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Abstract
Purpose Acute leukemia (AL) and its initial treatment can impair physical functioning and capacity significantly. Exercise as a
countermeasure has been investigated in few studies confirming its feasibility and safety during intensive induction chemother-
apy, but the relative effects of diverse exercise programs have not been analyzed. Therefore, we aimed to investigate independent
effects of endurance and resistance training on physical capacity and quality of life (QOL).
Methods Twenty-nine adult AL patients were randomly allocated to an endurance (EG), resistance (RG), or control (CG) group.
The intervention took place during induction chemotherapywith three exercise sessions per week for 30–45min each. Endurance
capacity at individual anaerobic threshold, maximum knee extension and flexion strength, standardized phase angle (SPA), and
QOL were measured at baseline prior to induction chemotherapy and before discharge.
Results Endurance capacity changed in neither the EG, RG, or CG (P = 0.104); descriptively, the EG (− 0.05 W/kg) and RG (−
0.04 W/kg) exhibited a smaller decrease than CG (− 0.22 W/kg). We noted a significant difference in knee extension strength
(P = 0.002); RG improved their maximum strength (+ 0.14 Nm/kg), while the EG’s (− 0.13 Nm/kg) and CG’s (− 0.19 Nm/kg)
was significantly reduced. QOL and SPA revealed no change after the intervention.
Conclusions We conclude that resistance training is a key component when exercising during induction chemotherapy: it
improved maximum strength, but also influenced endurance capacity even during intensive treatment. Considering the prognos-
tic value of physical function, we strongly propose integrating exercise, especially resistance-based training, already during
induction chemotherapy to preserve AL patients’ physical capacity and functional status.
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Introduction

Acute leukemias (AL) are hematological malignancies char-
acterized by a dramatically fast-growing malignant transfor-
mation of hematopoietic stem cells affecting normal

hematopoiesis. This alteration causes a wide range of symp-
toms (e.g., anemia, vulnerability to infections, fever, bleeding,
nausea, weight loss, and fatigue) which affect most patients
already before diagnosis [1]. Curative treatment requires sev-
eral cycles of chemotherapy, initiated as soon as possible
mainly via intensive induction chemotherapy with lengthy
hospitalization lasting 4 to 8 weeks. During this time, aplasia
and further treatment-related side effects (e.g., nausea,
vomiting, appetite loss, diarrhea, fatigue, toxicity) as well as
circumstances-induced inactivity increase the risk of physical
deconditioning and impair functional performance. Moreover,
psychological stress (e.g., anxiety, depression) reinforces this
negative impact and influences health-related quality of life
(QOL) directly [2]. Furthermore, the most common type of
leukemia in adults is acute myeloid leukemia, with more than
a half of diagnoses made in patients above 65 years [3]. Old
age is generally associated with a reduced functional status
and a higher risk of comorbidity inducing subsequent physical
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and psychosocial impairments. There are strong indications
that a higher physical performance level enabled patients to
tolerate more the intensive or repetitive chemotherapies man-
datory within a curative approach, thus enhancing their chance
for recovery [4].

Physical exercise is known to be an effective strategy to
counteract physical and psychosocial deterioration in cancer
patients during active treatment [5]. Recent reviews about
exercising in hematological malignancies survivors [6–8] have
confirmed feasibility and safety even during most intensive
chemotherapy. Most of those studies focused on endurance
exercise, whereas resistance exercises have seldom been
assessed. Although it would seem obvious that preventing
physical deconditioning requires early interventions, only six
studies included patients with acute leukemia during induction
chemotherapy [9–14]. As already mentioned, this is a very
sensitive setting because of the therapeutic burden and urgent
need for clinical intervention immediately after diagnosis. The
fact that there are so few such trials may be due to both this
setting’s organizational challenges and sensitivity. Recent exer-
cise programs included walking only [14] or a multimodal ap-
proach containing aerobic, resistance, and flexibility exercises
[9–13]. As all those trials focused primarily on feasibility and
safety, they also reported mostly weak, but positive effects on
functional performance, muscular endurance capacity, fatigue,
distress, and health-related QOL [6, 10]. Differentiated analyses
of the effects of diverse exercise programs have not been done.

