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A B S T R A C T
Hematopoietic stem cell transplantation (HSCT) patients can suffer from various musculoskeletal problems result-
ing in long-term functional incapacity. Physical therapy (PT), as a part of the healthcare team, has been historically
advocated for regaining functional capacity and improving quality of life post-HSCT. Because of the nature of this
condition and the burden of post-transplant complications, this patient group requires a unique approach toward
their rehabilitation that takes into account their complex musculoskeletal presentation ranging from fascia, mus-
cle, tendons, bones, and ligaments. However, to our knowledge there is no universal standardized PT protocol or
pathway to help guide rehab specialists to achieve optimal gains for this patient group, and anecdotal evidence
suggests that these patients do not always receive the PT care they require. Hence, in collaboration with the Trans-
plant Complications Working Party of the European Society for Blood and Marrow Transplantation, the Survivor-
ship Special Interest Group of the American Society of Blood and Marrow Transplantation, and the Quality of
Life Committee of the Eastern Mediterranean Blood and Marrow Transplantation, herein the Physical Therapy
Association for Graft Versus Host Disease provides a brief review on role of PT in mitigating musculoskeletal
complications in HSCT patients and makes evidence-based recommendations for incorporation of PT into routine
HSCT care.

© 2019 American Society for Blood and Marrow Transplantation.
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INTRODUCTION
Quality of life (QoL) after hematopoietic stem cell transplan-

tation (HSCT) is an area of growing importance because of the
increase in number and survival of patients undergoing HSCT.
Although advances in peritransplant care have improved
survival [1], QoL post-HSCT can be compromised by myriad fac-
tors [2], including poor physical function, pre- and post-HSCT
depression and distress, pretransplant oncologic treatments,
development of acute and/or chronic graft-versus-host disease
(GVHD) [4], lack of psychosocial support, medication adverse
effects, pretransplant disease [3,4], and poor nutrition [5].

Rehabilitation is a broad term and refers to any type of com-
prehensive treatment program including physical, psychologi-
cal, or social aspects. The role of physical therapy (PT) within
the scope of rehabilitation in HSCT survivorship is wide ranging
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Figure 1. Role of PT in HSCT.
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but not well defined, so providers and patients may not be
aware of the benefits that PT can offer both pre and post-HSCT
to the patients. Furthermore, skilled rehabilitation providers
familiar with this complex patient population at a given institu-
tion may be lacking, creating another barrier to care.

This white paper reviews the benefits of physical rehabilita-
tion in patients undergoing HSCT and provides recommenda-
tions for incorporating PT into standard HSCT survivorship
care. The Physical Therapy Association for Graft Versus Host
Disease is an organization of experts comprised of physical
therapists, occupational therapists (OTs), and transplant clini-
cians working together to streamline the efforts of physical
therapists and OTs needed for all physical domains of HSCT
patients’ physical functioning and QoL. In collaboration with
the Transplant Complications Working Party of the European
Society for Blood and Marrow Transplantation, the Survivor-
ship Special Interest Group of the American Society of Blood
and Marrow Transplantation, and the Quality of Life Commit-
tee of the Eastern Mediterranean Blood and Marrow Trans-
plantation, herein the Physical Therapy Association for Graft
Versus Host Disease provides a brief review on role of PT in
mitigating musculoskeletal (MSK) complications in HSCT
patients and makes evidence-based recommendations for
incorporation of PT into routine HSCT care.

ROLE OF PT IN HSCT
The evaluation of physical rehabilitation after HSCT dates to

at least 1986 [6], and over time several studies have shown that
patients engaging in meaningful exercise programs require less
physical support for activities of daily living and less reliance on
their caregivers for large portions of the day [7]. However,
healthcare professionals are increasingly aware that patients
Table 1
Pretransplant Functional Evaluation of the MSK System

Subjective Measures Objective Measures Aims

VAS score: 5/10 for pain in
the left shoulder and arm
DASH questionnaire
score = 60/100

Bilateral shoulder range of
motion: abduction only 120
degrees, JAMAR dynamometer
grip strength bilateral = 10 kg

