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„put life into their days,
not just days into their life”.
(Nairobi Hospice 1988)
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ABSTRACT
Exercise interventions as a supportive measure in cancer therapy are becoming more and
more relevant. With cancer therapy becoming more complex and effective, higher survival
rates as well as longer life-spans are being achieved. Consequently, patients’ quality of life
is becoming increasingly important and the management of therapy-related side-effects
therefore essential. An increasing amount of studies are demonstrating, that the previously
propagated rest and immobility during cancer therapy is not only counterproductive but
that exercise interventions hold enormous potential regarding the management of sideeffects in supportive cancer care and should therefore be taken more seriously.
Especially haemato-oncological patients have to cope with many debilitating side-effects
due to the disease itself, the long and complex medical therapy as well as the associated
immobility. The symptoms cause physiological, psychological and social restraints,
leading to acute as well as lasting reductions in patients’ quality of life. Poor health and
severe side-effects such as chemotherapy-induced peripheral neuropathy (CIPN) are highly
relevant, as they can cause dose reductions, disruptions or discontinuation of medical
therapy, consequently impacting the clinical outcome.
Although the positive effects of exercise interventions are rather well documented in
entities such as breast cancer, the amount of research in haematological patients, especially
concomitant to therapy, is still relatively low. For instance only one previous randomized,
controlled trial (RCT)1 has evaluated lymphoma patients. Furthermore, the potential role of
exercise regarding CIPN has never been investigated previously, although it is highly
prevalent in haemato-oncological patients. Previous studies on patients with neuropathies
of similar pathophysiology as CIPN, showed improved parameters after balance exercises,
whole body vibration or Tai Chi. This effect has not been investigated in oncological
patients.
The primary aim of this work was to improve patients quality of life, therefore
investigating whether exercise interventions are feasible for patients with haematooncological malignancies, during all phases of therapy and whether it is furthermore
possible to reduce immobility and attenuate or possibly even prevent debilitating sideeffects such as reduced physical performance, muscle atrophy, loss of balance control,
absent reflexes, pain or CIPN.
5
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This has been approached within a cumulative dissertation. Three studies form the main
part of this thesis (the full text articles can be found in the appendix), while the
introduction aims to give a better insight into the research issue and current state of the art.
In a large randomized, controlled trial (RCT), the effects of exercise (endurance-, strengthand sensorimotor training) on quality of life and therapy-related side-effects were
evaluated in lymphoma patients (N=61) undergoing therapy. Patients in the intervention
group trained twice a week for 36 weeks, while the control group had no intervention.
Intergroup comparisons revealed a significant improvement in quality of life, static and
dynamic balance control, aerobic performance level, level of activity as well as CIPN
related symptoms, in the intervention group. The exercise intervention, especially
sensorimotor training, proved to be a feasible and promising method to support lymphoma
patients during therapy.
In

order

to

assess

the

previous

findings

appropriately,

two

reviews

were

conducted/composed analyzing the various exercise interventions, especially regarding the
side-effects of CIPN.
To evaluate the efficacy, safety and feasibility of aerobic exercise interventions for patients
with haematological malignancies, a meta-analysis was conducted. RCTs that investigated
the effects of aerobic endurance training alone or in combination with resistance training in
patients with haematological malignancies, were included. The search identified nine
relevant RCTs. Analysis revealed that the above mentioned exercise interventions can
improve quality of life, especially physical functioning, depression and fatigue. Currently,
there is inconclusive evidence regarding anxiety, physical performance and adverse events.
As the RCT within this work was the first to show beneficial effects of an exercise
intervention on symptoms of CIPN and further references are lacking, a systematic review
was conducted in order to better understand the effects and underlying mechanisms of
various exercise interventions on sensory and motor symptoms of peripheral neuropathy
(PNP) in general. The search revealed 18 exercise intervention studies on patients with
PNP. Evidence and study quality is highest (11 studies) for diabetic neuropathy (DPN). In
addition to the RCT within this work on CIPN, further 6 studies investigated patient groups
with neuropathies of heterogeneous origin. Current data suggests that specific exercise
interventions are feasible, safe and promising for patients with neuropathies. Analysis
6
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revealed that balance exercises target the relevant symptoms of PNP best in neuropathies
with similar pathophysiology as CIPN. Studies focusing exclusively on strength, or a
combination of endurance and strength, appear to have a lower impact. For primarily
metabolic-induced neuropathies such as DPN, endurance training additionally has the
potential to prevent the onset and reduce the progression of PNP.
To summarize, it could be shown that sensorimotor training is a relevant exercise
intervention for therapy of haemato-oncological patients. Additionally, effects on sensory
as well as motor symptoms of CIPN could be achieved for the first time, opening a
promising new field for research and exercise therapy, even enabling preliminary
recommendations for the translation into practice. Nevertheless, further studies are
necessary to enable researchers to better understand possible structures and underlying
mechanisms with the intention to improve supportive care for cancer patients.
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DEUTSCHE ZUSAMMENFASSUNG
Die Bewegungstherapie rückt als supportive Maßnahme immer mehr in den Fokus der
Behandlung von onkologischen Patienten. Die medizinische Therapie wird zunehmend
komplexer und auch effektiver. Dadurch werden nicht nur höhere Überlebensraten erzielt
sondern auch eine längere Lebensdauer für Patienten erreicht. Eine Reduktion der
Nebenwirkung und damit eine Verbesserung der Lebensqualität, werden daher immer
bedeutsamer. Immer mehr Studien belegen, dass die lange Zeit propagierte Ruhe und
Schonung kontraproduktiv ist und gezielte körperliche Aktivität im Rahmen der
supportiven Therapie ein enormes Potential aufweist.
Insbesondere Patienten mit hämato-onkologischen Erkrankungen müssen häufig eine
intensive

und

langwierige

medizinische

Behandlung

durchlaufen.

Neben

der

Grunderkrankung selbst führen die medizinische Therapie und die damit einhergehende
Immobilität zu einer Vielzahl von negativen Auswirkungen. Dadurch wird die physische,
psychische und psychosoziale Ebene des Patienten beeinträchtigt, wodurch die
Lebensqualität akut jedoch auch nachhaltig sinkt. Ein schlechter Allgemeinzustand sowie
schwerwiegende Nebenwirkungen, wie beispielsweise die Chemotherapie-induzierte
periphere

Polyneuropathie

(CIPN),

können

sogar

Dosisreduktionen,

Therapieverzögerungen oder gar einen Therapieabbruch zur Folge haben.
Obwohl in anderen Bereichen, wie beispielweise bei Brustkrebs, die positiven Effekte der
Bewegungstherapie bereits bekannt sind, ist die Datenlage bei hämato-onkologischen
Erkrankungen, insbesondere therapiebegleitend, noch relativ gering. So hat beispielsweise
erst eine Studie Lymphompatienten evaluiert1. Zudem wurde der Effekt gezielter
Bewegungstherapeutischer Maßnahmen auf die Symptome einer CIPN, trotz hoher
Prävalenz bei hämato-onkologischen Patienten, noch nie untersucht. Studien an
neuropathischen Patienten mit ähnlichem Schädigungsmechanismus wie dem der CIPN,
beschrieben eine Verbesserung der relevanten Symptome durch Gleichgewichtstraining,
Vibrationstraining oder Tai Chi. Ob dieser Effekt auch bei onkologischen Patienten erzielt
werden kann, wurde noch nicht überprüft.
Primäres Ziel dieser Arbeit war es daher, die Lebensqualität von Lymphompatienten in
allen Therapiephasen durch gezielte bewegungstherapeutische Maßnahmen zu verbessern.
Darüber hinaus soll die Immobilität reduziert, die Leistungsminderung verhindert und
8
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weitere

Nebenwirkungen

wie

beispielsweise

Muskelatrophie,

Verlust

der

Gleichgewichtskontrolle, Reflexausfälle, Schmerzen oder Sensibilitätsstörungen gelindert
oder gar vermieden werden.
Dies wurde im Rahmen einer kumulativen Dissertation verfolgt. Drei Studien bilden den
Hauptteil dieser Arbeit (die Veröffentlichungen befinden sich im Anhang), während die
Einleitung des Manuskripts die Problemstellung sowie die aktuelle Forschungslage
darstellt.
In einer großen, randomisiert-kontrollierten Studie (RCT), wurden therapiebegleitend die
Effekte körperlicher Aktivität bei Lymphompatienten (N=61) evaluiert. Die Patienten der
Interventionsgruppe absolvierten über 36 Wochen, zwei Mal pro Woche ein
Bewegungsprogramm bestehend aus Ausdauer, Kraft und Sensomotoriktraining.
Probanden

konnten

ihre

Lebensqualität,

die

statische

und

Die

dynamische

Gleichgewichtskontrolle, die aerobe Leistungsfähigkeit, das Aktivitätsniveau sowie
Symptome der CIPN signifikant verbessern. Die Bewegungsintervention, insbesondere das
sensomotorische Training, erwies sich für Lymphompatienten als machbar, sicher und
effektiv.
Um Die gewonnenen Erkenntnisse adäquat einordnen zu können, wurden in zwei
Übersichtsarbeiten diverse Bewegungsinterventionen, insbesondere hinsichtlich der CIPN,
analysiert.
In einer Meta-Analyse wurden daher zunächst die Machbarkeit, die Sicherheit sowie die
Wirksamkeit aerober Bewegungsinterventionen für Patienten mit hämato-onkologischen
Erkrankungen evaluiert. RCT Studien, die entweder ein reines Ausdauertraining oder eine
Kombination aus Ausdauer und Kraft mit hämato-onkologischen Patienten durchgeführt
haben, wurden analysiert. Die Recherche ergab neun Studien, die alle Einschlusskriterien
erfüllten. Die Analyse zeigte, dass diese Bewegungsinterventionen zu einer Verbesserung
der Lebensqualität, der körperlichen Funktionsfähigkeit, des Fatiguesyndroms sowie
Depressionen führen können. Die Evidenzlage ist hinsichtlich der Parameter Angst,
körperliche

