
Multimodal intervention integrated into the clinical
management of acute leukemia improves physical
function and quality of life during consolidation
chemotherapy: a randomized trial ‘PACE-AL’

Management of acute leukemia has seen a trend
toward outpatient treatment strategies to reduce the neg-
ative effects of prolonged hospitalization.1 Outpatient
treatment requires frequent hospital visits with ongoing
transfusion support, symptom management, and infec-
tion surveillance. Physical activity and psychosocial sup-
port have been applied as rehabilitative strategies to pre-
vent functional decline and manage treatment-related
symptoms predominantly in oncology patients following
adjuvant chemotherapy.2 There is a need for clinical-
based comprehensive rehabilitation strategies initiated
early, i.e. prior to stem cell transplantation, that address
the specific needs and challenges, i.e. physical deteriora-
tion and treatment-related symptoms, of patients with
acute leukemia during treatment.3,4 

We conducted a randomized controlled trial (PACE-AL;
clinicaltrials.gov identifier: 01404520)5 to investigate the
effect of a 12-week multimodal intervention of aerobic,
strength and relaxation exercise, nutrition support,
pedometer and health counseling in patients with acute
leukemia during consolidation treatment. It was hypoth-
esized that the multimodal intervention would minimize
physical and functional debilitation, increase physical
activity levels, reduce the symptom burden, i.e. fatigue,
and improve health-related quality of life (HRQOL) and
psychological wellbeing. 
Patients aged 18 years and over with a diagnosis of

acute leukemia were consecutively recruited from two
Copenhagen University hospitals from July 2011 to
January 2014; patients in complete remission after com-
pleting induction treatment were eligible. Exclusion crite-

ria were: severe or unstable psychological, cardiorespira-
tory, neurological or musculoskeletal disease, secondary
active malignancy, and abnormal electrocardiogram.
Patients were randomized to an intervention (IG) or con-
trol group (CG) and stratified for age (<45>years), sex,
and treatment facility. 
The IG group received standard care and the 12-week

multimodal intervention during consolidation treatment.
Each session was 1 hour +/- 10 min. between 10 am and
12 pm, three days a week, and took place during the
patient's outpatient visit. A safety precaution procedure
was instituted due to the risks associated with pancy-
topenia, i.e. participation if platelets were 15x109/L or
over.5 The supervised session consisted of stationary
cycling for 20-25 min with six work intervals to reach
80% of the maximal heart rate, six dynamic resistance
exercises using hand weights in 2 sets of 12 repetitions,
guided relaxation, and nutrition support (16-19 g protein
and 1600-2000 kj carbohydrate) within 30 min of exer-
cise. Patients were fitted with a pedometer (Omron
Walking Style Pro) at the first exercise session.
Counseling sessions (CS) of 30-60 min were conducted at
baseline, six and 12 weeks. CS were goal-oriented,
schematized and carried out individually to create a part-
nership with the patient to secure adherence to the inter-
vention and to increase the knowledge, skills and confi-
dence needed to promote positive health behavior. The
CG received standard care that did not include supervised
physical activity and/or health counseling. Patients were
not asked to refrain from physical activity. 
Of 94 eligible patients, 70  (mean 53.1 years) were ran-

domly assigned to the IG (n=34) or CG (n=36). During
the study period, two IG patients dropped out; one due
to emotional reasons, and one died from disease progres-
sion (2.9% attrition). In the CG, 5 patients withdrew due
to lack of motivation and one developed medical compli-
cations (8.6% attrition). In all, 62 of 70 patients (88.6%)
completed study requirements. There were no statistical-
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Table 1. Effect on physical capacity and functional performance (n=70).
Baseline 6 weeks 12 weeks % change Effect Group comparison

