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Summary

Background The aim of this study was to present
a practical concept focusing on typical aspects of reg-
ular physical activity, exercise and physical modalities
for patients suffering from metastatic bone disease or
multiple myeloma.

Methods A narrative review of the relevant scientific
literature and presentation of clinical experiences.
Results In cancer patients with metastatic bone dis-
ease or multiple myeloma, pain is treated in an in-
terdisciplinary and multimodal setting by using med-
ication, radiotherapy and physical medical modali-
ties (e.g. transcutaneous electrical nerve stimulation);
however, modalities increasing local blood flow, such
as ultrasound therapy, thermotherapy, massage, vari-
ous electrotherapy options, are not performed at the
site of the tumor. For physical activity and exercise,
a suitable indication of the static and dynamic ca-
pacity of the affected skeletal structures is essential.
This process includes strategies to maintain and im-
prove mobility and independence. Individually tai-
lored and adapted physical activity and exercise con-
cepts (programs) within a multidisciplinary and inter-
disciplinary setting (tumor board) are used to man-
age the condition and bone load-bearing capacity of
the patient. Typical clinical features and complica-
tions, such as pathological fractures in patients suf-
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fering from metastatic bone disease and additionally
hypercalcemia, monoclonal gammopathy with bone
marrow aplasia and risk of renal failure in patients
with multiple myeloma have to be considered when
planning supportive strategies and rehabilitation.
Conclusion In order to ensure the safety and effective-
ness of regular physical activity, exercise, and physical
modalities in patients with metastatic bone disease or
multiple myeloma, typical contraindications and con-
siderations should be noted.

Keywords Bone metastases - Multiple myeloma -
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Introduction

Modern cancer and hemato-oncological treatment re-
sults in improvement of survival of patients suffering
from metastatic cancer or multiple myeloma [1-6]. As
patients survive longer, health-related quality of life
(HRQOL), social and work-related participation have
become more important in the management of this
patient group [7]. Individual rehabilitation concepts
for cancer patients include information, specific nu-
trition programs, psychotherapy and various modali-
ties from the field of physical medicine and rehabil-
itation. Regular physical activity is an active option,
which has been shown to be an important compo-
nent in the treatment and rehabilitation of cancer pa-
tients and has been described to improve functional
health of cancer patients with benefits for physical
performance, mental health, quality of life, participa-
tion and in some types of cancer survival. Therefore,
rehabilitation of patients with cancer with the goal to
maintain or improve HRQOL, functional status, social
participation, and return to work is an effective and
well-established measure in the management of can-
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cer survivors [7-24]. Regular physical activity, exer-
cise, and physical modalities are important elements
of cancer rehabilitation [7-24]. Exercise has been re-
ported to support survival in some tumor types [7, 9,
11-19, 22-24]. In the routine daily practice there is
an interesting and challenging situation. Despite the
known benefits of regular physical activity, exercise
and other physical modalities for patients with cancer,
prescription and performance of these therapies in
patients with metastatic disease or multiple myeloma
is challenging [7-24]. Regular physical activity, exer-
cise and other physical modalities are often perceived
as a contraindication in the presence of bone metas-
tases or multiple myeloma due to concerns and fears
about provoking skeletal-related events [7, 15-17, 19].
Nevertheless, regular physical activity, exercise and
other physical modalities should be applied in con-
sideration of contraindications, otherwise they could
lead to clinical complications [7]. Thus, there is often
uncertainty in prescription and performance of such
supportive and/or rehabilitation therapies, especially
due to the fear of possible pathological fractures and
spinal cord compression in metastatic cancer or mul-
tiple myeloma.

Nowadays, patients suffering from metastatic bone
disease in several cases have a good prognosis, and
therefore should be physically active. The aim of
the present study was to present a concept of typi-
cal aspects of regular physical activity, exercise and
physical modalities for cancer patients suffering from
metastatic bone disease or multiple myeloma. In our
opinion, this narrative review could provide important
information for the treatment and rehabilitation of
patients suffering from metastatic bone disease and
in multiple myeloma patients, even in challenging
cases.

Methods

This narrative review gives a review of the recent sci-
entific literature concerning regular physical activity,
exercise and physical modalities (principles, indica-
tions, contraindications) for patients suffering from
metastatic bone disease or multiple myeloma. Fur-
thermore, some own practical examples from the last
20 years in a specialized center with vast experience
in inpatient and outpatient supportive and rehabil-
itation treatment (by using physical modalities) of
cancer patients suffering from metastatic bone dis-
ease or multiple myeloma are given. A narrative re-
view of the existing scientific literature was performed
using the following databases: PubMed, MEDLINE,
SCOPUS and the Cochrane Library. The search strat-
egy included the terms and keywords “metastatic
bone disease”, “multiple myeloma”, “physical activ-
ity”, “rehabilitation”, “exercise”, “physical modalities”,
“ultrasound therapy”, “electrotherapy”, “transcuta-
neous electrical nerve stimulation”, “neuromuscu-
lar electrostimulation”, “massage”, “thermotherapy”,

“phototherapy”, and their possible variations. The
aim was to present a sufficient overview over the
existing literature. Original articles, reviews, letters,
case reports, and supplements about the topic of this
narrative review were included.

Results

The effects of metastatic bone disease and multiple
myeloma and of the side-effects of their necessary and
effective treatment are becoming increasingly more
relevant. The loss of the ability to live independently
is classified as particularly severe by the patients,
whereby a notable association between impaired ac-
tivities of daily living (ADL) and limited HRQOL is
evident [25-27].

In an interdisciplinary setting, medical history,
clinical examination, laboratory parameters, elec-
trocardiography, echocardiography, exercise testing,
spirometry, and radiographic findings are required
for planning and prescribing individual rehabilitation
and exercise programs for these patient groups [7, 9,
28].

Metastatic bone disease

Treatment of metastatic bone disease includes ra-
diation therapy, surgery, and drugs (e.g. bisphos-
phonates). These measures should help to control
bone pain and avoid pathological fractures of long
bones and the vertebral column. In certain cases,
surgery to prevent and to treat pathological fractures
is required [5]. In addition, orthosis treatment may
help to stabilize bone structures in metastatic bone
disease [5]. Pain in cancer patients with bone metas-
tases is treated in an interdisciplinary and multimodal
manner by using medication according to the World
Health Organization, bisphosphonates and physical
medical modalities (e.g. transcutaneous electrical
nerve stimulation); however, modalities that usually
increase local blood flow (such as ultrasound ther-
apy, thermotherapy, massage, various electrotherapy
options) are not allowed at the tumor site [7, 28].

