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ABSTRACT

Chemotherapy induced peripheral neuropathy can have lasting sensory effects for
cancer survivors. At present, the mechanisms causing the neuropathy are unknown and
few effective treatment options are available. This thesis includes a review of the
literature and four studies. The first study evaluated the potential role for physical
therapy and nerve gliding home exercises to improve symptoms of chemotherapy
induced peripheral neuropathy (CIPN) and explored whether a dual nerve disorder was
present between the surgical and non-surgical side in a population with breast cancer.
The nerve gliding exercises had a positive effect on pain as measured by the numeric
pain rating scale (NPRS) and pain pressure algometry. No quantitative sensory testing
(QST) data could identify a possible dual nerve disorder from surgery combined with
chemotherapy. The second trial sought to confirm the effectiveness of electro
acupuncture on improving chronic neuropathic pain from CIPN. Electro acupuncture
had no positive effect on pain while sham acupuncture significantly improved pain. This
trial showed the ineffectiveness of electro acupuncture for chronic CIPN pain symptoms.
The third study used the physical therapy study data to define the sensory phenotypes
of neuropathic and non-neuropathic symptom profiles. This was completed to identify
future targets for mechanism-based treatment. Surprisingly, only left hand heat pain
threshold differences were observed on the QST measures. As expected, increased
pain (measured by the NPRS) and decreased function (measured by the Disability of
the Shoulder, Arm and Hand (DASH)) were observed in the neuropathic group. Using
the physical therapy data, the fourth study correlated active participants with

preservation of nerve function exploring the possible neuroprotective effect of exercise



on CIPN. ‘Active’ versus ‘less active’ groups revealed significantly improved vibration
perception and normalized heat pain thresholds for the active group suggesting possible
neuroprotection among exercisers. This thesis helps to direct evidence-based practice
and contributes to the literature. Our findings indicate that electro acupuncture should
not be pursued as a treatment option for patients experiencing chronic pain from CIPN.
Our findings support the use of physical therapy, nerve gliding exercises, and general
exercise during and after chemotherapy. Physical therapy and nerve gliding exercises
help reduce the symptoms associated with chemotherapy induced peripheral
neuropathy while maintaining physical activity throughout treatment may provide

neuroprotection.
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CHAPTER 1: INTRODUCTION

According to Canadian cancer statistics, 1 in 2 Canadians are expected to get
cancer in their lifetime. Breast cancer is the third most common cancer and the leading
cancer for women (25%). The net 5 year survival rates for breast cancer are improving
and currently estimated at 87% (CCS and Stats Can, 2018). Taxanes, a group of
chemotherapeutics (including Docetaxel and Paclitaxel), are widely used drugs in the
treatment of breast and many other cancers. A major adverse effect with the use of
taxanes is taxane induced peripheral neuropathy (TIPN) affecting an estimated 80-97%
of patients (Kerckhove et al., 2017).

The etiology of TIPN is still unclear; however, taxanes are microtubule-stabilizing
agents that prevent division of cells (E. Gornstein & Schwarz, 2014; Grisold, Cavaletti, &
Windebank, 2012). Healthy peripheral nerves are thought to be damaged by
microtubule stability (E. L. Gornstein & Schwarz, 2017; Seretny et al., 2014). Both
positive (spontaneous pain, heightened sensitivity with light touch, tingling, itching,
burning) and negative sensory symptoms (loss of touch, loss of hot/cold sensations and
loss of pain) are experienced in the hands and feet, worsening with increasing dose and
treatment duration. A retrospective study found that 10% of patients on Docetaxel or
Paclitaxel had a dose reduction or interruption during treatment because of
Chemotherapy induced peripheral neuropathy (CIPN) symptoms (Speck et al., 2013).
While many patients experience transient CIPN symptoms that resolve once the
chemotherapy treatment has completed, studies estimate between 25-60% will
experience lasting neuropathic symptoms for months to years after the completion of

chemotherapy (Hershman et al., 2011; Park et al., 2011).