size Baseline – 12 weeks
Difference [95% CI], P

Unadjusted Adjusteda

6MWD (meter) n=70 n=63* n=61* n=61
Control 505.5 (90.5) 498.3 (111.3) 506.6 (113.4) 0.2 0.06 85.5 [51.2-119.8], P<0.0001 83.0 [46.5-119.5], P<0.0001
Intervention 523.0 (90.2) 567.3 (91.2) 620.0 (97.2) 17.3 1.00
VO2 max (L/min)      n=69** n=62**     n=60** n=60
Control 1.66 (0.45) 1.55 (0.42) 1.51 (0.43) -9.0 -0.33 0.66 [0.40-0.92], P<0.0001 0.65 [0.37-0.92], P<0.0001
Intervention 1.84 (0.43) 2.05 (0.50) 2.37 (0.60) 27.7 1.14
Sit to standR n=70 n=63*** n=61*** n=61
Control 14.0 (3.6) 14.8 (4.5) 15.2 (5.2) 5.0 0.15 4.6 [2.6-6.6], P<0.0001 4.1 [2.1-6.1], P<0.0001
Intervention 14.0 (6.2) 17.1 (6.5) 19.8 (6.8) 38.63 1.06

Left biceps curlR n=70 n=64 n=62 n=62
Control 19.6 (4.6) 20.0 (4.4) 20.4 (5.1) 1.0 0.04 5.2 [3.0-7.3], P<0.0001 5.2 [2.9-7.5], P<0.0001
Intervention 20.0 (5.7) 24.5 (7.3) 27.3 (8.0) 36.5 1.42
Right biceps curlR n=70 n=64 n=62 n=62
Control 18.8 (4.7) 19.7 (5.0) 20.4 (5.5) 6.2 0.22 7.1 [4.9-9.3], P<0.0001 7.1 [4.8-9.4], P<0.0001
Intervention 20.2 (5.9) 23.7 (6.4) 26.6 (7.7) 31.6 1.21

Mean [standard deviation (SD)] presented unless otherwise indicated. 6MWD: 6-minute walking distance in meters. R: number of repetitions. *Patient unable to carry out
6MWD (IG, n=1) at 6 and 12 weeks. **Patients unable to complete VO2max (IG, n=1 and CG n=1) at baseline, six weeks and 12 weeks. ***Patient unable to carry out sit to
stand (IG n=1) at six weeks and 12 weeks. VO2max (L/min) is calculated from the Aastrand-Rhyming ergometer test, a single stage 6-minute submaximal test. aAdjusted for
age, sex and number of chemotherapy cycles. 



ly significant differences between groups on demograph-
ic and medical baseline data; however, we supplemented
the analyses described in the protocol with analyses
adjusted for age, sex, and number of chemotherapy
cycles (Tables 1-3). Changes in the primary outcome 6-
minute walk distance (6MWD) differed significantly
across groups in favor of the IG [85.5 m (51.2-119.8);
P<0.0001; effect size 1.00]. The secondary outcomes
(physical capacity) were substantial (P<0.0001; effect
sizes 1 or above) (Table 1). Self-reported leisure-time
physical activity levels increased significantly (Table 2).
Sedentary behavior reported at baseline of 19.4% and
20.6% in the CG and IG, respectively, decreased to
13.8% and 3.2% at 12 weeks. 
The Functional Assessment of Cancer Therapy-Anemia

scale (FACT-An) showed significant intervention effects
for the domains’ functional, physical and emotional well-
being. Total scores for FACT-G, fatigue subscale (AnS),
Trial Outcome Index and FACT-An were statistically and
clinically significant. Anxiety and depression were signif-
icantly reduced on the Hospital Anxiety and Depression
Scale (HADS) (Table 1). There were significant between-
group differences on SF36 physical health component
scale (P=0.0198) and EORTC QLQ-C30 domains’ global
health (P=0.0069), emotional functioning (P=0.0258) and
nausea and vomiting (P=0.0081); however, fatigue did
not reach between-group significance. A significant cor-
relation was found between 6MWD and VO2max
(r=0.5277; P=<0.0001) and between changes in 6MWD
and FACT-An (r=0.2694; P=0.0467) and anxiety  (r=-
0.35891; P=0.0045). 
Intervention group adherence to supervised sessions