Leistungsfähigkeit

sowie

unerwünschte

Ereignisse

derzeit

noch

widersprüchlich.
Da die o.g. RCT-Studie im Rahmen dieser Arbeit erstmalig Effekte auf die CIPN
demonstrierte und ein Überblick über effektive Bewegungsinterventionen bei einer
9
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Polyneuropathie, unter besonderer Berücksichtigung der CIPN fehlt, wurden in einem
systematischen Review zunächst die Effekte von Bewegungsinterventionen auf Patienten
mit peripheren Polyneuropathien unterschiedlicher Genesen analysiert. Die Recherche
ergab 18 relevante Studien. Die Evidenz und Qualität ist am höchsten für die diabetische
Neuropathie (elf Studien), während, mit Ausnahme der RCT-Studie zur CIPN im Rahmen
dieser Arbeit, sechs weitere Studien sehr heterogene Kollektive neuropathischer Patienten
untersuchten. Die aktuelle Studienlage zeigt, dass gezielte Bewegungsinterventionen mit
neuropathischen Patienten machbar, sicher und vielversprechend sind. Für Neuropathien
mit

ähnlichem

Schädigungsmechanismus

wie

dem

der

CIPN,

scheint

das

Gleichgewichtstraining entscheidend zu sein. Studien die Krafttraining oder eine
Kombination aus Kraft und Ausdauer untersuchten, konnten keine Effekte auf die
relevanten Symptome der PNP nachweisen. Für primär metabolisch-induzierte
Neuropathie wie der diabetischen hingegen, ist Ausdauertraining zusätzlich von
Bedeutung.
Zusammenfassend zeigen die generierten Erkenntnisse, dass sich Sensomotoriktraining als
eine therapeutisch relevante Bewegungsintervention für hämato-onkologische Patienten
erweist. Es konnten zudem erstmals positive Effekte auf sensorische und motorische
Symptome

der

CIPN

aufgezeigt,

Forschungslücken

entdeckt

sowie

wichtige

Bewegungsempfehlungen für die Praxis und Therapie definiert werden. Dennoch müssen
noch weitere Studien folgen, um zukünftig ein besseres Verständnis für zugrundeliegende
Mechanismen zu erhalten und somit die supportive Therapie für Krebspatienten weiter
verbessern zu können.
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INTRODUCTION
A haematological malignancy is a tumor of the myeloid or lymphatic cell lines affecting
blood, bone marrow or the lymph nodes with possible involvement of other organs. It
includes

lymphomas,

leukemias,

myelomas,

myelodysplastic

syndromes

and

myeloproliferative diseases. The global age-adjusted incidence rate of haematological
malignancies is 40.3 new cases per 100,000 men and women per year. Individual scores
are leukaemia (12.6), lymphoma (22.4) and myeloma (5.6) with all their various
subcategories2}. Depending on the type and stage of the neoplastic disease, the clinical
course can be indolent or aggressive. Treatment usually consists of multiple cycles of
chemo-, immune- or radiation therapy, haematopoetic stem cell transplantations (HSCT),
or a combination thereof. The disease, its treatment and the often long hospital stays
required, lead to high immobility, resulting in adverse effects such as physical
deconditioning3,4 apparent as muscle atrophy5, reduced bone density6 or loss of balance
control7, anxiety, depression and chronic fatigue syndrome1 . In consequence, patients’
quality of life (QOL) is severely diminished. Additionally, 50% of lymphoma and
leukemia patients

8

suffer from chemotherapy-induced peripheral neuropathy (CIPN), a

clinically relevant side-effect that induces neuronal damage.
The following section has the aim to provide the background information necessary in
order to better understand the research issue and hypothesis of this work. Thus it includes
the problems patients and clinicians are confronted with, especially regarding CIPN, the
potential of exercise interventions as well as recommendations for the translation into
practice, derived from the current state of the art. Finally, the contribution of this work to
the research gap will be discussed and future directions derived.

13

___________________________________________________________________STATE OF THE ART

STATE OF THE ART
Possible side-effects patients have to deal with – and the potential of specific exercises
to counteract them

Treatment of haematological malignancies consists of multiple cycles of polychemo-,
immune- or radiation-therapy, haematopoetic stem cell transplantations (HSCT), or a
combination thereof. The disease, its treatment and the extended hospital stays, lead to
increased immobility3. As bed-rest studies have shown, immobility alone causes a
numerable amount of side-effects such as 20-30% muscle atrophy after seven days,
reduced oxygen absorption by 21% after nine days, the immune system is weakened, a
higher risk for thrombosis and pneumonia, the resting heart rate is raised by 22% after four
weeks, total blood volume is decreased by 700ml after four weeks6,9,1011, balance and
coordination are decreased, to name a few. Additionally, cancer treatment consisting of
operations,

cytostatic-

or

immunologically

active

medication

and

stem

cell

transplantations, causes further physical deconditioning. Previous studies have shown that
exercise holds the potential to counteract many of the debilitating side-effects. For a better
overview, these have been put together in the following table (see Table 1):
Table 1: An overview of the possible side-effects of cancer therapy on the one hand and the possible

effects exercise could have on these symptoms on the other hand
Possible side-effects of cancer therapy

Possible effects of exercise

Immobility

Muscle atrophy: (20-30 % after just 7 days)
Reduction of whole body protein synthesis
Raise of resting heart rate by 22% after 4
weeks
Progressive osteoclasis and degeneration of
cartilage
Reduced proprioception and coordination
Reduced lung ventilation which results in a
higher risk for pneumonia 11,12
Secondary diseases induced by immobilty such
as diabetes, metabolic syndrom etc. 13,14

 Reduces or even prevents immobility during all phases
of therapy
 Maintains and builds up muscle mass
 Maintains muscle protein synthesis
 Sets sufficient impulse for bone augmentation
 Improves proprioception and coordination
 Prevents secondary diseases induced by immobility
 Reduces risk for pneumonia15

Physical
performance
level
Muscular

Reduced physical performance-levels due to
inactivity, anxiety, depression, Fatigue or therapy
induced side-effects.
 Progressive muscle atrophy due to immobility and
therapeutic agents such as Glucocorticoids21
 Cachexia (syndrome of progressive weight loss,
anorexia, and persistent erosion of host body
cell mass in response to a malignant growth22.

 Gain of muscle mass
 Improved inter- and intramuscular coordination
 Improves neural signals for better agonistic and
synergistic muscle action
 Could prevent cachexia22.

Sceletal

 Inhibition of osteoclastogenesis, alteration of bone
metabolism and negatively impact bone
homeostasis.

 Sets sufficient impulses to stimulate the osteoblasts
and bone metabolism 24
 Can increase supporting muscles and thereforestabilize

Can prevent a reduction and improve physical
performance status16-20

14

___________________________________________________________________STATE OF THE ART
 Hormone sensitive medication causes
23
demineralization
 Bone metastasis display an additional danger for
bone fractures
Neural

Neurotoxic agents in chemotherapy can cause neural
damage leading to peripheral neuropathy (PNP),
reduced sensitivity, reflexes and pain 26

Balance control

Balance control is progressively reduced as the
hospitalization period advances

bone metastasis

25

 Neural adaptions (especially spinal and supraspinal)
 Neural adaptation improving the coordination and
movement of muscles and joints.
 Regeneration of neuro-muscular structures
 Improves postural stability 27 28
Improves balance control and reflexes

28

Stability

Higher risk for falls and injuries due to:
 Weakness due to muscle atrophy
 Loss of sensitivity, numbness or pain (PNP)
especially in the soles of the feet
 Reduced or lost tendon reflexes (Achillis)
 Weak dorsoflexion
 Progressive reduction of balance control and
coordination

Induces stability, preventing falls and injuries:
 Reduced reflex responses
 Higher sensitivity for abnormal joint angles
 Improvement of muscular control and stabilization of
the joints (foot and knee)
 Better coping strategies with PNP

Immune system

 Chronic inflammations are held responsible for the
etiology of cancer. Additionally, cancer -therapy
increases inflammatory reactions.
 Hormones, pro- and anti-inflammatory cytokines play
an important role for the activity of the immune
system. 29

 Exercise influences oxidative stress level which boosts
the enzymatic antioxidative capacity and therefore
reduces side-effects (e.g. skeletal protection)
 It also induces the release of anti-inflammatory
cytokines which regulate the activity of the immune
system, also influencing side-effects such as
kachexia 29

Blood values

 Anemia30
 Cytopenia

 Can improve hemoglobin levels, platelets31
 Reduces the amount of erythrocyte and thrombocyte
concentrates necessary
 Less attempts necessary to collect cells for transplant32

Clinical outcome

Bad constitution, degrading Karnofsky status or
severe side-effect of therapy such as PNP, can
influence the therapy regime, dosage of therapeutic
agents or even lead to an interruption of therapy.

