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ABSTRACT

NICOL, J. L., B. J. CUNNINGHAM, C. WOODROW, K. N. ADLARD, Z. E. PAPINCZAK, R. R. SPENCE, A. N. BOYTAR, P.

MOLLEE, N. WEBER, A. J. NICOL, M. M. HILL, and T. L. SKINNER. Safety, Feasibility, and Acceptability of a Multisite Individualized

Exercise Intervention for People withMultipleMyeloma.Med. Sci. Sports Exerc., Vol. 55, No. 12, pp. 2214-2227, 2023. Introduction:High

rates of disease- and treatment-related symptoms, such as bone lesions, in people with multiple myeloma (MM) create uncertainty on the

safety and feasibility of exercise. This study determined the safety, feasibility, and acceptability of an individualized exercise medicine pro-

gram for people withMMat any disease stage.Methods:Amultisite, randomized waitlist-controlled trial was conducted of an individualized,

high-intensity aerobic, resistance, and impact-loading exercise program. The exercise sessions were supervised twice weekly by accredited

exercise physiologists, with one additional unsupervised session perweek, for 12wk. Safety was determined by number of adverse and serious

adverse events. Feasibility outcome measures were study eligibility, recruitment, adherence, and attrition. Acceptability was determined by qual-

itative interviews and subjective levels of enjoyment. Results: Of 203 people with MM screened, 88% were eligible, with 34% accepting partic-

ipation (60 people) and 20% attrition for the between-group analysis, meeting a priori criteria (≥25% and <25%, respectively). No adverse or se-

rious adverse events attributed to testing and/or exercise training were reported. Attendance at supervised exercise sessions was 98%, with 45%

completion of the home-based exercise sessions. Adherence rates were 35%, 63%, and 34% for the aerobic, resistance, and impact-loading pro-

tocols, with 55%, 80%, and 37%of participantsmeeting a priori criteria (75% of protocol). Acceptability of the exercise programwas high (mean,

82%; 95% confidence interval, 78%–87%) and highly supported by qualitative responses. Conclusions: An individualized, high-intensity

aerobic, resistance, and impact-loading exercise medicine program is safe and acceptable, and feasible by some measures for people with

MM. Adherence to the prescribed exercise protocols was limited by comorbidities and disease symptoms. Strategies to improve unsupervised

exercise completion are warranted in this population.KeyWords: ADHERENCE, RANDOMIZEDWAIT-LIST-CONTROLLED TRIAL,

IMPACT LOADING, HIGH-INTENSITY INTERVAL TRAINING
Multiple myeloma (MM), an incurable cancer of
plasma cells, is the secondmost common hematolog-
ical malignancy and accounts for 1% of all cancers
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(1). In 2019, the age-standardized incidence rate worldwide
was 1.92/100,000 persons (95% confidence interval (CI),
1.68–2.12), with Australasia having the highest rate in the world
(5.33/100,000 (95%CI, 4.21–6.8)) (2). The median age range at
diagnosis is approximately 66–70 yr, being extremely rare in
those younger than 30 yr, with a slightly higher incidence in
men (54.3%) (2). The incidence has increased globally by
126% from 1990 to 2016 (3). In addition, the 5-yr relative sur-
vival at diagnosis has improved significantly; for example, in
the United States, it has increased from 23.7% in 1976 to
53.9% in 2016 (4). This is the result of improvements in the
treatment of MM that have occurred over the same time frame,
beginning with the use of autologous stem cell transplantation
(ASCT) and followed by the availability of novel treatments,
such as immunomodulatory drugs and proteasome inhibitors
. Unauthorized reproduction of this article is prohibited.
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 on 12/16/2023
(5). Hence, the number of people living with MM has in-
creased and is predicted to rise further as the population con-
tinues to age (2).

Although people with MM are living longer, they report the
most limitations in the ability to perform moderate and vigor-
ous physical activities and tasks of daily living, with MM sec-
ond only to lung cancer for the highest psychological distress
and lowest quality of life of any cancer type (6). Bone disease
is a frequent early manifestation of MM, with 70%–80% of
patients presenting with osteolytic bone lesions and/or osteo-
porosis at diagnosis (7). Approximately 60% of people with
MM will experience a pathological fracture (8). In addition,
disease- and treatment-related peripheral neuropathy is com-
mon (9), and most patients experience some degree of
steroid-induced myopathy (10). High levels of fatigue and
pain are often reported (11). Cumulatively, through effects
on the desire and/or ability to partake in activities of daily liv-
ing, these symptoms contribute to the reduced quality of life
experienced by this population (11). Overall, the symptom
burden from the expanding cohort of survivors warrants inves-
tigation into interventions that can improve quality of life and
maintain independence.

Exercise has been proven to be beneficial for reducing dis-
ease- and treatment-related side effects in people living with
and beyond cancer, including hematological malignancies
(12). However, the high rate of bone lesions in people with
MM raises concerns for the safety of physical testing and ex-
ercise participation in this population. Results from a survey
of hematologists showed that approximately half were con-
cerned about recommending exercise when their patient with
MM had spine fractures (52.9%) or was physically unwell
(55.9%) (13).

Only six randomized controlled trials and one retrospective
chart review have investigated the effects of exercise in people
with MM (14). The exercise interventions were implemented
with participants when MM treatment began, approximately
10 wk after the start of induction therapy, or after ASCT
(14). There were no serious adverse events (SAE) reported
among these studies; however, the mean age was 60 yr (range,
55–68 yr), and only one study included people who have re-
lapsed (n = 8/41) (15), despite those with recurrent disease rep-
resenting a significant portion of the population of people with
MM (32.7%) (11). The aforementioned exercise interventions
comprised aerobic and/or resistance exercises and stretching.
Only one study included maximal cardiopulmonary and mus-
culoskeletal exercise testing (16), and no exercise protocols in-
cluded high-intensity aerobic and hard-intensity resistance
training, which is required for the optimal measurement and
time-efficient improvement of cardiorespiratory fitness
(17,18) and neuromuscular strength (19,20), respectively. Fur-
thermore, research is yet to explore the safety of bone-loading
activities designed to optimize bone health.

Typically, exercise interventions in other cancer popula-
tions report high attendance in the research setting, although
adherence reporting has often been poorly described (21,22).
Indeed, the studies exploring the effects of exercise in people
EXERCISE FOR PEOPLE WITH MULTIPLE MYELOMA
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with MM all failed to report adherence to the exercise interven-
tions (14). People with MM are, on average, older (5) and expe-
riencemore symptoms and side effects that may limit their ability
to attend and/or adhere to exercise than other cancer populations
(23). For example, many MM treatment regimens contain corti-
costeroids, which causemuscle wasting and contribute to fatigue,
reducing the capacity to attend and/or fully participate in exercise
training (10,24). The time involved with hospital and outpatient
appointments for MM treatment, particularly during the first year
of diagnosis (median, 77 d; interquartile range, 55–105 d), may
also restrict the opportunity to attend exercise programs (25).
Collectively, this has the potential to limit the feasibility of exer-
cise training in this population.

Findings from our survey of 126 people with MMwere that
around half reported that they were interested in attending an
exercise program (26). However, previous exercise studies in
MMhave reported attrition rates of 11%–42%,with a mean at-
tendance of 80% (range, 58%–96%) (14). Koutoukidis et al.
(16) reported that 43% (38/89) of people allocated to the exer-
cise intervention declined participation, with the most com-
mon reasons being time and travel constraints. Whether the
substantial physical and mental health impairments commonly
experienced by people with MM will hinder the acceptability
of an exercise program is yet to be explored.

