabilitation comprises an interdisciplinary 
team, which is dedicated to promoting function, ameliorat-
ing symptoms, maximizing independence, and improving 
quality of life throughout the continuum of cancer care [4]. 
There is growing empirical evidence supporting the imple-
mentation of cancer rehabilitation. Ture et al. [5] reported 
that an inpatient cancer rehabilitation program demonstrated 
significant improvement in pain, physical function, mental 
health, and vitality. Kudre et al. [6] conducted a systematic 
review and found that a multidisciplinary outpatient cancer 

 *	 Ka‑Chun Siu 
	 kcsiu@unmc.edu

1	 Division of Physical Therapy Education, Department 
of Health & Rehabilitation Sciences, College of Allied 
Health Professions, University of Nebraska Medical Center, 
Omaha, NE 68198‑4420, USA

2	 Division of Pediatric Hematology/Oncology, Department 
of Pediatrics, College of Medicine, University of Nebraska 
Medical Center, Omaha, NE 68198‑6878, USA

3	 Department of Neurorehabilitation, The First Rehabilitation 
Hospital of Shanghai, Shanghai, China

/ Published online: 12 January 2023

Supportive Care in Cancer (2023) 31:112

http://crossmark.crossref.org/dialog/?doi=10.1007/s00520-022-07568-4&domain=pdf


1 3

rehabilitation program can improve cancer patients’ physi-
cal and psychosocial status. Moreover, economic analyses 
revealed that cancer rehabilitation is potentially cost-effec-
tive with related health outcome gains [7, 8].

The integration of innovative technology into clinical prac-
tice has greatly enhanced the quality and outcomes of rehabili-
tation services. Virtual reality (VR) is an emerging technology 
used in rehabilitation in recent decades. As a computer-gener-
ated simulation technology, VR creates a novel environment 
with multidimensional simulation to enrich an individual 
experience in rehabilitation, with the features of immersion, 
imagination, and interaction [9]. VR can elicit enjoyment, 
motivation, and active participation, engaging the patients 
to perform meaningful practices and facilitating movement 
[10]. VR also provides a highly controlled environment where 
cognitive training can take place [11]. More importantly, VR 
can render esthetic scenarios and deliver analgesic effects in 
a nonpharmacological approach [12] for patients with cancer.

Although VR has been rapidly adopted in the rehabili-
tation field, current research mainly focuses on its effects 
on neurological [13] and musculoskeletal [14] conditions. 
There is a knowledge gap regarding the application of VR 
in cancer rehabilitation. Therefore, the specific aim of this 
review is to systematically examine the current evidence and 
summarize the effects of VR on physical, cognitive, and psy-
chological outcomes in cancer rehabilitation.

Methods

This systematic review was based on the Preferred Report-
ing Items for Systematic Reviews and Meta-Analysis 
(PRISMA) guideline to guarantee high-quality reporting 
[15]. This review was registered at the International Pro-
spective Register of Systematic Reviews (PROSPERO): 
CRD42022307007.

Literature search

Reviewers searched six bioscience and engineering data-
bases, including PubMed, Cumulative Index of Nursing and 
Allied Health, PsycINFO, IEEE Explore, Embase, and Sco-
pus. The search strategy combined controlled vocabulary 
terms and free-text words in the title or abstract on the con-
cepts of virtual reality and cancer. The search results were 
limited to clinical trials reported in the English language. 
No restriction was applied to publication time. The initial 
search was conducted on January 21, 2022. Records from 
each database were then exported to RefWorks (ProQuest 
LLC, Ann Arbor, MI) for duplication removal. The com-
plete search strategy is listed in Appendix. The search was 
updated on August 21, 2022, with no new articles included.

Eligibility criteria

Articles selected in this review met the following inclusion 
criteria: (1) participants had a current or previous diagnosis 
of any type of cancer; (2) VR was used as an intervention for 
physical or psychological impairments and functional limita-
tions; (3) other forms of VR intervention, conventional reha-
bilitation, usual care, or waiting list control, were used in 
control groups; and (4) they were peer-reviewed controlled 
trials with at least two arms and with both pre- and post-
intervention assessments. Articles were excluded if: (1) they 
were non-human research; (2) VR was used during surgical 
or other invasive procedures; (3) research outcomes were 
only measured at one time point; and (4) they were abstract-
only papers, reviews, or study protocols.