CIPN is specifically a small fibre sensory neuropathy (SFN) affecting the Ad fibre,
C-fibre and A fibres. These fibres are primarily responsible for transmitting thermal
detection (warm and cool), thermal pain (hot and cold), light touch and vibration sense.
Either positive or negative sensory symptoms or both can occur resulting in a variety of
symptoms including pain (stabbing, burning, shooting), tingling, pins and needles, loss
of sensation with numbness, and altered perceptions of sensation with allodynia (pain
perceived with a non-painful stimulus), and hyperalgesia (increased sensitivity to a
stimulus). Nerve conduction studies (NCS) are normal during the early stages of the
axonopathy since they only monitor the amplitude and velocity of large Aa fibres.

Quantitative sensory testing (QST) are a variety of non-invasive tests used in
research to clinically assess and quantify sensory perceptions (Boyette-Davis et al.,
2013; Hershman et al., 2011; Park et al., 2011; Walk et al., 2009). QST is used for
sensory detection and pain thresholds for both mechanical and thermal stimuli. It is
valuable in quantifying neuropathic pain and identifying sensory phenotypes for
mechanism-based pain treatment (Krumova, Geber, Westermann, & Maier, 2012). Light
touch threshold communicates the lower limits of mechanical pressure on the skin,
activating Merkels and Meissner corpuscles (low-threshold mechanoreceptors LTM’s)
transmitted by A fibres. Increased sensitivity to light touch can result in mechanical
allodynia. Vibration perception activates Pacinian corpuscles, also mediated by AR
fibres. Deep pressure threshold, measured by pressure algometry, stimulates
intramuscular afferents and can be used as a measure of central sensitization when
used at a point distant from the site of pain. Ad fibres transmit cool detection threshold,

while warm detection threshold is transmitted by C-fibres. Both noxious heat and



noxious cold transmit via C-fibre and Ad fibres. An increased sensitivity to thermal pain
thresholds indicates thermal hyperalgesia while loss of thermal pain response indicates
hypoesthesia. Currently, there is no gold standard test for diagnosing SFN; however, a
normal NCS and abnormal QST will confirm the diagnosis (Hoeijmakers, Faber, Lauria,
Merkies, & Waxman, 2012; Lauria, 2005).

Identified risk factors include advanced age, previous chemotherapy, exposure to
toxins, and genetic disorders known to cause peripheral neuropathic symptoms (Grisold
et al., 2012). These factors can predispose the patient to more severe symptoms of the
neuropathy. One potential risk factor that has been mentioned, but not studied, is pre-
existing nerve health that may sensitize the nerve to further injury with the
chemotherapy drug. (Schmid & Coppieters, 2011; Stubblefield, McNeely, Alfano, &
Mayer, 2012).

Treatments to date have focused mainly on pharmacological interventions for
neuropathic pain, with little success. A 2014 practice guideline from the American
Society for Clinical Oncology identifies that no agents can be recommended to prevent
chemotherapy induced peripheral neuropathy (CIPN), and only moderate support for
treatment with a serotonin-norepinephrine re-uptake inhibitor, duloxetine (Hershman et
al., 2014; Smith et al., 2013; Visovsky, Collins, Abbott, Aschenbrenner, & Hart, 2007).
Unfortunately, duloxetine is associated with common side effects (nausea, insomnia,
and dizziness), and a physician must closely monitor drug dosage. Smith and
colleagues report that it may be more effective in treating oxaliplatin rather than taxane
CIPN neuropathic symptoms (Smith et al., 2013). An evidence-based consensus

statement of expert opinion from the Canadian Pain Society was developed after review



of the literature for pharmacological management of neuropathic pain in order to provide
guidelines for treatment. Authors state that physical therapy programs, exercise, and
psychological treatment are needed in conjunction with duloxetine to optimize
successful outcomes (Moulin et al., 2014).

To summarize, at present, CIPN symptoms cannot be prevented or appropriately
treated and are a significant burden for patients post chemotherapy. With many cancers
being successfully managed by current medical and surgical advances, it is essential to
identify and target the residual side effects that may affect quality of life.