Higher compliance for therapy and reduced supportive
medication can result in better clinical outcome

Quality of life

The diagnosis, the disease itself and the associated,
debilitating side-effects, can lead to a strong
impairment in patients’ quality of life.

Higher mobility, better balance control, increasing gait
security, less falls and injures, improved selfconfidence, more strength, better coping strategies,
reduced side-effects or reduces psychological
problems, to name a few, contribute to an improvement
in patients’ quality of life.

Cancer related
Fatigue

Multifactorial development of Fatigue, inducing
severe tiredness, sluggishness, apathy and
demotivation

Improves Fatigue syndrome 35

Cognitive
function

Cognitive impairment, especially regarding short-term
memory and concentration 36-38

Can improve cognitive functions 39-41

Further
psychological
parameters
Anxiety
Depression
Stress etc.

The diagnosis, the disease itself and the necessary
treatment can cause distress, which becomes
apparent in:
 Anxiety
 Depression
 Reduced psychological well-being
 stress

33,34

Positive influence on
 Anxiety
 Depression
 psychological well-being
 stress level 42

15
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In combination the effects of immobility and therapy can lead into a circulus vitiosus (see
Fig.1), seriously influencing patients’ physical, psychological and social activities of daily
living as well as the clinical outcome and survival of cancer therapy.

Fig. 1: The circulus vitiosus of immobility and reduced physical performance (Streckmann 201228)

Chemotherapy-induced peripheral neuropathy (CIPN) – one of the most relevant
side-effects
CIPN is a highly prevalent and clinically meaningful side-effect that affects 50%26,43,44 of
Lymphoma and Leukemia Patients. It represents a group of diseases which damage motor,
sensory and/ or autonomous peripheral nerves. CIPN can occur as paraneoplastic
manifestation, but is much more frequently induced by neurotoxic chemotherapeutic
agents45. Depending on the agent and its dosage, different nerve fiber modalities are
affected: The main agents responsible are platinum-derivates such as Cisplatin,
Carboplatin and Oxaliplatin, Vinca-alkaloids (Vincristin, Vinblastin, Vindesin, Vinorelbin)
and Taxanes (Doxetacel, Paclitaxel). Additionally, the agents Bortezomib, Thalidomid and
Epothilones also lead to neural damage (see Table 2). Motor- and peripheral nerves are
especially sensitive towards toxins, causing motor- and sensory dysfunctions such as
16
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painful paresthesia, dysesthesia, burning, pins and needles sensation, reduced or even
absent tendon reflexes, altered proprioception, reduced balance control and consequently
impaired gait as well as a higher risk of falling26. The symptoms not only lead to a
reduction in patients’ quality of life but CIPN has become a decisive limiting factor for
therapy, causing treatment delays, dose reductions or even discontinuation of therapy,
which can affect the outcome and compromise survival26. Therefore, the occurrence of
CIPN presents a diagnostic dilemma as, to date, approved, effective treatment options are
lacking46. Research has focused on pharmacological therapies aimed to reduce PNP or treat
selected side-effects47-49. While this has been helpful for neuropathic pain, it does not
address the many other sensory and motor side-effects of PNP

47,50-52

. On the contrary,

many of these agents have been shown to have additional negative side-effects26,53. Though
the many positive effects of exercise on the human body are well known, little research has
been done to investigate the potentially beneficial effects of specific exercises to counteract
the described symptoms of CIPN.

Table 2: An overview of potentially neurotoxic, therapeutic agents: the neural damage they inflict, their
clinical manifestation and the usual onset dose, according to the state of the art. This table does not show all
potentially neurotoxic agents in chemotherapy, only the most common according to the data base.

Therapeutic
agent
In general

Platinumderivates:

Cisplatin

Neurological damage
Damage to small fibers (Aα and
C)

Clinical manifestation

Incidence

Onset
dose

Pain symptoms,
predominantly sensory
symptoms:
burning, paroxysmal,
stabbing, or electric-shocklike sensation, pins/needles
sensation and itching,
typically “glove and
stocking” distribution.
Motor symptoms:
reduced/absent reflexes,
altered proprioception,
which can lead to accidents
or falls.

National
Health &
Medical
research
council 1999
Stubblefield
200926

Tulub 200154

Exert direct damage to the
dorsal root ganglion inducing
DNA derangement, morphologic
changes,
and subsequent apoptosis

disrupts axonal microtubule
growth that is essential for
axonal transport, amplitude
reduction of sensory Nerves

Carboplatin

Inhibits DNA synthesis and repair
due to its ring-structure, which
causes the death of neural cell.

Author

decreased vibratory
sensation, pins/needles
/itching sensation, painful
paresthesia or
numbness in a stockingglove distribution, sensory
ataxia with gait dysfunction

28%–100%
(overall)
+ paclitaxel:
7%–
8%(severe*)

300 mg/m2

Similar to cisplatin but milder
Sensory neuropathy

6%–42%
(overall)

400mg/m2

Tingling sensation,
dysaesthesia, cold-induced
painful dysesthesia, reduced

paclitaxel: 4%–
9% (severe)
85%–95%

Stubblefield
200926
Wonders
2010
53

Wonders
201053

any
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Oxaliplatin

Studies suggest that the acute
form of oxaliplatin toxicity may be
associated with calcium chelation
by oxalate released from the
drug, adversely effecting ion
channels and synaptic
transmission peripheral nerve
hyperexcitability, including
repetitive motor
discharges

or absent Achilles tendon
reflex

(overall)
FOLFOX:
10%–18%
(severe)

Vinca-alkaloids
Vincristin,
Vinblastin,
Vindesin,
Vinorelbin

Cause axonal damage, disrupt
axonal transport via microtubule
damage

Symmetrical tingling
paresthesia, loss of ankle
stretch reflexes,
constipation, occasionally
weakness, gait dysfunction,
wrist or foot drop,
progressive quadriparesis,
seizures, numbness,
tiungling and burning pain in
hand and feet

30%–47%
(overall)

Taxane

Axonal damage and disrupts
axonal transport (by disruption in
tubulin polymerization)

Docetaxel

Paclitaxel

Others:
Bortezomib

4–10 mg

100 bis 200
mg/m²
Mild to moderate numbness,
tingling, autonomic
neuropathy and decreased
joint position sense

>175mg/m2

Burning stabbing pain of
hands and feet, reduced or
absent Achilles tendon
reflex, weakness of distal
muscles

>200mg/m2

Leonard
55
2005
Pietrangeli
200656
57
Benoit 2006
Grolleau
58
2001
59
Andre 2004
Gramont
60
2000
Lehky 200461
62
Wilson 2002
Krishnan
63
2005
Verstappen et
al. 200564
Macfarlane
65
1997

Forsyth et al.
199766

Cavaletti
199567

Unknown

Cavaletti
200768
Csizmadia
200869
Poruchynsky
200870

induces neuronal injury via
multiple mechanisms such as
cytoskeletal change,
mitochondrial disturbance and
disruption in tubulin
polymerization

Thalidomid

neuronal degeneration

>50mg/m2

Chaudhry
200271

Epothilones

target microtubules

Unknown

Lee et al.
200672

Potential physical activity interventions for haemato-oncological patients – state of
the art and exercise recommendations

Aerobic endurance training
Aerobic endurance training can be defined as a type of training with an effective intensity,
but simultaneously only inducing such moderate changes to the internal milieu
(catecholamines, lactate increase) that training oncological patients are not endangered 73.
State of the art: Aerobic endurance training has become a feasible and effective method to
improve the aerobic capacity in oncological patients. Besides the obvious impact on
patients’ physical performance level, aerobic endurance training has also shown to have a
18
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positive impact on Fatigue and patients’ quality of life 1,74. Regarding haemato-oncological
patients, only three RCTs.1,74 75have investigated the effect of endurance training alone in
haemato-oncological patients while only one of them, the largest RCT by Courneya et al.1,
assessed Lymphoma patients only (see table 3).
Table 3: State of the art – Aerobic endurance interventions on patients with haemato-oncological
malignancies.
Study
(only
RCT)
Courney
a et al.
2009