The primary aim of this study was to determine the effect of
an individualized exercise intervention on health-related qual-
ity of life for people with MM across all disease stages, in ad-
dition to determining the safety, feasibility, and acceptability
of the program. Here we report the outcomes for the safety,
feasibility, and acceptability of the exercise intervention. Re-
sults of the efficacy of the study will be reported separately.
The study aligns with recent attendance and adherence
reporting recommendations for exercise oncology trials, which
includes collecting data on cumulative dose (sets/repetitions/
load) and tolerability (dose interruptions and modifications)
(27). In addition, the safety and feasibility of common exercise
physiology testing procedures were evaluated. The information
obtained will guide the design of future exercise medicine pro-
grams in this understudied population.
METHODS

The study design, recruitment, and procedures have been de-
scribed elsewhere (28). Written informed consent was obtained
from all individual participants included in the study. All proce-
dures involving human participants were in accordance with the
ethical standards of The University of Queensland and with the
1964 Helsinki Declaration and its later amendments. The study
was approved by the Human Research Ethics Committees of
Greenslopes Private Hospital (No. 18/58 GREC), Metro South
Hospital and Health Services (No. HREC/2019/QMS/47400),
The University of Queensland (No. 2018002644/18/58 UQ
HREC), and QIMR Berghofer Medical Research Institute
(No. P2352). This trial was prospectively registered on March
12, 2019, with the Australian New Zealand Clinical Trial Reg-
istry (ACTRN12619000387123).
Medicine & Science in Sports & Exercise® 2215
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Participants

People at any stage of MM were eligible to participate. In-
clusion criteria included being free of any musculoskeletal,
neurological, respiratory, metabolic, or cardiovascular condi-
tions that may prevent safe completion of the exercise de-
mands of the study; ability to give informed consent; and abil-
ity to attend participating sites across southeast Queensland,
Australia, to complete exercise training sessions and The Uni-
versity of Queensland for the testing sessions.

Experimental Design and Intervention

Briefly, participants underwent baseline testing (T1; Fig. 1)
before they were stratified by disease stage (first-line transplant
eligible, first-line transplant noneligible, relapsed, no active
therapy) and randomized to exercise (EX) or waitlist control
(WT) groups. Participants in the WT group were asked to
maintain their current physical activity levels, whereas those
in the EX group undertook a 12-wk individualized program
that included twice-weekly sessions supervised one-on-one
by an accredited exercise physiologist (AEP), with one addi-
tional self-guided home-based session prescribed per week.
Each 60-min session consisted of high-intensity aerobic train-
ing, moderate-to-hard neuromuscular strength training, and
bone-loading exercises (Supplemental Table 1, Supplemental
Digital Content, Exercise intervention summarized according
to TIDieR and CERT checklists, http://links.lww.com/MSS/
C893). Testing was repeated after 12-wk for both groups (T2;
Fig. 1), at which time, the WT group began the 12-wk exercise
intervention with repeat testing at T3 (Fig. 1). Follow-up testing
for both EX and WT groups was conducted at 3 and 9 months
after intervention to monitor stepped-down (T4; Fig. 1) and
self-guided maintenance (T5; Fig. 1) phases. During the
COVID-19 pandemic, exercise sessions for existing partici-
pants were transitioned to home-based, online delivery, with a
reduced testing battery conducted using COVID-safe protocols.

Adherence was enhanced during the in-person sessions
through the supervision and encouragement of the AEPs. Be-
havior change techniques were utilized, including those known
to improve adherence, such as goal setting, setting of graded
tasks, and instruction of how to perform the behavior (30).
For the home-based unsupervised sessions, the AEP used mo-
tivational interviewing techniques during the in-person ses-
sions to identify and navigate barriers and challenges, while
providing assistance with planning to establish habit formation.

Outcome Measures

Safety. Safety was measured through a record of any ad-
verse event (AE) or SAE. AEs were defined as any untoward
physical or medical issue that had a causal relationship with
the exercise program. SAEs were events that required further
medical attention, such as hospitalization. AEs and SAEs were
recorded by the supervising AEP via observation (during ses-
sions) and by questioning participants at each supervised ses-
sion about any AE/SAE experienced during and/or between
2216 Official Journal of the American College of Sports Medicine
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sessions (“How were you feeling following our last session?
Has there been anything that has happened since I last saw
you that has limited your ability to complete exercise, includ-
ing pain, discomfort, or adverse events.”). Where an AE/SAE
occurred, details of the incident/injury, whether it was deemed
(by both the participant and AEP) to be related to the exercise,
and pertinent treatment and recovery information were re-
corded, including sufficient information to differentiate AEs
and SAEs (e.g., requirement of medical management).

Safety of testing sessions was measured by any AE/SAE
(including pain) reported or observed during the session and
test completion rates on four (EX group) or five (WT group)
separate occasions across a 12- or 15-month time frame.

Feasibility. Eligibility and uptake. Participation feasibility
was measured by eligibility and uptake rates, with reasons for
noneligibility and declining to participate recorded.

Attrition. The number of study withdrawals and reasons
for withdrawal were recorded by the study investigators.

Attendance and Adherence. Exercise prescription fea-
sibility was measured by attendance (defined as follows:
nsessions attended � nsessions prescribed

−1 � 100) at the 24 supervised
and 12 unsupervised sessions, and adherence to the exercise pre-
scription across 24 supervised exercise sessions as documented
by the supervising AEP. Attendance for the home-based sessions
was collected by the supervising AEP via the participants’
self-report at each subsequent in-person session. Criteria for
determining adherence to each component of the intervention
protocol are described in Table 1.

Factors that may have influenced adherence (e.g., pain and fa-
tigue) were measured by the AEP at the commencement of each
exercise session using a visual analog scale of 0 to 10, where 0
corresponded to no pain/fatigue and 10 to worst pain/fatigue.

Acceptability. Enjoyment was measured during the exer-
cise intervention at four-weekly intervals, by the completion
of the Physical Activity Enjoyment Scale 8 (PACES-8) survey
(37). To gain an in-depth understanding of the experiences of
participants and the factors that facilitated or inhibited program
feasibility and acceptability, semistructured interviews were
conducted after completion of the intervention and 3-month
stepped-down intervention (T4; Fig. 1). Two interviewers ex-
ternal to the study teamwith experience in qualitative interview
techniques conducted the approximately 45-min face-to-face
interviews using a standard script (see Supplemental Table 2
and text, Supplemental Digital Content, which includes a table
of interview questions and the interview script, http://links.
lww.com/MSS/C893). Interviews were audio recorded and
then transcribed by an external transcription company.

Statistical Analysis. Descriptive statistics were analyzed
using the Stata statistical software package (version 15.0;
StataCorp, College Station, TX). The analysis was based on
intention-to-treat. Medical and demographic data were col-
lected and presented for all included participants and for each
group separately (EX and WT groups). Rates of AEs, SAEs,
eligibility, recruitment, attrition, attendance, adherence, and
acceptability are presented in numbers and percentages, as
well as completion rates of physical tests. To account for
http://www.acsm-msse.org
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FIGURE 1—Flowchart based on the CONSORT 2010 flow diagram (29). a One participant withdrew before completing baseline testing. b Two participants
completed baseline testing then withdrew. c Five participants discontinued the intervention at weeks 2, 4, 6, 10, and 12, respectively. d One participant com-
pleted the intervention but did not return for follow-up testing. T0, enrollment time point; T1, baseline prerandomization time point; T2, post–3-month time
point for both EX and WT groups; T3, postintervention testing time point for WT group; T4, 3-month postintervention testing time point; T5, 9-month
postintervention testing time point.
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TABLE 1. Criteria for adherence to the components of the exercise intervention.

Component Criteria for Adherence Notes

Aerobic training 8 min high intensity (>85% HRpeak), +12 min
moderate-to-vigorous intensity (60%–85% HRpeak)

HRpeak defined as highest heart rate achieved during CPET at T1. Where a participant did not
achieve his or her V̇O2max (defined as a plateau in oxygen consumption with an increase in
work rate (31)) at T1 (i.e., achieved a V̇O2peak or invalid test result, defined as termination of
the test before a reaching a plateau in oxygen consumption, or a ventilatory threshold,
respectively (31)). HRpeak was used to inform subsequent exercise training intensities
(calculated according to the following equation: peak heart rate = 208 − (0.7� age in years) (32).

Resistance training ≥80 reps
(e.g., 5 exercises � 2 sets � 8 reps) performed at an intensity
of ≥5/10 on the OMNI-RES scale per session (33)

Impact loading ≥160 impacts per session
(e.g., 4 � 20 impacts per leg, which may be completed
bilaterally or unilaterally) at an intensity of
1.1–5.1 � body weight GRF
(i.e., marching, stomping, jumping, or drop jumping
from a height) (34–36)

Where pelvic, axial skeleton (lumbar), or lower limb bone lesions were present,
isometric exercises targeting the spine and pelvis in positions of support, e.g.,
supine, prone, or seated, were performed.

