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Abstract

Background: Cancer treatments are frequently associated with impaired physical fit-
ness, quality of life (QOL), and fatigue, often persisting into survivorship. Studies in
older adults with cancer have demonstrated benefits from exercise; however, this has
not been rigorously investigated in adolescents and young adults (AYA). The aim of this
study was to determine whether a structured 10-week exercise intervention was asso-
ciated with improved cardiorespiratory fitness (VO, ), fatigue, and QOL in AYA who
have recently completed cancer treatment.

Method: Forty-three AYA (median age 21 + 6 years) were randomly assigned to an
exercise group (n = 22) or a control group (n = 21). The exercise group received a
structured 10-week exercise program comprising progressive aerobic and resistance
exercise; the control arm received routine care. VO,,,.,, was measured at baseline,
10 weeks, and six months. Fatigue and QOL were assessed by the FACIT fatigue scale
and the PEDS QL, respectively.

Results: Mean VO, at baseline was 26.5 + 7.2 mL.kg=t.min~%, which is substan-
tially lower than population norms. The exercise group demonstrated significant
improvement in VO, at 10 weeks compared with controls (33.8 + 8.1 vs 29.6 +
7.6 mL.kg~t.min=1, P = 0.0002), but by six months, the difference was no longer sig-
nificant (32.9 + 7.0 vs 30.9 + 11.0 mL.kg=t.min™%, P = 0.21). There were no significant
differences in fatigue or total QOL scores between groups.

Conclusion: Cancer treatment is associated with reduced VO,,.. in AYA. Improve-
ment in VO,,.,« Was accelerated by a 10-week exercise program; however, no signifi-
cant benefit was observed in QOL or fatigue. The plateau in VO, at six months sug-

gests that a maintenance exercise program may be beneficial.

KEYWORDS
adolescent and young adult, cancer, cardiopulmonary exercise testing, exercise, VOgpeq

Abbreviations: 10RM, 10-repetition maximum; 1RM, 1-repetition maximum; ACSM,
American College of Sports Medicine; AEP, accredited exercise physiologist; ATS/ACCP,
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body mass index; Cl, confidence interval; CPET, cardiopulmonary exercise testing; FACIT-F,
Functional Assessment of Chronic Iliness Therapy - Fatigue; FEV1, forced expiratory volume

in one second; FVC, forced vital capacity; GSLTPAQ, The Godin-Shephard Leisure Time
Physical Activity Questionnaire; ICC, intraclass correlation coefficient; kg/mz, kilograms per
meter squared; LSI, leisure score index; PEDS QL™, The Pediatric Quality of Life Inventory;
PFT, pulmonary function test; QOL, quality of life; RCT, randomized controlled trial; RPM,
revolutions per minute; VO3peak, peak oxygen uptake
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1 | INTRODUCTION

With five-year survival for adolescents and young adults (AYA) with
cancer now exceeding 80%,%2 a growing number of survivors are at
risk of the physical and psychosocial complications of cancer and its
treatment.3# In particular, cardiorespiratory fitness is reduced in can-
cer survivors across the age spectrum. This often persists into long-
term survivorship, and is associated with increased cardiovascular dis-
ease risk and late mortality.”~1° Impaired fitness may also contribute
to the well-documented worse physical functioning, poorer health-
related quality of life (QOL),!! and excessive fatigue experienced by
AYA cancer survivors.'2 Despite 85% wanting exercise information,
this need was unmet in 55% of AYA attending a quaternary cancer
center.!® Consequently, there is interest in developing effective phys-
ical activity interventions to improve cardiorespiratory fitness in AYA
cancer survivors.14

Studies in survivors of adult onset cancers consistently demonstrate
that exercise increases cardiorespiratory fitness and may improve
QOL and fatigue.1>2¢ However, because randomized controlled trials
(RCTs) have predominantly evaluated individuals with breast cancer

7,15,17

and prostate cancer, it is unclear whether these outcomes can be

generalized to AYA or to the predominant tumor types seen in this age
group which are often treated more intensively.2*18

Little is known about exercise capacity or the benefits of exercise
following acute cancer treatment in AYA. Currently, there are no pub-
lished RCTs investigating the effects of a structured exercise program
in AYA. Previous studies in AYA have largely examined exercise pro-
gramming preferences,’®19-22 and the small number of intervention
studies conducted to date have had methodological limitations.2%24
Specifically, a recent systematic review of exercise interventions in
AYA with cancer reported that only two studies had included a control
group (and these were nonrandomized),?>2¢ most had small sample
sizes, and the few that reported physical fitness outcomes used surro-
gate measures rather than the more robust cardiopulmonary exercise
testing (CPET) with VOypea analysis.* CPET with gas analysis (mea-
sured as VOypeq) is considered the gold-standard measurement of car-
diorespiratory fitness.2” VOypeak is a strong predictor of cardiovascu-
lar and all-cause mortality in childhood and adult cancer survivors and
is correlated with survival, risk of recurrence, QOL, fatigue, and func-
tional independence.>27:28

The purpose of this current RCT was to determine whether a
10-week structured exercise intervention was associated with
improved cardiorespiratory fitness, as measured by VOyp,e,k, When
compared with controls in AYA patients who had recently completed
acute systemic cancer treatment. AYA were defined as per the Aus-
tralian definition of 15-25 years.2? Other primary endpoints were
muscular strength and flexibility, fatigue scores, and QOL. Secondary
endpoints were whether the benefits derived from the intervention
were sustained at six months after commencement, and whether the
intervention was associated with increased participation in physical
activity during that six-month period compared with controls. Adher-
ence to the exercise intervention and tolerability of exercise testing

were also evaluated.

