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Introduction

Physiotherapy is an important part of the management of people
with blood cancer. Blood cancer is associated with significant
physical and psychological burden. The goals of physiotherapy
include facilitating the individual to prepare physically for medical
treatment, maintain health during treatment, recover after treat-
ment, and maximise health and wellbeing in the survivorship and
palliative stages of disease. Exercise training and physical activity are
critical components of physiotherapy management, and this is sup-
ported by growing evidence of the benefit of exercise for people
with blood cancer. This review summarises the clinical presentation
of blood cancer, the disease burden, the management of blood
cancer with a focus on physiotherapy treatment, and future di-
rections for research and clinical practice. Whilst blood cancers
affect people of all ages, this review focuses on the management of
adults with blood cancer.

What is blood cancer?

Blood cancer, also known as haematological cancer or haemato-
logical malignancy, is a term used to describe cancers that originate in
blood-forming tissues such as bone marrow and the immune system.1

There are five main classifications of blood cancer (Box 1), although
there are numerous subtypes within these classifications, including
over 40 subtypes of leukaemia and 50 subtypes of lymphoma.2,3 The
prognosis and medical treatment vary between subtypes.2–4

Blood cancer is the third most common cancer diagnosed in
Australia after breast cancer and colorectal cancer,1,5 and represents
approximately 10% of all cancers diagnosed worldwide.4 The inci-
dence is rising and this is predominately due to the ageing population
and improvements in diagnosis.1,5 It is more common in males than
females (age-standardised incidence rate 75 cases per 100,000 males
and 48 cases per 100,000 females in Australia)5 and is diagnosed in
people of all ages, although the highest incidence is in people in their
70s and 80s.1 Blood cancer is the leading cause of non-preventable
cancer death in Australia.1 The 5-year survival rate is 68%5 and this
n. Published by Elsevier B.V. This is
has improved rapidly due to advances in medical treatment4 (5-year
survival in the early 1990s was 52%).5

With increasing cases and improved survival rates, the prevalence
of blood cancer is rising.1 There were approximately 112,000 people
with blood cancer in Australia in 2018 and this is expected to reach
275,000 people by 2035.1 Survivors of blood cancer commonly
experience persistent symptoms and complications from the medical
treatment, resulting in ongoing physical and psychological impair-
ments.6 Therefore, there is a growing number of people in the com-
munity with unmet supportive care needs related to blood cancer,
some of which can be addressed by physiotherapy treatment, as
discussed in this paper. However, access to supportive care and
physiotherapy is limited:1 a recent Australian survey of 3,227 people
with blood cancer found that 25% of them wished they had access to
physiotherapy or occupational therapy for their blood cancer – but
they did not.1 One factor contributing to the practice gap is lack of
knowledge of clinicians related to this clinical area;7 therefore, ups-
killing to be informed about blood cancer, the common impairments
that patients experience and the evidence about physiotherapy
treatments is critical.

Medical treatments of blood cancer

The medical treatments for blood cancer have improved dramat-
ically over recent times. The treatment is specific to the cancer type
and dependent on factors including age, comorbidities, performance
status and cancer stage.8 Treatments are given in combination and
can include chemotherapy, radiotherapy, oral drug therapy such as
tyrosine kinase inhibitors, immunotherapy, blood transfusions and
stem cell transplantation. Stem cell transplantation, also known as
haematopoietic cell transplantation or bone marrow transplantation,
is a common form of treatment for blood cancer, and a potentially
curative treatment option for some patients.8 The rates of stem cell
transplantation are rising in Australia and it is used more frequently
in older individuals who previously would have been considered
ineligible due to their age.9 Due to the aggressive nature of stem cell
transplantation, patients are required to have good functional status
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Box 1. Common classifications of blood cancer.

Leukaemia
� cancer that develops in the blood and bone marrow usually
affecting white blood cells (lymphocytes or myeloid cells)

Lymphoma
� cancer that develops in the lymphatic system

Myeloma
� cancer that develops in the bone marrow in plasma cells

Myeloproliferative neoplasm
� cancer that originates from a mutation in stem cells in the
bone marrow and causes overproduction of blood cells

Myelodysplastic syndrome
� cancer that originates from an acquired mutation of stem
cells in the bone marrow and causes a reduction in healthy
blood cells
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pre-transplant to be eligible for the procedure.8 Physiological age,
rather than chronological age, is an important consideration for
suitability.8