(aerobic, strength, relaxation, nutrition) was 70.8%;
mean 25.5 sessions (range 8.0-36.0), CS 95.9% and
pedometer participation was 83.6%, mean 10.0 weeks
(range 3-12). Non-adherence was due to elevated temper-
ature and hospitalization, treatment-related symptoms
and outpatient scheduling and travel constraints. 
The daily mean pedometer steps and aerobic steps

from baseline to 12 weeks increased by 21.3% and
14.1%, respectively. IG, compared to the CG, had fewer
means days where CRP level was over 10 (11 vs. 14),
days with neutropenia (25 vs. 28), and RBC and platelet

transfusions (7 vs. 8; 6 vs. 7), although these differences
were not significant. Eight IG patients (23.5%) experi-
enced non-serious adverse events: sport-related (n=5),
cardiorespiratory (n=5), dizziness (n= 3), gastrointestinal
(n= 3), pain/discomfort (n=2) and bruising (n=1).
The intervention was effective in increasing outcomes

to healthy reference levels for the objective physical
assessments. The CG maintained walk-distance and
incrementally increased lower body strength; however,
they did not reach those values of the healthy population.
The IG increased 6MWD by 17.3%; in line with exercise
studies during induction (15.5%)6 and consolidation
(11.1%).7 According to Prichard et al., 6MWD predicts
aerobic capacity8 and, in our study, we found a significant
correlation between 6MWD and aerobic capacity. The IG
increased aerobic capacity by 27.7%, while the CG
reduced it by 9.0%. The intervention may have facilitat-
ed return to pre-diagnosis levels. Upper body strength at
baseline was an average of normal values and may indi-
cate that induction had a less negative effect on upper
body strength. This is in contrast to results that found
upper body fitness in patients with AML to be below
healthy values, with less improvement over time.9 The
current multimodal intervention showed greater physi-
cal/functional effects than demonstrated in exercise-only
studies carried out in patients with AML during induction
treatment.6,10-12 Dietary support directly after exercise has
been shown to speed recovery by rebuilding muscle tis-
sue13 and may be considered a relevant component in
achieving recovery during treatment. 
An increase in walk distance was statistically associat-

ed with better HRQOL, suggesting that physical and
functional capacity may generate HRQOL and psycho-
logical benefits. Significant and clinically important
improvements were found for global health, emotional,
physical and functional wellbeing, and nausea and vom-
iting. Fatigue was found to be significant on the FACT-An
subscale, though this did not reach between-group signif-
icance on EORTC QLQ-C30, which other exercise stud-
ies have demonstrated may be attributed to the sample
size. Gastrointestinal benefits have been demonstrated in
exercise studies of hematologic patients during
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Table 2. Effect on leisure-time physical activity level (I-IV) pre-diagnosis, baseline, 6 weeks and 12 weeks.
Level I Level II Level III Level IV P
n(%) n(%) n(%) n(%)

Unadjusted Adjusteda

Pre-diagnosis
Control 0 (0.0) 4 (11.1) 29 (80.6) 3 (8.3) 0.1773 0.5878
Intervention 3 (8.8) 7 (20.6) 22 (64.7) 2(5.9)
Baseline 
Control 7(19.4) 18 (50.0) 10 (27.8) 1 (2.8) 0.9830 0.9105
Intervention 7 (20.6) 18 (52.9) 8 (23.5) 1 (2.9)
6 weeks 
Control 10 (33.3) 10 (33.3) 10 (33.3) 0 (0.0) 0.0145 0.2801
Intervention 2 (6.9) 8 (27.6) 15 (51.7) 4 (13.8)
12 weeks 
Control 4 (13.8) 10 (34.5) 14 (48.3) 1 (3.4) 0.0575 0.1114
Intervention 1 (3.2) 4 (12.9) 23 (74.2) 3 (9.7)
Group difference 
Baseline-12 weeks           0.0138 0.0229