2 | METHODS

This was a multicenter, parallel group randomized controlled trial
with 1:1 allocation. Multisite ethics approval was obtained from
the Women’s and Children’s Health Network Human Research
Ethics Committee (HREC/14/WCHN/171) and the study was regis-
tered with the Australian and New Zealand Clinical Trials Registry
(ACTRN12615000527561). Written informed consent was obtained
from all participants, with data collection taking place between July
2015 and March 2018. The manuscript was prepared in line with CON-
SORT guidelines.°

Patients were eligible if they were diagnosed with a hematologi-
cal malignancy or solid tumor, aged 15-25 years at the time of diag-
nosis and recruitment, had completed systemic cancer treatment
(chemotherapy, radiation therapy, or both) within the previous two
months (or had started maintenance therapy for acute lymphoblas-
tic leukemia within the past two months). Exclusion criteria included
cognitive impairment, less than six months life expectancy, absolute
contraindications to CPET (Supporting Information Table S1), previous
participation in an exercise intervention during active treatment, or
insufficient English to participate in the study. The rationale for exclud-
ing participants who had previously engaged in an exercise interven-
tion during treatment was to accurately capture participants’ VO3 yeak
at the end of active therapy and to ensure that both groups were well
matched at baseline.

CPET, pulmonary function tests (PFT), strength and flexibility
assessments were conducted in the pulmonary function testing labora-
tories at Women'’s and Children’s Hospital (North Adelaide, South Aus-
tralia) and Peter McCallum Cancer Centre (Melbourne, Victoria).

2.1 | Exercise group versus standard care
Participants randomized to the exercise intervention group were asked
to attend two supervised exercise sessions per week for 10 weeks.
Exercise sessions were conducted at hospital and community-based
gymnasiums. Exercise interventions were tailored to each individual
participant utilizing aerobic and resistance training guidelines as rec-
ommended by the American College of Sports Medicine and Exercise
and Sports Science Australia.”3! Exercise sessions were supervised by
accredited exercise physiologists (AEP) with exercise intensity moni-
tored using heart rate monitors and the Borg scale.32 The goal of the
exercise intervention was to increase VOye, and muscular strength.

The format of the exercise intervention is summarized in Table 1.
Initially, aerobic exercise was performed at moderate intensity (50%-
60% maximum heart rate) with progressive increases in intensity every
2-3 sessions, such that participants were ultimately exercising at high
intensity (> 85% maximum heart rate). Aerobic exercise was conducted
on a bicycle ergometer, arm ergometer, or treadmill depending on the
participant’s preference.

Resistance training utilized machines and free weights. Each partic-
ipant completed 6-8 resistance exercises alternating between upper

and lower limbs. Participants completed 2-3 sets of 8-12 repetitions
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TABLE 1 Format of exercise sessions
Aerobic training Resistance training
Training No. sessions Duration Intensity % Duration
week? per wk (min/session)® HR max (min/session) Sets,n Reps, n
1-3 2 15-20 50-60 ~15-20 1-2 8-12
3-6 2 20-25 60-85 ~20-25 2-3 8-12
6-10 2 25-30 >85 25-30 3 8-10

Abbreviations: %HR max, percentage of heart rate maximum; Reps, number of repetitions.
aThe training program above is a guideline only; clinical judgment was applied in order to regress or progress the exercise program as tolerated. All exercise

sessions were supervised by accredited exercise physiologists.

bAerobic exercise was performed in shorter bouts (5-10 min) initially to account for fatigue or reduced exercise capacity.

at > 80% of 10-repetition maximum (10RM). Resistance exercises
were progressed either via increased load, repetitions, or set as toler-
ated every 2-3 sessions. If a participant was unable to progress aero-
bic or resisted exercises, no changes were made to the exercise pre-
scription. If a participant was feeling unwell, exercise intensity was
regressed or progressed as tolerated. Participants with physical impair-
ments (e.g., limb-salvage surgery and weight-bearing restrictions) com-
pleted individually adapted exercise programs. These adhered to
the aerobic and resistance training guidelines mentioned above but
could include exercise with resistance bands, joint range of motion
exercises, balance training, and modifications to exercise intensity if
indicated.

The control group received usual care, with no specific exercise
guidance or restrictions.

2.2 | Assessment and outcome measures

Participants completed assessments at baseline, 10 weeks (+2 weeks),
and 6 months (+2 weeks). Questionnaires were administered electron-
ically. Blinded outcome assessors were used for strength and flexibility
measures, and laboratory staff were blinded to group allocation when
conducting CPET and PFT.

2.3 | Cardiopulmonary exercise testing (VO3peak)

CPET was conducted according to the American Thoracic Soci-
ety/American College of Chest Physicians (ATS/ACCP) guidelines.3?
All tests were conducted on an electronically braked cycle ergometer
(Howard Keller EK Ergoline, Germany), with breath-by-breath gas
analysis (MasterScreen CPX metabolic cart, Vyaire Medical, Mettawa,
Illinois). The equipment was controlled by Jaeger software (JLAB
V5.32.0, Vyaire Medical, Mettawa, lllinois). All equipment in the Lung
Lab met 2005 American Thoracic Society and European Respiratory
Society (ATS/ERS) guidelines.®* Metabolic equipment was calibrated
prior to each individual test. Participants underwent a pretest medical
screen to identify absolute or relative contraindications to CPET
as per ATS/ACCP guidelines.®® Testing was supervised by an AEP, a
laboratory technician, and a medical professional trained in CPET.