N

122

Entity

Lymphoma
(on and off
treatment)

Exercise
program

Intensity

Duration

Frequency

Aerobic
endurance
exercises
(supervised)

60-75% of
peak power
output

12 weeks

3x/week

Outcome Measures

↑ physical function
↑ QOL
↑ Fatigue
↑ happiness
↑ general health
↑ cardiovasc fitness
↑ lean body mass
↑ less Depression
↔ anxiety
No interference with chemo
completion rate or treatment
response

Chang et
al 2008

De For et
al.2007

22

100

AML
(hospitalized
under therapy)

Leukemia and
Lymphoma
(during alloHSCT)

Walking
exercise
program

walking

60-110
beats/min
<30rrt/min
90-160
mmHg
systolic
60-100
mmHg
diastolic

3 weeks

unspecified

Until 100
days post
transplant

12min per
day

↑ walking distance
↑ fatigue (BFI) intensity and
interference

↓ symptom distress
↔ anxiety
↔ depression

2x/day for
15min
during
hospitalisati
on, 1x/day
for 30min as
outpatients

↑ subjective physical and
emotional well-being

↔ Length of hospitalization
↔ survival
↔ Karnofsky (smaller decline in
TG (-10 TG; -20CG) ↑ in older
and less fit -pre HSCT)

↑ significant improvement, ↓ negative effect, ↔ no significant change detected, TG=training group,
CG=control group, QOL=quality of life, HSCT= hematopoetic stem cell transplantations (includes both
bone marrow and peripheral blood stem cell transplantations), allo=allogeneic, auto=autologous,
AML=acute myeloid leukemia

Courneya et al. evaluated 122 lymphoma survivors both on and off treatment and showed
that aerobic endurance training can improve physical function, QOL, fatigue, happiness,
depression, aerobic fitness, and body composition. No differences could be detected for the
level of anxiety. Additionally, they noted that exercise did not interfere with chemotherapy
completion rate or treatment efficacy. Chang et al. found improved walking distance,
fatigue intensity and interference as well as symptom distress following a walking program
for AML Patients undergoing therapy. The patients participated in a walking regime for
12min every day, over three weeks. No significant differences were found for anxiety or
19
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depression. The third study by De For et al. also investigated the influence of walking,
though in Leukemia and Lymphoma patients during HSCT. Inpatients in this study were
asked to walk twice a day for 15min, extending walking to 30min per day as outpatients
until 100 days post-transplant. In the total study population, they found a smaller (not
significant) decline in the walking group (-10) in comparison to the control group (-20).
Though, in the subgroup of older and less fit patients prior to transplant, the intergroup
comparison was significant. Additionally, patients in the walking group reported better
physical and emotional well-being. No differences could be detected regarding the length
of hospitalization or survival.
Training recommendation: In Lymphoma and Leukemia patients, training should be
individualized as it is codependent on the tumor stage, the phase of therapy they are
currently undergoing, possible limiting side-effects such as anemia or cytopenia and even
their lifestyle. Therefore the following training recommendations for aerobic endurance
training with oncological patients can be derived:
Basic endurance should be trained prior to more intense variations. In the acute phase of
therapy, patients should train on a daily basis for 15-30min, at 50-75% max. heart rate.
Immobility should be avoided. Weak patients should also train every day, but with a lower
intensity and shorter duration. To begin with, interval training should be chosen, starting
with 5-10min intervals, slowly increasing the intervals until the continuous method for 2030min is possible76,77.
Outpatients undergoing adjuvant therapy, or in rehabilitation, should train regularly 2-3
times per week for 15-45min. In order to ensure a safe but also effective training, the
intensity should be 60-80% max. Hf or 50-75% of max. O2 capacity17.
Training should always be supervised in the beginning to ensure the correct execution and
intensity for patients. Supervision as well as training management is easiest when patients
train on a bicycle ergometer or treadmill, until safe to train unsupervised and outdoors
again.
In order to prevent overburdening, training should be altered with further training
interventions such as resistance training, if combined 78.
Contraindications for aerobic endurance training:
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<10.000 µl thrombocytes



acute bleeding



acute infections (> 38°C fever)



strong nausea and vomiting



within 24h of receiving cardio- or nephrotoxic chemotherapy
Interruption of aerobic endurance training should occur in the case of:



sudden paleness



developing or worsening nausea



vomiting



developing or increasing headache



hyperventilation79
Resistance training
Strength is defined as the ability of the neuro-muscular system, to overcome (concentric),
work against (excentric) or hold against (static) resistances with the help of innervationand metabolic processes80. Consequently, resistance training aims to improve strength,
inter- and intramuscular coordination as well as neural control, gaining muscle mass.
As leukemia and lymphoma patients have to endure long and intense phases of therapy and
accordingly high immobility, patients suffer from muscle atrophy, associated weakness,
loss of physical performance, deterioration of bone mass and subsequently a decline in
QOL. It may seem obvious that resistance training, which is known to counteract these
parameters in the healthy population, is an appropriate measure for cancer patients.
Due to the fact that cancer is a life-threatening disease, the necessary treatment severely
straining the body, physicians advised patients to rest and gather their “strength” for the
imminent therapy, for years. Additionally, further therapy-induced side-effects such as
thrombocytopenia, possibly causing internal bleeding, led to increased anxiety, especially
for resistance training. Only slowly, research has been able to prove that resistance training
is not only feasible for cancer patients but also very beneficial. Studies in other entities,
better investigated, were able to show that cancer patients are able to cope much better
with therapy and the accompanying side-effects, if they deteriorate less, lose less muscle
mass, feel stronger and their mobility is maintained or even increased.
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Therefore, resistance training is important in the support of oncological patients. The main
aim is to prevent muscle atrophy during therapy, build it up as soon as possible and help
patients to feel strong enough to cope with therapy, maintain their activities of daily living,
support them to reintegrate into their social and working life and with that improve their
QOL. Additionally, resistance training can offer an adequate impulse to maintain bone
mass, especially for patients receiving aromatase inhibitors81,82 and influence the body
composition 17.
Previous studies reported no adverse events and were able to show that resistance training
is feasible and safe for cancer patients 83, even in patients with lymphedema84.
State of the art: Most studies have been performed in breast cancer patients followed by
prostate cancer. So far, only two RCTs have performed solely resistance exercises with
hemato-oncological patients (see table 4).
Table 4: State of the art – Interventions on resistance training on haemato-oncological patients
Study
(only
RCT)
Hacker
2011

N

Entity

Exercise
program

Intensity

Duration

Frequency

Outcome
Measures

19

Strength
training

Borg scale 13

6 weeks after
discharge

1-2x/week
supervised, 12x/week
advised to
move

only time-effects:
↑ physical activity,
↑ muscle strength
↑ health status
↔ QOL
↔ Fatigue

Cunnin
gham
1986

40

Leukemia
Lymphom
a and
further
diseases
(after allo
and auto
HSCT)
Leukemia
(receiving
HSCT)

Resistance
training

unspecified

5weeks

3-5/week

↑ Nitrogen balance
↔Creatinine
excretion
↔arm
circumference

improvement, ↓ negative effect, ↔ no significant change detected, QOL=quality of life, HSCT=
hematopoetic stem cell transplantations (includes both bone marrow and peripheral blood stem cell
transplantations, allo=allogeneic, auto=autologous
↑ significant

The earliest and largest publication by Cunningham in 198685, evaluated blood samples of
leukemia patients receiving HSCT after 5 weeks of resistance training 3-5 times per week.
They found higher nitrogen balance in the exercise group, but no changes for creatinin
excretion and arm circumference. Hacker et al.86 performed resistance training with
Leukemia and Lymphome patients, 1-2 times per week, over 6 weeks. The authors could
show improved time-effects only, in physical activity, muscle strength and health status,
but no changes in Fatigue and QOl.
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Training recommendation: Training should address the main muscle groups and as
holistically as possible17. Resistance exercises are most effective performed 2-3 times per
week with an intensity of 15±1 on the Borg scale or 60-85% of the 1RM and 2-3 sets per
exercise with 8-15 repetitions. It is important to ensure recreational breaks in between the
exercises in order to avoid fatigue and an accurate, physiological performance. Therefore it
should be supervised at the beginning and recurrently in order to prevent muscular
dysbalance or injuries.
Contraindications:


thrombocytopenia

o <20.000/ μl resistance training not advised
o >20.000/μl moderate exercises possible
o >50.000/μl intensive training possible


osteolysis



haemoglobin <8



acute infection (fever >38°C)



severe nausea



vomiting



direct tension on scared tissue for 4-6 weeks post operation



occurring or worsening somatic symptoms during training77
Combined exercise interventions: Aerobic endurance and resistance training
State of the art: Further 9 RCTs31,32,87-8957-5919,90-92 on hemato-oncological patients (all
undergoing HSCT) chose a combination of endurance and strength training (see table 5).
Table 5: State of the art – Combined exercise interventions consisting of endurance and resistance exercises
in haemato-oncological patients.
Study
(only
RCTs)
Wiskeman
n 2011

