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Abstract

Psychological distress is a common consequence of breast cancer diagnosis and treatment

and could further exacerbate therapy side effects. Interventions increasing treatment

tolerance are crucial to improve both patients' quality of life and adherence to therapies.

Virtual reality (VR) has emerged as an effective distraction tool for different medical

procedures. Here, we assessed the efficacy of immersive and interactive VR in alleviating

chemotherapy‐related psychological distress in a cohort of Italian breast cancer patients,

also comparing its effects with those of music therapy (MT). Thirty patients were included

in the VR group, 30 in the MT group, and 34 in the control group, consisting of patients

receiving standard care during chemotherapy. Our data suggest that both VR and MT are

useful interventions for alleviating anxiety and for improving mood states in breast cancer

patients during chemotherapy. Moreover, VR seems more effective than MT in relieving

anxiety, depression, and fatigue.
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1 | INTRODUCTION

Breast cancer, the most common malignancy in women world-

wide, severely affects both physical and psychological health.

Psychological distress is a consequence of breast cancer

diagnosis (Chirico, Lucidi, Mallia, D'Aiuto, & Merluzzi, 2015),

with anxiety and depression being frequent manifestations

(Hill et al., 2011).

Among the standard treatments for breast cancer, chemotherapy has

several side effects, which lead to a further decline in quality of life (Mills,

Parker, Dimsdale, Sadler, & Ancoli‐Israel, 2005). Moreover, psychological

distress can increase the risk of developing chemotherapy side effects
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(Grassi et al., 2015), which in turn might trigger the development of

conditioned responses to this treatment, such as anticipatory nausea

(Kamen et al., 2014; Schneider, Kisby, & Flint, 2011). Severe adverse

effects can lead to dose decrease or treatment discontinuation. There-

fore, early interventions able to improve treatment tolerance could be

crucial to increase the chances of recovery. Over the last decades, many

trials assessing psychological interventions have been conducted in

patients with cancer, mainly in women with breast cancer (Lutgendorf,

Sood, & Antoni, 2010). Importantly, it has been suggested that breast

cancer patients receiving psychological interventions were more likely to

adhere to their chemotherapy regimen (Andersen et al., 2004).

Among psychological interventions aimed to improve tolerance to

chemotherapy, distraction could be a promising strategy. Indeed,

according to the Lazarus and Folkman's stress and coping model, when

individuals recognize that nothing can be done to change a stressful

condition, they regulate the emotional response to this condition through

emotion‐focused coping strategies (Lazarus & Folkman, 1984). These

strategies include avoidance, minimization, distancing, selective attention,

making positive comparisons, and finding positive value in negative

events. Distraction is an effective emotion‐focused coping strategy

because it diverts attention from unpleasant stimuli towards pleasant or

interesting stimuli, thus decreasing stress and anxiety (Schneider & Hood,

2007). Several distraction interventions, such as progressive relaxation,

guided imagery, and cognitive distraction (reading, humor, music, and

movies), have shown some success in patients undergoing chemotherapy

(Schneider & Hood, 2007; Schneider et al., 2011).

A type of distraction intervention able to alleviate distress and

treatment‐related symptoms is receptive music therapy (MT), which

includes any intervention in which the patient listens to music with the

aid of a reproducer under the guidance of the therapist (Atiwannapat,

Thaipisuttikul, Poopityastaporn, & Katekaew, 2016; Bruscia, 2018).

Overall, evidence from a recent literature review on cancer patients

receiving MT, supports a positive effect on anxiety, depression, pain, and

quality of life (Gramaglia et al., 2019). Specifically, in patients undergoing

chemotherapy, MT seems to reduce anxiety, tension, depression, and

anger. A meta‐analysis also indicated the effectiveness of therapist‐
provided music interventions in reducing the severity of anxiety and

depression, with moderate to large effects being observed in cancer

patients (Tsai et al., 2014). Other observed effects of MT during

chemotherapy include relaxation (Burrai, Micheluzzi, & Bugani, 2014) and

reduction of the treatment side effects (Moradian & Howell, 2015).