In general, one’s physical performance level depends on
aerobic capacity and significantly on muscle strength. Both
factors can considerably influence fatigue and functional per-
formance—relevant for daily-living activities and QOL.
Especially, resistance training is known to counteract the sub-
stantial loss of strength already during acute therapy [15].
However, the relative effect of resistance training in patients
with acute leukemia must still be examined. We therefore
conducted this randomized pilot study to investigate indepen-
dent effects of endurance and resistance training on physical
capacity and QOL in patients with acute leukemia during in-
duction chemotherapy. We hypothesized that both exercise
regimes would be feasible and superior to usual care.

Patients and methods

Twenty-nine adult patients diagnosed with AL and before in-
duction chemotherapy were enrolled in this study between
June 2010 and February 2013 at the Department of
Medicine I, Medical Center—University of Freiburg.
Exclusion criteria were Karnofsky performance status < 60,
uncontrolled hypertension, cardiac illness (NYHA III-IV), in-
stable bone metastases, or lack of informed consent after
screening. All patients gave written informed consent for the
study protocol and data collection; this prospective, three-

armed, open randomized controlled pilot study (ration 1:1:1)
was conducted in accordance with the Declaration of Helsinki
and approved by the Ethics Commission of the University of
Freiburg, Germany.

Outcome measurements

Demographic and anthropometric data as well as clinical in-
formation were documented at baseline. All measurements
were taken twice: at baseline prior to induction chemotherapy
(PRE) and after leukocyte regeneration prior to discharge
(POST) at the Institute for Exercise- and Occupational
Medicine, Medical Center.

Endurance capacity was assessed via an incremental exer-
cise test on a cycle ergometer (Ergoline 900, Bitz, Germany)
in recumbent position. The exercise test started with a work-
load of 25 W and increased by 25 W every 3 min. Heart rate
(HR) and lactate concentration were determined at rest and
after the end of each exercise level. Based on these values
submaximum (individual anaerobic threshold (IAT) [16]) and
maximum performance levels (Watt/kg, HR) were identified.

Isokinetic measurements (CON-TREX MJ, CMV,
Duebendorf, Switzerland) were used to determine maximum
voluntary knee extension and flexion strength. Patients did a
submaximum warm-up before testing to familiarize them-
selves with the device and the testing protocol: 5 maximum
concentric contractions at 60°/s. Examiners provided stan-
dardized encouragement to achieve best possible values
(Nm/kg). Highest values for extension and flexion were used
for subsequent analyses; values from the right and left leg
were pooled as both sides’ results revealed similar trends.

As a factor to diagnose malnutrition, each patient’s stan-
dardized phase angle (SPA; °) was measured using a single-
frequency bioelectrical impedance analysis at 50 kHz. The
phase angle represents one of the raw data obtained from this
measurement and is proven to be a good prognostic marker in
various diseases including cancer [17–20]. By transforming
the measured phase angle values into standardized values
(SPA = ((phase angle-phase angleref)/SDref)) and then calcu-
lating age-, sex-, and BMI-independent values, heterogeneous
groups can be compared [21].

QOL (%) was assessed by analyzing health-related QOL
and the five functional subscales of the European
Organization for Research and Treatment of Cancer Quality
of Life Questionnaire (EORTC-QLQ-C30) [22]. Patients were
also asked to fill out the Freiburg Questionnaire on physical
activity [23] at baseline to determine their physical activity
level before hospitalization.

Exercise intervention

Patients were randomly allocated to an endurance (EG), resis-
tance (RG), or control (CG) group. The exercise intervention
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took place throughout hospitalization and during induction
chemotherapy with three sessions per week lasting 30–
45 min each. Training sessions were conducted and docu-
mented by a certified sports therapist. Training protocols were
based on previous studies and exercise guidelines for cancer
patients [5, 13, 24, 25].

