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Chapter 1

Integrating Impairment-
Driven Cancer
Rehabilitation into

the Care Continuum

Julie K. Silver

Cancer is one of the most common, disabling, and costly diag-
noses that affects people living in the USA and worldwide.
Today, nearly 40% of people will develop cancer in their
lifetime [1]. Due to many advances in oncology therapies, the
overall 5-year survival rate has steadily increased and is cur-
rently hovering around 67% [1]. As a result, there are more
than 15.5 million cancer survivors living in the USA [2], and
by 2020, the US Centers for Disease Control and Prevention
(CDC) projects there will be more than 18 million Americans
living with cancer [3].

However, even though there is an increase in the overall
S-year survival rate, survival is not necessarily disease free,
and often people live with cancer as a chronic condition.
Although many people with advanced cancer will ultimately
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succumb to complications related to progression of their
malignancy, increasingly, an oncological diagnosis may not be
the cause of mortality. Nearly everyone who lives with cancer
as a chronic condition will experience significant and progres-
sive morbidity and functional disability over time. This is in
large part because they are subjected to a combination of
oncology-directed therapies (e.g., surgery, chemotherapy, and/
or radiation therapy) that are often delivered sequentially or
even simultaneously over months or years. The cumulative
effect of cancer and/or its treatment increases the functional
morbidity burden. Newer therapies, such as targeted treat-
ments, may further increase survival rates while at the same
time contribute to more morbidity and disability for survivors.
Therefore, there is a growing need for cancer rehabilitation.

The Rise of Cancer Rehabilitation

Historically, cancer rehabilitation was not well integrated into
oncology care. Although programs were described in the late
1960s and 1970s when research began to demonstrate the effi-
cacy of interventions [4, 5], they generally focused on specific
patient populations (e.g., breast cancer survivors or problems
such as lymphedema). More recently research has demon-
strated that cancer survivors may have multiple impairments
that are not treated [6-8]. Not surprisingly, studies have also
shown a link between physical and functional problems in
survivors and psychological sequelae [9-12]. Unfortunately,
this means that many patients are experiencing unnecessary
physical and psychological suffering [13]. Indeed, while the
field of cancer rehabilitation has been present for decades, it
has grown a lot recently, and there is an urgent need to diag-
nose and treat the many impairments that cancer or its treat-
ments may cause. In fact, there is an urgent need to integrate
impairment-driven cancer rehabilitation into the care contin-
uum. Impairments come in many forms and may affect any
organ system in the body (Table 1.1). Moreover, because of
the nature of oncologic-directed therapies that occur sequen-
tially or simultaneously, patients tend to acquire multiple
impairments, and these often become cumulative over time.



Chapter 1. Integrating Impairment-Driven Cancer... 3

TaBLE 1.1 Examples of impairments in cancer survivors
Head and neck cancer: pain, weakness, endurance, fatigue,
swallowing, cervical and shoulder range of motion

Prostate Cancer: pain, weakness, endurance, fatigue, urinary and
erectile dysfunction

Breast Cancer: pain, weakness, endurance, fatigue, neuropathy,
lymphedema, upper quadrant morbidity

Leukemia: pain, weakness, endurance, fatigue, graft versus host
disease

Legend: These are examples of the types of symptoms and impair-
ments that cancer patients may have. This is not intended to be a
complete list of cancers or impairments

For rehabilitation specialists, it is crucial to educate col-
leagues and patients about cancer rehabilitation care as we
know from the literature that there is a tremendous lack of
knowledge. For example, one report published in an oncology
journal was titled, “I didn’t actually know there was such a
thing as rehab: Survivor, family, and clinician perceptions of
rehabilitation following treatment for head and neck cancer”
and highlighted patients’ confusion about crucial services
that they would benefit from [14]. The author of this chapter
led a study which found that more than 90% of National
Cancer Institute (NCI)-designated cancer centers that pro-
vide clinical care did not have an easily identifiable patient-
focused description of or link to cancer rehabilitation services
on their website and that only 8% of the websites included
accurate and detailed information that referenced four core
rehabilitation services (physiatry and physical, occupational,
and speech therapy) [15].

Definition of Cancer Rehabilitation

“Cancer rehabilitation is medical care that should be inte-
grated throughout the oncology care continuum and deliv-
ered by trained rehabilitation professionals who have it
within their scope of practice to diagnose and treat patients’
physical, cognitive and functional impairments in an effort to
maintain or restore function, reduce symptom burden, maxi-
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mize independence and improve quality of life in this medi-
cally complex population.”
Silver et al. [16].

Successful integration of cancer rehabilitation will require
developing the workforce to care for the many patients who
need this care. Screening patients who are newly diagnosed
and throughout active cancer treatment and survivorship is
important. The prospective surveillance model has been pro-
posed as one way to do this [17].

On the oncology side, there has been a growing emphasis
on survivorship care, which has provided an opportunity for
cancer rehabilitation to become better integrated into the
oncology care continuum. For example, a series of reports
published by the Institute of Medicine has prompted both
discussion and action regarding establishing survivorship as a
distinct component of oncology care. The report “From
Cancer Patient to Cancer Survivor: Lost in Transition,”
explained how people are often left with long-term pain,
fatigue and other physical and functional problems after their
malignancy is treated [18]. The report, “Cancer Care for the
Whole Patient: Meeting Psychosocial Health Needs,” high-
lighted the psychosocial sequelae in survivors [19]. The
report, “Delivering High-Quality Cancer Care,” suggested a
now adopted framework for patient-centered care that
involved quality metrics and new payment models [20]. These
reports encouraged oncology specialists to focus on survival
as well as other metrics that involve physical and emotional
functioning, and quality of life outcomes.

Notably, exercise is one important component of helping
survivors regain their strength and endurance and has a strong
evidence base [21]; however, individuals tend to have numer-
ous other impairments that may affect nearly every system in
the body. For example, people who have been treated for head
and neck cancer may experience impairments with speech,
swallowing, cervical range of motion, peripheral neuropathy,
etc. Those who are diagnosed with brain or spinal cord tumors
may have complex rehabilitation needs similar to people who
have had a stroke, traumatic brain or spinal cord injury.
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Therefore, they may benefit from a well-coordinated interdis-
ciplinary rehabilitation services approach.

Following the aforementioned reports and other published
studies, one important cancer rehabilitation initiative that
began in 2015 and was led by the Rehabilitation Medicine
Department at the National Institutes of Health (NIH) with
support from the NCI and the National Center for Medical
Rehabilitation Research convened a group of subject matter
experts to review the current evidence base and practice pat-
terns. The goal was to identify opportunities for research and
enhanced clinical integration, and the group produced a
report with 10 specific recommendations aimed at achieving
this goal by helping stakeholders identify the most important
areas to focus on to advance the field (Table 1.2) [22]. It is

TaBLE 1.2 Cancer rehabilitation integration recommendations
Provide rehabilitation screening

Incorporate objective assessment of functional status
Utilize national reports to guide survivorship care
Offer prehabilitation when appropriate

Assess current clinical tools and metrics

AN

Create a centralized electronic interface to facilitate data
collection

~

Develop practice guidelines
8. Expand education and training

9. Elevate awareness

10. Identify research gaps

Legend: These recommendations are adapted from the cancer reha-
bilitation initiative that began in 2015 and was led by the
Rehabilitation Medicine Department at the National Institutes of
Health with support from the National Cancer Institute and the
National Center for Medical Rehabilitation Research

Ref: Stout NL, Silver JK, Raj VS, et al. Toward a National Initiative
in Cancer Rehabilitation: Recommendations From a Subject Matter
Expert Group. Arch Phys Med Rehabil. 2016;97(11):2006-2015



6 J. K. Silver

essential to emphasize the role of the physiatrist [23], safety
concerns in these complicated patients [24, 25], and employ-
ment and disability issues [26,27]. These important topics will
be covered throughout this book.

The Rise of Cancer Prehabilitation

Prehabilitation has been utilized in the care of patients with
varied diagnoses, including but not limited to orthopedics, and
it is increasingly an important part of cancer rehabilitation
care. The basic concept behind all prehabilitation is aimed at
preparing someone for an upcoming stressor such as surgery.

Definition of Cancer Prehabilitation

“Prehabilitation is a process on the cancer continuum of care
that occurs between the time of cancer diagnosis and the
beginning of acute treatment and includes physical and
psychological assessments that establish a baseline functional
level, identify impairments, and provide interventions that
promote physical and psychological health to reduce the inci-
dence and/or severity of future impairments.”

Silver et al. [13].

Since the first review was published on the topic of cancer
prehabilitation, the field has grown [28]. For example, in 2015,
a group of subject matter experts in surgical cancer prehabili-
tation convened in Canada to reach consensus regarding
recommendations for future research [29]. Prehabilitation is
evolving in an effort to improve the physical, emotional, and
functional outcomes as well as to positively affect adherence
to adjuvant treatment, value-based care, and even survival
(Table 1.3) [30, 31].

Prehabilitation is often best delivered in a multimodal
approach, rather than as a single modality such as exercise
only [29]. For example, one breast cancer prehabilitation pro-
tocol described exercise to build endurance and strength,
nutrition with protein supplementation, stress reduction tech-
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TaBLE 1.3 Potential goals and benefits of cancer prehabilitation
Improved physical, cognitive, psychological, and functional
outcomes

Increased adherence to cancer-directed therapy (e.g.,
chemotherapy)

Reduced complications (e.g., post-surgical respiratory problems)

Decreased risk of hospital readmissions or emergency
department visits

Legend: Prehabilitation interventions may support a variety of
health outcomes. This is not intended to be a complete list

Prehabilitation Peri-operative enhanced recovery programs Rehabilitation

Diagnosis Surgery Post-op

FIGURe 1.1 Integrating cancer prehabilitation and rehabilitation
into the surgical care continuum. Legend: Cancer prehabilitation
often begins shortly after diagnosis. Perioperative early recovery
programs are usually administered in the 48-72 hours before, during,
and after surgery and this is followed by conventional rehabilitation

niques, and smoking cessation [31]. A similar approach was
suggested for patients with lung cancer, particularly with the
adoption of low-dose computed tomography (CT) screening
that is aimed at identifying tumors at an earlier stage whereby
they may be surgically resectable and patients are treated
with curative intent [32].

Prehabilitation fits into the care continuum shortly after
diagnosis, and for those patients who will be undergoing sur-
gery, this may be integrated with perioperative early recovery
programs that have been well documented in the literature to
be effective in supporting positive outcomes (Fig. 1.1).

The Rise of Palliative Care

Cancer rehabilitation and palliative care often intersect and
providers in both specialty areas can facilitate appropriate
referrals that support well-integrated care and optimal out-
comes for patients [16].
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Definition of Palliative Care

“Palliative care is specialized medical care for people with
serious illnesses. This type of care is focused on providing
patients with relief from the symptoms, pain and stress of a
serious illness —whatever the diagnosis. The goal is to improve
quality of life for both the patient and the family. Palliative
care is provided by a team of doctors, nurses, and other spe-
cialists who work with a patient’s other doctors to provide an
extra layer of support. Palliative care is appropriate at any
age and at any state in a serious illness, and can be provided
together with curative treatment.”

Center to Advance Palliative Care [33].

Palliative care has undergone a transformation that has
provided a pathway toward the growth of the field. A recent
report explained the changes and suggested that the field of
cancer rehabilitation might benefit from a similar approach
[34]. The report suggested a strategic approach by:

1. Stimulating the science in specific gap areas

. Creating clinical practice guidelines

. Building clinical capacity

. Ascertaining and responding to public opinion
. Advocating for public policy change

DB W N

This report provides a path forward for the field of cancer
rehabilitation and the integration of these services into the
care continuum.

Cancer prehabilitation and rehabilitation are important
components of oncology care and help to optimize patients’
physical, psychological, and functional outcomes, regardless
of whether they are cured or live with cancer as a chronic
condition.

Disclosure of Funding None.
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Chapter 2

Breast Cancer
Rehabilitation

Katherine Power and Ashish Khanna

Breast cancer is the most commonly diagnosed cancer
among women in the USA and it has a five-year survival
rate of nearly 90% [1]. Consequentially, millions of breast
cancer survivors are living with the effects of their cancer
and its treatment. There are several pathological types of
breast cancer; the most common is invasive intraductal car-
cinoma. The oncological treatment plan will vary slightly
based on this pathology, but will often include surgery, che-
motherapy, radiation, and/or endocrine therapy. Surgery
may involve a lumpectomy which preserves the remaining
breast tissue after excision with adequate margins, or mas-
tectomy which involves removal of all the breast tissue (with
or without skin and nipple). Often a sentinel lymph node
biopsy (SLNB) is done in the axilla on the affected side,
which entails removal of one or a few lymph nodes.
Sometimes an axillary lymph node dissection (ALND) is
performed, which entails removal of several lymph nodes
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typically located in levels I and II of axilla [2]. In addition,
many women opt for breast reconstruction surgery which
may be done at the time of their original surgery or at later
date. Chemotherapy is part of the treatment plan for many
breast cancer patients and can be administered in a neo-
adjuvant setting or given as adjuvant therapy. Radiation is
typically performed after the patient has undergone surgery.
Hormone therapy is given to certain breast cancer survivors
to reduce risk of recurrence. These medications are taken
daily for 5-10 years [3]. Tamoxifen is typically given to pre-
menopausal patients, and aromatase inhibitors (anastrozole,
letrozole, and exemestane) are given to postmenopausal
women.

There are certain characteristics of the cancer that will
affect a patient’s outcome and the possibility of developing
impairments. First, the hormone receptor status has an effect.
When patients undergo breast biopsy, the sample will be
tested for estrogen receptor (ER) and progesterone receptor
(PR) expression. About 60-75% of all breast cancer cases can
be classified as estrogen receptor positive [4]. Similarly, the
HER?2 (human epidermal growth receptor 2) status is deter-
mined. When one is negative for ER, PR, and HER2 expres-
sion they are said to be ‘triple negative.’ Triple negative breast
cancers have a lower five-year survival rate. Another impor-
tant factor is the presence of local or distal metastases. Local
cancer spread refers to presence of cancer in axillary lymph
nodes. The prognosis is least favorable for patients with dis-
tant metastases. Common sites of distant metastases for
breast cancer include bone, lung, liver, and brain [5].

Impairments

From the time of the diagnosis of breast cancer and through-
out the entirety of a survivors’ life, there are several impair-
ments that can develop. Some can be directly related to the
presence of the tumor itself and others are related to the
medical and surgical treatments of that cancer. Table 2.1
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shows some of the common impairments, when they typically
occur, and possible etiologies. Those more common to breast
cancer than other cancer types are discussed below.

Postmastectomy pain syndrome (PMPS) involves persis-
tent pain, typically more than 3 months, following any breast
surgery [6]. Pain can be located in the chest wall, axilla, arm,
or shoulder on the affected side. Range of motion issues typi-
cally accompany the pain. Several studies have looked at
what attributes increases a patient’s risk for development of
PMPS. The incidence of PMPS has been shown to be higher
in patients with higher severity of acute postoperative pain,
those who undergo axillary lymph node dissections, and those
who receive radiation [7]. Interestingly, one paper reported
no specific treatment increased one’s risk of developing
PMPS; instead poor psychological coping tactics such as cata-
strophizing was the most significant risk factor for PMPS
development [8].

It can be helpful to think of PMPS as a constellation of
individual diagnoses such as: intercostobrachial neuralgia,
incisional pain, cording, or shoulder dysfunction. It can also
involve more than one of these diagnoses at a time.
Intercostobrachial neuralgia can develop due to direct dam-
age or partial transection during surgery or due to compres-
sion from surrounding scar tissue. Patients often describe
either numbness or paresthesias in the distribution of the
intercostobrachial nerve (lateral chest wall, axilla, medial
upper arm). Neuropathic pain medications have been used to
treat these paresthesias but there have not been a lot of
research to support use of one over another [7]. Cording, also
known as axillary web syndrome, is thought to be caused by
sclerosis or thrombosis of the axillary veins and/or lymphatics.
This will often result in reduced shoulder range of motion. It
is typically self-limiting, but the discomfort and reduced
ROM can be improved more rapidly with manual therapy
techniques in physical therapy [9].

Both rotator cuff syndrome and adhesive capsulitis can
develop postoperatively in these patients. The higher inci-
dence is thought to be due to the change in biomechanics that
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FiGure 2.1 Biomechanical changes in the shoulder following breast
cancer treatments

occurs following surgery [10]. These changes are depicted in
Fig. 2.1 below. Treatment for both rotator cuff syndrome and
adhesive capsulitis is typically the same as in the noncancer
population (physical therapy, anti-inflammatories, corticoste-
roid injections, percutaneous tenotomy). Knowing that these
patients are at higher risk for developing these conditions can
help providers educate patients on trying to maintain their
ROM prior to surgery and as allowed by their surgeon in the
postoperative period.

Aromatase-inhibitor-induced musculoskeletal symptoms
(AIMSS) classically consist of arthralgias and tendinopathies.
The pathophysiology behind their development is not fully
understood. As a group, they are among the most common
side effects associated with use of Als, with studies reporting
incidence as high as 50-82% [11, 12]. These symptoms typi-
cally develop within the first several weeks of starting an Al
[13]. Arthralgias can affect any part of the body but the most
common areas that patients report them in are wrists/hands
followed by knees. De Quervain’s tenosynovitis, trigger fin-
gers, and carpal tunnel syndrome are often seen. Interestingly,
carpal tunnel syndrome is thought to develop secondary to
Al usage because of tenosynovitis of the tendons in the car-
pal tunnel.

Because of the differences in presentation there is no one
accepted treatment strategy for AIMSS. One proposed
approach is to first determine if patient is having only focal
symptoms, or more diffuse symptoms [14]. For example, if
patient develops symptoms of De Quervain’s tenosynovitis
after starting an Al, the treatment plan would be the same as
if they had it without use of an AI. This might include
NSAIDs, splinting, hand therapy, and/or corticosteroid injec-
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tion. If symptoms are more widespread, the strategy changes.
Several studies have looked at different treatments for
AIMSS. Regular moderate-intensity exercise involving
strengthening and aerobic activity has been shown to decrease
pain scores [15]. Smaller studies have looked at specific exer-
cise types such as yoga, aquatic therapy, tai chi, and walking.
No specific protocol is found to be superior.

Additional treatments that have studies with positive
results include medications, supplements, and acupuncture.
There is not currently enough research looking at use of
NSAIDs for more than just a short period of time to treat
AIMSS. One study showed improvement in pain scores with
use of duloxetine 60 mg daily [16]. Another study showed
moderate improvement with glucosamine 1500 mg/day and
chondroitin sulfate 1200 mg/day supplementation [17].
Finally, there have been several studies looking at the use of
acupuncture for patients with diffuse AIMSS symptoms.
Acupuncture is considered a safe and effective treatment. If
symptoms are refractory, patients can discuss possibility of
switching their aromatase inhibitor to another with their
oncologist. Classically, the AIMSS symptoms should decrease/
resolve with cessation of the Al. For this reason, sometimes a
drug holiday is recommended to confirm the cause of the
symptoms prior to considering switching to a different
medication.

Lymphedema is a frequently dreaded complication of can-
cer and cancer treatments; however, under the care of a
knowledgeable clinician it can managed effectively in the vast
majority of cases, and in some instances even prevented
entirely. The disease is characterized by abnormal
accumulation of lymphatic fluid, a protein-rich fluid normally
carried by the lymphatic system, ultimately draining into lym-
phatic ducts or the venous system. Lymphedema is a result of
a mechanical failure of this drainage system, resulting in
impaired fluid transport. This fluid accumulates in the inter-
stitium of the dermis and subcutaneous tissue. Fluid is effec-
tively trapped in the tissues, meaning that lymphedema can
be segmental in nature, not necessarily always a dependent
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edema, and does not respond as well to limb elevation as does
cardiogenic edema, for example [18].

There are several major risk factors for lymphedema in
cancer patients. One is the removal of lymph nodes (lymph-
adenectomy) that occurs in a lymph node dissection, as seen
in breast cancer or melanoma, for example. Another is radia-
tion to the axillary or pelvic nodes. Other risk factors include
certain chemotherapies, obesity, and preexisting vascular
issues [19, 20].

Itis important for the clinician to understand the timing and
incidence of lymphedema in this population as it can help
guide clinical suspicion and aid in educating patients about
their risk. Generally speaking, after sentinel lymph node
biopsy (SLNB) the lifetime risk of developing lymphedema is
less than 5%;radiation after SLNB doubles the risk to approxi-
mately 10%. Following axillary lymph node dissection (ALND)
the risk increases to 20-30% and adding radiation gives a life-
time risk of 30-50%. Though these figures represent a lifetime
risk, it is important to note that most patients who develop
lymphedema (80%) will develop it within the first 2 years of
their surgery [21]. Keeping these risk factors in mind can help
guide a differential diagnosis of patient’s localized edema.

Lymphedema is a treatable condition, but if left untreated
has many significant sequalae including: discomfort and dis-
figurement, impaired use of the limb, permanent skin changes,
and a predisposition to cellulitis. Monitoring of a lymph-
edema patient involves essentially monitoring for increases in
swelling of the at-risk limb. This can be done with perometry,
bioimpedance spectroscopy, or just circumferential measure-
ments using a tape measure. Obtaining a baseline measurement
prior to a lymph node dissection or other operation is recom-
mended. Then periodic measurements can be done following
surgery, which is particularly important during the highest
risk periods. If the cause of the edema is unclear or the need
exists to quantify the impaired lymphatic flow, lymphoscintig-
raphy is the gold standard imaging study.

If subclinical lymphedema is detected on bioimpedance
spectroscopy or measurable edema develops with an increase
in volume less than 8%, prophylactic donning of a lymph-
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edema compression garment during the day has been shown
to reverse the swelling. If the swelling is greater than 8% or
is refractory to compression, the patient should be referred to
a certified lymphedema therapist for complete decongestive
therapy (CDT) [22]. CDT is a comprehensive approach and
must include manual lymphatic drainage, multi-layer bandag-
ing, and home exercise teaching. It must also include educa-
tion regarding self-management, precautions, and skin care.
Following CDT, patients typically are measured for lymph-
edema garments that must be worn daily to contain the limb
and prevent fluid accumulation. Some patients also may ben-
efit from home intermittent pneumatic compression pumps.
While historically patients were instructed that exercise may
precipitate lymphedema, this has been debunked and, in fact,
the opposite is true. Exercising the affected limb is now rou-
tinely recommended [23, 24]. Compression is the standard of
care for the treatment of lymphedema. However, should it be
refractory, other emerging treatments can be explored. These
include stellate ganglion blocks and lymphatic microsurgeries
such as lymphovenous anastomosis or vascularized lymph
node transfer.

Medical professionals are all familiar with fatigue. However,
cancer-related fatigue (CRF) is a distinct pathological diagno-
sis. It is usually much more intense and differs from general
fatigue in many ways. It is defined as a subjective sense of
tiredness or exhaustion that is pervasive and interferes with
daily activities. Importantly, it is characteristically not propor-
tional to exertion and is not relieved by rest [25]. It may persist
for months or years after successful treatment completion. It’s
believed to be the most frequent complaint in cancer patients,
with an estimated prevalence of 60-90% [26]. Due to this
extremely high prevalence, it is prudent for oncology provid-
ers to screen patients initially, throughout their cancer treat-
ments, and on all follow-up visits.

While the etiology of CRF is poorly understood, it is
almost certainly multifactorial in nature. Proinflammatory
cytokines, impaired neuroendocrine regulation, and sleep-
wake disturbances are some examples of proposed mecha-
nisms, likely interacting in a feedback loop [27]. Regardless
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of cause, it is the role of the cancer rehabilitation practitioner
to rule out other potentially contributing comorbidities.
These include screening a patient for anemia, thyroid hypo-
function, cardiac insufficiency, infections, and mood disorders.
Fatigue as a side effect of medications (e.g., beta blockers,
gabapentin) should be evaluated. It is prudent to attend to
these as CRF is difficult to treat and these conditions are
frequently reversible and can be more easily addressed.