Reduce pain, improve
motion of shoulder, im
strength in hand

VAS indicates visual analog scale; DASH, disabilities of the arm, should, and hand;
stimulations.
awaiting HSCT can present with various complex medical prob-
lems that have a direct impact on their functional capacity [8].
Hence, involving PT before transplant should be an essential
part of the pretransplant assessment process, where the patient
receives a full body physical examination, which includes objec-
tive measurements of strength and endurance, that can act as a
baseline score for monitoring improvement or deterioration.
Because HSCT survivors are a unique population (due to the
effects of chemotherapy and/or GVHD onMSK systems), the tra-
ditional role of PT in identifying and addressing disability may
not be enough for an optimum physical and occupational health
assessment; thus, an enhanced role of rehabilitation specialists
working together with clinicians is required to prevent disabil-
ity and to ensure long-term maintenance of physical function
(Figure 1).

PT CONSULTATION PRETRANSPLANT
Literature is lacking on the exact role of PT services pre-

HSCT and its impact on long-term outcomes. Despite the lack
of data, it makes intuitive sense to consider assessments of
physical functioning pre-HSCT to have a baseline for compari-
son post-HSCT; however, evidence for the efficacy of such an
approach is urgently needed. Many cancer patients pre-HSCT
undergo some sort of chemotherapy (including corticoste-
roids) that can affect physical functioning. Thus, certain assess-
ments pre-HSCT, as outlined in Table 1, can help in the
following ways:

1. Pretransplant fitness level can have a positive influence on
recovery and QoL [9]. The physical therapist can evaluate
pretransplant fitness levels and design an exercise program
to possibly help influence recovery.
Means Outcomes

range of
prove

Myofascial work, TENS, joint
mobilization, home exercises,
progressive resistance training

Pain reduced to 3/10, shoulder
range of motion improved to 150
degrees, grip strength improved
to 12 kg

JAMAR, hydraulic hand dynamometer; TENS, transcutaneous electrical nerve



Table 2
Outcome from the PT Intervention

Authors and Year of Study Main Parameter Outco

Kim (2003) Fatigue Relax
Mello, Tanaka, and Dulley
(2003)

Muscle strength Exerc

Kim and Kim (2005) Anxiety and depression Relax
Coleman et al. (2008) Hemoglobin Exerc
Jarden et al. (2009) Diarrhea, QoL, fatigue, and psychological

wellbeing
Exerc
nutrit
well-

Shelton et al. (2009) Functional capacity Short
can h

Chamorro-vin et al.
(2010)

Immune cell recovery and body mass
index

Mode
ery in
and b

Baumann et al. (2011) Physiologic, psychological, and
psychosocial

Physi
patien

Knols et al. (2011) Health-related QoL and fatigue Physi
Tran et al. (2012) Respiratory Pulm

symp
erans

Morishita et al. (2013) Cytopenia, QoL, and physiologic function PT wa
physi

Jacobsen et al. (2014) Muscle mass Exerc
Takekiyo et al. (2015) Muscle strength, fatigue, and functional

capacity
Stren
fatigu
ability

Hacker et al. (2016) QoL and fatigue Struc
score

Kabak et al. (2016) Cardiorespiratory fitness Home
impro

Wood et al. (2016) Fatigue, physical performance, and func-
tional capacity

Physi
can si
impro

Schumacher et al. (2018) Endurance strength QoL Exerc
ing is
exerc

Figure 2. Wrist maneuvers in PT assessment. (A) Wrist extension 13 degrees
when fingers are open. (B) Wrist extension 52 degrees when fingers are
closed.
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2. A full body functional evaluation before transplant may help
in early identification of any functional loss [10].

3. Baseline functional scores can act as an important tool when
carrying out PT interval assessments, not only while the
patient is admitted in hospital but also post-transplant
while planning an exercise program aimed at returning to
the pretransplant level of activities of daily life or when
making return to work recommendations [11].

4. A pretransplant full body functional evaluation has also
shown to be helpful in identifying high-risk patients with
existing MSK functional deficiencies, thereby highlighting
the need for more focused rehabilitation needs during and
after the transplant [10] (Figure 2).

5. Physical activity throughout the continuum of the trans-
plant course has been shown to be beneficial in improving
physical function and reducing fatigue [12].

A general overview on the benefits of PT on various health
parameters has been outlined in the Table 2.