N

Entity

Exercise
program

Intensity

Duration

Frequency

Outcome Measures

10
5

Leukemia,
and
Lymphoma
(Prior,
during and
after alloHSCT)

Endurance
and resistance
training (partly
selfadministered)

“brisk” walking

1-4 weeks
prior to HSCT,
continued
through
inpatient,
6-8 weeks
after
discharge

During inpatient
phase: 2x/week
Endurance 2040min; 3x/week,
strength 2x/week

↑ Fatigue (MFI)
↑ physical fitness (6MWT)
↑ physical functioning and
pain (EORTC)
↑ max strength lower
extremeties
↑ less global stress
↑ anger/hostility(POMS)
↓ anxiety higher in TG (HADS)
↔ pedometer
↔ coordination
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↔ QOL
Knols
2011

13
1

Leukemia
and
Lymphoma
(>6months
post HSCT)

Endurance
and strength
(outpatient)

50-60%,
increasing to
70–80% of
estimated
max. Hf

12 weeks

2x/week
endurance
>20min

↑ physical performance
↔ self-reported physical function
↔ body composition
↔ walking activity
↔ Fatigue
↔ QOL

Baumann
2010

64

Leukemia
and
Lymphoma
(during
auto+ allo
HSCT)

25W /2min, up
to Hf 180-age
80% of
achieved watt
load

Varied:
6-9days pre
HSCT, 43±25
days of
hospitalisation

Daily 20min ADL
10-20min
aerobic
endurance

↑ Strength
↑ Endurance
↑ less pneumonias
↔ lung function
↑ QOL (EORTC) and physical
functioning
↑ blood values (Plts, Hb)

Jarden
2009a

42

Leukemia
and
hematologic
al disorders
(during alloHSCT)

TG:
Endurance
and
ADL/strength
(supervised)
CG:
Mobilisation
and
gymnastics
multimodal:
Endurance
and strength ,
relaxation,
and
psychoeducati
onal

Cycling: lowmod (50-70%
max Hf)

4-6weeks

5 days/week
cycling,
stretching
3x/week
resistance
2x/week
progressive
relaxation,
ongoing
psychoeducation

↑ Aerobic capacity (VO2max)
↑ Muscle strength
↑ Functional performance
↑ less diarrhea and parenteral
nutrition
↔ QOL
↔ Fatigue
↔ Psychological well-being
(FACT-An)
↔ Anxiety and depression
(HADS)
↔ Clinical outcome

Jarden
2009b

42

Leukemia
and
hematologic
al disorders
(during alloHSCT)

Endurance
and strength ,
relaxation,
and
psychoeducati
onal
multimodal

Cycling: lowmod (50-70%
max Hf)

4-6weeks

5 days/week
cycling,
stretching
3x/week
resistance
2x/week
progressive
relaxation
Ongoing
psychoeducation

↑ reduction in symptom intensity
:Mucositis, cognitive,
gastrointestinal, functional
symptoms
↔ affective symptom cluster

Shelton
2009

61

Leukemia
and
Lymphoma
(<6months
post HSCT)

Aerobic
exercises
(treadmill,
bicycle
ergometer
versus
walking)
Resistance
(free weight,
weight
machines
versus
resistance
bands) (selfdirected)

Aerobic: 6070% max Hf,
20-30min

4 weeks

3x/week

Supervised: +12% distance
6(MWT), +14% 50-foot walk
Self-admin: +10% distance
6(MWT)
↔ Fatigue (BFI)

Coleman
2008

13
5

Multiple
myeloma
(during
auto-HSCT)

Aerobic
endurancewalking,
resistance
with bands ,
stretching
(selfadministered)

No indication

N=120
15weeks
N=70 of the
120 +15weeks

No indication

↔ aerobic capacity (6min walk
↑ less thrombocyte and
erythrocyte concentrates
↑ less attempts to collect cells for
transplant

Mello
2003

18

Leukemia
and
Lymphoma
(immediatel
y after alloHSCT)

active
exercise
program for
upper and
lower limb
mobility,
stretching
exercises,
and treadmill
walking

70% max Hf

6 weeks
during
hospitalization
, continued as
outpatient

40min/day
(except weekends)

↑ TG: maximal isometric strength
for upper and lower extremity
muscle groups (shoulder,
abductors, flexors, elbow
flexors, knee flexors, ankle
flexors )
↑ CG: knee flexors

Coleman
2003

24

Multiple
myeloma
(receiving
HSCT)

TG: 1 aerobic
component
(walking,
running,
cycling) +
resistance

Endurance
Borg-scale 1113

6 months

TG: unspecified

↑ lean muscle mass
↔ POMS
↔ sleep
↔ muscle strength
↔ aerobic capacity

Resistance
Borg-scale 15-

CG: 20min
3x/week
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exercises with
resistance
bands
CG:
encouraged to
walk
(home-based)

17

↑ significant improvement, ↓ negative effect, ↔ no significant change detected, HSCT= hematopoetic stem
cell transplantations (includes both bone marrow and peripheral blood stem cell transplantations),
allo=allogeneic, auto=autologous, Hf=,heart frequency, POMS= Profile of Mood States, TG=Training
group, CG=control group, 6MWT=6-minute walk test, QOL= quality of life

Quality of life: One study by Baumann et al.

79

found significant improvements regarding

patients’quality of life. Three studies (Wiskemann 2011, Knols 2011, Jarden 2009a)90,92,93
could not detect any significant intergroup differences.
Fatigue: Similar results can be found regarding Fatigue. One RCT (Wiskemann 2011)92
could show an improvement in the exercise group, while three (Knols 2011, Jarden 2009,
Shelton 2009)89,90,93could not detect any significant changes among the groups.
Physical performance: Regarding patients’ physical performance level, many intergreoup
differences could be shown. Improved endurance parameters were detected by Baumann
and Jarden et al., only one study (Coleman 2003) showing no significant differences in the
measured parameters. An improvement in strength parameters were demonstrated by four
studies (Wiskemann 2011, Baumann 2010, Jarden 2009, Mello 2003)31,88,90,92, while
Coleman et al. again found no differences. Two studies (Baumann 2010, Knols 2011)31,93
also found better physical fitness in the exercise group in comparison to the control group.
Concerning parameters related to patients’ gait, two studies (Wiskemann 2011, Shelton
2009)

89,92

, found improved walking parameters such as walking distance in the 6-minute

walking test (6MWT), while no differences could be detected in the walking activity
(Knols 2011) or aerobic capacity (Coleman 2008) with the 6MWT. Only one study
included coordination exercises (“one-leg stand and balancing”) and found no differences
between the groups92, though it is not apparent how coordination was measured.
Psychological parameters: No significant effect could be found for anxiety, depression or
psychological well-being (Jarden 2009a)90, one study (Wiskemann 2011)92 even showed a
slightly higher anxiety level for the exercise group. With the Profile of Mood States
(POMS) questionnaire, anger and hostility improved in one study (Wiskemann2011)92,
while another (Coleman 2003)87 showed no effects.

25

___________________________________________________________________STATE OF THE ART

Blood parameters: Coleman et al.32revealed that less thrombocyte and erythrocyte
concentrates were necessary in the exercise group, while Baumann et al.31found an
increase in platelets and hemoglobin concentration in the blood as well as fewer attempts
to collect cells for transplant among the patients in the intervention group.
Further side-effects: Reduced global stress and pain could be shown in the study by
Wiskemann et al.92, Baumann et al. detected less pneumonias though no change in lung
function31 in exercising patients, while Jarden et al.90 demonstrated less diarrhea and
parenteral nutrition necessary. Two studies commented on patients’ body composition, one
(Coleman 2003)87 finding improved lean muscle mass whereas another (Knols 2011)93
found no changes. Jarden et al.91additionally detected reduced symptom intensity for
mucositis, cognitive, gastrointestinal and functional symptoms.
These studies not only give evidence that endurance as well as resistance training is
feasible during all phases of therapy, but also contributes to the improvement of therapyrelated side-effects.
Sensorimotor training
Lacking references in hematology and oncology, as this works presents the first
implementation of sensorimotor training in oncological patients; the beneficial effects of
sensorimotor training will mainly be derived and analyzed from studies on healthy adults
and elderly.
State of the art Balance control is a fundamental skill for the successful performance of
activities of daily living. Insufficient balance control presents a risk factor for falls and
injuries, inducing insecurity and further promoting immobility. The circulus vitiosus is
pursued. Balance control is not just something we acquire in the first 7 years of our life,
but can still be trained at an old age. As previous studies have shown, sensorimotor
training has proven to be an ideal device to train balance control at all ages 27,9495.
Sensorimotor describes a complex system, which is not only reduced to afferent sensory
contributions but also includes the efferent mechanisms and reacts to exercise with
adaptive processes. The central nervous system integrates sensory information perceived
from multiple sources in order to initiate the appropriate motor responses which lead to
muscle activation and thus produce the forces necessary to maintain balance.
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‘Sensorimotor training can be defined as a training regimen that primarily aims at an
improved perception and integration of sensory signals on a spinal and supraspinal level as
well as an optimized conversion of the integrative processes in an adequate neuromuscular
response or motor action’96,97 The implementation in practice, involves progressively
difficult exercises on a progressively instable surface (see Fig.4). Balancing on various
different devices such as balance pads, rocker- or balancing boards for instance induce
adaptions in the neuromuscular system which promote neural plasticity in the spinal and
supraspinal structures of the central nervous system, on the long run