Patients in the EG underwent individually supervised aer-
obic endurance training performed on an upright stationary
bicycle (ECB Fitness Ergometer, Tunturi, Almere,
Netherlands) or a treadmill (quasar 2.0, HP Cosmos,
Traunstein, Germany) according to their preference. If contin-
uous method for 30 min was impossible, we applied the inter-
val method to achieve at least 30 min of exercise. Intensity
was defined at 60–70% of maximum capacity in HR (and the
corresponding Watts) based on their individual exercise test
results. Since medication induces HR alterations and patients’
individual physical condition can change daily, the rated per-
ceived exertion (RPE) scale [26] supported the intensity con-
trol within endurance training (12–14 on 6–20 rating scale).

Patients in the RG performed individually supervised resis-
tance exercises for the major muscle groups, including
bodyweight exercises (e.g., squats, sit-ups) and exercises with
small devices (e.g., dumbbells, elastic bands). In case of good
physical condition and adequate blood values to leave the
ward, patients exercised on resistance machines (leg press,
abdominal trainer, rope pull). Our prescribed training protocol
included 4–6 varying exercises; intensity, sets and repetitions
were adapted using the RPE scale [26] with a target score
between 12 and 14.

The CG’s control intervention included a low-intensity mo-
bilization and stretching program primarily to avoid psycho-
social bias.

All patients received standard clinical care including regu-
lar nutrition counseling by experienced dieticians and physio-
therapists. To ensure patients’ safety, blood values and tem-
perature were monitored prior to every training session.
Patients omitted exercising when platelets < 10 × 109/L, he-
moglobin < 4.96 mmol/L, temperature > 38 °C, acute petechi-
ae, or bleedings occurred or in case of the physician’s advice
to avoid exercise. Platelets between 10 × 109/L and 20 × 109/L
implied an intensity reduction in resistance exercise.
Additionally, blood pressure and HR were controlled during
each training session. Adverse events and compliance were
monitored and documented throughout the study: adverse
events were analyzed by counts, whereas compliance was
calculated in percent ((completed training sessions/planned
training sessions) ×100).

Sample size and randomization

As there were no previous trials to rely on to establish a sam-
ple size, we sized our sample according to recruitment and
infrastructural possibilities at participating institutes or

departments. We assumed 12 patients per group would be an
acceptable number of patients for a pilot study [27]. Owing to
low recruitment, our recruitment process was stopped after
2.5 years and 29 enrolled patients. Random patient allocation
was based on a computer-generated blocked randomization
list with a block size of six. Due to the character of exercise
interventions, Bblinding^ the patients or sports therapists
about allocation was impossible. During assessments, exam-
iners were not blinded, but trained in standardized testing
procedures.

Statistics

Baseline characteristics are presented as the median and upper
and lower quantile for continuous variables and counts (n, %)
for categorical variables. All variables were included in non-
parametric analysis as the assumption of normal distribution
(Shapiro-Wilk test) was not satisfied. Differences within groups
were calculated by Wilcoxon signed-rank test. Changes over
timewere compared among groups byKruskal-Wallis one-way
analysis of variance. In case of significant differences among
the three groups, the Mann-Whitney U Test was used for pair-
wise comparisons. To estimate the treatment effect, the point
estimate and 95% confidence interval of the Hodges-
Lehmann’s median differences for paired groups were used.
All data is presented as median and upper-lower quartile. A P
value < 0.05 was considered statistically significant. Analyses
were done using SPSS statistic version 22.0 and figures were
generated by GraphPad prism version 5.

Results

After informing 39 patients about the study, a total of 29 patients
were randomly assigned to the EG (n = 10), RG (n = 9), or CG
(n = 10), corresponding to an 85% recruitment rate. Overall
dropout rate was 24%, and 22 patients underwent PRE and
POST assessments; their data served for analysis (Fig. 1).
Reasons for prematurely terminating study participation were
mental overload (n = 3), change in diagnosis (n = 2), persistent
thrombocytopenia < 10/nl (n = 1), or death (n = 1). None of these
reasons were associated with the exercise intervention.

Patient characteristics were similar among the groups
(Table 1). Median compliance with the training sessions was
68.9%, 76.0%, and 60.0% for EG, RG, and CG, respectively
(Table 2). Reasons for not exercising were medical exclusion,
nausea/dizziness, fatigue, fever, low blood values, time con-
flicts, or refusal without a reason. No adverse events due to the
study intervention occurred.

