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Abstract
Context. Music listening (ML) has been shown to have a beneficial effect on patients with cancer. However, novel interven-

tion approaches are needed.
Objectives.We aimed to determine whether ML based on the iso-principle, conducted using a mobile application (GloMus),

improves symptom burden, quality of life (QoL), anxiety, and depression in patients undergoing stem cell transplantation
(SCT) and intensive induction chemotherapy for acute myeloid leukemia (AML).

Methods. In this randomized controlled clinical trial, we assigned 71 patients to the ML or standard care (SC) groups, strati-
fied by the reason for admission (AML, allogeneic-SCT, or inpatient/outpatient autologous-SCT). Upon admission, participants
in the ML groups were invited to undergo daily ML sessions designed to change negative moods into positive ones (iso-princi-
ple). The intervention consisted of listening to pre-recorded classical music ordered by beats per minute and tonality. Symptom
burden (Edmonton Symptom Assessment System-Revised) was assessed in the ML groups before and after each session. Anxiety,
depression (Hospital Anxiety and Depression Scale), and QoL (Functional Assessment of Cancer Therapy-Bone Marrow Trans-
plantation/Leukemia) were measured weekly in the ML and SC groups.

Results. Symptom burden in both allogeneic- and inpatient autologous-SCT ML groups reduced after the intervention. In all
experimental groups, clinically important improvements were observed after ML sessions. No differences were found between
the groups (ML vs. SC) at different weeks of admission regarding anxiety, depression, and QoL.

Conclusions. ML based on our innovative iso-principle strategy, conducted using GloMus, reduced the symptom burden in
patients undergoing allogeneic- and inpatient autologous-SCT (ClinicalTrials.gov number, NCT05696457). J Pain Symptom
Manage 2024;67:501−511. © 2024 American Academy of Hospice and Palliative Medicine. Published by Elsevier Inc. All rights reserved.
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Key Message
In this trial, we analyzed the effects of music listening,

based on the iso-principle and conducted using a mobile
application, in hospitalized patients undergoing stem
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cell transplantation (SCT) and intensive induction che-
motherapy for acute myeloid leukemia. Symptom bur-
den improved in the experimental groups comprising
patients undergoing allogeneic and autologous SCT.
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Introduction
Music interventions (MIs) are effective non-pharma-

cological treatments, particularly for patients with can-
cer, yielding positive effects on psychological
outcomes, physical symptoms, and quality of life
(QoL).1−3 Specifically, music therapy (MT) effectively
reduces symptom burden in patients with hematologi-
cal malignancies (HMs).4,5

Hematopoietic stem cell transplantation (HSCT) is
a common procedure in HMs treatment; however,
patients may present with toxicity symptoms6,7 and usu-
ally experience a decline in QoL and an increase in
depression and psychological distress.8,9 Furthermore,
patients newly diagnosed with acute myeloid leukemia
(AML) may present with a high symptom burden, sig-
nificantly impacting QoL, anxiety, and depression,
regardless of the chemotherapy intensity.10,11

Many studies support the potential benefits of MIs
for patients undergoing HSCT. Tuinmann et al.
observed positive effects on toxicity symptoms, pain
perception, and antiemetic medication use in patients
receiving MT during autologous stem cell transplanta-
tion (autoSCT).12 Besides, a clinical trial depicted
reduced narcotic pain medication requirements with
MT.13 Improvements in anxiety, depression, distress,
QoL, fatigue, and pain were also reported.14−17

The effects of MIs on adults with acute leukemia
(AL) receiving chemotherapy have also been analyzed;
music imagery reduced anxiety18 and music listening
(ML) alleviated pain and fatigue.19

MIs based on the iso-principle facilitate mood
change in patients listening to music.20 Beginning with
music that reflects their initial mood state, individuals
progress to specific pieces where musical elements
(rhythm, melody, harmony, and others) gradually shift
Fig. 1. Overview of the study design and participants’ assessment
geneic stem cell transplantation; autoSCT, autologous stem cell tr
Edmonton Symptom Assessment System-Revised; QoL, quality o
Leu, Functional Assessment of Cancer Therapy-Leukemia; FACT-B
Transplantation.
to achieve the desired positive mood. Despite these
benefits, few authors have described a practical method
for applying the iso-principle to MIs.20,21

In our randomized controlled clinical trial, we
aimed to determine whether ML reduces the symptom
burden in hospitalized patients undergoing HSCT and
intensive induction chemotherapy for AML. We imple-
mented a novel iso-principle strategy for ML sessions
and designed a mobile app to carry this out. Moreover,
we aimed to analyze the medium-term potential bene-
fits of ML in terms of QoL, anxiety, and depression,
along with exploratory variables encompassing both
clinical and analytical aspects.
Methods

Study Design
This open-label, randomized, controlled clinical

trial was conducted from February 2021 to November
2022 at the Department of Hematology of Fundaci�on
Jim�enez Díaz University Hospital, Madrid, Spain.

On the day of admission, patients were invited to
participate in the trial. Written informed consent was
obtained within the first 2 days. Subsequently, partici-
pants underwent computer-generated randomization
and were assigned to either the experimental (ML with
standard supportive care) or control (standard sup-
portive care) groups. Randomization was stratified
according to the reason for admission (inpatient
autoSCT, outpatient autoSCT, allogeneic stem cell
transplantation [alloSCT], or AML) with a 1:1 alloca-
tion ratio (Fig. 1).

“GloMus” was the Android app designed for this trial
to conduct the ML sessions and answer the study
s. Abbreviations: AML, acute myeloid leukemia; alloSCT, allo-
ansplantation; ML, music listening; SC, standard care; ESAS-r,
f life; HADS, Hospital Anxiety and Depression Scale; FACT-
MT, Functional Assessment of Cancer Therapy-Bone Marrow
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questionnaires (via Microsoft Forms). Each participant
was provided a login ID and password to access the app.

This clinical trial was registered at https://clinical
trials.gov as NCT05696457. It was conducted in accor-
dance with the Declaration of Helsinki and was
approved by the local institutional review board.

Participants
The inclusion criteria were hospitalized patients: (1)

undergoing HSCT or receiving induction chemother-
apy for newly diagnosed AML (excluding acute pro-
myelocytic leukemia); patients included in our
outpatient autoSCT program were also eligible; (2)
aged ≥ 18 years; (3) with Spanish language proficiency
(speaking fluently and reading uncomplicated texts);
and (4) with basic computer skills (using simple appli-
cations on their smartphones). The exclusion criteria
were patients with: (1) previously diagnosed moderate
or severe hearing impairment (> 40 decibels); candi-
dates who reported hearing problems but had not
been assessed for this reason were examined by an ear,
nose, and throat specialist; (2) previous diagnosis of
any psychiatric disorder; (3) impaired performance sta-
tus at admission (Eastern Cooperative Oncology Group
[ECOG] ≥ 3); and (4) previous participation in this
study.

Intervention

Experimental Groups. Each patient included in the exper-
imental groups was provided with a tablet (Alldocube
iPlay 8 Pro/iPlay 7T [Guangzhou, Guangdong, China]
or SPC Lightyear [Vitoria, �Alava, Spain]), with pre-
installed GloMus, and high-quality headphones (Senn-
heiser HD 400S [Wedemark, Hannover, Germany]).

Upon admission, the participants were invited to
undergo daily ML sessions provided by GloMus. The
intervention comprised listening to pre-recorded classi-
cal music (CM) following the iso-principle.20 The music
was pre-selected by a member of the research team hav-
ing an extensive musical background and professional
music qualifications. No board-certified music thera-
pists were involved in this study.

Before each session, the participants had to select
one out of three possible mood groups, depending on
how they were feeling that day: (1) sad, discouraged, or
lonely; (2) nervous, worried, angry, or scared; or (3)
bored, fed up, or not wanting to do anything. Accord-
ingly, participants listened to five pieces automatically
selected by GloMus. Based on previous studies,20−22

these pieces were arranged by beats per minute (BPM)
and tonality to reach the corresponding positive
moods: (1) energized, joyful; (2) relaxed, calm; and
(3) entertained, stimulated (Table 1). If the patient
did not match with any of the mood groups, the session
was not conducted. To improve the participants’
experience, they could ask for an alternative piece with
similar musical features. However, it could be
requested only once during each piece. Once the ses-
sion was completed, the patients answered a dichoto-
mous question regarding their satisfaction.

The sessions’median duration was 24 min 38 s (min-
imum: 19 min 37 s; maximum: 34 min 12 s) for the first
mood group, 24 min 56 s for the second group (18 min
53 s; 38 min 41 s), and 23 min 26 s for the third group
(19 min 35 s; 35 min 10 s). A complete list of the com-
positions used in this study is listed in Annex 1.

Patients underwent the ML sessions at their pre-
ferred time, inside their individual isolation rooms in
the hematology ward. The participants controlled the
devices’ volumes. No specific control was made to limit
the decibels.

Control Groups. Participants in the control groups
received no musical intervention and underwent stan-
dard treatment. These patients could install GloMus
on their devices or were provided with a tablet with the
app for completing the study questionnaires.

Measurement Tools
After randomization, demographic and musical fea-

tures were recorded through an initial questionnaire.
Clinical and analytical data and data on the use of anal-
gesics, antiemetics, and anxiolytics during admission
were obtained from the patient’s health records.

Symptom Assessment. Participants enrolled in the experi-
mental groups completed the Spanish version of the
Edmonton Symptom Assessment System-Revised
(ESAS-r)23 before and after each ML session (Fig. 1).
Boredom was included as an additional symptom. To
prevent the effects of symptom control medication,
GloMus precluded the patients from completing the
questionnaire if they declared that they had been
administered analgesics, anti-emetics, or anxiolytics
within the previous 2 hours.

The ESAS-r includes 10 symptoms on a scale from 0
to 10 (10 = worst possible). The ESAS subscale scores
include physical score (PS; range, 0−60), emotional
score (ES; 0−20), and total symptom distress score
(TSDS; 0−90). Minimal clinically important differences
for improvement were determined for the 10 ESAS-r
symptoms (≥ 1)24 and ESAS subscale scores (PS ≥ 3/
60; ES ≥ 2/20; TSDS ≥ 3/90).25

Depression and Anxiety. Depression and anxiety were
assessed using the Hospital Anxiety and Depression
Scale (HADS),26 whose Spanish version has been
validated.27,28 HADS includes 14 items equally distrib-
uted between the anxiety and depression subscales.
Total scores range from 0 to 42, with higher scores indi-
cating poorer outcomes. A score ≥ 11 on each subscale

https://clinicaltrials.gov
https://clinicaltrials.gov


Table 1
Design of the Music Listening Sessions According to Three Initial Mood Groups. Patients who selected the first mood group
started listening to slower pieces in minor tonalities, which gradually changed to faster pieces in major tonalities. Participants
who chose the second mood group started listening to faster works in major or minor tonalities, which were switched to slower
works in major tonalities. Patients who selected the third mood group started listening to intermediate speed compositions that
were changed to faster pieces. For this third option, only the last composition had to be in a major tonality. Abbreviations: BPM,

beats per minute.
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corresponds to a case of depression or anxiety.26 Partic-
ipants in both experimental and control groups com-
pleted the HADS questionnaire once a week until
discharge (Fig. 1).

Quality of Life. Functional Assessment of Cancer Ther-
apy-Bone Marrow Transplantation (FACT-BMT)29 was
used to assess QoL in HSCT groups, and FACT-Leuke-
mia (FACT-Leu)30 was used for the leukemia groups.
Spanish versions were provided. FACT-BMT includes
FACT-General (FACT-G)31 and a BMT subscale. Simi-
larly, FACT-Leu contains FACT-G and a leukemia sub-
scale. The FACT-G, BMT, and leukemia subscales
contain 27, 23, and 17 questions, respectively.

