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Abstract

Purpose of Review Providing rehabilitation to patients with cancer can be challenging due to the medical complexity associated
with the illness and its treatments. This article provides the reader with a summary of frequently encountered medical conditions
in the cancer population and associated safety considerations and precautions. An update on treatment modalities commonly used

for symptom management is also presented.

Recent Findings Cancer and cancer treatments can cause changes in multiple organ systems. Special considerations and precau-
tions are necessary to provide safe and effective rehabilitation. Physical modalities can be used as monotherapy or adjunct to
treatment for common cancer-related side effects with recent studies noting benefit with a variety of modalities.

Summary Detailed assessment of the cancer patient is necessary before implementing a rehabilitation program. Understanding
cancer and side effects of treatments, including newer options, are necessary to provide safe care.

Keywords Precautions - Safety - Modalities - Rehabilitation - Exercise - Therapy - Cancer

Introduction

Rehabilitation of patients with cancer poses unique challenges
due to the medical complexity and the dynamic trajectory of their
illnesses. Not only does the malignancy cause local and systemic
changes to the body, but so can oncologic treatments, which
include chemotherapy, radiation, surgery, stem cell therapy,
and immunotherapy. These treatments can be given over long
periods of time or in cycles. An understanding of how cancer and
its associated treatments can affect the body and the body’s re-
sponse to rehabilitative measures, such as exercise prescriptions
and therapy interventions, is essential in providing safe, timely,
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and effective care [1°]. Unfortunately, a lack of awareness of
rehabilitation services, its benefits, and relevant precautions may
result in underutilization of rehabilitation [2, 3]. This article will
provide an up-to-date review of the current safety considerations
and precautions when rehabilitating the cancer patient.
Additionally, an updated review of treatment modalities and safe-
ty considerations will be discussed.

Multi-organ Compromise

Whether from the toxicities of chemotherapy and radiation to the
adverse reactions seen with stem cell therapy and surgical proce-
dures, precautions must be taken to mitigate the extent of comor-
bidities from cancer treatments. The gathering of a thorough
history that includes details on cancer treatment, a comprehen-
sive physical exam, and relevant imaging and laboratory studies
prior to treatment can be extremely helpful in establishing a
baseline and to help monitor for bodily changes through the
cancer trajectory.

Cardiorespiratory Considerations

Cancer therapeutics can cause untoward cardiopulmonary ef-
fects. These effects can be immediate, such as after tumor
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debulking surgery, or can precipitate months to years later, such
as seen after chemotherapy and radiation. Invasive surgical in-
terventions such as pneumonectomies and lobectomies, which
are commonly performed for lung cancer, may quickly precip-
itate decline in a patient’s cardiorespiratory fitness and aerobic
capacity [4]. Radiation side effects, on the other hand, can pres-
ent acutely and subacutely as pericarditis, pericardial effusion,
and pneumonitis [5e, 6]. Risk of pneumonitis increases with
patient characteristics such as age over 65, diagnosis of
COPD, and a higher mean lung dose, or the lung volume that
receives greater than 20 Gray of radiation [5e, 7]. Chronic radi-
ation damage in the form of lung fibrosis is usually seen half a
year to 2 years after radiation [S¢]. Chronic cardiac toxicity
typically occurs 10—15 years after radiation and can present in
a variety of ways, including as systolic and diastolic cardiomy-
opathy, arrythmias, premature coronary disease, and autonomic
dysfunction [5¢]. Risk of developing, and the severity of, car-
diac diseases increases with higher radiation doses, larger organ
volume irradiated, presence of adjuvant chemotherapy, and
younger age at radiation treatment [8]. Radiation doses greater
than 30 Gray to the heart valves increase the risk of significant
heart valve disease [5°].

Both conventional chemotherapies and newer agents such
as immunotherapies and targeted agents can induce cardiac
toxicity. Anthracyclines such as doxorubicin and epirubicin,
commonly used to treat breast cancer, lymphoma, and sarco-
ma, are known to cause heart failure and left ventricular dys-
function [6, 8]. Targeted therapies such as HER2 inhibitors
including trastuzumab used in breast cancer, and VEGF in-
hibitors such as bevacizumab used in glioblastoma, can lead to
cardiomyopathies. Bevacizumab is also known to cause arte-
rial vascular disease, venous thromboembolisms, and hyper-
tension [6]. More recently, treatment technology has evolved
to include immunotherapies such as chimeric antigen receptor
T cell therapy (CAR-T therapy) and immune checkpoint in-
hibitors. Both types of immunotherapy can cause arrythmias,
cardiomyopathies, pulmonary hypertension, and arterial vas-
cular disease [6].