Over the last two decades, virtual reality (VR), a technology that

allows users to immerse themselves in a three‐dimensional computer‐
generated world, has found a variety of applications in health care

(Indovina et al., 2018; Napolitano et al., 2013) and, in particular, has

shown efficacy as a distraction tool to alleviate pain and distress during

medical procedures, including chemotherapy (Chirico, Lucidi, et al., 2016;

Indovina et al., 2018). VR equipment usually includes head‐mounted

displays, motion tracking systems, headphones, and devices to interact

with the virtual environment. A key factor underlying VR distraction

power is its ability to engage different senses simultaneously, by

providing synthetic stimuli, such as visual imagery, spatialized sound,

and sometimes tactile and olfactory feedback. Indeed, the provision of

these multimodal stimuli, together with the ability to sense the user's

motion and modify the virtual world accordingly, induce a sense of

“presence” in the virtual environment, which is an individual user

response found to be correlated with VR efficacy (Indovina et al., 2018).

Moreover, the VR equipment can visually isolate patients from the

medical environment and help them to focus on pleasant stimuli, thus

possibly reducing negative emotions and inducing, instead, emotions with

a positive valence, which are deemed to influence VR efficacy

(Schneider & Hood, 2007; Sharar et al., 2016; Triberti, Repetto, & Riva,

2014). Also, different studies showed that high‐quality and interactive VR

systems are more effective (Indovina et al., 2018). Thus, interactivity and

immersion (which, unlike the subjective sense of presence, is the

objective and measurable level of sensory fidelity provided by VR;

Bowman & McMahan, 2007) are crucial factors impacting on VR

distraction efficacy.

In the present study, using the above described Lazarus and

Folkman's stress and coping model as a theoretical framework, we

assessed the efficacy of immersive and interactive VR as a distraction

intervention aimed to relieve chemotherapy‐related anxiety and negative

mood states in a cohort of Italian breast cancer patients, also comparing

its effects with those of MT. VR and MT efficacy was evaluated versus a

control group, consisting of patients receiving standard care during

chemotherapy.

2 | METHODS

2.1 | Participants

Ninety‐four female patients with breast cancer were recruited

(starting from 2016) at the National Cancer Institute‐IRCCS “Fonda-

zione G. Pascale,” Naples, Italy. Inclusion criteria were: patients' age

between 18 and 70 years, breast cancer diagnosis, patients having to

receive chemotherapy (second infusion without any history of

previous neoadjuvant or adjuvant chemotherapy treatment) with the

same type of drug (Epirubicin, Cyclophosphamide). Patients with

epilepsy, drug and/or alcohol addictions, metastasis, wearing glasses,

or having ports were excluded from the study.

2.2 | Study design and procedure

This is an externally controlled trial in which patients were randomly

assigned to the VR or MT group and were compared with a non‐
concurrently recruited control group.

Eligible participants were identified by medical oncologists

and nurses. Participants provided written informed consent and

completed a first set of questionnaires while waiting for

treatment initiation. An experienced psychologist was available

for any doubt regarding the questionnaires. Following the

completion of the questionnaires, patients received VR, MT,

or standard care during chemotherapy. Each chemotherapy

treatment lasted 45–90 min.
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For the chemotherapy treatment with VR, a research nurse,

together with a trained psychologist, explained how to use the VR

equipment and helped patients with putting on the headset. Patients

used the VR system for 5–10min to get accustomed to it, and then

the nurse administered the chemotherapy. Patients were able to

report possible adverse symptoms while receiving VR and used the

equipment for 20min during chemotherapy.

For the MT condition, an mp3 reader and headphones were

provided to the patients after 5min from the starting of the

chemotherapy infusion. Patients listened for 20min relaxing music,

pretaped by an expert music therapist.

For the control conditions, nurses and medical care staff followed

customary procedures. Patients were free to choose different

activities during treatment, including conversation and reading.

After the different procedures, patients completed a second set

of questionnaires.