The global QoL score was calculated by adding the
FACT-G score (range, 0−108) to the BMT score (0
−40) for the HSCT groups or to the leukemia score (0
−68) for the leukemia groups. The higher the score,
the better the QoL. Participants in both experimental
and control groups completed FACT-BMT/FACT-Leu
once a week until discharge (Fig. 1).

Statistical Analysis
We determined sample sizes of 97 ML sessions for

AML, 110 for alloSCT, 99 for inpatient autoSCT, and
415 for outpatient autoSCT experimental groups to
detect ESAS-r-boredom score improvements post-ML
sessions (mean difference between ESAS-r-boredom
scores post-session and pre-session < 0), with 5% signifi-
cance (a = 0.05) and 80% power (b = 0.2).

Data were analyzed using descriptive statistics, includ-
ing mean and standard deviation (SD) or median and
interquartile range for continuous variables and fre-
quency and proportion for categorical variables.

Differences between the ESAS-r-boredom, ESAS sub-
scale, and individual symptom scores for the experi-
mental groups at baseline were analyzed using linear
mixed models (LMMs). Changes in these scores after
ML sessions and differences in the level of anxiety,
depression, and boredom depending on the chosen
mood group were analyzed using these models.

LMMs were applied to determine differences
between HADS, FACT-BMT, and FACT-Leu (and their
subscales) scores of the groups (ML vs. standard care
[SC]) at baseline and different weeks of admission.
When the interaction effect (group * week) was statisti-
cally significant, pairs of groups were compared at each
week of admission.

The chi-square test was used to examine the selected
moods, session satisfaction, and proportion of sessions



Fig. 2. Consort flow diagram. 1No ML sessions were completed. Abbreviations: ML, music listening; SC, standard care; AML,
acute myeloid leukemia; alloSCT, allogeneic stem cell transplantation; autoSCT, autologous stem cell transplantation.
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with clinically important differences between the
groups. The chi-square or Fisher’s exact test, analysis of
variance, independent t-test, Mann−Whitney U test,
and Kruskal−Wallis test were used to determine differ-
ences in baseline and exploratory variables between
the groups.

All data were analyzed on an intention-to-treat basis.
Statistical tests were two-sided, with significance set at P
< 0.05. Analysis was performed using SPSS version 28.0
(IBM Corp., Armonk, NY, USA).
Results

Participants and Baseline Measurements
During the recruitment period, 139 patients were

assessed for eligibility and 71 were randomized. The
patients’ reasons for declining to participate were not
wanting to be disturbed during admission (n = 5), pre-
ferring to use other complementary interventions
(n = 3), poor performance status (n = 3), disliking
music (n = 1), and refusing to use mobile apps (n = 1).
Participants were allocated to eight different arms
according to the reason of admission and intervention
(Fig. 2).

Demographic characteristics, musical aspects, and
baseline hematological disease (for HSCT recipients)
were similar between the arms compared. Many partici-
pants were art, music, and CM enthusiasts. However,
few participants played an instrument or had received
music education (Table 2).

Chemotherapy regimens of all participants in the
AML groups comprised idarubicin and cytarabine
(3 + 7). Complete response was observed in all
patients.32 Donor types for the SC- and ML-alloSCT
groups were human leukocyte antigen-identical sib-
lings (20% vs. 25%), haploidentical donors (20% vs.
33.33%), and unrelated donors (60% vs. 41.67%), with
no significant differences between the groups
(P = 0.778). The SC- and ML-alloSCT groups received
myeloablative (80% vs. 66.67%) or reduced-intensity
(20% vs. 33.33%) preparative regimens (P = 1).33 Par-
ticipants diagnosed with multiple myeloma received
high-dose melphalan as a conditioning regimen,
whereas patients with lymphoma were administered
carmustine, etoposide, cytarabine, and melphalan
(BEAM).

The mean ESAS-r-boredom pre-session scores were
38.3 (SD = 11.4), 28.72 (13.76), 37.14 (17.87), and
19.44 (13.55) for the AML, alloSCT, and inpatient and
outpatient autoSCT ML groups, respectively, with no
significant differences between them (P = 0.424). The
ESAS subscale and individual symptom pre-session
scores are listed in Table 1S. The groups had low anxi-
ety and depression and high QoL levels at baseline and
similar HADS, FACT-G, FACT-Leu, and FACT-BMT
scores (Table 2; Table 2S).
Primary Outcome
The mean numbers of completed ML sessions

were 11.75 (SD = 12.12), 11.75 (9.95), 9.05 (5.64),
and 5.4 (6.23) for the AML, alloSCT, and inpatient
and outpatient autoSCT ML groups, respectively
(P = 0.455). Changes in ESAS-r-boredom scores after
ML sessions were similar regardless of ML group,
selected mood group, session satisfaction, demo-
graphic characteristics, and musical aspects
(Table 3). The symptom burden was significantly
reduced in the alloSCT and inpatient autoSCT ML
groups after ML sessions (-3.18, SD = 5.23,
P = 0.002; and -3.12, 7.25, < 0.001, respectively).
The ESAS-r-boredom score decreased when any of
the three mood groups was selected, with the third



Table 2
Patient’s Characteristics, Anxiety, Depression, and Quality of Life Baseline Measurements According to the Study Arm. Abbreviations: AML, acute myeloid leukemia; alloSCT,
allogeneic stem cell transplantation; inpat. autoSCT, inpatient autologous stem cell transplantation; outpat. autoSCT, outpatient autologous stem cell transplantation; ML,

music listening; SC, standard care; HADS, Hospital Anxiety and Depression Scale; FACT-G, Functional Assessment of Cancer Therapy-General; FACT-Leu, Functional Assess-
ment of Cancer Therapy-Leukemia; FACT-BMT, Functional Assessment of Cancer Therapy-Bone Marrow Transplantation; n.c., not calculable; ALL, acute lymphoblastic leu-

kemia; MDS, myelodysplastic syndrome; SD, standard deviation; h, hour.
Variable AML SC

(n = 2)
AML ML (n = 4) P AlloSCT

SC (n = 5)
AlloSCT ML
(n = 12)

P Inpat. autoSCT
SC (n = 20)

Inpat. autoSCT
ML (n = 19)

P Outpat. autoSCT
SC (n = 4)

Outpat. autoSCT
ML (n = 5)

P

Age (years), mean (SD) 62.78 (4.63) 61.22 (8.48) 0.758a 46.14 (8.33) 43.20 (14.16) 0.563 55.04 (8.00) 56.73 (9.31) 0.504a 53.36 (5.56) 55.81 (4.53) 0.701
Sex, n (%) 1.000 0.593 0.333 0.524
Male 2 (100.00) 3 (75.00) 3 (60.00) 4 (33.30) 10 (50.00) 13 (68.40) 3 (75.00) 2 (40.00)
Female 0 (0.00) 1 (25.00) 2 (40.00) 8 (66.70) 10 (50.00) 6 (31.60) 1 (25.00) 3 (60.00)
Country of origin, n (%) . 1.000 1.000 1.000
Spain 2 (100.00) 4 (100.00) 5 (100.00) 11 (91.70) 15 (75.00) 14 (73.70) 3 (75.00) 3 (60.00)
Other 0 (0.00) 0 (0.00) 0 (0.00) 1 (8.30) 5 (25.00) 5 (26.30) 1 (25.00) 2 (40.00)
Education, n (%) 0.333 0.280 0.752 1.000
Primary and secondary school 1 (50.00) 0 (0.00) 2 (40.00) 9 (75.00) 11 (55.00) 9 (47.40) 1 (25.00) 2 (40.00)
University 1 (50.00) 4 (100.00) 3 (60.00) 3 (25.00) 9 (45.00) 10 (52.60) 3 (75.00) 3 (60.00)
Profession, n (%)b 0.333 0.583 0.980 0.347
Highly qualified 1 (50.00) 4 (100.00) 2 (40.00) 2 (16.70) 7 (35.00) 7 (36.80) 3 (75.00) 2 (40.00)
Medium qualified 1 (50.00) 0 (0.00) 2 (40.00) 7 (58.30) 8 (40.00) 7 (36.80) 0 (0.00) 2 (40.00)
Low qualified 0 (0.00) 0 (0.00) 1 (20.00) 3 (25.00) 5 (25.00) 5 (26.30) 1 (25.00) 1 (20.00)
Art enthusiast, n (%) 1 (50.00) 3 (75.00) 1.000 5 (100.00) 10 (83.30) 1.000 20 (100.00) 17 (89.50) 0.231 4 (100.00) 5 (100.00) .
Music enthusiast, n (%) 1 (50.00) 3 (75.00) 1.000 5 (100.00) 8 (66.70) 0.261 16 (80.00) 12 (63.20) 0.301 4 (100.00) 5 (100.00) .
Classical music enthusiast, n (%) 1 (50.00) 1 (25.00) 1.000 3 (60.00) 3 (25.00) 0.280 10 (50.00) 9 (47.40) 1.000 2 (50.00) 4 (80.00) 0.524
Music listening (h/week), mean (SD) 4.50 (3.54) 4.25 (3.20) 0.800a 8.20 (7.33) 13.83 (12.28) 0.506a 15.75 (32.28) 7.16 (8.30) 0.120a 16.75 (14.10) 18.00 (19.12) 0.917
Playing an instrument, n (%) 0 (0.00) 0 (0.00) . 1 (20.00) 1 (8.30) 0.515 3 (15.00) 1 (5.30) 0.605 1 (25.00) 0 (0.00) 0.444
Music education, n (%) 0 (0.00) 0 (0.00) . 1 (20.00) 2 (16.70) 1.000 8 (40.00) 4 (21.10) 0.301 2 (50.00) 1 (20.00) 0.524
HADS score, mean (SD)c 5.00 (n.c.) 13.00 (5.29) 0.269 6.25 (4.35) 12.90 (8.31) 0.161 11.42 (7.14) 10.83 (6.54) 0.796 7.33 (6.66) 9.50 (4.66) 0.631
FACT-G score, mean (SD)c 95.00 (n.c.) 71.75 (13.84) 0.230 86.75 (10.53) 77.20 (10.29) 0.145 71.35 (12.70) 70.94 (11.61) 0.919 80.33 (16.92) 74.75 (18.48) 0.699
FACT-Leu/FACT-BMT score, mean
(SD)c

155.00 (n.c.) 117.00 (18.42) 0.162 117.25 (13.84) 103.90 (13.32) 0.119 95.45 (16.53) 94.89 (16.56) 0.917 107.33 (22.19) 99.50 (26.40) 0.696

Days of admission, mean (SD) 27.00 (4.24) 31.75 (4.57) 0.644a 29.20 (5.89) 42.92 (10.68) 0.002 23.10 (10.66) 21.00 (3.62) 0.958a 20.00 (1.41) 19.60 (0.55) 0.879a

Hematological disease (stem cell
transplantation recipients), n (%)

0.441 0.695 0.556

Multiple myeloma . . 14 (70.00) 11 (57.89) 4 (100.00) 4 (80.00)
Non-Hodgkin lymphoma 1 (20.00) 2 (16.67) 4 (20.00) 5 (26.32) 0 (0.00) 1 (20.00)
Hodgkin lymphoma 0 (0.00) 1 (8.33) 2 (10.00) 2 (10.53) 0 (0.00) 0 (0.00)
ALL 2 (40.00) 3 (25.00) . . . .
AML 0 (0.00) 3 (25.00) . . . .
MDS 2 (40.00) 1 (8.33) . . . .
Other 0 (0.00) 2 (16.67) 0 (0.00) 1 (5.26) 0 (0.00) 0 (0.00)
aNon-parametric tests were performed.
bHighly qualified: directors and intellectual professions; medium qualified: technicians, administrative staff, and commercial workers; low qualified: artisans, machine operators, and elementary occupations.
cSample size (n) for these variables corresponds to completed baseline questionnaires, specified in Table 2S.
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Table 3
Changes in ESAS-r-Boredom Scores After Music Listening Sessions. Abbreviations: ML, music listening; SD, standard deviation;
CI, confidence interval; AML, acute myeloid leukemia; alloSCT, allogeneic stem cell transplantation; autoSCT, autologous stem

cell transplantation; ESAS-r, Edmonton Symptom Assessment System-Revised
Variable Category ML Sessions, n (%) Mean (SD) Pa Estimated mean, (95% CI) Pb