In prescription of rehabilitation in those at risk of develop-
ing cardiopulmonary toxicity, or who already have impaired
cardiac and respiratory function, understanding of their cancer
treatment history and their baseline physiologic function
through information obtained from electrocardiograms, echo-
cardiograms, chest x-rays, and pulmonary function tests is
necessary to provide the most safe and effective recommen-
dations [9]. This information can also be helpful in prescrip-
tion of exercise type and intensity and in understanding the
expected physiologic changes and response to rehabilitation
over time. Studies examining exercise during and after cancer
treatment have shown that improvements can be made in car-
diopulmonary fitness [10]. Additionally, during therapy, vital
sign and symptom monitoring (development of cough, dys-
pnea, chest pain, fatigue as examples) are recommended to

avoid practices that can result in cardiopulmonary decompen-
sation. Aerobic exercises may require supplemental oxygen to
safely improve activity tolerance [4]. The authors recommend
considering a consultation with a cardio-oncologist and/or
pulmonologist before prescription of an exercise program if
there are concerns regarding tolerance. Please see the
“Exercise” section in this review for additional guidance on
aerobic training.

Neurologic Considerations

Common neurologic complications in patients with cancer
are often related to the treatment as opposed to the disease.
Examples include chemotherapy-induced peripheral neu-
ropathy (CIPN), immune cell effector—associated neuro-
toxicity syndrome (ICANS) associated with CAR-T thera-
py, and radiation-induced neurotoxicity. These conditions
can cause neurologic changes that include sensory and mo-
tor deficits, gait and balance problems, and impaired cog-
nition [11-13].

In those receiving chemotherapy, it is difficult to predict
prior to treatment who will require more aggressive rehabili-
tation interventions, as there are currently no risk factors that
will accurately predict how severe one’s CIPN will be [13,
14]. Biomarker studies are currently underway to identify ge-
netic predictors for neuropathy development [13].
Recognition of CIPN is important as approximately 17.2%
of patients with CIPN is estimated to have fallen at the com-
pletion of chemotherapy [15]. Both pharmacologic and non-
pharmacologic treatment options have been explored in pre-
vention and treatment of CIPN. The 2020 ASCO Guideline
Update on CIPN management in adult cancers discourages
clinicians from using acetyl-L-carnitine to prevent CIPN
[16¢]. There is intermediate evidence to support use of
duloxetine for those with CIPN [16¢]. Examination of home-
based exercise during chemotherapy showed that it can reduce
CIPN symptoms; there were minimal adverse events and all
were unrelated to the actual exercise treatment [17]. More
recently, a randomized phase II pilot trial assessed changes
in CIPN symptoms between those treated with transcutaneous
electrical nerve stimulation (TENS) and Scrambler therapy
[18]. There were twice as many patients in the Scrambler
group who saw at least 50% pain reduction compared to the
TENS group. There were no severe adverse events and there
was minimal toxicity in both groups [18].

More recently, the development of CAR-T therapy trans-
formed oncologic care for several cancers including lympho-
ma and leukemia; despite this, it also has toxicities that the
practicing rehabilitation clinician must be aware of. Two of
the most common side effects include cytokine release syn-
drome (CRS) and ICANS. CRS is an inflammatory response
triggered by the CAR-T cells, activating the body’s own im-
mune system to release cytokines. [CANS may be related to