Resting data were collected for blood pressure, continuous electrocar-
diogram, pulse oximetry, and breath-by-breath gas exchange data for
five minutes. The patient was then instructed to cycle at 60-70 RPM at
a predetermined wattage for one minute, with continuous monitoring
of vital signs. Workloads were then increased between 3 and 8 watts
(depending on predicted peak wattages as described in ref. 35) every
20 seconds until volitional exhaustion or symptom limitation. During
exercise, oxyhemoglobin saturation (Nellcore forehead oximeter, Hay-
ward, California) and blood pressure (Welch Allyn manual auscultatory
sphygmomanometer, Skaneateles Falls, New York) were monitored
every two minutes, and continuous 12-lead electrocardiogram was
monitored for ischemic changes or arrhythmias. Dyspnea and leg
fatigue were assessed every two minutes using the Borg scale.3?

24 | Strength and flexibility

Strength and muscular endurance were assessed by maximal grip
strength using a hydraulic hand grip dynamometer (Saehan, SH5001,
Masan, Korea), maximal back and leg strength using a hydraulic back
and leg dynamometer (Baseline Back-Leg-Chest Dynamometer, Via
Industrial, Bogot4, DC Colombia), the maximal push-ups test for males
and modified maximal push-ups test for females, and the maximal sit-
up test.3¢ Trunk flexibility was measured using a sit and reach box (Flex-
Tester Sit and Reach Flexibility Test Box, Novel Products Inc. Rockton,
Illinois) and shoulder flexibility by the back scratch test using a 30-
cm ruler.3738 Outcome assessors were blinded to group allocation and
completed intra- and interrater reliability testing. Intraclass correla-
tion coefficients (ICC) were used to assess the reliability of outcome

assessors. All ICC were above 0.90, indicating good reliability.3?

2.5 | Pulmonary function

PFT were conducted as per ATS/ERS guidelines.*°-#2 Forced expira-
tory volume in one second (FEV4), forced vital capacity (FVC), and
diffusing capacity for the lungs using carbon monoxide were mea-
sured on a spirometer (Carefusion Masterscreen PFT 2004, Vyaire
Medical, Mettawa, lllinois) and controlled by SentrySuite software
V2.19.96.
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2.6 | Quality of life and fatigue

The Pediatric Quality of Life Inventory (PEDS QL) Cancer Module (Teen
version 4 [13-18 years] and Young Adult version, 4 [18-25 years]) was
used to assess QOL.* Fatigue was assessed by the Functional Assess-
ment of Chronic Iliness Therapy-Fatigue (FACIT-F).** These question-
naires were administered at baseline, 10-week, and 6-month assess-

ments.

2.7 | Leisure time physical activity

The Godin-Shephard Leisure Time Physical Activity Questionnaire
(GSLTPAQ)*® was used to assess leisure time physical activity at base-
line, 10-week, and 6-month assessments. The GSLTPAQ is a four-item
self-administered questionnaire seeking information on the number
of times respondents engage in mild, moderate, and strenuous leisure
time physical activity for bouts of at least 15 minutes in a typical week.
The resulting leisure score index (LSI) is a measure of total weekly
leisure time physical activity of moderate and strenuous intensity. LSI
scores can be used to rank individuals from highest to lowest phys-
ical activity levels or to classify respondents into sufficiently active
(LSI > 24) or insufficiently active (LSI<23) categories according to pub-

lished guidelines.*®

2.8 | Anthropometric measures

Height was measured using a stadiometer (SECA 285, Seca, Hamburg,
Germany) and body mass using standard medical scales (AND UC-321
Precision Scale, A&D Company Limited, Saitama, Japan).2¢ Body mass
index (BMI) was calculated as weight/height2. Waist circumference
was measured in the horizontal plane at the superior border of the right
iliac crest. The average of three measurements to the nearest 0.5 cm

was recorded.3¢

2.9 | Exercise adherence and adverse events

Adherence was measured by the number of sessions attended dur-
ing the 10-week intervention. Any adverse events were recorded and
graded according to the Common Terminology Criteria for Adverse

Events Version 4.4¢

2.10 | Sample size

A power calculation for sample size estimation, based on data from
Jones et al.,*” assumed a between-group equivalent effect size of
d = 0.65 mL/kg/min for VOjpe,k (considered to be medium using
Cohen'’s criteria). With an alpha = 0.05 and power = 0.80, a sample of

n = 38 in each of the control and intervention groups was required to

detect this effect between the two groups at 10 weeks post baseline

size for VOppeak mLkg=L.min=2.

2.11 | Randomization

Participants were randomly assigned to either the exercise interven-
tion group or control group following baseline assessment. Participants
were stratified according to gender and treatment intensity (high vs
moderate; adapted from the Intensity of Treatment Rating Scale348
(Supporting Information Table S2) and randomized by block randomiza-
tion with a 1:1 allocation using mixed block sizes of 2 and 4. Allocation

was concealed by opaque envelopes at the coordinating site.

2.12 | Statistical analysis

Continuous outcome variables were analyzed using a linear mixed-
effects model to test for the effect of treatment at 10 weeks and 6
months after baseline. Each model included terms for time period
(10 weeks, 6 months), treatment group (exercise group vs standard
care), and the interaction of time period and treatment group, with
control for the outcome measure at baseline. As gender and treatment
intensity were used to stratify the randomization, these variables
were also controlled for in the model. An unstructured covariance
matrix was used to account for repeated measurements over time.
Assumptions of a linear mixed-effects model were found to be
upheld by inspection of histograms and scatter plots of residuals,
variance, and predicted values. Treatment effects are described as
mean differences at 10 weeks and 6 months with 95% confidence

intervals.
3 | RESULTS
3.1 | Participants

One hundred eighty-one AYA cancer patients were assessed for eligi-
bility: 43 consented to study, 20 declined, and 118 did not meet the
inclusion criteria (Figure 1). The high screen failure rate largely related
to the fact that one of the three recruiting centers offered exercise
during cancer treatment as standard of care and listed all of these
patients as assessed but ineligible. That site only recruited participants
who were externally referred after completing their cancer treatment
in neighboring hospitals. Specifically, of the 118 participants who did
not meet the inclusion criteria, 70 participants had participated in an
exercise intervention during active treatment, 20 declined participa-
tion, and 48 did not meet other eligibility criteria.