The treatment with the highest level of scientific rigor is
aerobic exercise. While many clinicians may feel it is hopeless
to recommend exercise to a severely fatigued patient, studies
have shown that patient compliance is good, particularly with
supervised exercise sessions and with home-based walking
programs [28]. The type, frequency, and intensity of recom-
mended exercise varies in the literature, but most evidence
points to moderate-intensity aerobic exercise with some evi-
dence for resistance training [29]. Other nonpharmacological
interventions include patient/family education, cognitive-
behavioral therapy and energy conservation strategies as
taught by physical or occupational therapists. Pharmacological
interventions, used for refractory cases, include modafinil and
methylphenidate [30, 31]. There is preliminary data that anti-
proinflammatory cytokine therapies may be effective as well,
representing an exciting new therapeutic option for this per-
vasive and debilitating complication of cancer and cancer
treatment [32].

Clinical Case

A 63 year-old female is referred to you by a breast surgeon
for right breast pain, right arm swelling, and diffuse joint
pains. She has a history of locally advanced/inflammatory
right-sided HER?2 positive, ER negative, PR weakly-positive
breast cancer currently with no evidence of disease. She is
status post neoadjuvant chemotherapy with FEC/
TPH(Fluorouracil, Epirubicin, and Cyclophosphamide fol-
lowed by Docetaxel, Pertuzumab, and Trastuzumab/
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Herceptin) followed by mastectomy and axillary lymph node
dissection (2/35 lymph nodes involved), which showed resid-
ual disease within the breast and axilla. She has completed
postmastectomy radiotherapy and maintenance Herceptin. A
few months later she underwent revision of bilateral breasts
and abdominal donor site, fat injection to bilateral breasts,
left mastopexy, and right nipple reconstruction. She is cur-
rently on letrozole/Femara for chemoprevention.

Regarding right breast pain, she complains of maximal
pain in the tail of the breast at the chest wall near the axilla.
She describes the area of the surgical scar as “being hard like
a rock,” with “soreness” in the breast and axilla. The pain is
worst when she goes to move or turn at which point she feels
a “jabbing or stabbing” pain. She notes that she is unable to
sleep on her right side. She also reports tingling and burning
in the axilla and proximal posterior arm. She has not tried any
medications or injections for this pain.

Regarding right arm swelling, she noted this about
8 months after her mastectomy and axillary lymph node dis-
section when she realized her rings started getting tight. She
also notes that she has trouble reaching overhead with the
affected arm.

Regarding joint pains, she has a history of joint pains in the
past, however, these were amplified after starting letrozole,
which she has taken for about the past 4 years. Maximum pain
is in the knees and hands. In addition to pain she feels stiffness.
In the past, she has tried meloxicam with some success.

Example treatment plan:

Right breast pain is likely musculoskeletal as well as neu-
ropathic in nature. Physical therapy prescription is given for
scar mobilization that will help break up the painful tissue in
the breast and axilla. The neuropathic tingling and burning in
the axilla and posterior arm is in the distribution of the inter-
costobrachial nerve, termed intercostobrachial neuralgia, for
which a nerve block using ultrasound guidance is performed
at the next visit.

Right arm swelling is a result of lymphedema. The timeframe
of development in the first 6 months to 1 year postoperatively
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fits with this diagnosis. Prescription is given for complete decon-
gestive therapy, to include bandaging, manual lymphatic drain-
age, exercise, and eventual garment fitting. The heaviness of the
arm has resulted in disuse and she is developing adhesive cap-
sulitis. This is addressed with injections and prescription for
occupational therapy.

Joint pains are a result of her letrozole, resulting in
aromatase-inhibitor-induced musculoskeletal symptoms
(AIMSS). She likely had some degree of preexisting osteoar-
thritis in the affected joints, which is now exacerbated by the
aromatase inhibitor. After examination, you prescribe a com-
bination of NSAIDs, splinting, hand therapy, and corticoste-
roid injections. Once pain is better under control, she is given
a home exercise program of moderate-intensity exercise.

Multiple Choice Questions

1. First-line treatment for cancer-related fatigue is:

A. Cognitive-behavioral therapy
B. Methylphenidate

C. Modafinil

D. Aerobic exercise

E. Energy conservation strategies

2. Which of the following aspects of cancer treatments can
increase the risk of developing lymphedema?

A. Chemotherapy

B. Radiation

C. Weight gain from steroids
D. Lymphadenectomy surgery
E. All of the above

3. What is the most common site/location of involvement in
AIMSS?

A. Knees
B. Ankles
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C. Shoulders
D. Hands/wrists
E. Elbows

. What are some diagnoses that can be associated with post-
mastectomy pain syndrome?

Incisional pain

Rotator cuff syndrome
Axillary Web Syndrome
Intercostobrachial neuralgia
All of the above

mo0w>

Answers

1. D
While many in the medical community feel it is futile to
recommend aerobic exercise to a severely fatigued patient,
studies have shown that patient compliance is good, par-
ticularly with supervised exercise sessions and especially
with home-based walking programs. Most evidence points
to moderate-intensity aerobic exercise with some evidence
for resistance training.
. E
Certain chemotherapies, lymph node irradiation, obe-
sity, and axillary or inguinal lymphadenectomy as part of
cancer surgeries all have been proven to increase one’s risk
of developing lymphedema.
.D
While symptoms of AIMSS can affect many different
locations in the body, the most commonly reported area of
involvement is the hands and wrists. The next most com-
mon location is the knees.
4.E
All of these syndromes/diagnoses can be the underlying
cause of a patient’s chest wall pain following breast
surgery.
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Chapter 3

Cancer of the Digestive
Organs: Importance
of Mobility for Motility

An Ngo-Huang and George Francis

Introduction

Cancers of the digestive organs encompass a wide variety of
malignancies throughout the course of the gastrointestinal
(GI) tract. These include upper GI (oral, gastroesophageal,
stromal) [1], lower GI (colorectal, anal) [2], hepatobiliary
(gall bladder, liver, cholangiocarcinoma) [3], and pancreatic
carcinomas [4]. Impairments in the head and neck region
such as dysphagia, dysphonia, and radiation fibrosis of the
neck are covered in separate chapters.

GI cancers are generally grouped into TNM staging (see
Table 3.1) [S]. Colorectal cancers are most common, with
approximately 150,000 people diagnosed yearly in the United
States. As a result of excellent screening measures, they are
often caught early and are cured through surgical resection
[6]. Gastric and pancreatic cancer and cholangiocarcinoma,
while less common, are often more aggressive. This results in
poorer outcomes and decreased 5-year survival rates [7].
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As with other cancer types, GI cancers may be treated with
a combination of surgery, chemotherapy/immunotherapy, and
radiation therapy. They present several rehabilitation chal-
lenges along the cancer continuum of care.

Diagnosis

At the time of diagnosis, GI cancers may have already caused
bowel dysfunction, abdominal pain, generalized weakness,
and cachexia [8]. Further cancer rehabilitation challenges for
this population include: deconditioning, profound muscle loss
due to cachexia, cancer-related fatigue, cancer pain, periph-
eral neuropathy, bowel and bladder dysfunction, gait abnor-
mality, impairment in self-care, insomnia, anorexia,
malnutrition, and concomitant mood disorders (adjustment
disorders, anxiety, and depressed mood.) Thus, the involve-
ment of a physiatrist early after cancer diagnosis is important
to provide supportive care through symptom management,
optimization of physical function, and monitoring of body
composition changes during treatment.

Prior to surgical or chemotherapeutic treatment, optimiza-
tion of performance status through prehabilitation is very
important to reduce peri- and post-treatment complications,
morbidity, and hospital length of stay [9]. Measures including
presence of cachexia, sarcopenia, and/or malnutrition [10],
hand grip strength [11], gait speed [12], and the six-minute
walk test [13] have all been demonstrated to have predictive
value in terms of postsurgical outcomes.

Prehabilitation has been shown to be feasible in several GI
malignancies, including colon [14], pancreatic [15], and esoph-
ageal [16, 17] carcinomas. Prehabilitation may involve one
(unimodal) or multiple elements (multimodal), including
physical conditioning through exercise, nutrition optimiza-
tion, or psychological interventions. The goals of physical
prehabilitation are to optimize functional status, cardiovascu-
lar fitness, and muscle mass prior to intense cancer treatment
and its anticipated side effects. Unfortunately, there is no



32 A.Ngo-Huang and G. Francis

standardized prehabilitation plan, as treatment protocols dif-
fer between various cancer types and centers.

Physical prehabilitation typically consists of a combination
of aerobic and resistance exercises, with general recommen-
dations for 150 minutes of moderate-intensity aerobic exer-
cisely weekly and two sessions resistance exercises each week
[18]. Personalization of an exercise program is important if
patients have musculoskeletal or neuromuscular impairments
that interfere with the ability to exercise. Implementation of
these exercise prescriptions may vary: home-based exercise
administered by a physiotherapist or exercise physiologist,
skilled physiotherapy (PT) and occupational therapy (OT) if
patient requires more guidance, supervised group exercises at
a wellness center, or exercise with a certified exercise trainer.
Nutritional support is a key component of prehabilitation as
protein supplementation aids in muscle protein synthesis.
Aim is for 1.2-2.0 g of protein/kilogram weight per day,
depending on comorbidities [16, 19]. If available, consultation
with a clinical dietitian is highly recommended soon after
diagnosis of a GI cancer given the high risk of cachexia and
malnutrition in this patient population.

Treatment

Treatment varies depending on tumor location and stage, and
may include surgery, neoadjuvant or adjuvant chemoradio-
therapy, immunotherapy, or a combination of any of the
above. Surgical resection of GI cancer is often an extensive
procedure, such as complete gastrectomy, pancreaticoduode-
nectomy, or abdominoperineal resection. A bowel ostomy
may or may not be required. Patients receiving resection for
an upper GI cancer may require enteral tube feeding.
Following these invasive surgical procedures, deep venous
thrombosis (DVT) risk is high, and prophylaxis is warranted
[20]. Immediate postoperative mobility programs are highly
encouraged — patients are advised to ambulate on the first
postoperative day and have all initial meals out of bed. An
abdominal binder may be helpful for transfers and during
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ambulation. Lifting precautions are generally restricted to
5-10 pounds for 6 weeks postoperatively for major abdomi-
nal surgeries. Home health services may be necessary initially
for skilled nursing to monitor drains, to aid in tube feeding
and/or ostomy management, and the patient may require PT
and/or OT. Deconditioning and cachexia may occur (or
worsen from preoperative states). Thus, ongoing physical
rehabilitation through a walking program or other aerobic
exercise and resistance exercise is important in maximizing
function and preventing further deconditioning postopera-
tively [21].

Chemotherapeutic agents utilized in GI cancers include
fluorouracil, leucovorin, taxanes, platinum agents,
capecitabine, gemcitabine, and biologic therapies [22].
Common side effects of these chemotherapies are listed in
Table 3.2. Radiation is often part of treatment and can further
exacerbate cachexia due to nausea, vomiting, and anorexia
[23]. Patients should be monitored regularly for low blood
counts that may warrant exercise precautions due to risk of
falls and hemorrhage [24, 25]. Restrictions on resistance exer-
cises are recommended with platelet counts below 20,000 per
microliter and walking is encouraged for this population with
monitoring of symptoms [25]. For patients with significant
anemia (hemoglobin <8 grams per deciliter), a symptom-
based approach to exercise is advised with extra precaution
with moderate- to high-intensity exercise [25]. (For more
information on specific restrictions related to blood counts,
see chapter on hematologic malignancies.)

Furthermore, monitoring of skin is important to prevent
the development of ulcers due to peripheral neuropathy.
Adequate fiber and fluid intake along with bowel medica-
tions will help manage diarrhea [26]. Radiation side effects
including radiation dermatitis, muscle fibrosis, and myoneu-
ropathy should be promptly evaluated and targeted with a
range of motion exercises and manual therapy. Lastly, mobil-
ity through a daily walking program throughout the treat-
ment and post-treatment period reduces the risk of DVT
formation and pulmonary complications [27] while improv-
ing function, fatigue, and sleep quality [28].
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TaBLE 3.2 Common side effects of chemotherapies [39-45]

Chemotherapy

drug Function-impacting side effects

5-Fluorouracil Acute cerebellar syndrome, anorexia,
confusion, esophagitis, headache, insomnia,
nausea and vomiting, pancytopenia,
thromboembolism

Irinotecan Abdominal pain, back pain, bleeding,
bradycardia, constipation, diaphoresis,
dizziness, drowsiness, edema, fever, insomnia,
muscle cramps, orthostatic hypotension and
syncope, vertigo

Oxaliplatin & Abdominal pain, anorexia, anxiety,

Cisplatin arthralgias, ataxia, back and bone pain,
cranial nerve palsies, dizziness, dysarthria,
dysphagia, fatigue, hearing loss, insomnia,
myalgias, peripheral neuropathy, pulmonary
fibrosis, seizures, thrombocytopenia, urinary
incontinence, vertigo, weakness

Leucovorin Agitation, dehydration, diarrhea, insomnia,
nausea, seizures, syncope, vomiting

Docetaxel & Abdominal pain, anorexia, arthralgias,

Paclitaxel asthenia, back pain, bronchospasm,
confusion, dizziness, dysesthesia, dyspnea,
fatigue, hearing loss, myalgias, neurotoxicity,
peripheral edema, peripheral neuropathy,
seizures, syncope, thrombocytopenia,
vomiting, weight change

Note that these are not comprehensive lists and focus on function-
impacting adverse effects

Survivorship

Five-year survivorship rates vary from less than 10% for pan-
creatic ductal adenocarcinoma [29] up to 100% for rectal T1
carcinoid tumors [30]. Long-term rehabilitative and func-
tional issues affecting GI cancer survivors include fecal
incontinence [31], neuropathy induced by chemotherapy and
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vitamin B12 deficiency [32], cognitive changes, sexual dys-
function [33], bone pain, and neurologic weakness including
foot drop. While musculoskeletal and neurologic metastases
are less common in GI cancers, diligence in monitoring neu-
romuscular function will aid in early diagnosis and prompt
intervention. For example, treatment of neuropathy can
include thorough education, daily foot inspection, and topical
and/or oral neuropathic agents [34].

Furthermore, since an ostomy may be required for bowel
emptying, perioperative disruption of bowel function and the
nonuse of pelvic and core musculature may result in decreased
muscle bulk and coordination in sphincter control [35]. This
may be detrimental in the case of an ostomy reversal in sur-
vivorship, as patients may have fecal incontinence. It may also
result in difficulty with core stability, transfers, and chronic
back pain secondary to poor posture [36]. Ongoing physical
rehabilitation including core strengthening, pelvic floor exer-
cises, pelvic floor rehabilitation and frequent ambulation
manages these symptoms, while at the same time maximizing
function, quality of life, and possibly survival [37, 38].

Clinical Case

A 68-year-old woman with history of esophagectomy and
graft for bleeding varices at age 15 had an anemia workup
that revealed adenocarcinoma of the colon interposition. She
received neoadjuvant chemotherapy and underwent a right
thoracotomy, esophagectomy, resection of the colon interpo-
sition, gastrectomy, lymphadenectomy, jejunostomy, feeding
tube, and lysis of adhesions. She had a complicated postop-
erative course with respiratory failure, atrial fibrillation,
severe malnutrition, poorly controlled pain (history of rheu-
matoid arthritis), and depression. She was admitted to acute
inpatient rehabilitation to focus on household ambulation
and ADL training, including management of her ostomy bags
and tube feeds. Barriers to rehabilitation included: severe
sarcopenia, malnutrition, poor wound healing, cancer-related
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fatigue, depression, psychosocial concerns (her husband was
diagnosed with metastatic cancer), and body image concerns
(esophagostomy prominent in her upper chest). She was dis-
charged from inpatient rehabilitation to home at a supervi-
sion level for activities of daily living (ADLs) and gait
distance of 500 feet.

Three months later, she returned to the PM&R clinic
requesting to be “put back together.” Her surgeons were con-
cerned about her poor tolerance for surgery and recom-
mended improvement in her functional, nutrition, and
psychological status.

She was initiated on a multimodal prehabilitation program
that included:

e Aecrobic exercise: walking or recumbent bicycling 30 min-
utes per day

e Resistance exercises engaging major muscle groups twice
a week

e Individualized clinical dietitian intervention

e Ongoing psychotherapy with a psychologist

Her depression was treated with cognitive behavioral
therapy, which was integral to her individualized prehabilita-
tion program. She was highly compliant with the exercise
program: walked 1-2 miles per day, performing 40 sit-to-
stands consecutively, and at the end of a six-week interven-
tion, had improved functional scores, with some values better
than age-related norms.

She underwent the second surgery: laparotomy, reversal of
the esophageal discontinuity, hemimanubrectomy, jejunojeju-
nostomy, and flaps for closure. During the postoperative PT
evaluation, she was at modified independent level for bed
mobility, transfers, and ambulated 400 feet without an assis-
tive device. She had no major complications and was dis-
charged to home 7 days postoperatively. She did not require
home health or outpatient rehabilitation.

She continues to make progress with a home-based exer-
cise program of daily walking, resistance exercises, and water
aerobics. She remains engaged in her local community and on
her farm.
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TABLE 3.3 Summary of functional impairment and rehabilitation
diagnoses at Diagnosis, Treatment and Survivorship

Timeline of Functional impairment and rehabilitation

Cancer diagnoses

Diagnosis Anorexia and cachexia, sarcopenia, cancer-
related fatigue, deconditioning, cancer-pain, bowel
dysfunction, mood disorders.

Treatment Postoperative deconditioning, cancer-related fatigue,
cancer-pain, peripheral neuropathy, malnutrition,
chemotherapy and radiation side effects, decreased
mobility, impaired ADLs, mood disorders.

Survivorship ~ Muscle weakness, reduced muscle mass,
cognitive dysfunction, mood disorders, peripheral
neuropathy, chronic cancer-related pain and
neuropathic pain, imbalance, and bowel, bladder,
and sexual dysfunction.

Conclusion

GI cancers may vary widely with respect to location, progres-
sion, and treatment, but cause several impairments that affect
the overall status of the patient. The implementation of reha-
bilitation includes prehabilitation at diagnosis, continued
physical activity and optimized nutrition during treatment,
appropriate referral for symptom management, and mainte-
nance of strength and endurance in survivorship. Proper
nutrition and core and pelvic floor strengthening are of par-
ticular importance in this population. Physiatry involvement
in the management of these patients is important at each
stage of treatment, as summarized in Table 3.3.

Multiple Choice Questions
1. Which of the following tumor types is not classified as a
hepatobiliary carcinoma?

A. Pancreatic
B. Gallbladder
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C. Cholangiocarcinoma
D. Liver

2. A colorectal tumor that has invaded completely through
the muscularis propria and has affected one lymph node
would be classified as:

A. T2N1MO
B. T3NOM1
C. T3NIMO
D. TANIMO

3. Research supports evidence for prehabilitation for which
of the following GI malignancies?

A. Colorectal

B. Gastroesophageal
C. Pancreatic

D. All of the above

4. Which of the following is not a common potential side
effect of FOLFOX (fluorouracil, leucovorin, oxaliplatin)
chemotherapy?

A. Peeling of the palms/soles
B. Peripheral neuropathy

C. Xerostomia

D. Fever

5. Which of the following statements is false?

A. Chemotherapy-induced neuropathy requires multi-
modal management including physical therapy, medi-
cations and preventive measures.

B. Musculoskeletal metastases are common in colorectal
cancer.

C. Pelvic floor strengthening improves sphincter function
and quality of life.

D. Regular ambulation improves gastric motility.
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Answers

1
2.
3.
4
5

waga
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Chapter 4

Cancer of the Brain,
Eye, and Other Parts
of the Central Nervous
System

Mary Vargo

Primary central nervous system (CNS) malignancies com-
prise just 1.4% of all cancers [1], and benign brain tumors
have an incidence more than double that of malignant pri-
mary brain tumors (69.1% versus 30.9%) [2]. Brain and spi-
nal metastatic disease greatly outnumber primary brain or
spinal cord tumors [3]. Tumor types which commonly metas-
tasize to brain include lung, breast, kidney, colorectal, and
melanoma, affecting an estimated 20% of cancer patients [4].
In general, 2% of all nonhematologic cancer patients exhibit
brain metastasis at the time of diagnosis [3]. Spine metastasis
etiologies include breast, prostate, renal, and lung [5], affect-
ing 5-10% of patients with advanced cancer [6].

Brain Tumor

The most common types of brain tumors are meningioma
(36.8%), glioblastoma multiforme (GBM) (14.7%), pitu-
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itary tumors (16.4%), and nerve sheath tumors (8.5%) [2].
The most common CNS tumor locations are meninges
(372%), followed by pituitary and craniopharyngeal duct
(175%), frontal lobe (8.2%), cranial nerves (7%), temporal
lobe (6% ), parietal lobe (3.5%), spinal cord (3.1%), cerebel-
lum (2.2%), brainstem (1.5%), and occipital lobe (1%) [2].

While most brain tumors occur in the adult population, with
median age of 60 [2], brain tumors are also the most common
neoplasm occurring in childhood (age 0-14 years) [2]. Pediatric
tumors are more likely to affect the posterior fossa and have
different histologies. In the 0-14 age group, most common types
include pilocytic astrocytoma (179%), malignant glioma
(13.9%), and embryonal tumors (13.3%, with medulloblastoma
comprising 62.4% of those). Prognosis varies with histology and
in general is poorer with advancing age. Five-year survival of
childhood malignant brain tumors is about 70%, compared to
about 35% for adult brain tumors. Table 4.1 provides further
details regarding survival rates by brain tumor type.

The incidence of disabling complications is reported at
about 80% [7], with the most common impairments among
rehabilitation inpatients being cognitive deficits (80% ), weak-
ness (78 %), and visual-perceptual deficits (53%) [8]. Table 4.2
summarizes common patterns of weakness due to cancer-
related central or peripheral nervous system abnormalities.
Long-term survivors of childhood cancers have higher obe-
sity rates than peers, and may experience effects on growth
and other aspects of endocrine function [9]. In general, brain
tumors have among the highest rates of impact on work [10]
and school [11] performance.