This thesis seeks to explore if physical therapy, acupuncture and exercise can
offer either neuroprotection or treatment of symptoms for patients with breast cancer
exposed to taxanes and classify whether distinct differences in sensory phenotypes
between neuropathic and non-neuropathic symptoms exist in this population. Two
separate clinical trials for physical therapy and acupuncture were designed to study
taxane induced peripheral neuropathy (TIPN). Two additional descriptive studies were
planned that could be addressed from the physical therapy trial data. The first used the
Self report version of the Leeds Assessment for Neuropathic Symptoms and Signs (S-
LANSS) to divide neuropathic and non-neuropathic sensory phenotypes of CIPN to add
to the mechanism-based pain management literature. The second divided participants
who were ‘active’ throughout treatment for breast cancer versus those ‘less active’ to
explore further a possible neuroprotective effect of exercise. Outcome measures
included the use of quantitative sensory testing (QST) and self-report questionnaires to

define the sensory neuropathy in all four studies.



To begin, chapter 2 is a review of the literature on the pathophysiology of taxane
induced peripheral neuropathy (TIPN), neuropathic pain, and the evidence for exercise.
Chapter 3 explores physical therapy and nerve gliding exercises for the treatment of
chemotherapy induced peripheral neuropathy. Chapter 4 evaluates the effectiveness of
electro acupuncture for chronic neuropathic pain caused by taxane induced peripheral
neuropathy. Chapter 5 explores the sensory phenotypes of neuropathic and non-
neuropathic QST sensory profiles to attempt to identify targets for mechanism-based
pain management. Chapter 6 describes the QST sensory profiles of those who
remained ‘active’ throughout breast cancer treatment and those ‘less active’ to explore
the neuroprotective effect of exercise on TIPN. Chapter 7 summarizes the findings and

conclusions.
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CHAPTER 2: Neuropathic Pain in Taxane Induced Peripheral Neuropathy:

Evidence for exercise in treatment
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ABSTRACT

One in two Canadians is expected to get cancer in their lifetime (Global Burden
of Disease Cancer et al., 2017). Many cancers including breast, ovarian and lung
cancer are treated using taxane chemotherapy with curative intent. A major adverse
effect with the use of taxane chemotherapeutic agents is taxane induced peripheral
neuropathy (TIPN). Both positive (spontaneous pain, heightened sensitivity with light
touch, tingling, itching, burning) and negative (loss of touch, loss of hot/cold sensations
and loss of pain) sensory symptoms can be experienced in the hands and feet, and
worsen with increasing dose and treatment duration. The pathophysiology of TIPN is
still unknown but likely involves multiple mechanisms including microtubule impairment,
neuro-immune and inflammatory changes, ion channel remodeling, impaired
mitochondrial function, and genetic predisposition (Kerckhove et al., 2017; Starobova &
Vetter, 2017). This review highlights current theories on the pathophysiology for TIPN,
the cellular responses thought to maintain neuropathic pain and the importance of

exercise in cancer prevention, rehabilitation, and treatment of neuropathic pain.

KEY WORDS: chemotherapy induced peripheral neuropathy (CIPN), neuropathic pain,

exercise, rehabilitation
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PATHOPHYSIOLOGY

The etiology of taxane induced peripheral neuropathy (TIPN) is still unclear;
however, taxanes are microtubule-stabilizing agents that prevent division of cells (E.
Gornstein & Schwarz, 2014; Grisold, Cavaletti, & Windebank, 2012). Taxanes bind with
high affinity to the interior portion of the b-tubulin subunit of the microtubule which
suppresses dynamic stability, and thus stops mitosis. While this is effective to arrest
rapidly dividing tumor cells, the same action is thought to affect healthy peripheral
nerves. Microtubules require dynamic stability and act as scaffolding for molecular
motors to transport nutrients, neurotransmitters, mitochondria from the cell body to the
periphery via anterograde transport. Used synaptic vesicles and other proteins for
degradation return to the cell soma via retrograde transport. Loss of microtubule
dynamic stability results in loss of transport function. Microtubules are also critical in
directing the growth cone and filipodia which advance neuron outgrowth. Impairment to
the function of the microtubules and breakdown of the transport process and has been
implicated in causing changes in the morphology and physiology of the peripheral
nerve. The results are described as a slow wallerian type distal axonopathy that moves
more proximally with increasing dose and duration of chemotherapy treatment. It is
thought that longer nerves are more vulnerable to impaired transport, and this theory
has been used to explain the distal axonopathy as well as the phenomenon of
‘coasting’. Coasting is the term used to describe progressive worsening of TIPN
symptoms after chemotherapy. It is thought to be related to the time required for
anterograde transport to move the chemotherapy drug from the dorsal root ganglion

