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Abstract 40 

Introduction. Hematopoietic cell transplantation (HCT) is associated with physical symptoms, 41 

psychological distress, and cognitive fatigue. Hypnosis has demonstrated benefits in oncology but typically 42 

requires cognitive resources underlying active mental imagery. Virtual reality (VR) could reduce this 43 

cognitive load by providing structured visual inputs. This study evaluated the feasibility and preliminary 44 

efficacy of an intervention combining hypnosis with virtual nature exposure in patients undergoing HCT. 45 

Methods. A randomized longitudinal feasibility trial was conducted. Participants in the experimental group 46 

used an application offering virtual nature environments and hypnosis for two weeks. Feasibility outcomes 47 

included recruitment, attrition, usability, cybersickness, and qualitative user experience interviews. Main 48 

outcome of interest for preliminary efficacy was quality of life. Immediate pre-post session effects on pain, 49 

anxiety, and relaxation were examined using visual numeric scales. Results. Forty participants were 50 

enrolled. Application use averaged 2.8 sessions over two weeks, and cybersickness was minimal. 51 

Qualitative feedback indicated positive user experience, with perceived benefits for anxiety. Immediate 52 

effects included significant reductions in fatigue and anxiety and increase in relaxation and amusement 53 

after the first session. However, no significant group effect was observed for outcomes at 1 and 3 months. 54 

Conclusion. The intervention appears feasible for patients undergoing HCT, with promising immediate 55 

psychological effects. Further studies with optimized implementation and larger samples are required to 56 

evaluate clinical efficacy. 57 

 58 

Ethics. This project was approved by the Research Ethics Committee of Hôpital Maisonneuve-Rosemont 59 

(Project no MP-2023-3251). Procedure of this study has been preregistered on ClinicalTrials.gov 60 

(Registration number: NCT06817759), on Open Science Framework 61 

(https://doi.org/10.17605/OSF.IO/Z67YA), and published (Laurin et al., 2026). Raw anonymized data are 62 

available on OSF. 63 

Trial registration number. NCT06817759 (Initial registration: January 27th, 2025, Last update: February 4th, 64 

2025) 65 

Keywords 66 

Hematology, hematopoietic cell transplantation, virtual reality, hypnosis, feasibility study 67 

  68 
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Introduction 69 

Hematopoietic cell transplantation (HCT) is increasingly used for hematologic diseases, particularly for 70 

hematologic cancers and represents an effective therapeutic option [1]. HCT comprises several phases: 71 

After confirmation of eligibility, patients receive a conditioning regimen and have autologous or allogeneic 72 

cells infused [2]. HCT is associated with significant physical symptom burden (e.g., organ toxicity, severe 73 

mucositis causing pain, infections, graft-versus-host disease for allogeneic transplant) [3–7] and 74 

psychological distress [8]. Furthermore, these difficulties are exacerbated by protective isolation 75 

prescribed because of immunodeficiency, limiting social contact [9]. Finally, HCT can induce cognitive 76 

fatigue during hospitalization, persisting in a substantial proportion of survivors [10,11].   77 

Improving HCT patients’ well-being represents an important clinical challenge. Among existing 78 

interventions, hypnosis has been shown to be effective in oncology for reducing pain, fatigue, 79 

anxiodepressive symptoms, and improving quality of life (QoL) [12–14]. Hypnosis is defined as “a state of 80 

consciousness involving focused attention and reduced peripheral awareness characterized by an 81 

enhanced capacity for response to suggestion” [15]. However, the effectiveness of hypnosis varies 82 

considerably across individuals, largely depending on hypnotisability, which refers to a stable trait 83 

reflecting one’s capacity to enter in a hypnotic state, respond to suggestions, and engage in suggestion-84 

related imagery [16]. Given the cognitive fatigue commonly observed in patients undergoing HCT, these 85 

individual differences may be further amplified, potentially limiting accessibility of hypnosis in this 86 

population. It has been hypothesized that virtual reality (VR) may partly respond to this limitation by 87 

providing externally generated sensory immersion engaging attention resources required without relying 88 

on self-generated imagery, potentially making hypnotic suggestion accessible for individuals with lower 89 

hypnotisability [17,18]. VR refers to immersion, via a mediating device, in an environment that simulates 90 

elements of reality and bringing a sense of presence [19]. It has been shown to be efficient in decreasing 91 

anxiety, pain and stress in oncology [20]. Beyond their independent efficacy, VR and hypnosis share a 92 

common attentional pathway that may justify their combination. Both modalities rely on capture and 93 

narrowing of attention: hypnosis operates through focused top-down attentional absorption [21], while 94 

immersive VR engages overlapping attentional systems through bottom-up sensory immersion [22]. Trait 95 

absorption, predicting both hypnotisability and VR presence, supports this mechanistic overlap [23]. 96 

Selecting an appropriate VR scenario therefore becomes a key consideration. Exposure to nature has 97 

demonstrated beneficial effects on multiple psychosocial outcomes across diverse contexts (better 98 

physical and psychological health, reduced stress, improved mood, less negative emotions and fatigue) 99 
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[24]. When direct nature exposure is impossible (such as in HCT context), VR may serve as an effective 100 

alternative [25]. These benefits of exposure to nature can be explained by Attention Restoration Theory 101 

[24,26,27]. According to the theory, natural environments promote the recovery of psychological 102 

resources through their ability to capture attention. This elicits a “soft fascination” effortlessly and 103 

involuntarily to provide a sense of being away, allowing individuals to restore their attentional capacities 104 

[26]. This attentional profile is close to the attentional loosening required at the onset of hypnotic 105 

induction [28].  106 

The combination of virtual reality and hypnosis (VRH) has been shown to be effective in different clinical 107 

contexts such as burn care, perioperative settings, and oncology-related procedures [18,29]. However, the 108 

population of patients undergoing HCT is understudied [30]. Given the unique clinical and psychological 109 

burden of this population, there is a crucial need to develop tailored interventions. This development 110 

should be methodologically sound by using models like ORBIT [31] which provides a processual 111 

methodological framework guiding both development and optimization of interventions to ensure 112 

feasibility and effectiveness. In this context, a user-experience study was conducted to test the 113 

acceptability of the intervention in 10 patients with multiple myeloma following autologous or allogeneic 114 

HCT (Phase I) [32]. Results showed that the intervention is a well-received by participants and provided 115 

early-stage evidence on the acceptability of the intervention, while also offering adaptation pathways and 116 

recommendations to ensure the tool is suitable for clinical care. Considering those elements, the present 117 

randomized controlled feasibility trial was developed as a Phase II study. It aimed to further explore 118 

feasibility of an intervention combining virtual nature exposure and hypnosis and to evaluate its 119 

preliminary efficacy in reducing symptoms of anxiety, depression, pain, and fatigue, and impact on quality 120 

of life (QoL) among HCT recipients.   121 

Methods  122 

Study design and ethics 123 

This study referred to a Phase IIb feasibility pilot study according to the ORBIT model [31]. This was a 124 

parallel group randomized, controlled, longitudinal, and bicentric study led at Hôpital Maisonneuve-125 

Rosemont and Hôpital du Sacré-Cœur, both in Montréal, Québec, Canada.  126 

This project was approved by the Research Ethics Committee of Hôpital Maisonneuve-Rosemont for a 127 

multicentric study including Hôpital Sacré-Coeur (Project no MP12-2023-3251). Procedure of this study 128 
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has been preregistered on ClinicalTrials.gov (Registration number: NCT06817759), on Open Science 129 