Data extraction

Two reviewers (J.H. and Y.L.) independently screened the 
titles and abstracts, then checked the full texts as needed 
to examine if the articles met the eligibility criteria; they 
excluded irrelevant articles. The details collected from each 
article included study type, patient characteristics, group 
assignment, VR intervention and setting, outcome measures, 
adverse events, and main findings. Any disagreement dur-
ing this process was settled by a group discussion, and the 
final decision was made with a third experienced reviewer 
(K.-C.S.).

Quality assessment

The Physiotherapy Evidence Database (PEDro) scale was 
used to evaluate the methodological quality of all included 
clinical trials. This scale was developed to identify clinical 
trials that are likely to be internally valid and have sufficient 
statistical information to guide clinical decision-making 
[16]. There are 11 items on this scale; item 1 is classified as 
“yes or no” and counts no score. Items 2–11 are counted for 
1 point each, and the total score range is 0–10. Higher scores 
indicate better study quality, with scores of 9–10 commonly 
interpreted as reflecting excellent quality, 6–8 as good qual-
ity, 4–5 as fair quality, and 0–3 as poor quality [17]. Two 
reviewers (J.H. and Y.L.) independently scored the included 
studies; the third experienced reviewer (K.-C.S.) identified 
discrepancies and solved them with the two reviewers.

Data synthesis

The included studies were analyzed based on the contents 
of intervention and comparisons groups, the VR interven-
tions, outcome measures, and main findings. Quantitative 
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data across studies that used similar outcome measures were 
pooled for meta-analysis. Meta-analysis was conducted 
using Review Manager software, version 5.3 (The Cochrane 
Collaboration, Copenhagen, Denmark). The within-group 
analysis compared the results before and after VR interven-
tion, and the between-group analysis compared results of 
the VR group to the control group. The post-intervention 
assessment results or the change values, including mean and 
standard deviation, as well as the sample size in each group 
were used to compute pooled effect estimates. Heterogene-
ity was evaluated by calculating the I2 statistic, and a value 
of more than 50% indicated substantial heterogeneity [18]. 
Pooled analyses were conducted in a random effects model if 
there was substantial heterogeneity, or a fixed effects model 
was used instead. The standardized mean difference (SMD) 
was used to compute effect sizes and the significance level 
was set at P = 0.05 for all analyses. The mean effect was 
indicated as SMD with 95% confidence intervals.

Results

Study identification

A total of 2751 records were identified from six databases. 
After removing duplicates, 2397 remaining records were 

screened by titles and abstracts. Twenty-five full-text articles 
were assessed for eligibility, and 17 articles were ultimately 
included in this systematic review. No studies were identified 
from other methods. The study identification process and 
reasons for excluding papers are delineated in the PRISMA 
flow diagram (Fig. 1).

Study characteristics

In the 17 included studies, there were 12 randomized con-
trolled trials (RCT) and five controlled clinical trials (CCT). 
As for patient population, five studies were for pediatric 
patients with unspecified cancer types [19–23], and one 
was for children with brain tumor [24]; in the 11 studies for 
adult patients with cancer, five of them were breast cancer 
[25–29], two were brain tumor [30, 31], one was prostate 
cancer [32], and the other three did not specify types of can-
cer [33–35]. For VR intervention, commercial VR systems 
were commonly used: six studies used Xbox Kinect [23, 
27, 29, 32, 34, 35], three studies used Nintendo Wii [22, 
24, 25], one study used Aquasnao videogame [28], and one 
used PlayMotion system [21]. A specialized VR system for 
rehabilitation, IREX, was used in two studies [30, 31]. Three 
studies used immersive head-mounted VR devices [19, 20, 
26]. One study used a customized VR system for interac-
tive sensor-based balance training [33]. The intervention 

Fig. 1   PRISMA flow diagram of this systematic review
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duration varied from one single session [19, 26] to 12 weeks 
[28, 32]. The interventions took place in a research labora-
tory, the specialized cancer care center of a hospital, the 
physical therapy/rehabilitation department, or at home. Six 
studies [22, 27, 29, 31–33] recorded adverse events dur-
ing the intervention, and none of them reported VR-related 
adverse events, except Villumsen et al. [32] reported one 
patient in the intervention group underwent chest pain due to 
surgical clips in the thorax leading to discontinuation from 
the study. The outcome measures, main findings, and other 
details of study characteristics are summarized in Table 1.