In allogeneic stem cell transplantation, donor cells from a ‘healthy’
person who is human leukocyte antigen-compatible are used. This
type of transplantation is commonly used to treat acute myeloid
leukaemia and acute lymphoblastic leukaemia.8 Prior to allogeneic
stem cell transplantation, the patient must undergo conditioning,
which involves chemotherapy, serotherapy and/or whole body
radiotherapy, with the aim of destroying malignant cells in the bone
marrow and triggering immunosuppression.8 Stem cell trans-
plantation then occurs, during which donor stem cells from bone
marrow, peripheral blood or cord blood are intravenously infused
into the body.9 A major complication of allogeneic stem cell trans-
plantation is graft-versus-host disease (GVHD),8 which results in
chronic inflammation and fibrosis and can affect multiple organs of
the body.10 Chronic GVHD requires prolonged systemic immunosup-
pressive treatment11 and is discussed in greater detail in subsequent
sections.
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Figure 1. Physiotherapy management across the disease and treatment pathway for blood
cancer and is individualised to the patient. This is a simplistic representation of a common tr
at each timepoint.
ADL = activities of daily living, Ax = assessment.
In autologous stem cell transplantation, the individual’s own stem
cells are used. This type of transplant is commonly used to treat
multiple myeloma and non-Hodgkin lymphoma.8 The individual’s
stem cells are harvested, they then undergo a period of high-dose
chemotherapy and then the stem cells are reinfused back into the
body.8 Autologous stem cell transplantations are associated with less
severe side effects than allogeneic transplantations.8 There is a risk of
complications following both types of transplants, although autolo-
gous stem cell transplantation does not have the added risk of GVHD
and prolonged immunosuppression.8

The medical treatments for blood cancer are often intense and
prolonged, and patients can be hospitalised for extended periods
(Figure 1). The planned and prolonged period of inpatient medical
treatment makes this patient population somewhat unique compared
with many other patient groups that physiotherapists manage. For
some types of blood cancer, treatment protocols can continue in the
outpatient setting for up to 3 years; such is the case for acute
lymphoblastic leukaemia, where patients undergo chemotherapy in
three phases: induction, consolidation and then maintenance treat-
ments.1 The medical treatments used in blood cancer are associated
with toxicities and significant side effects and complications, some of
which can be long-standing. A summary of potential early and late
complications from stem cell transplantation is provided in Table 1.

In Australia, patients are usually hospitalised for 3 to 6 weeks to
receive treatments such as chemotherapy and a stem cell trans-
plantation, and then stay close to the hospital to be able to attend
regular outpatient medical appointments for assessment and ongoing
medical treatments until 100 days post-transplant. Stem cell trans-
plantations are only conducted at a few hospitals in Australia;12

therefore, there is a significant burden associated with the potential
requirement for many patients to temporarily relocate for treatment.
Accommodation and travel support is offered by charities such as the
Leukaemia Foundation.13 However, from a physiotherapy perspective,
this means that patients are likely to be staying in, or close to, major
transplant hospitals for months at a time and, on a practical level,
should be more easily able to participate in physiotherapy and exer-
cise programs during this acute phase of treatment (Figure 1).14,15
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Table 1
Complications after stem cell transplantation. Adapted from Saad et al.8

Early complications
(occurring within 100 days)

Late complications
(occurring after 100 days)

� Acute GVHD*
� Infection
� Prolonged cytopenia and

graft failure
� Organ toxicities
� Sinusoidal obstruction

syndrome

� Chronic GVHDa

� Infection
� Organ dysfunction
� Late radiation-related toxicities including

cataracts and hypothyroidism
� Late chemotherapy-related toxicities

including heart failure
� Secondary malignancies including

myelodysplastic syndromes

GVHD = graft-versus-host disease.
a allogeneic stem cell transplantation only.
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The burden of blood cancer

Blood cancer is associated with a high number of symptoms, side
effects (Box 2) and complications (Table 1) caused by the underlying
cancer and medical treatments. Symptoms and side effects vary
across the disease and treatment journey; however, people consis-
tently report the presence of a high number of co-occurring symp-
toms. This is on average 10 symptoms at the time of diagnosis, eight
symptoms in stable disease, 12 symptoms in refractory disease and
eight symptoms during relapse.16 Many symptoms are seen in people
undergoing medical treatment, in inpatients and those with advanced
disease.16 Cancer-related fatigue and feeling worried are the most
common physical and psychological symptoms (Box 2).16

Cancer-related fatigue is ‘a distressing, persistent, subjective sense
of physical, emotional, and/or cognitive tiredness or exhaustion
related to cancer and treatment that is not proportional to recent
activity and interferes with usual functioning’.17 It can be persistent in
blood cancer survivors years after diagnosis/treatment.18 It is the
most common ongoing concern of survivors,19 a key barrier to exer-
cise20 and is associated with poorer health-related quality of life
(HRQoL).21

Distress in blood cancer is high across the domains of physical,
psychological and global health.16 Younger adults with blood cancer
are more likely to experience distress.22 Psychological distress is most
common in patients with a new diagnosis and those who are hos-
pitalised.16 Distress associated with physical symptoms is more
common in patients with refractory or progressive disease.16

Following completion of treatment, patients describe distress asso-
ciated with their ongoing physical impairments and loss of physical
health compared with pre-diagnosis.23
Box 2. Physical and psychological symptoms in people with
blood cancer.a Adapted from Manitta et al.16

Cancer-related fatigue 69%
Feeling worried 50%
Difficulty sleeping 41%
Drowsiness 41%
Feeling sad 41%
Drowsiness 41%
Dry mouth 40%
Pain 39%
Numbness 38%
Breathlessness 36%
Irritable 36%
Difficult concentrating 34%
Cough 33%
Feeling nervous 33%
Lack of appetite 27%
Dizziness 24%