The median age was 20 + 3 years, 47% were female, and the mean
BMI was 25 + 6 kg/m2. The most common tumor type was Hodgkin
lymphoma (37%). The mean number of days from the last dose of ther-

apy to baseline assessment was 24 + 10 days (Table 2).



ATKINSON ET AL.

WILEY——2

Assessed for eligibility (n=181)

Enrollment

Excluded (n= 138)
Not meeting inclusion criteria (n= 48)
Declined to participate (n=20)

Participated in an exercise program
during treatment (n=70)

Randomized (n= 43)

Baseline assessment

Exercise arm
Completed baseline assessments (n=22)

Male: Female:
Allocated to exercise Allocated to exercise
intervention (n=11) intervention (n=11)

Control arm
Completed baseline assessments (n=21)

Male: Female:
Allocated to usual care Allocated to usual care
(n=12) (n=9)

10 week assessment

Completed 10 week assessments (n=21)
Withdrew (n=1)

Completed 10 week assessments (n=18)
Withdrew (n=3)*

Male:
Lost to follow-up (n=0)

Female:
Lost to follow-up (n=1)
Reason:
- Did not correspond post
baseline assessment (n=1)

Male:
Lost to follow-up (n= 1)
Reason:

- Relapsed disease (n=1)

Female:
Lost to follow-up (n= 2)
Reasons:
- Respiratory infection* (n=1)
- Did not correspond post
baseline assessment (n=1)

6 month assessment

Withdrew (n=2)

Completed 6 month assessments (n=19)

Male:
Lost to follow-up (n=1)
Reason:

- Injury, not related to study
(n=1)

Female:
Lost to follow-up (n=1)
Reason:

- Pregnancy (n=1)

Completed 6 month as
Withdrew (n=5)

sessments (n= 14)

Male:
Lost to follow-up (n= 3)
Reasons:

- Relocated overseas (n=1)
- Not interested (n=1)

Female:
Lost to follow-up (n= 1)
Reason:

- Unwell (n=1)

- Not interested (n=1)

- No response (n=1)

FIGURE 1 Flow chart of study protocol. "Unable to complete the 10 week assessment due to respiratory infection, completed 6 month

assessment

3.2 | Cardiopulmonary fitness

CPET data at baseline, 10 weeks, and 6 months are presented in
Table 3. Of the 115 tests conducted during the study, 114 (99%) were
considered maximal intensity according to the ATS/ACCP guidelines.33

Mean VOj,ex at baseline prior to randomization was

26.5 mLkg~t.min~!, with a mean percent predicted VOjpey Of

69% + 15%. There was no significant difference between VO,cak
in the exercise versus control arms at baseline. At the 10-week
follow-up, mean VOgpe ¢ in the exercise versus control arm was
33.8 + 8.1 vs 29.6 + 7.6 mLkg L.min~1 (P = 0.0002) and percent
predicted was 87.6% + 12.5% vs 77.4% + 16.9% (P = 0.0012); how-
ever, there were no significant differences at six months between

groups.
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TABLE 2 Baseline characteristics of participants (n = 43)

Variable No. %
Age mean +SD,y 20+3
Female % 20 47
Weight, mean + SD, kg 73+ 16
BMI, mean + SD, kg/m? 25+ 6
Diagnosis
Sarcoma 12
Ewing sarcoma 3
Synovial sarcoma 2
Leukemia 9
Acute myeloid leukemia 1
Acute promyelocytic 1
leukemia
Acute lymphoblastic 2
leukemia
Hodgkin lymphoma 37
Classical Hodgkin lymphoma 14
Nodular lymphocyte 2
predominant
Non-Hodgkin lymphoma 21
Diffuse large B-cell 4
Pre-B lymphoblastic 1
lymphoma
T-cell lymphoblastic 1
lymphoma
Burkitt lymphoma 1
Gray zone lymphoma 1
Follicular lymphoma 1
Germ cell 19
Mixed germ cell tumor of the 8
testis
Ovarian germ cell tumor 2
Retroperitoneal 1
nonseminomatous
Pineal germinoma 1
Intracranial germinoma 1
Other 2
Medulloblastoma 1
Treatment intensity
Moderate intensity 28 65
High intensity 15 35

Abbreviations: BMI, body mass index; SD, standard deviation; y, year.

3.3 | Strength and flexibility
Maximal push-ups was superior in the exercise group (P = 0.015) when
compared with controls at 10 weeks; however, the benefit was not

sustained at 6 months. All other strength and flexibility measures did

not reach statistical significance (Table 4). Both groups demonstrated
improvements in strength, muscular endurance, and flexibility across
multiple outcome measures, including maximal back and leg strength,
right and left grip strength, maximal sit-ups, hamstring flexibility, and
right and left shoulder flexibility.

3.4 | Quality of life and fatigue

There were no significant differences in total QOL, domains of QOL,
and fatigue between groups at 10 weeks or 6 months (Table 5). How-
ever, both groups demonstrated improvements in total QOL, and cer-
tain QOL domains including pain, nausea, cognitive, appearance, com-

munication and worry, and fatigue.