Surgery is the mainstay of treatment. Major complications
have an incidence of 13-16%, morbidity of 25-32%, and mor-
tality of 1.7%. Risk factors include age >60, Karnofsky
Performance Scale score less than or equal to 50, intraopera-
tive bleeding, and posterior fossa location [12, 13]. Radiation
therapy is often employed, usually external beam radiation,
localized to the tumor via 3D mapping. Whole brain radiation
may be used for metastatic tumors. Specialized radiation
therapy techniques include stereotactic radiation with gamma
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TABLE 4.1 Survival rates (%) by brain tumor type

Type of tumor 1 year 5 years 10 years
Meningioma (nonmalignant) 92.6 86.7 815
Meningioma (malignant) 82.1 63.8 56.1
Glioblastoma 40.2 5.6 2.8
Anaplastic astrocytoma 55 19.8 13.1
Diffuse astrocytoma 74.9 50.4 39.3
Pilocytic astrocytoma 979 94.1 922
Oligodendroglioma 94.7 81.6 66.3
Anaplastic oligodendroglioma 84.4 576 441
Ependymoma (nonmalignant) 979 974 96.6
Ependymoma (malignant) 94.4 84.8 79.5
Embryonal tumors 81.9 62.1 551
Medulloblastoma 89.3 73.2 64.9
PNET 75.3 46.4 40.8
Lymphoma 53.6 34.5 26.6
Nerve sheath tumors 99.4 99.3 99.3
Germ cell tumors 95 94.6 92.0
Pituitary tumors 98 96.6 94.6
Craniopharyngioma 92.8 83.5 T
Hemangioma 96.3 93.4 90.2

Adapted from Ostrum [2]

knife, brachytherapy (implanted radiation sources), and pro-
ton beam therapy [14]. Delayed radiation effects such as
immediate and delayed radiation encephalopathy or radiation
necrosis may complicate the clinical picture (Table 4.3), and
must also be distinguished from progressive disease [15, 16].
For GBM, the most common chemotherapy is temozolamide,
with side effects including fatigue, headache, and constipation.
Patients on temozolamide may exhibit “pseudoprogression” on
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TABLE 4.2 Weakness due to cancer-related central or peripheral
nervous system abnormalities

Type of lesion

Usual
presentation Associated features

Brain tumor

Brain radiation
Necrosis

Meningeal
carcinomatosis

Spinal cord
(neoplasm; post-
radiation)

Nerve root
invasion

Plexopathy
(neoplasm; post-
radiation)

Myopathy

(carcinomatous;
corticosteroid or
other endocrine)

Neuromuscular
junction
disorder

Peripheral
polyneuropathy

Deconditioning

Unilateral Contralateral for cerebral
involvement, may be ipsilateral for
brainstem tumors

Unilateral ~ Delayed presentation, up to a year

or more

Bilateral Metastatic from hematologic, lung,
breast, melanoma, gastric; poor
prognosis

Bilateral Back pain is most often the

presenting clinical feature;
paraplegia much more common
than tetraplegia; thoracic level
most common; motor change often
precedes sensory

Unilateral =~ Need to distinguish from
plexopathy, radiation effect

Unilateral =~ Tumor invasion typically more
painful than radiation plexopathy.
Myokymia often seen on
electromyography post-radiation.

Bilateral Exercise is mainstay in the
prevention and treatment of
corticosteroid myopathy [10].

Bilateral Rare. Presynaptic disorder may
be seen in small cell lung cancer.
Myasthenia gravis (postsynaptic
disorder) in association with

thymoma.

Bilateral Chemotherapy-associated is more
common than primary neoplastic/
paraneoplastic

Bilateral Rule out other neuromuscular

pathology
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imaging, with or without clinical deterioration [15]. Other agents
include angiogenesis inhibitors such as bevacizumab. Novel
therapies include NovoTTF-100A, an electrical field therapy
applied via disposable transducers to the scalp for inhibiting cell
growth, and immunotherapies such as vaccine-based approaches,
as well as oncolytic virotherapy [14].

Steroids are almost universally used in the treatment of
brain tumors, and nearly all brain tumor patients will receive
glucocorticoids at some point in their treatment. Generally,
they are administered to counteract treatment-related vaso-
genic edema. For example, they are frequently used during
radiation treatment. The most common is dexamethasone

TaBLE 4.3 Cognition and cancer

Type of lesion Usual presentation Other

Brain tumor Linked to tumor size Possible impact of epilepsy
and location [46];90%  and/or epilepsy medications
of patients with frontal ~ [16]. Often milder, more
or temporal lobe tumors diffuse than in stroke
pretreatment display patients, but still side specific
impairments in at least ~ [16]. Endocrine dysfunction.
one area of cognition

(5]
Radiation Acute (1-3 months) Acute encephalopathy is
encephalopathy reversible clinical related to swelling and
worsening treated with corticosteroids.
Early delayed Early delayed related to
(3-12 months) demyelination from injury to
“somnolence syndrome’ oligodentrocytes, can also be
most common and treated with corticosteroids.
severe if age <3 years Both of these are less
Syndrome of common with modern
pseudoprogression protocols.
(radiographic + clinical) ~ Late-delayed is related to
in association with vasculopathy, also treated

temozolamide treatment with corticosteroids but
Late delayed (>1 year), may not be responsive,

nonspecific clinical sometimes resection.

worsening [11] Distinguish from recurrence,
with advanced imaging such
as PET [11].

(continued)
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TABLE 4.3 (continued)

Type of lesion

Usual presentation

Other

Long-term
cognitive change
after whole brain
radiation(diffuse
cerebral injury)

Cancer-treatment-
associated
cognitive change

Radiation-induced
cognitive impairment
reported in 50-90% of
tumor survivors; deficits
including processing
speed, attention,
learning, memory, and
executive functions
[46]. Cognitive changes
most apparent in young
children and elderly [11,
16]. Among children,
lower IQ compared to
age peers. In children
with history of posterior
fossa tumor, effects on
academic ability, social
skills, and attention,

but not psychological
distress or behavior
problems [30]. In
severe cases in adults,
progressive dementia
and altered gait [11]

Effects on executive
function, learning and
memory, attention, and
processing speed [8]

Diffuse atrophy,
ventriculomegaly,

white matter signal
abnormalities on imaging
[11]. “Mineralizing
microangiopathy” also
occurs in up to one-third
of children, consisting of
calcifications in the basal
ganglia, dentate nuclei, and
cerebral gray-white matter
junction [11]. RT is the
most important risk factor
for impaired intellectual
outcome in childhood brain
tumor [42].

Probably multifactorial —
neurotoxicity of treatments
(especially chemotherapy);
effects including diffuse
white matter changes

on neuroimaging,
proinflammatory cytokine
effects, possible effect

of underlying tumor.
Concurrent fatigue, anxiety,
insomnia may heighten
cognitive symptoms.
Diminished prefrontal
cortex blood flow in
neuroimaging studies of
breast cancer survivors who
received chemotherapy [4].




Chapter 4. Cancer of the Brain, Eye, and Other Parts... 51

due to its low mineralocorticoid activity, although methyl-
prednisolone and prednisone are also used. The steroids are
tapered down until the minimum effective dose is found. This
is the dose at which the patient’s symptom burden and dele-
terious effects of prolonged steroid use are minimized, while
the functional ability of the patient is maximized. Some of
these adverse effects include steroid-induced myopathy,
which is embodied by proximal weakness, particularly in the
hip girdle. Steroids also have a wasting effect on bone because
of impaired calcium absorption, which can result in fractures
or avascular necrosis of the hip. Calcium and vitamin D sup-
plementation can be beneficial [16, 17].

Inpatient rehabilitation studies of brain tumor patients
have consistently reported comparable functional outcomes
and discharge to community rates as other brain rehabilita-
tion populations, such as brain injury and stroke patients [18]
(Table 4.4). However, interrupted stay is more common in
the brain tumor patient (17-35% rates reported). In most
series, there is no significant difference in rehabilitation out-
comes between those with benign and malignant disease, or
even those with metastatic disease, who do well in the near
term [19].

Limited outpatient interdisciplinary outcome data for
malignant brain tumor patients suggests favorable functional
outcomes [20] and cost-effectiveness [21]. Cognitive rehabili-

TABLE 4.4 Inpatient rehabilitation compared to noncancer patients
with similar impairment type

Spinal cord

Brain tumor neoplasm
FIM gain Similar or slightly  Less

less
FIM efficiency Similar Similar
Rehabilitation length Similar or shorter ~ Shorter
of stay
Discharge to community  Similar Similar

Interrupted stay Higher Higher
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tation has been studied in various populations, including
those with childhood tumors, and adult glioma patients [19],
with recommendation for cognitive therapy as a practice
guideline for children and adolescents treated for brain
tumor [22]. Studies of methylphenidate, memantine, or done-
pezil have shown benefits in cognitive performance, to a vary-
ing extent [19].

There is evidence that physical activity is of benefit.
Among a cohort of 243 recurrent malignant glioma patients,
self-reported exercise level of >9 MET-h/week was associated
with survival of nearly 22 months, versus 13 months among
the less active [23]. In a large population database of runners
and walkers, a 42.5 decreased risk of brain tumor mortality
was seen for those expending >1.8 MET-h/day compared to
less active individuals [24]. A group of 100 GBM patients
receiving inpatient rehabilitation demonstrated nonsignifi-
cant difference in survival compared to 312 other GBM
patients not receiving rehabilitation, despite the inpatient
care recipients’ overall lower Karnofsky scores (70 vs 80) at
presentation [25]. GBM patients can strengthen with an out-
patient exercise program [26]. Walking is reported as the
favored form of exercise, with best receptivity to exercise in
the post-treatment phase [27]. However, prospectively, adher-
ence and satisfaction is better in supervised rather than unsu-
pervised programs [26].

As with other brain rehabilitation patients, a wide range of
management concerns may exist, including seizures, thrombo-
embolism, headache, fatigue, and mood disorders [18].

Seizures

Seizures are most common in low-grade lesions, and in those
involving temporal, frontal, or insular locations, they persist
more often after subtotal than total resection [28]. Leviracetam,
lamotrigine, and lacosamide are newer antiepileptic agents
and are considered first line. Enzyme-inducing agents (carba-
mazepine, phenytoin, phenobarbital) should be avoided when
possible in the setting of chemotherapy [29]. Levetiracetam
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has no known drug-drug interactions and is popular for pro-
phylaxis. Lacosamide has been shown to be effective as either
monotherapy or in combination to reduce seizures in the
brain tumor population [30]. Valproic acid, while also shown
to be effective, is a CYP450 inhibitor and may potentiate the
toxicities of some antineoplastic agents [31].

Thromboembolism

Risk factors for thromboembolism in glioma include older
age, three or more comorbidities, leg paresis, glioblastoma
multiforme histology, large tumor size, neurosurgery within
61 days, use of chemotherapy, and length of surgery greater
than 4 hours [32, 33]. In a study of over 9000 cases of malig-
nant glioma, 715 cases of thromboembolism (75%) were
found [32]. Another study found a rate of 24 % of symptomatic
deep venous thrombosis (DVT) in the 17 months following
surgery [33]. Low molecular weight heparin is recommended
for the first 5-10 days of newly established thromboembolic
disease and for long-term secondary prophylaxis for at least
6 months [34]. Risk of intracranial hemorrhage must be con-
sidered in patients with active brain metastases.

Headache

In addition to factors causing headaches in the noncancer
population, such as hypertension or medications, tumor-
related headaches may occur secondary to postoperative
pain, increased intracranial pressure, radiation, or chemo-
therapy [35]. Signs and symptoms in brain tumor patients
with headaches that require further evaluation include occur-
ring first thing in the morning or waking the patient at night,
progressive, unresponsive to medications, worsening with
position change, somnolence, or new neurologic deficits [35].
Acetaminophen is generally the safest medication to treat
glioma-associated headaches, with NSAIDs dependent on
risk factors and corticosteroids if cerebral edema is present.
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Fatigue

Also multifactorial, fatigue is common during cranial radia-
tion and can persist in survivors [36]. See Chap. 2 for more
information on cancer-related fatigue.

Mood

Depression and anxiety are the most common mood disor-
ders in glioma patients. Fifteen to twenty percent of glioma
patients will be depressed during their illness [37]. Acute
mood changes warrant evaluation for delirium. The cause of
persistent mood changes is often multifactorial and may be
related to impact of the diagnosis, direct effect of tumor, side
effects of medications, and comorbid conditions [35].
Maintaining a culture of support and hope is important.
Other considerations are the decision-making capacity of the
patient, and that anxiety can improve with patients that have
received and understand information. Still, patients may vary
in their desire for information. For example, some may prefer
full information versus a little at a time, or just “critical/
important” information [38, 39].

Eye Cancers

Opverall, these cancers are rare. The most common is retino-
blastoma, which occurs in young children, usually infancy
through age five. Retinoblastoma presents with leukocoria
(white pupil), strabismus and possible iris color change [40].
Second is melanoma, which is the most common ocular can-
cer of adulthood, followed by lymphoma. Ocular melanoma
represents 5% of all melanomas, and presents with nonspe-
cific visual changes or is diagnosed incidentally [41]. Survival
has shown improvement in recent decades, associated with
changing trends in treatment towards less reliance on radia-
tion and more on chemotherapy [42]. Fatal metastatic disease,
most notably to the liver, develops in up to 50% of patients
over 10-25 years [41]. Radiation modalities are the standard
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of care [43]. Both retinoblastoma and ocular melanoma
require lifelong surveillance [40, 43]. The most common
tumors to metastasize to the eye are breast and lung cancers,
with a predilection for the choroid layer [44]. Table 4.5 out-
lines the visual effects of ocular or central nervous system

neoplasms.

TABLE 4.5 Visual effects of ocular or central nervous system

neoplasms
Additional
Etiology Usual presentation information
Retinoblastoma Leukocoria (white pupil)  Strabimus if
compensating for
lack of central
vision; iris change in
advanced disease
Ocular Nonspecific visual changes May be diagnosed
melanoma incidentally on

Brain tumor
(cerebral)

Brain tumor
(posterior
fossa)

Brain tumor
(optic nerve,
sellar, optic
chiasm)

Varies, blurred or double
vision, visual field cut or
visual neglect, difficulty
recognizing or identifying

objects or colors

Double vision

Monocular vision loss

for tumors affecting the
optic nerve(prechiasmal),
bitemporal hemionopia

for sella turcica lesion,

visual field cut in opposite
hemifield for optic tract

lesion

routine eye exam

Meningioma,
astrocytomas,
metastatic disease,
etc.

Medulloblastoma;
cerebellopontine
angle tumors

Pituitary tumors,
craniopharyngiomas,
neurofibromatosis,
suprasellar/optic
meningioma

(continued)
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TABLE 4.5 (continued)

Additional
Etiology Usual presentation information
Craniotomy Limited data; visual field ~ Surgery is the
cut reported in 2/400 mainstay of
patient in one series [49]  treatment for most
tumors
Radiation Early-conjunctivitis; eyelid Cataract can
edema or erythema; be addressed
lacrimal gland effects [37] more easily than
Late-cataract, retinopathy, retinopathy or
glaucoma [53] optic glaucoma
neuropathy [20] Delayed
complications dose
dependent
Chemotherapy Systemic: periocular For GBM,
cutaneous and glandular ~ most common
effects (various); chemotherapy

ocular surface dryness/
sequelae(carmustine,
mitomycin); corneal
opacities (tamoxifen);
cataract (busulfan,
methotrexate, toremifene,
tamoxifen; corneal toxicity,
ocular pain, foreign body
sensation, blurred vision,
conjunctival hyperemia
(cytarabine in combination
regimens); glaucoma
(interferon alpha);
retinopathy (cisplatin;
mitotane; tamoxifen;
interferon); optic/
oculomotor neuropathies
(carmustine; vinblastine,
vincristine); optic
neuropathy (tamoxifen,
interferon) [40]

is temozolamide
(headache a more
common side effect
with this medicine)
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Spinal Cord

Intramedullary spinal cord or cauda equina neoplasms are
quite rare, comprising 3.1% of all CNS neoplasms, and most
malignant spinal cord injuries (SCI) relate to spinal cord com-
pression from bony metastatic disease. Spinal intramedullary
lesions include ependymomas, astrocytomas, and hemangio-
blastomas [45]. The most common presenting feature of malig-
nant SCI is back pain, often worse with recumbent position.
The thoracic level is most commonly affected (70%) followed
by lumbosacral (20%) and cervical (10%) regions, reflecting
the spinal blood supply and thoracic canal diameter.

Tumor types commonly metastasizing to spine include
lung, breast, prostate, kidney, and melanoma, and multiple
myeloma may also be associated with malignant SCI [46].
Radiation myelitis can also occur. Early recognition has long
been recognized as crucial in optimizing chances of maintain-
ing ambulation capacity, though conflicting data exists as to
the impact of maintaining ambulatory status on survival, with
primary tumor type and Karnofsky performance status being
more strongly associated with prognosis [47]. Rapid paralysis
and bowel and bladder involvement are relatively poor prog-
nostic functional signs. Motor involvement typically precedes
sensory change, with recovery occurring in the reverse order.

The Spine Instability Neoplastic Score (SINS) is a widely
used paradigm to assess for the need for operative stabiliza-
tion [48] (Table 4.6). Surgical stabilization when feasible pro-
motes best outcomes, preserving function and quality of life,
and providing symptom relief [5]. Survival is mostly driven by
tumor type, with breast and renal cancers more favorable than
lung or prostate cancers [5]. The presence of multiple spinal
metastases, cervical metastasis, or pathologic fracture had no
significant influence on survival. A large international study
showed overall survival rates after surgery of 53% at 1 year,
31% at 2 years, and 10% at 5 years, with longer survival in the
more recent years of the study period [49].

Individuals with neoplastic SCI have been found to make
comparable gains per day in inpatient rehabilitation as trau-
matic spinal cord patients. Compared to traumatic SCI, typi-
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TABLE 4.6 Spine Instability Neoplastic Score (SINS)
Location

Junctional (occiput-C2, C7-T2,T11-L1, L5-S1) 3
Mobile spine (C3-C6, L2-L4) 2
Semirigid (T3-T10) 1
Rigid (S2-S5) 0
Pain

Yes 3
Occasional pain but not mechanical 1
Pain-free lesion 0
Bone lesion

Lytic 2
Mixed 1
Blastic 0
Radiographic spinal alignment

Subluxation/translation present 4
De novo deformity (kyphosis, scoliosis) 2
Normal alignment 0
Vertebral body collapse

>50% collapse 3
<50% collapse 2
No collapse with >50% body involved 1
None of the above 0
Posterolateral involvement of spinal elements

Bilateral 3
Unilateral 1
None of the above 0

From Fisher et al. [49] with permission

Total score: 0-6: stable; 7-12: indeterminate (possibly impending)
instability;13-18: high fracture risk. Surgical consultation recom-
mended with total score >7
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cally rehabilitation length of stay is shorter, as paraplegia occurs
more commonly than tetraplegia, and most cancer-related
myelopathy is incomplete [50]. However, the patient with spinal
cord neoplasm is typically older than most traumatic SCI-
injured patients, with other health comorbidities [51]. As with
brain tumor, interrupted stay is more common than with other
SCI cases [52]. New et al. [53] outlined a framework for neo-
plastic SCI rehabilitation, including that acute rehabilitation
should be considered when estimated life prognosis is three
months or more; they also advised for the rehabilitation team to
cultivate a mindset that transfer to a palliative setting or even
death should not be viewed as a failure.

Peripheral Polyneuropathy

While peripheral polyneuropathy can occur as a primary
effect of tumor, most commonly it is seen as a chemotherapy
effect, especially with vinca alkaloids, taxol derivatives, and
platinum agents [54] (Table 4.7). Neuropathy may limit the

TaBLE 4.7 Chemotherapy-associated polyneuropathy

Agents Trade name Nerve fibers Tumors
Taxanes Taxol/ Sensory > motor Breast,
Taxotere lung,
ovarian
Platinum Carboplatin,  Pure sensory Lung,
Oxiplatin ovarian,
colon
Cisplatin Platinol, Pure sensory Lung,
CDDP ovarian
Thalidomides  Thalomid Sensory > motor Myeloma
Vinca Oncovin, Motor = sensory Lymphoma
alkaloids, Vincasar,
Vincristine others
Immune -mab drugs Demyelination Advanced
checkpoint (also myasthenia,  disease

inhibitors myositis)
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extent of chemotherapy able to be delivered. Immune check-
point inhibitor therapies have been found to produce rare but
severe neuromuscular effects including inflammatory neu-
ropathy and myasthenia gravis, and less commonly inflamma-
tory myopathy [55]. Neuropathy presentation may precede
the cancer diagnosis. Treatment includes medications for
neuropathic pain (anticonvulsants, antidepressants), noncon-
strictive footwear, orthotics, assistive and adaptive devices,
and fall prevention. Radiation therapy can produce periph-
eral nerve lesions, including brachial plexopathy or lumbosa-
cral plexopathy [56]. (See Radiation Fibrosis chapter for
further information.)

Case

A 58-year-old woman with history of hypertension, hyperlip-
idemia, hypothyroidism, prediabetes, obesity, gastroesopha-
geal reflux disease, and low back pain presented to the
emergency department with falls and altered mental status.
MRI showed right frontal brain mass, for which she under-
went elective subtotal resection 11 days later. Pathology
revealed atypical meningothelial meningioma, WHO grade
II. Her acute course was notable for hyponatremia. She
received a seven-day course of levetiracetamfor seizure
prophylaxis and was transferred to acute rehabilitation on
dexamethasone taper. Her functional status improved.

Five weeks after her surgery, the patient began radiation
therapy with 5600 cGy provided over 5 weeks. The patient
was seen for her initial outpatient physiatry appointment
shortly before the start of radiation therapy, and began out-
patient physical, occupational and speech therapies. Major
symptoms included fatigue, bilateral knee pain, low mood,
amotivation, difficulty with memory and cognitive focusing,
and intermittent headache. She expressed desire to return to
work as soon as possible. Outpatient therapy was tolerated
though marked by missed appointments, including transpor-
tation barriers. Two months later she had completed radia-
tion, and was off corticosteroids.
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This case illustrates multiple issues. Meningioma is usually
benign, but may have a malignant variant. Her course was
complicated by cerebral edema, due to radiation encepha-
lopathy versus residual effect of tumor, most likely the for-
mer. While early corticosteroid wean can be considered
desirable, in this case prolonged treatment was required.
Through all of this, return to work remained an important
focus for this patient, as it should to the care team, if
appropriate.

Multiple Choice Questions

1. Which is the most common segment for spinal cord injury
due to neoplasm?

A. Cervical
B. Thoracic
C. Lumbar
D. Sacral

2. Which tumor type is most likely to be associated with a
paraneoplastic peripheral polyneuropathy?

A. Small cell lung cancer

B. Prostate cancer

C. Breast cancer

D. Squamous cell head and neck cancer

3. Which of the following is true, in general, of patients with
central nervous system malignancies receiving acute
rehabilitation?

A. Interrupted stay occurs less frequently than with other
noncancer neurorechabilitation patients.

B. Functional outcomes as measured by FIM efficiency
are similar to noncancer neurorehabilitation patients.

C. Length of stay is longer than noncancer neurorehabili-
tation patients.

D. Individuals with brain metastatic disease have worse
FIM scores than other brain tumor patients.
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4. What is the most common presenting feature of spinal cord
neoplasm?

A.
B.
C.
D.

Sensory loss

Bladder incontinence
Falls

Back pain

5. In comparing pediatric and adult brain tumor populations,
which of the following is true?

A. Incidence of malignant brain tumor is higher in chil-
dren than in adults.

B. Long-term survival is better for most pediatric tumor
types compared to most adult primary brain
malignancies.

C. Young children are less likely to experience long-term
cognitive sequelae of whole brain radiation than are
young adults.

D. Adult primary brain tumor types are more likely to
involve the posterior fossa.

Answers

1. B

2. A

3.B

4. D

5.B
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Chapter 5

Cancer of the Urinary
Tract and Genital Organs:
Female and Male

Michael Fediw and Sean Smith

Prostate Cancer

Overview and Oncologic Treatments

Prostate cancer is the most common cancer among male
patients and represents close to 10% of new cancer cases in
the USA annually. Despite it’s high prevalence, prostate can-
cer has a 5-year survival rate of 98.2% and accounts for only
4.8% of all cancer deaths annually. The treatment for prostate
cancer, however, may lead to pain, weakness, incontinence,
and other impairments, of which physiatrists and other reha-
bilitation providers should be aware.

Treatment for prostate cancer may include systemic ther-
apy, radiation, and/or surgery. Generally, prostate cancer is
divided into castration-sensitive and castration-resistant sub-
groups based on response to decreasing levels of circulating
androgens. Systemic therapies may include androgen depriva-
tion therapy (ADT), chemotherapy, immunotherapy, mito-
xantrone, ketoconazole, or other agents. Table 5.1 describes
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TaBLE 5.1 Agents used in prostate cancer and their toxicities

Common treatments Toxicities

Androgen receptor Metabolic disturbance,
pathway blocker musculoskeletal pain, flushing
(Enzalutamide)

Tyrosine kinase inhibitor ~ Heavy bleeding, altered taste, weight
(Cabozantinib) loss

Androgen biosynthesis Gastrointestinal issues, metabolic
inhibitor (Abiraterone) disturbance, hypertension, elevated

liver enzymes, joint and muscle aches
aPD-1 inhibitors Arthralgia, pancytopenia, nausea,
(Pembrolizumab, elevated liver function tests (LFTs)
Nivolumab)

“PD-1 inhibitors are newer treatments with clinical trials ongoing for
efficacy

some common treatments and their potential toxicities in the
treatment of prostate cancer.