(DRG) to the distal axon (Bennett, Liu, Xiao, Jin, & Siau, 2011; Han & Smith, 2013;

11



Kerckhove et al., 2017; Sisignano, Baron, Scholich, & Geisslinger, 2014; Starobova &
Vetter, 2017).

Recent research by Gornstein and Swartz suggests paclitaxel locally impacts
microtubules in the distal axon and transport deficits may not be the primary cause. The
authors applied paclitaxel (10-50nm) to the mid and distal axon of adult mouse DRG
neurons and found the distal portion to be selectively sensitive, while the mid axon
portion showed no significant changes compared to control. Specifically, the authors
suggest that paclitaxel disrupts growth cone dynamics in filipodial extension of pioneer
microtubules in the sensory nerve. Pioneer microtubules are active and in a high
metabolic state maintaining retraction and advancement of the nerve as the epithelium
regenerates; therefore, stabilization of these pioneer microtubules would directly result
in impairment at the distal axon (E. L. Gornstein & Schwarz, 2017). Other suggested
primary mechanisms of TIPN include mitotoxicity (swollen and vaculated mitochondria)
that are present in Ad and C fibres after chemotherapy resulting in Ca2+ release
(opening mitochondrial permeability transition pore (mPTP) and neuronal excitability).
Damaged cellular function leads to an increase in reactive oxidative stress (ROS),
subsequent ion channel changes (TRPV1 via PKC or MAPK), release of inflammatory
cytokines, and activation of caspase 3/7 (Kerckhove et al., 2017; Miltenburg & Boogerd,
2014; Starobova & Vetter, 2017; Xiao, Zheng, & Bennett, 2012). This may, in part, be
related to a second low affinity binding site of taxanes to the end of the microtubules
associated with generating mediators of inflammation (IL, NO and COX-2) (Fitzpatrick &

Wheeler, 2003).
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The clinical presentation of TIPN is reported as a terminal nerve ending sensory
disturbance with increased vibration perception and loss of temperature sensation
(Gutierrez-Gutierrez, Sereno, Miralles, Casado-Saenz, & Gutierrez-Rivas, 2010). This
small fibre sensory neuropathy specifically affects the Ad (thinly myelinated fibres
involved in cold perception and thermal pain), C-Fiber (un-myelinated fibres involved in
warm temperature perception and thermal pain) and the A fibres (myelinated fibres
involved in touch and vibration sense). Nerve conduction studies are normal during the
early stages of the axonopathy since they monitor the amplitude and velocity of large
myelinated fibres. Skin biopsy, quantification of intraepidermal nerve fibre density
(IENF), and quantitative sensory testing (QST) are useful in diagnosing and monitoring
this neuropathy. Currently, there is no gold standard test for diagnosing small fibre
neuropathy; however, in the presence of symptoms mentioned above with abnormal
QST and a normal nerve conduction study will confirm the diagnosis (Hoeijmakers,
Faber, Lauria, Merkies, & Waxman, 2012; Lauria, 2005).