@ Springer



144

Curr Phys Med Rehabil Rep (2021) 9:142-153

endothelial activation and blood-brain barrier disruption [19].
It presents as toxic encephalopathy with symptoms including
aphasia, word-finding difficulty, and confusion. It can lead to
seizures, cerebral edema, weakness, and a decline in con-
sciousness. These toxicities typically occur immediately after
treatment and may require additional cognitive rehabilitation
for orientation and improvements in thought processes [12].
Cognitive changes occur in an estimated 25-65% of pa-
tients who have undergone brain radiation and commonly
include impairments in immediate and delayed memory, ver-
bal fluency, attention, and executive function [5¢]. Advances
in radiation oncology have helped reduce neurotoxic compli-
cations related to whole-brain radiation therapy (WBRT). For
example, brachytherapy for intracranial tumors provides more
localization to target tissue, preventing damage to surrounding
areas in contrast to WBRT. Additionally, it can limit radiation
exposure from the patient to healthcare professionals and fam-
ily members [20, 21]. While there are potential benefits, it is
important to note that brachytherapy does carry risk of infec-
tion; therefore, if a patient with brachytherapy has a sudden
neurologic decline, clinicians must consider infection as a
possible cause for the change [22]. Separately, advances in
precision radiotherapy have led to the ability for hippocampal
avoidance in WBRT, which has shown promising results in
neurocognitive outcomes when compared to WBRT [23, 24].
When possible, an initial exam prior to starting treatment
can be helpful to obtain baseline strength, sensation, bal-
ance, and cognitive information on the patient. At any point
in treatment, recognition of other comorbidities that can
affect the central and peripheral nervous system is impor-
tant, as problems such as alcohol-induced neuropathy or
vascular dementia can be confounding factors in the exam
and can affect treatment recommendations. Ultimately, if
the treatment is causing severe impairments, consider dis-
cussion with the treating oncologist. For example, if a pa-
tient’s motor weakness began following chemotherapy and
appear consistent with CIPN after other potential contribu-
tors to their symptoms have been excluded, it may be the
best course of action to change the chemotherapy or adjust
the dose [16¢°]. Specific physical, occupational, and speech
therapy programs can focus on compensatory strategies for
cognitive and other neurologic deficits, reduce fall risk,
improve balance and coordination, improve strength, and
make modifications to the living environment [25]. In those
who demonstrate memory impairments due to radiation,
prescription of a pharmacologic agent can be considered
to support neurocognitive function and encourage im-
proved participation in rehabilitation. Studies examining
donepezil, an acetylcholinesterase inhibitor, have shown
that it may improve attention, concentration, memory, and
motor skills in previously brain irradiated patients [26].
Patients with brain metastases who were given memantine,
an NMDA-receptor antagonist, showed longer time to
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cognitive decline and reduced delays in executive function
compared to those who did not get the drug [26].

Osseous Considerations

Bone is a common site of cancer metastasis [27]. Rehabilitation
specialists must be aware of locations of bony disease and gen-
eral management approaches to ensure that prescription of re-
habilitation does not cause fractures and further injury [28e].
Additionally, skeletal-related adverse events such as hypercal-
cemia and bone pain can impact participation in therapy, as well
as concurrent osteoporosis, which can further increase risk of
fracture [29].

Mirels’ and Harrington’s criteria are useful assessments for
evaluating the risk of impending pathologic fractures to deter-
mine when prophylactic surgery is warranted. Mirels’ score
considers the location, size, lesion type, and degree of pain; a
score greater than eight suggests need for surgery [30].
Harrington’s criteria assess the presence of pain after radiation
and the degree of destruction in the diaphysis, metaphysis, and
subtrochanteric femoral region [31]. A separate tool called the
Spinal Instability Neoplastic Score (SINS) helps identify pa-
tients with spinal tumors who may have spinal instability that
requires surgical intervention. It is calculated using six radio-
graphic and clinical factors with a score ranging from 0 to 18
[32]. SINS is deemed highly reliable, reproducible, and valid
when it comes to evaluating spinal tumors [33]. The Fracture
Risk Assessment Tool (FRAX) is another diagnostic method
for determining fracture probability. It incorporates bone min-
eral density at the femoral head and clinical history to assess
for 10-year osteoporotic fracture likelihood beyond 20% or
hip fracture beyond 3% [34].

Exercise has been shown to be generally safe and beneficial
in patients with bone metastases. In a recent review of aerobic
and resistance exercise in patients with bone metastases, inter-
ventions appeared to provide physical benefits with only a
small number of adverse events, none of which was due to
the exercise itself [35]. In a study that assessed an aerobic,
resistance, and flexibility exercise program in patients with
metastatic prostate cancer, there were improvements in phys-
ical function and strength without adverse events or increased
pain [36]. In the study, loading of areas with bone metastases
was avoided [36]. An ongoing randomized controlled pilot
trial to assess safety and feasibility is underway to examine
the effects of targeted exercise on tumor characteristics in
breast cancer patients with bone metastases [37].

Recognizing a patient’s risk profile with assessment tools,
as well as the etiology of their condition (i.e., multiple mye-
loma versus primary or metastatic bone cancer), can help the
rehabilitation clinician understand the risk of impending frac-
ture and whether surgical evaluation is warranted. For exam-
ple, the presence of bone metastases that infiltrate over 50% of
cortical bone carries high morbidity and mortality [38].
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Additionally, osteolytic tumors (such as in breast and lung
cancer) have an increased chance of causing pathologic frac-
tures than osteoblastic tumors (such as those seen in prostate
cancer) [39]. Patients who undergo chemotherapy and radia-
tion as well as hormonal therapy such as in the breast and
gynecologic cancer population may require closer evaluation
of bone mineral density. Postmenopausal women with breast
cancer who are undergoing treatment with aromatase inhibi-
tors are advised to obtain baseline dual energy x-ray absorp-
tiometry (DEXA) scans every 1-2 years [40]. Those who are
at increased potential for fractures due to osteoporosis and/or
osteopenia may require the use of bisphosphonates.