3.5 | Leisure time physical activity

Both groups were considered to be insufficiently active at baseline
as indicated by an LSI <23 (exercise 21.6 + 31.9 vs control 21.6 +
26.7). There was no significant difference in total leisure time phys-
ical activity according to the GSLTPAQ at 10 weeks (P = 0.17) and
6 months (P = 0.61). Both groups were sufficiently active as indicated
by an LSI > 23 at the 10-week (41.4 + 18.6 vs 32.9 + 26.8) and 6-month
assessments (34.4 + 29.1vs 34.3 + 18.6).

3.6 | Anthropometric measures

At baseline, there were no significant differences between groups in
mean height (171 vs 173 cm, P = 0.29), weight (71.0 + 14.9 vs 76.1 +
17.2kg, P=0.0514), or BMI (24.6 + 6.3vs 25.2 + 4.6 kg/m?, P = 0.072).
There were no significant differences in body mass or BMI at 10 weeks;
however, at 6 months there were significant differences in body mass
(70.1 + 11.3 kg vs 77.7 + 12.5 kg [adjusted mean difference —3.7 95%
Cl, —6.40 to —1.00, P = 0.0086]) and BMI (24.1 + 4.8 vs 26.0 + 4.3
[adjusted mean difference —1.26, 95% Cl, —2.13 to —0.38, P = 0.0062])

favoring the exercise arm.

3.7 | Exercise adherence and adverse events

The adherence rate to the exercise intervention was 90% (range, 70%-
100%), with participants completing a mean of 18 + 2 of the planned
20 sessions. Three participants required modifications to their exer-
cise program (as described in Methods) due to physical limitations post-
Ewing sarcoma treatment (one limb-salvage surgery of the humerus;
two with weight-bearing restrictions).

Five minor adverse events were recorded during CPET (all grade 1)
and one participant experienced an adverse event during PFT (grade 2).
Adverse events included post-CPET nausea (two episodes), vomiting
(two episodes), and one participant had a drop in systolic blood pres-

sure > 20 mm Hg following CPET, which rapidly normalized with rest.
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TABLE 3 Exercise capacity and pulmonary function (n = 43)

Exercise Usual care Adjusted mean
Variable Time period (mean STD) (mean STD) difference (95% CI)? pb
Age Baseline 20.59(3.2) 20.9(2.6) 0.4874
Weight Baseline 71.00 (14.96) 76.05(17.22) 0.0514
BMI Baseline 24.61(6.30) 25.12 (4.66) 0.0720
VOjpeak ML . kg™ . min=? Baseline 27.20(7.11) 25.82(7.38) 0.2431
10 weeks 33.84(8.10) 29.61(7.60) 4.06(2.07, 6.06) 0.0002
6 months 32.88(7.02) 30.95(11.02) 2.26(-1.37,5.89) 0.2146
VO peak %Pred Baseline 70.59 (13.39) 68.19 (16.49) 0.1174
10 weeks 87.57(12.46) 77.39(16.94) 8.63(13.59,3.67) 0.0012
6 months 85.79(12.24) 84.14(21.70) 3.17(10.47,4.14) 0.3844
RR @ Peak, breaths min—? Baseline 44,98 (8.95) 42.74(10.08) 0.6350
10 weeks 45.68(11.32) 44.13(11.06) —0.50(4.84,-5.83) 0.8507
6 months 49.66 (26.54) 46.63(9.30 2.75(16.55,-11.04) 0.6874
Anaerobic threshold Baseline 17.15(4.17) 17.14(6.32) 0.8384
10 weeks 20.31(5.79) 18.56 (6.92) 2.27(-0.41,4.96) 0.0947
6 months 20.98(6.43) 20.54(7.76) 1.84(-2.18,5.85) 0.3596
VOjpeak L. min~1 Baseline 1906 (408.71) 1973 (665.94) 0.0398
10 weeks 2347 (537.79) 2311(704.58) 145 (283.28,7.34) 0.0396
6 months 2293(476.33) 2509 (810.28) —88.45(137,-314) 0.4317
Workload, watts Baseline 158(38.12) 167.38 (59.30) 0.0770
10 weeks 196 (47.91) 192.72(62.04) 16.28(26.45, 6.12) 0.0025
6 months 193(43.48) 202.57 (72.04) 4.69(19.20,9.82) 0.5163
RER Baseline 1.33(0.12) 1.33(0.11) 0.5517
10 weeks 1.26 (0.07) 1.29(0.09) 0.03(0.02,0.08) 0.2816
6 months 1.27 (0.09) 1.27(0.12) 0.01(0.05,0.07) 0.7600
VE @peak L. min~1 Baseline 92.26(21.96) 96.23(38.78) 0.5965
10 weeks 100.03(33.39) 105.46 (42.28) —-3.11(11.11,-17.34) 0.6592
6 months 98.06 (29.69) 112.44(39.26) —6.87(5.69,19.43) 0.2740
Pulmonary function
FEV,, L Baseline 3.53(0.90) 3.98(0.88)
10 weeks 3.57(0.90) 4.05(1.02) —0.05(0.11,0.20) 0.5491
6 months 3.63(0.89) 4.03(0.84) 0.00(0.12,-0.12) 0.9721
FVC,L Baseline 4.24(1.23) 4.79(1.31)
10 weeks 4.32(1.22) 4.90(1.29) —0.08 (0.07,-0.22) 0.2926
6 months 4.46 (1.23) 4.87(1.19) 0.00(0.13,-0.13) 0.9882
Dico (agyy ML. min~t . mm Hg Baseline 23.44(6.21) 26.93(8.29)
10 weeks 24.61(6.11) 28.78(7.76) —0.86(0.58,-2.31) 0.2327
6 months 25.61(6.02) 28.86(6.87) 0.73(-0.93, 2.40) 0.3753