Large interpersonal variability exists in neuropathy location (hands or feet) and
intensity of symptoms. This has been explained by variability in chemotherapy
cumulative dose, schedule, combination therapy, pre-existing risk factors (including
diabetes, advanced age, smoking, increased alcohol consumption), increased body
mass index (BMI) and genetic predisposition (Cioroiu & Weimer, 2017; Eckhoff,
Feddersen, Knoop, Ewertz, & Bergmann, 2015; Kandula et al., 2017; Kus et al., 2016).
The presence of cold allodynia and cold hyperalgesia during chemotherapy has been

clinically identified as a risk factor for persistent TIPN symptoms (Seretny et al., 2014).
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A retrospective study found that 10% of patients on Docetaxel or Paclitaxel had a
dose reduction or treatment delay during treatment because of TIPN symptoms (Speck
et al., 2013). Other studies have estimated that 25-60% of all patients will experience
lasting neuropathic symptoms months to years after the completion of chemotherapy
(Hershman et al., 2011; S. B. Park et al., 2011). The monetary burden of chemotherapy
induced peripheral neuropathy (CIPN) has been estimated to cost over seventeen
thousand per person per year in the United States (Pike, Birnbaum, Muehlenbein, Pohl,
& Natale, 2012), and is associated with anxiety, sleep disorders and depression (Hong,
Tian, & Wu, 2014).

Reviews have summarized potential treatment approaches studying anti-
oxidants, vitamins and herbal medicines such as Goshajinkigan, Acetyl-L-carnitine,
Ca2+-Mg2+ infusions, Vitamin A, B and E (Han & Smith, 2013; Poupon et al., 2015;
Sisignano et al., 2014; Wing et al., 2017). These potential treatments have shown
promise for possible preventative management by reducing oxidative stress in cell
research and animal models. A few of these studies have led to clinical trials; however,
they failed to produce either neuroprotection or alleviation of symptoms (Hershman et
al., 2013; Poupon et al., 2015).

At present, expert opinion from the 2014 practice guidelines from the American
Society for Clinical Oncology has indicated that no agents can be recommended to
prevent CIPN and provides only moderate support for treatment with a serotonin-
norepinephrine re-uptake inhibitor, duloxetine (Hershman et al., 2014; Smith et al.,
2013; Visovsky, Collins, Abbott, Aschenbrenner, & Hart, 2007). Unfortunately,

duloxetine is associated with side effects (nausea, insomnia, and dizziness), and a
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physician must closely monitor drug dosage. Further, duloxetine may be more effective
in treating oxaliplatin symptoms rather than taxane neuropathic symptoms (Smith et al.,
2013). In a consensus statement from the Canadian Pain Society, it has been identified
that physical therapy programs, exercise, and psychological treatment are needed in
conjunction with duloxetine to optimize successful outcomes (Moulin et al., 2014).

In addition to Duloxetine, topical agents have been commonly suggested for
treatment of symptoms. Results from clinical trials regarding sensory symptom
improvement are mixed. A phase Il six week trial of topical ketamine and amitriptyline
demonstrated no improvement in pain scores (Gewandter et al., 2014). Another
randomized controlled trial used a topical combination of ketamine, amitriptyline, and
baclofen demonstrating improved tingling sensory subscales but not numbness, thermal
or functional improvements (Barton et al., 2011). Topical menthol has been suggested
as a possible treatment but requires further study (Fallon et al., 2015).

There is a theory that a single pharmacological treatment may be possible for all
chemotherapy induced peripheral neuropathy (CIPN) due to similar overlapping
mechanisms of mitotoxicity. Oxaliplatin, cisplatin, vincristine, and paclitaxel all have
mitotoxicity as part of the pathophysiology (Xiao et al., 2012). It has been postulated
that this may involve inhibiting TRPV1 or NMDAR activation with additional anti-
inflammatory properties, perhaps by inhibiting p38-MAPK (Sisignano et al., 2014).

One of the major concerns of targeting the pathway to prevent or minimize TIPN
is that it also could theoretically affect taxane drug efficacy (Cioroiu & Weimer, 2017).
Thus, it is important to find a treatment that can block TIPN or restore sensory function

that is independent from the chemotherapy pathway.
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MECHANISMS MAINTAINING NEUROPATHIC PAIN

Depending on the chemotherapy agent severity of symptoms can vary. Platinum-
based drugs, specifically oxaliplatin, can cause acute severe sensory disturbances
immediately following chemotherapy administration and is thought to be the most
neurotoxic of all the drugs with lasting chronic symptoms up to 25 years. By
comparison, taxane drug neurotoxicity is as prevalent as the platinum-based drugs
affecting 80-97% of patients but the lasting symptoms are thought to be less severe with
a reported 4.75 years maximum duration. Of the taxane drugs, paclitaxel neuropathy
symptoms are reportedly more severe and persistent when compared to docetaxel
(Kerckhove et al., 2017).