Prior to starting a therapy program, the clinician must re-
view and/or order the necessary imaging to ensure they are
aware of locations of bony disease. Consultation with surgical
specialties for recommendations on surgery or activity and
weightbearing restrictions may be necessary. To protect and
offer stability to affected areas, the clinician can consider the
use of braces to the spine and to joints [41]. If physical activity
poses a high risk for fracture, one can consider neuromuscular
electrical stimulation (NMES) to promote muscle strength
[42]. As the osseous fragility risk profile for a patient evolves,
so do the rehabilitation needs of the patient and the recom-
mendations offered by the physiatrist.

Laboratory Abnormalities
Cytopenias

Laboratory abnormalities are common findings in patients un-
dergoing cancer treatments. Bone marrow suppression is a
common phenomenon secondary to chemotherapy and radia-
tion. Tumor involvement of the bone marrow can also result in
pancytopenias. The resultant cell count changes can result in
increased risk for infection and hemorrhage, while limiting
wound healing. We recommend the practicing outpatient cli-
nician routinely review the patient’s complete blood count
panel trends. Abnormal values may explain a new symptom
that is limiting therapy participation, e.g., an acute anemia
contributing to fatigue and decreased aerobic capacity.
Additionally, abnormal values may necessitate therapy restric-
tions, such as asking a patient to avoid the public pool and
instead perform home exercises due to a severe neutropenia.
Prior to admission of a patient to acute rehabilitation, the in-
patient rehabilitation team must discuss with the oncologic
team if there will be an anticipated drop in cell counts.
These patients may require prophylactic treatment such as
granulocyte-macrophage colony-stimulating factor or addi-
tional blood product transfusions. They may also require a
more individualized exercise regimen, with adjustments in
intensity, weight, resistance, and duration.

Exercise-related bleeding complications are more likely to
occur with lower platelets [43]. Fu et al. examined bleeding
frequency in patients in acute inpatient rehabilitation with he-
matologic malignancies with severe thrombocytopenia (less
than or equal to 20,000/ul). The researchers found that bleed-
ing frequency increased with lower platelet counts. Only 4%
of bleeding events were likely due to physical activity. It must
be noted that the study was retrospective and only of an inpa-
tient population, where patients are typically sicker and are
more heavily supervised than those in an outpatient therapy
or unsupervised exercise setting [43]. While physical activity
is known to improve cardiopulmonary function, strength, and
mobility, rehabilitation specialists must still weigh the risks
and benefits associated with movement therapy, determine if
any restrictions apply, to what extent, and for how long [43].

Clinicians must also be aware of any iatrogenic reasons for
increased bleeding risk, for example, prescriptions of antico-
agulants and antiangiogenic monoclonal antibodies such as
bevacizumab and ramucirumab. Bevacizumab and
ramucirumab do not induce thrombocytopenia, but rather in-
crease risk of bleeding and thrombosis through inhibition of
VEGF signaling, leading to disruption of tumor vasculature
[44] (refer to Table 1 for clinical considerations of patients
with thrombocytopenia undergoing rehabilitation).

Some patients with cancer may develop neutropenia and
anemia. This can put them at increased risk for developing
infections and hemodynamic instability [1+¢]. Recognizing a
patient’s baseline and lab trends can guide the management
and ensure timely and appropriate interventions and workup
are made to address these lab abnormalities before, during,
and after therapy interventions. Depending on the levels, pa-
tients may have decreased endurance and aerobic capacity,
limiting their participation. Neutropenia may also lead to neu-
tropenic fevers, which is considered a medical emergency;
thus, it is important to monitor lab values as well as vital signs
including temperature closely [52] (refer to Table 1 for clinical
considerations of patients with neutropenia and anemia under-
going rehabilitation).

These frequently encountered cytopenias can potentially
increase bleeding and infection risks associated with proce-
dures. In cancer patients with refractory or severe pain that are
resistant to oral or parenteral agents, interventional pain pro-
cedures may be a helpful treatment option; yet, low cell counts
may be a barrier. A recent retrospective analysis that exam-
ined 63 fluoroscopic spine injections in patients on cytotoxic
chemotherapy for active cancer found that there were zero
adverse events such as infection or bleeding when standard
precautions were taken [53]. Unfortunately, there is no con-
sensus nor clear guidelines from the Spine Intervention
Society and other national organizations on safety and accept-
able parameters for the performance of procedures in cancer
patients on chemotherapies [53].
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Table 1 Lab value considerations

for rehabilitation in patients with Lab type

Lab values and precautions

cancer
Platelets

White blood cells
(total)