Abbreviations: 95% Cl, 95% confidence interval; BMI, body mass index; DLCO, diffusion capacity of the lung for carbon monoxide adjusted for alveolar ven-
tilation; FEV 1, forced expiratory volume in one second; FVC, forced vital capacity; RER, respiratory exchange ratio; RR, respiratory rate; VE @peak, minute
ventilation at peak exercise; VO, peak oxygen consumption.

aExercise group versus control group. Model is adjusted for gender, treatment intensity, and outcome at baseline.

bThe first row P value for each outcome is the interaction P value. Bold font indicates statistical significance.
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TABLE 4 Strength and flexibility (n = 43)

Variable Time period Exercise (mean SD)
Max back leg strength Baseline 96.55(29.67)

10 weeks 114.00 (33.62)

6 months 117.58(35.22)
Max grip strength right Baseline 36.77 (9.52)

10 weeks 40.10(9.52)

6 months 39.63(10.62)
Max grip strength left Baseline 35.35(9.92)

10 weeks 37.58(9.62)

6 months 38.75(9.90)
Max sit-ups Baseline 11.55(8.53)

10 weeks 19.00(12.58)

6 months 20.84(12.13)
Max push-ups Baseline 12.73(9.91)

10 weeks 21.33(11.00)

6 months 23.68(10.04)
Hamstring flexibility Baseline 16.43(13.69)

10 weeks 21.19(11.23)

6 months 21.53(11.65)
Back scratch right Baseline —-3.14(7.72)

10 weeks —4.26 (7.38)

6 months —6.11(4.95)
Back scratch left Baseline 1.68(8.32)

10 weeks -0.29 (8.22)

6 months —-1.13(8.11)

Adjusted mean

Usual care (mean SD) difference (95% CI)? pb

91.90 (43.00) 0.0084
103.33(46.14) 5.47(-8.55,19.49) 0.4333
118.21(52.54) —8.51(-23.12,6.10) 0.2446
36.05(16.31) 0.0433
40.26 (17.74) —0.55(—4.47,3.38) 0.7795
42.96(18.42) —4.02(-9.15,1.10) 0.1200
36.83(14.24) 0.3049
39.49(13.85) —0.17 (-2.95,2.61) 0.9025
41.64(13.50) —1.50(—4.60, 1.60) 0.3324
14.29 (10.90) 0.4519
18.17 (10.43) 3.85(—1.83,9.53) 0.1776
21.50(11.58) 1.87(-5.32,9.07) 0.6004
11.38(9.52) 0.6360
15.22(12.95) 5.29(1.11,9.46) 0.0146
19.43(12.80) 4.36(—1.50,10.23) 0.1401
17.74(7.06) 0.0749
20.50(8.37) 1.29(-2.90,5.47) 0.5373
24.68(8.21) —1.40(-6.22,3.43) 0.5606
—2.60(7.51) 0.1348
-3.31(7.23) —0.01(-3.06, 3.04) 0.9936
—2.43(7.92) —2.16 (-5.63,1.30) 0.2130
0.62(8.89) 0.6656
1.81(7.71) —1.95(-5.55,1.64) 0.2779
0.89(7.17) —1.26 (-4.07,1.54) 0.3660

Note. Max back and leg strength measured using Baseline Back-Leg-Chest Dynamometer; max grip strength measured using a Saehan, SH5001 grip
dynamometer on the right and left hand; max sit ups indicates maximal sit ups in 60 seconds; max push up indicates maximal push up; hamstring flexibil-
ity measured using a Flex-Tester Sit and Reach Flexibility Test Box; back scratch test measured using a 30 cm ruler on the right and left arm.

Abbreviations: 95% Cl, 95% confidence interval; SD, standard deviation.

aExercise group versus control group. Model is adjusted for gender, treatment intensity, and outcome at baseline.
bThe first row P value for each outcome is the interaction P value. Bold font indicates statistical significance.

One participant experienced a spontaneous nosebleed during PFT. No
adverse events occurred during supervised exercise sessions. Six par-
ticipants were referred for cardiology review due to arrhythmias or
abnormal responses to exercise during CPET that were hitherto unde-
tected, including one participant with transient ST elevation. No treat-

ment was required.

4 | DISCUSSION

The primary finding of this study was that a 10-week structured exer-
cise program was associated with a highly significant improvement
in VOgpeak in AYA who had recently completed cancer treatment.
However, the extent of this difference diminished by the six-month
assessment. This suggests that such an exercise program accelerates
improvement in cardiorespiratory fitness following cancer treatment.

Before discussing the primary outcome further, one of our
most striking findings was the extent of deconditioning at baseline
assessment. The mean VOj,., at baseline for our entire cohort
(26.5 mL.kg~1.min~1) was below the fifth percentile for age- and sex-
matched normative data from the general population. Specifically, it
was more than 40% lower than the median VO, for healthy 20-29-
year-olds without a history of cancer (54 + 8.7 mL.kg~1.min~1 for men;
42.9 + 7.6 mL.kg~L.min~1 for women), and more than 30% lower than
that seen in inactive healthy 20-29-year-olds (i.e., those exercising
less than once per week or never; men 46.9 + 9.1 mLkg 1.min~1,
women 36.7 + 7.7 mLkg~t.min™1).4? The baseline mean VOye for
our AYA cancer cohort was lower than the results observed in cystic
fibrosis and other chronic diseases, and was similar to that of seden-
tary persons aged in their seventies.*?>% Schneider and colleagues
observed comparable impairments in the cardiorespiratory fitness of
young adult cancer survivors,® reporting that the average VOjpeak
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TABLE 5 Quality of life and fatigue (n = 43)