For planning and prescribing regular physical activ-
ity and exercise in patients with metastatic bone dis-
ease a suitable indication of the static and dynamic ca-
pacity of the affected skeletal structures is important
[7]. Therefore, it is necessary to define the localization,
type and size of bone defects, and pathological frac-
tures and region with a risk of fracture. Radiographic
findings and bone scans have been the state-of-the-
art examinations for assessment of bone metastasis.
In plain radiographs, a destructive lesion in trabecu-
lar bone can be recognized if the metastasis is >1 cm
in diameter or involves a loss of ~50% of the bone
mineral [29]. The bone scan provides information on
osteoblastic activity and skeletal vascularity of bone
[29].
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Due to major advances in modern tomographic
imaging, the current trend is toward computer tomog-
raphy (CT) and magnetic resonance imaging (MRI)
based structural rigidity analysis to assess osseous
stability in patients with metastatic bone disease
[29-32]. Positron emission tomography-computed
tomography (PET-CT) and MRI are reported to have
the highest sensitivity and specificity for detecting
bone metastases. In contrast, especially CT seems to
be a good method for stability assessment. Further-
more, different scores exist for assessment of osseous
stability [33-37]. One score expresses the bony in-
stability, which is characterized by the presence of
a destruction of more than 2.5cm or more than 50%
of the circumference in extremity bones. Moreover,
there could be a destruction of more than 60% of the
vertebral body or a relevant spinal canal narrowing
[33]. Another classification system based on patient
symptoms and radiographic criteria of the spine was
described by Fisher et al. to help in predicting spinal
stability of cancer lesions [34]. This classification
system comprises spinal location of the tumor, pres-
ence and type of pain, bone lesion quality, spinal
alignment, degree of vertebral body destruction and
posterolateral spinal component involvement [34].
The comprehensive scoring system ranges from a
minimum score of 2 to a maximum score of 18. The
summed score generates a relative stability score [34].

For pathological fracture prediction various scoring
systems exist. From these, in one system a preventive
intramedullary nailing and radiotherapy for patients
with significant pain and more than 50% involvement
of the cortex or with a femoral lesion more than 3 cm
in size were proposed [3]. The Mirels classification
scoring system for pathological fracture prediction of
long bones includes the site of metastases, pain level,
radiographic morphology, and size of the lesion. All
4 items are scored from 1-3. Depending on a summed
score a recommendation for or against prophylactic
fixation of a lesion is given [36].

The World Health Organization screening tool
(FRAX calculator, www.shef.ac.uk/FRAX, established
for osteoporosis) identifies the 10-year fracture risk.
The FRAX calculator is based on individual patient
models, which integrate the risks associated with clin-
ical risk factors as well as bone mineral density (BMD)
at the femoral neck [37].

In the literature, exercise has been reported to be
safe for patients with metastatic bone disease. A nar-
rative review by Sheill et al. on the topics aerobic
exercise and/or resistance exercise for patients with
bone metastases showed positive physical and self-
reported outcomes and a low rate of adverse events
[38]. In the described studies, resistance exercise was
performed by excluding the affected locations of bone
metastases and minimizing sheer forces at areas of
metastases [38]. The authors concluded that exercise
prescription to patients with bone metastases involves
complex decision-making [38].

Associations between aerobic exercise levels and
physical and mental health outcomes in men with
prostate cancer suffering from metastatic bone dis-
ease were investigated in a study by Zopf et al. [39].
The authors assumed that higher levels of aerobic ex-
ercise may preserve physical and mental health out-
comes in the study group [39]. More recently, Gal-
vao et al. performed a controlled study on the ef-
ficacy and safety of a modular multimodal aerobic,
resistance, and flexibility exercise program in prostate
cancer patients with bone metastases. Resistance ex-
ercise prescription was established on location and
extent of bone metastases to avoid explicit loading
of the sites. The authors were able to show self-re-
ported improvements in physical function and lower
body muscle strength with no complications or in-
creased skeletal pain [40]. Sheill et al. addressed in
a qualitative study views of patients with metastatic
prostate cancer towards physical activity. The authors
reported that symptoms of metastatic prostate can-
cer and side effects due to cancer treatment, such as
pain and fatigue negatively influenced activity partic-
ipation [41]. Therefore, a referral to cancer exercise
specialists should be considered for planning of per-
sonalized physical activity programs [41].

According to the studies described above, in sum-
mary regular physical activity consists of the fol-
lowings elements (in accordance with the American
College of Sports Medicine, if patients show no con-
traindications for active exercise) [42]:

e 150min/week of moderate intensity or 75 min/week
of vigorous intensity activity or an equivalent com-
bination,

o Muscle strengthening activities of at least moderate
intensity at least 2 days/week for each major muscle
group and stretching of major muscle groups and
tendons.

According to these guidelines, a very important point
is that when patients are not able to perform the rec-
ommendations because of chronic conditions, they
should be as physically active as their conditions and
abilities allow [43]. Therefore, the level of effort for
physical activity and exercise should be determined
relative to their level of fitness and their clinical con-
dition [43]. Furthermore, exercise is a special kind
of physical activity, which is planned, structured, and
repetitive in order to improve or maintain physical
fitness (endurance ratio and muscle strength). It is
a subcategory of physical activity and requires pre-ex-
ercise exercise testing, in order to precisely determine
exercise intensity [42, 43].

Recent publications focused also on sensorimotor
exercises in order to improve sensorimotor function
[44, 45]. Generally, locations with pathological frac-
tures or a high risk of fracture are usually excluded
from exercise [38-40]. Especially, resistance exercise
is usually performed by excluding the localizations of
bone metastasis [38-40]; however, in cases of stable
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bone metastasis, the goal of physical activity (for ex-
ample by using isometric exercise) can be the main-
tenance of painless mobility according to Rief et al.
[46]. For stabilization of the vertebral column and pe-
ripheral joints, various bracing models are available.
Bracing can be used for mechanical stabilization after
surgery (for example, surgical stabilization of a patho-
logical fracture) or as a preventive measure (if there is
a fracture risk) [28, 47]. If there is no indication for
surgery, the risk of a pathological fracture can be re-
duced by using radiation therapy, chemotherapy, im-
munotherapy, other drugs (e.g. bisphosphonates) in
combination with braces [28, 47].