98,99 100

. Due to this

ability, sensorimotor training has also shown to regenerate neuromuscular structures
following injuries27,101-105. Consequently sensorimotor training has primarily been a
training device to rehabilitate (world-class-) athletes after injuries to the ankle or knee. By
imitating an unstable surface, the body tries to compensate by stabilizing the joints,
enhancing the neuromuscular functions, inducing more supportive muscle mass while
generating a high intermuscular coordination between the agonistic and antagonistic
muscles in the lower extremities106. Later its properties were also implied to prevent injury
re-occurrence107-109. Former studies demonstrated a reduction of injury incidences by 50%
in ball games, when sensorimotor exercises were integrated into the training

110-112

,

handball113 volleyball108,114, soccer109,115, basketball109,116. Previous studies have also
revealed that sensorimotor training can influence reflex excitability117-120. Most research
106,121-123,117

concerns the Hoffman reflex (H-reflex), demonstrating a down-regulation

through balance training. These effects were not only achieved in young healthy adults, but
as Granacher and Mynark were able to demonstrate, elderly subjects responded equally to
the training. Williams et al.124 also found an improvement regarding the Achilles tendon
reflex, in elderly subject, which suggests that balance training could be beneficial for
patients with reduced reflex functions125. Furthermore, the ankle angle proprioceptive
receptors that react to an abnormal joint angle position and trigger a reflex to maintain
balance, also show improved reaction times after sensorimotor training120 (overview:
Horak and Macpherson 1996).
The benefits of sensorimotor training not only lie in the ability to induce neural adaptions
and with that influence balance control, but as recent studies have shown, also influence
complex motion tasks and functional capacity of the muscles. Strength and jumping
abilities were improved97,126-130117,131, demonstrating reactive forces and a higher maximum
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rate of force development

94,128,132,133

, maximal voluntary strength

126,134,123

and the vertical

jump performance 131,135.
Slowly but surely the benefits of sensorimotor training are being extended to further useful
areas of application. In patients who had suffered a stroke or with vestibular dysfunctions
for instance, sensorimotor training was able to improve their postural stability 136-139.
For cancer patients, the advantage of sensorimotor training not only lies in the feasibility
during all phases of therapy, even in isolation, but also in its above mentioned properties.
In comparison to other training interventions, sensorimotor training can be performed at all
ages and various performance levels. As Granacher and Gauchard94,140 could demonstrate,
even frail people with a high falling incidence were able to perform and profit from this
training. Due to the low intensity but high impact, cancer patients undergoing therapy are
able to cope with the exercises and little effort involved. During HSCT and isolation
phases for instance, cytopenia and the associated potential risks for the patients are often a
limiting factor for many exercise interventions such as strength training. Therefore exercise
interventions maintaining patients’ physical performance level and mobility throughout
this critical period, are scarce. As the training devices used for sensorimotor training meet
the requirements of hospital hygiene, thus limiting the risk of infections due to leucopenia,
and training involves short interventions of only 20sec. using only bodyweight,
diminishing the risk of internal bleeding due to thrombocytopenia, two major risks can be
compromised.
50% 8 of the patients have to cope with an additional burden: The loss of sensitivity, pain
and reduced or absent tendon reflexes in the foot, due to peripheral neuropathy, cause even
more insecurity, instability and consequently immobility. The sole of our foot is crucial for
stance stability, balance control and gait141. Impairments as found in neurodegenerative
diseases such as Morbus Parkinson und Multiple Scleroses142 but also in PNP44,143,144

145

,

show a severe restriction of plantar sensory abilities inducing deficiencies in balance
control, the gait pattern and even whole-body coordination.
Furthermore, neuropathic patients may also profit from the effects of SMT on reflex
abilities. Patients with sensory neuropathy show longer latency periods141 and reduced to
absent tendon reflexes. Macefield et al.146 could show that deafferented motoneurons could
be activated at a significantly lower frequency, while further studies demonstrated the
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beneficial influence of balance training on reflex abilities (see above). Williams for
instance achieved a down-training of the Achilles tendon reflex with balance training, a
tendon reflex often impaired by PNP. Moreover, elderly, who are also more restricted in
modulating reflex responses27,147 are able to adapt and improve neural control in response
to balance training, may indicate that patients with reduced reflex abilities such as cancer
patients with PNP could also benefit.

Training recommendations: Training can be performed daily, though it is important to
keep in mind that time-related processes take place in response to sensorimotor training.
Previous studies have shown that the first phase (0-20sec.) initiates learning or adaptive
postural strategies, while durations from 40-60sec. onwards induce fatigue. Therefore
durations of 20-40sec. probably induce the highest neuromuscular learning processes and
avoid fatigue, while durations above 60sec. are more appropriate if the training intends to
train strength

97,117,127,128

. It is therefore also important to allow for a sufficient rest in

between the exercises and sets in order to avoid fatigue. The duration of the regeneration
break should endure at least as long as the exercise itself (20-40sec.), allowing a 1min to
3min rest between each set and not exceeding 4-6 sets at the most148,149. Significant effects
could be found after 4-6weeks of training (healthy subjects)104,108,150 with a frequency of 2-3
times per week 100,123,126,127. As the neuromuscular system adapts specifically and progressively
to the training volume as well as the applied intensity, the exercises should be challenging for
the individual participants. Therefore training should be progressive. This can be achieved
either via the choice of exercises, following the exercise principals: from easy to complex
exercises e.g, from bipedal to monopedal exercises, gradually reducing the supporting surface,
making it more and more instable or adding additional perturbations, irritations, tools (e.g.
balls, obstacles) or tasks (e.g. cognitive), or by increasing the duration or intensity of the
exercises. Previous studies 98,100,117,133have increased the duration of the exercises from 20 to 40
sec. or the number of sets from 4 to 6 after half of the training sessions148
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Instruction

“Stand as quiet as possible. Avoid falling off the training device”

Initial
Position

- upright position while fixating a given point straight ahead
- one-legged stance (barefoot)
- slightly flexed knee (approx. 30°)
- hands placed on hips/ or hanging down at the side of the body
- the free leg should not touch the supporting leg or the surface

Exercises

content

duration

minimum duration necessary for effects

> 4 weeks

frequency

2-6 x / week

time required in total

~ 6 – 30 minutes

duration of one exercise

20 seconds

rest inbetween exercises

40 seconds

repetitions per exercise

3

amount of exercise sets

3-8

rest inbetween exercise sets

1-3 Minuten

Progression
eyes open

head
turned or
looking up

eyes
closed

stable surface

instable
surface

no additional
tasks
additional
motor OR
cognitive task
additional
motor AND
cognitive task

Examples for
training
devices

Fig. 2: Example of a training regime used in this work and several previous studies97100,117,127,128,131,133,151
(modified from Gruber 2007).

Contraindications: To date, no specific contraindications are known, apart from general
contraindications to exercise such as fever, for instance. To ensure patients’ safety, it is
crucial though to offer a safety bar or something to hold on to in case of loss of balance
and supervise the training, especially in unstable (e.g. neuropathic or isolated) patients.

PHYSICAL ACTIVITIES FOR PATIENTS WITH PNP
Regarding chemotherapy induced peripheral neuropathy the present randomized controlled
trial is the first to reveal significant and clinically meaningful results, especially on sensory
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symptoms. The component sensorimotor training with its above mentioned properties,
distinguishes this paper from others in the field. We therefore presume that this specific
type of balance training played a crucial role. Consequently, we wanted to analyze the
effects of exercise interventions on various neuropathic patients, in a systematic review in
order to determine the direction for future research.