Changes in skin 24%
Feeling bloated 23%
Sweats 23%
Nausea and vomiting 22% and 8%
Itching 21%
Constipation 20%
Weight loss 19%
Difficulty swallowing 18%
Changes in food taste 18%
Problems with urination 18%
Loss of sexual interest 18%
Diarrhoea 17%
Lymphoedema 17%
Don’t look like self 16%
Mouth sores 15%
Hair loss 14%

a Listed in order of prevalence from a broad range of patients with blood
cancer (type, stage, treatment and time since diagnosis) as described by
Manitta et al.16
In the longer term, approximately 50%of survivors report at least one
moderate-to-high level of unmet need, with physical aspects of daily
living and psychological needs being the most commonly reported.19

Within 5 years of treatment, about 35% of blood cancer survivors
report ongoing problems with mobility and activities of daily living.6

Poor HRQoL is an ongoing problem; treatment-related side effects and
fearof recurrencecontribute to this.6WorseHRQoL is seen in survivorsof
blood cancer who are younger, women or unemployed.6

Graft-versus-host disease

Graft-versus-host disease is a major complication of allogeneic
stem cell transplantation (Table 1). It can be mild, affecting single
organs, or it can be more severe, affecting multiple organs. Acute
GVHD is seen in 20 to 80% of patients, typically affects the skin, liver
and gastrointestinal tract, and clinically presents as a rash, gastroin-
testinal complications and hyperbilirubinaemia.8 Chronic GVHD
occurs in approximately 42% of patients within 3 years of trans-
plantation,10 although it usually develops within the first 100 to 200
days.10 Chronic GVHD is associated with significant morbidity and
mortality. It requires prolonged systemic immunosuppressive treat-
ment11 and infection is the main cause of death.11

The clinical manifestations of GVHD vary depending on the organs
involved. This can range from the skin, mouth and oral cavity, eyes,
genitalia, gastrointestinal tract, liver, lungs, haematopoietic, neuro-
logical, immune and/or musculoskeletal systems.11 In the lungs,
GVHD can cause bronchiolitis obliterans syndrome, airflow obstruc-
tion and recurrent infections,11 clinically presenting as dyspnoea,
wheeze and cough.11 Neurologically, polyneuropathy, myositis and
myasthenia can develop, clinically presenting as muscle weakness,
wasting and pain.11 Musculoskeletal manifestations from chronic
GVHD and the ongoing use of systemic corticosteroid treatments
include osteoporosis, steroid-induced myopathy, fasciitis and scle-
rotic contractures,11 clinically presenting as joint contractures,
restricted range of motion, limb swelling, muscle weakness and
wasting.11 There is significant heterogeneity in the clinical presenta-
tion of patients with chronic GVHD; therefore, physiotherapists
working with patients who have developed GVHD must perform a
thorough whole body assessment to identify impairments.

The National Institutes of Health have published a consensus pa-
per on supportive care recommendations for the prevention and
treatment of complications related to chronic GVHD.11 The recom-
mendations in their entirety are important for physiotherapists to be
aware of; however, several aspects are worth highlighting due to their
direct relevance to physiotherapists.11 These are summarised in
Table 2. Recommended treatments within physiotherapy scope of
practice include pulmonary rehabilitation,24 bronchodilators and
supplemental oxygen therapy for lung complications; rehabilitation,
falls prevention and bracing/splints for neurological complications;
and exercise training for musculoskeletal complications (Table 2).11

Physical impairments

Patients with blood cancer can experience a multitude of physical
impairments. There is a complex pattern of fatigue, reduced physical
activity and deconditioning, combined with the impact of the cancer
and medical treatments, which contribute to the development and
worsening of physical impairments.21 At diagnosis, in the months
before treatment, individuals have been found to have reduced
functional exercise capacity and muscle strength compared with ex-
pected values.21,26 In 29 patients with lymphoma undergoing
chemotherapy, pre-treatment 6-minute walk distance and quadriceps
force were 89% predicted (IQR 38 to 111) and 82% predicted (SD 16) of
normative values, respectively.21 Reductions in muscle force before
treatment may be due to a combination of tumour-related factors
stimulating enhanced protein catabolism and decline in protein
synthesis, and increased levels of tumour necrosis factor resulting in
muscle wasting and contractile dysfunction.21,27 There is also the
influence of lack of physical activity.21 In a sample of 71 hospitalised



Table 2
Recommendations within physiotherapy scope of practice for the prevention and treatment of complications from chronic graft-versus-host disease. Adapted from Carpenter et al11

and Majhail et al.25

Organ affected Prevention strategy Treatments

Skin Strict sun protection including avoidance of sun exposure 10 am to 4
pm, use of sunscreen and protective clothes

� Deep muscle massage for treatment of stiffness or contractures
� Stretches to improve ROM

Lung Education against smoking � Pulmonary rehabilitation
� Supplemental oxygen

Neurological system Falls prevention � Neurological rehabilitation
� Resistance training
� Orthotics

Musculoskeletal � Monitor for reduced limb ROM every 3 to 12 months whilst on
immunosuppressive therapy

� Daily stretching at home
� Stretching by a physiotherapist two to three times/week for severe

cases
� Follow general physical activity guidelines

� Frequent assessments of muscle strength and function (sit to stand
ability)