Through orthosis treatment, joints and the verte-
bral column can be stabilized during physical activity.
Therefore, orthosis treatment can help to avoid mus-
cular atrophy and contractures as well as to minimize
the risk of thrombosis [28, 47]. A multidisciplinary
assessment which includes history taking, clinical ex-
aminations and recent radiographic findings, is nec-
essary to decide which brace is appropriate [28, 47].
In addition to the studies on exercise, in a system-
atic review and meta-analysis about neuromuscular
electrostimulation in patients with advanced diseases,
such as cancer, beneficial effects on muscle strength
were reported [48].

Concerning clinical features, the observation that
metastatic bone disease may remain restricted to
the skeleton is of great clinical relevance [5]. In this
patient group, the deterioration in HRQOL and subse-
quent death has been described to be almost entirely
due to skeletal complications and their treatment.
Bone-related pain has been described to be the most
common complication of bone metastases, result-
ing from structural damage, periosteal irritation, and
nerve entrapment up to spinal cord compression [5].

Multiple myeloma

In contrast to metastatic bone disease, multiple
myeloma is usually treated by chemotherapy, im-
munotherapy, and/or autologous stem cell trans-
plantation [6]. In addition, in certain cases orthosis
treatment may help to stabilize bone structures in
multiple myeloma. Assessment of osseous stability
follows the same rules as for patients suffering from
metastatic bone disease [29-32, 36, 37]. Pain in pa-
tients with multiple myeloma is also treated in an
interdisciplinary and multimodal manner using med-
ication according to the World Health Organization,
bisphosphonates and physical medical modalities
(e.g. TENS). Hereby increase of local blood flow by
physical modalities at the tumor site has to be avoided
[7, 28].

Concerning exercise, Smith et al. (2015) [49] and
Gan et al. (2016) gave reviews about studies on ex-
ercise for patients with multiple myeloma [50]. The
involved studies usually included stretching, strength
exercise, and aerobic exercise. Patients who were at

high risk for pathological fractures or spinal cord com-
pression, were excluded from exercise [49]. The au-
thors showed that exercise seems to be safe and well-
accepted by the patients. Nevertheless, the authors of
both reviews concluded that the effectiveness of the
exercise programs remains unclear because of limi-
tations in the literature, despite encouraging results
[49]. In a recent systematic review and meta-analysis
about aerobic exercise for patients with hematological
malignancies, 11 out of 18 studies included patients
with multiple myeloma [51]. The results of this meta-
analysis showed that aerobic exercise added to stan-
dard care improves fatigue and depression [51]. Mul-
tiple myeloma patients with a risk of fracture due to
osteolytic lesions were usually excluded from exercise
[51]. Special clinical features and contraindications
in patients with multiple myeloma, which have to be
taken into account during treatment, are (besides the
skeletal considerations):

o Hypercalcemia (with risk of cardiac arrhythmia),
o Monoclonal gammopathy with the following possi-
ble complications:
— bone marrow aplasia (anemia, bleeding, and in-
fections)
- renal failure.

These factors may complicate clinical management
[52].

Own practical experiences

Practical experiences over the last 20 years of a spe-
cialized center with high experiences in inpatient and
outpatient treatment by using physical modalities for
cancer patients suffering from metastatic bone dis-
ease or multiple myeloma are presented. They un-
derline and support the growing evidence of benefi-
cial effects of regular physical activity, exercise and
application of other physical modalities in patients
with metastatic bone disease or multiple myeloma
under consideration of contraindications. Experts of
the Department of Physical Medicine, Rehabilitation
and Occupational Medicine of the Medical Univer-
sity of Vienna as a part of the Comprehensive Can-
cer Centre Vienna (CCC), published the first applica-
tion of exercise in a patient with breast cancer and
metastatic bone disease in the literature. This patient
increased endurance capacity during aerobic exercise
up to 150% in comparison to age and sex-related ref-
erence values [21].

In patients for whom regular physical activity and
exercise is contraindicated due to osseous instability,
neuromuscular electrical stimulation (NMES) to im-
prove endurance capacity and/or muscular strength
has been shown to be effective [7, 28, 53]. The Vien-
nese expert group published the first successful appli-
cation of NMES in patients suffering from metastatic
bone and brain disease [7, 54].
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Table 1 Characteristics and contraindications of physical
activity and exercise in patients suffering from metastatic
bone disease or multiple myeloma

Characteristics of regular physical activity
Under medical supervision

150 min per week of moderate intensity aerobic activity or 75min per week
of vigorous aerobic activity, or a combination of both, preferably spread
throughout the week

Moderate to high-intensity muscle strengthening exercises on at least
2 days per week

Sensorimotor exercises in order to improve sensorimotor function

When patients are not able to perform the recommendations because of
chronic conditions, they should be as physically active as their conditions
and abilities allow

Characteristics of therapeutic exercise

Under medical supervision

Exercise testing

Aerobic exercise according to improve endurance ratio
Strength exercise to improve muscle strength

Exercise intensity:
— Aerobic exercise: according to results of exercise testing
— Strength exercise: according to the results of strength testing

Increase amount and intensity gradually over time
Re-evaluation of exercise intensity

When patients are not able to perform the recommendations because of
chronic conditions, they should exercise as their conditions and abilities
allow

Contraindications and considerations

Acute systemic diseases and exacerbations
Acute myocardial infarction

Acute infections and endocarditis

Fever

Hemoglobin level <8/dl

Thrombopenia <20 x 10%1

Aortic stenosis

Aortic aneurysm

Symptomatic epilepsy

Decompensated heart failure

Uncontrolled arrhythmia

Unstable angina pectoris

Chest pain

Dyspnea

Third degree heart block

Uncontrolled metabolic disease
Uncontrolled elevated blood pressure
Significant decline in cognitive performance
Acute deep vein thrombosis (before organization)

Additionally and specifically for patients suffering from metastatic bone
disease or multiple myeloma

Untreated unstable osseous locations (for example pathological fractures
and spinal cord compression) are excluded from physical activity and exer-
cise

Strength exercise should be conducted to avoid loading bones and mini-
mize sheer forces at areas with malignant metastatic lesions

Additionally and specifically for patients suffering from multiple myeloma
Untreated hypercalcemia, bone marrow aplasia, insufficient renal function

To avoid pathological fractures, biofeedback-as-
sisted exercise has been described to be an interesting
opportunity to perform supervised strengthening ex-
ercises with the intention to increase muscle mass for
patients suffering from extensive multiple myeloma
and high risk of complications due to fracture in e.g.
spine and/or pelvis and/or patients suffering from
metastatic bone disease [7, 9, 28].