PT IN HSCT SURVIVORSHIP
Some form of exercise or PT is routinely prescribed by

physical therapists for patients before, during, and after HSCT
aimed at improving QoL, reducing disease burden, improving
physical function, assisting reintegration to social activities,
and returning to work and normal activities of daily life. Cancer
patients, in general, can experience deterioration in their phys-
ical work ability that can last from 2 to 6 years after diagnosis
[11], and this may be more pronounced in patients after HSCT
me

ation breathing exercise can improve fatigue.
ises are efficient in promoting an increase in muscle strength.

ation breathing exercise can improve anxiety and depression levels.
ise can help decrease the need for transfusions.
ise can help decrease intensity of diarrhea and days receiving total parenteral
ion while undergoing allo-HSCT and improve QoL, fatigue, and psychological
being up to 6 months after allo-HSCT.
-term exercise training regardless of how the training program is supervised
elp improve patient functional capacity.
rate-intensity exercise training does not negatively affect immune cell recov-
children with high-risk cancer while contributing to increasing body mass
ody mass index.
cal exercise was found to be feasible and safe with a positive impact on
t's physiologic, psychological, and psychosocial constitution.
cal exercise has a positive impact on health-related QoL and fatigue.
onary rehabilitation appears to improve 6-minute walk distance, subjective
toms of dyspnea, and exercise tolerance in patients with bronchiolitis oblit-
syndrome.
s found to be safe and beneficial in cytopenic patients and can help improve
ologic function and QoL.
ise therapy can help to maintain lower extremity muscle mass.
gth training intervention can enhance early recovery after HCT and reduce
e while maintaining and/or improving muscle strength and functional
.

tured physical activity programs have positive effects on QoL and fatigue
s.
-based, personalized intensive exercise programs have the potential to
ve cardiorespiratory fitness.
cal exercise is beneficial for patients before, during, and after allo-HSCT and
gnificantly alter cancer-related fatigue in the context of allo-HSCT and
ve physical performance and functioning.
ise had a favorable effect on physical fitness, fatigue, and QoL and exergam-
capable of eliciting physical activity intensity similar to that of moderate
ise.



Figure 3. Dynamic splinting for patients having finger GVHD resulting in flex-
ion problems.
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who have a low return-to-work rate [12]. However, caution
must be exercised in extrapolating data from studies in cancer
patients because HSCT patients are a unique population. A
detailed description regarding evidence on the role physical
therapists and OTs in each functional or QoL aspect in HSCT
patients is beyond the scope of this white paper report, and
readers are advised to refer to other peer-reviewed publica-
tions (eg, James MC, et al. Physical therapy for patients after
bone marrow transplantation. Physical Ther. 1987;67:946-
952; Mohammed et al. Is there any role for PT in chronic
GvHD? Bone Marrow Transplant. 2018;53:22; Steinberg A,
et al. The role of physical rehabilitation in stem cell transplan-
tation patients. Support Care Cancer. 2015;23:2447-2460).

There are several reported benefits of physical activity and
early mobilization in the HSCT population. First, resistance and
aerobic exercises have been shown to have a positive influence
on exercise capacity, minimized loss of functional perfor-
mance, decreased intensity of diarrhea, and decreased days
receiving total parenteral nutrition after allogeneic HSCT [13].
Second, self-directed, home-based interval exercise training
improves cardiovascular fitness in HSCT patients [14] and can
reduce fatigue and distress [15]. Third, structured but individu-
alized exercise programs throughout the continuum of HSCT
increases functional performance, muscle strength, and mobil-
ity [16]. Fourth, exercise during pediatric HSCT is not only fea-
sible, but it also contributes to prevention of treatment-related
loss of physical function [13]. Finally, use of mixed-exercise,
progressive relaxation, and psychoeducation have been shown
to improve strength and endurance in allo-HSCT patients [17].

In general, we agree with (and would reinforce) the guide-
lines published by the American Society of Blood and Marrow
Transplantation American, European Society for Blood and
Marrow Transplantation, Asia Pacific Blood and Marrow Trans-
plantation (APBMT), Bone Marrow Transplant Society of Aus-
tralia and New Zealand (BMTSANZ), Eastern Mediterranean
Blood and Marrow Transplantation, and Brazilian Society for
Bone Marrow Transplantation (SBTMO) that indicate trans-
plant recipients should follow the general population age-
specific guidelines for physical activity.