ML group AML 47 (12.10) �1.38 (5.92) 0.832 �3.84 (�7.97, 0.29) 0.055
AlloSCT 141 (36.40) �3.18 (5.23) �3.55 (�5.91, �1.18) 0.002
Inpatient autoSCT 172 (44.40) �3.12 (7.25) �3.24 (�5.08, �1.41) < 0.001
Outpatient autoSCT 27 (7.00) �0.93 (3.25) �1.50 (�5.86, 2.86) 0.480
All groups 387 (100.00) �2.78 (6.22) �3.03 (�4.71, �1.36) < 0.001

Selected mood group Sad, discouraged, or lonely 66 (17.10) �3.94 (8.92) 0.698 �3.74 (�5.51, �1.97) < 0.001
Nervous, worried, angry, or scared 89 (23.00) �2.97 (5.90) �3.21 (�4.88, �1.53) < 0.001
Bored, fed up, or not wanting to
do anything

232 (59.90) �2.38 (5.34) �2.99 (�4.29, �1.70) < 0.001

Session satisfaction No 67 (17.30) �0.79 (4.54) 0.085 �1.80 (�3.71, 0.11) 0.065
Yes 320 (82.70) �3.19 (6.45) �3.43 (�4.62, �2.24) < 0.001

Sex Male 215 (55.60) �2.58 (5.80) 0.573 �2.92 (�4.55, �1.29) < 0.001
Female 172 (44.40) �3.03 (6.72) �3.60 (�5.50, �1.70) < 0.001

Country of origin Spain 314 (81.10) �2.67 (5.62) 0.725 �3.32 (�4.62, �2.02) < 0.001
Other 73 (18.90) �3.25 (8.36) �2.79 (�5.45, �0.13) 0.040

Education Primary and secondary school 190 (49.10) �2.79 (6.44) 0.519 �2.84 (�4.57, �1.10) < 0.001
University 197 (50.90) �2.76 (6.02) �3.61 (�5.39, �1.83) < 0.001

Professionc Highly qualified 135 (34.90) �2.11 (5.57) 0.949 �3.46 (�5.61, �1.31) < 0.001
Medium qualified 176 (45.50) �3.38 (5.48) �3.21 (�5.24, �1.18) < 0.001
Low qualified 76 (19.60) �2.57 (8.49) �2.94 (�5.56, �0.32) 0.021

Art enthusiast No 62 (16.00) �1.44 (6.01) 0.544 �2.31 (�5.61, 0.99) 0.140
Yes 325 (84.00) �3.03 (6.24) �3.34 (�4.65, �2.03) < 0.001

Music enthusiast No 126 (32.60) �2.18 (5.83) 0.389 �2.43 (�4.63, �0.24) 0.021
Yes 261 (67.40) �3.07 (6.39) �3.54 (�5.00, �2.08) < 0.001

Classical music enthusiast No 221 (57.10) �2.25 (5.49) 0.133 �2.44 (�4.00, �0.88) 0.001
Yes 166 (42.90) �3.48 (7.03) �4.26 (�6.13, �2.39) < 0.001

Playing an instrument No 369 (95.30) �2.88 (6.28) 0.411 �3.30 (�4.55, �2.05) < 0.001
Yes 18 (4.70) �0.61 (4.31) �0.61 (�7.36, 6.14) 0.846

Music education No 323 (83.50) �2.68 (6.20) 0.868 �3.26 (�4.54, �1.98) < 0.001
Yes 64 (16.50) �3.25 (6.38) �2.99 (�5.87, �0.12) 0.042

aLinear mixed model’s P value.
bP value for estimated mean = 0.
cHighly qualified: directors and intellectual professions; medium qualified: technicians, administrative staff, and commercial workers; low qualified: artisans,
machine operators, and elementary occupations.
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cluster (bored) being the most frequently selected
(59.9%). Symptom burden was reduced in patients
who were satisfied with the ML sessions (82.7%),
were art enthusiasts (84%), and did not play an
instrument (95.3%). The ESAS-r-boredom scores
were significantly reduced for all categories, includ-
ing sex, country of origin, education, profession,
music and CM enthusiast, and music education
(Table 3). Changes in ESAS-r, subscale, and individ-
ual symptom scores after ML sessions by the study
arm are listed in Table 3S.

In all experimental groups, following ML sessions,
clinically important improvements (CIIs) were
observed in the ESAS subscales (TSDS, 37.8; PS, 28.1;
ES, 21.7%) and individual symptoms (Table 4).

The proportion of satisfactory sessions was signifi-
cantly different for the ML groups (P < 0.001)
(Table 4). The satisfaction was significantly high for
the inpatient and outpatient autoSCT groups (87.8%
and 100%, respectively). However, patients with AML
were less satisfied than expected (57.40%).

The selected moods were significantly different for
the ML groups (P < 0.001) (Table 4). Nervous, wor-
ried, angry, or scared were chosen frequently by the
AML group (46.80%), whereas the other options were
selected less often than expected. Significantly few
patients in the alloSCT arm chose that they were feel-
ing nervous (14.90%). In all ML arms, patients who
selected the first mood group (sad) showed improved
depression scores (-0.56; SD = 1.55; P < 0.001), those
who chose the second group (nervous) showed amelio-
rated anxiety (-0.46; SD = 2.04; P = 0.002), and those
who opted for the third group (bored) showed a
decrease in boredom levels (-0.52; SD = 1.04; P <
0.001). Significant changes in boredom scores were
observed for patients who selected that they were feel-
ing nervous (-0.33; SD = 1.31; P = 0.012) and sad (-0.67;
SD = 1.59; P < 0.001).

Secondary Outcomes
We analyzed the interactions between the groups

(SC and ML) and weeks of admission to identify differ-
ences in HADS, FACT-Leu, and FACT-BMT scores and
their subscales. Initially, FACT-G, BMT subscale, and
FACT-BMT scores of outpatient autoSCT groups were
significantly different (Table 4S). However, no differ-
ences were observed when comparing scores for each
week of admission.



Table 4
Music Listening Sessions With Clinically Important Improvements, Session Satisfaction, And Selected Mood Groups. Abbrevia-
tions: AML, acute myeloid leukemia; alloSCT, allogeneic stem cell transplantation; autoSCT, autologous stem cell transplanta-

tion; ESAS, Edmonton Symptom Assessment System.
Variable AML AlloSCT Inpatient autoSCT Outpatient autoSCT All groups P

ESAS subscales, n (%)a

Total symptom distress score 11 (23.40)� 67 (47.50)+ 63 (36.80) 5 (18.50)� 146 (37.80) 0.003
Physical score 14 (29.80) 48 (34.50) 41 (24.00) 5 (18.50) 108 (28.10) 0.134
Emotional score 3 (6.50)� 27 (22.70) 43 (27.70)+ 2 (7.70) 75 (21.70) 0.005
ESAS individual symptoms, n (%)a

Pain 6 (20.00) 29 (46.80) 33 (32.00) 2 (28.60) 70 (34.70) 0.063
Tiredness 22 (46.80) 43 (36.10) 71 (42.00) 8 (61.50) 144 (41.40) 0.248
Drowsiness 18 (46.20) 46 (39.00) 59 (39.10) 4 (28.60) 127 (39.40) 0.695
Nausea 6 (17.60)� 53 (59.60)+ 35 (28.70)� 7 (77.80)+ 101 (39.80) < 0.001
Lack of appetite 16 (34.00) 39 (28.30) 35 (23.80) 8 (29.60) 98 (27.30) 0.548
Shortness of breath 6 (20.00) 9 (37.50) 17 (28.80) 0 (0.00) 32 (28.10) 0.488
Depression 7 (15.90)� 36 (34.60) 61 (40.40)+ 6 (31.60) 110 (34.60) 0.028
Anxiety 6 (13.00)� 43 (39.40) 51 (36.70) 4 (18.20) 104 (32.90) 0.004
Sleep 6 (18.80) 36 (31.00) 39 (26.20) 2 (10.00) 83 (26.20) 0.169
Well-being 12 (26.10) 56 (42.10) 62 (37.30) 6 (23.10) 136 (36.70) 0.111
Boredom 13 (28.90)� 55 (48.70) 69 (43.90) 7 (26.90) 144 (42.20) 0.048
Session satisfaction, n (%)b 27 (57.40)� 115 (81.60) 151 (87.80)+ 27 (100.00)+ 320 (82.70) < 0.001
Selected mood groups, n (%)b

Sad, discouraged, or lonely 3 (6.40)� 28 (19.90) 33 (19.20) 2 (7.40) 66 (17.10) < 0.001
Nervous, worried, angry, or scared 22 (46.80)+ 21 (14.90)� 41 (23.80) 5 (18.50) 89 (23.00)
Bored, fed up, or not wanting to do anything 22 (46.80)� 92 (65.20) 98 (57.00) 20 (74.10) 232 (59.90)
aMusic listening sessions, in which patients had a score ≥ 1 for the respective pre-session ESAS subscales/individual symptoms, were included in the analysis.
bAll completed music listening sessions are included in this section.
+Significantly higher than expected (95% confidence).
�Significantly lower than expected (95% confidence).
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Exploratory Outcomes
The frequency of mucositis, febrile neutropenia,

infections (bacterial, fungal, and viral), necessity of
total parenteral nutrition (TPN), transfusion require-
ment, days of admission, intensive care unit admission,
and deaths were analyzed. The mean days of admission
were higher in the alloSCT ML group compared to
that in the SC group (Table 2). However, fewer patients
in the inpatient autoSCT ML group required TPN
(78.9%) compared to those in the SC group (100%)
(P = 0.047). No other significant results were observed.

No differences between the SC and ML arms were
found regarding the administration and daily dosage
of analgesics, antiemetics, and filgrastim. In terms of
transplant-specific complications (graft failure, engraft-
ment syndrome, acute graft-versus-host disease, and
others), no differences were detected between the SC
and ML HSCT groups.

Some potential confounding factors were also exam-
ined. Whether participants had listened to their ownmusic
and for how many hours, and if they had practiced other
non-pharmacological therapies, including physical exer-
cise, were noted on the day of discharge. No significant dif-
ferences were detected among the groups (Table 5S).
Discussion
Regarding the primary outcome, the alloSCT and

inpatient autoSCT ML groups showed improved ESAS-
r-boredom scores after ML sessions. These results are
consistent with those of previous studies, in which MIs
reduced symptom burden.4,5,12,14,15,19 However, no
beneficial effect was observed in the AML and outpa-
tient autoSCT ML groups, probably due to the small
sample size. Satisfaction with ML sessions and art
enthusiasm were important variables for reducing the
symptom burden. The observed benefit in patients
who did not play an instrument compared to that in
patients who did may be explained by the small sample
size of instrument-playing patients. Scores for all cate-
gories of the remaining demographic and musical vari-
ables showed significant improvement, indicating that
patients with different profiles benefited from the
intervention. Furthermore, the high percentage of ML
sessions with CIIs represented a significant break-
through in our patients’ care.