The study was approved by the Independent Ethical Committee

of the National Cancer Institute‐IRCCS “Fondazione G. Pascale”

(Prot. n. “CEI 52/14”).

2.3 | VR equipment and content

The VR equipment consisted of head‐mounted glasses (Vuzix Wrap 1200

VR) with a head motion tracking system. Each patient had a controller to

interact with the virtual environment, which consisted of relaxing

landscapes created on the Second Life® platform (Linden Lab). In

particular, participants explored an island, by walking through a forest,

observing different animals, climbing a mountain, and swimming in

the sea.

2.4 | Measurements

2.4.1 | Patients' characteristics

Patients' demographic characteristics were collected from standard

self‐report questionnaires. Clinical characteristics were obtained

from the medical charts.

2.4.2 | Anxiety measurement

Patients' anxiety levels were measured using the State Anxiety Inventory

(SAI) for adults (Spielberger, 1983), which is a valid and commonly used

tool for measuring this emotion. SAI consists of 20 items, each scored on

a 4‐point Likert scale (1, almost never; 2 , occasionally; 3, most of the

time; and 4, almost always). The SAI total scores range from 20 to 80,

with higher scores indicating higher levels of anxiety. SAI was used in this

study because it evaluates current feelings of anxiety, rather than trait

anxiety, through items that measure subjective feelings of apprehension,

tension, nervousness, worry, and activation/arousal of the autonomic

nervous system (Julian, 2011).

2.4.3 | Measurement of mood states

We used the short version of Profile of Mood States (SV‐
POMS; Shacham, 1983), which consists of the 37 items from the

POMS that were found to have a higher internal consistency and

were judged to be face‐valid in different studies on cancer patients

(Baker, Denniston, Zabora, Polland, & Dudley, 2002). The SV‐POMS

maintains the six mood subscales from the POMS. Subscale scores

are calculated according to the manual of the scale (DiLorenzo,

Bovbjerg, Montgomery, Valdimarsdottir, & Jacobsen, 1999). We used

the Italian version of POMS (Mannarini, Polimeni, Shams, &

Giacobbo, 2012). The internal consistency reliabilities of POMS

subscales range from 0.87 to 0.95.

2.4.4 | Evaluation of cybersickness symptoms

The Virtual Reality Symptom Questionnaire (VRSQ), which was

developed by Ames in 2005 (Ames, Wolffsohn, & Mcbrien, 2005),

was administered to patients after the VR intervention to evaluate

the possible occurrence of symptoms of cybersickness, a type of

motion sickness caused by exposure to VR. The questionnaire

assesses eight general physical side effects (general discomfort,

fatigue, boredom, drowsiness, headache, dizziness, concentration

difficulties, and nausea) and five visual effects (tired eyes, aching

eyes, eyestrain, blurred vision, and difficulties focusing) on a seven‐
point range (from 0 to 6, with 0 indicating that the symptom is not

present and 6 that the symptom is severe).

2.5 | Data analysis

Descriptive analyses were performed for all the variables of the

study to check the distribution normality. A 2 × 3 repeated

measures analysis of variance (ANOVA) with a two‐level “within

subjects” factor, namely TIME (“pretest” vs. “posttest”), and a

three‐level “between subjects” factor, that is INTERVENTION

(“VR” vs. “MT” vs. “control group”), was performed using the SPSS

software (version 25.0), considering as a dependent variable

the perceived anxiety of the patients (as measured by SAI). A

series of multivariate analysis of variances (MANOVAs) were

performed considering as dependent variables all the subscales

of the POMS and as independent variables the same as ANOVA.

A descriptive analysis was performed for the cybersickness

measure.

3 | RESULTS

3.1 | Participants' characteristics

A total sample of 94 subjects was assigned to the three groups of the

study. In particular, 30 patients were included in the VR intervention
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group, 30 patients in the MT intervention group, and 34 patients

constituted the control group. Two participants in the VR group were too

ill to complete the study questionnaire after the chemotherapy and

therefore were withdrawn by the researcher. Data analysis included

results from patients who completed all the questionnaires: n=28 for the

VR group, n=30 for the MT group, and n=34 for the control group.