There is a need to adapt regular physical activity
and exercise to the needs of the individual cancer pa-
tient suffering from metastatic bone disease or multi-
ple myeloma by using an individual approach [7, 9].
These patients are able to perform active exercise up
to sport competitions even in sports such as golf, nor-
mally not considered in patients suffering from prob-
lems with the vertebral column but they have to do
it in an individually adapted form (e.g. en bloc golf)
(53].

The actual clinical condition and osseous capacity
have to be considered. At the Department of Physical
Medicine, Rehabilitation and Occupational Medicine
of the Medical University of Vienna, interdisciplinary
and multimodal treatment and rehabilitation con-
cepts are planned within an interdisciplinary board
(tumor board), which was implemented in 2010 in
order to achieve the highest possible benefit for this
patient group [7]. This first and as yet worldwide
unique CCC Tumor Board for Cancer Rehabilitation is
guided by a physiatrist, who is specialized in cancer
rehabilitation and pain medicine. Referring experts
from different medical specialties and disciplines,
who are involved in the rehabilitation process of pa-
tients suffering from cancer, participate in this tumor
board. Complex situations of cancer patients, such as
bone involvement and other clinical features are dis-
cussed in this setting in order to plan regular physical
activity and exercise embedded in their rehabilitation
plan (but not to primarily treat the disease itself) (7,
55, 56]. At the end of this session, a multidisciplinary
recommendation (the so called tumor board review)
concerning the individual rehabilitation concept of
the patients is provided by the interdisciplinary tumor
board. The rehabilitation concept of patients depends
on the rehabilitative needs, abilities, and objectives
of each patient but also and especially on their med-
ical situation and conditions [7, 55, 56]. A summary
of contraindications to regular physical activity, ex-
ercise and physical modalities in patients suffering
from metastatic bone disease or multiple myeloma is
presented in Table 1.

Discussion

The results of this narrative review showed that in
patients with metastatic bone disease or multiple
myeloma, pain is treated in an interdisciplinary and
multimodal setting; however, modalities increasing
local blood flow (such as ultrasound therapy, ther-
motherapy, massage, different electrotherapy options)
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are advised to not be applied at the tumor site. In-
dividually tailored and adapted physical activity and
exercise concepts (programs) within a multidisci-
plinary and interdisciplinary setting (tumor board)
are used to manage the actual condition and osseous
capacity of the patients. Typical clinical features and
complications have to be considered when planning
supportive strategies and rehabilitation. Important
questions concerning supportive and rehabilitation
interventions for patients with bone metastases or
multiple myeloma seem to be the topics of pain
intensity, osseous stability, mobility, endurance ca-
pacity, muscle strength, and sensorimotor function
and special clinical features. One of the greatest chal-
lenges in medical management of regular physical
activity and exercise for oncological patients is to
have realistic and clinically appropriate therapeutic
goals. The formulation of such goals depends on sev-
eral factors: age of the patient, type and stage of the
disease, comorbidities, initial physical fitness, and
socioeconomic background [7-24]. When physical
modalities are used for pain treatment, an increase
of local blood flow has to be avoided at the tumor
site [7]. For patients suffering from metastatic bone
disease or multiple myeloma regular physical activity
and exercise can be performed, when contraindica-
tions and clinical features are carefully considered
(Table 1; [7, 28]). For exercise prescription, it is
very important to know the relevant clinical issues
concerning cancer management (treatment, comor-
bidities, complications, and side effects) of patients
suffering from metastatic bone disease or multiple
myeloma. Therefore, an interdisciplinary and multi-
professional (e.g. physiatrist, oncologist, radiologist,
radiation therapist, laboratory physician, sports sci-
entist, nutritionist and physiotherapist) approach
seems to be very important [7, 28]. The best way for
exercise in high-risk (cardiovascular) patients should
be under supervision of specialized physicians and
with the back-up of a cardiologist or a department of
emergency medicine.

Leisure physical activity (regular physical activity,
aerobic exercise, and strength exercise) is performed
in accordance with international guidelines for can-
cer patients as previously published and is the basis
of these recommendations (Table 1; [42]). Strength
exercise should be conducted to avoid loading bones
and minimize sheer forces on areas with malignant
metastatic lesions [38, 40]. Patients with untreated
unstable osseous locations (for example pathological
fractures and spinal cord compression) are excluded
from physical activity and exercise [38, 40, 49, 50].
Strength exercise might be particularly beneficial for
breast cancer survivors as they tend to avoid utiliza-
tion of the affected arm, which leads to decondition-
ing and in turn is supposed to be counteracted suf-
ficiently with strength exercise [57]. Moreover, the
problem of deconditioning does not remain limited
to the affected arm but can become a systemic prob-

lem when a negative development of the body com-
position, namely loss of muscle mass and increase of
body fat, enhances the risk for the development of
metabolic diseases and hence increases the cardio-
vascular risk [58].