Quality assessments

According to the PEDro assessment, 12 studies were graded 
as good quality, two as fair quality, and three as poor quality. 
Only six RCTs had concealed allocation. As for blinding, 
one study blinded subjects, one study blinded therapists, and 
six studies blinded assessors. Five studies had an attrition 
rate of more than 15%. All studies had comparable baseline 
measurements in both groups, conducted between-group sta-
tistical comparisons, and provided proper reports of data. 
The PEDro scores of all studies are provided in Table 2.

Effects on pain

Four studies assessed pain using the visual analog scale [19, 
26, 27, 29] and one using the McGill Pain Questionnaire 
[20]. A within-group pooled analysis with four studies found 
that pain level was significantly lower after VR interven-
tion (P < 0.001; SMD =  − 3.86, 95%CI: − 4.84 to − 2.88) 
(Fig. 2A). A between-group pooled analysis showed that 
the VR group had significantly lower pain level than con-
trol (P = 0.004; SMD =  − 1.53, 95%CI: − 2.55 to − 0.50) 
(Fig. 3A).

Effects on fatigue

Two studies [32, 35] assessed fatigue by the Functional 
Assessment of Chronic Illness Therapy-Fatigue (FACIT-
F), and a within-group analysis were conducted. Since two 
groups in Alves et al. [35] received VR intervention, the data 
from both groups were included in the analysis. Accord-
ing to the pooled results, participants after VR intervention 
demonstrated significant improvement as shown in FACIT-
F (P < 0.001; SMD = 0.86, 95%CI: 0.44 to 1.28) (Fig. 2B). 
Hamari et al. [22] used PedsQL to evaluate fatigue in chil-
dren with cancer and found that the change in fatigue from 
the pre- to post-tests did not differ between VR and control 
groups.

Effects on anxiety

Three studies assessed anxiety, using the State Anxiety 
Inventory [26], pain anxiety symptoms scale [20], and vis-
ual analog scale [19], respectively. All three studies used 
head-mounted VR devices. A within-group pooled analysis 
showed that VR intervention significantly reduced anxiety 
level (P < 0.001; SMD =  − 6.99, 95%CI: − 9.73 to − 4.25) 
(Fig. 2C). A between-group pooled analysis showed that 
compared to the control group, the VR group demon-
strated a lower anxiety level (P < 0.001; SMD =  − 3.02, 
95%CI: − 5.27 to − 0.77) (Fig. 3B).

Effects on upper extremity function

Three studies for breast cancer rehabilitation [25, 27, 29] 
assessed upper extremity function using Disability of the 
Arm, Shoulder, and Hand (DASH) and Arabic version 
of QuickDASH-9 scales. A within-group pooled analy-
sis showed that the VR intervention significantly reduced 
DASH score, indicating less disability and better func-
tion (P < 0.001; SMD =  − 3.45, 95%CI: − 4.77 to − 2.13) 
(Fig. 2D). A between-group analysis showed that the VR 
group had a lower score compared to the control group 
(P < 0.001; SMD =  − 0.66, 95%CI: − 1.02 to − 0.31) 
(Fig. 3C). In addition, Yoon et al. [31] investigated the effect 
of VR on upper extremity function in patients with brain 
tumors. They found that VR induced more improvements in 
all segmental functions except for the hand using the Box 
and Block Test, the Fugl-Meyer Assessment, and the Manual 
Functional Test.

Effects on quality of life

Two studies assessed the quality of life, using Functional 
Assessment of Cancer Therapy (FACT)-General [34] and 
FACT-Prostate [32] respectively for different cancer popula-
tions. A within-group analysis showed significant improve-
ment in the quality of life after VR intervention (P = 0.008; 
SMD = 0.53, 95%CI: 0.14 to 0.93) (Fig. 2E).