PRE and POST results are presented in Table 3. Numbers
of patients included in the analyses are also indicated, since
not all patients completed all tests due to clinical or organiza-
tional conflicts.
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Endurance capacity represented by Watt/kg at the IAT
changed in neither the intervention groups nor in the control
group. We detected no group-by-time effect; descriptively, the
EG and RG (EG − 0.05 W/kg; RG − 0.04 W/kg) showed a
smaller decrease in IAT than the CG (− 0.22 W/kg). Yet, it
must be noted that only 14 of 22 patients could reach IAT pre
and post treatment, meaning that this analysis excluded very
weak patients especially. Maximum performance (Watt/kg)
during cycling exercise test did not change significantly over
time, and no intergroup changes were detected.

We observed a significant difference in the thigh muscula-
ture’s strength capacity (Nm/kg) in both movement direc-
tions—knee extension (P = 0.002) and knee flexion (P =
0.009). Post hoc analysis revealed significant differences be-
tween the RG versus the EG and CG. The RG maintained
(extension + 0.14 Nm/kg, P = 0.209) or increased strength
values (flexion + 0.15 Nm/kg, P = 0.008), while the EG and
CG exhibited a significant decrease in extension (EG −
0.13 Nm/kg, P = 0.019; CG − 0.19 Nm/kg P = 0.003) and no
change in flexion strength (EG − 0.02 Nm/kg, P = 0.701; CG

Excluded (n = 10)

Fear of overload (n = 5)

Low blood counts (n = 3)

Organizational reasons (n = 1)

Declined to participate (n = 1)

Analysed (n = 8)

Discontinued intervention (n = 1)

psychological overload (n = 1)

Allocated to intervention EG (n = 9)

Discontinued intervention (n = 2)

Change of diagnosis (n = 2)

Analysed (n = 6)

Randomized (N = 29)

Allocated to intervention RG (n = 10) Allocated to intervention CG (n = 10)

Discontinued intervention (n = 4)

psychological overload (n = 2)

severe thrombocytopenia (n = 1)

death (n = 1)

Analysed (n = 8)

Assessed for eligibility
(N = 39)

Fig. 1 Participant flow diagram

Table 1 Patient characteristics
Endurance group Resistance group Control group
Median (Q1–Q3) Median (Q1–Q3) Median (Q1–Q3)

n 8 6 8

Gender male (n/%) 5/62.5 3/50 5/62.5

Age (years) 47.7 (21.9–63.4) 47.4 (41.2–62.2) 50.6 (35.0–58.1)

Height (cm) 175.5 (167.0–180.0) 168.5 (165.0–170.0) 178.0 (166.5–182.0)

Weight (kg) 79.1 (65.8–86.7) 75.2 (71.0–79.5) 83.0 (71.5–93.2)

Karnofsky performance status (%) 90 (90–95) 80 (80–90) 90 (85–90)

Diagnosis (n)

AML 4 4 5

ALL 1 1 1

sAML 1 1 0

tAML 2 0 2

Initial diagnosis/relapse (n) 7/1 6/0 8/0

Physical activity level (kcal/w) 992 (509–2530) 1809 (864–4429) 1953 (1126–3782)

Phase angle (°) 5.7 (5.3–6.0) 4.8 (4.2–4.9) 5.5 (4.8–5.9)

AML acute myeloid leukemia, ALL acute lymphoblastic leukemia, sAML secondary acute myeloid leukemia,
tAML treatment-related acute myeloid leukemia, ED initial diagnosis
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− 0.12 Nm/kg P = 0.117). Data on maximum extension
strength is illustrated in Fig. 2.

Health-related QOL revealed no significant change at
POST (Table 3); descriptively, it improved in all three study
groups between PRE and POST (median difference across all
patients + 8.3%; (CI − 12.5–20.8)). Except for the emotional
functioning scale, where all groups improved over time (EG +
14.6% P = 0.012; RG + 41.7% P = 0.043; CG without statis-
tical significance + 10.4% P = 0.128), the remaining scales
(physical, role, cognitive, and social functioning) revealed
no change.