� Resistance training (isometric, isotonic, isokinetic)
� Aerobic training
� Weight-bearing exercise for osteoporosis

Cardiac and vascular Education on healthy lifestyle: exercise, healthy weight, no smoking
and diet

Psychological � Education on important return to regular exercise and sexual
activities

� Education on management of sexual functioning, body image, sleep,
fatigue and musculoskeletal symptoms

� Regular assessment of carer psychological adjustment and
functioning

ROM = range of motion.
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patients undergoing chemotherapy for a range of blood cancers
compared with healthy controls, there were reductions in: skeletal
muscle mass index (whole body) of 4.1 (SD 0.9) versus 4.6 (SD 0.7) kg/
m2; quadriceps strength of 44 (SD 17) versus 52 (SD 17) % body
weight ratio; and hand-grip strength of 39 (SD 12) versus 53 (SD 13) %
body weight ratio.26 During treatment patients experience further
reductions in functional exercise capacity, muscle strength and
mass,21 potentially stimulated by the cytotoxic effects of chemo-
therapy more so than reduced physical activity.21

Sarcopenia and cachexia are common disorders in blood cancer.
Sarcopenia is the age-related loss of muscle mass.28 It is seen in
approximately 51% of patients with blood cancer before treatment,
confirmed with either bioimpedance analysis29 or computed to-
mography.30 Sarcopenia is a major concern in cancer as it contributes
to poor tolerance to chemotherapy.31 In blood cancer, sarcopenia is
associated with worse outcomes including lower muscle strength,
worse physical function, higher fatigue, greater pain, poorer HRQoL
and worse overall survival.29,32,33 Cancer-associated cachexia is the
cytokine-mediated degradation of muscle and adipose deposits.28 It is
a complex metabolic syndrome, multifactorial and driven through an
inflammatory response, resulting in it being a common complication
in cancer.34 It affects approximately 25% of patients with blood can-
cer,26 although rates are lower than for many other solid tumours.35

Cancer-associated cachexia leads to muscle wasting, weight loss
Table 3
American College of Sports Medicine physical activity recommendations for the
prevention and treatment of cancer in general.38

Recommendations for prevention
of cancera

Recommendations for cancer survivors

Participate in 150 to 300 minutes/wk
of moderate aerobic exercise, or 75
to 150 minutes/wk of vigorous
aerobic exercise

� Avoid inactivity
� Increase to three 30-minute sessions

per week of moderate intensity
aerobic exercise and 20 to 30 minutes,
two sessions per week of resistance
training

� Physical activity is associated with
improvements in common
cancer-related health outcomes
including physical function, fatigue,
anxiety and depression

a Data for the prevention of bladder, breast, colon, endometrial, oesophageal, kidney
and stomach cancers.
and progressive functional impairment and is a common cause of
cancer death.28,34

The optimal treatments for sarcopenia and cachexia for patients
with cancer are unknown.31,35 Exercise is recommended and may
diminish the effects of sarcopenia and cachexia through stimulation
of muscle protein synthesis and modulation of inflammation and
insulin sensitivity.36,37 However, there are limited data on exercise for
cancer cachexia and scant data specifically for blood cancers.36 A
recent Cochrane review concluded that the effectiveness, accept-
ability and safety of exercise for cancer cachexia (in any cancer type)
is uncertain and further research is required.36 Clinically, at present
for patients with cancer, a multimodal treatment approach is rec-
ommended including nutritional therapy, exercise training and or
anti-inflammatory interventions.31,35 Given the common occurrence
of sarcopenia and cachexia in blood cancer, it is important that
physiotherapists include an assessment of muscle strength as well as
consideration of the nutritional status of their patient prior to, and
alongside, exercise prescription. In the case of sarcopenia or cachexia,
establishing adequate nutrition is critical; many centres have an
automatic referral process to dieticians for nutritional assessment and
management; however, if this is not the case, referral on from the
physiotherapist is likely warranted.

Physical activity recommendations and barriers to compliance in
blood cancer

The role of physical activity in the prevention and treatment of
cancer is well established.38,39 There is substantial and strong evi-
dence for the prevention of many cancers, predominately solid tu-
mours.39 There is less evidence in blood cancer, although this is
growing and the recent recommendations concluded that there is
now ‘limited’ evidence for the protective effect of physical activity in
blood cancer.39–41 A systematic review with 27 trials demonstrated
that higher physical activity levels were protective against lym-
phomas (non-Hodgkin lymphoma and Hodgkin lymphoma com-
bined) (RR 0.89, 95% CI 0.81 to 0.98).40 Data from seven trials
demonstrated a dose response with a 1% reduction in lymphoma
incidence per 3 metabolic equivalent of task (MET) hours/week of
physical activity increase (RR 0.99, 95% CI 0.98 to 1.00, 6,019 partic-
ipants).40 Further research on physical activity and blood cancer
prevention is warranted.