GRF, ground reaction force; HRpeak, peak heart rate; OMNI-RES, Omnibus Resistance Exercise Scale of Perceived Exertion (33); reps, repetitions; T1, baseline testing.
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progression toward meeting the exercise protocol, data for
each component of the exercise intervention were subanalyzed
for the first month and the subsequent 2–3 months. Linear
mixed models were used to analyze the change in reported
pain and fatigue throughout the intervention, with individual
participants included as a random effect. The a priori criterion
for safety was zero SAEs attributed to exercise. Cutoff values
for the feasibility criterion (an acceptance rate of ≥25% of eli-
gible participants, an attrition rate of <25%, and attendance
and adherence of ≥75%) were established a priori as clinically
relevant based on previous studies in other advanced cancers
and with bone metastases (38–40). Criterion for acceptability
was a mean response of >75% for the PACES-8 survey, based
on previous studies of exercise enjoyment in older adults (41).
Qualitative Analysis

Semistructured interviews were analyzed in NVivo version
12 Plus (QSR International, Chadstone, Australia) using the-
matic analysis (42,43). The interviews were coded indepen-
dently by three coders (Z. P., A. C., and A. B. P.). First, the
coders used a deductive approach to code the interview data
to prespecified topics that were of key interest to the research
(i.e., patient experiences with the program, beneficial aspects
of the program, reasons for participation, suggestions to im-
prove the program, and appeal of the program to the wider
community). A deductive coding framework was developed
by the coders a priori to guide this initial stage of analysis
and maintain intercoder consistency. Next, the coders used
an inductive approach to open-code the data within each topic
area. This process involved generating initial codes that de-
scribed the content of the data, then collating codes that de-
scribed similar content into potential themes and subthemes.
Throughout this second phase of analysis, the coders itera-
tively generated an inductive coding framework and met reg-
ularly to ensure these codes were consistently applied. Lastly,
the coders met to discuss and agree upon the final themes and
subthemes, and to identify supporting quotes. An a priori cri-
terion of quotes from 10 participants was established as the
threshold for a theme, and quotes from five participants as
the threshold for a subtheme. Therefore, the resultant themes
2218 Official Journal of the American College of Sports Medicine
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and subthemes are those that were most commonly cited in
the data, and provided the most significant information to an-
swer the research questions.

RESULTS

Quantitative Results

Eligibility and uptake. Of 203 people screened at T0 be-
tween April 2019 and September 2020, 178 met the inclusion
criteria (88% eligibility; Fig. 1). Of the 178 eligible people, 60
agreed to participate in the study (34% recruitment rate).

Baseline characteristics of the participants are summarized
in Table 2. The mean age of participants was 65.0 yr (SD,
9.0 yr; range, 45–79 yr), with 35% older than 70 yr. Eighty
percent had lytic bone disease, with a further 13% experienc-
ing other skeletal complications (e.g., osteopenia, osteoporo-
sis, and osteoarthritis). The two groups (EX vsWT) were com-
parable in age, Eastern Cooperative Oncology Group (ECOG)
status, fatigue, presence of skeletal fractures or osteolytic le-
sions and other skeletal complications, and disease stage.

Attrition. Of the 60 participants who provided written in-
formed consent, 12 withdrew from the study for the
between-group analysis at T2 (20% attrition), 8 (28%) of
whom were from the EX group, 3 (10%) were from the WT
group, and 1 withdrew before randomization. Two of the EX
group participants withdrew after baseline testing because of
loss of interest (n = 1) and an ongoing neurological issue
(n = 1). Five EX group participants withdrew during the exer-
cise intervention; one at week 2 because of mental health is-
sues, one at week 4 because of lack of time/interest after com-
mencement of conditioning for ASCT, one at week 5 because
of investigations for a new cancer diagnosis, one at week 10
because of surgery for a skin lesion, and one at week 12 after
completing 23 supervised sessions, because of a urinary tract
infection causing fever, malaise, and development of deterio-
rating balance. One EX group participant withdrew after com-
pleting all supervised sessions but before completing
follow-up testing, because of development of a chest infection.
The withdrawals from the WT group before testing at T2 were
due to loss of interest (n = 2) and ongoing cardiac health issues
(n = 1). Seven WT group withdrawals occurred before testing
http://www.acsm-msse.org
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TABLE 2. Characteristics of the study participants (n = 60; n (%)).

All (n = 60) EX (n = 29a) WT (n = 30a)

Age (yr) 65.0 (9.0) 67.1 (9.1) 62.9 (8.6)
≤49 4 (6.7) 2 (6.9) 2 (6.7)
50–59 14 (23.3) 4 (13.8) 10 (33.3)
60–69 21 (35.0) 9 (31.0) 11 (36.7)
70–79 21 (35.0) 14 (48.3) 7 (23.3)

Sex
Male 47 (78.3) 21 (72.4) 25 (83.3)

Relationship status
Married/partnered 46 (76.7) 22 (75.9) 24 (80.0)
Separated/divorced/widowed/single 14 (23.3) 7 (24.1) 6 (20.0)

ECOG status
0 32 (53.3) 14 (48.3) 17 (56.7)
1 27 (45.0) 14 (48.3) 13 (43.3)
2 1 (1.7) 1 (3.4) 0

Disease stage
First line, transplant eligible 17 (28.3) 8 (27.6) 8 (26.7)
First line, transplant noneligible 10 (16.7) 5 (17.2) 5 (16.7)
Relapsed 16 (26.7) 8 (27.6) 8 (26.7)
In remission (no active therapy) 17 (28.3) 8 (27.6) 9 (30.0)

Previous or ongoing antimyeloma therapy
ASCT 36 (60.0) 13 (44.8) 22 (73.3)
Irradiation 10 (16.7) 4 (13.8) 6 (20.0)
Proteosome inhibitor containing 46 (76.7) 22 (75.9) 24 (80.0)
IMiD containing 33 (55.0) 17 (58.6) 16 (53.3)
Carfilzomib containing 8 (13.3) 3 (10.3) 5 (16.7)
Daratumumab containing 7 (11.7) 4 (13.8) 3 (10.0)

Current therapy with dexamethasone 34 (56.7) 19 (65.5) 14 (46.7)
Current therapy with bisphosphonates 46 (76.7) 24 (82.8) 22 (73.3)
Concurrent opioid use 15 (25.0) 7 (24.1) 7 (23.3)
Skeletal fractures or osteolytic lesions 48 (80.0) 25 (86.2) 23 (76.7)

Spine 42 (70.0) 21 (72.4) 21 (70.0)
Pelvis 18 (30.0) 11 (37.9) 7 (23.3)
Ribs 16 (26.7) 10 (34.5) 6 (20.0)
Femur 10 (16.7) 3 (10.3) 7 (23.3)
Humerus 6 (10.0) 3 (10.3) 3 (10.0)
Other 13 (21.7) 6 (20.7) 7 (23.3)

Presence of other skeletal complications 40 (66.7) 21 (72.4) 19 (63.3)
Osteoporosis (T score ≤ −2.5 at femoral neck) 4 (6.7) 2 (6.9) 2 (6.7)
Osteopenia (T score < −2.5 to <−1.0 at femoral neck) 33 (55.0) 17 (58.6) 16 (53.3)
Osteoarthritis 3 (5.0) 2 (6.9) 1 (3.3)

Low back pain 7 (11.7) 4 (13.8) 3 (10.0)
Low lean massb 17 (28.3) 11 (37.9) 6 (20.0)
Clinical fatiguec 22 (36.7) 8 (27.6) 14 (46.7)
Moderate-vigorous physical activity, mean (SD) (range), min·wk−1 100 (179) (0–960) 110 (226) (0–960) 94 (126) (0–420)
Meeting PA guidelinesd 17 (28.3) 7 (24.1) 10 (33.3)

aOne participant withdrew before completing baseline testing so was not randomized.
bAppendicular lean mass/body mass index <0.789 m2 for men and <0.512 m2 for women (44).
cScore of <34 on FACIT-Fatigue, as defined appropriate for people with cancer (45).
dClinical Oncology Society of Australia physical activity guidelines for people with cancer, defined as accumulating at least 150 min of moderate-intensity or 75 min of vigorous-intensity aerobic
exercise each week (46).
IMiD, immune modulatory imide drugs; PA, physical activity.