Concerning the selected mood groups, the third
option (bored) was the most frequently chosen. This
can be explained by the long duration of hospital
admissions and isolation precautions. Participants in
the AML ML group felt anxious more often than
expected, probably due to the initial shock of the diag-
nosis. However, they did not feel depressed frequently.
A small proportion of patients in the alloSCT ML arm
felt nervous, indicative of strong coping skills and confi-
dence in recovery after transplantation. Depression,
anxiety, and boredom levels decreased for patients
who reported feeling depressed, anxious, or bored,
respectively, suggesting that the intervention mitigated
baseline negative moods. Furthermore, ML sessions
engaged the participants, as boredom levels decreased
across all three mood groups.
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Concerning the secondary outcomes, no differences
were found between the HADS, FACT-Leu, and FACT-
BMT scores of the SC and ML groups during different
weeks of admission. These results contradict those of
previous studies, in which MIs improved anxiety,
depression, and QoL.14,16−18,2 A beneficial effect on
these outcomes might have been observed if the inter-
vention had been prolonged after discharge, and the
follow-up and sample size had been expanded. The sta-
tistically significant results obtained for some explor-
atory variables may be coincidental because no clear
explanation can be inferred from these findings. Con-
trary to the findings of other studies, no differences
were detected in the frequency of mucositis or the use
of opioids and antiemetics.12,13

Our results suggest that our novel approach of using
the iso-principle based on BPM, tonality, and three mood
groups may be useful in controlling the patients’ symp-
tom burden and baseline negative moods. However, it is
important to note that various systems have been sug-
gested for the appropriate choice of pre-recorded music
to achieve therapeutic goals.22 For instance, to promote
patient relaxation, Gu�etin et al. proposed an encouraging
design for ML sessions following the U-technique, based
on BPM, orchestral size, frequencies, and volume.34 Con-
sidering the high proportion of satisfactory sessions in
our study and the fact that participants who were not CM
enthusiasts also benefited, the use of CM in future MIs
should be considered.

A strength of this trial was the remarkable number
of completed ML sessions and symptom burden meas-
urements. Unlike in previous studies, the potential con-
founding factors were controlled in this trial. Using
GloMus, detection bias was avoided, as the question-
naires were completed by the patients themselves, with
no need for outcome assessors. The app allowed the lis-
teners to request alternative pieces if desired, adapting
the session to their preferences. Using the free version
of GloMus, other patients might receive ML sessions
according to a tailored schedule and frequency. More-
over, patients with poor performance status and severe
cytopenia, for whom active interventions may be lim-
ited, could still benefit.5 GloMus may be used even in
settings with limited availability of music therapists.

Our study had some limitations. First, symptom bur-
den assessment was not carried out in the SC groups
due to the impracticality of the completion of twice-
daily ESAS-r-boredom questionnaires as these partici-
pants did not undergo ML sessions. Alternatively, the
SC groups could have listened to unordered music,
enabling a comparison of the effects of this interven-
tion with the one proposed in this study. Second, the
calculated sample size was not reached in the AML and
outpatient autoSCT ML groups. In the AML group,
this was due to many potential participants not meeting
the inclusion criteria. For the outpatient autoSCT ML
group, the reason was the small number of candidates,
as this is a new program in our center. Third, the appli-
cation of our intervention to non-Western patients may
be limited, as tonal CM is not perceived in the same
way across cultures. Fourth, regarding GloMus, a possi-
ble limitation is that potential users might not receive
feedback and guidance from a music therapist.

Future research should be oriented towards develop-
ing new digital strategies, such as mobile apps addressing
psychological health and non-face-to-face MT sessions, to
improve outcomes in patients with cancer.35−37 GloMus
is such an example, and we encourage its use, optimiza-
tion, and comparison with other MIs not only in oncol-
ogy but also in other fields of medicine. Although no
clear differences could be observed between the effects
of patient-preferred and researcher-selected music,1 pro-
viding personalized ML sessions could potentially
enhance patients’ outcomes.20,38−40 To achieve this, Glo-
Mus can be refined to allow listeners to choose their
favorite pieces so that ML sessions can be created exclu-
sively using these pieces. Another possible approach to
improve intervention outcomes could involve designing
sessions targeted at ameliorating the symptom that con-
cerns the patient the most. Regardless of the adopted
approach, subsequent studies should provide detailed
descriptions of MIs to facilitate appropriate interpreta-
tion, replication, and translation into practice.41,42
Data Availability
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Mood Group 1: Sad, Discouraged, or Lonely
Piece 1 Piece 2 Piece 3 Piece 4 Piece 5

Alessandro Marcello. Oboe
concerto in D minor, S D935 -
Adagio

Dmitri Shostakovich. Piano
concerto No. 2 in F major, Op.
102 - Andante

Christoph Willibald Gluck. Orfeo
ed Euridice, Act II, Scene II -
Dance of the blessed spirits

Antonio Vivaldi. Concerto in E
major, Op. 8, No. 1, RV 269
(Spring) - Allegro pastoralle

Antonio Vivaldi. Griselda, RV 718.
Act II, Scene II − Aria ‘Agitata da
due venti’

Antonio Vivaldi. Cello concerto in
C major, RV 400 - Largo

Francisco T�arrega. Recuerdos de
la Alhambra

Enrique Granados. Danzas
espa~nolas, Op. 37, n�um. 10 -
Danza triste

Antonio Vivaldi. Concerto in C
major, RV 561 - Allegro

Carl Philipp Emanuel Bach. Cello
concerto in A major, Wq 172 -
Allegro assai

Fr�ed�eric Chopin. �Etude in E flat
minor, Op. 10, No. 6

Franz Schubert. Six moments
musicaux, Op. 94, No. 2 in A flat
major

Fr�ed�eric Chopin. Nocturne in B
major, Op. 32, No. 1

Edvard Grieg. Peer Gynt, Suite No.
1, Op. 46 - Morning mood

Federico Moreno Torroba. Luisa
Fernanda, Act III - Romance de
vareadores

Fr�ed�eric Chopin. �Etude in C Sharp
minor, Op. 25, No. 7

Fr�ed�eric Chopin. Mazurka in A
minor, Op. 17, No. 4

Fr�ed�eric Chopin. Nocturne in A
flat major, Op. 32, No. 2

Fr�ed�eric Chopin. Impromptu No.
2 in F Sharp major, Op. 36

Fr�ed�eric Chopin. Waltz No. 1 in E
flat major, Op. 18 'Grande Waltz
Brillante'

Fr�ed�eric Chopin. Nocturne in C
minor, Op. 48, No. 1

Fr�ed�eric Chopin. Nocturne in D
flat major, Op. 27, No. 2

Georg Friedrich H€andel. Concerto
Grosso in B minor, HWV 330 -
Larghetto e Piano

Fr�ed�eric Chopin. Impromptu No.
3 in G flat major, Op. 51

Fr�ed�eric Chopin. Waltz in A flat
major, Op. 34, No. 1 'Waltz
Brillante'

Georg Friedrich H€andel. Rinaldo,
HWV 7b. Act II, Scene IV − Aria
‘Lascia ch'io pianga’

Fr�ed�eric Chopin. Nocturne No. 20
in C sharp minor, Op. Posth.

Georg Philipp Telemann. Flute
concerto in D major, TWV 51:D1
- Andante

Fr�ed�eric Chopin. Polonaise in A
major, No. 3, Op. 40, No. 1
'Military'

Georg Friedrich H€andel. Music for
the Royal Fireworks, HWV 351 −
Ouverture

Giovanni Battista Pergolesi. Stabat
Mater, P 77 - Stabat Mater
dolorosa

Georg Friedrich H€andel.
Rodelinda, regina dei
Longobardi, HWV 19. Act I,
Scene VI − Aria: 'Dove sei, amato
bene'

Giacomo Puccini. Madame
Butterfly, SC 74, Act II, Scene I −
Aria 'Un bel dì, vedremo'

Isaac Alb�eniz. Iberia − Segundo
cuaderno - Triana

Georg Philipp Telemann. Flute
concerto in D major, TWV 51:D1
- Vivace

Joaquín Rodrigo. Concierto de
Aranjuez, Op. 30 - Adagio

Georg Philipp Telemann.
Concerto in E minor for oboe,
strings, and basso continuo,
TWV 51:e1− Adagio

Giovanni Battista Pergolesi. Stabat
Mater, P 77 - Sancta mater, istud
agas

Isaac Alb�eniz. Suite Espa~nola No.
1, Op.47 - Granada

Hector Berlioz. Fantastical
Symphony, Op. 14 − Un bal

Johann Sebastian Bach. Weinen,
Klagen, Sorgen, Zagen, BWV 12 -
Chorus

Gregorio Allegri. Miserere mei,
Deus

Isaac Alb�eniz. Suite Espa~nola n�um.
1, Op.47 - Cuba

Isaac Alb�eniz. Suite Espa~nola No.
1, Op.47 - Sevilla

Ludwig van Beethoven. Symphony
No. 9 in D minor, Op. 125 − IV.
Finale: Allegro assai

Johann Sebastian Bach.
Brandenburg concerto No. 2 in
F mayor, BWV 1047 - Andante

Johann Sebastian Bach. Weinen,
Klagen, Sorgen, Zagen, BWV 12 -
Aria (alto)

Johann Sebastian Bach. Herz und
Mund und Tat und Leben, BWV
147 - Aria 'Bereite dir'

Johann Sebastian Bach.
Brandenburg concerto No. 2 in
F mayor, BWV 1047 - Onhe
Satzbezeichnung

Ludwig van Beethoven. Piano
Sonata No. 3 in C major, Op. 2,
No. 3 - Allegro assai

Johann Sebastian Bach. Violin
concerto in A minor, BWV 1041 -
Andante

Johann Sebastian Bach. Weinen,
Klagen, Sorgen, Zagen, BWV 12 -
Aria (Bass)

Johann Sebastian Bach. Herz und
Mund und Tat und Leben, BWV
147 - Chorus 'Herz und Mund
und Tat und Leben'

Johann Sebastian Bach. Mass in B
minor, BWV 232 − Gloria:
Laudamos te

Nicola Matteis. Diverse bizzarrie
Sopra la Vecchia Sarabanda �o
pur Ciaccona

Johann Sebastian Bach. Mass in B
minor, BWV 232 - Agnus Dei

Johann Sebastian Bach. Du sollt
Gott, deinen Herren, lieben,
BWV 77 - Aria (alto)

Johann Sebastian Bach. Mass in B
minor, BWV 232 − Kyrie:
Christie Eleison

Johann Sebastian Bach. Orchestral
suite No. 4 in D major, BWV
1069 - Menuet

Wolfgang Amadeus Mozart. Piano
concerto No. 12 in A major, KV
414 - Allegretto

Johann Sebastian Bach. Orchestral
suite No. 3, BWV 1068 - Air

Johann Sebastian Bach. Herz und
Mund und Tat und Leben, BWV
147 - Aria (Alto)

Nicol�o Paganini. Six sonatas, Op.
2, No. 4 − Rondo. Andantino
allegretto

L�eo Delibes. Lakm�e, Act I, Scene II
− Flower duet

Wolfgang Amadeus Mozart. Piano
concerto No. 21 in C major, KV
467 - Allegro assai
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Continued

Piece 1 Piece 2 Piece 3 Piece 4 Piece 5

John Williams. Theme from
‘Schindler's List’

Johann Sebastian Bach. Concerto
for violin and oboe in C minor,
BWV 1060 - Adagio

Tomaso Albinoni. Violin concerto
in A major, Op. 9, No. 4 - Allegro

Reveriano Soutullo and Juan Vert.
El �ultimo rom�antico, Act I,
Tableau I − Romanza ‘Bella
enamorada’

Wolfgang Amadeus Mozart. Horn
concerto No. 1 in D major, KV
412 - Allegro

Ludwig van Beethoven. Piano
sonata No. 14 in C Sharp minor,
Op. 27, No. 2 ‘Moonlight' -
Adagio sostenuto

Johann Sebastian Bach. Cello suite
No. 4 in E flat major, BWV 1010 -
Preludio

Wolfgang Amadeus Mozart. Le
nozze di Figaro, KV 492, Act III −
Aria ‘E Susanna non vien!...
Dove sono i bei momenti'

Wolfgang Amadeus Mozart. Piano
concerto No. 14 in E flat major,
KV 449 − Allegro ma non troppo

Nicol�o Paganini. Six sonatas, Op.
2, No. 6 − Largo con precisione

Maurice Ravel. Pavane pour une
infante d�efunte, M 19

Wolfgang Amadeus Mozart.
Clarinet quintet in A major, KV
581 - Larghetto

Samuel Barber. Adagio for strings,
Op. 11

Ruggero Leoncavallo. Pagliacci,
Act 1, Scene II − Aria ‘Vesti la
giubba’