Effects on cognition

Three studies assessed cognition. Bellens et al. [28] reported 
that VR training significantly improved cognitive failure than 
a waitlist control. Yang et al. [30] reported that compared to 
conventional occupational therapy, VR demonstrated greater 
improvement in a series of neuropsychological tests, includ-
ing visual and auditory continuous performance tests, back-
ward digit span tests and visual span test, and Trail Mak-
ing Test-A. Benzing et al. [23] found that working memory 
training group, but not VR, showed improvement in visual 
working memory after training and follow-up.
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1 3

Effects on balance ability and mobility function

Schwenk et al. [33] developed a customized VR balance 
training for cancer patients with chemotherapy-induced 
peripheral neuropathy and found that the VR group sig-
nificantly reduced sway of the hip, ankle, and the center of 
mass in narrow base standing with eye open and semi-tan-
dem position. However, no significant effects were found 
in eye closed conditions and gait speed. Villumsen et al. 
[32] reported that a 12-week unsupervised VR home pro-
gram induced a significant improvement in the six-minute 
walk test.

Discussion

This systematic review identified and synthesized evidence 
regarding the applications of VR in cancer rehabilitation. 
Seventeen clinical trials published between 2011 and 2022 
were included with a total of 799 cancer survivors. Twelve 
studies were assessed as good quality, two as fair quality, and 
three as poor quality. Most included studies focused on pedi-
atric cancer and breast cancer. The results of the meta-anal-
ysis revealed that VR rehabilitation significantly improved 
pain, fatigue, anxiety, upper extremity function, and quality 
of life in cancer survivors; compared to the control group, 

Fig. 2   Forest plots of within-group meta-analyses
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VR also demonstrated significantly more improvement in 
pain, anxiety, and upper extremity function. Qualitative 
synthesis results indicated that VR might be effective in 
cognition, balance, and mobility functions. Additionally, 
based on the reports from included studies, VR intervention 
was overall well tolerated by cancer survivors with minimal 
adverse events.

VR was considered as an adjunctive intervention for 
pain and anxiety for cancer survivors, especially during 
painful medical procedures [36, 37]. Pain is one of the 
most prevalent experiences among patients with cancer. 
The significant pain reduction induced by VR compared to 
control groups revealed in this meta-analysis supports the 
use of VR as a non-pharmacological regimen in a compre-
hensive pain management program. Of the five studies in 
the meta-analysis, three [19, 20, 26] used immersive VR, 
in which patients watched videos through head-mounted 
displays. The other two [27, 29] used non-immersive VR, 
and patients were engaged in various body motion exer-
cises in an interactive environment. Distraction has been 
identified as a mechanism of VR to relieve pain [38]. VR 
can be a useful tool to provide patients with access to a 
novel environment with esthetic features, which can divert 
their attention of illness or unpleasant experience to the 
enjoyable scenarios shown in the virtual world. In two 

included studies [19, 26], significant pain reduction was 
found after a single session of VR, highlighting the instant 
analgesic effect. Moreover, pain is commonly a limiting 
factor for patients with cancer to participate in rehabilita-
tion, especially mobility training and physical exercises. 
As shown in Basha et al. [27] and Feyzioglu et al. [29], 
using VR as an alternative approach to deliver therapy is 
feasible and effective to engage patients in active move-
ment with better pain outcomes.

In addition to distraction, it was revealed by several stud-
ies that the production of neurophysiologic changes might 
be another mechanism of VR in pain reduction [39]. There 
were mixed results regarding whether different VR systems 
impact the degree of pain reduction. Malloy et al. [40] ana-
lyzed the VR effect on pain reduction in seven studies and 
suggested that the use of more sophisticated VR with full 
immersion was associated with greater pain relief. However, 
another systematic review [41] indicated that the effects of 
immersive versus non-immersive VR may differ in children 
and adults. In our review, given the limited number of clini-
cal studies reporting pain outcomes and the heterogeneity in 
study design, the subgroup analysis was not able to be con-
ducted to compare the effect of different VR systems. Hence, 
further studies are warranted to investigate the effects of dif-
ferent VR paradigms on pain relief in patients with cancer.