BA
SIC

SC
IEN

C
ES

D
ow

nloaded from
 http://journals.lw

w
.com

/acsm
-m

sse by G
R

9gV
rV

M
rS

Jgm
x4Z

375+
D

21bO
hV

eM
Q

J8R
G

p16O
7haU

m
lE

p4
2w

kw
i2U

eK
U

dS
ttH

M
Z

9avv89y30zzeU
R

ozaIzZ
xuqD

E
F

vZ
O

Y
A

D
6vqpC

lqX
+

m
S

6N
B

sX
e0ciB

B
eY

r3hj4scqraqJW
X

R
bX

C
tA

X
U

w
0Z

V
5

W
m

aF
7l6Y

H
E

S
2Z

 on 12/16/2023
at T3, with two not commencing the intervention because of
relocation for personal reasons after a stem cell transplant
(n = 1) and an ongoing cardiac issue (n = 1). Four withdrawals
from the WT group occurred during the exercise intervention;
one at week 1 because of surgery for an unrelated medical
problem and three at weeks 4, 8, and 10 because of disease
progression requiring recommencement of treatment and/or
investigations for the presence of new bone lesions. One WT
participant completed all exercise sessions and did not return
for testing at T3 because of loss to follow-up. Overall, 41 par-
ticipants were assessed at T2 (EX group, n = 21) and T3 (WT
group, n = 20) after the exercise intervention.

Safety. No AEs or SAEs occurred during or between ses-
sions. A single non–exercise-related AE occurred because of
a hypotensive episode while standing still during a session.
The AE was clinically investigated at the hospital and found
EXERCISE FOR PEOPLE WITH MULTIPLE MYELOMA

Copyright © 2023 by the American College of Sports Medicine
to be unexplained and unrelated to exercise. This participant
returned to the study without missing any sessions. There were
many AEs and SAEs that occurred during the study that were
not determined to be exercise related, such as a fall on the way
to an exercise session and unrelated hospital admissions.
These events were determined to be unrelated to the exercise
training due to the associated clinical presentations at the time
of the occurrence. No SAE or AE was reported during the ses-
sions delivered online because of the COVID-19 restrictions to
face-to-face contact. Importantly, no participants experienced
pathological fractures during testing or exercise training.

Attendance and adherence. In total, 41 of the 52 par-
ticipants (79%) who started the exercise intervention com-
pleted postintervention testing, of which 36 (88%) attended
all 24 supervised sessions. Two participants attended all exer-
cise sessions but did not return to complete testing. The overall
Medicine & Science in Sports & Exercise® 2219
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TABLE 3. Adherence to the intervention protocol in the EX and WT groups over 12 wk (n = 43) or partial completion (n = 9) of the supervised component of the exercise intervention (n = 52).

FITT Adherence

Aerobic Resistance Impact Loading

Mean SD 95% CI Mean SD 95% CI Mean SD 95% CI

Overall (Weeks 1–12)
Intensitya per session, % prescribed MVI: 15.0 (124.6) 5.3 14.6–15.3 5.7 (114.0) 2.4 5.5–5.8 0.7 (63.6) 0.9 0.6–0.7

HI: 3.6 (44.9) 4.3 3.3–3.8
Reps or MVPA minutes per session, % prescribed 22.1 (79.0) 6.6 21.7–22.5 102.2 (127.7) 63.7 98.5–105.9 100.2 (63.6) 64.2 96.4–103.9
Protocol deviationsb, % 64.8 37.1 66.5
Achieved a priori criteriac, % 54.7 79.7 36.5

Weeks 1–4
Intensitya per session, % prescribed MVI: 15.2 (127.0) 5.3 14.7–15.8 5.2 (103.3) 2.6 4.9–5.4 0.5 (48.0) 0.7 0.5–0.6

HI: 3.1 (38.8) 4.2 2.7–3.5
Reps or MVPA minutes per session, % prescribed 21.4 (76.5) 6.6 20.8–22.1 87.9 (109.9) 51.3 82.9–93.0 84.5 (52.8) 62.6 78.3–90.6
Protocol deviationsb, % 70.3 48.9 74.1
Achieved a priori criteriac, % 48.9 70.1 28.9

Weeks 5–12
Intensitya per session, % prescribed MVI: 14.8 (123.3) 5.4 14.4–15.2 6.0 (119.1) 2.2 5.8–6.1 0.7 (63.6) 0.9 0.7–0.8

HI: 3.9 (48.3) 4.4 3.5–4.2
Reps or MVPA minutes per session, % prescribed 22.5 (80.4) 6.6 22.0–23.0 110.0 (137.6) 68.3 105.1–115.0 108.8 (68.0) 63.5 104.2–113.5
Protocol deviationsb, % 61.8 30.5 62.3
Achieved a priori criteriac, % 57.8 85.0 40.7
Participants unable to ever achieve a priori criteria, n (%) 11 (21.2)d 2 (3.8) 22 (42.3)e

Participants able to always achieve a priori criteria, n (%) 11 (21.2) 17 (32.7) 7 (13.5)
aIntensity of aerobic exercise measured as minutes spent at the prescribed percentage of peak heart rate, intensity of resistance exercise measured using the OMNI-RES 0–10 scale (33), and
intensity of impact-loading exercise measured via ground reaction force � body weight.
bProtocol defined as follows: 8 min of high-intensity aerobic exercise (>85% peak heart rate (HRpeak) and 12min of moderate-to-vigorous intensity (60%–85% HRpeak); resistance training of ≥80
repetitions (e.g., 5 exercises� 2 sets� 8 repetitions) performed at an intensity of ≥5/10 on the OMNI-RES scale per session (33); impact loading of ≥160 repetitions per session (e.g., 4� 20
impacts per leg, which may be completed bilaterally or unilaterally) at an intensity of 1.1 to 5.1 � body weight ground reaction force (34–36).
cA priori criteria = 75% of protocol.
dCardiac or blood pressure issues precluded completion of high-intensity exercise, so only moderate intensity exercise was prescribed.
eIsometric exercises were prescribed for specific body segments where myeloma-related bone changes were considered unsuitable for impact-loading activities.
HI, high-intensity exercise (85%–95% peak heart rate); MVI, moderate-to-vigorous intensity exercise (60%–85% peak heart rate); MVPA, moderate-to-vigorous intensity physical activity, where
minutes of vigorous-to-high intensity performed has a weighting factor of 2 (47); reps: repetitions.BA
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 attendance at the supervised sessions by those who started the
intervention was 98%. Exercise sessions were rescheduled for
8.9% (n = 88) of sessions, with the most common reason being
that the participant was feeling unwell. Because of restrictions
to face-to-face contact during the COVID-19 pandemic, 3% of
all exercise sessions (n = 34 sessions across six participants)
were delivered via videoconferencing, using the same equip-
ment delivered to the participants’ homes. Self-reported atten-
dance at the home-based exercise sessions was 45.4% (SD,
49.8%; 95% CI, 41.3%–49.5%).

The mean duration of aerobic exercise (combined moderate-
to-vigorous and high-intensity aerobic training) was 22.1 min
per session (95% CI, 21.7–22.5 min), which was 79% of the
prescribed duration (Table 3). However, the number of ses-
sions where the participant adhered to both the prescribed in-
tensity and duration was 35.3% (Table 4). The most common
TABLE 4. Reasons for protocol deviations in the EX and WT groups over 12 wk (n = 43) or partial

Reasons for Not Meeting Protocol

Aerobic Training

(≥Moderate Intensity)

n %

Familiarization and/or progressing toward protocol 593 52.6
Bone lesion sites impacting ability to meet protocol 13 1.2
Time constraints 14 1.2
General pain 2 0.2
Fatigue 16 1.4
Musculoskeletal pain 27 2.4
Medication side effects (e.g., dexamethasone) 23 2.0
Neuropathy 0 0
Nausea 3 0.3
AE 0 0
Other (e.g., acute illness, head cold, headache) 38 3.4
Not applicable (no protocol deviation) 398 35.3

2220 Official Journal of the American College of Sports Medicine
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reason for lack of adherence to the aerobic exercise protocol
was a very low baseline exercise capacity and subsequent lon-
ger progression toward meeting the prescribed intensity and
duration of the intervention (52.5% of sessions). This was ev-
ident from the higher adherence observed in weeks 5–12
(57.8%) compared with weeks 1–4 (48.9%; Table 3). Health
reasons were the second most common reason for lack of ad-
herence to the aerobic exercise protocol, for example, acute ill-
ness, head cold, and headache (3.0% of sessions).