Aerobic exercise has the potential to counteract
many cancer-specific side effects and shows bene-
ficial effects on all-cause cancer and cardiovascular
disease mortality risks. Maximal oxygen uptake (VO2
peak) is strongly associated with all-cause cancer and
cardiovascular disease mortality [59]. Despite en-
couraging benefits of strength exercise and aerobic
exercise, many cancer patients seem to have a low
adherence to exercise interventions. Low adherence
to regular exercise can be related to cancer stage,
treatment-related side effects, knowledge limitations,
low interest, time issues, and economic limitations
[60, 61]. In comparison, all reviewed articles were
about different types of exercise interventions [38-40,
49-51]. Among them, all studies reported no adverse
events related to exercise interventions among any of
the interventions reviewed. Furthermore, statistically
significant and clinically meaningful improvements
in exercise behavior, muscle strength, and aerobic
fitness were reported [38, 39, 50, 51]. Different ap-
proaches to prescribe exercise were described. In
most studies, the location of bone metastases was
considered during prescription of strength exercise in
order to guarantee that affected bone regions were not
targeted and mechanical load at areas of metastases
were minimized [38-40, 62, 63]. This methodology
seems to be commonly used to monitor exercise pro-
grams that contain resistance, flexibility and aerobic
exercises in the daily routine and as well as in the
scientific setting [38] and is in accordance with own
experience [7, 15-17, 19]. This seems to be important
for patients suffering from several bone metastases
or multiple myeloma. Furthermore, comprehensive
exercise instructions were reported in several stud-
ies, such as providing guidance on accurate exercise
techniques, monitoring exercise, and providing su-
pervision on exercise intensity by monitoring individ-
ual heart rate and perceived subjective exertion [38,
64, 65]. For example, Litterini et al. recommended
several safety measures to accommodate patients’
pathological fracture risk, comorbidities, treatment-
related side effects, as well as cardiopulmonary topics
[66]. After sufficient treatment by specialists (surgery,
radiation, chemotherapy, immunotherapy, bisphos-
phonates, etc.) and interdisciplinary consultation,
physical activity and exercise can be initiated. In
some cases the treatment can be supported by use
of orthoses in order to prevent muscle atrophy and
contractures as well as thrombosis. In cases where
regular physical activity and exercise are contraindi-
cated, neuromuscular electrostimulation with the
goal to improve muscle strength/endurance ratio can
be very helpful [7]. Some patients suffering from ex-
tensive multiple myeloma are only able to increase
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their muscular strength by using biofeedback-assisted
exercise [7, 28]. If contraindications occur during the
process of regular physical activity, exercise and phys-
ical modalities, interdisciplinary communication and
consultation with the referring specialists (oncology,
radiotherapy, surgery, etc.) is essential to provide
high-quality treatment of patients [7].

A limitation of the present review is the narra-
tive character which does not allow performance of
a meta-analysis. In contrast, a major advantage of
a systematic review and meta-analysis is that it is
based on the results of systematic literature search
to minimize selection bias [67]. The lack of sys-
tematic selection criteria can substantially result in
methodological shortcomings leading to bias of the
authors’ interpretation and conclusions [67]; how-
ever, there are not many high-quality randomized
controlled studies referring to the purpose of this re-
view. Furthermore, there seems to be heterogeneity
of the interventions and the outcome measures of the
included articles. Nevertheless, a combination of var-
ious interventions seems to be beneficial for patients
with metastatic bone disease or multiple myeloma,
because different treatment factors affect and inter-
fere with outcomes of rehabilitation interventions of
these patients [7-24]; however, there is a great need
for further research, namely prospective randomized
controlled studies, focusing on the effects of several
parameters of regular physical activity, exercise and
other physical modalities to support the conclusions
of the present narrative review. For daily routine it
appears necessary that prescription and supervision
of regular physical activity, exercise and other physical
modalities should be managed within a multidisci-
plinary and interdisciplinary setting (tumor board) in
order to manage the actual condition and osseous
capacity of the patient [7-24].

Conclusion

In order to ensure the safety and effectiveness of reg-
ular physical activity, exercise, and physical modali-
ties in patients with metastatic bone disease or multi-
ple myeloma, typical contraindications and consider-
ations should be noted. Nevertheless, patients suffer-
ing from metastatic bone disease or multiple myeloma
in most cases are able to perform regular physical ac-
tivity and even to benefit from regular exercise. This
narrative review could provide important information
for the treatment and rehabilitation of patients suf-
fering from metastatic bone disease and in multiple
myeloma patients, even in challenging cases.

Funding Open access funding provided by Medical Univer-
sity of Vienna.

Conflict of interest M. Keilani, E Kainberger, A. Pataraia,
T. Hasenohrl, B. Wagner, S. Palma, E Cenik, and R. Crevenna
declare that they have no competing interests.

Open Access This article is distributed under the terms of
the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which per-
mits unrestricted use, distribution, and reproduction in any
medium, provided you give appropriate credit to the origi-
nal author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made.

References

1. Bergen ES, Berghoff AS, Medjedovic M, et al. Continued
endocrine therapy is associated with improved survival in
patients with breast cancer brain metastases. Clin Cancer
Res. 2019; https://doi.org/10.1158/1078-0432.CCR-18-
1968.

2. Caswell-Jin JL, Plevritis SK, Tian L, et al. Change in sur-
vival in metastatic breast cancer with treatment advances:
Meta-analysis and systematic review. Jnci Cancer Spectr.
2018;2(4) https://doi.org/10.1093/jncics/pky062.

3. Litwin MS, Tan HJ. The diagnosis and treatment of prostate
cancer: areview. JAMA. 2017;317(24):2532-42. https://doi.
0rg/10.1001/jama.2017.7248.

4. Landgren O, Iskander K. Modern multiple myeloma ther-
apy: deep, sustained treatment response and good clinical
outcomes. J Intern Med. 2017;281(4):365-82. https://doi.
0rg/10.1111/joim.12590.

5. Macedo E Ladeira K, Pinho E et al. Bone metastases: an
overview. Oncol Rev. 2017;11(1):321. https://doi.org/10.
4081/0ncol.2017.32110.1200/JCO.18.02096.

6. Mikhael J, Ismaila N, Cheung MC, Costello C, et al. Treat-
ment of multiple myeloma: aSCO and CCO joint clinical
practice guideline. J Clin Oncol. 2019;37:1228-63. https://
doi.org/10.1200/JCO.18.02096.

7. Crevenna R, Kainberger E Wiltschke C, et al. Cancer
rehabilitation: current trends and practices within an
Austrian university hospital centert. Disabil Rehabil. 2018;
1-6. https://doi.org/10.1080/09638288.2018.1514665.

8. MijwelS, JervaeusA, BolamKA, etal. High-intensityexercise
during chemotherapy induces beneficial effects 12 months
into breast cancer survivorship. ] Cancer Surviv. 2019;
https://doi.org/10.1007/s11764-019-00747-z.