Physical activity in patients with neuropathies of diverse pathophysiology
The largest research field on PNP is based on neuropathic diabetics (eleven Studies).
Further six studies on neuropathic patients exist, though with heterogeneous origin.
Generally speaking, most exercise interventions target the general performance level of the
patient, mainly addressing strength and cardio-respiratory fitness. For neuropathic patients
though, the sensory and motor side-effects such as the loss of sensation or pain in hands
and feet, reduced or absent reflexes, loss of balance control and impaired gait are far more
relevant. Several studies152,153 have shown an association between PNP and loss of balance
as well as changes in gait patterns, subsequently leading to a higher risk of falling and
injuries

154,155

. For patients, this presents a severe impact in their quality of life. Specific

exercises may have the potential to improve some of the relevant symptoms. In a
systematic review we therefore investigated the various exercise interventions and came to
the following conclusion:
The analysis of all appropriate Studies showed that for primarily non-metabolic
neuropathies such as CIPN, balance exercises seem to target the side-effects most relevant
for neuropathic patients best. Though, the type of balance exercises as well as the intensity
and frequency is crucial. All studies focusing on balance training solely, and thus
performing these exercises 2-3times per week, proved to be beneficial. Studies showing no
effect, although containing a balance component, exercised either only once a week, were
self-monitored or had integrated only one balance exercise into the training program.
Additionally, there are no studies to date, showing an influence of strength training alone
or strength and endurance combined, on the relevant side-effects of PNP. Possible
interventions to obtain this aim could be e.g. sensorimotor training, Tai Chi and vibration
exercises.
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For patients with neuropathies of primarily metabolic origin, such as diabetic peripheral
neuropathy, endurance exercises will presumably target the onset as well as the
progression of PNP best. Additional balance exercises or WBV 156 should be considered157.
Physical activity in patients with chemotherapy-induced peripheral neuropathy
There are no RCTs and very little research to date that investigated the toxic impact of
chemotherapy on the human body and the potential benefits of exercise, to counteract the
side-effects.
Previous studies give evidence that PNP induces balance deficits26,144,145, insecure gait44
and that the risk of falling increases with each cycle of chemotherapy158. Additionally,
further investigations revealed that neuropathic pain correlated with an impairment of
patients’ quality of life. Patients reported that walking was the most affected domain53.
Steimann159 and Vogt

160

evaluated the subjective effectiveness of physiotherapy (gait

training and balance exercises) and ergotherapy (e.g walking in granulate material), while
Steimann also looked at electrotherapy. In both evaluations, patients experienced
ergotherapy (walking thorugh granulated material) as well as physiotherapy (stimulation
and coordination exercises) as “very helpful”. One case-report on a breast cancer patient
suffering from painful CIPN showed improved balance following balance training144.
Within this work (RCT161), we were able to demonstrate a positive effect of exercise
(endurance, strength and sensorimotor training) on sensory and motor symptoms of CIPN
(see Table 6). The systematic review supports the presumption that sensorimotor training
was the essential intervention to target the symptoms of CIPN best. Therefore, exercise
recommendations are based on types of exercise that can induce neuronal adaptions, such
as sensorimotor training or whole body vibration162.
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Table 6: Exercise intervention studies for patients with chemotherapy-induced peripheral neuropathy
Author

N

Type

Entity

Streckmann
2013

61
30
IG
31
CG

RCT

lymphoma

Type of
exercise
Sensorimotor
training,
endurance and
strength

Duration

Frequency

36 weeks

2x/week

Outcome Measures
(sig. intergroup diff.)
↑ QOL
↑peripheral deep
sensitivity
↑ higher reduction and
total number of CIPN
↑ static, dynamic
and perturbed
balance control
↑ aerobic
performance
level
↑ level of activity
(outside
intervention)

LOE

Grade

2b

B

Exercise is currently a promising option in supportive therapy which should be taken more
seriously, as it may counteract several of the debilitating side-effects, not only improving
patients’ quality of life, but simultaneously contributing to a better clinical outcome by
enabling patients’ to receive the optimal therapy regime.
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RESEARCH GAP AND HYPOTHESIS
The following table (see table 7) represents the current RCTs in hemato-oncological
patients representing the exercise intervention used and the side-effects investigated. The
amount of debilitating side-effects patients have to endure, the above mentioned beneficial
effects of exercise and the obvious research gap, especially for Lymphoma patients,
motivated the present work. We hypothesized that exercise has a positive influence on the
therapy-induced side-effects in Lymphoma patients undergoing therapy.
Furthermore, research revealed that CIPN is a highly prevalent and clinically relevant sideeffect. I therefore focused on this severe and complex side-effect with the aim to find better
supportive measures. Thus the hypothesis arose, that sensorimotor training has the
potential to target relevant symptoms of CIPN.

RESULTS (SCIENTIFIC PUBLICATIONS RELEVANT FOR THIS WORK [FULL TEXT IN
APPENDIX])

I. Exercise program improves therapy-related side-effects and quality of life in lymphoma
patients undergoing therapy – a randomized, controlled trial
F. Streckmann, S. Kneis, J.A. Leifert, F.T. Baumann, M. Kleber, G. Ihorst, L. Herich, V.
Grüssinger, A. Gollhofer & H. Bertz, (2014), in Annals of Oncology, 25: 493-499. (IF:
7.4)

Background
Lymphoma patients undergoing therapy must cope with the side effects of the disease
itself, therapy and associated immobility. Peripheral neuropathy (PNP), loss of balance
control and weakness not only diminishes patients’ quality of life (QOL), it can also affect
planning and the dosage of therapy. Exercise may enable patients to reverse these declines,
improving their performance level and QOL.
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Patients and methods
We carried out a randomized, controlled trial, assigning 61 lymphoma patients either to a
control group (CG; N=31) or to a 36 week intervention (IG; N=30), consisting of
sensorimotor-, endurance- and strength training twice a week. Primary endpoint was QOL;
secondary endpoints included movement coordination, endurance, strength and therapyinduced side effects.
Results
Intergroup comparison revealed improved QOL (ΔT1-T0 P=0.03) and PNP related deep
sensitivity in the IG: 87.5% were able to reduce the symptom, compared to 0% in the CG
(P<0.001). Significant differences in the change of balance control could be found
between the groups, with the IG improving while the CG steadily declined (monopedal
static ΔT3-T0 P=0.03; dynamic ΔT3-T0 P=0.007; perturbed mono-ΔT3-T0 P=0.009 and bipedal ΔT3T0

P=0.006), failed attempts (monopedal static ΔT3-T0 p=0.02, dynamic ΔT3-T0 P< 0.001and

perturbed ΔT3-T0 P=0.006) and improved time to regain balance (ΔT3-T0 P=0.04). Moreover the
change in the aerobic performance level (ΔT3-T0 P=0.05) and additional amount of exercise
carried out per week [metabolic equivalent (MET); P=0.02] differed significantly across
groups.
Conclusions
Exercise, especially sensorimotor training, is a feasible and promising method to support
cancer patients during therapy. It improves patients QOL, reduces restrictions from sideeffects such as PNP and improves patients’ balance control, physical performance level
and mobility.
German Clinical Trials Register number (DRKS00003894)
Keywords: Exercise, sensorimotor training, lymphoma, peripheral neuropathy, quality of
life, side-effects
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II. Aerobic physical exercise for adult patients with haematological malignancies – a metaanalysis
Bergenthal N, Will A, Streckmann F, Wolkewitz K-D, Monsef I, Engert A, Elter T,
Skoetz N., in Cochrane Database of Systematic Reviews 2011, Issue 4. Art. No.:
CD009075. DOI: 10.1002/14651858.CD009075, in press.
(IF: 5.8)