Self-reported leisure-time physical activity level questionnaire: I: sedentary; II: walking or bicycling for pleasure less than 3 h/week; III: regular physical exercise at least 3
h/week; IV: athletic (physical exercise more than 4 h/week). Missing data: 6 weeks: control n=1, intervention n=4; 12 weeks: control n=1, intervention n=1. Within-group change
over time was evaluated by a trend test using logistic regression. Group comparison was tested using a time by group interaction in the logistic regression model. aAdjusted
for age, sex and number of chemotherapy cycles. 



chemotherapy.4,7 In-hospital exercise studies of 3-6 weeks
have been shown to reduce depression in older acute
myeloid leukemia patients,14 increase vitality, and reduce
symptom burden and depression.7,10,11 Psychosocial inter-
ventions such as relaxation have been shown to have a
positive effect on emotional wellbeing applied alone, and
a greater effect when combined with exercise.
Counseling in combination with exercise in cancer sur-
vivors has been found to have a positive effect on lifestyle
behavior and QOL.15 The pedometer was applied as
motivation for independent physical activity. The IG
became more physically active, returning to pre-diagnosis
levels despite the fact that the majority of patients
received two cycles of chemotherapy (67.7%) while
experiencing symptoms, i.e. fatigue and complex medical
issues. Our results indicate that physically inactive
behavior can be positively modulated during chemother-
apy; however, the daily improvements achieved did not
meet national recommendations. 
The strengths of this study include recruitment of a

well-defined population, and a sample with comparable
between-group demographic and medical characteristics.
Aspects of treatment at both hospitals were standardized

which decreased variations in medical outcomes. The
mean sample age was 54 years, which may pose a ques-
tion of applicability for an older population. The program
was supervised, structured and uniform in modality,
intensity, frequency, duration and progression; however,
due to the multimodality of the intervention, we cannot
conclude on the mechanistic effect of individual compo-
nents. In general, statistical uncertainty related to the sec-
ondary outcomes must be considered. 
In conclusion, we found a 12-week supervised multi-

modal intervention produced clinical benefits in patients
with acute leukemia undergoing outpatient consolidation
treatment with significant effects on physical and func-
tional capacity measures and on physical activity levels.
Significant and clinically important improvements on
HRQOL and reduced symptoms of fatigue, nausea/vom-
iting, anxiety and depression, highlight the importance of
the role of exercise and counseling in patients with acute
leukemia integrated in the clinical setting. Multimodal
approaches can activate and provide safety for patients
with low levels of physical activity during intensive and
demanding treatment trajectories. The intervention took
advantage of the opportunity presented by the patients'
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Table 3. Patient-reported outcomes for health-related quality of life and psychological wellbeing.
Outcome variable Baseline 6 weeks 12 weeks Effect-size Baseline - 12 weeks