Framework (https://doi.org/10.17605/OSF.IO/Z67YA), and published [33]. 130 

Participants 131 

Inclusion criteria were to be 18 years old or older, having a hematological disease for which an HCT was 132 

considered and being able to follow a conversation in French. Exclusion criteria were conditions impairing 133 

communication or inability to consent due to a sensory deficit (deafness, blindness) or cognitive 134 

impairment (confusion, dementia, uncontrolled psychiatric disorder), having head wounds that keep from 135 

using a headset and an history of seizures induced by flashing lights. 136 

Procedure and intervention 137 

After being informed of the presence of a potentially eligible patient by the transplant ward head nurse, 138 

the investigator (AL) proceeded to randomization to the intervention or the passive control group, using a 139 

computer-generated sequence created via the web-based tool Research Randomizer 140 

(https://www.randomizer.org/). Participants in the control group received standard care. No allocation 141 

concealment was performed as the experimental group received the intervention and the control group 142 

did not. 143 

Participants were recruited during the week following graft infusion. At the first meeting, participants were 144 

verbally informed of the purpose of this research and design of the study. If interested, they were provided 145 

with a written consent form and informed they could exercise their right to withdraw from the study at 146 

any time, to access and rectify their collected data, and to oppose to the statistical analysis of their data.  147 

Participants in the experimental group were offered a first accompanied session during which they were 148 

provided a demonstration of headset utilization and of the application delivering the intervention. 149 

Technical data sheets were then provided. The application comprised a large bank of landscapes they 150 

could visit and four hypnosis exercises that combined virtual nature exposure and hypnosis. After this first 151 

session, participants were asked to use the application autonomously for two weeks, at least 3 times and 152 

as often as desired. Hypnosis scripts are described in Supplementary Material 1.  153 

Measures took place in both groups: one week after HCT (Day +7, T0), one month after HCT (Day +28, T1), 154 

and three months after HCT (Day +100, T2). In the experimental group, immediate efficacy measures were 155 

performed before and after each utilization.  156 
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Interviews were conducted online after data collection. Participants remaining in the experimental group 157 

were contacted by AL and invited to participate in an interview aimed at discussing how they felt during  158 

participation. Among contacted participants, four didn’t answer when phoned and two refused (one 159 

without giving any reason and the other no longer interested in participating). 160 

A graphical representation of the procedure is displayed in Figure 1 and a detailed description of protocol 161 

deviations is reported on Open Science Framework (OSF).  162 

Measures 163 

Feasibility and usability outcomes 164 

Feasibility outcomes included dropout rates, reasons for study withdrawal, frequency of the application 165 

utilization, and overall satisfaction. The occurrence of cybersickness after utilization was recorded with the 166 

Simulator Sickness Questionnaire [34]. 167 

Semi-structured interviews were conducted online by DO (Ph.D., researcher in psychology and clinical 168 

psychologist, trained in qualitative research, male) and AL (MSc., student in psychology, trainee in 169 

qualitative research, female) to explore participants’ experience regarding the intervention and their 170 

recommendations for development of future interventions and studies. 171 

Preliminary efficacy 172 

Consent, questionnaire data and sociodemographic information were collected on a tablet using the 173 

software REDCap. Sociodemographic and clinical data included sex, age, marital status, education, 174 

profession, transplant conditioning regimen, diagnosis, and type of transplant. 175 

The immediate effects of the intervention were assessed in the experimental group before and after each 176 

utilization with numeric visual scales evaluating anxiety, fatigue, pain (from 0 to 10), relaxation and 177 

amusement (from 1 to 10). 178 

QoL was assessed by the Functional Assessment of Cancer Therapy - Bone Marrow Transplantation (FACT-179 

BMT) [35,36] (α = .92). The FACT-BMT describes physical (α = .85), social/family (α = .72) (excluding the 180 

item relative to sexual life), emotional (α = .79), and functional well-being (α = .85), and evaluates 181 

symptoms associated with transplantation (α = .78). Higher scores reflect better perceived QoL (score 182 

range: 0-148).  183 
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Anxiodepressive symptoms were measured with the Hospital Anxiety and Depression Scale (HADS) [37,38] 184 

(α = .78). This measure comprises two subscales evaluating depressive and anxiety symptoms. Higher 185 

scores indicate more severe symptoms (score range: 0-21).   186 

Pain experience was assessed with the Brief Pain Inventory - Short Form (BPI-SF) [39,40] (α = .90). This 187 

questionnaire explores multiple dimensions of pain (sensory, emotional, functional), the worst, least, and 188 

average pain during the past days, and disruption caused by pain in daily activities. Higher scores indicate 189 

greater level of pain (score range: 0-40 for severity, 0-70 for interference).  190 

Fatigue was evaluated with the Multidimensional Fatigue Inventory - 10 Items [41,42] (α = .93). This 191 

instrument assesses physical, emotional, and cognitive dimension of fatigue through 10 items. Higher total 192 

score corresponds to greater level of perceived fatigue (score range: 10-50). 193 

Power analysis and data analysis 194 

The sample size for a repeated measures MANOVA (two groups, three measurement time points) was 195 

determined using an a priori power analysis with G*Power 3.1.9.7 software. The calculation was based on 196 

quality of life (assessed using the FACT-BMT) as primary outcome. A medium effect size f = 0.25 (as 197 

recommended [43]), an α level of .05, and a statistical power (1–β) of .95 were considered. This yielded a 198 

required sample size of 54 participants. Accounting for an estimated 5% attrition at each time point, the 199 

planned total sample size was 64 participants. 200 

Quantitative variables were summarized as means and standard deviations (Mean±SD) and categorical 201 

variables as frequency and percentages. 202 

Paired samples Wilcoxon rank tests were applied for immediate pre-post utilization comparisons. A 203 

PERMANOVA was applied to test the efficacy of the intervention on preliminary efficacy variables as a non-204 

parametric alternative to MANOVA. The dependent variables were the differences in the scores of QoL 205 

scores, anxiodepressive symptoms, pain, and fatigue between T0 and T1, and the independent variable 206 

was the group. The test was conducted controlling for age, sex, and type of transplant. The significance 207 

threshold was set at α = .05 and 95% confidence intervals were considered. The code and extensive results 208 

are presented in Supplementary Material 3.  209 

Statistical analyses were performed using jamovi 2.3.18 and R 4.5.3 software, using the vegan package.  210 

Regarding qualitative data, a deductive approach was used to identify themes emerging from the 211 

interviews. First, interviews recordings were transcribed using Wispr Flow software. Then, transcriptions 212 
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were reread and anonymized by OD (BSc., student in psychology, trainee in qualitative research, female). 213 

Audio recordings were deleted after transcription. AL and OD proceeded independently to the thematic 214 

analysis, and their finding were confirmed by VF (Ph.D., postdoctoral researcher in health psychology 215 

trained in qualitative research, male). The deductive approach was a theory-driven approach since it 216 

involved identifying themes from the interview guide (see Supplementary Material 2).  217 

Results 218 

Participants’ characteristics  219 

Recruitment took place between January 2025 and November 2025. A CONSORT flowchart of inclusion is 220 

presented in Figure 2 [43]. Before obtaining informed consent, 72 patients were identified as potentially 221 

eligible for the study. After consideration, 7 patients were considered ineligible and 5 were unavailable, 222 

leaving 60 potential patients for the study. After consideration, 17 patients refused to participate, one was 223 

not included due to technical issues with the application, one because of organizational difficulties, and 224 

one deceased before inclusion. The remaining 40 participants were randomly assigned to the experimental 225 