Tomaso Albinoni. Adagio in G
minor, Mi 26

Tomaso Albinoni. Oboe concerto
in D minor, Op. 9, No. 2 - Adagio

Tomaso Albinoni. Violin concerto
in F major, Op 9, No. 10 - Adagio

Wolfgang Amadeus Mozart.
Divertimento in F major, KV 138
- Andante

Wolfgang Amadeus Mozart.
Requiem in D minor, KV 626 −
Sequentia: Lacrimosa

Wolfgang Amadeus Mozart.
Requiem in D minor, KV 626 −
Sequentia: Tuba mirum
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Mood Group 2: Nervous, Worried, Angry, or Scared
Piece 1 Piece 2 Piece 3 Piece 4 Piece 5

Antonio Vivaldi. Concerto in F
minor, Op. 8, No. 4, RV 297
(Winter) - Allegro non molto

Enrique Granados. Danzas
espa~nolas, Op. 37, No. 5 -
Andaluza

Antonín Dvor�ak. Serenade for
strings in E major, Op. 22 -
Moderato

Antonín Dvor�ak. Rusalka, Op. 114,
Act I − Aria ‘Song to the moon’

Antonio Vivaldi. Concerto in D
minor for viola d'amore and lute,
RV 540 - Largo

Antonio Vivaldi. Cello concerto in
B minor, RV 424 - Allegro non
molto

Franz Liszt. Piano concerto No. 1
in E flat major, S 124 - Allegro

Antonín Dvor�ak. Symphony No. 9
in E minor, Op. 95 ‘From the
new world' - Largo

Antonio Vivaldi. Lute concerto in
D major, RV 93 - Largo

Claude Debussy. Suite
Bergamasque L 75 - Clair de lune

Carl Orff. Carmina Burana,
Fortuna imperatrix mundi − I. O
Fortuna

Franz Liszt. Liebestraum No. 3 in A
flat major, S 541

Antonio Vivaldi. Oboe concerto in
C major, RV 447 − Allegro non
molto

Camille Saint-Sa€ens. Samson et
Dalila, Op. 47, Act II, Scene III −
Aria 'Mon coeur s'ouvre �a ta voix'

Erik Satie. Gnossienne No. 5

Claude Debussy. Estampes, L 108 -
Jardins sous la pluie

Fr�ed�eric Chopin. Mazurka in A flat
mayor, Op. 17, No. 3

Felix Mendelssohn. Violin
concerto in E minor, Op. 64 -
Andante

Edvard Grieg. To elegiske
melodier, Op. 34 - Va

�
ren

Fr�ed�eric Chopin. Piano sonata No.
1 in C minor, Op. 4 - Larghetto

Franz Liszt. Piano concerto No. 2
in A major, S 125 - Allegro deciso
- Marziale un poco meno allegro

Fr�ed�eric Chopin. Polonaise No. 1
in C sharp minor, Op. 26, No. 1

Franz Schubert. Six moments
musicaux, Op. 94, No. 1 in C
major

Edward Elgar. Variations on an
original theme, Op. 36 'Enigma
Variations' - Nimrod

Fr�ed�eric Chopin. Piano concerto
No. 1 in E minor, Op. 11 -
Romanze

Franz Schubert. Impromptu in F
minor, Op. 142, No. 4

Fr�ed�eric Chopin. Polonaise No. 2
in E flat minor, Op. 26, No. 2

Franz Schubert. Six moments
musicaux, Op. 94, No. 4 in C
sharp minor

Franz Schubert. String quintet in C
major, D 956 - Adagio

Giacomo Puccini. La Boh�eme, SC
67, Act I − Aria 'Sí. Mi chiamano
Mimi'

Fr�ed�eric Chopin. Ballade No. 2 in
F mayor, Op. 38

Fr�ed�eric Chopin. Polonaise No. 16
in G flat major

Franz Schubert. Impromptu in A
flat major, Op. 142, No. 2

Gabriel Faur�e. Cantique de Jean
Racine, Op. 11

Giuseppe Verdi. Nabucco, Act III,
Scene II - 'Va, pensiero' (Chorus
of the Hebrew Slaves)

Fr�ed�eric Chopin. Ballade No. 1 in
G minor, Op. 23

Geoges Bizet. Carmen, Act II, No.
14 - 'Votre toast, je peux vous le
rendre' (Toreador song)

Fr�ed�eric Chopin. Andante
Spianato and Grande Polonaise
Brillante, Op. 22 - Andante
spianato

Georg Friedrich H€andel. Water
music - Suite No. 1 in F major,
HWV 348 - Air

Johann Pachelbel. Canon in D
major, P 37

Fr�ed�eric Chopin. Fantaisie-
Impromptu in C sharp minor,
Op. 66

Johann Sebastian Bach. Wo Gott
der Herr nicht bei uns h€alt, BWV
178 - Chorus

Fr�ed�eric Chopin. Polonaise No. 9
in B flat major, Op. 71, No. 2

Georges Bizet. The pearl fishers,
Act I, Scene I - 'Au fond du
temple saint'

Johann Sebastian Bach. Was mir
behagt, ist nur die muntre Jagd,
BWV 208 - Aria ‘Schafe k€onnen
sicher weiden’

Georg Philipp Telemann.
Concerto for recorder and viola
da gamba in A minor, TWV 52:a1
- Allegro

Ludwig van Beethoven. Piano
sonata No. 8 in C minor, Op. 13
‘Path�etique’ − Rond�o. Allegro

Fr�ed�eric Chopin. Berceuse in D
flat major, Op. 57

Giacomo Puccini. La Boh�eme, SC
67, Act I, Scene VI − Aria 'Che
gelida manina'

Jules Massenet. Thaïs, Act II, Scene
I - M�editation

Hector Berlioz. Fantastical
Symphony, Op. 14 - March to the
scaffold

Isaac Alb�eniz. Suite Espa~nola n�um.
1, Op.47 - C�adiz

Johann Sebastian Bach. Sechs
Chorale von verschiedener Art,
BWV 645

Ludwig van Beethoven. Piano
concerto No. 5 in E flat major,
Op. 73 'Emperor' − Adagio un
poco mosso

Johann Sebastian Bach. Violin
concerto in A minor, BWV 1041 -
Allegro

Joaquín Rodrigo. Concierto de
Aranjuez, Op. 30 - Allegro con
spirito

John Barry. Out of Africa - 'I had a
farm in Africa'

Pietro Mascagni. L'amico Fritz, Act
II, Scene II − ‘Cherry duet’

Johann Sebastian Bach. Concerto
for violin and oboe in D minor,
BWV 1060 - Allegro

Luigi Boccherini. String quintet in
E major, Op. 11, No. 5 - Minuetto

Wolfgang Amadeus Mozart. Piano
concerto No. 20 in D minor, KV
466 - Romanze

Wolfgang Amadeus Mozart.
Concert for flute, harp and
orchestra in C major, KV 299 -
Andantino

Ludwig van Beethoven. String
quartet No. 10 in E flat major,
Op. 74 - Presto

Robert Schumann. Liederkreis,
Op. 24 - Mit Myrten und Rosen

Wolfgang Amadeus Mozart.
Serenade No. 13 for strings in G
major, KV 525 ‘Eine kleine
Nachtmusik’ - Romanze

Wolfgang Amadeus Mozart. Così
fan tutte, KV 588, Act I, Scene II
− Aria 'Un'aura amorosa'

(Continued)
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Continued

Piece 1 Piece 2 Piece 3 Piece 4 Piece 5

Ludwig van Beethoven. Piano
sonata No. 5 in C minor, Op. 10,
No. 1 - Allegro molto e con brio

Scott Joplin & George Gershwin.
The Entertainer

Wolfgang Amadeus Mozart.
Requiem in D minor, KV 626 −
Benedictus

Ludwig van Beethoven. Piano
sonata No. 14 in C Sharp minor,
Op. 27, No. 2 ‘Moonlight' -
Presto agitato

Wolfgang Amadeus Mozart.
Serenade No. 10 for winds in B
flat major, KV 361 - Adagio

Maurice Ravel. String quartet in F
major, M 35 - Assez Vif. Tr�es
Rythm�e

Tomaso Albinoni. Oboe concerto
in D minor, Op. 9, No. 2 - Allegro
e non presto

Wolfgang Amadeus Mozart.
Symphony No. 40 in G minor,
KV 550 - Allegro assai

Wolfgang Amadeus Mozart.
Symphony No. 40 in G minor,
KV 550 - Allegro molto
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Mood Group 3: Bored, Fed Up, or Not Wanting to do Anything
Piece 1 Piece 2 Piece 3 Piece 4 Piece 5

Alexander Borodin. String Quartet
No. 2 in D major - Notturno

Anonymous. Canzonette spirituali,
e morali: Passacalli della vita −
‘O, come t'inganni’

Amadeo Vives. Do~na Francisquita,
Act III, Tableau I - Coro de
rom�anticos

Anonymous. Tarantella napolitana Carl Philipp Emanuel Bach. Cello
concerto in A major, Wq 172 -
Allegro assai

Franz Schubert. Impromptu in G
flat major, Op. 90, No. 3

Antonio Vivaldi. Concerto in F
major, Op. 8, No. 3, RV 293
(Autumn) - Allegro

Antonio Vivaldi. Concerto in G
minor, Op. 8, No. 2, RV 315
(Summer) - Allegro non molto

Antonio Vivaldi. Oboe concerto in
C major, RV 447 - Minuetto

Franz Schubert. Piano sonata No.
21 in B flat major, D 960 -
Scherzo

Franz Schubert. Winterreise, D 911
- Fr€uhlingstraum

Antonio Vivaldi. Concerto for two
violins and cello in D minor, Op.
3, No. 11, RV 565 - Allegro

Vivaldi. Oboe concerto in C major,
RV 450 - Allegro molto

Antonio Vivaldi. Concerto in D
minor for viola d'amore, lute,
and strings, RV 540 - Allegro

Fr�ed�eric Chopin. Nocturne in B
major, Op. 9, No. 3

Fr�ed�eric Chopin. Nocturne in F
major, Op. 15, No. 1

Arvo P€art. Spiegel im Spiegel Claude Debussy. Deux arabesques,
L 74 - Arabesque No. 1 in E
major

Franz Schubert. Impromptu in A
flat major, Op. 90, No. 4

Fr�ed�eric Chopin. Polonaise No. 6
in A flat major, Op. 53 'Heroic'

Fr�ed�eric Chopin. Nocturne in F
minor, Op. 55, No. 1

Francisco T�arrega. Three
mazurkas - Adelita, Mazurka in G
mayor and Marieta!