Exercise arm

Quality-of-life domain Time period mean SD
Pain Baseline 68.18 (23.69)
10 weeks 82.74(13.96)
6 months 81.25(23.47)
Nausea Baseline 58.41(26.43)
10 weeks 86.19(16.35)
6 months 90.00 (15.13)
Procedural anxiety Baseline 78.79(21.01)
10 weeks 83.33(19.54)
6 months 80.00(26.55)
Treatment anxiety Baseline 77.65(25.64)
10 weeks 76.19 (26.52)
6 months 73.33(30.66)
Worry Baseline 53.03(27.76)
10 weeks 63.10(20.00)
6 months 67.50(26.06)
Cognitive Baseline 72.05(18.17)
10 weeks 76.90(17.06)
6 months 74.50(22.41)
Appearance Baseline 65.53(29.80)
10 weeks 70.24(26.30)
6 months 75.42(27.90)
Communication Baseline 76.14(21.87)
10 weeks 80.16 (19.63)
6 months 80.83(21.98)
PEDS QL total score Baseline 20.36 (5.10)
10 weeks 22.92(4.27)
6 months 23.07 (5.43)
FACIT fatigue subscore Baseline 38.23(10.41)
10 weeks 44.62 (9.64)
6 months 41.35(10.28)

WILEY——"

Control arm Adjusted mean

mean SD difference (95% Cl)? pb
61.90(22.87) 0.6364
73.03(23.30) 9.59(-2.32,21.50) 0.1110
78.57(18.62) 6.13(—8.29,20.55) 0.3939
63.10(24.31) 0.6556
79.74(20.03) 7.46 (—4.37,19.30) 0.2090
82.14(23.59) 9.67 (—3.22,22.57) 0.1367
80.56(21.62) 0.5333
89.04(19.45) —5.45(-14.79,3.89) 0.2440
91.67(20.41) —8.04(—20.22,4.14) 0.1889
76.59 (27.59) 0.6560
78.51(28.37) —3.88(—13.77,6.01) 0.4312
85.12(22.45) —6.78(—20.36, 6.81) 0.3180
58.33(24.44) 0.8893
61.40(30.71) 5.01(-7.59,17.62) 0.4250
69.64(22.07) 3.83(—9.44,17.09) 0.5618
66.19 (24.95) 0.8977
73.95(25.85) —1.88(—10.90, 7.15) 0.6755
70.00 (21.84) —1.07 (-12.73, 10.60) 0.8540
61.90(30.80) 0.4739
64.47 (28.98) 2.73(-8.36,13.81) 0.6207
67.26(28.95) 7.37 (—5.60, 20.35) 0.2566
74.21(23.56) 0.8052
73.25(29.86) 4.38(-7.16,15.92) 0.4464
77.98 (25.45) 3.12(-9.19,15.44) 0.6098
20.10(5.37) 0.8828
21.98 (6.08) 0.66 (—1.47,2.80) 0.5337
23.05(4.78) 0.80(-1.63,3.24) 0.5075
32.95(10.92) 0.0354
42.00(10.24) —0.43(—5.68,4.81) 0.8673
45.43 (6.56) —4.63(-11.01,1.75) 0.1496

Abbreviations: 95% Cl, 95% confidence interval; FACIT, Functional Assessment of Chronic Iliness Therapy; PEDSQL Pediatric Quality of Life Inventory; SD,

standard deviation.

aExercise group versus control group. Model is adjusted for gender, treatment intensity, and outcome at baseline.

bThe first row P value for each outcome is the interaction P value.

for 19-39-year-olds after treatment was 23.8-26.7 mL.kg~1.min~!
for females and 25.0-27.6 mLkg=L.min~! for males. This degree
of impairment is comparable to that observed post-cancer treat-
ment in older adults.>® Moreover, studies of older adults and adult
survivors of childhood cancer have consistently demonstrated that
impaired cardiorespiratory fitness persists long after treatment,
and is associated with increased mortality, highlighting the impor-
tance of recognizing and addressing this potentially modifiable risk
factor.>°1

The magnitude of the exercise-induced improvement in cardiores-

piratory fitness in our study was at least comparable to that reported

for exercise interventions in older adult cancer survivors.2’% Specif-
ically, a systematic review in adult cancer patients with a mean + SD
age of 55 + 7.5 years reported that exercise therapy was associ-
ated with an increase in VOyppeqi Of 2.80 mL.kg=t.min=1,28 whereas
our exercise participants exhibited an increase of 6.64 mL.kg=1.min=1
between baseline and 10-week measures. Although studies of older
adults usually report no improvement or a decline in the control

2851 our control group unexpectedly improved by

group’s VOzpeak,
3.79 mL.kg~1.min~1. This surprising improvement may be explained by
our study design not restricting controls from exercising, and indeed

the GSLTPAQ results indicated that controls increased their leisure
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time physical activity from baseline to 10-week assessment, although
not to the same degree as the exercise intervention group. Ultimately,
the difference in VOyp,eo between exercise participants and controls at
10 weeks (2.85 mL.kg~1.min~1) was comparable to the between-group
difference of 2.13 mL.kg~L.min~1 reported in a meta-analysis of exer-
cise studies involving older adult cancer survivors.??