Participants' sociodemographic characteristics and clinical stage are

reported in Table 1. Statistical analysis of these variables did not show

any significant difference among the three groups.

3.2 | Anxiety

A 2 × 3 analysis of variance (ANOVA) was performed, considering as

a dependent variable the level of anxiety (as measured by SAI) and as

independent variables a “within subjects” factor, namely TIME

(“pretest” vs. “posttest”), and a “between subjects” factor, namely

INTERVENTION (“VR” vs. “MT” vs. “control group”). Overall, the

results of the ANOVA showed a significant interaction effect

between the TIME factor and the INTERVENTION factor (TIME*-

INTERVENTION) on the patients' level of anxiety (p = .006; see

Table 2). Furthermore, the analysis showed a significant main effect

for the TIME factor only (p < .001). Conversely, a nonsignificant main

effect resulted from the ANOVA for the INTERVENTION fac-

tor (p = .150).

Pairwise comparisons showed significant reductions in the

anxiety levels between the pretest and the posttest for both the

intervention groups (VR and MT) and a not significant reduction for

the control group (Table 3). Moreover, pairwise comparisons did not

show any significant difference among the three groups before the

intervention, whereas significant differences between the VR and the

control group (p = .001) and between the MT and the control group

(p = .049) were found after the procedure. Figure 1 reports

the anxiety levels in the three groups, between the two times of

data collection.

3.3 | Mood states

A 2 × 2 × 2 mixed MANOVA was performed considering as depen-

dent variables the levels of the six mood or affective states, as

measured by the SV‐POMS (i.e. tension, depression, anger, vigor,

fatigue, and confusion), and as independent variables the same as

reported above for the ANOVA test. Results of the univariate effects

from MANOVA are reported in Table 4.

An interaction between the TIME and the INTERVENTION

factors emerged for all the POMS subscales, except for vigor and

confusion. Pairwise comparison analysis showed that patients

participating in the VR intervention reported a significant reduction

between the preintervention and the postintervention phases in the

following negative mood states: tension, depression, anger, fatigue;

similarly, patients receiving MT reported significantly reduced levels

of tension, anger, and fatigue. Conversely, patients in the control

group did not show any significant change in their mood states

(Table 5). Moreover, pairwise comparisons showed significant

differences among the three groups before the intervention on some

variables of the POMS: the subjects in the VR group experienced

more tension with respect to the subjects in the MT group (p < .05);

the VR group reported a higher level of anger than the control group

(p < .05); all the three groups differed significantly for fatigue (VR vs.

MT: p < .05; VR vs. control group: p < .001; MT vs. control group

p < .05), with the VR group reporting the highest level of fatigue,

followed by the MT group and the control group. Significant

differences between the VR and the control group (p < .001) and

between the MT and the control group (p < .05) were found after the

procedure for depression, whereas tension was found to be

significantly different after the procedure between the MT and the

control group only (p < .05). Figure 2 reports the mood state levels

for which a significant interaction effect has been found in the three

groups, between the two times of data collection. Furthermore, the

analysis showed a significant main effect for the “within subjects”

factor TIME on the following subscales of the POMS: tension, anger,

and fatigue (p < .001); also, a significant main effect resulted from the

TABLE 1 Baseline data of participants by groups

Variables
VR
group %

MT
group %

CG
group %

Age: mean (SD) 55.18

(5.7)

55.7

(5.26)

56.2

(6.79)

Marital status
Married N = 20 66.6 N = 23 76.6 N = 25 73.5
Single/widow/

divorced

N = 10 33.3 N = 7 23.3 N = 9 26.4

Employment

Yes N = 15 50 N = 14 46.6 N = 18 52.9

No N = 15 50 N = 16 53.3 N = 16 47.0

Tumor stage
I N = 6 20 N = 8 26.6 N = 9 26.4
II N = 12 40 N = 13 43.3 N = 14 41.1
III N = 12 40 N = 9 30 N = 11 32.3

Abbreviations: CG, control group; MT, music therapy; VR, virtual reality.