(n=20) or control group (n=20) and provided data at T0. Between T0 and T1, 19 participants dropped out 226 

(9 in the experimental group, 10 in the control group) and one was not considered because of technical 227 

issues. Finally, 6 participants did not complete the questionnaire at T2.  228 

Forty participants were enrolled, and their characteristics are presented in Table 1. Average age of 229 

participants was of 50±15.7 years (range: 21-71); 19 were women and 21 were men. Regarding medical 230 

data, 12 participants had acute leukemia, 12 had lymphoma, 5 had myeloma, and 11 had other 231 

hematological diseases (myelodysplastic syndrome, chronic myelomonocytic leukemia, aplastic anemia, 232 

myeloproliferative neoplasm, immune deficiency). Patients received allogeneic (n=31) or autologous HCT 233 

(n=9).  234 

No significant difference was observed in the repartition of those variables according to the group 235 

(experimental, control) (all p > .05).  236 

Feasibility and usability results 237 

Participants in the experimental group used the application 2.80±1.96 (Min = 1; Max = 7; Mode = 1) times 238 

during the two weeks of autonomous utilization, with low symptoms of cybersickness after the first 239 

utilization (0.24±0.39).  240 
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Interviews were led on 8 participants (Table 2). According to the interview guide, qualitative data 241 

addressed three themes: variables influencing utilization, satisfaction and users’ experience, and 242 

recommendations. Excerpt of participants’ discourses illustrating themes are presented in Table 3.  243 

Theme 1: Variables influencing utilization. When asked about the variables that could impair autonomous 244 

utilization of the intervention, participants considered that age could restraint autonomous use of the 245 

device and the application. Another element to be considered is physical condition of patients. For 246 

instance, time of treatment seemed important given that the first week after conditioning chemotherapy 247 

is not suitable given physical and cognitive fatigue and physical symptoms such as pain.  248 

Theme 2: Satisfaction and users’ experience. Positive aspects included quality of the pictures and their 249 

combination with sounds of nature, the sense of space, and simplicity of utilization. Participants reported 250 

a positive experience except for one participant who indicated that proposed landscapes were 251 

disappointing. Regarding the material, participants reported a few negative elements (smell of disinfectant 252 

applied on the headset, discomfort related to wearing glasses, occasional lag between movement of the 253 

controller and its representation in the application). Despite reporting some minor side effects (nausea or 254 

dizziness during the first minutes of utilization, fatigue related to the duration of the session), participants 255 

outlined a perceived efficacy to decrease anxiety, social isolation, pain, and itching.  256 

Theme 3: Recommendations. Recommendations were formulated by users. Regarding the device and 257 

application, participants suggested to implement an additional tool that could hinder ambient noise in 258 

their hospital room or making menus more ergonomic, appealing for a relative simplification. Participants 259 

reported they would appreciate enrichment of proposed landscapes. For the implementation, participants 260 

suggested to proceed to an extended explanation session, giving more information on headset, the code 261 

of conduct in case of technical issues or difficulties in the utilization, underlining that the presence of the 262 

research assistant at the first session was helpful. 263 

Preliminary efficacy 264 

Immediate pre-post comparisons after the first utilization revealed a significant diminution of fatigue (W 265 

= 50.00, p = .02, d = 0.707), anxiety (W = 15.50, p = .031, d = 0.692) and increased relaxation (W = 9.00, p 266 

= .020, d = -0.778) and amusement (W = 0.00, p = .004, d = -1.465). No statistical difference was observed 267 

for pain (W = 15.50, p = .339, d = 0.267). After two, three, or four utilizations, no significant changes were 268 

observed for fatigue or anxiety. An improvement of pain score was observed after two utilizations (W = 269 

28.00, p = .020, d = 1.00) but not after three or four. Relaxation and amusement still increased significantly 270 
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after two (respectively: W = 0.00, p = .034, d = -1.00; W = 0.00, p = .009, d = -1.00) and three utilizations 271 

(respectively: W = 0.00, p = .034, d = -1.00; W = 0.00, p = .022, d = -1.00) but not after four (see 272 

Supplementary Material 5 for spaghetti plots). 273 

Baseline score for outcomes of interest did not differ significantly between the two groups, except for 274 

depressive symptoms on HADS subscale (T(38) = 2.20; p =.034) with scores being lower in the experimental 275 

group (respectively, 6.05±3.15 and 8.5±3.86) (Table 4).  276 

The PERMANOVA test was conducted on scores of differences between T0 and T1 to examine the effect 277 

of group while controlling for age, sex, and transplant status. After adjustment for covariates, the effect 278 

of group did not reach statistical significance (F(1,17) = 2.28, R² = 0.10, p = .121). Neither age (F(1,17) = 279 

1.53, R² = 0.07, p = .200), sex (F(1,17) = 0.26, R² = 0.01, p = .764), nor type of transplant (F(1,17) = 1.26, R² 280 

= 0.11, p = .285) were significantly associated with the multivariate outcome. The overall model explained 281 

29.1% of the total variance. Given the attrition rate, no analysis was conducted regarding T2.  282 

Discussion  283 

This study examined the feasibility and preliminary efficacy of an intervention combining hypnosis and 284 

virtual nature exposure in patients undergoing HCT. Our findings show that this intervention is feasible, 285 

although a non-negligeable proportion of eligible patients declined participation or dropped out. 286 

Participants in the experimental group used the intervention a limited number of times over the two-week 287 

period of autonomous utilization. Reported cybersickness symptoms were very low. Qualitative findings 288 

suggest overall positive user experience, with perceived benefits for anxiety, isolation, and pain, despite 289 

minor technical and physical inconveniences. Participants formulated recommendations that should be 290 

considered in further development, with an emphasis on the fact that utilization should be accompanied. 291 

Small to moderate within-subject effects were found for several immediate outcomes of the VRH 292 

intervention in the experimental group. Small effects were also observed for some clinical outcomes 293 

comparing T0 to T1 across groups. These preliminary findings provide evidence to conduct future RCTs 294 

assessing efficacy following the recommendations of ORBIT Phase III study. 295 

Studies evaluating VRH in context of HCT remain very limited, which restricts comparisons with the existing 296 

literature [45]. In the present study, reasons for declining participation included lack of interest, 297 

concurrent enrolment in other studies, a perceived lack of need for this type of intervention, fatigue and 298 

headaches, and the anticipated complexity of the intervention. These reasons are broadly consistent with 299 

those reported in other studies in oncology patients [46]. However, concerns related to anxiety about VR 300 
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and a perceived loss of control were not reported by participants in our study. This could be explained by 301 

the fact that participants were trained to use the intervention during the first session and that the research 302 

team was available in case of technical difficulties.  303 

Our findings show an overall positive user experience, also consistent with VR studies conducted in 304 

oncology [50]. However, some minor points (technical aspects, content of the intervention, or ergonomic 305 

elements) that may impact engagement and adherence to the intervention should be considered in the 306 

development of future interventions [51]. Participants recommended better attenuation of ambient noise, 307 

supporting the idea that the hospital environment can interfere with relaxation and immersion [52]. They 308 

also highlighted the usefulness of having a research assistant present during sessions and emphasized the 309 

need for more explicit guidance regarding headset use, troubleshooting procedures in case of technical 310 

difficulty, consistent with other feasibility studies reporting a preference for supervised sessions [50]. 311 