Although both of our groups exhibited an increase in VOypeax
at 10 weeks, the greater degree of improvement in VO, in the
exercise arm may result from the receipt of a structured program. The
benefit of a structured program may relate to greater accountability
and/or motivation, opportunity for additional exercise, and the AEP’s
expertise in individualizing therapy and progressively increasing the
intensity of exercise.1®

It is interesting to note that the difference in VOype ¢ between
groups at 10 weeks was no longer evident by 6 months. Specifi-
cally, the exercise group’s VOypeai plateaued between 10 weeks and
6 months, whereas the controls’ VOyp,e,¢ continued to improve such
that both groups had comparable cardiorespiratory function by 6
months. This suggests that the exercise program accelerated recov-
ery, but that this trajectory was not sustained over time. Even if
the two groups ultimately achieved a similar measure of cardiores-
piratory function, an earlier recovery may facilitate a more rapid
return to physically demanding activities that are important to AYA
such as employment, education, and peer activities.’>>3 Despite the
improvement in VOypeqi at six-month follow-up (exercise 32.88 +
7.02 mL.kg=L.min~1 vs control 30.95 + 11.02 mL.kg~L.min~1), both
groups remained not only below age-matched population norms (men,
54 + 8.7 mLkg~1.min~1; women, 42.9 + 7.6 mL.kg~1.min~1), but also
below the population norms for inactive healthy young adults (men,
46.9 + 9.1 mL.kg=1.min~1; women, 36.7 + 7.7 mL.kg~1.min~1).4? This
observation together with the plateau in VO, after completing
the exercise program indicates that a maintenance exercise program
should be investigated to determine whether continued improvement
can be achieved.

Despite the exercise arm demonstrating a substantially better
VOypeak at 10 weeks compared with controls, the trend toward bet-
ter muscular strength in the exercise group did not reach statistical sig-
nificance. This may indicate that the intensity of our resistance train-
ing was insufficient, and perhaps needed to include assessment of 1RM
as opposed to 10RM and higher training intensities at the start of the
exercise program. Despite overall improvements in muscular strength,
grip strength in our cohort remained below population reference val-
ues (male 47 + 9.5 kg, female 30 + 7 kg, right hand). Impaired grip
strength is associated with physical frailty and increased mortality
from cardiovascular disease.”*

Some studies in older adult cancer survivors have demonstrated

exercise-related improvements in QOL and fatigue,10:17:445>

although
this has not been consistent.>® We did not observe significant differ-
ences in QOL (total score or within QOL domains) or fatigue scores
between groups at the 10-week or 6-month assessment, although our
study was not powered to demonstrate a change in these measures.
Additionally, the fact that our control arm recorded a similar volume

of leisure time physical activity to the intervention arm (as indicated

by the GSLTPAQ) at the six-month assessment and demonstrated
improvements in VOype, superior to control groups in other studies
may explain why both groups exhibited similar improvements in QOL
and fatigue scores. Because aerobic exercise is more effective than
combined aerobic and resistance exercise for cancer-related fatigue in
older adults,”” future studies addressing fatigue in AYA could focus on
aerobic exercise rather than our combined approach.

The high adherence and low adverse event rates observed in our
study indicate that a structured exercise program is acceptable, safe,
feasible, and well tolerated in AYA soon after cancer treatment. How-
ever, as highlighted by our CONSORT diagram (Figure 1), a large num-
ber of patients were excluded due to either cancer-related physical
disability or a preference for an exercise intervention during rather
than after treatment. Consequently, future research priorities include
developing alternative approaches for individuals whose disability pre-
cludes participation in conventional exercise programs, and evaluating
the safety and feasibility of AYA undertaking exercise programs during
active treatment.

A strength of the study was the use of CPET testing with VOc,«
analysis as the primary outcome measure. Efforts to minimize bias
included blinding outcome assessors to the randomization outcome,
ensuring similarity of groups at baseline by stratifying according to
treatment intensity and gender, and standardization of the interven-
tion. The study also had a high level of adherence and, although we
experienced 23% attrition by six months, there was only 10% attrition
for the primary outcome assessment at 10 weeks. Unlike many adult
studies, measures of safety and fidelity were reported. In particular,
six participants were referred to cardiology after detection of hitherto
unrecognized arrhythmias or abnormal responses to exercise during
CPET. Given the risk of cardiovascular late effects in AYA,” future stud-
ies may investigate whether CPET assessment could facilitate early
identification of treatment-related cardiac dysfunction.

Several limitations need to be considered. Due to many potential
patients preferring to participate in an exercise program during treat-
ment, our study was unable to recruit the number of participants
required to achieve appropriate power. This may have particularly
affected the six-month comparison, which suffered from 23% attrition.
Low patient numbers have been a common deficiency in most pub-
lished studies of exercise in children and young adults.2®> Additionally,
because cancer in AYA is infrequent, we elected to recruit a mixture
of cancer types. Despite attempting to stratify for treatment inten-
sity, this heterogeneity still may have affected the results. Also, the
nature of the study may have attracted participants with a preexist-
ing positive attitude to exercise. This may have influenced the vol-
ume of leisure time physical activity performed by the control arm.
Given that our control arm reported more leisure time physical activ-
ity than previous studies of AYA cancer patients,'® we speculate that
our controls’ results may overestimate the cardiorespiratory fitness of
patients receiving usual care.

In conclusion, this study demonstrated that a structured 10-week
exercise program improved VOy,e, more rapidly in AYA who had
recently completed cancer treatment. However, this improvement

plateaued such that results were similar to controls by six months,
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suggesting that a continuing maintenance exercise program warrants
investigation. Baseline VOypeq in our entire cohort was consider-
ably lower than expected for age, and, despite both groups improv-
ing, the six-month results remained below population norms. Future
studies should investigate whether exercise during cancer treatment
in AYA may offset this degree of deconditioning. Additionally, alterna-
tive approaches are warranted for AYA who are unable to participate
in conventional exercise programs due to their cancer- or treatment-

related disability.
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