Background
Although people with haematological malignancies have to endure long phases of therapy
and immobility which is known to diminish their physical performance level, the advice to
rest and avoid intensive exercises is still common practice. This recommendation is partly
due to the severe anaemia and thrombocytopenia from which many patients suffer. The
inability to perform activities of daily living restricts them, diminishes their quality of life
and can influence medical therapy.
Objectives
To evaluate the efficacy, safety and feasibility of aerobic physical exercise for adults
suffering from haematological malignancies.
Search methods
We searched the Cochrane Central Register of Controlled Trials (CENTRAL) (The
Cochrane Library, 2014, Issue 1) and MEDLINE (1950 to January 2014) as well as
conference proceedings for randomised controlled trials (RCTs).
Selection criteria
We included RCTs comparing an aerobic physical exercise intervention, intending to
improve the oxygen system, in addition to standard care with standard care only for adults
suffering from haematological malignancies. We also included studies that evaluated
aerobic exercise in addition to strength training. We excluded studies that investigated the
effect of training programmes that were composed of yoga, tai chi chuan, qigong or similar
types of exercise. We also excluded studies exploring the influence of strength training
without additive aerobic exercise. Additionally, we excluded studies assessing outcomes
without any clinical impact.
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Data collection and analysis
Two review authors independently screened search results, extracted data and assessed the
quality of trials. We used risk ratios (RRs) for adverse events and 100-day survival,
standardised mean differences for quality of life (QoL), fatigue, and physical performance,
and mean differences for anthropometric measurements.
Main results
Our search strategies identified 1518 potentially relevant references. Of these, we included
nine RCTs involving 818 participants. The potential risk of bias in these trials is unclear,
due to poor reporting.
The majority of participants suffered from acute lymphoblastic leukaemia (ALL), acute
myeloid leukaemia (AML), malignant lymphoma and multiple myeloma, and six trials
randomised people receiving stem cell transplantation. Mostly, the exercise intervention
consisted of various walking intervention programmes with different duration and intensity
levels.
Our primary endpoint of overall survival (OS) was not analysed in any of the included
trials, but three trials reported deceased participants during the course of the study or
during the first 100 days. There is no evidence for a difference between participants
exercising and those in the control group (RR 0.93; 95% CI 0.59 to 1.47; P = 0.75; 3 trials,
269 participants, moderate quality of evidence).
Four trials analysed the influence of exercise intervention on quality of life (QoL).
Excluding one trial with serious baseline imbalances, physical exercise improves QoL
(SMD 0.26; 95% CI 0.03 to 0.49; P = 0.03; 3 trials, 291 participants, low quality of
evidence). This positive effect of exercise was also found in the subscales physical
functioning (SMD 0.33; 95% CI 0.13 to 0.52; P = 0.0009; 4 trials, 422 participants,
moderate quality of evidence) and depression (SMD 0.25; 95% CI -0.00 to 0.50; P = 0.05;
3 trials, 249 participants, low quality of evidence). However, there is no evidence for a
difference between additional exercise and standard treatment for the subscale anxiety
(SMD -0.18; 95% CI -0.64 to 0.28; P = 0.45; 3 trials, 249 participants, low quality of
evidence). Seven trials (692 participants) evaluated fatigue. There is moderate quality of
evidence that exercise improves fatigue (SMD 0.24; 95% CI 0.08 to 0.40; P = 0.003).
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Eight studies evaluated various aspects of physical performance (e.g. aerobic capacity,
cardiovascular fitness), but none of them could be pooled in a meta-analysis. In seven trials
there is a tendency or statistically significant effect favouring the exercise group (very low
quality of evidence).
Three trials (266 participants) investigated serious adverse events (SAEs) (e.g. bleeding,
fever, pneumonia, deep vein thrombosis, and infection), and one trial (122 participants)
assessed adverse events (AEs). There is no evidence for a difference between arms in
terms of SAEs (RR 1.44; 95% CI 0.96 to 2.18; P = 0.06) or AEs (RR 7.23; 95% CI 0.38 to
137.05; P = 0.19); both findings are based on low quality of evidence.
Authors' conclusions
There is no evidence for differences in mortality between the exercise and control groups.
Physical exercise added to standard care can improve quality of life, especially physical
functioning, depression and fatigue. Currently, there is inconclusive evidence regarding
anxiety, physical performance, serious adverse events and adverse events.
We need further trials with more participants and longer follow-up periods to evaluate the
effects of exercise intervention for people suffering from haematological malignancies.
Furthermore, we need trials with overall survival as the primary outcome to determine
whether the suggested benefits will translate into a survival advantage. To enhance
comparability of study data, development and implementation of core sets of measuring
devices would be helpful.

38

_______________________________________________________RESEARCH GAP AND HYPOTHESIS

III. Exercise intervention studies in patients with peripheral neuropathy – a systematic
review
Fiona Streckmann, Eva M. Zopf, Helmar C. Lehmann, Kathrin May, Julia Rizza, Albert
Gollhofer, Wilhelm Bloch, Freerk T. Baumann, accepted in Sports Medicine. (IF: 5.2)

Abstract
Introduction
Peripheral neuropathies (PNP) encompass a large group of disorders of heterogeneous
origin which can manifest themselves with sensory and / or motor deficits depending on
the predominantly affected nerve fiber modality. It represents a highly prevalent disease
group which can be associated with significant disability and poor recovery. Exercise has
the potential to improve side-effects of PNP. Our objective in this systematic review was to
analyze exercise interventions for neuropathic patients in order to evaluate the possible
benefits of exercise.
Methods
Three independent reviewers used PubMed, MEDPILOT® (MEDLINE), Cochrane and
relevant reference lists to obtain the data. Relevant studies were graded according to the
Oxford Levels of Evidence.
Results
18 studies (10 randomized controlled trials and 8 controlled clinical trials) met all inclusion
criteria. Three (diabetic) studies were ranked very high quality (1b (A)), nine high quality
(4 diabetes, 1 cancer, 4 others) (2b (B)), while six (4 diabetes, 2 others) showed low quality
(4/C).
Current data suggests that exercise is a feasible, safe and promising supportive measure for
neuropathic patients. This is best documented for patients with diabetic neuropathy (DPN),
suggesting that endurance training has the potential to prevent the onset and reduce the
progression of DPN. In general balance exercises showed the highest effect on the motor
as well as sensory symptoms in all types of PNP.
Conclusion
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Overall, balance training appears to be the most effective exercise intervention. Studies
focusing exclusively on strength, or a combination of endurance and strength, appear to
have a lower impact. For metabolically-induced neuropathies endurance training also plays
an important role. Further research with high methodological quality needs to be conducted
in order to establish evidence-based clinical recommendations for neuropathic patients.
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Table 7: State of the art for exercise intervention studies in haemato-oncological patients – the interventions used and the side-effects investigated
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Interventions
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Table 8: Overview of the research on haemato-oncological patients – the interventions used, the side-effects assessed and the contribution of this work to the research gap
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FUTURE DIRECTIONS
As represented in table 8, this work made a substantial contribution to fill the research gap.
The newly investigated intervention (Sensorimotor training) proved very promising but
most interestingly, beneficial effects were found for crucial side-effects, such as CIPN and
balance control that had never been investigated in lymphoma patients and partially even
cancer patients, previously. Furthermore this work contributed to create a larger data bank
for formerly investigated side-effects (such as QOL, fatigue, physical performance status,
anxiety and depression), slowly enabling researchers to understand possible structures and
mechanisms behind it with the intention of optimizing future research and most
importantly finding ways to improve supportive care for cancer patients. The present
findings enhance the possibilities to support cancer patients during therapy.
The analysis of the various exercise interventions and the different effects they can induce,
contributed to a better understanding as to which exercises could target specific symptoms
such as in CIPN. The novel finding of our RCT and systematic review underline our
presumption that the type of exercise as well as the duration, frequency and intensity are
also crucial. Symptoms related to neuronal disorders such as in CIPN for instance, will
require types of exercise that can induce neuronal adaptions such as sensorimotor- or
vibration exercises, while other symptoms such as depression or fatigue may be better
addressed with endurance training for instance. Additionally, these have to be conducted
appropriately in order to unfold the required potential. Exercise interventions hold far more
potential, therefore many more studies will be necessary to allow us to understand the
underlying mechanisms and derive a standardized concept for supportive care in cancer
therapy. Especially regarding CIPN, the first steps have been taken within in this work to
prove feasibility and allow preliminary directions for future research. In order to confirm
the presumption that presumably sensorimotor training was responsible for the positive
effects regarding the relevant symptoms of CIPN, the exercise intervention has to be
singled out and investigated individually. Furthermore, exercise interventions with similar
mechanisms as sensorimotor training such as whole body vibration, remain to be
investigated. Thus, a pilot study (N=40) was conducted, comparing sensorimotor training
alone, to whole body vibration and a control group with no intervention, in patients with a
neurologically confirmed CIPN after completion of therapy. Both intervention groups
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showed improvements of CIPN related symptoms such as balance control, reflex activity,
peripheral deep sensitivity and pain. A larger RCT will have to confirm the results.
Furthermore, our RCT in lymphoma patients showed a lower incidence as well as better
progression of CIPN in the intervention group. This led to the assumption, that exercise
interventions may also hold potential to prevent the onset of CIPN consequently not only
improving cancer patients’ quality of life but also enabling them to receive the planned
medical therapy which would impact their clinical outcome and overall survival. A large
RCT has therefore been started in order to investigate the potentially preventive effects of
sensorimotor training or whole body vibration, on the onset and progression of CIPN
induced by Oxaliplatin or vinca-alkaloids (DRKS 00006088).
Thus, I believe that this work has enhanced a highly promising and exciting field of
research, not only inspiring many more research ideas but most importantly contributing to
improve supportive care for cancer patients and raising hope for patients with PNP.
Furthermore, it is essential that novel findings are translated into practice and made
available for the patients. Therefore, a close collaboration between the practitioners,
patients and researchers is necessary in order to implement these findings. Accordingly,
preliminary exercise recommendations have been composed (Streckmann28,162,163) and
already been implemented in a few hospitals, oncological practices and therapeutic training
centers such as the OTT (oncological training site) in Cologne.
The research field “exercise therapy in oncology” is still in its infancy but already very
promising. The research gap remains quite large. Evidence is slowly becoming better for
some side-effects such as quality of life or fatigue and for selected entities such as breastor prostate cancer, but remains poor for the many other side-effects and entities such as
haematological malignancies. There are still side-effects such as graft versus host disease
(GVHD) or gait stability that have not yet been investigated in haematolo-oncological
patients at all and many more that require further studies to underline the present findings
and to understand the underlying mechanisms in order to optimize supportive care for
cancer patients. We need to find out for instance, which exercises, or exercise
combinations target which symptoms best, what intensities or which duration is necessary,
if the indications vary depending on the type or phase of therapy, or if the findings can be
translated among entities or even diseases.
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The future challenge lies in the rash development of cancer therapy and the complexity of
the associated side-effects. Especially in this research field, more research, better
interdisciplinary and international collaborations as well as better education, are necessary
to achieve the common goal to improve patients’ clinical outcome as well as quality of life.
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