The recommendations for physical activity for people with cancer
(Table 3) are predominately drawn from solid tumours or mixed
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cancer types.38 Research in blood cancer is less advanced,42,43 partly
due to the field being slower to adopt exercise due to safety concerns
of an increased risk of infection and bleeding.42 Concern has dimin-
ished with consistent data from trials in blood cancer showing that
exercise is safe when conducted within safe parameters.42,43 The
current public message about physical activity for blood cancer is to
avoid inactivity and return to usual activities when able after
diagnosis.44

Survivors of blood cancer are poorly compliant with the physical
activity guidelines. In a large population-based Canadian study with
606 blood cancer survivors, only 22% met the physical activity
guidelines and these individuals were more likely to be younger and
university educated.45 Another 22% met the aerobic component only
(� 150 minutes/week) and 10% met the resistance component only
(two or more sessions).45 Yet intentions to exercise were high and
77% of participants intended to meet part of or the complete
guideline.45 People with blood cancer value the importance of exer-
cise.46,47 It is viewed as: a positive contribution that they can make
toward their physical and mental wellbeing; providing a sense of
empowerment and control; associated with hope for the future;
helping to prepare for treatment, manage symptoms; and reducing
the risk of recurrence and progression.46,47

Barriers to physical activity with blood cancer are numerous and
include: symptoms and side effects, including fatigue, pain, short-
ness of breath and lack of strength; comorbidities and age-related
inactivity; injuries; and lack of self-confidence and motiva-
tion.20,46,47 Fatigue is the most commonly reported barrier,20

whereas social barriers such as time and cost are less frequent.20

Activity levels are lowest during treatment48,49 and consistently do
not return back to pre-diagnosis levels.20,48 The leading predictor of
post-diagnosis physical activity is pre-diagnosis physical activity.20

This suggests that physiotherapy assessment of physical activity
history is vital, and those individuals who have been less active may
need additional support. Reassurance and early education that
exercise will improve and not worsen fatigue are important for
patients and families.20

Physiotherapy management of blood cancer

Physiotherapy management in blood cancer is centred around
physical activity and exercise training. Figure 1 depicts the common
timepoints at which physiotherapists can intervene during the
treatment pathway and Figure 2 summarises the level of evidence for
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physiotherapy interventions. Exercise training is safe and generally
feasible across these timepoints;50 however, the rationale and pre-
scription vary considerably. Prescription can range from assisted
mobilisation or gentle chair-based exercises at times during inpatient
treatment when blood counts are low, up to moderate- to high-
intensity aerobic and resistance exercise training before or after
treatment in outpatient settings. At each timepoint a unique exercise
plan should be developed for the patient50 and be frequently
reviewed and adjusted based on symptom profile and safety pa-
rameters. This section describes the ideal scenario of evidence-based
physiotherapy management; however, in some hospitals and centres
this may not yet be reflected in current clinical practice.
Assessment

An initial physiotherapy assessment is recommended for patients
being worked-up for treatment (Figure 1), ideally as part of a clinical
pathway51 and alongside other disciplines including dieticians. The
purpose is to assess physical fitness and identify impairments, to be
able to target physiotherapy treatments, and monitor deterioration or
complications with treatment.51 Suggested components of an initial
assessment are provided in Table 4.51 Physiotherapists may also be
able to access results of respiratory function tests. Physiotherapy
assessment prior to treatment is not always part of standard care.
Often, the first time that a physiotherapist sees the patient it is as an
inpatient, once treatment has commenced or following referral from
medical or nursing colleagues if the patient has mobility, functional
or respiratory issues. Assessment during hospitalisation should occur
prior to each physiotherapy encounter50 (see next section), and after
treatment should occur on initial contact with the therapist and then
at regular intervals (recommended to be monthly)51 (Figure 1). After
treatment, physiotherapists should screen for signs of complications
such as GVHD and target treatment accordingly (Table 2).11
Acute physiotherapy during medical treatment

Acute physiotherapy is typically delivered in the inpatient hospital
setting whilst patients are hospitalised for medical treatment. The
goals of physiotherapy treatment are maintenance of strength and
function during this period of time when patients usually experience
significant deconditioning.50 Physiotherapy routinely includes mobi-
lisation and exercise training;51 however, other treatments including
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Table 4
Physiotherapy assessment pre-treatment in blood cancer. Adapted from Mohammed
et al.51

Outcome/component Example measures

Subject assessment/history Comprehensive physiotherapy subjective
assessment including:
medications
existing musculoskeletal and comorbid
conditions
occupation and return to work or study goals
physical activity levelsa – current and past
functional impairments
symptomsa

anxiety, depression or distressa

Functional exercise
capacity

6-minute walk test or
incremental shuttle walk test

Physical function 30-second chair stand test,
Short Physical Performance Battery or
Timed Up and Go

Self-reported function Lower Extremity Functional Scale or
Disabilities of the Arm, Shoulder and Hand
Questionnaire

Peripheral muscle and
hand-grip strength

Hand-held and hand-grip dynamometers

Peripheral muscle mass Ultrasound

Frailty Clinical frailty scale

Upper and lower limb
range of motion

Range measured with a goniometer

HRQoL EORTC QLQ-C30

EORTC QLQ-C30 = European Organisation for Research and Treatment of Cancer
Quality of Life questionnaire, HRQoL = health-related quality of life.