Radiation often involves either brachytherapy — wherein
radioactive implants are inserted into prostatic tissue — or
more traditional external beam radiation therapy to the pros-
tate and surrounding tissue. Acutely, radiation can cause pain
and swelling, in addition to proctitis, fatigue, and skin break-
down. Long term, radiation can cause fibrosis of muscles and
ligaments leading to weakness, pain, incontinence, and poten-
tially lumbosacral plexus damage.

Surgery may also be indicated for a patient, and carries
with it high risks of pelvic floor dysfunction, erectile dysfunc-
tion, and pain.

Musculoskeletal Implications of Treatment

Androgen deprivation therapy is a hallmark of prostate can-
cer treatment and involves reducing testosterone availability
through receptor blockade and/or decreased production. The
side effects of ADT can be quite detrimental to physical
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function. As a result of ADT, mesenchymal stem cells are
diverted from myogenic to lipogenic pathways, commonly
leading to sarcopenic obesity and weight gain. Metabolic syn-
drome and increased insulin resistance may also occur. As
muscle weakness develops, patients may develop painful
tendinopathies, mechanical joint pain, and myofascial pain.

Resistance and aerobic exercise have been shown to help
mitigate these changes in body composition without increas-
ing PSA or testosterone [1]. Alibhai et al. conducted a small
randomized controlled trial (RCT) of different exercise pro-
grams on men with prostate cancer receiving ADT, which
suggested that one-on-one exercise training compared to
group exercise had comparable improvements in quality of
life and fitness [2]. Additionally, supervised exercise programs
had increased compliance compared to a self-reported exer-
cise regimen.

Decreased bone mineral density is another side effect of
ADT that may be underestimated on Dual-Energy X-ray
Absorptiometry (DEXA) scans in this population [3].
Weakening of bone places patients at increased risk for frac-
tures, with male patients experiencing higher rates of mortal-
ity with osteoporotic fractures compared to women [4].
Bisphosphonates, denosumab, selective estrogen receptor
modulators (SERMS), calcium supplementation, and vitamin
D supplementation may all be used to prevent and treat bone
density loss. A randomized placebo controlled trial of men
with castration-resistant prostate cancer receiving zoledronic
acid demonstrated an 11% decrease in experiencing a
skeletal-related event (SRE), prolonged median time to first
SRE, and a 36% reduction in ongoing risk of SRE compared
to placebo [5].

In addition to pharmacologic management of bone density
loss, resistance-based exercise should be prescribed to patients
after a physician evaluation. If patients do not have significant
balance impairment and are not at risk for fracture from meta-
static disease, an individually tailored strength training pro-
gram should be recommended and has been shown to improve
bone mineral density in the lumbar spine and femoral heads
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[6, 7]. Furthermore, Kukuljian et al. found that progressive
resistance training with vitamin D supplementation improved
bone mineral density by 1.5% in the lumbar spine and 0.7% in
the femoral head in older men with osteopenia [8].

Evaluation and Management of Bone Metastases

Prostate cancer has a high affinity for metastasizing to bone
and is unique in that it characteristically produces osteoblas-
tic bone lesions, although osteolytic lesions may also occur
[9]. Despite osteoblastic lesions being more dense, they are
structurally weaker than normal bone and thus more suscep-
tible to fracture [10]. Spinal metastases may lead to cata-
strophic effects from spinal cord compromise, either from
epidural disease or pathologic vertebral fracture compressing
the cord. Patients with spinal cord injury should be rehabili-
tated through the standard of care [11], which is beyond the
scope of this chapter. For patients with spinal metastases of
unclear stability, the Spine Instability Neoplastic Score
(SINS) criteria may be used to determine stability of spinal
metastases [12]. The scale evaluates vertebral stability based
on spinal location of tumor, presence of mechanical pain,
bone lesion type (osteoblastic versus osteolytic), spinal align-
ment, vertebral body collapse, and posterior spinal
involvement and classifies vertebral columns as low, interme-
diate, and at high risk of instability.

In patients with stable vertebral metastatic disease, reha-
bilitation interventions for mechanical pain should focus on
core strengthening without significant flexion and twisting of
the spine. Additionally, interventional pain procedures such
as epidural steroid injections and medial branch blocks
should be considered in patients with compressive radicu-
lopathies and symptomatic spondylosis, respectively.

For long bone metastases, the authors recommend Mirels’
criteria to assess stability. It evaluates stability based on loca-
tion of tumor, pain, bone lesion quality, and size of lesion rela-
tive to bony diameter to help determine the need for surgical
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fixation. A Mirels’ score less than eight is considered safe to
irradiate with minimal risk of fracture [13]. For stable lesions,
rehabilitation interventions should focus on strengthening
surrounding musculature and improving bone density.
Providers should have a low threshold for ordering imaging
studies in the presence of worsening pain, as metastatic
lesions may have progressed.

Multimodal exercise can improve overall physical function
in patients with a history of prostate cancer, even those with
advanced disease. Galvao et al. found that a supervised pro-
gram of flexibility, resistance training, and aerobic condition-
ing in men with prostate cancer metastatic to the bone
improved patient-reported physical functioning and lower
extremity strength compared to a control group who did not
receive additional exercise interventions [14]. Additionally,
there were no fractures or adverse events in this study of over
50 men, suggesting that exercise is safe when prescribed by a
physician who evaluates the patient before beginning a
program.

Pelvic Floor Dysfunction

Pelvic floor dysfunction with erectile dysfunction frequently
occurs after surgery or radiation for prostate cancer, with
urinary and bowel incontinence being the most common side
effects [15]. However, the rates of men experiencing some or
all of these symptoms can vary based on the type of treat-
ment [16]. These symptoms can be particularly distressing
and may be associated with decreased quality of life and sat-
isfaction with treatment outcome [17].

A recent systematic review by Goonewardene et al. found
that biofeedback and presurgical and postsurgical pelvic floor
exercises improved urinary incontinence and erectile dysfunc-
tion after radical prostatectomy [18]. Exercises that focus on
improving deep and superficial pelvic floor muscle strength-
ening, neuromuscular re-education, and behavior modifica-
tion techniques seem to be most effective, and patients should
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be considered for these interventions when they report symp-
toms of pelvic/perineal pain, incontinence, or erectile dysfunc-
tion [19].

Pelvic floor exercises are helpful even before a prostatec-
tomy. Goonewardene et al. found that preoperative pelvic
floor strengthening improved continence postoperatively,
particularly if exercises were continued after recovery from
surgery [18]. In that systematic review, the authors concluded
that all patients undergoing a radical prostatectomy should
“exercise their pelvic floor muscles to maintain normal pelvic
floor function and start prior to surgery.” This underscores
the point that comprehensive rehabilitation in pelvic floor
dysfunction should include at least education preoperatively,
and that prehabilitation has a role in preventing pelvic floor
dysfunction.

In addition to pelvic rehabilitation, interventional proce-
dures may help with treatment of cancer-associated pain in
men with prostate cancer. Innervation of the pelvis, pelvic
viscera, internal and external genitalia, anus, and coccyx is
through sympathetic mediated pathways of the superior
hypogastric plexus, ganglion impar, and pudendal nerve [20].
The ganglion impar generally can transmit pelvic pain below
the umbilicus, whereas unilateral and/or penile/vaginal pain
may be generated by the pudendal nerve. A thorough history
and physical exam may help identify the region and nerve
causing the symptoms. Blockade of these structures has been
described for the treatment of pain from various pain genera-
tors in the pelvis [20-22]. Physicians should be aware of these
procedures as potential options to treat pain of the pelvic
organs, genitalia, perineum, and coccyx.

Gynecologic Cancer

Overview and Oncologic Treatment

Gynecologic cancer is a general term for a group of cancers
that include uterine, ovarian, cervical, vaginal, and vulvar
cancers. Uterine cancer, more specifically endometrial cancer,
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is by far the most common gynecologic cancer followed by
ovarian, cervical, vaginal, and vulvar cancer, respectively [23].
The effects of gynecologic cancer and its treatment can be
quite impairing, as Hammer et al. reported that 53% of
women diagnosed with uterine cancer are unable to partici-
pate fully in the activities that they wish to [24]. Despite being
significantly less common than other gynecologic malignan-
cies, ovarian cancer accounts for the most deaths of gyneco-
logic cancers due to often being in advanced stage at time of
diagnosis. This section will focus on the common toxicities
and functional impairments related to the treatment of gyne-
cologic cancers such as pelvic floor dysfunction, pelvic and
lower extremity lymphedema, aromatase-inhibitor-induced
arthralgia, and chemotherapy-induced peripheral neuropathy
(Table 5.2).

TABLE 5.2 Agents used in gynecologic cancers and their toxicities

Common treatments Common toxicities

Platinum agents (cisplatin, ~ Nausea, alopecia, renal impairment,

carboplatin, oxaliplatin) ototoxicity, neuropathy, PRES

Taxanes (docetaxel, Pancytopenia, alopecia, neuropathy,

paclitaxel) arthralgia, myalgia, nausea, renal
impairment

VEG-F inhibitor Fatigue, nausea, arthralgia, bleeding,

(bevacizumab) muscular weakness, neuropathy,

HTN, GI upset

Gemcitabine Elevated liver enzymes, nausea,

Topoisomerase inhibitors Pancytopenia, elevated liver

(irinotecan, topotecan) enzymes, GI upset, asthenia,
alopecia, mucositis, rash

“Pembrolizumab Decreased appetite, arthralgia,
pancytopenia, nausea, electrolyte
disturbance

Key: VEG-F vascular endothelial growth factor, PRES posterior
reversible leukoencephalopathy syndrome, HTN hypertension
“PD-1 inhibitors are newer therapies with clinical trials ongoing to
prove efficacy
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Pelvic and Lower Extremity Lymphedema

Pelvic and lower extremity lymphedema is a common comor-
bidity in gynecologic cancer resulting from tumor invasion of
the lymphatics, lymph node dissection, or radiation.
Lymphedema can lead to pain, impaired mobility and activi-
ties of daily living, psychological distress, social isolation, and
decreased quality of life. Biglia et al. reported in a systematic
review of primary studies on women with lower extremity
lymphedema from gynecologic cancers that the incidence of
lower extremity lymphedema, while variable, was as high as
47%,59.1%, and 40.8% in endometrial, cervical, and ovarian
cancers, respectively [25]. Of all gynecologic malignancies,
patients treated for vulvar cancer have the highest rate of
lower extremity lymphedema, with ovarian being the lowest
[26]. Obesity, number of lymph nodes surgically removed, his-
tory of chemotherapy, history of radiation therapy, premorbid
nonsteroidal anti-inflammatory analgesic use, and presence
of infection are all independent risk factors for the develop-
ment of lymphedema [27].

Lymphedema is usually a clinical diagnosis that is made by
a provider knowledgeable about lymphedema. The
International Society of Lymphology (ISL) categorizes
lymphedema into four stages. These stages range from 0 to 3
with a higher number associated with more severe edema
[28] (Table 5.3).

Sometimes, it is not clear if edema is lymphatic in origin
(lymphedema) or if there is another cause for swelling, such
as venous insufficiency, mechanical compression of vascula-
ture (as would be seen with tumor recurrence), deep venous
thrombosis, cardiac and/or renal failure, neurogenic edema,
or lipedema. In these cases, further testing such as venous
duplex scans to evaluate for valve integrity, lymphoscintigra-
phy, and/or imaging to rule out compression may be
necessary.

Complete Decongestive Therapy (CDT) is the gold stan-
dard for lymphedema management. It consists of two phases
of treatment. The initial, decongestive phase utilizes skin care,
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TaBLE 5.3 International society of lymphology stages of lymph-
edema [28]
Stage 0 Subclinical stage where lymph transport is disrupted
but swelling has not yet occurred. May have subjective
symptoms.

Stage 1 Swelling of fluid that is high in protein content. Swelling
reduces with limb elevation. Pitting may occur.

Stage 2 Swelling that rarely reduces with limb elevation alone.
Pitting is manifest early on but may decrease later in this
stage as excess subcutaneous fat and fibrosis develop.

Stage 3 Trophic skin changes with thickening, acanthosis,
worsening of fat deposition and fibrosis, and warty
overgrowth. Elephantiasis.

manual lymphatic drainage (MLD), and compression ban-
dages to reduce extremity volume. The second, maintenance
phase utilizes continued skin care, MLD and compressions
stockings to maintain reduced limb size. Intermittent pneu-
matic compression may also be used in the maintenance
phase [29]. A pilot study by Do et al. in endometrial, cervical,
and ovarian cancer patients with lymphedema after
cancer-related surgery undergoing CDT with a comprehen-
sive rehab program vs. CDT alone found that strength, physi-
cal function, and fatigue were improved without adversely
affecting lymphedema status when a comprehensive rehab
program (stretching, strengthening, and aerobic exercise) was
performed in conjunction with CDT [30]. Physicians should
be aware of the indications for referring to CDT, which
should ideally be performed by a therapist with advanced
training to treat the condition.

Aromatase-Inhibitor-Induced Arthralgia

Despite the prevalence of estrogen receptor and progestin
receptor expression throughout the female reproductive tract
and in gynecologic tumors, use of selective estrogen receptor
modulators (SERMs) and aromatase inhibitors (Als) has
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only shown to be efficacious in small subpopulations of gyne-
cologic cancers [31], often those of endometrial origin. Data
on aromatase-inhibitor-induced arthralgia is lacking in the
gynecologic cancer population, but has been well described in
patients undergoing Al therapy for breast cancer.
Rehabilitation physicians should be aware of use of hor-
monal therapy in gynecologic cancer survivors and its
potential to cause joint pain and loss of function. See Breast
Cancer chapter for more details.

Chemotherapy-Induced Peripheral Neuropathy

Chemotherapy regimens for gynecologic cancers frequently
include platinum-based agents and taxane-based chemo-
therapy, which are associated with neurotoxicity causing
peripheral neuropathy. Patients receiving these agents may
experience numbness, tingling, pain, weakness, and balance
impairment. In patients who receive these chemotherapy
types and who develop new-onset symmetric, distal sensory
changes, clinicians should perform a thorough neurologic
evaluation including gait assessment to diagnose and subse-
quently manage the symptoms of chemotherapy-induced
peripheral neuropathy. If it is unclear whether the patient has
developed these symptoms, nerve conduction studies may be
helpful. Management is multimodal, and often includes a
combination of pain management with oral analgesia and
desensitization modalities, gait and balance training, orthotic
use, and fall-risk education.

Pelvic Floor Dysfunction

Pelvic floor dysfunction (PFD) has a high prevalence in the
gynecologic cancer population and includes urinary, bowel,
and sexual dysfunction. Reported rates of PFD vary amongst
different gynecologic cancer types and treatments. Limited
data exists comparing the prevalence of PFD in gynecologic
cancers to the general population [32].
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Pelvic floor therapy, which typically involves a combina-
tion of strengthening weak muscles and stretching/releasing
tight antagonist muscles, has been shown to be an effective
treatment of PFD in the general population [33]. Evidence to
date has shown promise for pelvic floor therapy for PFD in
the gynecologic cancer population as well. A pilot study by
Yang et al. in predominantly cervical cancer survivors found
that a pelvic floor rehabilitation program improved pelvic
floor strength, sexual desire, sexual function, pain, and physi-
cal function compared to a control group [34]. Rutledge et al.
also demonstrated that urinary incontinence in gynecologic
cancer patients improved with a combination of pelvic floor
exercises and behavioral training compared to a control
group [35].

Renal Cancer

Kidney cancer is a common cancer, ranking in the top 10 for
both men and women with close to 90% of these being renal
cell carcinoma (RCC). Kidney cancer carries a generally
favorable prognosis with 75% 5-year survival rate across all
stages. This number increases to 93% with disease that is
localized. This section will identify two key rehabilitation
needs in this population, though as with all cancer survivors,
those treated for RCC may develop impairments based on
how advanced their disease is and the oncologic treatment
rendered (Table 5.4).

Sarcopenia is a common problem in renal cell carcinoma
and is an independent predictor of overall survival [36].
Additionally, sarcopenia has been associated with targeted
therapies for renal cell carcinoma, particularly tyrosine
kinase inhibitors targeting the Vascular Endothelial Growth
Factor (VEGF) and Mammalian Target of Rapamycin
(mTOR) pathways [37]. There is limited data looking at the
impact of rchabilitation and exercise on the effects of
sarcopenia in RCC. Monfardini et al. reported that in patients
with genitourinary cancers, including RCC, only 25% of



80 M. Fediw and S. Smith

TABLE 5.4 Agents used in renal cancer and their toxicities

Common treatments Common toxicities

Tyrosine kinase inhibitors HTN, nausea, asthenia, bleeding,

(axitinib, pazopanib, arthralgia, elevated liver enzymes,

sorafenib, sunitinib) electrolyte disturbance, cardiac
dysfunction

CTLA-4 inhibitor Fatigue, pruritis, dermatitis, rash, colitis

(Ipilimumab)

PD-1 inhibitor Elevated liver enzymes, electrolyte

(Nivolumab) disturbance, rash, musculoskeletal pain,
nausea

VEGTF inhibitor

(Bevacizumab)

Key: CTLA-4 human cytotoxic T-lymphcyte antigen 4, PD-I pro-
grammed cell death-1 protein, VEG-F vascular endothelial growth
factor

patients experiencing difficulty with ADLs and 10% of
patients experiencing difficulty with IADLs were being
referred for rehabilitation. This suggests that functional needs
and muscle loss may be overlooked in patients with RCC.
Shmid et al. found that moderate to vigorous activity was
associated with decreased mortality in RCC patients. A small
pilot study by Rosenberger showed that a machine-based
resistance program was feasible, safe, and increased strength
in patients with RCC. This would suggest that a guided exer-
cise plan should be incorporated into the treatment of
patients with RCC.

A common site of RCC metastases is the bony spine.
Lipton et al. showed that Zoledronic acid decreases the risk
of skeletal-related events in patients with metastatic
RCC. Conventional radiotherapy has traditionally been
associated with poor control of spinal metastases from RCC,
but more recent development of stereotactic radiosurgery
(SRS) has resulted in improved treatment of spinal disease
and painful metastases. While SRS has improved pain and
local control of spinal metastases, vertebral compression
fracture after SRS has been reported to be 16-275% [38].
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This underscores the need for providers to discuss spinal
precautions with patients who have vertebral metastases
regardless of pain.
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Chapter 6

Rehabilitation of
Individuals with Head

and Neck Cancers

Alba Azola and R. Samuel Mayer

Case Presentation
A 70-year-old man presents to your office with TINI stage 111
laryngeal cancer. He is a smoker with mild COPD. He is start-
ing chemotherapy and radiotherapy, and is scheduled to have
a laryngectomy and radical neck dissection in 3 weeks.

What further information do you need to know in order to
plan his rehabilitation? What complications and impairments
might you anticipate?

Anatomic Regions

In order to rehabilitate patients with head and neck cancers
(HNC), physiatrists should familiarize themselves with the
basic anatomy of the region. Cancers of the head and neck
encompass lesions at oral cavity, pharynx, larynx, salivary
glands, and paranasal sinuses. The location and origin of the
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Head and Neck Cancer Regions

" Nasopharynx

Pharynx— Oropharynx:

__Hypopharynx

FIGURE 6.1 Picture in cancer rehabilitation. Page 305, Fig. 22.1 [1]

tumors is critical for staging, treatment plan, and manage-
ment, as well as impairment profile. Figure 6.1 shows a dia-
gram of the main regions in the head and neck (H&N).

Epidemiology and Survival

Cancer of the head and neck represents 5.6% of all cancers in
the United States [2], and it predominantly affects males, with
an M:F ratio of 3:1 [3]. There has been a steady rise in the
incidence of head and neck cancers over the past decade and
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this trend will continue in both developed and underdevel-
oped countries to the year 2030 [4].

The main etiologies in head and neck malignancies are
exposure to tobacco products, alcohol consumption, and
viral etiologies such as human papilloma virus in oropha-
ryngeal cancer and Epstein-Barr virus in nasopharyngeal
cancer.

The vast majority of malignancies involving the lip, oral cav-
ity, and pharynx are squamous cell carcinomas. Approximately
500,000 new cases of head and neck squamous cell carcinoma
are reported worldwide every year, and 40,000 of these are
diagnosed in the USA [5]. Over the past two decades, there has
been a shift in the primary site distribution, with an increase in
oropharyngeal cancers and a decrease in tumors located in the
larynx and hypopharynx. Parallel with this change of preva-
lence in primary sites, we have observed a shift on the risk fac-
tor profile, with an overall decrease in smoking and the
identification of high-risk oncogenic human papilloma virus as
a risk factor for oropharyngeal tumors.

The HPV positive oropharyngeal cancer patients tend to be
middle age (<60 years old), non-smoking, Caucasian males of
higher socioeconomic status with a history of multiple sexual
partners. The prognosis for the HPV positive patient is sub-
stantially better, with a 2-year overall survival of 94% versus
58% in the HPV negative tobacco related cancers [6]. This has
driven major changes in the 2017 head and neck cancer staging
manual, including distinct staging systems for HPV+ (p16+)
and HPV- tumors with corresponding improved prediction of
survival; incorporation of depth of invasion of oral cavity
lesions to the T designation; and addition of extra nodal exten-
sion to the N pathologic criteria [6]. See Tables 6.1 and 6.2.

The S-year Cumulative Index Function (CIF) of cancer-
specific mortality of squamous cell carcinomas of head and
neck is 26.7%, while the competing mortality (deaths from
other causes) adds another 12.7%; hence overall survival is
60.6% [7].
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TABLE 6.1 Anatomic stage and prognostic groups for human papil-
loma virus-associated (p-16 positive) oropharyngeal cancer

T Category N Category

NO N1 N2 N3
TO NA I 11 111
T1 I I 11 111
T2 I I 11 111
T3 II II II 111
T4 111 111 111 111

*Any evidence of metastasis is Stage VI

Adapted from Deschler DG, Moore MG, Smith RV, eds. Quick
Reference Guide to TNM Staging of Head and Neck Cancer and Neck
Dissection Classification, 4th ed. Alexandria, VA: American Academy
of Otolaryngology—Head and Neck Surgery Foundation, 2014

TABLE 6.2 Anatomic stage and prognostic groups for nonhuman
papilloma virus-associated (p-16 negative) oropharyngeal cancer
T Category N Category

NO N1 N2#be N3
T1 1 III IVA IVB
T2 11 111 IVA IVB
T3 111 III IVA IVB
T4a IVA IVA IVA IVB
T4b IVB IVB IVB IVB

*Any evidence of metastasis is Stage VIC

Adapted from Deschler DG, Moore MG, Smith RV, eds. Quick
Reference Guide to TNM Staging of Head and Neck Cancer and Neck
Dissection Classification, 4th ed. Alexandria, VA: American Academy
of Otolaryngology—Head and Neck Surgery Foundation, 2014

Location-Specific Functional Impairments

The result of these epidemiologic changes in the head and neck
cancer population is a growing number of younger survivors at
risk of significant impairments associated with the disease pro-
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cess itself and treatment toxicities, highlighting the importance
of functional preservation. The loss, or reduction, of function
associated with head and neck malignancies and its treatment
toxicities have a profound impact on the survivor’s quality of
life. A multicenter international study looking at functional
outcomes in H&N cancer patients revealed that the most com-
mon patient-reported impairments are disfigurement (82%),
dysphagia (75%), and changes in articulation (67%). These
restrict basic functions, such as the ability to ingest food and
communicate with others, as well as participate in leisurely and
community activities [S]. Other common reported complaints
affecting quality of life include dysphonia, trismus, xerostomia,
dental cavities, tracheostomy tube dependence, neck and
shoulder dysfunction, neuropathy, and lymphedema.