Red blood cells
(hemoglobin)

Sodium

Potassium

Calcium

<150,000 cells/uL (thrombocytopenia): monitor symptoms and tolerance

>50,000 cells/uL: monitor for symptoms (i.e., bleeding), progressive
aerobic and resistive exercise as tolerated

>30,000 cells/uL: moderate and active range of motion exercise, aquatic
therapy if candidate, monitor symptoms (i.e., bleeding)

>20,000 cells/uL: light exercise and ambulation, activities of daily living
without strenuous effort, monitor symptoms (i.e., bleeding), assess fall
risk, and implement fall precautions

<20,000 cells/uL: light activities of daily living and ambulation, monitor symptoms
(i.e., bleeding), fall precautions, be aware of transfusion requirements/plan

[1ee, 43]

>11.0 10%/L or <4.0 10%/L: monitor symptoms and vitals including temperature
<1.5 10°/L: monitor symptoms, neutropenic precautions

[Lee, 45, 46]

<11 g/dL (anemia): obtain baseline vital signs, monitor signs and symptoms
(i.e., tachycardia and orthostatic hypotension)

<8¢g/dL (severe anemia): monitor vital signs and symptoms, transfusion may or
may not be indicated, rehabilitation may be limited and need to be performed
in short intervals, assess for tolerance and educate on energy conservation.

[Tee, 47]
Normal values of sodium are 135-145 mmol/L.

Hyponatremia (<135 mmol/L) is most commonly associated with lung cancer and
may be considered an adverse prognostic indicator. It is commonly due to SIADH
and volume depletion. Acute presentations can lead to cerebral edema, causing
impaired cognition and level of consciousness, seizures, elevated intracranial
pressure, and in some cases death. Monitor labs and consider fluid restriction versus
diuretics or vasopressin receptor antagonists.

[48-50]
Normal values of potassium are between 3.5 and 5.0 mmol/L.

Hyperkalemia (>5.5 mmol/L) can increase risk of cardiac arrhythmias and elevated
values are often seen in tumor lysis syndrome. Monitor labs, check EKG, and treat
accordingly (such as calcium gluconate to stabilize cardiac excitation, beta agonist,
insulin and glucose, kayexalate, dialysis).

[45]
Normal values of calcium range from 8.8 to 10.4 mg/dL.

Hypocalcemia (<8.8 mg/dL) can lead to cardiac arrhythmias and is often seen in tumor
lysis syndrome. In contrast, hypercalcemia (>10.4mg/dL) is considered a negative
prognostic factor in multiple myeloma. Hypercalcemia can also be seen in
widespread bony metastases.

It is associated with kidney stones, bone and abdominal pain, mood disorders, and
weakness.

Both hypocalcemia and hypercalcemia require close lab monitoring and electrolyte
optimization.

[45,51]

Electrolyte Abnormalities

appropriately in the rehabilitation setting can help avoid
preventable events, such as cardiac arrythmias and cogni-

Electrolyte abnormalities are also commonly seen in the
cancer population. For example, widespread bony metas-
tases can lead to hypercalcemia, which often presents as
nausea, abdominal pain, and occasionally muscle abnor-
malities [54]. Of the electrolytes, sodium and calcium can
have prognostic implications in certain cancers [48—51].
Routine monitoring and supplementing electrolytes
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tive changes. Table 1 reviews in detail signs and symptoms
as well as management of these disorders.

Systemic corticosteroids are widely used during can-
cer treatment and have several beneficial properties in-
cluding being anti-inflammatory, anti-emetic, anti-aller-
gic, and anti-cancer. It can also lead to hypokalemia,
skeletal dysfunction, mood disorders, and adrenal



Curr Phys Med Rehabil Rep (2021) 9:142-153

147

insufficiency. Prior to starting a rehabilitation program,
the dosage and duration for corticosteroids should be
reviewed with the goal of using the lowest dose and
for the shortest period [55].

Additional Considerations
Lymphedema

Lymphedema, the abnormal accumulation of protein-rich flu-
id in a part of the body, is a common condition in cancer
patients secondary to lymphatic system disruption by surgery,
radiation, or cancer itself [56]. Once it occurs, lymphedema
requires lifelong treatment [56]. Thus, it is imperative that
clinicians understand necessary precautions to take when pre-
scribing rehabilitation and educate patients as well.