Fr�ed�eric Chopin. Impromptu in A
flat major, No. 1, Op. 29

Fr�ed�eric Chopin. Mazurka in B flat
minor, Op. 24, No. 4

Fr�ed�eric Chopin. Waltz No. 1 in E
flat major, Op. 18 'Grande Waltz
Brillante'

Fr�ed�eric Chopin. Polonaise No. 4
in C minor, Op. 40, No. 2

Fr�ed�eric Chopin. Ballade No. 3 in
A flat major, Op. 47

Fr�ed�eric Chopin. Nocturne in E
flat major, Op. 9, No. 2

Fr�ed�eric Chopin. Piano sonata No.
1 in C minor, Op. 4 - Minuetto &
Trio

Fr�ed�eric Chopin. Waltz No. 5 in A
flat major, Op. 42

Fr�ed�eric Chopin. Waltz in A
minor, Op. 34, No. 2

Fr�ed�eric Chopin. Berceuse in D
flat major, Op. 57

Georg Philipp Telemann.
Concerto in D major for 2
Violins and Bassoon, TWV 53:D4
− Allegro

Fr�ed�eric Chopin. Waltz No. 10 in B
minor, Op. 69, No. 2

Gaspar Cassad�o. Sonata nello stile
antico spagnuolo − Danza con
variazioni

Fr�ed�eric Chopin. �Etude in E
mayor, Op. 10, No. 3

Fr�ed�eric Chopin. Nocturne in B
flat minor, Op. 9, No. 1

Georg Philipp Telemann. Flute
Concerto in D major, TWV 51:
D1 − Allegro

Gioachino Rossini. The Barber of
Seville, Act I, Scene III − Aria
‘Largo al factotum’

Isaac Alb�eniz. Suite espa~nola No.
1, Op. 47 - Asturias

Fr�ed�eric Chopin. Pr�elude in D flat
major, Op. 28, No. 15

Fr�ed�eric Chopin. Polonaise No. 8
in D minor, Op. 71, No. 1

Giuseppe Verdi. Aida − Act I,
Scene I - 'Se quel guerrier io
fossi!... Celeste Aida'

Joaquín Rodrigo. Concierto de
Aranjuez, Op. 30 - Allegro
gentile

Johann Sebastian Bach.
Brandenburg concerto No. 3 in
G major, BWV 1048 - Allegro

Gabriel Faur�e. Pavane in F sharp
minor, Op. 50

Fr�ed�eric Chopin. Nocturne in E
flat major, Op. 9, No. 2

Isaac Alb�eniz. Iberia - Primer
cuaderno - El Puerto

Johann Sebastian Bach. Orchestral
suite No. 1 in C major, BWV 1066
- Gavotte

Johann Sebastian Bach.
Brandenburg concerto No. 4 in
G major, BWV 1049 - Presto

Georges Bizet. Carmen, Act I,
Scene V −Habanera 'L'amour
est un oiseau rebelle'

James Horner. ‘My Heart Will Go
On’

Jacques Offenbach. Les contes
d'Hoffmann, Act III, Scene I −
‘Belle Nuit’ (Barcarola)

Johann Sebastian Bach. Orchestral
suite No. 3 in D major, BWV
1068 - Gavotte

Ludwig van Beethoven. Symphony
No. 6 in F major, Op. 68
'Pastorale' − Allegretto

Georg Philipp Telemann.
Concerto for recorder and viola
da gamba in A minor, TWV 52:a1
- Grave

Johann Sebastian Bach. Christ lag
in Todes Banden, BWV 4 −
Chorus

Johann Sebastian Bach. Orchestral
suite No. 1 in C major, BWV 1066
- Ouverture

Ludwig van Beethoven. Symphony
No. 9 in D minor, Op. 125 − IV.
Finale: Allegro assai vivace - Alla
marcia

Ludwig van Beethoven. Piano
sonata No. 20 in G major, Op.
49, No. 2 - Allegro ma non
troppo

Giacomo Puccini. Turandot, SC
91, Act III, Scene I − Aria
'Nessun dorma'

Johann Sebastian Bach. Wo Gott
der Herr nicht bei uns h€alt, BWV
178 - Aria (tenor)

Nicol�o Paganini. Sonata in D
mayor No. 2, Op. 64 -
Rondoncino (Tempo di polacca)

Robert Schumann. Humoreske,
Op. 20, No. 1

Pyotr Ilych Tchaikovsky. Swan
Lake, Op. 20a, Act I −Waltz

Isaac Alb�eniz. Cantos de Espa~na,
Op. 232 - Bajo la palmera

Johann Sebastian Bach. Mass in B
minor, BWV 232 − Gloria: Cum
Sancto Spiritu

Reveriano Soutullo and Juan Vert.
El �ultimo rom�antico, Act I,
Tableau I − Romanza ‘Bella
enamorada’

Serg�ei Rachmaninov. Aleko, Act I,
No. 5 −Women’s dance

Wolfgang Amadeus Mozart.
Symphony No. 41 in C major, KV
551 - Menuetto

Isaac Alb�eniz. Mallorca
(baracarola), Op. 202

Johann Sebastian Bach. Orchestral
suite No. 2 in B minor, BWV
1067 - Ouverture

(Continued)
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Piece 1 Piece 2 Piece 3 Piece 4 Piece 5

Johann Sebastian Bach.
Brandenburg Concerto No. 3 in
G major, BWV 1048 - Onhe
Satzbezeichnung

Johann Sebastian Bach. Cello suite
No. 4 in E flat major, BWV 1010 -
Allemande

Johann Sebastian Bach. Concerto
for two violins in D minor, BWV
1043 - Largo ma non tanto

Robert Schumann. Liederkreis,
Op. 24 - Sch€one Wiege meiner
Leiden

Johann Sebastian Bach. Cello suite
No. 1 in G major, BWV 1007 -
Allemande

Tomaso Albinoni. Concerto for
violin, strings and basso continuo
in F major, Op 9, No. 10 - Allegro

Ludwig van Beethoven. Bagatelle
in A minor, WoO 59 ‘F€ur Elise’

Ludwig van Beethoven. Piano
sonata in C minor, No. 8, Op. 13
'Path�etique' - Adagio cantabile

Sergei Rachmaninov. Piano
concerto in C minor, No. 2, Op.
18 - Adagio sostenuto

Vaughan Williams. Fantasia on
'Greensleeves'

Vincenzo Bellini. Norma, Act I,
Scene I − Aria ‘Casta Diva’

Wolfgang Amadeus Mozart. Piano
concerto No. 21 in C major, KV
467 - Andante

Wolfgang Amadeus Mozart.
Requiem in D minor, KV 626 −
Offertorium: Domine Jesu
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Table 1S
Pre-Session Symptom Burden in Experimental Groups. Abbreviations: AML, acute myeloid leukemia; alloSCT, allogeneic stem cell transplantation; inpat. autoSCT, inpatient
autologous stem cell transplantation; outpat. autoSCT, outpatient autologous stem cell transplantation; ML, music listening; ESAS-r, Edmonton Symptom Assessment System-

Revised; SD, standard deviation
Variable AML ML (n = 47)a AlloSCT ML (n = 141)a Inpat. autoSCT ML (n = 172)a Outpat. autoSCT ML (n = 27)a P

ESAS-r-boredom pre-session score, mean (SD) 38.30 (11.40) 28.72 (13.76) 37.14 (17.87) 19.44 (13.55) 0.424
ESAS-r pre-session score, mean (SD) 33.30 (9.76) 24.94 (12.14) 32.94 (17.20) 17.07 (12.67) 0.412
Subscale pre-session scores, mean (SD)
Total symptom distress score 30.43 (10.52) 22.57 (10.85) 29.09 (15.21) 14.96 (11.17) 0.372
Physical score 19.04 (5.99) 14.82 (6.99) 18.67 (9.50) 9.30 (8.52) 0.265
Emotional score 6.72 (4.41) 4.45 (4.12) 5.92 (4.76) 2.67 (2.11) 0.767
Individual symptom pre-session scores, mean (SD)
Pain 1.02 (1.29) 1.11 (1.78) 1.49 (1.72) 0.67 (1.21) 0.731
Tiredness 4.83 (2.09) 2.84 (2.01) 3.96 (2.34) 2.19 (2.66) 0.315
Drowsiness 4.15 (2.26) 2.72 (1.95) 3.35 (2.48) 1.89 (2.15) 0.269
Nausea 1.19 (1.39) 1.79 (1.94) 3.02 (3.13) 1.07 (1.92) 0.439
Lack of appetite 6.40 (2.22) 5.84 (2.41) 5.58 (3.57) 3.44 (2.06) 0.540
Shortness of breath 1.45 (1.52) 0.51 (1.65) 1.28 (2.67) 0.04 (0.19) 0.591
Depression 3.00 (2.44) 2.21 (2.22) 3.27 (2.45) 1.30 (1.46) 0.696
Anxiety 3.72 (2.12) 2.24 (2.11) 2.65 (2.65) 1.37 (1.04) 0.734
Sleep 2.87 (2.29) 2.37 (2.07) 3.85 (2.99) 2.11 (1.93) 0.786
Well-being 4.66 (2.66) 3.31 (1.64) 4.49 (2.24) 3.00 (2.00) 0.438
Boredom 5.00 (2.61) 3.78 (2.64) 4.20 (2.60) 2.37 (1.31) 0.723
aSample size (n) = completed ML sessions.

Table 2S
Anxiety, Depression, and Quality of Life Baseline Measurements by the Study Arm. Abbreviations: AML, acute myeloid leukemia; alloSCT, allogeneic stem cell transplantation;

inpat. autoSCT, inpatient autologous stem cell transplantation; outpat. autoSCT, outpatient autologous stem cell transplantation; ML, music listening; SC, standard care;
HADS, Hospital Anxiety and Depression Scale; FACT-G, Functional Assessment of Cancer Therapy-General; FACT-Leu, Functional Assessment of Cancer Therapy-Leukemia;

FACT-BMT, Functional Assessment of Cancer Therapy-Bone Marrow Transplantation; SD, standard deviation; n.c., not calculable
Variable AML SC

(n = 1)a
AML ML
(n = 4)a

P AlloSCT SC
(n = 4)a

AlloSCT ML
(n = 10)a

P Inpat. autoSCT SC
(n = 19)a

Inpat. autoSCT
ML (n = 18)a

P Outpat. autoSCT
SC (n = 3)a

Outpat. autoSCT
ML (n = 4)a

P

Anxiety subscale score, mean
(SD)

4.00 (n.c.) 8.25 (2.99) 0.293 4.75 (2.63) 7.70 (4.40) 0.240 6.63 (3.08) 5.44 (3.79) 0.302 4.00 (2.65) 4.25 (1.71) 0.884

Depression subscale score,
mean (SD)

1.00 (n.c.) 4.75 (2.36) 0.251 1.50 (1.73) 5.20 (4.29) 0.127 4.79 (4.63) 5.39 (3.24) 0.652 3.33 (4.04) 5.25 (3.10) 0.506

HADS score, mean (SD) 5.00 (n.c.) 13.00 (5.29) 0.269 6.25 (4.35) 12.90 (8.31) 0.161 11.42 (7.14) 10.83 (6.54) 0.796 7.33 (6.66) 9.50 (4.66) 0.631
FACT-G score, mean (SD) 95.00 (n.c.) 71.75 (13.84) 0.230 86.75 (10.53) 77.20 (10.29) 0.145 71.35 (12.70)b 70.94 (11.61) 0.919 80.33 (16.92) 74.75 (18.48) 0.699
Leukemia/BMT subscale
score, mean (SD)

60.00 (n.c.) 45.25 (5.38) 0.091 30.50 (4.04) 26.70 (4.00) 0.135 24.1 (4.19)b 23.94 (5.31) 0.920 27.00 (5.29) 24.75 (7.93) 0.691

FACT-Leu/FACT-BMT
score, mean (SD)

155.00 (n.c.) 117.00 (18.42) 0.162 117.25 (13.84) 103.90 (13.32) 0.119 95.45 (16.53)b 94.89 (16.56) 0.917 107.33 (22.19) 99.50 (26.40) 0.696

aSample size (n) = completed baseline questionnaires.
bn = 20.
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Table 3S
Changes in ESAS-r, Subscale, and Individual Symptom Scores After ML Sessions by the Study Arm. Abbreviations: ML, music lis-
tening; SD, standard deviation; CI, confidence interval; ESAS-r, Edmonton Symptom Assessment System-Revised; AML, acute

myeloid leukemia; alloSCT, allogeneic stem cell transplantation; autoSCT, autologous stem cell transplantation
Variable ML Group Mean (SD) Pa Estimated Mean, (95% CI) Pb

ESAS-r AML �1.34 (5.84) 0.891 �3.50 (�7.17, 0.17) 0.050
AlloSCT �2.70 (4.88) �2.80 (�4.90, �0.70) 0.005
Inpatient autoSCT �2.42 (6.46) �2.52 (�4.15, �0.89) 0.001
Outpatient autoSCT �0.81 (3.14) �1.58 (�5.46, 2.31) 0.405
All groups �2.28 (5.67) �2.60 (�4.09, �1.11) <0.001