9. Crevenna R. From neuromuscular electrical stimulation
and biofeedback-assisted exercise up to triathlon competi-
tions-regular physical activityfor cancer patientsin Austria.
Eur Rev Aging Phys Act. 2013;10:53-5. https://doi.org/10.
1007/s11556-012-0110-8.

10. Crevenna R, Zettinig G, Keilani M, et al. Quality of life in
patients with non-metastatic differentiated thyroid cancer
under thyroxine supplementation therapy. Support Care
Cancer. 2003;11(9):597-603.

11. Neil-Sztramko SE, Winters-Stone KM, Bland KA, et al.
Updated systematic review of exercise studies in breast
cancer survivors: attention to the principles of exercise
training. BrJ Sports Med. 2017; https://doi.org/10.1136/
bjsports-2017-098389.

12. Zomkowski K, Cruz de Souza B, Pinheiro da Silva E et al.
Physical symptoms and working performance in female
breast cancer survivors: a systematic review. Disabil
Rehabil. 2018;40:1485-93.

13. Schulz SVW, Laszlo R, Otto S, et al. Feasibility and effects
of a combined adjuvant high-intensity interval/strength

@ Springer

Typical aspects in the rehabilitation of cancer patients suffering from metastatic bone disease or multiple... 573



http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1158/1078-0432.CCR-18-1968
https://doi.org/10.1158/1078-0432.CCR-18-1968
https://doi.org/10.1093/jncics/pky062
https://doi.org/10.1001/jama.2017.7248
https://doi.org/10.1001/jama.2017.7248
https://doi.org/10.1111/joim.12590
https://doi.org/10.1111/joim.12590
https://doi.org/10.4081/oncol.2017.32110.1200/JCO.18.02096
https://doi.org/10.4081/oncol.2017.32110.1200/JCO.18.02096
https://doi.org/10.1200/JCO.18.02096
https://doi.org/10.1200/JCO.18.02096
https://doi.org/10.1080/09638288.2018.1514665
https://doi.org/10.1007/s11764-019-00747-z
https://doi.org/10.1007/s11556-012-0110-8
https://doi.org/10.1007/s11556-012-0110-8
https://doi.org/10.1136/bjsports-2017-098389
https://doi.org/10.1136/bjsports-2017-098389

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

training in breast cancer patients: a single-center pilot
study. Disabil Rehabil. 2018;40:1501-8.

van der Leeden M, Huijsmans RJ, Geleijn E, et al. Tailoring
exercise interventions to comorbidities and treatmentin-
duced adverse effects in patients with early stage breast
cancer undergoing chemotherapy: a framework to support
clinicaldecisions. Disabil Rehabil. 2018;40:486-96. https://
doi.org/10.1080/09638288.2016.1260647.

Keilani M, Hasenoehrl T, Baumann L, et al. Effects of
resistance exercise in prostate cancer patients: a meta-
analysis. Support Care Cancer. 2017;25:2953-68. https://
doi.org/10.1007/s00520-017-3771-z.

Crevenna R, Schmidinger M, Keilani MY, et al. Aerobic
exercise for breast cancer patients receiving adjuvant on-
cological treatment—results of the first Austrian outpatient
training group. Phys Med Rehabil Kurort. 2002;12:25-30.
Crevenna R, Zielinski C, Keilani MY, et al. Aerobic en-
durance training for cancer patients. Wien Med Wochen-
schr.2003;153:212-6.

Crevenna R, Schneider B, Mittermaier C, et al. Imple-
mentation ofthe Vienna Hydrotherapy Group for Laryngec-
tomees—apilotstudy. SupportCare Cancer. 2003;11:735-8.
CrevennaR, Fialka-Moser V, Keilani MY, et al. Aerobic phys-
ical training in a breast cancer patient with inflammatory
recurrence. Wien Med Wochenschr. 2002;152:581-4.
Crevenna R, Schmidinger M, Keilani M, et al. Aerobic
exercise as additive palliative treatment for a patient with
advanced hepatocellular cancer. Wien Med Wochenschr.
2003;153:237-40.

Crevenna R, Schmidinger M, Keilani M, et al. Aerobic ex-
ercise for a patient suffering from metastatic bone disease.
SupportCare Cancer. 2003;11:120-2.

Crevenna R, Maehr B, Fialka-Moser V, et al. Strength of
skeletal muscle and quality of life in patients suffering
from “typical male carcinomas”. Support Care Cancer.
2009;17:1325-8.

Crevenna R, Cenik E Galle A, et al. Feasibility, acceptance
and long-term exercise behaviour in cancer patients: an
exerciseinterventionbyusingaswinging-ringsystem. Wien
KlinWochenschr. 2015;127:751-5.

Hasenoehrl T, Keilani M, Sedghi Komanadj T, et al. The
effects of resistance exercise on physical performance and
health-related quality of life in prostate cancer patients:
asystematicreview. SupportCare Cancer. 2015;23:2479-97.
Cheville AL. Cancer rehabilitation. Semin Oncol.
2005;32:219-24.

Mogal HD, Howard-McNattM, Dodson R, Fino NE Clark CJ.
Quality of life of older African American breast cancer
survivors: a population-based study. Support Care Cancer.
2017;25(5):1431-8. https://doi.org/10.1007/s00520-016-
3539-x.

Ramsenthaler C, Osborne TR, Gao W, Siegert RJ, Ed-
monds PM, Schey SA, Higginson IJ. The impact of disease-
related symptoms and palliative care concerns on health-
related quality of life in multiple myeloma: a multi-centre
study. BMC Cancer. 2016;16:427. https://doi.org/10.1186/
512885-016-2410-2.

Crevenna R, editor. Kompendium Physikalische Medizin
und Rehabilitation. Diagnostische und therapeutische
Konzepte. Berlin, Heidelberg: Springer; 2017.

Coleman R, Body JJ, Aapro M, Hadji B, Herrstedt J, ESMO
Guidelines Working Group. Bone health in cancer pa-
tients: ESMO clinical practice guidelines. Ann Oncol.
2014;25(Suppl 3):iii124-iii37.  https://doi.org/10.1093/
annonc/mdul03.

Woo S, Suh CH, Kim SY, Cho JY, Kim SH. Diagnostic perfor-
mance of magnetic resonance imaging for the detection of

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Bonemetastasisinprostate cancer: asystematicreviewand
Meta-analysis. Eur Urol. 2018;73(1):81-91. https://doi.org/
10.1016/j.eururo.2017.03.042.