Statistical analyses revealed no significant differences in
the SPA in either intragroup or intergroup analyses.
However, RG patients improved their SPAvalues descriptive-
ly, whereas the EG’s and CG’s declined.

Discussion

This randomized pilot study aimed to investigate the feasibil-
ity and independent effects of endurance and resistance exer-
cise on physical capacity and QOL in patients with acute
leukemia undergoing induction chemotherapy. In line with
our hypothesis, both exercise regimes proved to be feasible,
safe, and superior to the CG due to positive effects on the
maintenance of physical capacity. Impact on overall QOL
was inconsistent, but revealed a non-significant tendency to
improvement in all three study groups.

Former studies during induction chemotherapy have in-
cluded endurance exercise only [14] or a multimodal program
containing aerobic and resistance exercise as well as flexibility
exercise [10–13]. All five studies detected improvements in
various self-reported outcomes and objective physical mea-
sures. The largest (n = 81) randomized controlled exercise trial

during induction chemotherapy published recently also in-
cluded a multimodal exercise program [10]. However, the
independent effect of endurance or resistance training was
not evaluated in this particular clinical setting. Although the
present pilot study included relatively few patients, we have
been able to show that exercise and in particular resistance
training play a key role in avoiding a substantial deterioration
in physical capacity. The RG maintained their level of perfor-
mance in most outcome measures, while individual maximum
strength levels even rose. Accordingly, RG showed, albeit not
significantly, an improvement in their SPA, which is an indi-
cator for cell membrane function [28] and indirectly for mus-
cle function [29]. These findings reinforce the importance of
exercising as a supportive treatment during induction chemo-
therapy, and resistance training should be an essential compo-
nent within the exercise regime. Especially, muscular perfor-
mance is a fundamental aspect of mobility and autonomy for
everyday life, highlighting the need to initiate an exercise
program as soon as possible. Concerning clinical relevance,
patients’ functional status affects therapeutic decision-mak-
ing, can alter therapeutic options [30], and is a major predictor
of survival [31]. This underlines the importance of ongoing
exercising throughout the entire treatment process and the
need to implement physical exercise as an immediate element
of supportive care. However, long-term effects on health-
related outcomes and survival due to exercise interventions
during IC or during the entire treatment are still unknown
and should be investigated in further trials. We will not expect
prominent long-term effects following 4–8 weeks of moderate
exercise during IC. The objective should rather be to avoid a
detrimental loss of physical and psychosocial function in the
first weeks of medical treatment. Furthermore, it is well
known that those patients additionally suffer from inadequate
nutritional intake, increased protein catabolism, and decreased

Table 2 Number of exercise
sessions and information on
blood values during
hospitalization

Endurance group Resistance group Control group
Median (Q1–Q3) Median (Q1–Q3) Median (Q1–Q3) P value

Hospitalization (days) 33 (31–41) 35 (33–52) 37 (34–43) 0.500

Training sessions (n) 8 (6–10) 12 (9–15) 8 (6–10) 0.250

Compliance (%) 68.9 (45.8–95.0) 76.0 (71.4–84.0) 60.0 (40.0–71.8) 0.222

Hemoglobin (mmol/L)

PRE 9.2 (8.1–11.0) 9.2 (8.4–10.6) 9.3 (8.6–10.4) 0.945

POST 9.3 (8.8–9.8) 9.5 (9.1–9.7) 9.1 (8.4–10.2) 0.488

< 4.96 (days) 2.5 (1.0–4.5) 3.0 (3.0–3.0) 3.0 (2.0–6.0) 0.599

Thrombocytes (109/L)

< 20 > 10 (days) 6.5 (4.5–8.5) 8.0 (5.0–13.0) 6.0 (2.5–9.5) 0.442

< 10 (days) 0.5 (0.0–2.5) 0.0 (0.0–2.0) 0.0 (0.0–0.5) 0.350

Leucocytes (109/L)

< 1 > 0.5 (days) 10.0 (8.0–15.0) 8.0 (6.0–10.0) 10.0 (5.5–11.5) 0.528

< 0.5 (days) 9.0 (6.0–14.5) 12.0 (9.0–19.0) 13.5 (6.5–16.5) 0.819

PRE baseline, POST prior to discharge after intervention
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Table 3 Outcome measure at baseline (PRE) and prior to discharge after intervention (POST)