Patients with hematologic diseases undergoing HCT represent a highly vulnerable population, and rigorous 312 

evaluation of adverse effects related to immersive technologies is essential before broader 313 

implementation [47]. In that sense, the low level of cybersickness constitutes an encouraging indicator of 314 

the safety and tolerability of the intervention, which is consistent with evidence reporting that nature-315 

based VR content is associated with lower cybersickness [48,49]. On the pre-post measures, we observed 316 

immediate effects on fatigue, anxiety, and relaxation, which is consistent with the oncology VR literature 317 

showing that VR interventions tend to produce primarily short-term effects on stress and affect [53]. In 318 

hematology, a study conducted prior to bone marrow biopsy similarly reported an immediate benefit of 319 

VRH on patient’s concerns and anxiety that did not persist after the procedure, highlighting the acute 320 

potential of VR-based interventions [54]. Regarding preliminary efficacy findings, our results are also in 321 

line with the literature. Indeed, because VR interventions are short in duration and aiming at increasing 322 

relaxation, they may not impact multidimensional variables such as QoL  [55,56].  323 

Recommendations for future studies and interventions 324 

Given the pilot nature of this study, we recommend recruiting more participants in future studies to 325 

investigate the efficacy of such an intervention. Referring to the literature and the present results, an 326 

attrition rate should be anticipated given the longitudinal design of these studies [57]. Moreover, 327 

participants attrition during follow-up is expected after HCT, where maintaining regular follow-ups after 328 

transplantation and hospital discharge represents a major challenge [58]. Thus, a solid methodology of 329 

recruitment aiming at limiting attrition and missing data should thus be implemented. For example, 330 

recruitment and investigation should follow medical timepoints narrowly as HCT process is associated with 331 
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relatively frequent medical visits (pre-conditioning time, one month and three months after transplant) 332 

[59].  333 

Regarding implementation of the intervention, it is crucial to consider the prevalence and dynamic of 334 

variables of interest. Indeed, longitudinal evidence suggests that anxiety and depression may be higher 335 

between hospital admission and the first week after transplant and then decrease afterward [60]. Thus, 336 

implementing the intervention earlier in the HCT trajectory would be more relevant to target periods of 337 

heightened emotional distress. Moreover, given that exposure to nature is described as dose-dependent, 338 

with observable benefits emerging from approximately 30 minutes per week [61], it appears essential to 339 

ensure that patients are effectively exposed at least weekly. 340 

Given that participants explicitly asked for an extended explanation session at the first use, we highly 341 

recommend implementing a first educational session aimed at familiarizing with the intervention or the 342 

presence of a research team member during sessions in case of technical or practical difficulties. In line 343 

with the Technology Acceptance Model [62], perceived ease of use of a technology is a central determinant 344 

of technology acceptation, particularly in non-familiar individuals or for recent or innovative technologies. 345 

In that sense, implementing a demonstration, supervised sessions, or a written guide addressing common 346 

technical issues are solutions that should be considered in the future.  347 

Limitations, perspectives, and recommendations  348 

Our study has several limitations that should be acknowledged. The exploratory nature of this study led to 349 

numerous deviations from the pre-registered protocol (see OSF for details). In that sense, the present 350 

results and follow-up studies should help develop standardized intervention guides. Baseline scores of 351 

depression symptoms were also different between the two groups and could have impacted the results. 352 

The utilization rate was also relatively low in the intervention group. Thus, future studies should prioritize 353 

supervised sessions scheduled as appointments to enhance motivation and ensure a more homogeneous 354 

exposure across participants. They should also include more frequent and closely spaced assessments of 355 

outcomes of interest, ideally incorporating an immediate post-intervention evaluation to better capture 356 

the effects of the intervention. Finally, our studied population is characterized by the heterogeneity of its 357 

clinical profiles. Further studies should control diagnosis and type of transplant. Finally, retention 358 

strategies focused on integrating follow-up assessments into routine clinical visits should be implemented 359 

to reduce participants’ burden and limit attrition. 360 

Conclusion 361 
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This study constitutes a Phase IIb ORBIT feasibility trial supporting the development of an innovative non-362 

invasive intervention combining hypnosis and virtual nature exposure. It highlights the potential of this 363 

intervention to be a suitable solution for patients undergoing HCT given its immediate effects on fatigue 364 

and anxiety with absence of significant cybersickness. Importantly, it brings recommendations from 365 

participants for a better implementation that should consider medical timepoints and accompaniment in 366 

utilization. Further steps should include those recommendations in an efficacy trial in this population. In 367 

the long term, those studies should bring an innovation solution to help mitigate psychological impact of 368 

HCT in hematological context.  369 
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Figure 1. Graphical representation of the procedure  581 

 582 
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Figure 2. Flowchart of participation  584 

 585 

 586 

Assessed for eligibility (n= 72) 

Excluded before enrollment (n= 12) 
Ineligible (n= 7) 
Unreachable (n= 5) 

Excluded after enrollment (n= 20) 
Refusal (n= 17) 
Technical issues (n= 1) 
Death (n = 1) 
Organizational difficulties (n= 1) 

Allocated to intervention (n= 20) 
Received allocated intervention (n= 20) 
 

Randomized (n= 40) 

Analyzed for primary outcome T0 vs T1 (n= 11) 

 

Allocated to control group (n= 20) 

Analyzed for primary outcome T0 vs T1 (n= 9) 

 

Analysis 

Enrolment 

Allocation 

Follow-Up T1 

Discontinued study (n= 4) 
Lost to follow-up for primary outcome: 
 Unreachable (n= 4) 

Discontinued study (n= 2) 
Lost to follow-up for primary outcome: 
 Unreachable (n= 2) 

Follow-Up T2 

Discontinued intervention (n= 9) 
Lost to follow-up for primary outcome: 
 Unreachable (n= 5) 
 Lost interest in participating (n = 1) 
 Claustrophobia with the headset (n = 1) 
 Fatigue (n = 2) 

Discontinued study (n= 11) 
Lost to follow-up for primary outcome: 
 Unreachable (n= 7) 
 Lost interest in participating (n = 2) 
 Loss of data (n = 1) 
 Worsened emotional state (n =1) 
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Table 1. Participant characteristics considering group 587 

Variable  Experimental Control Total Χ² (p) 

 

T (p) 

Age  48.6±14.8 51.3±16.8 - - 0.529 (.600) 

Sex Female 8 11 19 0.902 (.342) - 

 Male 12 9 21 0.00 (1.00)  
Marital status In a relationship 14 14 28  - 

 Single 6 6 12   
Professional status Retired 7 3 10 5.78 (.216) - 

 Unable to work 6 4 10   
 Temporary work incapacity 7 2 9   
 Full-time employee 3 6 9   
 Unemployed 1 1 2   

Diagnosis Acute leukemia 7 5 13 0.958 (.812) - 

 Lymphoma 5 7 13   
 Myeloma 2 3 5   
 Other diseases 6 5 11   

Type of transplant Allogeneic 18 13 31 3.58 (.058) - 

 Autologous 2 7 9   
Conditioning regimen Myeloablative 15 13 28 1.48 (.478) - 

 Reduced intensity  3 6 9   
 Nonmyeloablative 2 1 3   

 588 
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Table 2. Interview participants characteristics 589 

 590 

ID Age Sex Marital status Educational level Professional status Diagnosis Transplant type  

P6 48 Male Single Highschool Unable to work Lymphoma Allogeneic transplant 

P12 29 Female Single University Unable to work  Lymphoma Allogeneic transplant 

P15 48 Female In a relationship University Temporary sick leave Other diseases Allogeneic transplant 

P18 32 Female In a relationship University Temporary sick leave Myeloma Autologous transplant 

P29 33 Male In a relationship Highschool Temporary sick leave Other diseases Allogeneic transplant 

P36 55 Male In a relationship University Unemployed Leukemia Allogeneic transplant 

P40 52 Male In a relationship College Full-time Other diseases Allogeneic transplant 

P44 44 Female Single College Temporary sick leave Leukemia Allogeneic transplant 

 591 

 592 
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Table 3. Themes with a selection of excerpts 593 

Theme Subtheme Representative quote (free translation from French) 

Variables of 
utilisation 

Age P10: “It seems to me that she explained it to me once. After that, I remembered it. Maybe for older people it 
could help them. But for millennials and younger, in any case, it’s perfect. There’s no problem.” 
P25: “For sure, I think an older person with cognitive problems, say memory issues, might find it a bit more 
difficult, but I think there are ways to make it work.” 