TABLE 2 Univariate effects for the ANOVA analysis

Dependent variable Effects DF F p Value ηp
2

Anxiety INTERVENTION 2 1.959 .147 0.042

TIME 1 33.918 <.001 0.278

TIME * INTERVENTION 2 5.496 .006 0.111
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ANOVA for the INTERVENTION factor (“between subjects”) on the

tension and depression subscales (p < .05).

3.4 | Cybersickness symptoms

Possible VR‐associated cybersickness symptoms were analyzed through

the VRSQ, which was administered to patients after the VR intervention.

Data from this questionnaire showed that all symptoms, except a slight

difficulty in concentrating, occurred with a frequency lower than 20%

(see Table 6).

4 | DISCUSSION

Chemotherapy is a mainstay of cancer treatment; however, its side

effects, such as nausea, vomiting, fatigue, pain, and anorexia,

represent a major clinical problem. Moreover, psychological distress

is a frequent consequence of cancer diagnosis and treatment

(Derogatis et al., 1983; Stefanek, Derogatis, & Shaw, 1987) and can

further increase the risk of developing chemotherapy side effects

(Grassi et al., 2015). These adverse effects can result in reduced

compliance to treatments. Therefore, the development of interven-

tions able to enhance treatment tolerance is required to improve

both patients' quality of life and chances of recovery.

Different distraction interventions have shown some success in

patients receiving chemotherapy (Schneider & Hood, 2007; Schneider

et al., 2011). Among these interventions, VR, with its great attention‐
grabbing power, proved to support patients with cancer in different

settings (Bani Mohammad & Ahmad, 2019; Chirico, Lucidi, et al., 2016),

including during chemotherapy (Chirico, D'Aiuto, et al., 2016; Chirico,

Lucidi, et al., 2016). Although these studies suggested the potential

utility of VR to improve chemotherapy‐related distress outcomes both

in adults and in children with different cancer types (Chirico, Lucidi,

et al., 2016; Indovina et al., 2018), most of them involved a very small

number of patients (Oyama, Kaneda, Katsumata, Akechi, & Ohsuga,

2000; Schneider & Workman, 1999; Schneider, Ellis, Coombs, Shonk-

wiler, & Folsom, 2003; Schneider, Prince‐Paul, Allen, Silverman, &

Talaba, 2004) and the only study with a larger sample size did not

achieve a statistically significant symptom improvement (Schneider &

Hood, 2007). Moreover, these trials used relatively low‐tech‐VR
systems with barely interactive VR worlds and one study used a

semi‐immersive VR system (Oyama et al., 2000). Considering that the

levels of immersion and interactivity impact on VR efficacy, stronger

results might likely be obtained with more immersive and fully

interactive VR worlds. Also, none of these studies compared the

efficacy of VR with that of other forms of distraction in reducing

chemotherapy‐related symptoms.

This is the first study exploring the efficacy of immersive and

interactive VR in relieving chemotherapy‐related anxiety and negative

mood states in a cohort of Italian breast cancer patients, also comparing

its effects with those of MT. VR and MT efficacy was evaluated versus a

control group, consisting of patients receiving standard care during

chemotherapy, without any further supportive intervention. Approxi-

mately 78% of the participants were aged 50 years and above, consistent

with the statistics on breast cancer by the Italian Association of Cancer

Registries (AIRTUM), which reported that breast cancer mainly affects

women of those ages (AIRTUM et al., 2016). We also analyzed motion

sickness symptoms through a questionnaire (VRSQ) specifically devel-

oped for assessing possible VR‐related side effects (Ames et al., 2005). All

the assessed outcomes are discussed separately in the following sections.