Fig. 3   Forest plots of between-group meta-analyses
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Individuals during hospitalization or cancer treatment 
might sustain psychological distress due to a variety of 
personal and environmental factors, which can undermine 
their mental health status. Results from this meta-analysis 
confirmed the effectiveness of VR on reducing anxiety in 
both within-group and between-group comparisons; all three 
studies used head-mounted displays. Li et al. [21] reported 
that children in the VR group demonstrated significantly 
fewer depression symptoms compared to the control; how-
ever, it should be noticed that the quality assessment of 
this study was fair. The beneficial effects of VR for treating 
anxiety and depression rely on the engagement of patients’ 
imagination through a customized and controlled virtual 
environment [42]. Also, as an emotion-focused distraction 
intervention, VR serves as an emerging tool to mitigate anxi-
ety and depression along with pain and other psychologi-
cal distress [43]. Rehabilitation professionals may consider 
taking advantage of these features of VR to aid in symptom 
management during practice. Furthermore, a systematic 
review including five studies by Zeng et al. [44] revealed that 
performing physical exercise in VR had significant effects 
on anxiety and depression, resonating part of the results by 
Li et al. [21] which used VR therapeutic play in hospital-
ized children with cancer. Nonetheless, it should be recog-
nized that participants in four out of the five included studies 
in Zeng et al. [44] were healthy individuals, therefore, the 
generalization of their conclusions to individuals of cancer 
remains unclear and should be further elucidated.

Three included studies used VR in individuals with breast 
cancer postmastectomy and found that compared to control 
groups (proprioceptive neuromuscular facilitation [25], 
resistance exercises [27], and standard physical therapy 
[29]), VR demonstrated a superior improvement in upper 
extremity function. VR interventions used in those stud-
ies were commercial VR systems, including Xbox Kinect 
[27, 29] and Nintendo Wii [25]. Since the above three 
control groups all adopted a time-matched active control 
design, the improvement in function should be attributed 
to the VR training mode rather than additional time spent 
in rehabilitation. For lymphedema severity, as measured by 
excessive arm volume, both Atef et al. [25] and Basha et al. 
[27] reported no significant difference between groups. This 
non-significant result was not unexpected as both VR and 
control groups in those two studies also received standard 
decongestive physiotherapy, and commercial VR systems 
were not specifically designed for reducing lymphedema. 
Additionally, although only presented in one study [29], 
VR significantly reduced the fear of movement compared 
to standard physical therapy control. It concurs with litera-
ture reports regarding the effects of VR on kinesiophobia in 
patients suffering from chronic pain [45–47]. Overall, the 
above findings corroborate the value of integrating VR into 
current physical therapy regimens to promote movement 

and optimize upper extremity functional outcomes in breast 
cancer survivors.

Two studies reported the effects of VR on balance and 
mobility functions. Schwenk et al. [33] devised an interac-
tive sensor-based VR balance training paradigm for patients 
with chemotherapy-induced peripheral neuropathy, and Vil-
lumsen et al. [32] used Xbox Kinect in a home exercise pro-
gram for patients with prostate cancer. In neurological reha-
bilitation, VR has been commonly used to restore balance 
and mobility [48], and its effectiveness has been supported 
by systematic reviews in stroke [49], Parkinson’s disease 
[50], multiple sclerosis [51], and cerebral palsy [52]. Bal-
ance and mobility are also essential considerations in cancer 
rehabilitation, as patients may experience sensory impair-
ments, muscle weakness, reduced stamina, and limited func-
tional activity tolerance; multiple body systems involved in 
balance control can be influenced by cancer and treatment. 
Evidently, chemotherapy negatively affects balance and gait 
among cancer survivors and is associated with increased 
fall incidence through chemotherapy-induced peripheral 
neuropathy [53]. With the ongoing VR research in neuro-
logical rehabilitation, VR as a promising intervention for 
patients with cancer to restore balance and mobility can be 
further explored.