 Physical condition P7: “It still takes a minimum of energy to do it. When you’re really coming off heavy chemo, the first week after 
chemo, I’d say you don’t have the energy to do much. Not even to do that.” 
P32: “Certainly not during chemotherapy, that’s for sure. After my chemotherapy, I had so much, listen, I 
couldn’t even swallow my saliva anymore, I couldn’t swallow my pills or water, my concentration was on just 
one thing: my saliva. It’s definitely not during chemotherapy.” 
P35: “Because there are certain periods, like the one I experienced, when your mouth feels like it’s on fire and 
you can’t stand it anymore. I think getting into hypnosis becomes complicated, because the pain prevents you 
from concentrating.” 

 Interest P10: “I found that I didn’t even have time to look at everything.” 
P32: “I did another stay, I went back to the hospital recently from the 2nd to the 11th. […] I would have liked to 
have it there.” 

 User experience P16: “If you tell me I’m going to see a forest, I expected a greener forest. But I still remember, I think there are 
like seven… if I counted correctly, there are about seven different landscapes shown. There were three or four 
that looked like… not that they were on fire, but like they had been through a fire.” 
P25: “Yes. For me it was the first time I used something like that, and it was quite impressive.” 
P32: “But from what I saw, and all the little Quebec touches, I loved it.” 
P32: “The strong points are definitely the music, the relaxation it provided.” 
P35: “For my part, I find the idea brilliant. It’s definitely acceptable. I think the concept is really good.” 

Satisfaction: 
material 

 P32: “The headset was really special; it was my first experience with a virtual headset. And I know it’s 
something very costly and expensive. It was very good.” 
P35: “One of the problems I mentioned is that unfortunately with my glasses, it didn’t work very well. I had 
pressure on my nose. […] It’s not a problem with the application, it’s more with the conceptual design of the 
headset.” 
P39: “What I noticed is that probably the headset, from being cleaned so often, I personally thought there was 
an odor. […] But I noticed it at the beginning and then I forgot about it.” 

Satisfaction: 
intervention 

 P10: “First of all, I think anything involving hypnosis exercises or simply meditation and relaxation with a virtual 
reality headset during hospitalization, whether during the transplant or recovery afterward, is like a gem.” 
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P16: “Yes, yes, I’m really in favor of things that can help people who are, not imprisoned, but kind of stuck in 
this ordeal, let’s say. […] I’m really happy to be able to participate in this.” 
P16: “[…] I think I liked the VR experience better, in the sense beyond the exercise itself. […] For me, that aspect 
of being by the sea was really more beneficial.” 
P35: “I think the product could be interesting for any hospitalized person […] I can see that the product could 
also be interesting for other people who are hospitalized for a month, even in shared rooms, to help them 
refocus, concentrate, and get through it.” 

 Landscapes choice P39: “What I noticed is that what made me feel good were the landscapes, that we could move around 
everywhere.” 

 Entertainment P39: “What I found very positive in the images was the escape, the entertainment.” 
 Usability P10: “Yes, totally, because it’s not complicated. If it’s something people appreciate, it’s simple, even if you feel 

unwell, really unwell and sick. Putting on a headset and lying down… there’s nothing complicated about it. It 
doesn’t hurt. In my case, I didn’t get tired.” 
P16: “I don’t really have a reference point, but I still found it user-friendly. It was quite easy.” 

 Perceived efficacy P7: “Psychologically, it’s a huge benefit because when we’re in a situation like that, we’re vulnerable.” 
P10: “I know it’s a branch of cancer that requires fairly invasive and intense treatments that demand a lot of 
strength and resilience, both physical and psychological. I think the virtual reality headset really helps in both 
spheres.” 
P11: “It allowed you to escape, to focus on something else. It allowed you to calm down.” 
P16: “When I visited the beaches, I remember finding it quite relaxing.” 
P35: “I think it depends on the kind of pain you have, the level and the intensity. It’s still my opinion, but I think 
there are pains like that. I have a bit of itching. It’s nothing abnormal, but maybe, in an ideal world, we could 
focus on self-hypnosis. Maybe that would help me calm down.” 

 Cybersickness P25: “No, maybe just the very first time, but what I told you was more dizziness than nausea.” 
P39: “No, never. It happened once, I remember it was when I moved my head. I said to myself, ‘I want to see 
over there.’ When I moved my head, I felt a little ‘whoa.’ But not enough to cause nausea.” 

Recommendations  P7: “I don’t know if there are headsets that eliminate outside noise. I don’t know if the technology allows for 
noise attenuation.” 
P16: “As I said, I think it could be implemented, but maybe it should just be explained a little more. […] I think 
maybe either the person bringing the headset should explain it a bit, or it could be good to have a video 
explaining the purpose of it.” 
P32: “However, maybe before, just a bit before chemotherapy, present the program earlier. I think we were 
introduced to it after chemotherapy, but presenting the program earlier in the process.” 
P39: “It would also be nice to explore other countries. That would make it feel even more like traveling.” 

594 
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Table 4. Mean scores for each variable of interest 595 

  Group HADS-A HADS-D BPI experience FACT PWB FACT SWB FACT EWB FACT FWB FACT BMT MFI 

N  Experimental  20  20  20  20  20  20  20  20  20  

   Control  20  20  19  20  20  20  20  20  20  

Missing  Experimental  0  0  0  0  0  0  0  0  0  

   Control  0  0  1  0  0  0  0  0  0  

Mean  Experimental  5.10  6.05  28.1  14.4  20.3  17.8  15.9  23.4  29.5  

   Control  5.55  8.50  30.1  14.7  20.1  18.4  14.1  20.9  28.6  

Median  Experimental  5.00  6.00  21.0  12.0  21.0  18.0  15.5  23.0  29.5  

   Control  5.00  8.50  31.0  14.5  20.0  19.0  14.0  20.0  29.5  

Standard deviation  Experimental  3.09  3.15  20.4  6.13  3.06  4.21  6.41  6.64  10.3  

   Control  3.44  3.86  23.3  7.16  3.25  4.73  6.52  6.45  9.91  

Minimum  Experimental  1.00  1.00  7.00  6.00  14.0  9.00  6.00  10.0  12.0  

   Control  1.00  3.00  0.00  5.00  14.0  7.00  0.00  9.00  11.0  

Maximum  Experimental  11.0  12.0  67.0  26.0  24.0  24.0  27.0  36.0  50.0  

   Control  15.0  15.0  66.0  27.0  24.0  24.0  26.0  34.0  44.0  

 596 
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Supplementary material 1. Hypnosis scripts 597 

Script 1 — Forest Setting 598 

Phase 1 — Induction 599 

You may settle in comfortably and make yourself at ease! 600 

Good! I invite you to take a deep breath in, and then to breathe out deeply, very deeply! 601 