TABLE 3 Descriptive statistics for anxiety levels (as measured by the State Anxiety Inventory) for each group by the TIME factor, and
indication of significant differences from pairwise comparisons

INTERVENTION TIME Mean SD

95% CI Comparison

LL UL p value

VR Pre 44.296 1.808 40.703 47.89 <.001

Post 37.444 1.684 34.098 40.791

MT Pre 42.9 1.715 39.491 46.309 <.001
Post 39.567 1.597 36.392 42.741

CG Pre 45.412 1.611 42.21 48.614 .179

Post 43.941 1.5 40.959 46.923

Abbreviations: CG, control group; MT, music therapy; VR, virtual reality.

F IGURE 1 Line graph reporting the means with standard
deviations of anxiety levels, as measured by the State Anxiety
Inventory (SAI), in the virtual reality (VR) and music therapy (MT)

intervention groups and in the control group (CG) between the two
times of data collection
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4.1 | Anxiety

The significant interaction observed between the TIME factor

(“pretest” vs. “posttest”) and the INTERVENTION factor (“VR” vs.

“MT” vs. “control group”) on the patients' level of anxiety prompted

us to perform pairwise comparison analyses.

We observed that all the three groups of patients had a high

mean level of anxiety before chemotherapy (44.2 for VR; 42.9 for

MT; 45.4 for control group, as measured by SAI), considering 40 as a

clinical cut‐off score (Knight, Waal Manning, & Spears, 1983;

Vodermaier, Linden, & Siu, 2009). No significant differences in

pretest anxiety were found among the three groups.

Although all the groups reported lower mean anxiety scores in

the posttest than in the pretest, statistically significant differences

were achieved only in the intervention groups (VR and MT), whereas

the pre and posttest difference was not significant for the control

group.

Notably, the VR group reported a significantly lower mean

postintervention anxiety score compared with that of the control

group (p = .001), in line with a previous study reporting a significant

decrease in anxiety in 16 breast cancer patients (aged 50‐77 years)

after chemotherapy treatment with VR (Schneider et al., 2003).

Conversely, in another study involving 20 younger breast cancer

patients (aged 27‐55 years), the decrease in anxiety after the VR

intervention did not reach statistical significance (Schneider

et al., 2004).

We also observed a lower mean posttest anxiety score in the MT

group with respect to the control group; however, this difference

barely reached the level of significance (p = .049). Moreover, mean

posttest anxiety was lower in the VR group than in the MS group

(37.4 and 39.6, respectively), although without reaching statistical

significance.

4.2 | Mood states

We observed a significant interaction between the TIME and the

INTERVENTION factors for all the POMS subscales, except for vigor

and confusion. Pairwise comparison analysis showed that patients

receiving the VR intervention had a significant reduction in their

tension, depression, anger, and fatigue levels between the pretest

and the posttest. Similar results were also observed in the MT group,

except for depression, which did not decrease significantly in these

patients. Conversely, the control group did not show any significant

pretest–posttest change. These results are consistent with previous

studies suggesting that immersive (Schneider et al., 2004) or semi‐
immersive (Oyama et al., 2000) VR systems can impact on fatigue in

adult patients with different cancer types. Notably, although MT and

VR were both able to induce a significant decrease in fatigue

between the pretest and the posttest, the comparison of the

pretest–posttest reductions between MT and VR showed a greater

effect for the VR condition (pretest–posttest for VR: 4.321;

pretest–posttest for MT: 1.767). The suggested greater effectiveness

of VR in decreasing both depression and fatigue with respect to MT

seems to reflect the different characteristics of the two interven-

tions: MT is aimed to induce relaxation (Pelletier, 2004), whereas VR

could induce arousal (Sharar et al., 2016).

4.3 | Cybersickness

Results from the VRSQ showed that all symptoms occurred with a

frequency < 20%, which has been considered negligible by the

authors of the scale (Ames et al., 2005), except a slight difficulty

in concentrating (21.4%). In line with previous observations

(Indovina et al., 2018), nausea was very infrequent and mild.