Barwick T, Bretsztajn L, Wallitt K, Amiras D, Rockall A,
Messiou C. Imaging in myeloma with focus on advanced
imaging techniques. Br]J Radiol. 2019;92(1095):20180768.
https://doi.org/10.1259/bjr.20180768.

Rong Y, Ren H, Ding X. MRI and Bone Scintigraphy for
breast cancer Bone Metastase: a Meta-analysis. Open Med.
2019;14:317-23. https://doi.org/10.1515/med-2019-0029.
Gunderson LL, Fastro JT, editors. Clinical radiation, oncol-
ogy. 4th ed. Philadelphia: Elsevier; 2016. ISBN 978-0-323-
24098-7.

Fisher CG, DiPaola CP, Ryken TC, et al. Anovel classification
system for spinal instability in neoplastic disease: an
evidence-based approach and expert consensus from the
SpineOncologyStudyGroup. Spine. 1976;35(22):E1221-E9.
https://doi.org/10.1097/BRS.0b013e3181el6ae2.
Malignant tumours of bone. In: Carnesale P, editor.
Campbell’s operative orthopaedics. 10th ed. Vol. 1.
Amsterdam: Elsevier; 2003.

Mirels H. Metastaticdiseaseinlongbones: Aproposedscor-
ing system for diagnosing impending pathologic fractures.
Clin Orthop RelatRes. 2003;415(Suppl):S4-S13.

Kanis JA, Harvey NC, Johansson H, Odén A, Leslie WD, Mc-
CloskeyEV.FRAXupdate. JClinDensitom. 2017;20(3):360-7.
https://doi.org/10.1016/j.jocd.2017.06.022.

Sheill G, Guinan EM, Peat N, Hussey J. Considerations for
exercise prescription in patients with Bone metastases: a
comprehensive narrative review. PmR. 2018;10(8):843-64.
https://doi.org/10.1016/j.pmrj.2018.02.006.

ZopfEM, Newton RU, Taaffe DR, etal. Associations between
aerobic exercise levels and physical and mental health
outcomes in men with bone metastatic prostate cancer:
a cross-sectional investigation. Eur J Cancer Care (engl).
2017;26(6) https://doi.org/10.1111/ecc.12575.

Galvao DA, Taaffe DR, Spry N, et al. Exercise preserves
physical function in prostate cancer patients with Bone
metastases. Med Sci Sports Exerc. 2018;50(3):393-9.
https://doi.org/10.1249/MSS.0000000000001454.

Sheill G, Guinan E, Neill LO, Hevey D, HusseyJ. The views of
patients with metastatic prostate cancer towards physical
activity: a qualitative exploration. Support Care Cancer.
2018;26(6):1747-54. https://doi.org/10.1007/s00520-017-
4008-x.

Schmitz KH, Courneya KS, Matthews C, et al. American
College of Sports Medicine. American College of Sports
Medicine roundtable on exercise guidelines for cancer
survivors. Med Sci Sports Exerc. 2010;43(1):1409-26.
https://doi.org/10.1249/MSS.0b013e3181e0c112.

Price O], Tsakirides C, Gray M, Stavropoulos-Kalinoglou A.
ACSM Preparticipation health screening guidelines: a
UK university cohort perspective. Med Sci Sports Ex-
erc. 2019;51(5):1047-54. https://doi.org/10.1249/MSS.
0000000000001868.

Duregon E Vendramin B, Bullo V] et al. Effects of exercise
on cancer patients suffering chemotherapy-induced pe-
ripheral neuropathy undergoing treatment: A systematic
review. Crit RevOncol Hematol. 2018;121:90-100. https://
doi.org/10.1016/j.critrevonc.2017.11.002.

Vollmers PL, Mundhenke C, Maass N, et al. Evaluation
of the effects of sensorimotor exercise on physical and
psychological parameters in breast cancer patients under-
going neurotoxic chemotherapy. J Cancer Res Clin On-
col.2018;144(9):1785-92. https://doi.org/10.1007/s00432-
018-2686-5.

574

Typical aspects in the rehabilitation of cancer patients suffering from metastatic bone disease or multiple...

@ Springer


https://doi.org/10.1080/09638288.2016.1260647
https://doi.org/10.1080/09638288.2016.1260647
https://doi.org/10.1007/s00520-017-3771-z
https://doi.org/10.1007/s00520-017-3771-z
https://doi.org/10.1007/s00520-016-3539-x
https://doi.org/10.1007/s00520-016-3539-x
https://doi.org/10.1186/s12885-016-2410-2
https://doi.org/10.1186/s12885-016-2410-2
https://doi.org/10.1093/annonc/mdu103
https://doi.org/10.1093/annonc/mdu103
https://doi.org/10.1016/j.eururo.2017.03.042
https://doi.org/10.1016/j.eururo.2017.03.042
https://doi.org/10.1259/bjr.20180768
https://doi.org/10.1515/med-2019-0029
https://doi.org/10.1097/BRS.0b013e3181e16ae2
https://doi.org/10.1016/j.jocd.2017.06.022
https://doi.org/10.1016/j.pmrj.2018.02.006
https://doi.org/10.1111/ecc.12575
https://doi.org/10.1249/MSS.0000000000001454
https://doi.org/10.1007/s00520-017-4008-x
https://doi.org/10.1007/s00520-017-4008-x
https://doi.org/10.1249/MSS.0b013e3181e0c112
https://doi.org/10.1249/MSS.0000000000001868
https://doi.org/10.1249/MSS.0000000000001868
https://doi.org/10.1016/j.critrevonc.2017.11.002
https://doi.org/10.1016/j.critrevonc.2017.11.002
https://doi.org/10.1007/s00432-018-2686-5
https://doi.org/10.1007/s00432-018-2686-5

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Rief H, Omlor G, Akbar M, Welzel T, et al. Feasibility
of isometric spinal muscle training in patients with bone
metastases under radiation therapy—first results of a ran-
domized pilot trial. BMC Cancer. 2014;5(14):67. https://
doi.org/10.1186/1471-2407-14-67.

MesfinA, BuchowskiJM, GokaslanZL, BirdJE. Management
of metastatic cervical spine tumors. JAm Acad Orthop Surg.
2015;23(1):38-46. https://doi.org/10.5435/JAAOS-23-01-
38.