Excellent! 602 

Now, you can allow your body to relax, let go, with each breath in, breath out. 603 

Allow yourself to be guided by each breath in, each breath out, as though you were drifting deeply into a 604 

state of relaxation, a state of deep, profound ease. You may even let your imagination picture oxygen 605 

bubbles gently floating around you. You can breathe in... breathe out. The intention is simply to allow this 606 

relaxation to settle in as comfortably as possible. Very good! 607 

With each breath in... breath out, your body relaxes more deeply, as though you allow your body to rest 608 

right there, in the chair or on the bed... in a comfortable way. 609 

As you allow yourself to drift more deeply into this state of deep... very deep relaxation, surrounded by 610 

that pleasant, comfortable oxygen, your body enters a pleasant ease, resting comfortably in the chair. You 611 

may allow yourself to forget about this body, to let it remain quietly relaxed. Make no effort to relax, do 612 

nothing. It is not useful to spend energy on this — save it for later... excellent! And if you notice any 613 

discomfort, simply acknowledge it but do nothing to change it. Let relaxation do that for you, let relaxation 614 

make you comfortable. 615 

And your imagination can drift even more deeply into this state of ease, of comfort... with every breath in, 616 

breath out. You may simply allow yourself to enter as deeply as possible into this experience of relaxation. 617 

And in a few moments, simply let your imagination settle pleasantly in a place of comfort, of ease. 618 

Phase 2 — Forest Imagery 619 

You may settle in comfortably in the forest. 620 

You can simply look around you, look at the sky, the landscapes, the trees... look at the place you are in! 621 

Look to the right, to the left... Excellent! 622 
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And this body continues to relax as the eyes can look, the ears can hear. Perhaps simply hear the sound of 623 

the wind [add wind sound] ... through the trees, around you, comfortably, to be pleasantly immersed in 624 

this experience, relaxed... And by listening carefully, [add birdsong] allow yourself to be soothed by the 625 

birdsong, simply connecting to these sounds that bring calm, always relaxed, always at ease. 626 

And as you are in this place, simply notice how your body can connect to this relaxation, how deeply the 627 

body can feel settled, feeling connected to nature, doing nothing, simply being immersed in these 628 

sounds..., in these images..., it is even possible that some people can also sense the temperature of the 629 

place you are in — with a great deal of imagination one can simply become even more immersed in 630 

oneself, in this temperature. 631 

There are some people... I do not know whether you are one of them... who can smell the scent of pine, 632 

the fragrance of flowers... of this calm and tranquil forest. 633 

Contemplate nature, the calm, what relaxes you. Excellent! 634 

As you are immersed in this experience, you can let this body rest, as though it too could find itself in the 635 

heart of nature, as though it could relax, unwind, comfortably... as though there were a connection 636 

between what the mind sees and thinks, and the way the body responds. Excellent! 637 

And now I invite your body to repair its discomforts... During this time, do nothing... simply let go, let the 638 

experience guide you in this moment of ease, of relaxation, of comfort. Very good! 639 

And perhaps this experience, this place brings you back to another experience you have already lived... in 640 

the heart of nature, without any effort... you can simply reconnect to certain pleasant moments of your 641 

life, certain positive, comfortable memories... to perhaps recall moments of ease, of joy, of comfort, as 642 

you wish. 643 

And so that you may enjoy this moment and so that the body feels what the mind is offering it, I will simply 644 

remain silent for 3 minutes, so that you can simply live this experience as you wish, comfortably. 645 

Very good!  646 

Allow yourself to be guided by these relaxing images. Observe how this calm relaxes you. A little like being 647 

by a fire [add fire sound]... in a clearing... Relaxed. 648 

Phase 3 — Anchoring 649 
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Excellent! If you wish... during this experience... it is possible for you to record the benefits of this journey 650 

into nature, the benefits for the body that relaxes, that unwinds. You can even record this sensation. To 651 

do this, you can make a simple gesture: touch the thumb and index finger of one hand, right or left — it is 652 

your choice. 653 

Touching the thumb and index finger of one of your hands, right or left, is a way of recording your body as 654 

relaxed, at ease, comfortable. As though you are anchoring this experience inside your body, comfortably. 655 

The body is more comfortable, the mind is more free, it enjoys the present moment, it relaxes. And the 656 

next time you make this gesture... touching the thumb and index finger of that hand... it will be a signal 657 

for you to return — even without the images offered to you today — to the comfort you are experiencing 658 

right now. Very good! 659 

The next time you make this gesture, when you touch the thumb and index finger of that hand, it will be 660 

a signal for you to simply find this feeling of comfort in your body... And you will be able to reproduce this 661 

pleasant sensation at any time, whenever you wish. Very good! 662 

Phase 4 — Re-alerting 663 

Gradually... now... you can simply prepare to leave this experience... to move away from this place. 664 

Perhaps gradually, you hear  665 

You can also allow yourself to be gradually guided by this music, which is beginning to bring you energy, 666 

progressively restoring vitality. 667 

And I now invite you to focus on your breathing  668 

Take a deep breath in. You can simply return to this experience of breathing. See this oxygen circulating 669 

around you. 670 

As this oxygen circulates comfortably around you, you can start to feel more and more energy returning 671 

to the body. This oxygen brings you all the energy necessary for you to regain movement. 672 

And do not be surprised... that even as energy returns... you will keep this comfort in your body, relaxed, 673 

pleasant. And, guided by this music and these oxygen bubbles, you will gradually begin to rise back towards 674 

your waking state of awareness, to emerge in a few moments from this experience, full of energy, the 675 

body comfortable and the mind clear. 676 
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And simply, at your own pace, you can begin to take deep breaths in, deep breaths out... There you are... 677 

to regain all the necessary and sufficient energy. And when you wish, when you have regained a 678 

comfortable body and can once again feel the contact of your feet on the floor, the support of the chair... 679 

you will regain all the sensations of the room, the temperature, the sounds of the room... 680 

As soon as you regain all these sensations and are ready to emerge from this experience, simply let me 681 

know by raising your hand, at your own pace. 682 

Excellent. Thank you very much. 683 

 684 
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Script 2 — Sea/Beach Setting 685 

Phase 1 — Induction 686 

Are you sitting comfortably? Are you at ease? 687 

Good! I am going to ask you simply to take a deep breath in, and then to breathe out deeply, very deeply! 688 

Excellent! 689 

Now! I invite you to let your body relax, let go in this chair, with each breath in, breath out. 690 

Allow yourself to be guided by each breath in, each breath out, as though you were drifting deeply into a 691 

state of relaxation, a state of deep, profound ease. You may even let your imagination picture oxygen 692 

bubbles gently floating around you. You can breathe in... . breathe out. The intention is simply to allow 693 

this relaxation to settle in as comfortably as possible. Very good! 694 

With each breath in... breath out, your body relaxes more deeply, as though you allow your body to rest 695 

right there, in the chair or on the bed... in a comfortable way. 696 

As you allow yourself to drift more deeply into this state of deep... very deep relaxation, surrounded by 697 

that pleasant, comfortable oxygen, your body enters a pleasant ease, resting comfortably in the chair. You 698 

may allow yourself to forget about this body, to let it remain quietly relaxed. Make no effort to relax, do 699 

nothing. It is not useful to spend energy on this — save it for later... excellent! And if you notice any 700 

discomfort, simply acknowledge it but do nothing to change it. Let relaxation do that for you, let relaxation 701 

make you comfortable. 702 

And your imagination can drift even more deeply into this state of ease, of comfort... with every breath in, 703 

breath out. You may simply allow yourself to enter as deeply as possible into this experience of relaxation. 704 