PRE POST Intragroup Intergroup

Median (Q1–Q3) Median (Q1–Q3) Median difference* (CI) P value P value

Endurance capacity (Watt/kg)

IAT 0.104

EG (n = 6) 1.20 (0.85 – 1.33) 1.12 (0.87 – 1.25) −0.05 (−0.15 – 0.07) 0.273

RG (n = 4) 1.25 (0.88 – 1.36) 1.16 (0.84 – 1.31) −0.04 (−0.17 – −0.00) 0.068

CG (n = 4) 1.08 (0.83 – 1.65) 0.94 (0.80 – 1.07) −0.22 (−0.53 – 0.04) 0.116

Max (Watt/kg) 0.223

EG (n = 8) 1.22 (0.98 – 1.64) 1.01 (0.96 – 1.66) −0.13 (− 0.29 – 0.03) 0.674

RG (n = 6) 1.11 (0.78 – 1.54) 1.28 (0.96 – 1.66) 0.14 (− 0.10 – 0.47) 0.249

CG (n = 7) 1.10 (0.72 – 1.76) 1.24 (0.95 – 1.91) 0.14 (− 0.15 – 0.33) 0.237

Maximum strength (Nm/kg)#

Extension 0.002a,ß

EG (n = 7) 1.44 (1.27 – 1.70) 1.30 (1.11 – 1.70) −0.13 (− 0.32 – –0.02) 0.019

RG (n = 6) 1.25 (1.18 – 1.46) 1.51 (1.33 – 1.58) 0.14 (− 0.05 – 0.30) 0.209

CG (n = 6) 1.45 (1.20 – 1.90) 1.31 (0.98 – 1.72) −0.19 (− 0.37 – −0.09) 0.003

Flexion 0.009a,ß

EG (n = 7) 0.87 (0.73 – 1.10) 0.80 (0.57 – 1.16) −0.02 (−0.12 – 0.16) 0.701

RG (n = 6) 0.80 (0.72 – 0.87) 0.93 (0.80 – 1.10) 0.15 (0.06 – 0.28) 0.008

CG (n = 6) 0.91 (0.86 – 1.10) 0.78 (0.64 – 1.15) −0.12 (−0.19 – 0.01) 0.117

Body weight (kg) 0.146

EG 79.1 (65.8 – 86.7) 72.4 (63.9 – 84.8) −2.3 (−7.1 – −1.3) 0.012

RG 75.2 (71.0 – 74.9) 69.3 (64.7 – 74.9) −6.2 (−10.5 – −3.7) 0.028

CG 83.0 (71.5 – 93.2) 75.5 (67.7 – 92.2) −4.5 (−7.4 – −2.2) 0.017

Phase angle (z-score)

SPA 0.255

EG −0.95 (−1.20 – −0.62) −1.30 (−1.97 – −0.87) −0.51 (−1.28 – 0.30) 0.123

RG −1.85 (−2.14 – −1.72) −1.40 (−2.16 – −0.79) 0.73 (−0.77 – 2.29) 0.345

CG −1.77 (−2.28 – −0.35) −1.84 (−2.04 – −0.79) −0.27 (−0.82 – 0.74) 0.401

EORTC QLQ-C30 (%)