Subscales
Total symptom distress score AML �1.32 (5.79) 0.806 �3.82 (�7.56, �0.09) 0.037

AlloSCT �2.47 (4.42) �2.55 (�4.71, �0.40) 0.013
Inpatient autoSCT �2.00 (5.88) �2.12 (�3.79, �0.45) 0.008
Outpatient autoSCT �1.07 (2.57) �1.56 (�5.49, 2.36) 0.415
All groups �2.02 (5.20) �2.51 (�4.03, �1.00) <0.001

Physical score AML �1.66 (4.89) 0.400 �3.25 (�5.76, �0.74) 0.009
AlloSCT �1.75 (3.56) �1.52 (�2.96, �0.08) 0.027
Inpatient autoSCT �0.96 (3.73) �0.96 (�2.08, 0.16) 0.073
Outpatient autoSCT �1.07 (1.96) �1.54 (�4.19, 1.11) 0.239
All groups �1.34 (3.74) �1.82 (�2.84, �0.80) <0.001

Emotional score AML 0.40 (1.54) 0.420 0.14 (�1.05, 1.34) 0.797
AlloSCT �0.38 (1.77) �0.53 (�1.20, 0.15) 0.091
Inpatient autoSCT �0.69 (2.63) �0.77 (�1.30, �0.24) 0.002
Outpatient autoSCT �0.15 (0.72) �0.06 (�1.33, 1.22) 0.925
All groups �0.41 (2.16) �0.30 (�0.79, 0.18) 0.185

Individual symptoms
Pain AML �0.13 (1.50) 0.529 �0.18 (�0.66, 0.31) 0.453

AlloSCT �0.33 (1.14) �0.34 (�0.61, �0.07) 0.010
Inpatient autoSCT �0.14 (1.02) �0.10 (�0.32, 0.12) 0.342
Outpatient autoSCT �0.04 (0.34) �0.06 (�0.60, 0.49) 0.829
All groups �0.20 (1.10) �0.17 (�0.37, 0.03) 0.085

Tiredness AML �0.40 (1.17) 0.726 �0.61 (�1.26, 0.03) 0.053
AlloSCT �0.40 (1.13) �0.34 (�0.70, 0.03) 0.055
Inpatient autoSCT �0.44 (1.18) �0.45 (�0.74, �0.16) 0.001
Outpatient autoSCT �0.44 (0.80) �0.71 (�1.40, �0.02) 0.044
All groups �0.42 (1.13) �0.53 (�0.79, �0.26) <0.001

Drowsiness AML �0.55 (1.92) 0.211 �1.04 (�1.98, �0.10) 0.026
AlloSCT �0.04 (1.99) 0.09 (�0.44, 0.63) 0.717
Inpatient autoSCT �0.28 (1.25) �0.28 (�0.69, 0.14) 0.174
Outpatient autoSCT �0.04 (0.81) �0.20 (�1.21, 0.81) 0.685
All groups �0.21 (1.63) �0.36 (�0.74, 0.03) 0.056

Nausea AML �0.09 (1.33) 0.015c �0.11 (�0.61, 0.39) 0.636
AlloSCT �0.66 (1.44) �0.66 (�0.94, �0.38) <0.001
Inpatient autoSCT �0.02 (1.51) �0.03 (�0.26, 0.21) 0.801
Outpatient autoSCT �0.37 (0.74) �0.39 (�0.97, 0.20) 0.190
All groups �0.29 (1.45) �0.30 (�0.51, �0.08) 0.004

Lack of appetite AML �0.40 (0.93) 0.626 �0.58 (�1.70, 0.53) 0.281
AlloSCT �0.29 (1.11) �0.34 (�0.99, 0.31) 0.267
Inpatient autoSCT �0.13 (1.62) �0.20 (�0.70, 0.31) 0.413
Outpatient autoSCT �0.19 (1.27) 0.38 (�0.78, 1.54) 0.501
All groups �0.22 (1.35) �0.18 (�0.64, 0.27) 0.397

Shortness of breath AML �0.09 (0.83) 0.903 �0.09 (�0.46, 0.29) 0.660
AlloSCT �0.04 (1.34) �0.04 (�0.25, 0.18) 0.753
Inpatient autoSCT 0.05 (1.50) 0.05 (�0.15, 0.25) 0.604
Outpatient autoSCT 0.00 (0.00) 0.00 (�0.50, 0.50) 1.000
All groups 0.00 (1.31) �0.02 (�0.19, 0.16) 0.847

Depression score AML 0.06 (0.90) 0.476 �0.08 (�0.69, 0.53) 0.777
AlloSCT �0.14 (0.76) �0.19 (�0.54, 0.15) 0.232
Inpatient autoSCT �0.35 (1.34) �0.38 (�0.64, �0.11) 0.004
Outpatient autoSCT �0.07 (0.68) 0.09 (�0.56, 0.73) 0.784
All groups �0.21 (1.07) �0.14 (�0.39, 0.11) 0.229

Anxiety score AML 0.34 (1.01) 0.155 0.32 (�0.23, 0.88) 0.196
AlloSCT �0.24 (1.41) �0.26 (�0.57, 0.05) 0.068
Inpatient autoSCT �0.33 (1.81) �0.34 (�0.60, �0.09) 0.007
Outpatient autoSCT �0.07 (0.55) �0.08 (�0.72, 0.56) 0.801
All groups �0.20 (1.54) �0.09 (�0.32, 0.14) 0.419

(Continued)
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Table 3S
Continued

Variable ML Group Mean (SD) Pa Estimated Mean, (95% CI) Pb

Sleep AML �0.02 (0.92) 0.356 �0.04 (�0.67, 0.60) 0.900
AlloSCT �0.23 (1.40) �0.24 (�0.60, 0.11) 0.155
Inpatient autoSCT �0.42 (1.78) �0.43 (�0.72, �0.13) 0.003
Outpatient autoSCT 0.26 (1.79) 0.18 (�0.54, 0.90) 0.616
All groups �0.26 (1.57) �0.13 (�0.40, 0.14) 0.311

Well-being AML �0.06 (1.07) 0.503 �0.14 (�0.71, 0.43) 0.589
AlloSCT �0.33 (1.13) �0.36 (�0.68, �0.05) 0.014
Inpatient autoSCT �0.35 (1.45) �0.34 (�0.59, �0.08) 0.006
Outpatient autoSCT 0.15 (1.70) 0.11 (�0.52, 0.73) 0.728
All groups �0.28 (1.32) �0.18 (�0.42, 0.05) 0.095

Boredom AML �0.04 (0.98) 0.263 �0.27 (�1.16, 0.62) 0.496
AlloSCT �0.49 (1.17) �0.76 (�1.28, �0.25) 0.001
Inpatient autoSCT �0.69 (1.33) �0.72 (�1.12, �0.32) <0.001
Outpatient autoSCT �0.11 (0.70) 0.13 (�0.79, 1.06) 0.756
All groups �0.50 (1.22) �0.41 (�0.77, �0.05) 0.013

aLinear mixed model’s P value.
bP value for estimated mean = 0.
cSignificant differences were found between alloSCT and inpatient autoSCT groups in terms of pre- and post-session nausea scores.

Table 4S
HADS, FACT-Leu, FACT-BMT, and Subscale Scores by Week of Admission and Study Arm. Abbreviations: AML, acute myeloid
leukemia; alloSCT, allogeneic stem cell transplantation; inpat. autoSCT, inpatient autologous stem cell transplantation; outpat.
autoSCT, outpatient autologous stem cell transplantation; ML, music listening; SC, standard care; HADS, Hospital Anxiety and
Depression Scale; FACT-G, Functional Assessment of Cancer Therapy-General; FACT-Leu, Functional Assessment of Cancer
Therapy-Leukemia; FACT-BMT, Functional Assessment of Cancer Therapy-Bone Marrow Transplantation; SD, standard devia-

tion; n.c., not calculable
Scale/Subscale Week of Admission AML SC AML ML SC & ML Groups Pa

Anxiety subscale Week 1, mean (SD) 4.00 (n.c.) 8.25 (2.99) 7.40 (3.21) n.c.
Week 2, mean (SD) 5.00 (2.65) 5.00 (2.65)
Week 3, mean (SD) 4.50 (3.87) 4.50 (3.87)
Week 4, mean (SD) 6.75 (3.50) 6.75 (3.50)
Week 5, mean (SD) 3.00 (0.00) 3.00 (0.00)
All weeks, mean (SD) 4.00 (n.c.) 5.67 (3.27) 5.58 (3.20)

Depression subscale Week 1, mean (SD) 1.00 (n.c.) 4.75 (2.36) 4.00 (2.65) n.c.
Week 2, mean (SD) 6.67 (5.03) 6.67 (5.03)
Week 3, mean (SD) 6.50 (4.66) 6.50 (4.66)
Week 4, mean (SD) 7.25 (2.22) 7.25 (2.22)
Week 5, mean (SD) 5.67 (3.22) 5.67 (3.22)
All weeks, mean (SD) 1.00 (n.c.) 6.17 (3.28) 5.89 (3.40)

HADS Week 1, mean (SD) 5.00 (n.c.) 13.00 (5.29) 11.40 (5.81) n.c.
Week 2, mean (SD) 11.67 (7.64) 11.67 (7.64)
Week 3, mean (SD) 11.00 (6.68) 11.00 (6.68)
Week 4, mean (SD) 14.00 (2.16) 14.00 (2.16)
Week 5, mean (SD) 8.67 (3.22) 8.67 (3.22)
All weeks, mean (SD) 5.00 (n.c.) 11.83 (5.01) 11.47 (5.11)

FACT-G Week 1, mean (SD) 95.00 (n.c.) 71.75 (13.84) 76.40 (15.87) n.c.
Week 2, mean (SD) 65.33 (12.06) 65.33 (12.06)
Week 3, mean (SD) 65.25 (14.80) 65.25 (14.80)
Week 4, mean (SD) 62.25 (2.99) 62.25 (2.99)
Week 5, mean (SD) 75.67 (4.73) 75.67 (4.73)
All weeks, mean (SD) 95.00 (n.c.) 67.78 (10.87) 69.21 (12.27)

Leukemia subscale Week 1, mean (SD) 60.00 (n.c.) 45.25 (5.38) 48.20 (8.08) n.c.
Week 2, mean (SD) 37.67 (11.93) 37.67 (11.93)
Week 3, mean (SD) 42.25 (7.63) 42.25 (7.63)
Week 4, mean (SD) 39.00 (6.22) 39.00 (6.22)
Week 5, mean (SD) 48.00 (5.00) 48.00 (5.00)
All weeks, mean (SD) 60.00 (n.c.) 42.39 (7.48) 43.32 (8.32)

FACT-Leu Week 1, mean (SD) 155.00 (n.c.) 117.00 (18.42) 124.60 (23.31) n.c.
Week 2, mean (SD) 103.00 (23.90) 103.00 (23.90)
Week 3, mean (SD) 107.50 (22.40) 107.50 (22.40)
Week 4, mean (SD) 101.25 (8.88) 101.25 (8.88)
Week 5, mean (SD) 123.67 (9.61) 123.67 (9.61)
All weeks, mean (SD) 155.00 (n.c.) 110.17 (17.69) 112.53 (20.03)

(Continued)
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Table 4S
Continued

Scale/subscale Week of admission AlloSCT SC AlloSCT ML SC & ML groups Pa

Anxiety subscale Week 1, mean (SD) 4.75 (2.63) 7.70 (4.40) 6.86 (4.11) 0.512
Week 2, mean (SD) 3.80 (2.59) 7.33 (2.96) 6.07 (3.25)
Week 3, mean (SD) 3.50 (3.11) 6.40 (3.63) 5.57 (3.63)
Week 4, mean (SD) 4.00 (3.37) 5.90 (3.11) 5.36 (3.18)
Week 5, mean (SD) 8.00 (6.56) 7.25 (4.74) 7.45 (4.95)
Week 6, mean (SD) 1.00 (n.c.) 5.80 (4.55) 5.00 (4.52)
All weeks, mean (SD) 4.43 (3.56) 6.75 (3.72) 6.09 (3.80)