And in a few moments, simply let your imagination settle pleasantly in a place of comfort, of ease. 705 

Phase 2 — Seaside Imagery 706 

You may settle in comfortably at the beach. 707 

You can simply look around you, see the place you are in, look to the right, look to the left, [add wind 708 

sound] simply hear the pleasant sound of the wind, 709 

Perhaps simply hear the ocean [add ocean sound]... and the waves around you, comfortably, to be 710 

completely immersed in this pleasant, relaxing experience... And this body continues to relax as the eyes 711 
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can look, the ears can hear, perhaps even [add birdsong] the birdsong, simply connecting to these sounds 712 

that bring ease, calm, always relaxed, always at ease. 713 

And as you are in this place, simply notice how your body can connect to this relaxation, how deeply the 714 

body can feel settled, feeling present before the sea, doing nothing, simply being immersed in these 715 

sounds..., in these images..., it is even possible that some people can also feel the coolness of the breeze, 716 

the temperature of the place you are in — with a great deal of imagination one can simply become even 717 

more immersed in oneself, in this temperature. 718 

There are some people... I do not know whether you are one of them... who can smell the scents, the salty 719 

air of this place, at the water’s edge... of this beach... or perhaps another beach  720 

To contemplate nature even further, the calm, what relaxes you. Excellent! 721 

As you are immersed in this experience, you can let this body rest, as though it too could find itself on this 722 

beach, as though it could relax, unwind, comfortably... as though there were a connection between what 723 

the mind sees and thinks, and the way the body responds. Excellent! 724 

And now I invite your body to repair the discomforts in this body... During this time, do nothing... simply 725 

let go, let the experience guide you in this moment of ease, of relaxation, of comfort. Very good! 726 

And perhaps this experience, this place brings you back to another experience you have already lived... at 727 

the beach, without any effort... you can simply reconnect to certain pleasant moments of your life, certain 728 

positive, comfortable memories... to perhaps recall moments of ease, of joy, of comfort, as you wish. 729 

And so that you may enjoy this moment and so that the body feels what the mind is offering it, I will simply 730 

remain silent for 3 minutes, so that you can simply live this experience as you wish, comfortably. 731 

Very good!  732 

Allow yourself to be guided by these relaxing images. Observe how this setting sun relaxes you. A little like 733 

being by a fire [add fire sound, lower ocean sound]... on the beach... Relaxed. 734 

Phase 3 — Anchoring 735 

Excellent! If you wish... during this experience... it is possible for you to record the benefits of this journey 736 

to the beach, the benefits for the body that relaxes, that unwinds. You can even record this sensation. To 737 

do this, you can make a simple gesture: touch the thumb and index finger of one hand, right or left — it is 738 

your choice. 739 
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Touching the thumb and index finger of one of your hands, right or left, is a way of recording your body as 740 

relaxed, at ease, comfortable. As though you are anchoring this experience inside your body, comfortably. 741 

The body is more comfortable, the mind is more free, it enjoys the present moment, it relaxes. And the 742 

next time you make this gesture... touching the thumb and index finger of that hand... it will be a signal 743 

for you to return — even without the images offered to you today — to the comfort you are experiencing 744 

right now. Very good! 745 

The next time you make this gesture, when you touch the thumb and index finger of that hand, it will be 746 

a signal for you to simply find this feeling of comfort in your body... And you will be able to reproduce this 747 

pleasant sensation at any time, whenever you wish. Very good! 748 

Phase 4 — Re-alerting 749 

Gradually... now... you can simply prepare to leave this experience... to move away from this beach. 750 

Perhaps gradually, you hear  751 

You can also allow yourself to be gradually guided by this music, which is beginning to bring you energy, 752 

progressively restoring vitality. 753 

And I now invite you to focus on your breathing  754 

Take a deep breath in. You can simply return to this experience of breathing. See this oxygen circulating 755 

around you. 756 

As this oxygen circulates comfortably around you, you can start to feel more and more energy returning 757 

to the body. This oxygen brings you all the energy necessary for you to regain movement. 758 

And do not be surprised... that even as energy returns... you will keep this comfort in your body, relaxed, 759 

pleasant. And, guided by this music and these oxygen bubbles, you will gradually begin to rise back towards 760 

your waking state of awareness, to emerge in a few moments from this experience, full of energy, the 761 

body comfortable and the mind clear. 762 

And simply, at your own pace, you can begin to take deep breaths in, deep breaths out... There you are... 763 

to regain all the necessary and sufficient energy. And when you wish, when you have regained a 764 

comfortable body and can once again feel the contact of your feet on the floor, the support of the chair... 765 

you will regain all the sensations of the room, the temperature, the sounds of the room... 766 
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As soon as you regain all these sensations and are ready to emerge from this experience, simply let me 767 

know by raising your hand, at your own pace. 768 

Excellent. Thank you very much. 769 
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Supplementary material 2. Interview guide  770 

1. Relevance and Acceptability of the Program 771 

• Is the RVH program suitable for supporting a patient with a hematological disease? 772 

• Is the RVH program suitable for supporting a patient undergoing a stem cell transplant? 773 

• Can the RVH program be implemented in a hematology clinic? 774 

• Do you have any other comments regarding the relevance and acceptability of the RVH? 775 

 776 

2. Use of the RVH 777 

• Overall, the RVH program… 778 

• Are you satisfied with the VR experience? 779 

• Are you satisfied with this system? 780 

• Was watching this film through VR an enjoyable and satisfying experience? 781 

• Did watching this film through VR provide you with useful information? 782 

• Was listening to the story an enjoyable and satisfying experience? 783 

• Did listening to the story provide you with useful information? 784 

• Do you feel that this system (VR) was created by an expert? 785 

• Was the presentation of the exercise through VR appropriate? 786 

• Do you have any other comments to expand on your viewpoint regarding the use of the RVH? 787 

 788 

3. Expected effects 789 

• Will the RVH help improve patients’ quality of life? 790 

• Will the RVH help reduce distress? 791 

• Will the RVH help reduce anxiety? 792 

• Will the RVH help improve mood? 793 

• Will the RVH help reduce pain? 794 

• Will the RVH help reduce fatigue? 795 

• Will the RVH help reduce nausea? 796 

• Will the RVH help reduce other treatment side effects? If so, which ones? 797 
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• Do you have any other comments to expand on your viewpoint regarding the expected effects of 798 

the RVH? 799 

User experience  800 

• Could you elaborate on your experience testing this RVH prototype? 801 

• What are the strengths of the RVH prototype? 802 

• What are the weaknesses of the RVH prototype? 803 

 804 

4. Recommendations 805 

What are your recommendations for improving this RVH prototype for administration to patients 806 

undergoing a transplant? 807 

 808 
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Supplementary material 3. Code and extensive results for the PERMANOVA 809 

> library(readxl) 810 

> data <- read_excel("source document") 811 

> names(data)  [1] "ID"            "group"        "sex"          "age"           "transplant"    "D_HADSa"       [7] "D_HADSd"       812 

"D_HADSt"       "D_BPIseverity" "D_BPIinterf"   "D_BPIexpe"     "D_FACTpwb"    [13] "D_FACTswb"     "D_FACTewb"     813 