IMPAIRMENT-DRIVEN REHABILITATION POST-HSCT
Some of the common problems faced by patients post-HSCT

are impaired cardiopulmonary capacity, steroid myopathy,
chronic fatigue, deconditioning, multifactorial sarcopenia, and
chronic GVHD [18]. Furthermore, chronic GVHD can affect
many organ systems [19�25], and as a result patients may
develop impairments ranging from imbalance, weakness, loss
of range of motion, and pain. PT, when directed to target spe-
cific impairments in HSCT patients, can have profound benefits
beyond that of broadly prescribing “exercise.” Rather, rehabili-
tation interventions should be targeted to each impairment.
Below are some relatively common problems experienced by
patients post-HSCT and the role of physical rehabilitation.

Fatigue
One of the major challenges experienced by the HSCT survi-

vor is severe fatigue, which can occur in 3% to 41% of long-term
transplant survivors lasting from 1 to 15 years [26]. The etiol-
ogy is unknown and may be multifactorial, including reduced
physical activity and adverse side effects of necessary post-
transplant medication [27]. Physical activity has shown to be
effective in minimizing post-HSCT fatigue [28], even more
than pharmacologic management with neurostimulant medi-
cations. Physical therapists and other rehabilitation providers
(eg, OTs, speech therapists) experienced in working with HSCT
patients are generally knowledgeable about the adverse effects
of commonly used drugs in this context, and this places them
in a unique position in monitoring for related MSK symptom-
atology of patients and reporting concerns to the medical
teams for timely action.
Steroid Myopathy
Steroid myopathy is a relatively common complication in

patients who develop acute or chronic GVHD for which corti-
costeroid therapy is often the first line of immunosuppression.
There is a dose-related effect, and as little as a daily dose of
10 mg of prednisone can cause proximal bilateral lower
extremity weakness [29]. This typically affects type 2 muscle
fibers, which are used for short bursts of strength, such as in
climbing stairs or getting up from a low seat (eg, a toilet seat)
[30]. As a result, patients are at risk of falls and eventually los-
ing independence. A strong correlation has been reported with
corticosteroid dose and the reduction in muscle strength, for
example, with knee extensor muscles, hand grip [31], and
respiratory muscles [32]. An individualized exercise prescrip-
tion based on the patient's baseline medical, physical, and
functional evaluation has been shown to have a positive
impact on steroid-induced myopathy [33], and rehabilitation
interventions can provide patients with adaptive techniques
and equipment to overcome barriers while they are regaining
muscle strength.
Chronic GVHD with Fascial Involvement
Chronic GVHD can result in joint destruction and associated

pain and loss of range of motion [20,34,35]. Chronic GVHD can
affect multiple joints, but hands and fingers are usually
affected first, resulting in reduced function and range of
motion [36] (Figure 2).

Because of the complex nature of fascial involvement, one
should bear in mind that the standard range of motion assess-
ment can fail to capture the complete picture [17], and hence
an experienced physical therapist with knowledge of fascial
patterns can help identify and intervene at early stages of the
disease process. Figure 2A,B demonstrates the significant vari-
ance in wrist extension range of motion recordings, when fin-
gers are open compared with when fingers are closed. PT that
includes a combination of stretching and splinting has been
shown to improve range of motion in patients with sclerotic
(fascial) chronic GVHD [37]. However, standard splinting for
the hands and forearms may not be suitable for these patients,
so therapists experienced in splinting and the knowledge of
the fascial patterns modify the splint to the needs of the
patient. Figure 3 shows an example of a standard splint, which
fails to address the finger flexion problem in this patient. Other
modalities that may improve range of motion include immersing
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the affected joint in hot melted paraffin wax baths, but these
modalities have not been studied in the GVHD population.