Exercise in breast cancer—associated lymphedema has been
extensively studied, including aerobic exercise in the form of
cycling and elliptical use, water therapies, and walking, none
of which has been found to increase swelling [57-59].
Additionally, resistance exercises have not been found to in-
crease lymphedema in breast cancer patients [60]. More re-
cently, in a randomized control trial of 158 women with breast
cancer after axillary lymph node dissection, there was no sig-
nificant arm volume difference at 12 months between the in-
tervention group that underwent progressive resistance exer-
cise and the usual care group. There were also no adverse
events that resulted in drop out from the study [61]. In addi-
tion, two large retrospective cohort studies found no evidence
that air travel, intravenous access or injections, and blood
pressure measurements result in lymphedema development
[62, 63].

The gold standard of lymphedema treatment is complete
decongestive therapy. Clinicians must also be aware of pneu-
matic compression devices, which are sometimes encountered
as an option when treating lymphedema. Use of pneumatic
compression devices is controversial, due to concerns of im-
proper use resulting in new or worsening swelling, or lack of
substantial benefit [64]. A randomized single-blind controlled
study of 46 breast cancer patients with lymphedema found
that manual lymphatic drainage and pneumatic compression
use were equally useful in improving arm measurements and
discomfort [65]. Use of a pneumatic compression device in 43
head and neck cancer survivors with lymphedema demon-
strated no adverse effects [66]. It is the authors’ opinion that
some newer generation pneumatic compression devices, used
cautiously and with oversight in some patients, can be an
adjunct in treatment but do not replace complete decongestive
therapy or need for compression garments. When considering
prescribing a pneumatic compression device, an understand-
ing of how the device works is crucial. Benefits must be
weighed against the cost of the device and whether patients

will be compliant in sitting through the full cycle of treatment.
To ensure safety, patients must be educated to look for abnor-
mal symptoms such as increased pain, swelling, and skin irri-
tation. Additionally, patients must be able to independently
monitor their symptoms and be able to don and doff the device
independently or have a caregiver who can assist.
Contraindications to use of pneumatic compression devices
include decompensated congestive heart failure, pulmonary
edema, ischemic vascular disease, severe peripheral neuropa-
thy, cellulitis, pulmonary embolism, and known or suspected
deep vein thrombosis [67].

Nutrition

Cancer patients are at high risk for malnutrition, which can
further exacerbate their immunodeficiency, adversely affect
well-being, and lead to poor outcomes. This requires proactive
evaluations and monitoring of nutrition status and metabolic
needs, from checking albumin and pre-albumin to performing
swallow studies and consulting nutrition experts. Due to their
vulnerable state, the cancer population has a higher likelihood
of developing sarcopenia and/or cachexia as well as cancer-
related fatigue. In a study by Mayanagi et al., preoperative
sarcopenia in esophageal cancer patients was more likely to
develop postoperative dysphagia, suggesting the importance
of pre-surgical nutritional supplementation [68]. While
cancer-related fatigue is known to improve with supervised
moderate-hard resistance training with or without moderate-
vigorous aerobic exercise, there is evidence to suggest that
nutritional interventions may also improve quality of life [69].

With increased exercise regimens comes the need for in-
creased caloric intake to support this energy expenditure.
Additional benefits can be seen with improved quality of life
and decreased symptoms of nausea and vomiting [70].
Throughout the rehabilitation continuum, clinicians should
remember to optimize patients’ diets through oral, parenteral,
or enteral feedings in addition to fortifying supplements [71].
In the authors’ clinical experience, patients receiving total
parenteral nutrition (TPN) do not appear to progress function-
ally as well in acute rehabilitation as compared to other pa-
tients not on TPN. However, more thorough investigative
studies need to be conducted to determine the clinical signif-
icance of this observation.

COVID-19 Pandemic

The COVID-19 pandemic has brought unique challenges for
rehabilitation of the cancer patient. Cancer patients are at in-
creased risk of SARS-COV-2 infection and at increased risk
of developing severe disecase compared to their non-cancer
counterparts [72, 73]. In an effort to reduce risk of infection,
noncontact methods have been emphasized when possible
[74]. This has forced the rehabilitation and oncologic
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community to evaluate the necessity and safety of rehabilita-
tion therapy interventions in the cancer population.
Community exercise programs, outpatient physical therapy
sessions were temporary eliminated, or continue to pose a risk
for patients in their immunocompromised state. To thwart the
barrier posed by the pandemic, many healthcare organizations
have proposed or implemented rehabilitation services
virtually.