Impairments can be categorized by the etiology of the
deficits including those caused by the primary tumor, meta-
static disease, and acute and chronic treatment side effects.
The deficits associated with the primary tumor will depend
on its anatomical location, size, and degree of loco-regional
spread. Impairments commonly involve oral and/oropharyn-
geal dysphagia, changes in articulation, resonance, phonation,
localized and referred pain, vocal cord dysfunction, and hear-
ing loss. See Table 6.3.

TaBLE 6.3 Primary tumor location specific consideration and impair-
ments in head and neck cancer

Site-specific Functional
Location consideration impairment
Lips, oral cavity, Early diagnosis due to Oral swallow
oral tongue visibility (i.e., routine (bolus preparation
dental evaluation) and oral control of
Sensory impairments bolus)
can further limit Speech
functional recovery (articulation)
Dental rehabilitation Xerostomia
Osteoradionecrosis secondary to
after radiation to
Radiation to the salivary glands
mandible

(continued)
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TaBLE 6.3 (continued)

Site-specific Functional
Location consideration impairment
Oropharynx and  Trismus secondary to Oral and

base of tongue pterygoid involvement
or fibrosis
Velopharyngeal
insufficiency from
involvement of soft
palate
Fibrosis to upper
esophageal sphincter
from radiation
treatment
Pain (referred to ear
and neck)

Nasopharynx Mainstay of treatment
is radiation, with wide
field, including brain
Lhermitte syndrome
can be seen post
radiation
Osteoradionecrosis of
skull base
Bulbar palsy as late
effect of radiation

Laryngeal Total laryngectomy
associated with good
swallowing outcome
and serviceable voice
(electrolarynx or
tracheoesophageal
prosthesis)

Radiation associated
with laryngeal edema
and fibrosis as well as
restricted laryngeal
movement

pharyngeal swallow
(bolus propulsion,
poor pharyngeal
contraction, UES
dysfunction)
Trismus (decreased
range of motion of
jaw)

Speech
(articulation, hypo/
hypernasal speech)
Xerostomia
secondary to
radiation to
salivary glands

Nasal regurgitation
(velopharyngeal
insufficiency)
Hyponasal speech
Neurocognitive
deficits

Hearing loss
(eustachian tube
involvement)

Pharyngeal
dysphagia (airway
protection
compromised
with high risk of
aspiration)
Hypophonia/
dysphonia

Vocal cord
dysfunction, glottic
compromise
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TABLE 6.3 (continued)

Site-specific Functional
Location consideration impairment
Hypopharyngeal  Higher risk of Pharyngeal
metastasis dysphagia (outlet
Strictures with stenosis obstruction,
of upper esophagus poor pharyngeal
contraction)
Vocal cord
dysfunction

The presence of loco-regional spread to cervical lymph
nodes has a strong negative effect on prognosis and increased
disease recurrence in the head and neck cancer patient.
Furthermore, finding extracapsular spread (ECS) in the
involved lymph nodes decreases the 5-year survival from 70%
t0 27% [8]. ECS is a biological marker of aggressive disease and
one of the most important prognostic markers, leading to con-
sideration of aggressive multimodal treatment in its presence.

Treatment-Specific Functional Impairments

Treatment of head and neck cancer varies by tumor histology,
location, and staging. However, most of the regimens involve
combinations of chemotherapy, radiation therapy, and sur-
gery. Many of the protocols involve giving chemotherapy
and/or radiation prior to surgical resection, unlike protocols
for most other cancers, where chemotherapy or radiotherapy
occur after resection.

Chemotherapy Side Effects

The most common chemotherapeutic regimen for squamous
cell head and neck cancer is a combination of cisplatin and
fluorouracil. Cisplatin can cause fatigue, peripheral neuropa-
thy, myalgia, vision changes, and gout, as well as alopecia, renal
impairment, and myelosuppression. In rare cases, strokes and
reversible posterior leukoencephalopathy have been reported.
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Fluorouracil also causes fatigue, myelosuppression, and alope-
cia, but also causes a lot of acute gastrointestinal side effects
(nausea, vomiting, diarrhea, and mucositis), and more rarely
cardiotoxicity and cerebellar ataxia. Taxanes are also used
with some frequency, and can cause peripheral neuropathy as
well as arthralgia and myalgia. Pembrolizumab is a newer
immunotherapy agent being used off-label for head and neck
cancers. It also can cause fatigue, musculoskeletal pain, and in
rare cases peripheral neuropathy. It has the potential to cause
immune-mediated syndromes, including Stevens-Johnson syn-
drome and myasthenia gravis.

Radiation Therapy

Radiation fibrosis can occur in the field of treatment. It
can manifest as pulmonary fibrosis when the lungs are
involved, but also cause fibrosis of skin, soft tissue, and
muscle. This can lead to torticollis and trismus, and cause
significant pain. Abnormal jaw, neck, and shoulder motion
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can result. Treatment of this can include range of motion
exercise, taping, bracing (Fig. 6.2). Pentoxifylline with
vitamin E has shown some promise in reducing symptoms
[9]- In some cases, treatment with botulinum toxin injec-
tions may help [10].

Dysphagia occurs in approximately 75% of HNC patients,
and is especially associated with radiation therapy (although
local tumor burden and surgical resection also influence this). It
can occur early in the course of the disease or can be late in
onset. A recent study [11] demonstrated that prophylactic treat-
ment with gabapentin during radiotherapy significantly
decreased the subsequent incidence and severity of dysphagia.

Surgery

Surgical resections can result in significant impairments
depending on the location and extent of the operation.
Nasopharyngeal resections can be quite disfiguring, with
resultant emotional distress in many cases. Glossectomy for
tongue cancers may result in significant oral phase dysphagia
if anterior, and oropharyngeal dysphagia if posterior. It also,
of course, causes dysarthria. Laryngectomy is disfiguring, and
causes aphonia or dysphonia. This can be mitigated with elec-
trolarynx devices or with tracheo-esophageal prostheses. The
latter requires surgical creation of a tracheo-esophageal fistula
and placement of a one-way valve that allows air to move into
the esophagus allowing the patient, with proper training, to
produce speech. In cases where lymph node metastasis occurs,
a radical or modified radical neck dissection may be indicated.
This can involve resection of the sternocleidomastoid, with
resultant limitation in range of motion. The recurrent laryn-
geal nerve may be damaged or sacrificed, with resultant
severe dysphagia and dysphonia. The spinal accessory nerve
also lies in close proximity, and injury of it will lead to infero-
lateral winging of the scapula due to trapezius weakness. This
results in shoulder pain, weakness, and limited range of
motion. Early intervention with physical therapy as well as
electrical stimulation and taping of the scapula has been
showed to improve shoulder functional outcomes [12].
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Social Participation Restrictions

Taylor et al. [13] identified treatment with chemotherapy, neck
dissection, and pain score as factors that increased the odds of
disability, and estimated that 52% of patients working before
diagnosis were able to return to work. A second study looking
at return to work for H&N cancer patients younger than 65
years-old found that 71% of those working prior to diagnosis
retuned to work within 6 months of end of treatment, empha-
sizing age and level of education as favorable factors [14].

Case Presentation Continued...

Our patient underwent “prehab” prior to his surgery with
speech and physical therapy, he also took gabapentin during
his radiation treatments. Unfortunately, he had involvement of
his recurrent laryngeal and spinal accessory nerves and has
dysphagia as well as scapular winging and limited neck range
of motion. He continues to work with PT and SLP. He has an
electro-larynx, and is considering a TE prosthesis. Due to his
social anxiety with his appearance, you have referred him to
psychology. He is very grateful for the rehab team’s efforts.

Multiple Choice Questions

1. What percent of cancers does cancer of the head and neck
represent?

A. 1-5%

B. 5-10%
C. 10-15%
D. 15-20%
E. 20-25%

2. Which of the following is/are risk factor(s) for head and
neck cancer?

A. Tobacco use

B. Epstein Barr virus

C. Human papilloma virus
D. Alcohol use

E. All of the above
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3. What is the significance of extracapsular spread in head
and neck cancer?

A. Symptoms of hearing loss more likely
B. Increases the 5-year survival

C. Biologic marker of aggressive disease
D. Does not affect prognosis

4. Which chemotherapy agent used in head and neck cancer
causes fatigue, peripheral neuropathy, myalgia, vision
changes, and gout?

A. Fluorouracil

B. Cisplatin

C. Pembrolizumab
D. Pentoxifylline

5. What supportive devices are available post-laryngectomy?

A. Electrolarynx

B. Scrambler therapy

C. Tracheo-esophageal prosthetic
D. Aand C

Answers

AN
gwamw
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Chapter 7

Cancer of the Lymphoid,
Hematopoietic,
and Related Tissue

Diana Molinares, Sara Parke, and Ekta Gupta

Introduction

Cancers of the lymphoid, hematopoietic, and related tissues
are also known as blood cancers. Blood cancers are often
characterized by the uncontrolled proliferation of abnormal
blood cells, which reduces the production of normal blood
cells and impairs blood function [1]. Blood has many impor-
tant functions including transporting oxygen to the vital
organs, carrying waste products to the liver and kidneys for
disposal, forming clots, fighting infection, and regulating body
temperature. According to the American Society of
Hematology, blood cancers can be classified into three types:
leukemia, lymphoma, and myeloma [2] (Table 7.1).

Blood is a body fluid that is primarily made up of two com-
ponents, plasma (55%) and blood cells (45%) [2]. Blood stem
cells differentiate into either myeloid or lymphoid stem cells
as depicted in Fig. 71, and then into committed progenitors.
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Ficurk 7.1 This figure depicts the hematopoietic stem cell tree, with
differentiation into each mature cell as discussed above [4]

Myeloid stem cells differentiate into red blood cells, platelets,
and myeloblasts which produce granulocytes (eosinophils,
basophils, and neutrophils). Lymphoid stems cells differenti-
ate into lymphoblasts, which then produce B lymphocytes
(B-cells), T lymphocytes (T-cells), and natural killer cells
(NK-cells). White blood cells are granulocytes, NK-cells,
T-Cells, and B-cells [3]. When infection is present, B-cells
transform into plasma cells, which produce antibodies [3].

Leukemia

Leukemia results from an abnormal proliferation of blood
cells. Depending on which cell line the abnormal cell origi-
nates from, the leukemia is named (i.e., Myeloid = acute
myeloid leukemia, B or T cell = acute lymphoblastic leuke-
mia). In Western countries, chronic lymphocytic leukemia
(CLL) is the most frequently seen leukemia and is approxi-
mately 30% of all leukemias in the United States. Meanwhile,
acute lymphoblastic leukemia (ALL) is the most common
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malignancy in children and it is very uncommon in adults [5].
Patients can present with the effects of the decreased count of
normal blood cell lines (leukopenia, anemia, and thrombocy-
topenia) as they are being replaced by leukemic blast forms.
The goal of the oncological treatment is to decrease the counts
of blast cells in the peripheral blood and bone marrow.

Lymphomas

Lymphomas are lymphoproliferative disorders derived from
the lymphoid stem cell. Also identified by their cell lineage,
mature B-Cell, T-cell, and Natural Killer-cell neoplasms can
be of several types [6]. There are some with no strict normal
cellular counterpart, such as hairy cell leukemia, and others
with genetic aberrations [6]. Clinical features often include
painless, swollen lymph nodes, mediastinal mass, fever, night
sweats, pruritus, weight loss, and fatigue.

Myeloma

Myeloma is a proliferative disorder of plasma cells [7]. Similar to
plasma cells, myeloma cells make antibody-like proteins called
monoclonal proteins or M-proteins [3]. Unlike antibodies, how-
ever, M-proteins are produced in an uncontrolled fashion and do
not effectively target infectious agents. Myeloma cells are pro-
duced in the bone marrow and travel through the blood stream
where they collect at multiple sites [8]. Uncontrolled prolifera-
tion of myeloma cells has many deleterious effects, including:
reduced production of normal antibodies, which increases the
body’s vulnerability to infection; increased production of abnor-
mal antibodies, which leads to hyperviscosity and organ damage,
particularly renal dysfunction; and increased bone destruction,
which causes pain and fractures [8]. Commonly ordered labora-
tory tests include serum free light-chain assay, serum protein
electrophoresis (SPEP) and urine protein electrophoresis
(UPEP), bone marrow aspirate, and biopsy, and commonly
ordered imaging includes whole body MRI, CT without contrast,
or PET/CT [3]. See Table 72 for details.
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Exercise in Hematopoietic Cell Transplant
Patients

Although more research is needed to determine the intensity
and type of exercise recommended in patients with hemato-
poietic cancer-related fatigue, exercise is believed to improve
fatigue, mood, sleep and functional capacity [16-18]. Some of
the benefits of exercise on the treatment of cancer-related
fatigue are believed to be secondary to decreased inflamma-
tion [16, 19]. Exercise is especially important for patients
undergoing hematopoietic cell transplant as a minimum
functional level is required to undergo a transplant. See
Table 73 for details. In these cases, exercise to combat the
effects of cancer or its treatment may be considered preha-
bilitation for transplant surgery. (See Chap. 1 for the defini-
tion of prehabilitation.)

Clinical Case

An 8l-year-old man presents with the history of monoclonal
gammopathy of undetermined significance (MGUS), initially
diagnosed at age 66. He remained under observation for
2 years before his disease progressed to multiple myeloma
(MM). He then underwent radiation to the skull and femur
followed by a course of chemotherapy with thalidomide and
dexamethasone. He also underwent an autologous stem cell
transplant without lasting functional impairment. At age 71,
thalidomide was discontinued due to development of pro-
gressive length-dependent polyneuropathy. He had numb-
ness and reduced proprioception in the feet that required him
to use a walker. Nonetheless, he continued to work full-time
at a job that required frequent airplane travel. At age 80, he
returned with sudden-onset bilateral leg weakness and incon-
tinence. He was found to have a biopsy-confirmed plasma cell
neoplasm at T9 with resulting Bilsky grade 3 cord compres-
sion. He was also found to have a pulmonary embolism
requiring therapeutic anticoagulation. He was not a surgical
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candidate and underwent intensity-modulated radiation ther-
apy (IMRT) for 13 fractions. During his radiation treatment,
he was transferred to acute inpatient rehabilitation for man-
agement of the sequela of spinal cord injury. His rehabilita-
tion admission was interrupted by complications related to
fungal pneumonia. He was then discharged from the acute
oncology service to a skilled nursing facility until his activity
tolerance improved to 3 hours per day.

Two months after his presentation with cord compression,
the patient underwent posterior segmental instrumentation
and fusion of T8-11 for definitive stabilization of the spine.
Four days later, he returned to acute inpatient rehabilitation.
At that time, his bowel and bladder function had fully recov-
ered as well as his lower extremity strength with the excep-
tion of mild symmetrical, proximal weakness likely secondary
to steroid myopathy. He continued to have symptoms of
length-dependent polyneuropathy that was stable. He
remained on acute inpatient rehabilitation for one week. At
the time of discharge, he had progressed to a modified inde-
pendent level for ambulation with a walker and was indepen-
dent with ADLs.

Multiple Choice Questions

1. Which sequela of multiple myeloma, represented by the
acronym “CRAB’ are important to consider when devel-
oping a rehabilitation program for this patient
population?

A. Cancer Related fatigue, Anemia, Back pain

B. Hypercalcemia, Renal failure, Agitation, Back pain
C. Hypercalcemia, Renal failure, Anemia, Bone lesions
D. Colonic fissure, Renal failure, Agitation, Bone lesions

2. Lymphoma can present with which of the following?

A. Painless swollen lymph nodes
B. Mediastinal mass

C. Unexplained weight loss

D. All of the above
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. A lymphoma patient undergoes a stem cell transplant and
the therapist asks you what activities are okay to do as his
platelets are 12,000 platelets/pL. Your response is:

A. You can do all exercises as tolerated

B. You can do all aerobic exercises but no resistance
exercises

C. You can only do bed/chair exercises, no resistance
exercises

4. Which of the following treatments is recommended to

improve fatigue, mood, sleep, and functional capacity:

A. Methylphenidate
B. Trazodone

C. Exercise

D. Amantadine

. Which of the following is not a contraindication for physi-
cal or occupational therapy?

A. Platelets of 40,000/pL

B. White blood cell count of 2000/pL
C. Hemoglobin of 6.5 g/dL.

D. Lytic lesions of the hips

Answers

Nk LD =
>QwWwgn
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Chapter 8

Cancer of the Bone
and Connective Tissue

Mathew J. Most and John Haskoor

Introduction

Musculoskeletal tumors may have the greatest potential to
affect function. The treatment of orthopedic tumors often
requires surgical procedures that significantly alter the limbs.
Frequently, a multidisciplinary approach with intense reha-
bilitation is required in this population.

Principles of Evaluation and Treatment

Histologic diagnosis generally determines treatment options
for bone and soft tissue tumors. The goal of musculoskeletal
biopsy is to obtain an adequate specimen for diagnosis while
keeping contamination to a minimum. Percutaneous methods
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exist, such as fine needle aspiration and core biopsy. Core
biopsy provides the advantage of obtaining a representative
section of tumor where cellular architecture can be evaluated.
Lesional tissue can also be obtained as an incisional biopsy
(limited incision to access tumor) or excisional biopsy (larger
incision with goal to remove grossly visible mass).

It is recommended that the biopsy incision be placed in the
area of planned definitive resection. The compartmentalized
nature of the appendicular musculoskeletal system provides
the advantage of having separated groups of muscles that are
invested with thick fascia to eliminate contamination of sur-
rounding tissue and neurovascular structures. Any biopsy
tract or associated hematoma is considered contaminated
with tumor cells. Therefore, biopsies should always be per-
formed through the compartment that has the tumor to avoid
contamination of surrounding tissue.

Definitive resection of the tumor can be described in
four main ways, as originally described by Enneking [1].
Intralesional resection removes a portion of the gross speci-
men with visible tumor tissue left behind. Marginal resec-
tion removes the mass en bloc at the interface between
gross tumor and surrounding reactive tissue. Wide resec-
tion extends the margin around the gross mass into normal
appearing tissue but preserves the compartment. Radical
resection removes the lesion with its entire surrounding
compartment en bloc. Clearly, the extent of resection will
not only have a significant effect on risk of local recur-
rence of disease, but will impact the patient’s recovery and
rehabilitation.

Limb Salvage Versus Amputation

The primary goal of musculoskeletal tumor surgery is to
obtain an adequate resection with negative margins to
reduce the risk of local recurrence and/or distant spread.
Secondary goals include preserving patient function and
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cosmesis. Imaging studies are critical to help plan an appro-
priate resection, and histologic evaluation must be used to
confirm complete removal of tumor.

There are many options for limb salvage in tumors of the
long bones. Tumors located in the diaphysis or metaphysis
can be resected en bloc and reconstructed with allograft
bone, autograft bone, endoprostheses, or combinations of
these techniques. Technological improvements in implants
have allowed for a variety of modular components that can
be used to fill defects in a semi-custom manner and provide
a functional joint. Additionally, image guidance, robotic
assistance, and patient-specific cutting guides are available
to ensure accuracy of resection with reduced destruction
of healthy tissue by using preoperative imaging to plan
resection.

Contraindications to limb salvage include inability to pre-
serve critical neurovascular structures due to tumor involve-
ment that would otherwise leave a poorly or nonfunctional
limb. A relative contraindication to limb salvage is gross
contamination of the joint with tumor. Traditionally, in skel-
etally immature patients, involvement of the physis was seen
as a contraindication to limb salvage because of issues with
growth arrest. Current treatments that address this problem
include expandable growth endoprostheses, which can aid in
continued lengthening of a limb after tumor resection.

When metastatic tumors, lymphoma, or multiple myeloma
are causing significant pain in regions that involve signifi-
cant difficultly and morbidity to reconstruct and support,
percutaneous cementoplasty may be indicated for pain
relief during chemotherapy and radiation. Cementoplasty
refers to the percutaneous administration of bone cement to
reinforce osteolytic lesions to relieve pain. This procedure is
indicated for painful osteolytic masses in weight-bearing
regions of the skeleton such as the spine, sacrum, acetabu-
lum, and pelvis [2].

When limb salvage is not likely to yield clear margins or
spare function, amputation may be indicated. The goal of
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TaBLE 8.1 Energy expenditure above baseline for lower extremity
amputees

Amputation level Energy expenditure above baseline (%)
Long transtibial 10
Syme 15
Short transtibial 40

Bilateral transtibial 40

Transfemoral 65

amputation is to amputate at the most distal level possible
while ensuring complete removal of malignant tissue.
Table 8.1 shows the increase in energy expenditure associated
with different amputation levels compared to baseline [3].
Though most of this data refers to traumatic or vascular
amputees, it still provides a valuable reference point.

A variety of prosthetic devices exist. In order to deter-
mine the appropriate prosthesis, the Centers for Medicare
and Medicaid Services (CMS) developed a scoring system
to assess the rehab potential of lower extremity amputee
patients. These K levels are determined by the treating phy-
sician and determine the types of prostheses that will be
reimbursed based on functional ability. Table 8.2 shows
descriptions of K levels developed by CMS [4].

Cancer of the Bone, Cartilage, and Soft Tissue

Primary malignant tumors of the bone are relatively rare.
When a tumor is identified within the axial or appendicular
skeleton in a patient over 40 years of age, it is much more
commonly secondary to distant metastasis, lymphoma, or
multiple myeloma.
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TaBLE 8.2 Lower limb prosthesis functional levels (K Levels)

K Level Description

0 This patient does not have the ability or potential to
ambulate or transfer safely with or without assistance
and a prosthesis does not enhance their quality of life or
mobility.

1 Has the ability or potential to use a prosthesis for transfers
or ambulation on level surfaces at fixed cadence. Typical of
the limited and unlimited household ambulator.

2 Has the ability or potential for ambulation with the
ability to traverse low-level environmental barriers such
as curbs, stairs, or uneven surfaces. Typical of the limited
community ambulator.

3 Has the ability or potential for ambulation with variable
cadence. Typical of the community ambulator who has
the ability to traverse most environmental barriers and
may have vocational, therapeutic, or exercise activity that
demands prosthetic utilization beyond simple locomotion.

4 Has the ability or potential for prosthetic ambulation that
exceeds basic ambulation skills, exhibiting high impact,
stress, or energy levels. Typical of the prosthetic demands
of a child, active adult, or athlete.

Metastatic Bone Tumors

The treatment and prognosis of metastatic tumors of the
bone is dependent on the primary source of the tumor. Bone
is the fourth most common site of metastatic disease follow-
ing lymphatics, lungs, and liver [5]. Metastatic lesions of the
bone typically present as a gradual aching pain of a long
bone associated with weight bearing. Other metabolic
abnormalities such as hypercalcemia may be the first sign of
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bony metastasis. Advanced age is a risk factor. Patients may
or may not have a history of an associated primary malig-
nancy, and even in patients with known malignancy biopsy
can be warranted to definitively rule out a primary bone
tumor [6].

The most common primary solid organ tumors resulting in
bone metastasis are breast, lung, thyroid, kidney, prostate, and
melanoma. Multiple myeloma is an example of a hematopoi-
etic malignancy that results in diffuse bony metastatic dis-
ease. Radiation may be used as primary or adjuvant treatment
of bone metastasis. Table 8.3 shows the typical appearance,
survival, and radiosensitivity of the common metastatic
tumors of bone.