Avascular Necrosis
Patients on chronic glucocorticoid therapy are at risk of devel-

oping avascular necrosis of their joints, leading to pain and range
of motion reduction. Although joint replacement is ultimately
the cure for this problem, it is not always a viable option because
of patient health status or the joint with avascular necrosis may
not be amenable to replacement. Therefore, PT can play an
important role in strengthening the muscles surrounding the
affected joint to help reduce pain. Adaptive equipment may also
be prescribed to patients to offload the joint, allowing improved
mobility and improving the QoL. Additionally, some data suggest
that extracorporeal shock wave therapy may reduce avascular
necrosis�
associated hip pain post-HSCT [38], with significant benefits on
QoL, pain, and functional performance in patients with Associa-
tion Research Circulation Osseous Stage Grade I and II avascular
necrosis [39].

In addition to exercises and electrotherapy, manual therapy
can also play a major role in patients suffering from various
joint and fascial problems. Myofascial release technique is
used by physical therapists to help release tensed or restricted
fascia in select patient groups [40].

Cardiopulmonary Impairments Post-HSCT
Many post-HSCT patients have impaired aerobic capacity

and decreased physical activity compared with cohorts with-
out HSCT [41]. Physical activity and exercise can prevent the
decline in function and restore exercise capacity in patients
after transplant [42,43].

Additionally, patients may develop pulmonary chronic
GVHD, which is associated with bronchiolitis obliterans syn-
drome, characterized by symptoms of dyspnea, cough, and
wheezing. Although treatment options remain limited for this
condition, pulmonary rehabilitation has shown to have a posi-
tive impact on QoL and general overall function in patients by
improving breathing capacity and subjective dyspnea [44].

Osteopenia and Osteoporosis
Although exercise has been shown to improve bonemass den-

sity, the type of exercises prescribed is vital in achieving the
desired results. Widely practiced exercises like cycling, walking,
and swimming usually do not produce anymeaningful bone stim-
ulating effect [45]. Bone health can mainly be influenced by per-
forming well-designed, high-impact, weight-bearing activities
such as progressive resistance training, jumping, hopping, and
combination exercises [46]. It is equally important to maintain an
Table 3
Subjective and Objective Assessment Measures

Subjective Assessment Objective

QoL: PROMIS, EQ-5D, SF-36, FACT-BMT Range of m

Functional: Patient-Specific Functional Scale, DASH- Upper
Limb, Lower Limb Functional Scale, Foot and Ankle Disability
Index, Patient Rate wrist/hand Evaluation, Neck Disability Index

Cardiores
Astrand a
wrist acti

Pain: Brief Pain Inventory-Short Form, VAS, McGill Pain Ques-
tionnaire, P4 Pain Questionnaire

Muscle st
time need
test, sit-an
metric vo

Yellow and Blue Flags: FABQ, Orebro Questionnaire, TAMPA
Scale of Kinesiophobia

PROMIS indicates Patient-Reported Outcomes Measurement Information System; EQ-
Transplant; FABQ, Fear Avoidance Belief Questionnaire; Orebro, The €Orebro Musculosk
optimum intake of calcium and vitamin D and to treat hypothy-
roidism or hyperthyroidism if present. Deficiencies of thyroid hor-
mones or vitamin D/calcium can significantly hinder the success
of a structured exercise program for osteopenia and osteoporosis.

Effects on Sexual Health
HSCT can impact physical sexual function in a variety of

ways, including GVHD affecting the genitals and pelvic floor
muscle weakness from sarcopenia and/or steroid use [47].
Physical therapists trained in pelvic floor rehabilitation can
play a significant role in improving patient sexual health by
educating and instructing patients on exercises aimed at
improving pelvic floor strength and reducing symptom burden
[48]. However, data specifically on the outcomes of pelvic floor
exercises in HSCT patients are lacking.

PT AND THE SAFETY OF PHYSICAL ACTIVITY AFTER HSCT
Patients post-HSCT invariably have cytopenias increasing the

risk of bleeding and infection, so physical activity should be mon-
itored by a skilled therapist in this setting. A physical therapist
experienced in working with HSCT patient groups will constantly
monitor their patients and make necessary modifications to the
exercise prescription to reflect the patients’ daily needs and
safety. Thrombocytopenia is sometimes considered as a contrain-
dication to exercises [49]; however, a therapist-guided exercise
program has shown to be safe, effective, and feasible in HSCT
patients even with thrombocytopenia [50]. Normally, a platelet
count less than 20,000/mL would be considered as a relative con-
traindication for exercises, whereas patients with platelet counts
between 20,000 and 30,000/mL could perform gentle nonresis-
tance exercises, 30,000 to 50,000/mL minimal resistance (1 to 2
pound) exercises, 50,000 to 150,000/mL progressive resisted
exercises, and 150,000/mL and beyond no restrictions [51]. There
is, however, growing evidence that even with critically low plate-
lets (10,000 to 50,000 /mL), patients can perform carefully
designed exercises without any additional risk factors, if they are
monitored and supervised by an experienced therapist [52,53].