Themean number of repetitions completed per session for re-
sistance training was 102.2 repetitions (95% CI, 98.5–105.9;
128% of the prescribed minimum of 80 repetitions, comprising
5 exercises in 2 sets of 8 repetitions; Table 3). The mean inten-
sity per session based on the Omnibus Resistance Exercise
Scale of Perceived Exertion (33) was 5.7 (95% CI, 5.5–5.8;
114% of the prescribed minimum of 5 on the scale). However,
completion (n = 9) of the supervised component of the exercise intervention (n = 52).

Resistance Training Impact Loading

n % n %

110 9.8 142 12.6
34 3.0 390 34.6
122 10.8 107 9.5
5 0.4 15 1.3
51 4.5 16 1.4
44 3.9 45 4.0
1 0.1 3 0.3
0 0 0 0
9 0.8 6 0.5
0 0 0 0
42 3.7 26 2.3
710 62.9 378 33.5

http://www.acsm-msse.org
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the number of sessions where the participant adhered to both the
prescribed intensity and number of repetitions was 62.9%
(Table 4). The most common reason for lack of adherence to
the resistance training protocol was a very low baseline neuro-
muscular capacity and subsequent longer progression toward
meeting the prescribed intensity and number of repetitions of
the intervention (9.8%) and fatigue (4.5%). This was evident
from the higher adherence to the resistance training protocol
observed in weeks 5–12 (137.6% of prescribed resistance rep-
etitions) compared with weeks 1–4 (109.9% of prescribed re-
sistance repetitions; Table 3).

The mean number of impacts completed per session for im-
pact loading was 100.2 repetitions (95% CI, 96.4–103.9),
which was 62.6% of the prescribed minimum of 160 repetitions
(80 impacts per leg; Table 3). The mean intensity of the impacts
completed per session based on the peak ground reaction force
was 0.7 (95%CI, 0.6–0.7)� body weight, which was 63.6% of
the prescribed minimum ground reaction force of 1.1 � body
weight. However, the number of sessions where the participant
adhered to both the prescribed number and intensity of the im-
pacts was 33.5% (Table 4). The most common reason for lack
of adherence to the impact-loading protocol was to enhance
safety for participants with bone lesions, by reducing number
or intensity of impacts (34.6%) and slower progression toward
meeting the prescribed intensity and number of repetitions
(12.6%). This was evident from the higher adherence to the
impact-loading protocol observed inweeks 5–12 (68.0% of pre-
scribed impact repetitions) compared with weeks 1–4 (52.8% of
prescribed impact repetitions; Table 3). Time constraints due to
participants’ schedules were also a contributing factor to both
resistance training and impact-loading adherence (resistance
training, 10.8%; impact loading, 9.5%; Table 4).

Self-reported pain (mean (SD), 1.0 (1.8); 95% CI, 0.9–1.1;
range, 0–8) and fatigue (mean (SD), 1.7 (2.4); 95% CI, 1.5–1.8;
range, 0–10) were reported on the visual analog scale 0–10 to
the AEP on commencement of each exercise session. There was
no significant change in the reported level of pain and fatigue
across the 24 exercise sessions (P = 0.86 and 0.50, respectively).

Acceptability. Acceptability, as measured by responses
on the PACES-8 survey, was high (mean, 82.2%; 95% CI,
77.6–86.7; n = 46) and remained high over the entire 12-wk
intervention (at 4 wk (mean, 81.3%; 95% CI, 76.3–86.2) ver-
sus 8 wk (mean, 83.6%; 95% CI, 78.6–88.6) versus 12 wk
(mean, 85.3%; 95% CI, 80.5–90.1); P = 0.51).

Safety and feasibility of physical function testing.
NoAEs or SAEs were reported during or after any of the physical
tests (Table 5). Preexisting pain due to osteoarthritis, particu-
larly of the knees, was the most common reason for partial test
completion or premature test cessation for all cardiopulmo-
nary exercise tests (CPET) at all time points. Of the 184 CPET
tests possible across both groups and all time points, 148
(80.4%) of CPETs were performed, with 31 not performed be-
cause of COVID-19 lockdowns (16.8%) and 4 (2.2%) not per-
formed for medical reasons (knee pain, atrial fibrillation) or
participant request. A CPET was completed by 98% of partic-
ipants at T1. At T1, a maximal oxygen uptake (V̇O2max; de-
EXERCISE FOR PEOPLE WITH MULTIPLE MYELOMA
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fined by a plateau in oxygen consumption with an increase
in work rate [31]) was achieved by 12 (20.7%) participants;
33 (56.9%) participants achieved a peak oxygen uptake
(V̇O2peak), whereas 14 (24.1%) could not complete a valid test
(defined as termination before reaching a ventilatory threshold
[31]). The proportions of WT participants who achieved a
V̇O2max or a V̇O2peak or performed an invalid test at T1 were 4
(13.3%), 20 (66.7%), and 6 (20.0%), whereas at T2, the propor-
tion who achieved a V̇O2max increased to 12 (50.0%), with 7
(29.2%) 0O2peak and 5 (20.8%) invalid tests. In comparison,
the proportions of EX participants at T1 who achieved a
V̇O2max, V̇O2peak or an invalid test were 8 (28.6%), 13
(46.4%), and 8 (28.6%), whereas at T2, 6 (33.3%) V̇O2max and
10 (55.6%) V̇O2peak tests were achieved, with the number who
could not complete a valid test decreased to 2 (11.1%). All
WT participants at T2 completed the CPET, except three
(12.5%) participants for whom face-to-face contact was re-
stricted because of COVID-19.

Similarly, after intervention, all participants completed the
CPET, albeit 10 (24.4%) participants for whom face-to-face
contact was restricted because of COVID-19. A V̇O2max was
achieved by 9 (29.0%) participants; 16 (51.6%) participants
achieved a V̇O2peak, whereas 6 (19.4%) performed an invalid
test. All tests were terminated because of volitional fatigue or
participant choice, with no medical reason/s for test termination
for any of the CPETs. Referral for further cardiac investigations
was recommended for three participants after baseline CPET
(according to American College of Sports Medicine guidelines
(49)), although no abnormalities were subsequently identified.

At T1, one participant in the EX group declined to attempt the
30-s sit-to-stand test because of their lack of confidence and fear
regarding a lytic lesion in the left acetabulum. However, at the
subsequent testing at T2, the test was safely and successfully
completed. Three participants did not complete the 30-s sit-to-
stand test on request at later time points because of fear of pain
in the lower back and knee. After completing the midthigh pull
at T1, five (12.2%) participants requested not to perform the test
at subsequent testing time points because of fear of compromise
to their spine lesions and aggravation of lower back symptoms. A
further three participants completed reduced repetitions on at
least one occasion because of fear of pain. The Y balance test
was not performed or only a partial test completed by 10
(16.6%) participants at baseline because of very poor balance
on both or either leg/s. The protocol was hence modified to in-
clude a single-leg balance test to provide an assessment of static
balance in participants where the Y balance test was not able to
be performed. A partial single-leg stance was subsequently com-
pleted by one participant at each testing time point because of re-
duced confidence from a lytic lesion located in the right acetabu-
lum. At T1, only one participant (in theWT group) failed to wear
the accelerometer, whereas data did not adhere to the minimum
wear-time criterion of 10 waking hours on at least 4 of the 7 d
for four participants (three in WT, one in EX), with two of these
(in WT) unable to adhere to the wear-time criterion on any sub-
sequent testing time point. A further nine participants (six in
WT, three in EX) did not wear the accelerometer for the required
Medicine & Science in Sports & Exercise® 2221
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TABLE 5. Completion of physical function testing at all time points in the EX and WT groups.