Six studies applied VR to pediatric patients, and three 
of them reported compromised compliance. Benzing et al. 
[23] reported less than half of the participants attended the 
prescribed amount of VR training sessions; Hamari et al. 
[22] reported although no participants withdrew from the 
study during the 2.5-year follow-up, most participants did 
not follow instructions to allow for adequate time spent on 
VR each week; Li et al. [21] reported the attrition rate of 
VR group was 13% higher than the control group, in which 
children received usual care without additional intervention. 
The insufficient time in active involvement might contribute 
to the non-significant difference between VR and control 
group [22]. On the other hand, all participants completed a 
10-week home-based VR program and reached the desired 
exercise dosage in Sabel et  al. [24]; the weekly coach-
ing sessions via teleconferencing during the intervention 
period plays a role in providing encouragement, addressing 
challenges, and promoting compliance. Therefore, special 
considerations should be taken in the future design and 
implementation of using VR in children versus adults to 
ensure participants’ compliance and the fidelity of study. 
Motivation is an essential factor in pediatric rehabilitation, 
and heightened motivation appears to be related to better 
rehabilitation outcomes [54]. In particular, the interaction 
between children and specific tasks performed in VR can 
impact their subject experience as well as their attitude 
towards VR rehabilitation. In this case, to elicit children’s 
motivation to participate, the individualization of VR might 
be of importance to inform task selection and parameter 
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adjustment, to tailor the demands of children with a variety 
of capacities and interests [55, 56].

Cancer-related cognitive impairment is an area which 
attracts cumulative attention in the literature in the last dec-
ade. It encompasses deficits in memory, attention, concen-
tration, executive function, and other domains of cognition 
[57]. While most previous studies have focused on those 
who received chemotherapy and breast cancer survivors, its 
underlying mechanisms, as well as ramifications in other 
types of cancer, are gradually revealed by recent multimodal 
research investigations [58]. In addition to conventional cog-
nitive rehabilitation, which is typically delivered by neu-
ropsychologists and occupational therapists, VR is supported 
by compelling evidence as an effective approach to promote 
motivation and participation, and augment cognitive rehabil-
itation outcomes [59]. As of now, compared to the literature 
body that inspected the effects of VR on cognitive outcomes 
in individuals with neurological conditions [60–62], there 
is a limited number of articles within the context of cancer 
rehabilitation. Our systematic review identified two RCTs 
and one CCT in this topic, and all three were evaluated as 
good quality. Two of them reported significant improve-
ment obtained through VR compared to control groups, 
while one did not find any significant results in VR. The 
differences in the above findings might be related to differ-
ent VR apparatus employed in those studies. Yang et al. [30] 
and Bellens et al. [28] used the IREX system and Aquasnao 
videogame, respectively, which are all VR systems specifi-
cally designed for rehabilitation use; both reported superior 
cognitive outcomes in the VR group. Benzing et al. [23] 
used Xbox Kinect, which is a commercially available VR 
console. It found the working memory training group, rather 
than the VR group, obtained improvement in visual working 
memory; and neither of these two groups obtained improve-
ment in executive function. Since the exergames performed 
in Xbox Kinect were not designed to address the above cog-
nitive domains, these findings implied the significance of 
task specificity in the selection of VR systems with the aim 
to ameliorate cancer-related cognitive impairment.

Limitations

This review has several limitations. First, only RCT and CCT 
were included in this review to control variance in study 
design and allow for not only within-group but also between-
group meta-analysis. However, in doing so, the number of 
eligible studies were reduced, as single-group trials, case 
series, and case reports were excluded, although they were 
also about the application of VR on cancer survivors. Sec-
ond, patients with all types of cancer were included. And 
due to the limited number of available studies, a subgroup 
meta-analysis was not performed for different cancer types. 
Third, including studies of both pediatric and adult cancer 

survivors could increase the heterogeneity of this review. 
Finally, there were other demographic factors, such as age, 
gender, disease severity, and concurrent treatment, which 
might potentially impact the outcomes of rehabilitation. A 
meta-regression is an appropriate approach to synthesize 
findings while adjusting for the effects of available covari-
ates, while it could not be performed based on the current 
dataset from included studies.

Conclusions

VR demonstrates promising effects in physical, cognitive, 
and psychological aspects of patients with cancer. VR reha-
bilitation significantly improved pain, fatigue, anxiety, upper 
extremity function, and quality of life in cancer survivors; 
compared to the control group, VR also demonstrated sig-
nificantly more improvement in pain, anxiety, and upper 
extremity function. VR might be also effective in cognition, 
balance, and mobility functions. VR can be incorporated 
into a comprehensive cancer rehabilitation program to opti-
mize outcomes in mitigating impairments and functional 
limitations.
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