Depression subscale Week 1, mean (SD) 1.50 (1.73) 5.20 (4.29) 4.14 (4.06) 0.501
Week 2, mean (SD) 5.00 (2.55) 6.00 (3.94) 5.64 (3.43)
Week 3, mean (SD) 4.75 (1.71) 7.20 (4.26) 6.50 (3.82)
Week 4, mean (SD) 6.25 (3.78) 8.20 (4.24) 7.64 (4.07)
Week 5, mean (SD) 11.00 (6.25) 9.50 (5.32) 9.91 (5.30)
Week 6, mean (SD) 3.00 (n.c.) 8.20 (6.10) 7.33 (5.85)
All weeks, mean (SD) 5.29 (4.06) 7.32 (4.57) 6.74 (4.50)

HADS Week 1, mean (SD) 6.25 (4.35) 12.90 (8.31) 11.00 (7.86) 0.493
Week 2, mean (SD) 8.80 (3.63) 13.33 (6.80) 11.71 (6.13)
Week 3, mean (SD) 8.25 (4.57) 13.60 (7.28) 12.07 (6.91)
Week 4, mean (SD) 10.25 (6.95) 14.10 (6.47) 13.00 (6.59)
Week 5, mean (SD) 19.00 (12.53) 16.75 (9.97) 17.36 (10.10)
Week 6, mean (SD) 4.00 (n.c.) 14.00 (10.42) 12.33 (10.17)
All weeks, mean (SD) 9.71 (7.02) 14.08 (7.67) 12.84 (7.70)

FACT-G Week 1, mean (SD) 86.75 (10.53) 77.20 (10.29) 79.93 (10.91) 0.565
Week 2, mean (SD) 70.20 (6.94) 73.78 (9.54) 72.50 (8.60)
Week 3, mean (SD) 69.75 (6.85) 64.00 (10.55) 65.64 (9.76)
Week 4, mean (SD) 66.75 (11.44) 61.30 (11.72) 62.86 (11.48)
Week 5, mean (SD) 68.00 (14.14) 62.62 (15.65) 63.70 (14.76)
Week 6, mean (SD) 81.00 (n.c.) 57.00 (11.51) 61.00 (14.21)
All weeks, mean (SD) 73.05 (11.16) 66.83 (12.92) 68.53 (12.70)

BMT subscale Week 1, mean (SD) 30.50 (4.04) 26.70 (4.00) 27.79 (4.25) 0.894
Week 2, mean (SD) 24.00 (3.08) 22.44 (3.75) 23.00 (3.49)
Week 3, mean (SD) 25.25 (1.89) 20.90 (4.33) 22.14 (4.24)
Week 4, mean (SD) 24.25 (5.56) 19.30 (4.17) 20.71 (4.95)
Week 5, mean (SD) 23.50 (3.54) 19.63 (6.32) 20.40 (5.93)
Week 6, mean (SD) 27.00 (n.c.) 19.60 (3.21) 20.83 (4.17)
All weeks, mean (SD) 25.70 (4.17) 21.55 (5.02) 22.68 (5.12)

FACT-BMT Week 1, mean (SD) 117.25 (13.84) 103.90 (13.32) 107.71 (14.36) 0.673
Week 2, mean (SD) 94.20 (8.90) 96.22 (12.33) 95.50 (10.90)
Week 3, mean (SD) 95.00 (7.79) 84.90 (13.89) 87.79 (13.04)
Week 4, mean (SD) 91.00 (16.79) 80.60 (15.40) 83.57 (15.91)
Week 5, mean (SD) 91.50 (17.68) 82.25 (21.55) 84.10 (20.28)
Week 6, mean (SD) 108.00 (n.c.) 76.60 (13.59) 81.83 (17.67)
All weeks, mean (SD) 98.75 (14.85) 88.38 (17.20) 91.22 (17.14)

Scale/subscale Week of admission Inpat. autoSCT SC Inpat. autoSCT ML SC & ML groups pa

Anxiety subscale Week 1, mean (SD) 6.63 (3.08) 5.44 (3.79) 6.05 (3.45) 0.521
Week 2, mean (SD) 6.47 (3.88) 4.94 (3.80) 5.73 (3.86)
Week 3, mean (SD) 4.81 (2.83) 4.50 (2.71) 4.67 (2.73)
Week 4, mean (SD) 6.60 (2.70) 3.17 (2.64) 4.73 (3.10)
All weeks, mean (SD) 6.10 (3.26) 4.80 (3.42) 5.47 (3.39)

Depression subscale Week 1, mean (SD) 4.79 (4.63) 5.39 (3.24) 5.08 (3.97) 0.592
Week 2, mean (SD) 5.68 (3.38) 7.94 (4.29) 6.78 (3.97)
Week 3, mean (SD) 5.81 (3.97) 7.07 (3.65) 6.40 (3.81)
Week 4, mean (SD) 6.60 (4.39) 6.00 (4.43) 6.27 (4.20)
All weeks, mean (SD) 5.58 (4.00) 6.70 (3.88) 6.12 (3.96)

HADS Week 1, mean (SD) 11.42 (7.14) 10.83 (6.54) 11.14 (6.76) 0.706
Week 2, mean (SD) 12.16 (6.53) 12.89 (7.44) 12.51 (6.90)
Week 3, mean (SD) 10.63 (5.69) 11.57 (6.00) 11.07 (5.75)
Week 4, mean (SD) 13.20 (5.63) 9.17 (7.00) 11.00 (6.45)
All weeks, mean (SD) 11.68 (6.33) 11.50 (6.68) 11.59 (6.47)

FACT-G Week 1, mean (SD) 71.35 (12.70) 70.94 (11.61) 71.16 (12.04) 0.611
Week 2, mean (SD) 64.89 (12.84) 62.17 (14.53) 63.57 (13.57)
Week 3, mean (SD) 67.53 (12.89) 65.64 (13.56) 66.68 (13.01)
Week 4, mean (SD) 60.40 (14.69) 68.33 (13.41) 64.73 (13.91)
All weeks, mean (SD) 67.18 (13.05) 66.52 (13.41) 66.86 (13.17)

BMT subscale Week 1, mean (SD) 24.10 (4.19) 23.94 (5.31) 24.03 (4.69) 0.939
Week 2, mean (SD) 21.79 (4.87) 21.33 (5.29) 21.57 (5.01)

(Continued)
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Week 3, mean (SD) 21.65 (5.09) 22.21 (4.44) 21.90 (4.74)
Week 4, mean (SD) 21.20 (3.70) 21.67 (1.86) 21.45 (2.70)
All weeks, mean (SD) 22.47 (4.64) 22.43 (4.85) 22.45 (4.72)

FACT-BMT Week 1, mean (SD) 95.45 (16.53) 94.89 (16.56) 95.18 (16.32) 0.764
Week 2, mean (SD) 86.68 (16.90) 83.50 (19.30) 85.14 (17.92)
Week 3, mean (SD) 89.18 (17.27) 87.86 (17.36) 88.58 (17.03)
Week 4, mean (SD) 81.60 (17.21) 90.00 (15.10) 86.18 (15.87)
All weeks, mean (SD) 89.65 (16.98) 88.95 (17.71) 89.31 (17.26)

Scale/subscale Week of admission Outpat. autoSCT SC Outpat. autoSCT ML SC & ML groups pa

Anxiety subscale Week 1, mean (SD) 4.00 (2.65) 4.25 (1.71) 4.14 (1.95) 0.596
Week 2, mean (SD) 3.25 (2.87) 4.50 (2.12) 3.67 (2.50)
Week 3, mean (SD) 3.67 (2.08) 3.00 (1.73) 3.33 (1.75)
All weeks, mean (SD) 3.60 (2.32) 3.89 (1.69) 3.74 (2.00)

Depression subscale Week 1, mean (SD) 3.33 (4.04) 5.25 (3.10) 4.43 (3.36) 0.984
Week 2, mean (SD) 4.25 (3.30) 5.50 (4.95) 4.67 (3.45)
Week 3, mean (SD) 4.00 (5.29) 5.00 (4.36) 4.50 (4.37)
All weeks, mean (SD) 3.90 (3.70) 5.22 (3.38) 4.53 (3.52)

HADS Week 1, mean (SD) 7.33 (6.66) 9.50 (4.66) 8.57 (5.19) 0.908
Week 2, mean (SD) 7.50 (5.69) 10.00 (7.07) 8.33 (5.57)
Week 3, mean (SD) 7.67 (7.23) 8.00 (6.08) 7.83 (5.98)
All weeks, mean (SD) 7.50 (5.68) 9.11 (4.94) 8.26 (5.26)

FACT-G Week 1, mean (SD) 80.33 (16.92) 74.75 (18.48) 77.14 (16.59) 0.003
Week 2, mean (SD) 77.75 (11.33) 69.00 (19.80) 74.83 (13.26)
Week 3, mean (SD) 83.00 (12.73) 64.00 (15.56) 76.67 (15.55)
All weeks, mean (SD) 80.36 (12.24) 70.63 (16.12) 76.26 (14.45)

BMT subscale Week 1, mean (SD) 27.00 (5.29) 24.75 (7.93) 25.71 (6.50) 0.018
Week 2, mean (SD) 27.50 (6.61) 22.50 (2.12) 25.83 (5.81)
Week 3, mean (SD) 29.50 (4.66) 24.50 (3.54) 27.83 (4.71)
All weeks, mean (SD) 28.09 (5.15) 24.13 (5.52) 26.42 (5.53)

FACT-BMT Week 1, mean (SD) 107.33 (22.19) 99.50 (26.40) 102.86 (23.03) 0.002
Week 2, mean (SD) 105.25 (17.69) 91.50 (21.92) 100.67 (18.28)
Week 3, mean (SD) 112.50 (17.33) 88.50 (19.09) 104.50 (20.17)
All weeks, mean (SD) 108.45 (17.13) 94.75 (21.13) 102.68 (19.62)

aInteraction group * week of admission.

Table 4S
Continued
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a
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Table 5S
Potential Confounding Factors. Abbreviations: AML, acute myeloid leukemia; alloSCT, allogeneic stem cell transplantation; inpat. autoSCT, inpatient autologous stem cell

transplantation; outpat. autoSCT, outpatient autologous stem cell transplantation; ML, music listening; SC, standard care; n.c., not calculable; SD, standard deviation; h, hour
Variable AML SC

(n = 1)a
AML ML
(n = 4)a

P AlloSCT SC
(n = 4)a

AlloSCT ML
(n = 10)a

P Inpat. autoSCT
SC (n = 19)a

Inpat. autoSCT
ML (n = 17)a

P Outpat. autoSCT
SC (n = 4)a

Outpat. autoSCT
ML (n = 2)a

P

Listening to own music, n (%) 1 (100.00) 3 (75.00) 1.000 4 (100.00) 5 (50.00) 0.221 13 (68.40) 13 (76.50) 0.717 3 (75.00) 1 (50.00) 1.000
Listening to own music (h/week),
mean (SD)

25.00 (n.c.) 10.75 (8.69) 0.400b 9.75 (8.02) 3.30 (5.19) 0.054b 3.00 (4.00) 16.35 (57.69) 0.827b 7.00 (8.04) 7.00 (9.90) 0.800b

Use of non-pharmacological
therapies, n (%)

1 (100.00) 2 (50.00) 1.000 4 (100.00) 6 (60.00) 0.251 9 (47.40) 8 (47.10) 1.000 2 (50.00) 1 (50.00) 1.000

Physical exercise, n (%) 1 (100.00) 2 (50.00) 1.000 4 (100.00) 3 (30.00) 0.070 7 (36.80) 5 (29.40) 0.732 1 (25.00) 1 (50.00) 1.000
aSample size (n) = participants with available data at discharge.
bNon-parametric tests were performed.
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