TABLE 4 Univariate effects for the multivariate analysis of variance (MANOVA), considering the subscales of the Profile of Mood States
(POMS)

Effects Dependent variables DF F p Value ηp
2

INTERVENTION Tension 2 5.183 .007 0.104

Depression 2 3.343 .040 0.070

Anger 2 0.629 .536 0.014

Vigor 2 1.038 .359 0.023

Fatigue 2 1.097 .338 0.024

Confusion 2 1.959 .147 0.042

TIME Tension 1 24.535 <.001 0.216
Depression 1 2.427 .123 0.027
Anger 1 24.205 <.001 0.214
Vigor 1 1.373 .244 0.015
Fatigue 1 25.190 <.001 0.221
Confusion 1 2.299 .133 0.025

TIME * INTERVENTION Tension 2 4.561 .013 0.093

Depression 2 7.645 .001 0.147

Anger 2 5.377 .006 0.108

Vigor 2 0.374 .689 0.008

Fatigue 2 16.271 <.001 0.268

Confusion 2 0.718 .490 0.016
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Although occurring very infrequently, some symptoms were

evaluated by the participants as severe. However, the symptoms

were assessed only after the chemotherapy‐VR intervention,

without a comparison with the pretest conditions or with the

control group, and therefore it is not possible to ascribe them

entirely to the VR use. Indeed, at least some of these symptoms

are common in cancer patients during chemotherapy. In parti-

cular, moderate–severe fatigue occurred in approximately 14% of

patients; however, as reported above, VR proved to induce a

decrease in fatigue (as measured by POMS) between the pretest

and the posttest. Therefore, at least this symptom could not be

ascribed to the VR intervention. It should also be considered that

we used a relatively low‐tech‐VR system compared with those

available in the market today. It is likely that the occurrence of

cybersickness symptoms can be avoided by using state‐of‐the‐art
VR systems.

5 | LIMITATIONS

This study is unblinded and lacks a concurrently randomized control

group and, therefore, is at risk of bias. Indeed, patients were

randomly assigned to the VR or MT group and were compared with a

separately recruited, nonrandomized control group.

Another limitation is that this trial analyzed only short‐term
effects. Indeed, measurements were taken only at two time points

(preintervention and postintervention) and each patient participated

in only one session. Further studies should explore potential long‐
term benefits of the VR intervention (e.g. a possible decrease in

anticipatory anxiety before the subsequent chemotherapy sessions)

and should also verify whether VR continues to be effective over

repeated exposures. Indeed, a concern regarding the use of VR

during medical procedures is that it could lose efficacy over several

sessions since individuals might habituate to it. This remains to be

TABLE 5 Descriptive statistics for the Profile of Mood States subscales, for each group by the TIME factor, and indication of significant
differences from pairwise comparisons