Surgical treatment of metastatic bone lesions is indicated
for treatment or prevention of fracture and to maintain
mobility in cancer patients. Factors that suggest impending
fracture or require surgical intervention in the lower extrem-
ity, for example, include >50% cortical destruction, a femoral
lesion greater than 2.5 cm in diameter, an avulsion fracture of
the lesser trochanter, or persistent pain in the hip area
4 weeks following the completion of radiation therapy [7].
Each case needs to be individually evaluated for potential for
pathologic fracture, but scoring systems do exist to help

TaBLE 8.3 Characteristics of common bone metastatic tumors

Typical S-year
radiographic survival w/
Primary appearance distant mets Radiosensitivity
Breast Mixed 23.8 e+
Lung Lytic 3.7 4+
Thyroid Lytic 53.9 4t
Kidney Lytic 11.6 -
Prostate Blastic 278 -

Melanoma  Lytic 15.1 ++
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TaBLE 8.4 Mirels’ Score for prediction of pathologic fracture

Size
(fraction
of bone
Score Location Appearance  width) Pain
1 Upper Blastic <1/3 Mild
extremity
2 Lower Mixed 1/3 to 2/3 Moderate
extremity
3 Peritrochanteric ~ Lytic >2/3 Functional

*Surgical treatment recommended for score >9 and considered if =8

assess the risk of pathologic fracture. Table 8.4 illustrates the
scoring system developed by Mirels to assign a score to a
metastatic bone tumor to predict risk of fracture [8]. Not sur-
prisingly, lesions that are larger, more painful, and associated
with bony destruction have a higher risk of fracture and
therefore warrant prophylactic treatment. Prophylactic treat-
ment is preferred compared to treatment of a pathologic
fracture because of decreased morbidity, decreased surgical
time and blood loss, lower postoperative opioid requirements,
improved rehab potential, and a higher rate of discharge to
home versus a facility.

Mechanical load of the involved area must be considered
when determining precautions. The proximal femur is the
most common site of mechanical failure under continuous
axial and torsional stresses. Sixty-five percent of all fractures
that require surgery are in the femur. When the fracture
involves the femoral head or neck, bone resection and pros-
thetic replacement is the preferred treatment. Although not a
“weight bearing bone,” the humerus is at high risk of fracture
because of rotational forces from muscle. The decision to use
an intramedullary nail is based on prognosis of the primary
disease process, longer postoperative survival is the most
important risk factor for eventual implant failure.
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An ambulatory aid is recommended when there is activity-
related pain and a radiographic lesion. A cane, crutches, or a
walker can be prescribed depending on the functional status
and comorbidities of the patient. Protected weight bearing
should continue until fracture union.

Primary Bone and Soft Tissue Tumors

Primary malignant bone and soft tissue tumors are far less
common than metastatic disease to bone. Table 8.5 character-
izes common primary bone and soft tissue malignancies
including characteristic location, age group, metastatic poten-
tial, survivorship, and treatment.

There are also benign bone tumors that may behave in a
locally aggressive fashion and can even metastasize [16].
Giant cell tumor of the bone can form a locally destructive
lytic lesion typically in the metaphyseal region of long bones,
occurring commonly around the joint (particularly the knee)
[17]. Giant cell tumors may also metastasize to lungs, so
workup must include imaging of the lungs. Treatment usually
involves intralesional curettage and removal of tumor tissue
from the bone. Typically, adjuvant treatment within the void
left after tumor resection in the form of liquid nitrogen, phe-
nol, or argon beam can be used to fully eradicate tumor tissue
and decrease risk of recurrence. Often the cavity that remains
after curettage of giant cell tumor of bone must be replaced
with allograft/autograft bone or cement augmentation with
supplemental fixation. Therefore, rehabilitation after treat-
ment of this tumor is similar to fracture care, as weight bear-
ing is often restricted. Focus on maintaining joint range of
motion (both actively and passively) is crucial postopera-
tively. Systemic treatment in the form of denosumab (mono-
clonal antibody against RANKL) can be used in disease
where tumor is in a location that precludes adequate resec-
tion [18].

Posttreatment surveillance of orthopedic tumors is some-
what dependent on the histologic grade of the tumor. In
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general, the American College of Radiology recommends
follow-up imaging every 3-6 months for the first 5 years post
resection and moving the interval to every 6-12 months after
the first 5 years [19]. This may include MRI of the primary
tumor site and CT of chest for lesions that metastasize to
lungs.

Radiation

Metastatic disease to bone is often treated with radiation for
palliation of bone pain regardless of cancer type. Radiation
therapy can be used alone or in combination with surgery
and/or chemotherapy. Types of radiation include external
beam radiation therapy, stereotactic techniques, and brachy-
therapy. Adverse effects vary with the type of radiation and
the tissue exposed. Early side effects may include soft tissue
swelling, skin changes, nausea, fatigue, and low blood counts
[20]. Diarrhea and infertility may occur (if pelvis or abdomen
in field). Late side effects include radiation-induced cancer,
fractures, and radiation fibrosis, which can affect nerves and/
or muscles causing weakness and stiffness [21]. (See Radiation
fibrosis chapter.)

Bisphosphonates and denosumab delay complications,
relieve symptoms, and improve quality of life. Zoledronic
acid (ZA) is the most effective bisphosphonate for the pre-
vention of morbidity. Denosumab is more effective than ZA
for the prevention of skeletal morbidity from solid tumors.
The use of bisphosphonates in women depends on whether
the patient is of childbearing age since these medications do
cross the placenta. Treating the primary cancer is of utmost
importance, and this will vary widely on the type and stage of
disease.

Symptomatic multiple myeloma is treated by hematopoi-
etic cell transplantation (HCT) and/or chemotherapy depend-
ing on eligibility and risk stratification [22]. Dexamethasone
may be used as an adjunct treatment in myeloma patients
ineligible for HCT or patients with metastatic disease getting
radiation. This can also adversely affect bone health.
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FiGure 8.1 Radiographs and MRI of distal femoral lesion

Case Example

A 16-year-old male presented with 2 months of nonspecific
left knee pain. Knee radiographs taken by his pediatrician
showed a destructive lesion in the distal femoral metaphysis.
MRI and oncologic workup was done, which confirmed
localized disease (Fig. 8.1). Incisional biopsy was done, con-
firming diagnosis of osteosarcoma. Because of the extraar-
ticular nature of the lesion, limb salvage surgery was
indicated. After neoadjuvant chemotherapy, he underwent
excision of the tumor and reconstruction with a distal femur
replacement (Fig. 8.2). He remains disease free at 3 years
postoperatively.
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FIGURE 8.2 Appearance after surgical fixation

Conclusion

Musculoskeletal tumors comprise a heterogeneous mix of
pathology affecting multiple age groups and anatomic loca-
tions. Understanding how these tumors are treated allows for
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a comprehensive rehabilitation plan. Fortunately, advances in
technology have improved survival and function after
treatment.

Multiple Choice Questions

1. A 40-year-old male is diagnosed with metastatic bone lesion
from prostate cancer. What is the typical appearance?

A. Blastic

B. Lytic

C. Mixed

D. Both A and B

2. Which of the following amputation levels is associated
with greatest increase in energy expenditure compared to
baseline?

A. Short BKA

B. Syme

C. AKA

D. Bilateral BKA

3. All of the following tumors are radiation sensitive
EXCEPT?

A. Breast

B. Chondrosarcoma
C. Prostate

D. Ewing’s Sarcoma

4. A 74-year-old female with a history of lung cancer is seen
in clinic. She complains of pain with ambulation and hip
motion and has difficulty bearing weight on her right leg.
She is found to have a lytic metastasis to the proximal
femur involving 50% of the bone width. Based on the
Mirels scoring system, what would be her score and recom-
mended treatment?

A. 6 — prophylactic surgery
B. 6 — nonoperative treatment
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C. 7 —nonoperative treatment
D. 10 - prophylactic surgery

5. An 80-year-old male is found to have a lytic lesion of the
femur and undergoes a biopsy. He has no history of malig-
nancy. Which tumor type is most likely to be seen on
histology?

A. Chondrosarcoma

B. Osteosarcoma

C. Metastatic solid organ tumor
D. Giant cell tumor of bone

Answers

lower ext (2) + lytic (3) + one half (2) + functional pain (3)

RN
QO wo »
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Chapter 9

Cancer of the Respiratory
and Intrathoracic Organs

Charles Mitchell, Vishwa Raj, and Terrence Pugh

Introduction

Lung cancer is one of the most common oncological diag-
noses in the USA. Several different pathologies exist, but
all are associated with significant medical comorbidities
with functional implications. The purpose of this chapter is
to review the most common diagnoses of lung cancer,
treatment options, and opportunities for rehabilitative
intervention.
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Pathology

The American Cancer Society’s Surveillance Research esti-
mates the number of new cases of lung and bronchus cancer
in 2018 to be 234,030. The median age of lung cancer diagno-
sis in the USA is 70 years [1]. Lung cancer is frequently diag-
nosed in its later stages, possibly due to a delayed presentation
with overlapping cardiopulmonary symptoms related to
smoking, such as cough or dyspnea. Moreover, almost 40% of
patients diagnosed with early-stage lung cancer are not surgi-
cal candidates due to comorbidities related to smoking, such
as FEV1 <40% [2]. People at high risk for lung cancer include
those with a history of cigarette smoking and second-hand
exposure, as well as occupational hazards including asbestos,
beryllium, uranium, or radon. Screening high-risk individuals
for lung cancer with a low-dose CT chest can reduce mortal-
ity by 20% [3].

Small cell lung cancer (SCLC) represents nearly 13% of
lung cancer cases in the USA and is strongly associated with
smoking. Without mediastinal lymph nodal involvement,
SCLC patients are rarely surgical candidates. Prophylactic
cranial irradiation offers a modest improvement to the 5-year
survival rate due to a high risk of brain metastasis [4]. For
early-stage SCLC, thoracic radiotherapy given alongside che-
motherapies can provide cure in about 30% of patients [5].
However, almost two-thirds of patients diagnosed with SCLC
are already advance stage requiring palliative treatment
goals. Platinum-based chemotherapy has an initial response
rate of almost 70%, but disease recurrence is common and
develops in a median time of 4-5 months. If relapse occurs
after 3 months patients are considered “sensitive” and are
offered salvage therapy to promote a period of progression-
free survival. For example, administration of topotecan has a
response rate of 20%. It is one of the few agents to
demonstrate clinical benefit, but it does not improve overall
survival [6]. The median survival rate for advanced-stage
SCLC is less than a year with treatment and less than
2 months without treatment [7].
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Non-small cell lung cancers (NSCLC) include adenocarci-
noma, squamous cell carcinoma, and large cell carcinoma.
Adenocarcinoma is the most common subtype of lung cancer,
representing around 40% of all cases. Adenocarcinoma is
typically located in the lung periphery and results in distal
metastases to lymph and brain tissue. Never-smokers who
develop lung cancer most frequently present with adenocar-
cinoma. Squamous cell carcinoma is centrally located and
associated with hypercalcemia. Patients typically have a
smoking history, but the incidence is decreasing within the
USA because of tobacco cessation [8]. Large cell carcinoma
represents <5% of NSCLC and is strongly associated with a
smoking history [9]. It has an aggressive clinical course and
poor survival rates even with early-stage disease.

NSCLC is treated according to stage. If diagnosed in the
early-stages, surgical resection or occasionally stereotactic
radiation are curative. Localized lung cancers can be resected
with lobectomy, pneumonectomy, or sleeve resection remov-
ing tumor and bronchus [10]. The overall 5-year survival for
all patients diagnosed with NSCLC is less than 20%. Adjuvant
chemotherapies are used in stage II and III disease after sur-
gical resection due to the high risk of metastasis [11, 12].
NSCLC diagnosed as stage IV are treated with palliative
measures. Surgical resection of tumors beyond stage III is
controversial, but radiotherapy can be considered curative
for stage I1I and palliative for stage IV disease. In advanced-
stage NSCLC, systemic chemotherapy can improve quality of
life and modestly improve survival. Standard chemotherapy
is typically platinum-based with a response rate of 20% and a
median survival of about 9 months [13, 14]. Radiation therapy
is reserved for palliation of symptoms from metastasis, such
as painful bone lesions, neurological dysfunction from brain
lesions, or obstructive lung disease because of lesions to the
bronchus or superior vena cava.

Mesothelioma is uncommon with an incidence of less than
3000 cases annually in the USA [15]. Mesothelioma typically
occurs in the pleura, but can also occur in the pericardium or
peritoneum. The major risk factor for mesothelioma is expo-
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sure to asbestos with a latency period of 40 years before
presentation of the cancer [16]. Median age at diagnosis is
63 years with median survival of stages I-IV ranging from
21 months to 12 months [17]. Clinical symptoms can include
dyspnea from a pleural effusion or pain from tumor invasion
of the pleura. Diagnosis of mesothelioma can be positive in
pleural fluid, needle biopsy, and thoracoscopic biopsy up to
60%, 86%, and 98%, respectively [18]. Staging is performed
with CT of the abdomen and pelvis with contrast, as well as a
PET-CT. Although most patients present with advanced-
stage disease, those diagnosed in early stages are amenable to
multimodal treatment. Surgery alone can provide a median
survival of 11 months. Median survival increases to 20 months
with surgery and chemotherapy or radiation [17].

Common Impairments

Pain

Dyspnea

Fatigue

Cognition

Sleep/wake cycle

Quality of life

Comorbid COPD

Radiation fibrosis

Chemotherapy-induced peripheral neuropathy

Patients who have been treated for lung cancer may pres-
ent with a variety of impairments during evaluation by a
physiatrist at the acute care consultation, inpatient rehabilita-
tion admission, or outpatient clinic appointment. Common
medical considerations associated this diagnosis include anti-
biotics for pneumonia, oxygen needs after treatment for a
pleural effusion, palliative radiation for a painful bone
metastasis, or a painful pleural injury after a tumor biopsy.
Patients frequently have limited exercise tolerance from dys-
pnea and pain. A history of tobacco use may lead to comor-
bidities, such as COPD, cardiac dysfunction, and stroke.
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Chronic smokers are more likely to develop postoperative
pulmonary complications from impaired sputum clearance
and inability to breathe deeply or cough due to pain associ-
ated with surgery. However, improvement of postoperative
pain tolerance is possible if patients stop smoking at least
3 weeks before surgery [19].

Surgical procedures for diagnosis and treatment can result
in significant impairment. Although respiratory muscle weak-
ness is not as prominent in patients undergoing video-assisted
thoracic surgical (VATS) procedures, it remains a significant
source of postoperative pain [20]. For NSCLC, functional
decline after lobectomy or pneumonectomy is manifested as
increased dyspnea, worsening exercise capacity, diminished
physical functioning, and pain [21]. Pain after surgery can be
present in 90% of patients up to 6 years later [22].

Chest wall radiation therapy can cause fibrosis, pleural
pain, pneumonitis, dermatitis, and esophagitis [23]. Radiation
fibrosis can present immediately during the acute phase of
therapy, within 3 months in the early-delayed phase of ther-
apy, or after 3 months in the late-delayed phase of therapy
[24]. The benefits of radiation therapy often outweigh the
risks in patients with unresectable tumors when treating
intrathoracic malignancies. It can also reduce pain and
skeletal-related events in asymptomatic bone disease [25].
Rehabilitation interventions can aid in pain reduction to
improve functional outcomes [21]. Active breathing coordi-
nation may help keep the tumor in the radiation treatment
field and minimize the risk of damaging healthy tissue includ-
ing the heart [26, 27].

Chemotherapy may be prescribed to patients concurrent
with surgery or radiation therapy. Platinum-based chemo-
therapies, such as cisplatin [28] and oxaliplatin [29], may
result in chemotherapy-induced peripheral neuropathy
(CIPN) in up to 85-95% of patients [24]. Newer treatment
regimens, such as nab-Paclitaxel plus carboplatin, have been
shown to have better side effect profiles and reduced rates of
CIPN [30]. CIPN may cause painful sensory changes in the
hands and feet, which can impair sleep and participation with
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exercise. This can also result in proprioceptive changes, and
motor weakness impacts functional independence.

Impaired feeding, eating, walking, breathing, and sleep can
occur throughout the treatment spectrum [31]. In early-stage
NSCLC, impaired quality of life (QOL) results from a decline
in physical function, general health, vitality, sexual function,
and mental health [32]. Lung cancer survivors additionally
reported a decrease in health-related QOL. However, exer-
cise therapies can improve physical function and overall well-
being. The POSITIVE study demonstrated that patients with
inoperable advanced-stage lung cancer improved their physi-
cal functioning, fatigue, muscle strength/endurance, immunity,
and overall well-being with an exercise program and interval
phone calls from a care manager [33].

Evidence for Exercise Throughout Spectrum
of Care

Patients with lung cancer can use exercise and physical and
occupational therapy throughout the course of their disease to
help reduce morbidity and improve their quality of life. The
American Cancer Society (ACS) advises patients to be physi-
cally active during their cancer treatments to prevent muscle
wasting, reduce treatment side effects, and improve overall fit-
ness [34]. Activities should be tailored to the individual based
on the type and stage of cancer, timing with cancer treatment,
and premorbid physical fitness level. Prior to starting any exer-
cise program, patients should consult with their physicians.
Uncontrolled pain, nausea, or vomiting as well as significant
anemia, thrombocytopenia, leukopenia, or electrolyte abnor-
malities should be addressed to optimize safety with activities.
To promote activity tolerance, physicians can additionally tar-
get specific components of physical disability via impairment-
driven rehabilitation. Impairments that frequently limit activity
tolerance include mobility, pain, dyspnea, and fatigue [35].
Presurgical physical therapy or unimodal prehabilitation
has been demonstrated to reduce hospital stay and postop-
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erative complication rates. Using a 4-week prehabilitation
pulmonary program, individuals had shorter length of stay
and shorter duration of chest tubes compared to the control
group, who used breathing exercises only [36]. Because post-
surgical patients demonstrate reduced exercise tolerance and
reduced peak oxygen consumption [37], a structured physical
therapy program could help improve their morbidity.
Significant improvement on pulmonary function tests and
peak oxygen consumption is also noted with exercise [38].

Patients with inoperable lung cancer who are receiving
chemotherapies may also benefit from exercise therapies.
Significant improvement to physiologic and emotional qual-
ity of life measures is noted for Stage III and IV lung cancer
patients who completed aerobic exercise training during che-
motherapy [39]. Tai Chi has been found to reduce fatigue as
measured by reduction of the Multidimensional Fatigue
Symptoms Inventory-Short Form score for individuals receiv-
ing chemotherapy [40].

Home-based exercise programs have also been shown to
be effective for patients with stage IV lung cancer to improve
mobility, fatigue, and sleep quality [41]. Exercise modalities,
such as pulmonary rehabilitation, aerobic exercise, resistance
training, exercise balance programs, and Qi Gong, result in
reduction of fatigue, dyspnea, and depression [42].

When patients progress to survivorship, physical activity
may help reduce the risk of a second cancer or other chronic
disease. The ACS recommends that cancer survivors avoid
being sedentary by returning to normal daily activities as
soon as possible when cleared by a physician. They specifi-
cally recommend regular aerobic exercise for at least 150 min-
utes per week and include strength training exercises at least
2 days per week [34].

Conclusion
Lung cancer diagnoses are very common in the USA. Providers

should anticipate functional impairments associated with
the diagnoses, as well as treatment effects. With appropriate
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rehabilitation interventions, individuals can improve func-
tionality and overall QOL.

Case Study

A 79-year-old female presented with bilateral lower extrem-
ity edema and 2 months of progressive dyspnea on exertion.
She was hypoxic on room air, placed on supplemental oxy-
gen, and transported to a nearby emergency room for further
evaluation. She was experiencing a nonproductive cough,
poor appetite, and mild weight loss. She had a 10 pack-year
history of cigarette smoking.

CT of the chest revealed a large right-sided pleural effu-
sion, several pulmonary nodules, mediastinal lymphadenopa-
thy, and a pericardial effusion. She was admitted the same day
to the cardiology step-down unit. Transthoracic surgery per-
formed a pericardial window and a thoracotomy. Chest tube
was placed and drained 450 mL of serosanguinous fluid. The
cytology was inconclusive for malignancy. Bronchoscopy with
lavage was positive for adenocarcinoma of the lung. After her
bronchoscopy she developed acute respiratory distress and
was anticoagulated for pulmonary embolism diagnosed by
CT angiogram. Medical oncology ordered a PET-CT, reveal-
ing hypermetabolic lesions in the liver, bone, and mediastinal
and hilar lymph nodes (Fig. 9.1), and diagnosed her with
stage IV lung cancer. Radiation oncology recommended 10
fractions to her right hilum and mediastinum prior to initia-
tion of chemotherapy.

Physiatry evaluated the patient for function, care coordi-
nation, and disposition planning. Medical complexity affect-
ing functional status included acute pulmonary embolism,
cancer burden of the lungs and lymphatic system, pleural
effusion, new oxygen requirement, and generalized decon-
ditioning. Prior to inpatient rehabilitation admission, physical
therapy documented gait status at minimume-assist with a roll-
ing walker for 100 feet with several rest breaks due to
decreased endurance and shortness of breath.
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Ficure 9.1 PET-CT revealing hypermetabolic lesions to the right
lung, liver, L4 vertebral body, right iliac bone, and mediastinal and
hilar lymph nodes, as well as innumerable subcentimeter pulmonary
nodules consistent with lymphangitic spread of tumor

The patient made gradual functional improvements at
rehabilitation. Her sleep was impaired due to orthopnea and
she was unable to wean off oxygen. A repeat chest X-ray
revealed reaccumulation of her right-sided pleural effusion
(Fig. 9.2) and she had a PleurX catheter placed for expected
reaccumulation and daily drainage of recurrent malignant
effusion. Improvement was noted after repeat chest X-ray
(Fig. 9.3). Her catheter volumes stabilized at 200 mL daily.
The daughter completed family education for assistance with
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Fiure 9.2 Chest X-ray revealing a recurrent right-sided pleural
effusion

PleurX drainage, as well as safety with ambulation and trans-
fers. She continued to require supplemental oxygen 2 L per
nasal cannula to maintain oxygen saturations above 88%
during physical exertion. Her rehab discharge therapy evalu-
ations improved to modified independent for all ADLs,
including completing a 6-minute walk test with over 400 feet
using a rolling walker. The patient was safely discharged to
home in good functional condition with intermittent supervi-
sion from family available. She had close follow-up planned
with medical oncology to repeat CT imaging after comple-
tion of radiation therapy, and to consider palliative chemo-
therapy given her improvement in functional status. When
followed by physiatry 6 weeks later, she continued 2 L sup-
plemental oxygen per nasal cannula and daily drainage of
her PleurX catheter. The patient denied any recent falls,
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FiGure 9.3 Chest X-ray revealing a significant decrease in right-
sided pleural effusion s/p placement of a PleurX catheter.
Additionally, there is diffuse interstitial nodular pattern within the
lungs which is suspicious for lymphangitic spread of malignancy

reported confidence with car transfers, and continued to per-
form all ADLs modified independent, including ambulation
with a rolling walker. She was deemed appropriate for transi-
tion to outpatient therapies for higher-level balance and
further energy conservation strategies given her upcoming
palliative chemotherapy plan.
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Multiple Choice Questions

1.