"D_FACTfwb"     "D_FACTbmt"     "D_FACTglobal"  "D_MFI"        814 

> data$group <- as.factor(data$group) 815 

> data$sex <- as.factor(data$sex) 816 

> data$transplant <- as.factor(data$transplant) 817 

> data$age <- as.numeric(data$age) 818 

> vars_sel <- c("D_HADSa", "D_HADSd", "D_BPIexpe","D_FACTpwb", "D_FACTswb", "D_FACTewb", "D_FACTfwb", 819 

"D_FACTbmt", "D_MFI") 820 

> > data_subset <- data[, c("group", "sex", "age", "transplant", vars_sel)] 821 

> > complete_cases <- complete.cases(data_subset) 822 

> data_clean <- data_subset[complete_cases, ] 823 

> > dist_matrix <- vegdist(data_clean[, vars_sel], method = "euclidean") 824 

> > permanova_result <- adonis2(+     dist_matrix ~ age + sex + transplant + group,+     data = data_clean,+     825 

permutations = 999,+     by = "margin"+ ) 826 

> > print(permanova_result) 827 

Permutation test for adonis under reduced model 828 

Marginal effects of terms 829 

Permutation: free 830 

Number of permutations: 999  831 

adonis2(formula = dist_matrix ~ age + sex + transplant + group, data = data_clean, permutations = 999, by = 832 

"margin")           833 

Df SumOfSqs      R2      F Pr(>F) 834 

age    1  1218.4 0.06797 1.5340  0.200 835 

sex   1    205.7 0.01148 0.2590  0.764 836 

transplant  2   1997.8 0.11144 1.2575  0.285 837 

group      1   1808.5 0.10088 2.2768  0.121 838 

Residual    16  12709.0 0.70895               839 
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Total     21  17926.4 1.00000               840 

> > dispersion <- betadisper(dist_matrix, data_clean$group) 841 

> > anova(dispersion) 842 

Analysis of Variance Table  843 

Response: Distances           844 

Df Sum Sq Mean Sq F value Pr(>F) 845 

Groups     1  338.5  338.45  1.5517 0.2273 846 

Residuals 20 4362.3  218.12                847 

> permutest(dispersion, permutations = 999)  848 

Permutation test for homogeneity of multivariate dispersions 849 

Permutation: free 850 

Number of permutations: 999  851 

Response: Distances          852 

   Df Sum Sq Mean Sq      F N.Perm Pr(>F) 853 

Groups     1  338.5  338.45 1.5517    999  0.236 854 

Residuals 20 4362.3  218.12                      855 

> > plot(dispersion)  856 

 857 
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Supplementary material 4. CONSORT checklist 858 

Section / Topic 

 

No CONSORT 2025 checklist item description Reported on 

page no. 

Title and abstract  

Title and structured 
abstract 

1a Identification as a randomised trial  1 

1b Structured summary of the trial design, methods, results, and conclusions 3 

Open science  

Trial registration 2 Name of trial registry, identifying number (with URL) and date of registration 3 

Protocol and statistical 
analysis plan 

3 Where the trial protocol and statistical analysis plan can be accessed 3 

Data sharing 4 Where and how the individual de-identified participant data (including data dictionary), statistical 
code and any other materials can be accessed 

3 

Funding and conflicts of 
interest 

5a Sources of funding and other support (e.g., supply of drugs), and role of funders in the design, 
conduct, analysis and reporting of the trial 

16 

5b Financial and other conflicts of interest of the manuscript authors 16 

Introduction  

Background and rationale 6 Scientific background and rationale 4-5 

Objectives 7 Specific objectives related to benefits and harms 5 

Methods  

Patient and public 
involvement 

8 Details of patient or public involvement in the design, conduct and reporting of the trial - 

Trial design 9 Description of trial design including type of trial (e.g., parallel group, crossover), allocation ratio, and 
framework (e.g., superiority, equivalence, non-inferiority, exploratory) 

5 

Changes to trial protocol 10 Important changes to the trial after it commenced including any outcomes or analyses that were not 
prespecified, with reason 

5 

Trial setting 11 Settings (e.g., community, hospital) and locations (e.g., countries, sites) where the trial was conducted 5 

Eligibility criteria 

12a Eligibility criteria for participants 6 

12b If applicable, eligibility criteria for sites and for individuals delivering the interventions (e.g., surgeons, 
physiotherapists) 

- 

Intervention and 
comparator 

13 Intervention and comparator with sufficient details to allow replication. If relevant, where additional 
materials describing the intervention and comparator (e.g., intervention manual) can be accessed 

6 
+ Protocolv 
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Outcomes 14 
 

Pre-specified primary and secondary outcomes, including the specific measurement variable (e.g., 
systolic blood pressure), analysis metric (e.g., change from baseline, final value, time to event), 
method of aggregation (e.g., median, proportion), and time point for each outcome 

7 

Harms 15 How harms were defined and assessed (e.g., systematically, non-systematically) 7 

Sample size 16a How sample size was determined, including all assumptions supporting the sample size calculation 8 

16b Explanation of any interim analyses and stopping guidelines - 

Randomisation:      

Sequence generation 17a Who generated the random allocation sequence and the method used 6 

17b Type of randomisation and details of any restriction (e.g., stratification, blocking and block size) 6 

Allocation concealment 
mechanism 

18 Mechanism used to implement the random allocation sequence (e.g., central computer/telephone; 
sequentially numbered, opaque, sealed containers), describing any steps to conceal the sequence 
until interventions were assigned 

6 

Implementation 19 Whether the personnel who enrolled and those who assigned participants to the interventions had 
access to the random allocation sequence  

6 

Blinding 20a Who was blinded after assignment to interventions (e.g., participants, care providers, outcome 
assessors, data analysts)  

- 

20b If blinded, how blinding was achieved and description of the similarity of interventions - 

Statistical methods 21a Statistical methods used to compare groups for primary and secondary outcomes, including harms 8-9 

21b Definition of who is included in each analysis (e.g., all randomised participants), and in which group 8-9 

21c How missing data were handled in the analysis - 

21d Methods for any additional analyses (e.g., subgroup and sensitivity analyses), distinguishing 
prespecified from post-hoc 

- 

Results  

Participant flow, including 
flow diagram 

22a For each group, the numbers of participants who were randomly assigned, received intended 
intervention, and were analysed for the primary outcome 

Flowchart 

22b For each group, losses and exclusions after randomisation, together with reasons Flowchart 

Recruitment 23a Dates defining the periods of recruitment and follow-up for outcomes of benefits and harms 9 

23b If relevant, why the trial ended or was stopped 9 

Intervention and 
comparator delivery 

24a Intervention and comparator as they were actually administered (e.g., where appropriate, who 
delivered the intervention/comparator, how participants adhered, whether they were delivered as 
intended [fidelity])  

Flowchart  
9 

24b Concomitant care received during the trial for each group - 

Baseline data 25 A table showing baseline demographic and clinical characteristics for each group Table 1 
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Numbers analysed,  
outcomes and estimation 

26 For each primary and secondary outcome, by group:  
● the number of participants included in the analysis  
● the number of participants with available data at the outcome time point 
● result for each group, and the estimated effect size and its precision (such as 95% confidence 

interval)  
● for binary outcomes, presentation of both absolute and relative effect size  

Table 4 

Harms 27 All harms or unintended events in each group  - 

Ancillary analyses 28 Any other analyses performed, including subgroup and sensitivity analyses, distinguishing pre-
specified from post-hoc 

- 

Discussion  

Interpretation 29 Interpretation consistent with results, balancing benefits and harms, and considering other relevant 
evidence 

11-12 

Limitations 30 Trial limitations, addressing sources of potential bias, imprecision, generalisability, and, if relevant, 
multiplicity of analyses 

13 

859 
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