a Can also be assessed using self-reported questionnaires.
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range of motion, balance training and activities of daily living training
may be required (Figure 1). The exercise programs tested in the
literature to date vary, although they are most commonly individu-
alised, supervised, low- to moderate-intensity aerobic exercises,50,51

sometimes supplemented with resistance exercises and unsuper-
vised exercise on non-physiotherapy days.50,51 Physiotherapy is often
delivered on a 1:1 basis either in the patient’s single room or on a
pressure-filtered ward to minimise infection risk;43 however,
emerging data suggest that group-based exercise on a pressure-
filtered ward is safe14 and potentially adds the psychological benefit
of peer support.48

The evidence to date suggests that exercise during treatment is
safe and feasible, with very few adverse events reported. The evi-
dence for efficacy of exercise during treatment is inconsistent. Results
of recent systematic reviews42,43 show neutral or positive benefits of
exercise on patient outcomes of muscle strength, endurance and fa-
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Figure 3. Traffic light system (patient-self rating) used to assess patient wellbeing
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tigue compared with decline in control groups,43,50 although the re-
sults are inconsistent, trials are small and the risk of bias is high.43,50

Many studies have been unable to attenuate deconditioning experi-
enced during treatment.14,43 There may be earlier recovery of blood
counts,52 but other studies have not demonstrated between-group
differences.43 Commonly, exercise is tested as part of a broader pre-
to-post exercise program. The meta-analysis by Abo et al43 of seven
trials commencing exercise either before or during stem cell trans-
plantation demonstrated a reduced hospital length of stay in favour
of exercise training (MD 2.1 days, 95% CI 0.4 to 3.7, 379 participants,
low-certainty evidence).43 Cost-effectiveness of such programs is
unknown.

Daily assessment before physiotherapy treatment is important
and should include symptom levels, vital signs and blood counts
(haemoglobin, platelets and white blood cells).50 Clinical decision-
making is required to tailor an appropriate mobilisation or exercise
treatment that takes the patient to their highest functional level
within safety limits. Discussion with the treating medical team is
recommended regarding the planned physiotherapy treatment and
specific precautions or contraindications for the patient at that time.
Wiskemann et al53 and Abo et al14 utilised models where patients
self-rated their wellbeing prior to each session and this rating was
used by therapists to adjust the exercise plan (Figure 3).

Patients are likely to have anaemia, thrombocytopenia and neu-
tropenia, which impact the appropriateness of physiotherapy treat-
ments. There is a balance between bed rest to prevent bleeding,
infection or clinical compromise versus the risk of functional decline
and deconditioning associated with prolonged sedentary time.
Several publications have reported haematological safety criteria for
physiotherapy or exercise during blood cancer treatment.15,50,51,54

Table 5 provides an example of a safety protocol based on the
consensus-based recommendations for acute physiotherapy for
patients with multiple myeloma undergoing chemotherapy and
stem cell transplantation,50 which is endorsed by the Canadian
Physiotherapy Association. Physiotherapists should also refer to their
local hospital policies andwork in consultationwith themedical team.

Other emerging physiotherapy treatments investigated in studies
to date include inspiratory muscle training, whole body vibration55

and mindful breathing.56 In the trial by Almeida et al,57 57 in-
patients undergoing stem cell transplantation received standard care
physiotherapy (early mobilisation, breathing exercises and aerobic
training). The intervention group additionally performed inspiratory
muscle training, 5 days/week, at 40% baseline maximal inspiratory
pressure, through an inspiratory pressure threshold loading device
and supervised by a physiotherapist.57 The inspiratory muscle
training group had improved maximal inspiratory pressure at hos-
pital discharge (117%) compared with a reduction in the control
group (–20%) from admission.57 Both groups maintained muscle
strength, functional exercise capacity and physical function from
admission to hospital discharge (median 21 days) attributed to the
standard care physiotherapy.57
Exercise prescription 
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Table 5
Safety considerations for acute physiotherapy (mobilisation and exercise prescription) for blood cancer. Adapted from Jeevanantham et al.50

Condition Precautions and contraindications50

Anaemia If haemoglobin , 80 g/L
� Exercise training generally contraindicated
� Consult with physician before commencement
� Physiotherapy intervention with caution
� Mobilisation with caution and monitor closely for vital signs and adverse events including chest pain, pallor, leg cramps, dizziness,

arrhythmias, shortness of breath, respiratory distress, SBP . 200 mmHg, DBP . 110 mmHg, drop in SBP . 10 mmHg from
baseline, HR . 120 bpm, SpO2 , 88% on activity, positive orthostatic response

During red blood cell transfusion
� Mobilisation with caution and monitor closely for abnormal vital signs and adverse events including dislodgment of intravenous

site, syncope or reaction to blood products
Thrombocytopenia Monitor for signs of bleeding

Educate patients about signs of bleeding and precautions
Caution with equipment and clothing to prevent bleeding
Consult with physician about appropriateness of physiotherapy, weighing up the balance for bed rest to prevent bleeding versus
functional decline with inactivity
If platelet count , 10,000/mL
� Only essential ambulation such as to bathroom, with assistance or supervision to prevent falls
� Gentle ROM in sitting or lying
If platelet count 10,000 to 20,000 mL
� Gentle ROM and exercises without resistance or strain
� Exercise in standing or mobilisation only if patient ambulates unassisted, independently and has no signs of bleeding
If platelet count 20,000 to 40,000/mL
� Low-intensity (gentle) aerobic exercise permitted
� Light resistance exercises using elastic bands without strain and only if no signs of bleeding
If platelet count . 40,000/mL
� Low-intensity (gentle) aerobic exercise including stationary cycling permitted
If platelet count , 50,000/mL
� Avoid high-intensity exercise