The American Cancer Society’s Surveillance Research
estimates the number of new cases of lung and bronchus
cancer in 2018 to be:

A. 2030

B. 23,030
C. 234,030
D. 2,340,030

. The most common subtype of lung cancer is:

A. Mesothelioma

B. Adenocarcinoma

C. Squamous cell carcinoma
D. Large cell carcinoma

. The latency period from exposure to development of

mesothelioma is estimated to be:

A. 4 months
B. 4 years

C. 40 months
D. 40 years

. Nonsmokers who develop lung cancer most frequently

develop:

A. Mesothelioma

B. Adenocarcinoma

C. Squamous cell carcinoma
D. Large cell carcinoma

. The American Cancer Society advises patients to be physi-

cally active during their cancer treatments to:

A. Prevent muscle wasting

B. Reduce treatment side effects
C. Improve overall fitness

D. All the above
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Answers

1
2.
3.
4
5
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Chapter 10
Cancer of the Skin

Grigory Syrkin

Introduction

Skin cancer is the most common malignancy worldwide. In
the United States, among the ten most common cancer diag-
noses, malignant melanoma is the one most rapidly increasing
in incidence. A cancer rehabilitation physiatrist is more likely
to work with populations that are prone to rare skin cancers,
such as Kaposi’s sarcoma, angiosarcoma, and Merkel cell
carcinoma. Beyond managing impairments from local and
systemic skin cancer treatment, a cancer rehabilitation phys-
iatrist can provide lasting impact by mitigating risk factors
implicated in the development of skin cancer.

Epidemiology

The two broadest categories of skin neoplasms are (1)
malignant melanoma (MM) and (2) keratinocyte carcino-
mas (KC), of which there are two subtypes — basal cell car-
cinoma (BCC) and squamous cell carcinoma (SqCC). In the
United States, MM comprises 7% of all new cancer diagno-
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ses in men and 4% in women and represents the most rap-
idly increasing cancer diagnosis among the ten most common
neoplasms [1, 2]. Despite its slow-growing nature, KC is
estimated to consume about 4% of all cancer-related care
costs in the United States, a number that is likely to grow,
since its incidence is expected to rise. Furthermore, even in
industrialized countries with near-universal access to health-
care, such as Germany and the UK, the incidence of KC is
estimated to have risen 30% and is expected to double by
2030 [3, 4].

BCC is the single most prevalent skin neoplasm, compris-
ing about 80% of KC, with a lifetime risk of 33-39% and
23-28% for Caucasian men and women in the USA, respec-
tively [5]. SqCC makes up about 20% of KC cases, or about
1,000,000 new cases in the USA, with about 9000 deaths
per year, a rate that almost quadrupled in the last 25 years
[6]. MM is expected to affect about 96,500 Americans, caus-
ing approximately 7000 deaths. Merkel Cell Carcinoma
(MCC) is a very rare skin neoplasm in the general popula-
tion (estimated at about 1600 per year in the USA), but is
much more common among immunosuppressed patients,
such as those with lymphoproliferative malignancies, and is
the second most common cause of death due to skin cancer
[7]. Other rare skin neoplasms that may be more frequently
encountered in cancer patients include Kaposi’s sarcoma
and angiosarcoma (particularly associated with chronic
lymphedema).

Risk Factors

Ultraviolet (UV) radiation, both naturally occurring and
associated with indoor tanning (IT), older age, fair skin, and
immunosuppression have been implicated in the develop-
ment of all skin neoplasms [2, 5, 6, 8, 9]. Several types of skin
cancer have been linked to viral infections, such as human
papilloma virus for SqCC, Merkel cell polyoma virus for
MCC, and Herpes simplex virus-8 for Kaposi’s sarcoma.
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Smoking has been shown to double the risk of SqCC, worsen
the prognosis of angiosarcomas, but produce no effect on the
incidence of MM or BCC [10-12]. Metastatic potential of
SqCC varies by site, with tumors that arise from nonhealing
wounds or other areas of chronic inflammation having 26%
incidence of metastases [6]. Unlike other major malignancies,
leisure time physical activity does not appear to protect
against skin cancer, most likely due to its relationship with
UV [13].

The importance of photoprotection for the vulnerable
population cannot be overstated — up to 40% of new SqCC
could be prevented through appropriate use of sunscreen
[6] and up to 7% of new MM, 5.2% of BCC, and 7.5% SqCC
cases could be avoided by eliminating use of indoor tanning
(IT) [8]. Furthermore, radiation recall phenomenon (painful
erythema and/or eruption in the previously irradiated
areas) following UV exposure is a well-recognized problem
in the oncologic population, particularly among patients
exposed to methotrexate, gemcitabine, etoposide, and tax-
anes. This warrants counseling regarding photoprotection
[14, 15]. Educating patients at risk, such as those engaged in
outdoor work, is especially important, as those groups are
known to use appropriate photoprotection measures at
lower rates [3].

Treatment and Related Impairments: Early
Stages

Local excision with or without micrography (Mohs’ surgery)
is the primary treatment modality for most types of resect-
able skin cancer. Detailed discussion of all possible impair-
ment scenarios is beyond the scope of this text. When
evaluating a patient for problems potentially related to exci-
sion of a skin neoplasm, the treating cancer rehabilitation
physiatrist should review the operative report (if available)
with awareness of the local anatomy. The margins may range
from 4-6 mm for early BCC and SqCC to 3 cm for MCC with
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surgical bed reaching underlying fascia or periosteum [5, 6, 9].
Additional donor site morbidity should be considered, if the
skin defect requires grafting. In general, impairments can be
related to impaired venous or lymphatic drainage, transection
of cutaneous nerve trunks, or myofascial and tendinous adhe-
sions due to local scarring.

Photodynamic therapy (PDT) for early (in situ) SqCC and
BCC involves topical application of photosensitive agents,
such as S-aminolevulinic acid or methyl aminolevulinate
(MAL), followed by exposure to specific UV wavelengths [6,
16]. Common impairments from PDT include local pain, pho-
tosensitivity, and dermatitis.

Treatment and Related Impairments:
Advanced and Metastatic Disease

Metastatic and locally advanced skin cancers carried a very
poor prognosis prior to the recent advances in immunother-
apy [17]. Treatment of advanced and metastatic skin neo-
plasms typically included cytotoxic chemotherapy drugs
(platinols, taxanes, alkylating agents, anthracyclines, and
anti-metabolites), lymphadenectomy, and localized radio-
therapy, producing significant systemic side effects and
regional morbidity. Some of the commonly encountered
local adverse effects include fibrosis, lymphedema, and nerve
palsies with associated musculoskeletal problems. One
example of this is winged scapula due to spinal accessory
neuropathy following neck dissection. Careful review of
operative and radiotherapy records must be undertaken to
gain insight into potential treatment morbidity, as radiation
doses can be high (66-70Gy) and extend up to 5 cm beyond
the involved area [9]. Recent advances in immunotherapy,
starting with approval of ipilimumab for MM in 2011 dra-
matically changed the prognosis for patients with advanced
skin neoplasms.

Table 10.1 summarizes commonly used treatment modali-
ties and related side effects.
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TaBLE 10.1 Skin cancer treatment modalities and adverse effects

Modality Malignancy Possible adverse effects
Photodynamic therapy Actinic Local photosensitivity
keratosis reaction, incomplete
(precursor), diagnostic information
in situ SqCC,
thin BCC
Mohs’ micrographic Al.l operable  Surgical site morbidity,
surgery skin cancers  jmpaired distal venous or
. lymphatic drai
Standard surgical ymphatic Crainage
excision
Cryotherapy, Low-risk Incomplete diagnostic
electrodesiccation, and BCC and information, cannot be
curettage SqCC used with hair-bearing
areas
Topical agents: Low-risk Dermatitis, pruritus,
imiquimod, BCC and rash, flu-like symptoms

S-fluorouracil, ingenol ~ SqCC
mebutate, diclofenac,
retinoids

5-Fluorouracil(5-FU)/  Locally

Cisplatin, 5-FU/ advanced or
Carboplatin, Paclitaxel/ metastatic
Carboplatin SqCC

Vismodegib, sonidegib Locally
advanced or
metastatic
BCC

Cetuximab Locally
advanced or
metastatic
SqCC

Cemiplimab
(Approved 9/2018)

(diclofenac, imiquimod
and ingenol mebutate),
photosensitivity

Neutropenia,

peripheral neuropathy
(ganglionopathy), cardiac
arrhythmias

Myalgia, dysgeusia,
anorexia, fatigue (25% rate
of serious adverse events)
[18-20]

Acneiform rash, fatigue,
malaise, sensory
neuropathy, xeroderma,
diarrhea, hepatitis,
neutropenia, infection
[21,22]

Diarrhea, fatigue, nausea,
constipation and rash
(29% rate of serious
adverse events) [23]

(continued)
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TABLE 10.1 (continued)

Modality Malignancy Possible adverse effects

Ipilimumab Advance or  Fatigue, musculoskeletal
metastatic  pain, colitis (diarrhea,

Pembrolizumab MM, SqCC perforation), hepatitis,
Nivolumab pneumonitis (3-4%),
endocrinopathies (15%
Avelumab MCC rate of serious adverse
events — more likely with
combination therapy) [24]
Vemurafenib BRAF- Arthralgia, fatigue,

. mutated photosensitivity, rash,
Dabrafenib MM secondary SqCC [25]
Encorafenib
Trametinib MM Fatigue, hypertension,

vomiting, diarrhea [25]
Radiation therapy Adjuvant Radiation fibrosis
or palliative syndrome, lymphedema,
treatment nerve palsies

Case Presentation

The patient is a 76-year-old right-hand-dominant man with
past medical history of hypertension, hypercholesterolemia,
and mild to moderate spinal spondylosis. He has never
smoked and is a retired pastor who resides in an assisted liv-
ing facility. He was diagnosed with a malignant melanoma of
the left dorsal forearm, initially resected in 2011. Four years
later he was found to have local recurrence of the disease and
ipsilateral arm swelling, prompting staging workup that
revealed axillary, mediastinal, and paraaortic lymphadenopa-
thy. He underwent repeat wide local excision, requiring skin
graft coverage and was started on ipilimumab monotherapy
with good initial response. Lymphedema of the affected
extremity (Fig. 10.1) was managed with an off-the-shelf com-
pression glove and a sleeve, prescribed by his primary care
physician (PCP).
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Ficure 10.1 Gross appearance of the upper limbs, demonstrating
good control of lymphedema in the affected (left) arm. Note well-
healed surgical site with evidence of skin grafting

In late 2017 routine follow-up revealed progression of
disease with involvement of right inguinal nodes, causing
ipsilateral leg lymphedema (Fig. 10.2). He was started on
nivolumab and after two treatments, was referred to physiatry
for evaluation of right distal leg pain that precluded the patient
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Figure 10.2 Gross
appearance of the right
lower leg, demonstrating
adequate control of
lymphedema and
characteristic pes planus
appearance

from taking his customary 2-3 hours walks. Physiatric evalu-
ation revealed mildly symptomatic T6 compression fracture,
mild proximal weakness, mild distal sensory loss to ankles, hip
flexor and ankle plantarflexor contractures, pes planus, and
significant tenderness along right tibialis posterior tendon,
reproduced with both direct palpation and resisted foot inver-
sion. Clinical diagnosis was tibialis posterior tendinopathy.
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He was provided with footwear recommendations, home
exercise program, an ankle foot orthotic prescription, and
referred to physical therapy for lower limb stretching and
ankle strengthening. Given the recent progression of disease,
bony metastasis to right distal tibia was considered, but
subsequently ruled out by the PET/CT. Initially, he responded
well to the recommended care, but after two more cycles of
nivolumab developed worsening right distal leg pain and
more diffuse joint pains. He was lost to physiatric follow-up
and transitioned to a manual wheelchair per his PCP. He was
started on oral prednisone for presumed immune-mediated
arthralgia due to nivolumab, which was subsequently held.

After notable improvement in joint pains, sustained by
prednisone 5 mg PO daily, he resumed physiatric follow-up.
He was found to have worsening of proximal weakness and
progression of lower limb contractures. Interval imaging stud-
ies showed no bony metastatic lesions, stable T6 compression
fracture, and progression of nodal disease, prompting his
oncology team to resume nivolumab. He was advised to
resume physical therapy and transition out of wheelchair as
soon as possible to prevent further deconditioning, as neither
his joint nor right ankle pain worsened during assisted ambu-
lation during the office visit. His limb edema remained well
controlled with compression garments and 4 weeks later he
was navigating the community with a rolling walker. At
12-week follow-up, he demonstrated the ability to safely walk
with close supervision and reported that his ambulation toler-
ance was approaching 20-30 minutes. He was advised to
continue home exercise program, as well as supervised gait
training at his assisted living facility.

Multiple Choice Questions
1. Which of the following skin neoplasms have been associ-
ated with indoor tanning bed use?

A. Basal cell carcinoma
B. Squamous cell carcinoma
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C. Malignant melanoma
D. All of the above

2. Smoking is a modifiable risk factor for which of the follow-
ing skin neoplasms?

A. Basal cell carcinoma

B. Squamous cell carcinoma
C. Malignant melanoma

D. All of the above

3. How much can appropriate sun protection reduce the risk
of cutaneous squamous cell carcinoma?

A. 10%
B. 20%
C. 30%
D. 40%

4. Which of the following describes radiation recall phenom-
enon?

A. Patients previously treated with methotrexate, gem-
citabine, etoposide, and taxanes, experiencing painful
erythema and/or eruption in the radiation treatment
areas following UV or sunlight exposure

B. Patients experiencing anxiety when describing their
radiotherapy course

C. Bothaandb

D. None of the above

5. Which of the following immune-mediated adverse events
are most likely to be experienced by a patient receiv-
ing targeted immunotherapy for advanced malignant
melanoma?

A. Fatigue

B. Musculoskeletal pain
C. Pneumonitis

D. Bothaandb
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Answers

1. D

All of the above. Reference: O’Sullivan et al. [8].

2.B

Squamous cell carcinoma. Reference: Dusingize et al [10].

3.D

40%. Reference: Waldman and Schmults [6].

4. A

Reference: Cohen [14], Sibaud et al. [15].

5.D

Reference: Brahmer et al. [24], Luther et al. [25].
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Chapter 11

Radiation Fibrosis
Syndrome

Michael Stubblefield, Kathy Chou, and Nabela Enam

Introduction

Approximately 50% of all cancer patients receive radiation
therapy (RT) during their disease course [1]. Radiation can
be used as monotherapy (i.e., cervical cancers), as neoadju-
vant or adjuvant therapy (i.e., breast cancer), or in combina-
tion with chemotherapy (i.e., head and neck cancer) [2].
Radiation treatment is the application of electromagnetic
radiation (x-rays, gamma rays, electrons) to tissue. As these
rays pass through cells, the ionizing energy damages DNA,
releases free radicals, and subsequently signals for apoptosis
when the cells undergo mitosis. There are several types of RT
available including superficial x-rays (orthovoltage),
brachytherapy, radio-isotopes, protons, and megavoltage
radiotherapy [2]. The measure of radiation dose is the Gray
(Gy); 1 gray is defined as 1 Joule of energy applied to 1 kg of
tissue. Note that 1 Gy = 1000 cGy and is also commonly used
to express radiation dosing.

When RT was being developed for clinical use, large and
frequent doses were the mainstay of treatment. However, it
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was found that patients suffered adverse reactions, generally
in direct correlation with the total dose of radiation, size of
each fraction, and size of the radiation field. Advances such
as intensity-modulated radiotherapy and stereotactic radio-
surgical techniques more precisely localize radiation to
tumor cells while sparing the surrounding normal tissue.
Despite advances in technique, normal tissue is often still
involved in the radiation field and subject to damage. The
side effects of radiation occur early (within days) or late
(within years), and can affect any organ system. Skin and
mucosa are predominantly affected in the acute phase. In the
late phase, vascular damage and fibrosis are the primary
reactions [2].

Radiation fibrosis (RF) is typically a delayed complica-
tion of radiation therapy and refers to the pathologic for-
mation of fibrotic tissue over time. Risk factors include a
patient’s age, comorbidities, and concurrent oncologic
treatment in addition to specific radiation factors, such as
size of the radiation field, total dose, dose per fraction, type
of tissue radiated, and the time from initial radiation treat-
ment [3]. There are three histopathologic phases of RF:
pre-fibrotic, fibrotic, and late fibro-atrophic. The first is
often asymptomatic, and characterized by chronic local
inflammation, increased permeability, and edema typically
in the first few months following therapy. In the following
organized fibrotic phase, patches of activated fibroblasts
form a disorganized extracellular matrix interspersed with
senescent fibroblasts. This sclerotic tissue can develop and
progress several years after therapy. The final fibro-atro-
phic stage usually presents several years after therapy with
dense and friable tissue [4, 5].

The clinical manifestations of RF are termed Radiation
Fibrosis Syndrome (RFS). RFS can involve any tissue
including any component of the central or peripheral nervous
system within or traversing through the radiation field. The
clinical manifestations include neuromuscular, musculoskel-
etal, and functional sequelae, as described below [3].
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Complications

The complications of radiation-induced damage result from
direct or indirect effects of progressive fibrotic sclerosis. Any
body system can be affected including cardiovascular, pulmo-
nary, endocrine, integumentary, gastrointestinal, etc. Damage
to the neuromuscular and musculoskeletal systems can be
profound and severely limit function and quality of life.
Neuromuscular damage can affect the brain, spinal cord,
nerve roots, plexus, peripheral nerves,and muscles. Identifying
and naming the specific structures involved, for instance,
“myelo-radiculo-plexo-neuro-myopathy,” is important to
clarify the underlying pathology and its relation to other
functional issues [3]. Musculoskeletal pathology from radia-
tion fibrosis results from bone, tendon, and ligament involve-
ment. Overall, the management of clinical manifestations of
radiation fibrosis is supportive as the fibrotic sclerosis under-
lying the syndrome is irreversible and will likely progress
over time. The treatment and modalities primarily include
therapy, medications, orthotics, and injections [6].

Progression of fibrotic sclerosis can affect the macro and
microvasculature, leading to ischemia with resultant motor
and sensory defects. Irritation to the spinothalamic tracts or
damage to the somatosensory nervous system may cause
central neuropathic (i.e., funicular) or peripheral neuro-
pathic pain, respectively [6]. Nerve stabilizing medications
such as gabapentin, pregabalin, and duloxetine are often
effective for neuropathic pain associated with RFS. Second-
line agents include tricyclic antidepressants. Nonsteroidal
anti-inflammatory drugs and opiates may also provide some
relief [6].

When only a single peripheral nerve is involved, the
patient may present with deficits specific to that nerve. For
example, an affected dorsal scapular nerve would result in
rhomboid weakness, while suprascapular nerve involvement
would show supraspinatus weakness, and spinal accessory
nerve damage may manifest as trapezius dysfunction. Often,
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multiple peripheral nerves are involved. Inflammation, irrita-
tion, or compression at the level of the spinal nerve root or at
the brachial or lumbosacral plexus could result in a radicu-
lopathy or plexopathy, and may require electrodiagnostic
studies for differentiation. When occurring at the level of the
spinal cord, the outcome is myelopathy and if affecting mus-
cle fibers, myopathy in the form of spasms or dystonia may
result [6]. At the tendon and ligament level, radiation fibrosis
reduces elasticity by causing shortening of structures and
contracture formation. When bone is targeted, it can become
brittle and more susceptible to injury and neoplasm develop-
ment [6].

Clinical Syndromes and Management

As radiation fibrosis is progressive, patients exposed to radia-
tion gradually develop symptoms, but the onset and clinical
manifestations vary depending on an individual’s risk factors
and type of radiation exposure. Currently, there are no formal
recommendations for treating RFS due to the multifaceted
pathophysiology as well as difficulty in establishing outcome
measures. Interventions are being evaluated to target the
suspected pathophysiology of fibrosis, including anti-
inflammatory agents, vascular therapy with hyperbaric oxy-
gen, and antioxidant treatment [4]. To date, the mainstay of
treatment is focused on symptomatic relief and removal of
aggravating factors. Some of the most common presentations
and their management are described below.

Neck extensor weakness, often termed “dropped head
syndrome” is commonly seen and develops as a result of
atrophy and weakness of the cervical and thoracic paraspi-
nal muscles and shoulder girdle. The neuromuscular dys-
function leads to inability to elevate the head, poor posture,
fatigue, and pain. Therapy primarily focuses on myofascial
release of fibrotic structures to improve posture, postural
retraining, neuromuscular re-education and strengthening,
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and restoring range of motion [3]. Cervical orthotics and
local anesthetic injections can be useful for painful muscle
spasms [5].

Shoulder pain and dysfunction occur when radiation tar-
gets the shoulder muscles directly or nerves innervating these
structures. The rotator cuff musculature may become weak-
ened thereby, affecting range of motion, causing protracted
shoulders and misalignment of tendons leading to impinge-
ment that could progress to tendonitis or adhesive capsulitis
[5]. In addition to symptomatic management with medica-
tions and injections, therapy emphasizing myofascial release,
posture training, core and neck extensor and rotator cuff
strengthening, and shoulder range of motion should be
implemented.

Head and neck cancer patients treated with radiation to
the neck can develop contractures of the anterior muscula-
ture including sternocleidomastoid, scalene, and trapezius
muscles. This is often associated with painful muscle spasms,
fatigue, and/or damage to the nerve roots, cervical plexus,
and other nerves within the radiation field. Abnormal pos-
ture with or without loss of range of motion (cervical dysto-
nia) often develops. The progressive hardening of neck
musculature, tendons, and ligaments may interfere with
swallowing, phonation, and other activities of daily living.
These patients benefit from aggressive physical therapy to
restore cervical mobility. Botulinum toxin used in conjunc-
tion with therapy can relieve muscle spasm and pain, but
should generally only be done in the anterior neck to mini-
mize the chance of precipitating or worsening neck exten-
sion weakness [3].

Trismus is impaired mouth opening, and typically occurs
after radiation exposure to the head and neck. Fibrosis of the
pterygoid and masseter muscles can cause spasms that affect
oral hygiene, feeding, chewing, and swallowing. Physical
therapy to improve mandibular range of motion is the first
line of treatment. Botulinum toxin has been studied to
improve pain and may consequently improve mouth move-
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ment. Dynamic jaw-opening devices have been shown to be
effective in gradually increasing range of motion, and can
also be used with therapeutic exercises to improve quality of
life [3].

Clinical Cases

Case 1

A 49-year-old male with a history of human papilloma virus
(HPV)-associated tonsil and throat cancer treated with com-
bined chemoradiation developed neck pain and spasms with
involvement of his left shoulder several years following his
initial radiation treatment. His physical exam was notable for
decreased range of motion with circumferential atrophy of
the neck and tenderness to palpation most pronounced in the
left sternocleidomastoid (SCM) and scalene muscles.
Additionally, he had brisk reflexes and clonus in his left lower
extremity, weakness in his deltoid and biceps muscles, and
atrophy of his trapezius muscles as well as diffuse atrophy
along the sites of radiation field exposure. Taken together, his
clinical picture was consistent with radiation-induced myelo-
radiculo-plexo-neuro-myopathy. Subsequent electrodiagnos-
tic testing supported this diagnosis.

A trial of acupuncture and medical management with pre-
gabalin gave no relief, while physical therapy and massage
offered some benefit. The patient’s primary concern was his
impaired quality of life from the painful neck spasms consis-
tent with cervical dystonia, which developed secondary to
underlying neuromuscular damage from radiation. He
received botulinum toxin type-A (Botox®) injections to his
left SCM and scalene muscles with considerable relief, lasting
approximately 2-3 months. During his follow-up evaluation,
the decision was made to repeat botulinum toxin injections
every 3 months with possible dose adjustments in addition to
concurrent physical therapy and regular home exercise
program.
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Case 2

A 50-year-old female was diagnosed in her early 30s with stage
IIB nodular sclerosing Hodgkin lymphoma involving her neck,
mediastinum, and left hilum. She underwent chemoradiation
therapy, but had multiple episodes of recurrence, which
prompted further treatment with chemotherapy, radiation
therapy, and stem cell transplantation for several more years.
After extensive radiation exposure, she developed severe
radiation fibrosis impacting her quality of life with respect to
dressing, cooking, and toileting. Additionally, her impairments
with activities of daily living progressively worsened over time.
On exam, she was noted to have atrophy of her cervicothoracic
musculature, right shoulder subluxation, decreased pulses in
her left upper limb, and diminished sensation along her entire
left upper limb, but also medial aspect of her right upper limb.