OUTCOMEMEASURES
Physical therapists are trained in appropriate goal setting

and working with specific, measurable, achievable, relevant
and time-bound, or SMART, goals that help the therapist and
the patient evaluate the treatment against the outcome [54].
Table 3 outlines some of the subjective and objective measures
that can be generally useful when assessing patients.

RETURN TOWORK POST-HSCT
Work life is not only an important component of QoL for

many patients, but returning to work for many individuals is
Assessment

otion: goniometry, photographic range of motion, inclinometers

piratory: VO2Max - single-stage 6-minute submaximal exercise test, the
nd Rhyming cycle ergometer test, 2-minute stair climb test, Shuttle run test,
graphy, spirometry for lung capacity, 6-minute walk test, time up-and-go test

rength: timed stair climb, hand grip strength, 30-second chair-stand test,
ed to stand up from bedrest exam, leg-lift test, repeated squat test, sit-up
d-reach test, back extension test, isotonic muscular strength, maximal iso-
luntary strength

5D, SF-36, FACT-BMT, Functional Assessment of Cancer Therapy-Bone Marrow
eletal Pain Questionnaire; TAMPS, Tampa Scale for Kinesiophobia.



Figure 4. Return to work process.
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an indicator of complete recovery (Figure 4). Cancer patients
can experience a deterioration in physical work ability that can
last from 2 to 6 years after diagnosis [55]. Physical therapists
trained in occupational health are optimally placed to carry
out pre-employment physical and functional testing, thereby
helping both employees and employers make informed
decisions on job suitability [56].

The physical therapist, with the patient's permission, can
potentially liaise with employers and advise on the type and
kind of work one can undertake including a phased return to
work. Phased return to work can include workplace adjust-
ments, modified or reduced working hours, modified work
tasks, stepwise escalation of work, modified workplaces, and
regular communication with or between managers, colleagues,
and health professionals.

Disability in cancer can be episodic, and hence patients
require ongoing support from both medical and rehabilitation
teams [57]. We recommend that wherever possible occupa-
tional health specialist(s) and physical therapist(s) (experi-
enced in return to work functional capacity evaluation) assess
patients both in the inpatient and outpatient setting as part of
a multidisciplinary team that designs a return to work�specific
rehabilitation program and monitors progression toward that
goal. Return to work functional assessment has many aspects
to it, and Figure 2 illustrates the main features of a return to
work functional assessment process.

Finally, some patients’ return to work plan can be affected
by factors other than impaired physical function. Some studies
have reported that more than 50% of HSCT patients suffer from
cognitive problems involving memory, attention and concen-
tration, decision-making, visual memory, and motor function
[58,59]. Any return to work assessment should take into con-
sideration the cognitive aspect of the problem in this patient
group so that appropriate support can be extended to patients
willing to return to work. Some studies have demonstrated a
positive impact of structured exercises on cognitive function
[60,61], and thus exercises can be a used as an adjunct to other
therapies in managing cognitive problems. Return to work rec-
ommendations include that physical therapists and/or OTs
assess the goals of functional recovery suitable for the work-
place, establish a liaison with both clinicians and employers,
evaluate the type and extent of disability, and evaluate the
functional assessment of structured exercises for cognitive
function.

FUTURE DIRECTIONS
The paucity of evidence in the field of PT makes it difficult

to make firm recommendations; however, a summary of
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general guidance is presented to help both physical therapists
and clinicians caring for HSCT patients in optimizing collabora-
tive care. Lack of evidence underscores the urgent unmet need
for clinical trials in this arena. Additionally, the basis of MSK
pathology in HSCT patients and the biologic basis of physical
therapist and/or OT interventions needs to be established via
translational research in the current era of transcriptomics,
metabolomics, and proteomics.
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