Physical Tests

Time Point

Baseline WT Baseline Postintervention 3 mo Post 9 mo Post

n = 60a n = 27 n = 41 n = 31 n = 25

Cardiopulmonary exercise test, n (%)
Number who performed the test 58 (96.7) 24 (88.9) 31 (75.6) 21 (67.7) 14 (56.0)
Achieved a V̇O2max test

b 12 (20.7) 12 (50.0) 9 (29.0) 13 (61.9) 6 (42.9)
Achieved a V̇O2peak test 32 (55.2) 7 (29.2) 16 (51.6) 5 (23.8) 6 (42.9)
Completed an invalid testc 14 (24.1) 5 (20.8) 6 (19.4) 3 (14.3) 2 (14.3)
Medical reasons preventing completion 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 4 (16.0)
Not performed because of COVID restrictions 1 (1.7) 3 (11.1) 10 (24.4) 10 (32.3) 7 (32.0)

30-s sit-to-stand, n (%)
Number who performed the test 59 (98.3) 27 (100.0) 41 (100.0) 29 (93.5) 24 (96.0)
Medical reasons preventing completion 1 (1.7) 0 (0.0) 0 (0.0) 2 (6.5) 1 (4.0)

Isometric midthigh pull, n (%)
Number who performed the test 40 (66.7) 20 (74.1) 26 (63.4) 20 (64.5) 13 (52.0)
Reduced repetitions because of fear of pain 2 (3.3) 0 (0.0) 0 (0.0) 0 (0.0) 2 (8.0)
Not performed because of fear of pain 0 (0.0) 2 (7.4) 5 (12.2) 1 (3.2) 2 (8.0)
Not performed because of unavailable equipment 16 (26.7) 2 (7.4) 1 (2.4) 0 (0.0) 0 (0.0)
Not performed because of COVID restrictions 1 (1.7) 3 (11.1) 9 (22.0) 10 (32.3) 8 (32.0)

Grip strength, n (%)
Number who performed the test 60 (100.0) 27 (100.0) 41 (100.0) 31 (100.0) 25 (100.0)

Single-leg stance, n (%)
Number who performed the test 43 (71.7) 24 (88.9) 40 (97.6) 31 (100.0) 24 (96.0)
Partial test because of lesion/poor balance 1 (1.7) 1 (3.7) 1 (2.4) 0 (0.0) 0 (0.0)
Protocol variation so not performed 16 (26.7) 2 (7.4) 0 (0.0) 0 (0.0) 0 (0.0)

Y-Balance test, n (%)
Number who performed the test 50 (83.3) 21 (77.8) 27 (65.9) 21 (67.7) 18 (72.0)
Partial test because of lesion/poor balance 8 (13.3) 3 (11.1) 4 (9.8) 0 (0.0) 0 (0.0)
Not performed because of poor balance 2 (3.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Not performed because of COVID restrictions 0 (0.0) 3 (11.1) 10 (24.4) 10 (32.3) 7 (28.0)

7-d accelerometer wear, n (%)
Number with valid datad 54 (90.0) 21 (77.8) 37 (90.2) 29 (93.5) 22 (88.0)
Device not worn 1 (1.7) 2 (7.4) 2 (4.9) 0 (0.0) 1 (4.0)

a One participant withdrew before completing all components of baseline testing.
b Defined by a plateau in oxygen consumption with an increase in work rate (31).
c Defined as termination of the test before reaching a ventilatory threshold (31).
d Defined as a minimum wear-time criterion of 10 waking hours on at least 4 of the 7 d, with nonwear time defined as 60 min or more of consecutive activity counts of zero (48).
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 on 12/16/2023
time frame to record valid data at various later testing time points.
The grip strength test was successfully completed by all partici-
pants at all time points.
Qualitative Results

Thematic analysis of the semistructured interviews with par-
ticipants (n = 30) generated 5 overarching themes and 17 sub-
themes relating to the acceptability and feasibility of the exercise
intervention. Illustrative quotes, along with frequency counts
for these themes and subthemes, are presented in Table 6.

Theme 1: Program acceptability. Participants consis-
tently reported having positive experiences with the program
and frequently used words such as “enjoyable,” “beneficial,”
and “excellent” to describe their program experiences. The
receipt of expert supervision and guidance from an AEP was
the main program component underpinning program accept-
ability, with the majority of participants identifying this as the
program component that they found most beneficial. Linked
to this, several participants strongly valued how they received
an individualized exercise prescription from an AEP, which
was tailored to their needs and specifically targeted their phys-
ical issues associated with MM. The majority of participants
believed that the program would be beneficial and appealing
to the wider MM community.
2222 Official Journal of the American College of Sports Medicine
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Theme 2: Barriers of exercise adherence. Several
participants provided insight into the factors that acted as bar-
riers to exercise adherence throughout the different phases of
the program. Disease-related symptoms and medication side
effects, like bone pain and fatigue, were barriers that limited
the capacity of some participants to adhere to the supervised
exercise sessions. Other participants described how low moti-
vation and a fear of injury, which were specifically linked to
the lack of AEP supervision during the home-based exercise
sessions, were barriers to adherence for this component of
the program.

Theme 3: Facilitators of exercise adherence. The
expert supervision and guidance provided by AEPs during
the supervised exercise sessions was an important facilitator
of exercise adherence, with participants identifying three
mechanisms through which this occurred. First, the AEP su-
pervision made participants feel safe and confident while per-
forming the exercises and mitigated any fears of injury. Sec-
ond, the motivation and encouragement that AEPs provided
helped participants to achieve and maintain the prescribed in-
tensity. Third, AEPs adjusted the exercises if/when partici-
pants experienced pain, and this then allowed them to continue
with the exercise protocol.

Theme 4: Barriers to program uptake. Participants
identified two potential barriers to program uptake. Of primary
importance was the physical impacts of MM and its treatment/
http://www.acsm-msse.org
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TABLE 6. Themes, subthemes, frequency counts, and illustrative quotes from thematic analysis of semistructured interviews with participants (n = 30).

Themes and Subthemes n Illustrative Quotes

Theme 1: Program acceptability
Positive program experiences 28 “It’s been excellent. I really can’t say how thankful I am enough that I was able to participate in the study.

I really appreciated and enjoyed it.” (PID 26)
“The whole experience has been wonderful. I’ve loved every minute of it. It’s the highlight of my week.” (PID 38)

Beneficial and appealing to wider community 23 “I think the program is of benefit to anyone who’s got myeloma.” (PID 46)
“The program should be received well, because you know, you’re exercising, and it allows people to get healthy again.
They should accept it. I don’t see why not.” (PID 44)

Expert supervision and guidance from AEP 20 “I’d say having an exercise physiologist guiding you was very, very beneficial within the whole program.” (PID 8)
“I had a supervisor there that was there just for my benefit. That for me, was impressive. I mean a one-on-one situation
with somebody that’s so well skilled in the make-up of your body was quite impressive for me.” (PID 39)

Personalized exercise prescription 9 “The exercises are catered for yourself, it’s not like a one-size-fits-all…. I think that’s important.” (PID 4)
“I think it has been very well presented in that it has been targeting the issues that we, who have this multiple myeloma,
have. It destroys your bones, and I think it has been marvelous that the exercises that have been selected have been
working on bone density.” (PID 27)

Theme 2: Barriers to exercise adherence
Medication side effects 6 “I found that when I did get treatment for the bone hardener, my bones were sore. So, I couldn’t do the training becausemy

bones were sore.” (PID 30)
Low motivation without AEP supervision 5 “Doing the exercises can become a bit of a chore. There can be a tendency to put it off and say, ‘I’ll do it tomorrow or the

next day.’” (PID 7)
Fear of injury without AEP supervision 4 “The exercise you do at home, like the ones I was doing yesterday, my back was getting sore… so you think you’re not

doing it right and then you stop.” (PID 4)
Theme 3: Facilitators of exercise adherence

Motivation and encouragement from AEPs 7 “The trainers encourage you to keep going and to keep exercising at a certain level so that you get benefit from it. And you
do your best to do that.” (PID 18)

Feeling confident and safe during supervised sessions 7 “Because it was supervised, and because the exercise physiologist was so great, I felt very supported, and I think that gave
me the confidence to know I was doing the right thing. That it wasn’t harmful, that I wasn’t going too fast.” (PID 6)

AEPs adapt exercises to mitigate pain 4 “I have this guy that looked after me all the way through. Anything I had that might have a bit of soreness, or if I was doing
certain things and it hurt, he straightway changed the exercise in a way that I didn’t feel the pain anymore.” (PID 30)

Theme 4: Barriers to program uptake
Physical impacts of myeloma and treatment 11 “I’ve spoken to some other patients who elected not to do the exercise program. One of them said that because he was on a

different medication regime tome, so he was going to see the specialist once a week and havingmedication all the time,
he thought it would just be too much.” (PID 11)