Sell et al. developed a prehabilitation program for patients
with pancreatic ductal adenocarcinoma before surgical resec-
tion that was a home-based multimodal intervention, includ-
ing a standardized fitness program. Like in person exercise,
warning to the patient on specific risks of exercise (such as on
bony metastases) still applies [75]. Morrison et al. reviewed
the feasibility and impact of exercise telehealth interventions
in cancer patients and found that the majority used a web-
based platform for the delivery of exercises [76¢]. Others used
wearable devices and SMS messaging [76¢]. There were gen-
erally improvements in physical outcomes and some in psy-
chosocial outcomes and the interventions were overall safe
[76¢]. In two studies that assessed the use of telemedicine for
outpatient cancer rehabilitation visits, virtual delivery of care
was useful for education and counseling and could be an ac-
ceptable and safe alternative to in-person visits [77, 78]. Those
patients with new problems or a neuromusculoskeletal issue
generally still required in-person visits [77, 78]. The pandemic
has sped the development of virtual platforms for
telerchabilitation, and the latter will likely stay and evolve
long after the pandemic has resolved.

Exercise

Exercise has been shown to be safe and effective for cancer
patients at all stages of treatment [1+¢]. Cancer patients who
participate in exercise have been found to have improved
quality of life and decreased anxiety, depression, fatigue,
and sleep disorders [79-81]. Furthermore, when exercise is
initiated prior to or concurrent with cancer treatment, there
has been a noted overall improvement in tolerance to cancer
treatment, functional outcomes, cardiorespiratory function,
and decreased risk of cancer-related mortality and cancer re-
currence [82, 83]. Despite these known benefits, participation
in exercise programs remains limited with previous studies
finding less than half of cancer patients participate in regular
physical activity [84¢]. Some of the barriers to participation in
exercise programs for these patients include the following:
patient health concerns, limited time and access to resources,
and referring physicians’ lack of awareness and familiarity
with prescribing exercise programs for these patients [84ee,
85]. In 2019, Schmitz et al. suggested tools that could be used
by providers to increase referral for exercise programs in can-
cer patients [84se].
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It is recommended that cancer patients participate in a com-
bination of aerobic training, resistance training, and low-
impact exercises such as tai chi and yoga. Previous studies
suggest that aerobic exercise should be performed at a mod-
erate to vigorous level of intensity for greatest benefits [83¢].
The American College of Sports Medicine Roundtable Report
from 2018 currently recommends cancer patients participate
in a minimum of 150 min of moderate or 75 min of vigorous
aerobic exercise per week and 2 days of resistance-based ex-
ercise training per week [81]. When prescribing an exercise
program, providers may suggest modifications and limitations
based on the patient’s cancer diagnosis, anti-neoplastic treat-
ments, or side effects from these treatments such as infection,
thromboembolic disease, and hemorrhage.

Therapeutic Modalities

The use of manual therapies and physical modalities have
benefits when it comes to treating common cancer symptoms
such as fatigue, pain, chemotherapy-induced nausea vomiting,
polyneuropathy, and lymphedema [1ee, 86-97]. Modalities
such as heat, ultrasound, cryotherapy, and manual therapy
have been commonly used as adjuncts for the treatment of
cancer-related pain, management of tissue inflammation, and
promotion of muscle relaxation [1+¢]. There has been concern
that modalities such as ultrasound and electrical stimulation
can cause tumor growth and propagation. In a study that
showed tumor growth in mice treated with continuous and
pulse ultrasound, the total ultrasound energy was higher than
that which would be used in a therapy clinic [98]. Separately,
several electrical stimulation studies have shown that the mo-
dality may actually limit cancer growth [99]. Despite this, the
authors recommend avoiding placement of ultrasound and
electrical stimulation directly over a tumor site out of an abun-
dance of caution. Recently, the International Society for
Medical Shockwave Treatment issued clinical recommenda-
tions on use of extracorporeal shock wave therapy based on
current literature [96]. While use of shock waves is contrain-
dicated when the treatment areas include the malignant tumor,
cancer itself is not a contraindication [96].

In recent years, the addition of medical marijuana, acu-
puncture, and low-impact exercise such as tai chi and yoga
has shown benefit in the appropriate cancer patient [80, 88, 90,
93, 97, 100-107]. Medical marijuana has gained popularity
for its ability to treat pain, refractory nausea, and vomiting and
improve appetite; however, caution should be taken with use
of this agent in patients with previous psychiatric or cardiac
conditions [101, 102].