Global health status 0.758

EG 58.3 (25.0 – 79.2) 62.5 (45.8 – 70.8) 4.2 (− 25.0 – 33.3) 0.735

RG 33.3 (25.0 – 41.7) 50.0 (33.3 – 58.3) 12.5 (− 16.7 – 41.7) 0.223

CG 50.0 (41.7 – 66.7) 66.7 (45.8 – 66.7) 2.1 (− 25.0 – 33.3) 0.917

Physical functioning 0.269

EG 86.7 (70.0 – 96.7) 73.3 (56.7 – 83.3) −10.0 (−30.0 – 3.3) 0.106

RG 70.0 (66.7 – 93.3) 76.7 (60.0 – 86.7) 6.7 (−20.0 – 30.0) 0.498

CG 80.0 (66.7 – 93.3) 80.0 (60.0 – 86.7) −3.3 (−20.0 – 16.7) 0.599

Role functioning 0.305

EG 50.0 (33.3 – 83.3) 41.7 (25.0 – 58.3) −16.7 (−41.7 – 16.7) 0.262

RG 41.7 (33.3 – 66.7) 50.0 (33.3 – 100) 16.7 (−41.7 – 58.3) 0.500

CG 33.3 (33.3 – 66.7) 66.7 (41.7 – 83.3) 16.7 (−8.3 – 41.7) 0.141

Emotional functioning 0.171

EG 58.3 (37.5 – 75.0) 75.0 (70.8 – 87.5) 14.6 (8.3 – 29.2) 0.012

RG 25.0 (16.7 – 41.7) 75.0 (58.3 – 91.7) 41.7 (8.3 – 75.0) 0.043

CG 54.2 (41.7 – 70.8) 66.7 (58.3 – 91.7) 10.4 (−4.2 – 37.5) 0.128

Cognitive functioning 0.258

EG 83.3 (58.3 – 100) 66.7 (66.7 – 100) 0.0 (−16.7 – 16.7) 0.999

RG 66.7 (50.0 – 83.3) 91.7 (66.7 – 100) 8.3 (0.0 – 41.7) 0.109
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protein synthesis [32, 33], causing intensified muscle loss.
Thus, combining exercising with a well-scheduled dietary in-
tervention during leukemia treatment may optimize patients’
physical function.

During this study, 24% of patients dropped out. Our drop-
out rate was thus higher than the 16% or 18% reported by
Alibhai et al. [10, 11], for instance. As the diagnoses of two
patients changed after allocation, this dropout rate could be
adjusted. We also noted that our patients’ compliance with a
mean of nine training sessions throughout hospitalization dur-
ing induction chemotherapy (39 ± 12 days) resembles that in
the study by Alibhai et al. [11], who reported a mean of eight
training sessions throughout hospitalization (37 ± 10 days).
However, Alibhai et al. [11] reported a lower percentage of
supervised exercise days with 46%. During the present study,
patients performed 68.3% of three planned training sessions
per week. Our results therefore confirm our exercise pro-
gram’s feasibility. However, these findings require qualifica-
tion: our prescribed exercise program could not be fulfilled
during each training session because of the very intensive
therapy and its side effects. As patients’ physical conditions
and blood values varied during therapy, the prescribed exer-
cise protocol had to be adjusted daily, including the intensity,
number of sets, and repetitions. Thus, the predefined individ-
ual training recommendations based on exercise tests can only

serve as orientation. During the intervention period, we strove
for progression, but due to our patients’ varying therapy tol-
erance, a rigorous training regime was impossible to maintain.

How should an individual training prescription in such a
variable setting be determined? To set the intensity for resis-
tance exercises, we referred to the RPE scale to adjust the
exercise program accordingly at each session. However, a
common method to define and control the intensity for an
appropriate resistance training program is the one-repetition
maximum test (1RM) or the hypothetic 1RM based on a mul-
tiple repetition maximum test [34] to quantify strength. Those
tests, however, are only realizable on strength machines and
do not apply to exercises with the small devices used primarily
in this pilot study. Furthermore, isokinetic measurements to
determine maximum voluntary knee extension and flexion
strength are not practicable to determine training prescriptions
because they only cover one isolated movement of the lower
limb. Therefore, we assume that using a subjective scale like
the RPE [26] is legitimate in this specific setting.

The intensity of endurance training seems much easier to
prescribe when using data from an incremental exercise test.
Maximum values (e.g., HRmax) or HR reserve (HRR) and the
particular percentages are commonly used for intensity and
training prescription. However, recommendations for cancer
patients [5] are adopted from healthy individuals. Kuehl et al.