The patient’s clinical picture was consistent with radiation-
induced myelo-radiculo-plexo-neuro-myopathy, with signifi-
cant bilateral brachial plexopathy and neck extensor weakness
causing dropped head syndrome. The patient was prescribed
physical and occupational therapy for myofascial release,
core strengthening, postural retaining, and neuromuscular
reeducation. She was also provided with a cervical collar as
instructed on the importance of compliance with her home
exercise program.

Case 3

A 5Sl-year-old man with a history of diffuse large B-cell lym-
phoma diagnosed in 2006 was treated with chemotherapy
and radiation to a large mediastinal tumor. He presented
13 years later with a l-year history of severe left chest and
back pain. The pain was described as radiating from his upper
back around his left rib cage to the anterior midclavicular
line. Medical management by his oncologist and primary care
physician included epidural steroid injections, which offered
some relief. He was also prescribed pharmacotherapy with
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varying doses of gabapentin, pregabalin, duloxetine, and opi-
ates, which provided minimal relief.

On physical examination, he was found to have significant
midline and paramedian atrophy of the pectoralis muscles,
consistent with his radiation field exposure (Fig. 11.1). His neu-
rologic exam was symmetric, with mild weakness in the proxi-
mal upper extremities but intact strength distally and in the
bilateral lower extremities. He had no evidence of allodynia or
hyperreflexia on exam, and his gait was normal. Magnetic
Resonance Imaging (MRI) of his thoracic spine demonstrated
a 4.1 cm ascending and proximal descending aortic aneurysm,
multilevel thoracic degenerative disease with small disc hernia-
tions at T2-T3 and T11-T12 without cord or root compression,
and fat replacement of the bone marrow in T1-T6 vertebrae,
consistent with his history of radiation therapy (Fig. 11.2).

FIGURE 11.1 51-year-old male with significant radiation fibrosis of
the medial pectoralis muscles after receiving radiation treatment for
his large mediastinal lymphoma
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FiGure 11.2 Tl-weighted MRI without contrast of thoracic spine in
patient with history of lymphoma treated with radiation showing
multi-level thoracic degenerative disease. T1-T6 vertebral bodies
demonstrate hyperintensity highly suggestive of fat replacement in
bone marrow, likely due to radiation therapy
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His findings were suggestive of radiation fibrosis caus-
ing thoracic radiculopathy with possible concurrent proxi-
mal intercostal mononeuropathies given that his radiation
field included the upper thoracic spine and ascending and
descending aorta. The patient was amenable to a re-trial
of neuropathic agents starting with gradual up-titration
of pregabalin in addition to adjunctive medications as
needed.

Multiple Choice Questions

1. Radiation fibrosis may affect which of the following:

A. Heart

B. Vasculature

C. Muscles

D. Band C

E. All of the above

2. A 52-year-old female with a history of Hodgkin lymphoma
at age 24 was treated with mantle radiation. Three years
ago she was diagnosed with right breast cancer treated
with mastectomy, chemotherapy, and radiation to the
breast and chest wall. She presents with progressive right
upper extremity weakness affecting the deltoid, biceps, tri-
ceps, and entire hand. Damage to which structure is likely
the major cause of her weakness?

A. Cervical nerve roots
B. Cervical plexus

C. Brachial plexus

D. Axillary nerve

E. Median nerve

3. A 46-year-old male with squamous cell carcinoma of the
oral cavity was treated with surgical resection and com-
bined chemotherapy and radiation therapy completing
1 year ago. He presents with jaw pain and difficulty open-
ing his mouth. His median interincisal opening is 15 mm. In
addition to physical therapy, what is the next best adjunc-
tive therapy to consider for his treatment?
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A. Surgery

B. Botulinum toxin injection
C. Jaw-opening device

D. Aand B

E. Band C

. A 6l-year-old female with a history of hypertension and

Hodgkin’s Lymphoma of the mediastinum is treated with
MOPP chemotherapy and mantle radiation 31 years ago
presents to clinic complaining of progressive difficulty per-
forming household tasks, particularly when raising her
right arm above shoulder level. Physical exam reveals posi-
tive Neer’s and Hawkin’s tests, consistent with shoulder
impingement. Radiation effects on which structure are
most likely contributing significantly to her symptoms?

A. Cerebellum

B. Spinal cord

C. Cervical plexus

D. Cervical nerve roots
E. Phrenic nerve

Which of the following is NOT true of radiation fibrosis?
A

. Any part of the central or peripheral nervous system
within the radiation field can be involved

Opiates and tricyclic antidepressants may offer some
benefit in treating symptoms

Following radiation therapy, patients in the initial stage
of radiation fibrosis may be asymptomatic

With appropriate management, radiation fibrosis may
be reversible

Bones, tendons, and ligaments can be affected

=

o o

e
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Chapter 12

Conclusion: Innovative
Research

Andrea Cheville

Introduction

A convergence of economic, technological, policy, and scien-
tific forces are driving changes in the nature and scope of
cancer rehabilitation services, who receives and provides
them, and where they are provided. Researchers have both
fueled and reacted to these changes, and in so doing contrib-
uted new knowledge that will shape how the clinical commu-
nity responds to continued advances. The last decade has
witnessed a striking shift away from use of conventional
antineoplastic therapies to the adoption of a new arsenal of
biological agents that offer unprecedented effectiveness in
some contexts. In parallel, marked demographic expansion of
older, more medically and functionally morbid cancer patients
has catalyzed growth in geriatric oncology and placed increas-
ing downstream pressure on caregivers who manage toxicity
and morbidity among this vulnerable population. Oncology
care providers are also responding to observations by the
National Academy of Medicine (NAM), Centers for Disease
Control and Prevention, National Cancer Institute, and
National Quality Forum (NQF), among other influential bod-
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ies, that care experiences and Quality of Life among patients
with cancer, despite the staggering out-of-pocket costs they
bear, leave much to be desired [1].

These changes represent the tip of the iceberg. Enumeration
of ongoing and anticipated changes in the factors that will
shape cancer rehabilitation’s content and delivery is an
exhaustive and, ultimately, speculative prospect. This chapter
attempts to highlight changes that are already underway,
based on a strong evidentiary foundation.

Models of Cancer Rehabilitation Service
Delivery

Background Fee-for-service (FFS) reimbursement has domi-
nated clinical payment for decades despite efforts, most nota-
bly Health Maintenance Organizations, to establish credible
alternatives. Care delivery has been profoundly shaped by
the point-of-care, clinic-based contact required by most fee-
for-service reimbursement. This requirement has persisted
despite recognition that face-to-face encounters are incon-
venient and costly for many patients, limit access, and are
frequently unnecessary. Fee-for-service has also constrained
care delivery for clinical contacts devoted to monitoring,
education, and support.

Several trends have conspired to challenge the domi-
nance of fee-for-service; most salient among these is an
increasing recognition that paying for inappropriate, low
value, and ineffective care does not advance patient or
national interests. Empowered, tech savvy healthcare con-
sumers are demanding improved convenience and experi-
ence. Influential organizations such as the NQF and NAM,
as well as payers, have highlighted compensation informed
by patient-reported outcomes and experience as essential to
improvement in the US healthcare system [2]. That patients’
perspectives, as systematically assessed with process and
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outcome measures, should be a driving force in shaping our
healthcare system has advanced value-based reimburse-
ment, and was a defining feature of the Patient Protection
and Affordable Care Act.

The possibilities for cancer rehabilitation service provision
created by shifts away from fee-for-service are profound.
They open the door to a radical reconceptualization of
healthcare delivery, and create a pressing need for evidence
to inform strategies to render care delivery more patient-
centric while simultaneously preserving effectiveness and
enhancing value. Unquestionably some healthcare services
yield best results when delivered in accordance with FFS
mandates; however, in many cases we lack knowledge to dis-
tinguish these, or to identify components of complex multi-
step care delivery processes that could be provided remotely.
This lack is particularly troublesome for rehabilitation medi-
cine as our goal is to enhance patients’ function and comfort
outside of clinical settings in the communities and homes.
However, the potential for striking advances is also great
since shifts away from FFS offer an opportunity to leverage
the burgeoning IT capabilities to remotely assess, prompt,
coach, educate, and direct patients as they engage in their
“real world” lives.

The fact that patients with cancer prioritize their auton-
omy and ability to function should further potentiate the
expansion of cancer rehabilitation service delivery models
beyond the constraints of FFS. Additionally, patients’ func-
tional status is associated with key outcomes: survival, return
to work, and healthcare utilization [3, 4]. Therefore, care that
preserves and enhances patients’ function is integral to value-
based purchasing initiatives. With the relaxing of FFS’
reimbursement requirement for center-based delivery, many
options become viable that may ultimately prove far better
matched to patients’ needs for the behavioral changes and
activity enhancement required for enduring functional
preservations.
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Cutting edge Remote and hybrid (combination remote-center
based) approaches have been validated that evaluate, educate,
and treat patients with cancer to address diverse clinical tar-
gets. For example, two randomized controlled trials that pro-
vided collaborative telecare via phone calls and web-based
interfaces noted clinically meaningfully benefits and were cost
effective. The INCPAD trial addressed pain and depression [5,
6], while the COPE trial addressed functional decline [7].
Further strides have been made in the ease, precision, and cost
of remote patient assessments, spurring broader clinical inte-
gration. Patient-reported outcome (PRO)-based measures are
being leveraged to make determinations of when and which
rehabilitation services should be initiated [8, 9]. Additionally,
through electronic health records (EHR)-based and other
electronic platforms, PRO responses can trigger branching
logic allowing for highly individualized assessments.

Objective patient data has also become easier to capture
remotely. The feasibility of monitoring patients’ function using
sensors and life space-based approaches has become progres-
sively cheaper and more precise with smaller more responsive
devices. Data from wearable monitors can be uploaded into
current generation EHRs from graphical display to patients
and clinicians, allowing associations to be made between
behavioral, clinical, and physiological parameters. Use of
these data allows clinicians to base their decision-making on
accurate, higher-volume information than has been previously
available. In addition, clinicians now have the capacity to
remotely suggest small, nuanced changes to a patient’s regi-
men based on these data without requiring a clinic visit.
Patients can be tracked, and small but meaningful changes
detected to inform treatment without the costly and burden-
some requirement for repeated clinician evaluations.

Remote education has become well established in aca-
demia, and is gaining clinical traction. Diverse formats are
currently in clinical use: synchronous (real-time) and asyn-
chronous (delayed) one-to-one and one-to-many, as well as
interactive and one-way didactic formats. The platforms that
have been used to support these exchanges are equally
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diverse: I'T chat groups, video conferencing, email list serves,
and teleconferencing, many for cancer-related education.
Reports of improved patient engagement, activation, and
outcomes with remote educational initiatives suggest that use
of these platforms will increase [10, 11].

Future The expansion of validated remote delivery models
has been principally constrained by reimbursement. As more
liberal, value-based payments that focus on outcomes gain
traction, the potential to provide patients with function-ori-
ented care when and how they need it will inevitably grow.
Current federally pragmatic trials are evaluating models that
strive to match the symptom and function needs of cancer
patients with preference-matched, readily accessible care
that encourages timely care team engagement and self-
management. Systematically collecting PROs and either
reporting these data to patients’ care teams or using the data
to trigger EHR-based clinical decision support to manage
symptoms and disablement in a proactive rather than reac-
tive manner, may improve utilization, clinical and patient-
reported outcomes.

These interventions will formally evaluate remote treat-
ment approaches that are being steadily integrated in cancer
care. As has been the case for other advances, the industry’s
appetite for innovation will not wait on evidence. Consequently,
remote care delivery approaches are steadily making their
way into clinical practice, and many clinicians are organically
incorporating these into patient management. It is therefore
reasonable to anticipate that anecdotal reports, as well as
those from hypothesis-driven research, will shape the future.

Big Data, Artificial Intelligence,
and Electronic Health Records

“Big data,” or population-level aggregated data collected in
the course of care delivery and billing, has held the attention
of clinical researchers for over a decade and that interest and
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related expectations have intensified [12]. In part, this
increased focus has been driven by the availability of data
sets representing large sectors of the US population, >100
million patients, that include granular clinical, treatment, and
demographic information. These data allow researchers to
ask questions that are not feasible in clinical trials and would
be cripplingly expensive as cohort studies regarding long-
term outcomes and treatment effectiveness in important but
difficult-to-access patient subgroups.

Interest has been piqued to an even greater extent by the
potential for applying artificial, or augmented, intelligence
(AI) to these datasets and developing algorithms to directly
influence care through electronic health records (EHRs) and
other media [13, 14]. The concept of such “knowledge cre-
ation” by integrating clinical data of staggering breadth with
respect to both volume and type, has already been operation-
alized in EHR-based “sniffers” that identify patients with
incipient sepsis, impending ICU transfer, and palliative care
needs [15]. These examples all highlight the fact that subtle
signals indicating a need for immediate or near-term change
in management can be buried in a sea of competing signals
and fall below critical thresholds for recognition by human
awareness.

While “big data” approaches to characterizing shifting
needs in rehabilitation medicine have yielded insights, Al and
EHR-based applications have been more limited. For exam-
ple, by examining administrative claims data, Ottenbacher
et al. described steadily increasing admission rates of patients
to inpatient rehabilitation facilities (IRFs) with debility diag-
noses, often due to cancer, in lieu of more conventional reha-
bilitation diagnoses, associated with a higher rate of acute care
readmissions in this subgroup [16]. As of yet, insights from
PMR “big data” efforts have illustrated such prevailing trends,
rather than yielding pragmatic targets for intervention.

Cutting edge Ongoing efforts in fields outside of PMR are
examining whether and how the promise of Al will be real-
ized. Some of these conform to conventional research meth-
ods, while others are conducted by providers and investors to
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create potentially lucrative intellectual property (IP). One
lesson has become clear, it is insufficient to simply present yet
another value, e.g., risk estimate, via EHRs without tactical
implementation that enables clinical end users to appropri-
ately assimilate and respond to the information. Consequently,
implementation science has become an increasing focus of
national funding initiatives. EHR usability studies are simi-
larly ongoing and insights can be anticipated in coming years.

Current efforts to systematically collect functional and
rehabilitation-related outcome data through the EHR will
likely fuel future Al-based approaches. In many ways PMR
outcomes are an ideal target for Al since Al approaches work
well when predicting binary (Yes/No) outcomes, e.g., the
patient did/did not require post acute care, return to work, get
readmitted, fall, etc. [17]. With the collection of function
PROs in routine clinical care, the range of outcomes that may
be predicted through Al will expand.

Our ability to operationally leverage Al-derived estimates
of risk, response, and other clinical vital parameters to inform
decision-making is also advancing precipitously with the
increasing sophistication of EHR-based clinical decision
support (CDS) tools. CDS refers to a broad range of EHR
functionality designed to help clinicians respond rapidly and
appropriately to clinical data through alerts, preconfigured
orders, data presentation (graphs, tables, text), prompts,
among many other approaches [18]. Although few reports, as
yet, have described the application of CDS approaches to
rehabilitation service delivery, this will likely change given
success documented in other clinical areas. For example, by
combining PRO-based screening for current smoking and
interest in quitting with information provided directly to
patients regarding local cessation programs and alerts/
prompts to physicians to place preconfigured program refer-
ral orders, one institution increased program referrals ten-
fold [19]. CDS tools that directly push information to patient
portals are gaining traction and offer unprecedented oppor-
tunities to address behavioral determinants of health, includ-
ing exercise and physical inactivity. Also, the potential to
introduce patients to relatively simple function-directed
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interventions via their portals offers the possibility to deliver
stepped care as endorsed by current models of cancer reha-
bilitation that match incrementally intense care with patient
need and complexity [20].

Future As researchers and industry create the building
blocks for the Al-directed individualization of health care,
novel approaches will inevitably follow and likely impact
cancer rehabilitation service delivery. Al algorithms imbed-
ded in EHRs can automatically abstract clinical data in real
time and update patients risk and outcome predictions on a
dynamic, ongoing basis. The ground is fertile, as mentioned
above, for Al to anticipate and thereby tactically direct care
to enhance cancer rehabilitation outcomes in an individual-
ized manner.

“Precision” Impairment Management

The use of enhanced imaging strategies, genomics, and bio-
markers to direct less-invasive “precision medicine” treat-
ments for disease processes has been a focus of intensive
investigation, become established in other specialties, and
gained steady traction for impairment management in reha-
bilitation medicine [21]. For example, the use of ultrasound
guidance for minimally invasive carpal tunnel release is
slowly displacing open surgical release. The research and
clinical advances that permit such paradigmatic shifts in
management are, for the most part, steadily incremental.
However, they seem to have reached a critical mass such that
major shifts in established management approaches have
become a regular occurrence. The revolution in biological
cancer therapies is a salient example. Elegant, individualized
targeting of tumors based on DNA profiling is now the
accepted standard of care.

While precision medicine has yet to become a potent influ-
ence on cancer rehabilitation practice, gradual shifts and
small advances suggest that its feasibility may abruptly
change as occurred in medical oncology. Further, advances in
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certain lines of preclinical inquiry, e.g., aerobic conditioning
to regulate intra-tumoral vascular maturity and perfusion,
hypoxia, and metabolism, suggest that the current dichotomy
between treatments targeting neoplasia and physical impair-
ments may blur and ultimately break down [22]. An optimally
individualized, precision approach may comprehensively
consider a patient’s cancer, comorbidities, impairments, and
predisposition to specific toxicities in order to simultaneously
maximize outcomes across multiple critical domains rather
than the relative narrow and condition-specific outcomes that
currently dominate.

Cutting edge There are several areas relevant to cancer reha-
bilitation in which precision approaches have shown promise.
Lee Jones et al., have blazed a novel trail in demonstrating that
exercise may be prescribed with granular precision to poten-
tially mediate changes in tumor cell mitochondrial metabolism
and composition of the tumor microenvironment [23, 24].
Kathryn Schmitz et al. have similarly studied biomarkers asso-
ciated with different types of exercise to develop individual-
ized programs that not only reduce risk of cancer recurrence,
but also enhance patients’ functional abilities [25, 26].

Lymphedema has been a focus of several important recent
innovations that have the potential to yield pragmatic preci-
sion medicine approaches. The use of indocyanine green
(ICG) mapping of distal lymphatics to identify collateral
drainage pathways, as well as sites for surgical lympho-venous
bypass grafting, has established precedent for novel means to
individualize treatments by applying heretofore unavailable
insights into patient-level variation. A trial is currently under-
way comparing lymphedema management that includes
ICG-imaging-directed manual lymphatic drainage versus
standard drainage, which varies minimally across patients.
ICG imaging has also been proposed as a means of more
precisely staging lymphedema and capturing the known
variations in stage within an affected body part that have, to
this point, remained largely indistinguishable [27], as well as
to identify anomalous and dysfunctional lymphatic channels
for ablation [28].
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Additional work in lymphedema has characterized the
exact inflammatory mediators that drive the progressive
fibrosis responsible for the condition’s characteristic worsen-
ing over time. Stan Rockson et al. identified leukotriene LTB,
as a critical target for blocking inflammation-related lymph-
edematous progression [29]. This work led to recently
reported trials testing ketoprofen inhibition of leukotriene
LTB, that noted significantly reductions in the dermal meta-
plasia that distinguishes Stage II from III lymphedema [30].
The potential import of this finding cannot be overstated as
it is the first successful mechanistically targeted approach to
curbing lymphedema’s inexorable progression with the
potential to reduce onerous and quality-of-life-degrading
requirements for manual therapy.

Future The intensity of current investigative efforts devoted
to genomic- and biomarker-based prediction of treatment
response and toxicity ensures that precision oncology will
become an increasingly established standard of care.
Emergent imaging approaches that obviate the requirement
for pathological confirmation of some cancer types, as well
as the application of Al algorithms to image interpretation
for optimized treatment selection, are further examples of
current investigative approaches that are expected to yield
near-term clinical applications. As functional outcomes are
more systematically captured in oncologic care, there will be
expanding opportunities to rigorously characterize the
degree to which the diverse data sources that fuel precision
oncology can be concurrently leveraged to predict func-
tional outcomes and direct cancer rehabilitation service
delivery. Additionally, the growing sophistication of ultra-
sound-directed minimally invasive musculoskeletal treat-
ments and regenerative rehabilitation approaches,
particularly those using stem cells to promote tissue repair,
offer promising opportunities for “precision cancer
rehabilitation.”
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Nonpharmacological Pain Management

The opioid epidemic has forever changed the public’s aware-
ness of pain prevalence, the limitations of current pain man-
agement approaches, and the formidable harms associated
with unchecked use of habit-forming drugs. Not surprisingly,
even though cancer has remained a “carve out” among guide-
lines promulgated by federal and specialty organizations that
recommend aggressive restraint in opioid prescribing, alarm
has grown over the high rates of persistent opioid use among
disease-free cancer survivors [31, 32].

A large federal investment in research to catalyze innova-
tion in the management of pain and opioid use disorder has
already yielded novel insights. However, it has also high-
lighted the need for integrated care delivery approaches that
address the psychosocial underpinnings of persistent and
unresponsive pain. This need is no less acute among cancer
populations than it is for the general public. In fact, an argu-
ment has been made that in some contexts it is more so since
dependency-inducing, centrally acting medications, e.g., opi-
oids and benzodiazepines, are liberally prescribed to patients
with cancer even though at least half of the patients will expe-
rience persistent psychosocial stressors which have the poten-
tial to mediate aberrant and prolonged substance use [33].

Multimodal pain management with an emphasis on non-
pharmacological approaches has therefore become a renewed
topic of investigative attention. While lacking the novelty of
“precision medicine,” efforts to address the knowledge gap
regarding how to expediently identify which therapies may
benefit specific patients and how to ensure patients’ access to
high fidelity treatments is no less critical. Given the scope of
the problem and the requirement to deliver therapies at scale,
it is not surprising that interest has turned to telecare
approaches. However, many of the patient subgroups at risk
for poor outcomes lack the IT resources.
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Cutting edge In addition to new analgesic molecule and
device development, current research efforts are developing
new approaches to care delivery that may prove highly rele-
vant to cancer rehabilitation. The use of health coaches to
support patients in setting individually relevant goals related
to coping effectively with pain and anxiety, as well as recover-
ing functional abilities, has proven effective, as well as cost
effective in some populations [34-36]. A number of studies
are currently examining multimodal approaches that use the
EHR to identify patients with intense and persistent pain,
and connect them with coaches and other support services.
Thus far rehabilitation providers have featured limitedly in
these efforts.

Research efforts to apply novel electromagnetic therapies
to cancer rehabilitation populations are also ongoing.
Recently, Scrambler therapy® has emerged as a benign and
potentially effective treatment for CIPN and other cancer-
associated neuropathic pain states [37]. Although several case
series reported benefit from the application of Scrambler
therapy treatments to cancer pain syndromes [38, 39], a trial
involving patients with chemotherapy-induced peripheral
neuropathy was negative [40]. Nonetheless, promising results
have spurred investigators to seek funding for electromedical
pain management therapy trials to address other cancer pain
syndromes.

Future Undoubtedly, novel pain treatment will emerge from
the flurry of research activity incited by funding priorities.
Cancer rehabilitation physicians will likely learn of the antici-
pated new drugs and devices through conventional means.
However, of perhaps greater relevance to cancer rehabilita-
tion will be the novel models of multimodal pain manage-
ment that are being developed and validated. However, these
will require more concerted effort to learn of and apply the
findings.
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Conclusion

Forecasting is challenging, yet it is safe to conclude that
the research trends described above will create opportuni-
ties to expand and enhance the scope and effectiveness of
cancer rehabilitation. These trends will undoubtedly cross-
fertilize and inform each other over time in response to the
mounting demand to improve health care value and patient
experience.
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