Leukopenia and neutropenia Patient to wear a face mask when ambulating outside of room
Patient to perform regular hand hygiene, including before and after physiotherapy
Equipment to be cleaned before and after use
Physiotherapy intervention delivered in patient’s room

Bony lesions or skeletal issues Exercise under supervision
Modify exercise program to patient situation
Avoid high-impact activities and end range of motion. Exercises should avoid twisting, bending, overhead reaching, pushing, pulling
and lifting weights.
Ensure correct technique, including back care, and use gait aids and braces as needed

DBP = diastolic blood pressure, HR = heart rate, ROM = range of motion, SBP = systolic blood pressure, mL = microlitre.
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Exercise training before and after treatment

Physiotherapy before and after treatment is mainly focused on
exercise training (Figure 1). Variations in clinical practice exist in
terms of the degree of physiotherapy input available; however, pre-
habilitation and rehabilitation programs are more commonly
becoming standard care for this patient group in line with growing
evidence. For patients after transplantation, if there is not a hospital/
outpatient program available, home-based exercise is encouraged
and it is recommended to avoid exercising with the public, such as in
a gym, until there has been full recovery of the immune system.38

Before treatment, exercise aims to maximise muscle strength and
exercise capacity in order to attenuate the decline with treatment.
Higher strength and exercise capacity going into treatment are
associated with better performance in these measures after treat-
ment.58 After hospitalisation and treatment, exercise aims to target
residual impairments, symptoms and side effects. At this point,
symptoms and wellbeing fluctuate, and exercise volume and intensity
should be reviewed and adapted daily depending on patient
presentation.38

Knips et al recently updated their Cochrane review of aerobic
exercise for patients with blood cancer.42 The update includes 18
randomised controlled trials (RCTs) and 1,892 participants with blood
cancer exercising at different points across the treatment pathway.
The earliest trial started recruitment in 200259 and patients received
a stem cell transplant in half of the trials.42 The exercise programs
tested in trials varied considerably: home, inpatient or outpatient
based; consisting of either aerobic, resistance or mixed training. The
timing of programs varied across before, during and after treatment.
The longest program was 30 weeks60 and shortest program
commenced 6 days before transplant and finished the day before
hospital discharge after treatment.59 Meta-analyses demonstrated
significant benefit on fatigue (SMD 0.31, 95% CI 0.13 to 0.48, 826
participants, moderate-certainty evidence) and a small effect for
reduction in the depression subscale of HRQoL (SMD 0.19, 95% CI 0.0
to 0.38, 445 participants, low-certainty evidence). No clear between-
group differences were observed for mortality (RR 1.10, 95% CI 0.79 to
1.52, 1,172 participants, low-certainty evidence), global HRQoL,
physical function HRQoL or anxiety-domain HRQoL. The HRQoL re-
sults did not change in sub-analyses of patients receiving chemo-
therapy only or stem cell transplantation. Meta-analyses were unable
to be completed for exercise capacity or strength, due to heteroge-
neity in measurement of these outcomes; individual trials report
conflicting results (eight RCTs benefit and five RCTs no difference).42

The authors suggest that variations in the exercise programs, medi-
cal treatments and standard care may have influenced their
outcomes.42

The systematic review by Abo et al43 focused specifically on pa-
tients with blood cancers undergoing stem cell transplantation and
included 27 studies (24 RCTs), with one-third of studies published in
the last 5 years. Only two studies focused entirely on pre-transplant
exercise;61,62 both were small feasibility studies. Neither study
demonstrated significant changes in patient outcomes before and
after the program, and both reported low to moderate feasibility.61,62

Abo et al43 included 10 studies with exercise entirely during treat-
ment, six entirely after treatment/hospitalisation, and 10 with exer-
cise across the pre-, during and or post-treatment settings. The mean
PEDro score of RCTs was 5 (SD 1), which is illustrative of the high risk
of bias within the RCTs published to date. Meta-analyses demon-
strated positive effects of exercise compared with no exercise on
functional exercise capacity (6-minute walk distance MD 29 m, 95% CI
13 to 45, 542 participants, moderate-certainty evidence) and upper
and lower body muscle strength (lower body strength SMD 0.39, 95%
CI 0.20 to 0.58, 431 participants, low-certainty evidence).43 The dif-
ference between these results and Knips et al42 may be due to the
narrower inclusion (only stem cell transplantation recipients) and



Invited Topical Review 77
addition of several new trials. Meta-analysis results concurred with
the findings by Knips et al42 in terms of positive effects on global
HRQoL and fatigue.43 Effects on functional exercise capacity and
fatigue were larger in patients undergoing allogeneic stem cell
transplant than autologous, although certainty for these sub-analyses
was low.43