Acupressure and acupuncture techniques have been used
for centuries in traditional Eastern medicine practices to treat a
variety of medical conditions and symptoms [106]. These
practices have gained popularity in Western medicine as
monotherapy or in conjunction with other treatments to



Curr Phys Med Rehabil Rep (2021) 9:142-153

149

Table2 Commonly used treatment modalities in cancer rehabilitation and their associated indications, precautions, and contraindications

Treatment Indications Precautions Contraindications
Acupressure — Fatigue — Skin fragility — Open wounds
[86, 93] — Chemotherapy-induced
nausea/vomiting
Acupuncture — Chemotherapy-induced peripheral — Anticoagulation — Thrombocytopenia
[87, 88, 93, 103-105, 107, 110] neuropathy — Pregnancy — Leukopenia
— Lymphedema — Skin fragility — Altered mental status
— Fatigue — Cardiac Arrhythmias
— Pain relief — Local malignancy
— Anxiety/depression — Active infection
— Appetite stimulant — Active psychosis/delusions
— Xerostomia — Bumns

Cryotherapy
[Tee, 111, 112]

Electro-acupuncture [88¢, 92, 93,
107]

Extracorporeal shock wave therapy

[95, 96, 113, 114]

Manual therapy
[1ee, 91, 115]

Medical marijuana
[94, 100-102, 116]

Mindfulness
[80, 117]

Photobio-modulation
[Tee, 113,118, 119]

Tai chi

[79, 80, 88, 97]

Transcutaneous electrical nerve
stimulation

[Tee, 120]

Ultrasound

[1ee, 113]

Yoga
[79, 80, 88, 97]

— Oral mucositis

— Chemotherapy-induced peripheral
neuropathy

— Pain relief

— Acute management of inflammation

— Hair loss management

— Sensory deficits
— Open wounds

— Pain relief — Anticoagulation

— Chemotherapy-induced —Pregnancy
nausea/vomiting — Skin fragility

—Musculoskeletal pain — Skin fragility

— Lymphedema

—Polyneuropathy

— Tissue and muscle relaxation — Sensory deficits

— Joint mobility — Tissue ischemia
— Lymphatic massage — Open wounds
— Pain

— Dysphagia

— Pain relief

— Sleeping disorders — Tobacco use

— Anxiety

— Nausea/vomiting

— Fatigue — History of psychiatric
— Stress disorders

— Insomnia — Post-traumatic stress
— Anxiety/depression — Addiction

— Cancer-related pain
— Oral mucositis

— Lymphedema — Open wounds

— Scarred, fibrotic tissue

— Pain — Heart disease

— Fatigue — Bone metastases

— Desensitization — Impaired sensation
— Pain

— Nausea

— Poor appetite

— Tissue and muscle relaxation
— Infection

— Impaired sensation

— Open wounds

— Pain — Heart disease

— Chemotherapy-induced peripheral — Pleural effusions
neuropathy — Ascites

— Fatigue — Bone metastases

— Lymphedema

— Insomnia

— Nausea/vomiting

— Mood or anxiety disorder

— Bone growth plate

— Bone growth plate

— Peripheral vascular disease
— Tissue ischemia

— AICD/pacemaker
— Placement over heart/brain

— Malignant tumor

— Multiple myeloma

— Acute leukemia

— Severe coagulopathy
— Wound infections

— Growth plate

— Malignant tumor
— Bone fragility
— Acute radiation dermatitis

— History of psychiatric disorders
— Unstable cardiac conditions

— Acute radiation dermatitis
— Malignant tumor

— Fractures

— Malignant tumor

— AICD/pacemaker

— Open wounds

— Areas of active or previously treated

cancer

— Fractures
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effectively treat fatigue, nausea/vomiting, pain, mood distur-
bances, and lymphedema with minimal risk in cancer patients
[87,93, 103, 104]. Yoga and tai chi exercise programs provide
a method to treat cancer-related symptoms while promoting
mobility and bone health.

Current research looking at the implementation of these
practices at different stages during a cancer patient treatment
course, from acute hospitalization to outpatient care, have
found benefit in treating pain, fatigue, and anxiety [108, 109].

Medical providers should be aware of the physical modal-
ities that are available to treat cancer symptoms and the pop-
ulation that may benefit. Table 2 below lists common physical
modalities and therapies used in cancer patients as well as
precautions/contraindications to their prescription.

Conclusions

Various considerations need to be considered when rehabili-
tating the cancer population. Surgery, chemotherapy, radia-
tion, and newer therapies, such as immunotherapy, can cause
acute and chronic changes that impact patient’s ability to tol-
erate and perform rehabilitative exercises. Exercise and reha-
bilitative treatment modalities can be safe if implemented ap-
propriately. Certain therapies may be contraindicated or pose
risk. A thorough history, exam, and necessary laboratory test-
ing and imaging should be completed prior to rehabilitation.
As the cancer trajectory changes from diagnosis to survivor-
ship, so may precautions, and clinicians need to be proactive
in making appropriate adjustments to rehabilitation ap-
proaches as necessary.
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