95% CI Comparison

Measure INTERVENTION TIME Mean SD LL UL p value

Tension VR Pre 14.321 0.674 12.982 15.661 <.001

Post 11.643 0.702 10.249 13.037

MT Pre 12.133 0.651 10.839 13.428 <.001

Post 9.900 0.678 8.553 11.247

CG Pre 13.676 0.612 12.461 14.892 .610

Post 13.382 0.637 12.117 14.648

Depression VR Pre 12.893 0.859 11.187 14.599 .001
Post 10.286 0.759 8.778 11.794

MT Pre 12.333 0.829 10.685 13.982 .505
Post 11.867 0.733 10.410 13.324

CG Pre 13.353 0.779 11.805 14.901 .069
Post 14.559 0.689 13.190 15.927

Anger VR Pre 14.393 0.897 12.611 16.175 <.001

Post 11.429 0.763 9.912 12.945

MT Pre 13.033 0.866 11.312 14.755 .001

Post 10.933 0.737 9.468 12.399

CG Pre 11.912 0.814 10.295 13.529 .726

Post 11.706 0.693 10.330 13.082

Vigor VR Pre 17.929 1.065 15.812 20.045 .940
Post 17.857 0.864 16.141 19.574

MT Pre 18.733 1.029 16.688 20.778 .515
Post 18.133 0.835 16.475 19.792

CG Pre 17.441 0.967 15.520 19.362 .176
Post 16.265 0.784 14.707 17.822

Fatigue VR Pre 17.821 0.705 16.420 19.223 <.001

Post 13.500 0.578 12.351 14.649

MT Pre 15.533 0.681 14.180 16.887 .006

Post 13.767 0.559 12.657 14.877

CG Pre 14.353 0.640 13.081 15.625 .254

Post 15.029 0.525 13.987 16.072

Confusion VR Pre 9.036 0.759 7.528 10.544 .931
Post 9.071 0.688 7.705 10.438

MT Pre 7.700 0.733 6.243 9.157 .116
Post 7.067 0.665 5.746 8.387

CG Pre 7.647 0.689 6.279 9.015 .242
Post 7.206 0.624 5.965 8.446

Abbreviations: VR, virtual reality; MT, music therapy; CG, control group.
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assessed, although some encouraging data showed that the benefits

of the VR distraction intervention were not lost across at least three

sessions, thus suggesting that VR effects are not ascribable only to

the experience novelty (Indovina et al., 2018).

Moreover, only self‐reported measurements were analyzed.

Future studies evaluating the effects of VR on physiological variables

(such as heart rate and skin conductance) or on stress‐related
molecules might provide a more comprehensive evaluation of

distress (La Montagna et al., 2019).

Although our study population was larger than that of previous

clinical trials on VR intervention during chemotherapy in breast

cancer patients (Schneider et al., 2003, 2004), studies involving a

greater number of patients are necessary to generalize the

observations and also to evaluate possible associations between VR

efficacy and patients' characteristics, such as age and ethnicity.

Furthermore, VR‐related symptoms were assessed only following

the chemotherapy‐VR intervention and, therefore, part of these

symptoms could be ascribed to the chemotherapy treatment or to

the condition of the patients.

Finally, we used a low‐tech‐VR system with respect to the new

generation of VR systems available today, which are more immersive

and interactive. Therefore, these new systems could prove more

F IGURE 2 Line graph reporting the means with standard deviations of the tension, depression, anger, and fatigue levels, as measured by the

Profile of Mood States (POMS) subscales, in the virtual reality (VR) and music therapy (MT) intervention groups and in the control group (CG)
between the two times of data collection

TABLE 6 Percentage frequency of the occurrence of each

symptom by the items of the Virtual Reality Symptom Questionnaire
(VRSQ)

Symptom

None Slight Moderate Severe

0 1 2 3 4 5 6

General discomfort 82.1 3.6 7.1 0 7.1 7.1 0

Fatigue 78.6 7.1 0 0 7.1 7.1 0

Boredom 57.1 17.9 7.1 0 10.7 7.1 0

Drowsiness 50.0 17.9 7.1 3.6 10.7 7.1 3.6

Headache 67.9 10.7 10.7 0 3.6 3.6 3.6

Dizziness 89.3 3.6 7.1 0 0 0 0

DIfficulty

concentrating

64.3 14.3 21.4 0 0 0 0

Nausea 85.7 3.6 7.1 0 3.6 0 0

Tired eyes 67.9 10.7 7.1 3.6 10.7 0 0

Aching eyes 82.1 7.1 10.7 0 0 0 0

Eyestrain 78.6 17.9 0 3.6 0 0 0

Blurred 82.1 10.7 7.1 0 0 0 0

Difficulties focusing 78.6 3.1 2.1 0 0 0 3.6

5360 | CHIRICO ET AL.



effective in relieving chemotherapy‐related distress, without indu-

cing side effects.

6 | CONCLUSIONS

The results of our study suggest that both VR and MT are useful

interventions for alleviating anxiety and for improving mood states in

breast cancer patients during chemotherapy. Moreover, the VR inter-

vention seems more effective than MT in relieving anxiety, depression,

and fatigue. Thus, despite its limitations, this study supports the

continuous research on VR as a distraction intervention able to meet

the global clinical need for effective nonpharmacologic adjuncts.
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