Jones S, Man WD, Gao W, Higginson IJ, Wilcock A, Mad-
docks M. Neuromuscular electrical stimulation for muscle
weakness in adults with advanced disease. Cochrane
Database Syst Rev. 2016; https://doi.org/10.1002/
14651858.cd009419.pub3.

Smith L, McCourt O, Henrich M, Paton B, Yong K, Wardle J,
Fisher A. Multiple myeloma and physical activity: ascoping
review. BMJ Open. 2015;5(11):e9576.

GanJH, Sim CY, Santorelli LA. The effectiveness of exercise
programmes in patients with multiple myeloma: A liter-
ature review. Crit Rev Oncol Hematol. 2015;98:275-89.
https://doi.org/10.1016/j.critrevonc.2015.11.005.

Knips L, Bergenthal N, Streckmann E Monsef I, Elter T,
Skoetz N. Aerobic physical exercise for adult patients with
haematologicalmalignancies. CochraneDatabase SystRev.
2019; https://doi.org/10.1002/14651858.CD009075.pub3.
Kumar SK, Rajkumar V, Kyle RA, et al. Multiple myeloma.
Nat Rev Dis Primers. 2017;3:17046. https://doi.org/10.
1038/nrdp.2017.46.

CrevennaR, editor. Physikalische Medizin und Rehabilita-
tion: Ein Kurzlehrbuch. Wien: Facultas Universitadtsverlag;
2018.

CrevennaR,MarosiC,SchmidingerM, etal. Neuromuscular
electrical stimulation for a patient with metastatic lung
cancer—acasereport. SupportCare Cancer. 2006;14:970-3.
CrevennaR. CancerRehabilitation and palliative care—two
important parts of comprehensive cancer care. Support
Care Cancer. 2015;23:3407-38.

Maehr B, Keilani M, Wiltschke C, etal. Cancerrehabilitation
in Austria-aspects of physical medicine and rehabilitation.
Wien Med Wochenschr. 2016;166:39-43.

Schmitz KH. Balancing lymphedema risk: exercise versus
deconditioning for breast cancer survivors. Exerc Sport Sci
Rev.2010;38:17-24.

Travier N, Buckland G, Vendrell JJ, et al. Changes in
metabolic risk, insulin resistance, leptin and adiponectin
following a lifestyle intervention in overweight and obese

59.

60.

61

62.

63.

64.

65.

66.

67

breast cancer survivors. Eur ] Cancer Care (engl).
2018;27(4):e12861. https://doi.org/10.1111/ecc.12861.
O’Donovan G, Lee IM, Hamer M, Stamatakis E. Asso-
ciation of “weekend warrior” and other leisure time
physical activity patterns with risks for all-cause, car-
diovascular disease, and cancer mortality. Jama Intern
Med.  2017;177(3):335-42.  https://doi.org/10.1001/
jamainternmed.2016.8014.

Bourke L, Homer KE, Thaha MA, et al. Interventions to
improve exercise behaviour in sedentary peoplelivingwith
and beyond cancer: a systematic review. Br J Cancer.
2014;110:831-41.

. Ottenbacher AJ, Day RS, Taylor WC, et al. Exercise among

breast and prostate cancer survivors-what are their barri-
ers?J Cancer Surviv. 2011;5:413-9.

Cormie P, Newton RU, Spry N, Joseph D, Taaffe DR, Gal-
vao DA. Safety and efficacy of resistance exercise in prostate
cancer patients with bone metastases. Prostate Cancer
Prostatic Dis. 2013;16:328-35.

Hart NH, Newton RU, Spry NA, et al. Can exercise suppress
tumour growth in advanced prostate cancer patients with
sclerotic bone metastases? A randomised, controlled
study protocol examining feasibility, safety and efficacy.
BMJ Open. 2017;7(5):e14458. https://doi.org/10.1136/
bmjopen-2016-014458.

Porock D, Kristjanson LJ, Tinnelly K, Duke T, Blight J. An
exercise intervention for advanced cancer patients experi-
encingfatigue: A pilotstudy. J Palliat Care. 2000;16:30-6.
Carson JW, Carson KM, Porter LS, Keefe FJ, Shaw H,
Miller JM. Yoga for women with metastatic breast can-
cer: results from a pilot study. J Pain Symptom Manage.
2007;33:331-41.

Litterini AJ, Fieler VK, Cavanaugh JT, Lee JQ. Differential
effects of cardiovascular and resistance exercise on func-
tional mobility in individuals with advanced cancer: A
randomized trial. Arch Phys Med Rehabil. 2013;94:2329-35.

. Pae CU. Why systematic review rather than narrative re-

view? Psychiatry Investig. 2015;12(3):417-9. https://doi.
org/10.4306/pi.2015.12.3.417.

Publisher’s Note Springer Nature remains neutral with re-
gard to jurisdictional claims in published maps and institu-
tional affiliations.

@ Springer

Typical aspects in the rehabilitation of cancer patients suffering from metastatic bone disease or multiple. ..

575



https://doi.org/10.1186/1471-2407-14-67
https://doi.org/10.1186/1471-2407-14-67
https://doi.org/10.5435/JAAOS-23-01-38
https://doi.org/10.5435/JAAOS-23-01-38
https://doi.org/10.1002/14651858.cd009419.pub3
https://doi.org/10.1002/14651858.cd009419.pub3
https://doi.org/10.1016/j.critrevonc.2015.11.005
https://doi.org/10.1002/14651858.CD009075.pub3
https://doi.org/10.1038/nrdp.2017.46
https://doi.org/10.1038/nrdp.2017.46
https://doi.org/10.1111/ecc.12861
https://doi.org/10.1001/jamainternmed.2016.8014
https://doi.org/10.1001/jamainternmed.2016.8014
https://doi.org/10.1136/bmjopen-2016-014458
https://doi.org/10.1136/bmjopen-2016-014458
https://doi.org/10.4306/pi.2015.12.3.417
https://doi.org/10.4306/pi.2015.12.3.417

	Typical aspects in the rehabilitation of cancer patients suffering from metastatic bone disease or multiple myeloma
	Summary
	Introduction
	Methods
	Results
	Metastatic bone disease
	Multiple myeloma
	Own practical experiences
	Discussion
	Conclusion
	References