n= 70 n=64 n=62 Between group difference [95%CI], P
Unadjusted Adjusteda

FACT-An
PWB (0-28)
Intervention 18.3 (6.3) 20.9 (5.0) 22.8 (4.7) 0.74 3.9 [0.7; 7.0], 3.6 [0.3-6.9], 
Control 21.0 (5.1) 20.8 (6.1) 21.2 (6.4) 0.10 P=0.0165 P=0.0340
SWB (0-28)
Intervention 23.8 (2.7) 23.7 (3.2) 23.4 (3.6) -0.21 0.6 [-0.9; 2.1], 0.5 [-1.1-2.2], 
Control 24.6 (3.1) 22.9 (4.1) 23.3 (4.6) -0.41 P=0.4399 P=0.4975
EWB (0-24)
Intervention 17.4 (4.9) 18.2 (4.3) 19.6 (3.2) 0.50 2.9 [0.9; 4.9], 2.5 [0.4-4.6],
Control 19.1 (4.7) 17.9 (5.3) 18.4 (4.8) -0.10 P=0.0059 P=0.0227
FWB (0-28)
Intervention 15.3 (5.3) 16.9 (5.0) 19.2 (5.9) 0.78 3.4 [0.4; 6.4], 3.2 [0.0-6.5], 
Control 17.2 (5.2) 17.5 (5.8) 17.9 (7.2) 0.14 P=0.0273 P=0.0499
FACT-G (0-108)
Intervention 74.7 (16.2) 79.7 (13.2) 85.2 (14.2) 0.66 11.1 [3.7; 18.5], 10.5 [2.3-18.7], 
Control 81.7 (14.6) 79.2 (17.0) 81.2 (19.6) -0.06 P=0.0041 P=0.0127
AnS (0-80)
Intervention 51.4 (16.0) 56.7 (13.2) 61.8 (12.0) 0.72 7.8 [0.4; 15.2], 7.2 [-0.6-15.1], 
Control 56.9 (13.6) 57.1 (14.5) 58.2 (15.3) 0.19 P=0.0390 P=0.0712
TOI (0-136)
Intervention 84.9 (25.7) 94.5 (19.7) 104.7 (20.4) 0.85 18.3 [6.4; 30.2], 18.3 [5.3-31.3], 
Control 95.0 (21.8) 95.4 (24.9) 97.9 (28.3) 0.08 P=0.0032 P=0.0066
Total FACT-An (0-188)
Intervention 126.4 (31) 136.4 (24) 147.8 (24) 0.75 20.9 [7.2; 34.7], 20.5 [5.5; 35.5], 
Control 138.8 (26.1) 136.3 (29.3) 140.0 (34) 0.01 P=0.0036 P=0.0085
HADS 
Anxiety
Intervention 6.0 (4.0) 5.2 (3.5) 3.6 (3.9) 0.68 -3.0 [-4.8; -1.3], -2.6 [-4.4; -0.8], 
Control 4.1 (3.6) 4.7 (3.7) 5.0 (4.5) 0.12 P=0.0010 P=0.0059
Depression
Intervention 5.6 (4.3) 4.8 (3.4) 3.3 (3.2) 0.62 -2.0 [-3.7; -0.3], -1.8 [-3.5, -0.1], 
Control 3.9 (3.3) 3.9 (3.6) 4.1 (3.9) 0.10 P=0.0186 P=0.0430
Data are presented as mean (standard deviation) unless otherwise indicated. FACT-An: Functional Assessment of Cancer Therapy-Anemia scale; HADS: Hospital Anxiety and
Depression Scale; PWB: physical wellbeing; EWB: emotional wellbeing; SWB: social wellbeing; FWB: functional wellbeing; FACT-G: Functional Assessment of Cancer Therapy,
General (PWB+SWB+EWB+FWB); AnS: anemia symptom subscale; TOI: Trial Outcome Index (PWB+ FWB + Ans); FACT-An (PWB+SWB+EWB+FWB+AnS). Minimum clinical
important differences for FACT-G and total FACT-An are 7 points, and 6 points for TOI and 3 points for all FACT-An domains (PWB, SWB, EWB, FWB), 2 points for HADS. aAdjusted
for age, sex and number of chemotherapy cycles.  



hospital visits and was offered while the patients were
waiting to be seen. The study confirms that exercise and
counseling can counteract physical debilitation and
improve HRQOL in a cancer population with frequent
outpatient visits, severe pancytopenia, complex symp-
tom burden, and uncertain prognosis. The multimodal
intervention integrated into the clinical management of
acute leukemia may optimize the treatment and care
pathway by reducing treatment-related physical and psy-
chological symptoms and enable better treatment tolera-
tion, and in this way can ease the patients’ transition
from illness to the resumption of everyday activities. 
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