Table 3 (continued)

PRE POST Intragroup Intergroup

Median (Q1–Q3) Median (Q1–Q3) Median difference* (CI) P value P value

CG 66.7 (58.3 – 100) 75.0 (50 – 91.7) −4.2 (−25.0 – 16.7) 0.588

Social functioning 0.676

EG 66.7 (50.0 – 100) 50.0 (33.3 – 75.0) −20.8 (−50.0 – 8.3) 0.127

RG 50.0 (0.0 – 50.0) 33.3 (16.7 – 33.3) 0.0 (−33.3 – 33.3) 0.785

CG 83.3 (75.0 – 100) 58.3 (33.3 – 100) 20.8 (−58.3 – 16.7) 0.137

IAT individual anaerobic threshold, EG endurance group, RG resistance group, CG control group, SPA standardized phase angle, EORTC QLQ-C30
European Organization for Research and Treatment of Cancer Quality of Life Questionnaire
# Pooled values from the right and left leg
αSignificant difference between RG and CG
βSignificant difference between EG and CG

*Prescribes the treatment effect by point estimation and 95% confidence interval of the Hodges-Lehmann’s median differences for paired groups

Fig. 2 Maximum knee extension
strength. Lines represent changes
from PRE to POST intervention
in endurance group (EG),
resistance group (RG), and
control group (CG). Solid lines =
individual changes; dashed lines
= mean changes; dotted lines =
median changes
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[35] evaluated these exercise intensity classifications in hema-
tological cancer patients before and after allogeneic hemato-
poietic stem cell transplantation, and showed that the mea-
sured values (%HRR, % V̇O2max, %HRmax) differ significant-
ly from the recommended values. This therefore influences
the training stimulus in terms of not meeting the targeted in-
tensity class. Kuehl et al. [35] thus provided exercise intensity
classifications for cancer patients during intensive treatment
that can be used to define more appropriate exercise prescrip-
tions in future exercise trials. Individual training zones (HR
and/or Watt) can also be defined by relying on the lactate
performance curve [36] and IAT [16]. For this analysis, a
minimum of four lactate values are required [37].
Unfortunately, only 14 of 22 patients achieved IAT at PRE
and POST in the present study due to a demanding protocol
(25 W steps every 3 min). Therefore, individual training pre-
scription based on IAT was not valid for every patient in this
study. Consequently, the use of an alternative testing protocol
is suggested to ensure the collection of enough lactate values
to ensure a thorough performance analysis [38] ideally in
combination with spiroergometry. This and possible alter-
ations due to medication and physical weakness in this special
setting should be investigated in future trials. Another aspect
influencing results is the position in which the test is carried
out. Weak and patients at risk often assume a recumbent po-
sition to avoid echocardiographic artifacts, but that position
negatively influences cycling performances—an aspect to
keep in mind when comparing results with other
investigations.

The QOL data reveals a non-significant increase during the
intervention period in all three study groups. The frightening
diagnosis immediately prior to our baseline assessments prob-
ably influenced those results. The process of coping with the
disease, and regularly scheduled psychological counseling
during hospitalization might improve the QOL score post-in-
tervention. In particular, we found that emotional functioning
improved significantly—reflecting the disease’s emotional
burden especially right after diagnosis. One might assume that
exercising is what influenced this trend, since the EG and RG
revealed significant improvements. However, direct associa-
tions with endurance or resistance training are unclear, be-
cause the CG improved also, although not significantly due
to their higher values already at baseline. Nevertheless, the
intervention’s psychosocial aspects might have had a positive
effect on QOL results.

The present pilot study provides data demonstrating the
importance of physical exercise in supportive care of patients
with acute leukemia. Obviously, there are a lot of open ques-
tions regarding the optimal exercise prescription (e.g., modes,
duration, frequency, and intensity), the effects on hard out-
come parameters, and thus the dose-response effect in this
special setting. Investigations with larger sample sizes and
randomized controlled designs are therefore needed to

confirm these initial results. Nevertheless, in view of the prog-
nostic value of physical function, we strongly recommend
integrating physical exercise as supportive therapy already
during induction chemotherapy. Especially, resistance-based
training is a key component that must be considered in exer-
cise programs for AL patients to preserve their physical ca-
pacity and functional status. We conclude that this pilot trial
yielded initial and fundamental findings on endurance and
resistance training during induction chemotherapy, and pro-
vides impulses for future investigations.
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