“There’s a big barrier and that is because the way 90% of patients find out about their myeloma is through getting fractures
and bone problems. So everyone is trying to avoid physical activity.” (PID 36)

Lack of motivation to exercise 7 “A lot of people will be hesitant because you’ve got to remember a lot of people are not fitness people. So they will go, ‘Oh I
don’t want to do this. Oh I couldn’t be bothered. I haven’t gone to the gym for 20 years’ or whatever.” (PID30)

Theme 5: Facilitators of program uptake
Wanting to improve health and fitness 14 “Because physically, it was a great opportunity to participate in something that was more structured for my health and

wellbeing.” (PID 17)
“The motivations? Being able to do normal things, like going for a long walk instead of little, short walks.” (PID 30)

Wanting to help others 11 “We might learn something from the trial to help new people coming in that have got myeloma.” (PID 4)
“It was 100 percent helping people with the study, that was it.” (PID 21)

Educate people with MM about exercise benefits 10 “I think it’s about educating the patients, you know, cancer sufferers, of the importance of exercise.” (PID 14)
Program recommended by health professional 9 “I’mnot the expert here and it’s always been a case of, if you tell mewhat to do, then I’ll do it because you’re the experts and

I’m going to listen to you.” (PID 7)
“The myeloma nurse or someone like that should say ‘You may benefit from being involved in an exercise program.’”
(PID 35)

Access to expert guidance from AEP 5 “Because you’re getting all this excellent training for free from an exercise physiologist…I thought that’s really valuable.”
(PID 36)
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s. Participants commonly felt that their disease-related symp-
toms and medication side effects were relatively mild in com-
parison to other people with MM, and believed that patients
with more severe disease progression and/or intensive MM
treatment regimens may not be physically able to partake in
the program. Participants also believed that a lack of motiva-
tion to exercisemay potentially inhibit program uptake and ex-
plained how other people withMMwho do not enjoy or know
the benefits of exercise may not be willing to participate.

Theme 5: Facilitators of program uptake. Partici-
pants commonly identified two key motivations for their
participation in the program. The first was a desire to im-
prove their health and physical fitness through engaging in
exercise. The second was an altruistic desire to help other
people with MM through participating in the study. Less
commonly, participants mentioned that obtaining access to
free expert supervision from AEPs was their main reason
for program uptake.
EXERCISE FOR PEOPLE WITH MULTIPLE MYELOMA
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Participants also provided some suggestions for improving
program uptake in the future. Several participants discussed
the importance of educating people withMM about the mental
and physical health benefits of exercise when advertising the
program as a strategy to increase their motivation to partici-
pate. They also felt that it was important that this education
was delivered to patients by a health professional involved in
their MM treatment. Linked to this, participants often believed
that people with MMwould be more likely to participate if re-
ferred to the program by a trusted health professional, with
several noting that this was a factor that drove their own moti-
vation to participate.
DISCUSSION

This study examined the safety, feasibility, and acceptabil-
ity of an individualized exercise intervention involving super-
vised and home-based exercise sessions for people diagnosed
Medicine & Science in Sports & Exercise® 2223
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with MM. Compared with a priori cut-points, the exercise in-
tervention was deemed to be safe, acceptable, and feasible ac-
cording to recruitment rates, attrition, and session attendance.
However, adherence to the exercise protocols was limited by
comorbidities and disease symptoms, such that the predetermined
criteria were not met. Physical testing procedures were also
found to be safe and feasible.

A broad cross section of people with MM across all disease
stages were successfully recruited to the study. This suggests
that people with MM find exercise relevant both during active
treatment and while in remission. This is supported by our pre-
vious study where 57% of people with MM reported that they
would like to partake in exercise during both active treatment
and remission (26). The proportion of participants who had
undergone an ASCT in our study was substantially higher
(60% vs 7%–14%) than the two previous exercise studies in
people with MMwho were either off treatment or undergoing
maintenance therapy (16,50). Our participants were older than
previous exercise studies for people with MM (65.0 vs
59.0 yr) (14,50), with a third of our participants older than
70 yr and noneligible for ASCT, which is more representative
of the general MM population in Australia (mean age,
70.2 yr). However, the representation of women within our
sample (21.7%) was smaller than expected. A meta-analysis
of 34 randomized controlled exercise trials for people with
cancer observed that 78% of participants were female (51).
The discrepancy may be partially explained by the higher pro-
portion of men with MM in Australia than women (57.4% vs
42.6%) (52). Whether gender differences may have influenced
our results requires confirmation in a larger sample.

Sixty-six percent of eligible people declined to participate in
this study. The uptake of 34%was within the range reported in
a systematic review of 65 randomized controlled trials of exer-
cise interventions for people with cancer (range, 33%–80%)
(53) and surpasses the a priori cut-point of ≥25%. Although
this cut-point may be low in terms of implementation, it was
conservatively chosen in this population where uptake may
be affected by participants who are, on average, older, with a
history of skeletal fractures or osteolytic lesions, and may be
receiving concurrent therapy, including corticosteroids. In ad-
dition, study uptake may have been influenced by the large
travel distances often required to attend the gym locations at
the innercity treating hospitals. This is reflected in the large
proportion (60%) of those eligible who reported travel, lack
of time, and transport as reasons for declining to participate.
Of those who declined to participate, 18% reported health issues,
including pain, as the reason for their nonparticipation. Even
though 80% of participants had bone disease, and a further
13% had other skeletal complications, such as osteopenia, os-
teoporosis, and osteoarthritis, those who agreed to participate
may have been experiencing fewer complications and less se-
vere disease than the general MM population; for example, the
ECOG status was higher (98.3% vs 73.7% [11] level 0 or 1),
level of clinical fatigue was lower (36.7% vs 43% [16]), and
mean FACIT-Fatigue score suggested less fatigue (38.6 (SD,
9.9) vs 20.2 (SD, 12.5) (54). Findings from the semistructured
2224 Official Journal of the American College of Sports Medicine
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interviews support this, as several participants commented that
they perceived their MM to be relatively mild in comparison
to other patients. Analysis of the interview data supported
the suggestion that a lack of motivation to exercise may have
impacted program uptake. Engaging health professionals to
educate their patients with MM regarding the benefits of exer-
cise when advertising available exercise medicine program/s
may help to address this barrier in future studies. It is worth-
while noting that a limitation of these interview findings relat-
ing to uptake barriers is that they are from the perspective of
program participants. Therefore, further research should be
undertaken with nonparticipating people with MM to enhance
knowledge of their barriers to uptake of exercisemedicine pro-
grams, and to identify appropriate strategies for addressing
these barriers.

Zero exercise-related AEs or SAEs occurred during or be-
tween the 1128 total hours of exercise training completed in
this study, with only one non–exercise-related AE reported
during a session from a hypotensive episode while standing
still. Importantly, we did not observe any pathological frac-
tures or bone complications, despite the high incidence of
bone disease and the inclusion of higher-intensity and
impact-loading exercises in the protocol. There were also no
AEs or SAEs during 340 h of exercise sessions delivered online
because of the COVID-19 restrictions to face-to-face contact,
although all participants had completed in-person sessions with
the AEP before the alternative delivery. Other studies in MM
have concluded that exercise is safe, with no SAEs documented
(14). However, no other studies have utilized high-intensity in-
terval training or impact-loading exercise in this population.
The high levels of safety reported here are likely due to the
twice-weekly one-on-one supervision by experienced AEPs
and highly individualized progressive exercise prescription
with weekly reviews for the home-based sessions. Information
on the locations of bone lesions and other medical complica-
tions was provided by treating clinicians on enrollment in the
study, with AEPs regularly checking with participants to iden-
tify any changes to their health status across the duration of
the study. AEPs then prescribed individualized deviations to
the targeted exercise program (reduced intensity or duration,
or removal/replacement of specific exercise movements) in
88.0% of sessions (64.8% for aerobic exercise, 37.1% for resis-
tance training, and 66.5% for impact-loading activities over all
sessions) to enhance the safety of the program for individuals
with absolute or relative contraindications, comorbidities, inju-
ries, or illnesses. For example, the 22 participants considered
unsuitable for impact-loading exercises because of the degree
of myeloma-related bone changes were prescribed isometric
loading activities. The perceived importance of involving expe-
rienced AEPs to enhance safety was evidenced by several par-
ticipants explaining during the interviews how the receipt of ex-
pert supervision from AEPs facilitated feelings of safety while
undertaking the exercise program.