The feasibility of pre- and post-treatment exercise programs varies
in the literature. For example, in patients undergoing a transplant,
consent varies from 23 to 99% and adherence from 24 to 92%.43 In the
pre-treatment setting, home-based and outpatient-based programs
have been tested, but both appear to have problems related to feasi-
bility. Van Haren et al61 included 29 patients of mixed blood cancer
types undergoing either allogeneic or autologous stem cell transplant.
The interventionwas a physiotherapist-supervised,moderate-to high-
intensity aerobic and resistance training program, twice/week, for 4 to
6 weeks pre-transplant. Adherence to the program was 69% but the
median number of sessions attended was only six. Wood et al62

included 34 patients who were awaiting allogeneic stem cell trans-
plantation. The intervention was an unsupervised, home-based, high-
intensity interval aerobic exercise program supported by weekly
motivational phone calls and provision of an activity tracking device.
Recruitment was ceased early due to challenges, and intervention
adherence was poor. The authors recommended that future trials
maintain high frequency of patient contact (such as through remote
monitoring) and focus on exercise close to and during the trans-
plantation period, as most other trials have done. The largest RCT in
exercise and blood cancer was a four-arm RCT (self-directed exercise,
self-administered relaxation, both and neither) with 711 patients.63

This trial demonstrated no difference in outcomes, including HRQoL
at 100 days, distress, sleep or survival, and suggested that a hands-off,
self-directed approach may not be effective in this population.63 Early
after discharge from hospital, patients routinely attended outpatient
medical appointments up to three times/week for the first 100 days.
This provides an opportunity for outpatient hospital-based physio-
therapy input including exercise programs (Figure 1). Local experience
is that there is good feasibility of offering an exercise program for
patients to join at the hospital when attending their medical
appointments during this time.15

Education forms an important part of physiotherapy treatment for
people with blood cancer. This includes advice to keep active and
safely return to physical activity when able; physical activity guide-
lines; barriers to being active; symptom management; healthy
lifestyle behaviours including diet; infection control; and safety
considerations related to exercise. For patients who do not have
access to physiotherapy or an exercise program at their treating
hospital, referral to a community oncology rehabilitation or pulmo-
nary rehabilitation program is recommended.64
Physiotherapy in palliative care

Physiotherapy for patients in palliative or end-of-life care is
typically focused on supporting the individual to maintain their in-
dependence, comfort and HRQoL, as well as reduce carer burden.
Physiotherapists work closely with the palliative care multidisci-
plinary team in this setting. Treatment should relate directly to the
goals of the patient; it may focus on alleviating symptoms, main-
taining physical function and ability to perform activities of daily
living.65 Treatments are individualised to the patient and can include
mobilisation, less intensive exercise, provision of gait aids, activities
of daily living training/support, symptom management, and relaxa-
tion or breathing exercises (Figure 1).
Future directions for research and practice

Physiotherapy plays an important role in the management of
blood cancer across the disease and treatment pathway. There has
been significant growth in the evidence, especially in the last 5 years,
mainly focused on the efficacy of exercise training. Early concerns
related to exercise and safety are now lessened. Given the significant
disease burden and residual complications experienced by patients
well after treatment has concluded, there is a strong rationale for
physiotherapy and exercise training to address these impairments.
With prevalence of blood cancer increasing, there is urgency for high-
quality evidence to inform clinical practice. Questions remain around:
the optimal type, timing and setting of exercise training; the cost-
effectiveness of programs; the impact on overall survival; and
longer-term patient outcomes beyond 1 year post-treatment. Addi-
tionally, many of the trials conducted to date are limited by high risk
of bias and most conclusions from recent meta-analyses are low
certainty. Future trials are still needed and should avoid prior limi-
tations, including lack of assessor blinding, incomplete outcome data
and selective reporting of outcomes without prior trial registration.

There is a huge interest in this field and numerous trials in
progress, which will soon significantly improve understanding (there
are currently 25 open exercise studies registered on ClinicalTrials.
gov). Several of these trials include multi-modal interventions offer-
ing exercise combined with nutritional support, relaxation strategies,
mindfulness, cognitive behavioural therapy, psychology, and/or input
from other allied health disciplines as both a multidisciplinary pre-
habilitation or rehabilitation program.

Due to the COVID-19 pandemic, clinical practice in the field was
forced to adapt rapidly and, in many centres, exercise programs for
patients with blood cancer delivered by telehealth (such as video-
conferencing) are now part of standard care. In this situation, clinical
practice moved forward by implementing telehealth-delivered
programs before evidence was generated. A major emphasis of the
current trials is investigating the efficacy of exercise delivered via
telehealth. Lee et al66 are investigating the benefit of a home-based
exercise program, supervised by a clinical exercise physiologist, via
telehealth for 60 participants with multiple myeloma 30 to 180 days
after stem cell transplantation. The 8-week individualised exercise
program includes 24 videoconferencing exercise sessions, run for at
least 30 minutes on 3 days/week. The primary outcome is physical
function measured by the Short Physical Performance Battery. The
trial is currently recruiting and estimated to be completed at the end
of 2024. Given the issues of feasibility described by some prior trials,
telehealth is an appealing model so this is likely to inform ongoing
use of this model in clinical practice if the efficacy data are favourable.
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