The attendance rate for supervised exercise sessions (98%)
was higher than the rates previously reported by studies in-
volving supervised exercise in people with MM (attendance
http://www.acsm-msse.org
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rates ranged from 71% to 92%) (14). This may be due to the
flexible scheduling of exercise sessions to coincide with par-
ticipants’ visits to the hospital for treatment. This was also
speculated by Larsen et al. (55) to contribute to high atten-
dance to exercise in other studies of people with MM. Varied
times were also offered, with early morning sessions available
for those in full-time employment. Therefore, although travel,
lack of time, and transport were the most commonly reported
reasons for declining to participate, these factors did not seem
to negatively affect recruited participants’ ability to attend su-
pervised exercise sessions.

Self-reported completion of the home-based exercise ses-
sions was lower than the supervised sessions (45% vs 98%),
which suggests that the supervised component of the program
is critical to maintaining engagement. Indeed, a recent update
of a Cochrane review of interventions that promote habitual ex-
ercise in those living with or beyond cancer found that the eight
studies that reported adherence of ≥75% to an exercise prescrip-
tion that met current guidelines all included a component of su-
pervision (30). Corroborating this, the semistructured inter-
views found that the lack of AEP supervision during the
home-based exercise sessions led to a lack of motivation and
fear of injury, which inhibited adherence for some participants.
Reasons for very low to negligible completion of home-based
exercise by some participants warrant further investigation
and may inform strategies to improve exercise participation in
the wider MM community.

Adherence was reported according to meeting predefined
protocols for exercise prescription during each exercise ses-
sion. No previous studies in MM have reported adherence to
the exercise prescription, and indeed it is not generally re-
ported in such detail in any exercise oncology studies
(21,22). In this study, there was high adherence to each com-
ponent of the exercise prescription when rates were averaged
across all participants in the intervention. However, when the
number of individual sessions where the participant adhered
to the predefined criteria was considered, the adherence was
low and less than the a priori cut-points defined before com-
mencement of the study. Indeed, there was a low proportion
of participants (21.2%, 32.7%, and 13.5%) who were always
able to achieve the a priori criteria, with some never able to
achieve the a priori criteria (21.2%, 3.8%, and 42.3%) for aer-
obic exercise, resistance training, and impact-loading activi-
ties, respectively. This highlights the need to account for very
low baseline exercise capacity and subsequent longer progres-
sion toward meeting the prescribed intensity and duration of
the intervention as a factor that restricts program adherence,
especially in the initial stages of an intervention. Indeed, this
was the recorded reason for not adhering to the protocol in
53%, 10% and 13% of sessions for aerobic, resistance and
impact-loading training, respectively, which improved after
the first 4 wk of the intervention whenmotor control and learn-
ing had developed. Notably, adherence to the impact-loading
protocol was low (33.5%), with one-third of sessions adjusted
because of the presence of bone lesions at specific sites limiting
the ability to adhere to the predefined protocol. Collectively,
EXERCISE FOR PEOPLE WITH MULTIPLE MYELOMA
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this suggests that, when designing an exercise medicine pro-
gram in future MM studies, the prescription accounts for the,
on average, very low baseline capacity, slower rate of progres-
sion, and location and stability of bone lesions, but also the
demonstrated ability of a large proportion of people with MM
to achieve high-intensity interval training, moderate-to-hard re-
sistance exercise, and impact-loading activities.

The 23% attrition observed in the EX group fell within the
range reported in other studies in MM (11%–42%) (14,50).
The higher attrition in the EX group was not significantly
greater than the WT group (P = 0.08) and is likely a limitation
of the exercise intervention rather than randomization failure,
because both EX and WT groups had similar numbers of attri-
tion across each disease stage. Despite this, 8 of the 11 partici-
pants (72.7%) who withdrew from the study did so for medical
reasons unrelated to the study (i.e., new cancer diagnosis, prep-
aration for ASCT, deteriorating balance, chest infection, sur-
gery, and ongoing cardiac, neurological, and mental health is-
sues). The remaining participants (27.3%) completed baseline
testing then withdrew before follow-up testing because of loss
of interest. Demographic and clinical features of the participants
who discontinued their participation did not differ significantly
from those who remained in the study (all P > 0.05).

High rates of acceptability of the exercise program were re-
ported by participants on the PACES-8 survey and were main-
tained across the 12-wk intervention. Further support for program
acceptability was obtained from the semistructured interviews.
Participants consistently described having positive experiences
with the program, and no participants reported a negative review.
The receipt of one-on-one supervision from AEPs and the provi-
sion of a personalized exercise program that was tailored to indi-
vidual needs and health concerns were key program components
that underpinned acceptability. The high levels of attendance at-
test to the success of the program for continuing enjoyment and
acceptability over an extended period. The one-on-one supervi-
sion by AEPs experienced in working with people with cancer
may have contributed to the enjoyment and acceptability of the
program. In addition, the involvement of a highly individualized
program that targeted different disease- and treatment-related side
effects and included a wide variety and progression of exercises
may have influenced the high rates of acceptability.

Despite the high number of participants with bone lesions,
physical tests requiring maximal effort, including cycle
ergometry CPET, were completed by the majority of partici-
pants. No SAEs or AEs occurred, demonstrating the high
safety of the testing protocols. Several other studies have re-
ported the safety and feasibility of CPET in people with hema-
tological malignancies, including MM, with no SAEs reported
(56,57). ECG monitoring throughout the CPET; supervision by
two investigators, including a licensed physician (for the baseline
assessment) or an exercise physiologist with certification in ad-
vanced life support (for follow-up testing); and collection of a
thoroughmedical history and review before testing all likely con-
tributed to the safety of the testing protocol. Although there were
no protocol deviations required for grip strength, other tests of
physical function required minor protocol adjustments or were
Medicine & Science in Sports & Exercise® 2225
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not completed by a small number of participants, often on request
because of fear of pain. Valid accelerometry data were obtained
for almost 90% of participants at each time point, with the excep-
tion of those in the WT group at the T3 time point when compli-
ance with wear time was reduced to 78%. Therefore, under strict
supervision, the testing battery included in this study seems to be
safe and feasible in this population.

There are limitations of the study findings that are worthy of
comment. Despite having a sample size that is larger than pre-
vious exercise studies in people with MM, there may be still
too few participants to subanalyze and interpret the results ac-
cording to disease stage, sex, or other potentially influencing
characteristics. The highly supervised testing battery and
twice-weekly in-person exercise protocols restrict the applicabil-
ity to solely home-based or less supervised community-based
exercise medicine programs. Although amajority of withdrawals
from the study were due to health and medical conditions unre-
lated to the exercise program, withdrawal rates were on the
higher side compared with other studies of exercise interventions
in people with advanced cancer (38). Finally, this article focuses
on safety, feasibility, and acceptability of a high/hard-intensity
exercise medicine program. These outcomes were prioritized be-
cause of the novelty of the exercise intervention and to enhance
the ability of researchers to replicate the study protocol but did
not report on intervention efficacy.

CONCLUSIONS

An individualized exercise medicine program is safe and ac-
ceptable in an age-representative cohort of people with MM
2226 Official Journal of the American College of Sports Medicine
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across the disease spectrum, including older individuals and
those with clinical bone disease. The physical testing battery
was also found to be safe and feasible. Exercise program feasibil-
ity was confirmed for recruitment and attrition, with excellent at-
tendance and high acceptability of the program in this population,
likely due to the one-on-one supervision with an experienced
AEP and the individually tailored prescription. Although cumu-
lative adherence to components of the exercise intervention was
acceptable, adherence at an individual session level was low.
This highlights the need to consider the very low baseline capac-
ity and slower rate of progression toward achieving a protocol,
particularly in the initial stages of an intervention, for many peo-
ple withMM. This study highlights that exercise, which includes
high-intensity interval training for cardiorespiratory fitness, mod-
erate- to hard-intensity resistance exercises for muscle and bone
health, and impact loading for bone health, is safe and feasible
across the disease spectrum of MMwith appropriate supervision
and exercise individualization by exercise professionals.
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