TIPN has two main sensory phenotypes. One is loss of sensation (or a negative
sensory profile) that is generally associated with the loss of IENFD fibres, loss of
myelination, and dying back of the sensory axon. The second is associated with
hypersensitivity (or a positive sensory profile) potentially caused by an increased
number of ion channels, altered or impaired Ca2+ signaling, neuro inflammation, and
activation of adjacent silent nociceptors. Neuropathic pain is part of the positive sensory
symptom profile of TIPN and includes sensations of stabbing, burning, shooting,
tingling, allodynia, hyperalgesia, and pins and needles. These symptoms are thought to
be maintained by peripheral and central sensitization (Brewer, Morrison, Dolan, &
Fleming, 2016; Grisold et al., 2012; Kerckhove et al., 2017).

Since taxanes do not cross the blood brain barrier, spinal cord and central
involvement are thought to originate from information provided from peripheral afferent

input. Maintaining neuropathic pain potentially may arise initially from peripheral
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nociceptive input to the spinal cord. Chemotherapy induces mitochondrial damage
which directly contributes to abnormal spontaneous discharge of Ad and C-fibres with
mechano and thermal hypersensitivity via TRPA1 (mechano and cold sensitivity) and
TRPV1 (heat hyperalgesia) receptors at the distal terminal sensory ending (Xiao et al.,
2012). This distal axon mitotoxicity could be the cause of peripheral nociceptive input
that would explain the sequence of events leading to spontaneous nerve firing (shooting
pain), sensitized receptors (cold and hot hyperalgesia), and release of pro-inflammatory
cytokines (allodynia and neuro-inflammation) (Bennett et al., 2011; Doyle et al., 2012;
Xiao et al., 2012). Constant peripheral input or impaired processing can maintain spinal
cord dorsal horn excitability (glia cell activation) resulting in cortical changes, central
sensitization, and impaired descending noxious inhibitory control (DNIC) (Haroutounian
et al., 2014; Lundborg, 2000; Rosen, Bjorkman, & Lundborg, 2006; Yarnitsky et al.,
2008). Activated glia (microglia and astrocytes) at the dorsal horn seem to be central in
maintaining neuropathic pain, increasing pro-inflammatory cytokines, and brain derived

neurotrophic factor (BDNF) (Dobson, McMillan, & Li, 2014).

ANIMAL MODELS OF EXERCISE AND NEUROPATHIC PAIN

To attempt to understand how exercise improves peripheral nerve regeneration
and neuropathic pain, animal models have been developed. Chronic constriction injury
(CCl) is a common model used to induce neuropathic pain by tying a suture around the
sciatic nerve with resultant mechanical allodynia and thermal hyperalgesia. Using these

animal pain models, research has shown that aerobic exercise and neural movement
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can reduce allodynia (measured by paw withdrawal to von Frey hairs) and thermal
hyperalgesia (measured by infrared heat or cold plate withdrawal thresholds).

Armada-da-Silva and colleagues have shown that physical exercise increases
both the number of axons and rate of axonal elongation. Additionally, exercise prior to
injury may help pre-condition the nervous system to be able to rehabilitate more
effectively after injury (Armada-da-Silva, Pereira, Amado, & Veloso, 2013). In a CCl rat
model of neuropathic pain, voluntary wheel running before injury suppresses allodynia
post-injury (Grace et al., 2016). Ten neural mobilization treatments (a commonly used
nerve treatment technique in physical therapy) decreased glial activity (GFAP
expression, OX-42 and BDNF immunoreactivity) in the periaqueductal grey (PAG) and
thalamic nuclei that are related to maintaining neuropathic pain (Giardini et al., 2017).
Swim therapy (1 hour daily for 6 weeks) has been shown to significantly reduce
allodynia and hyperalgesia in another rat model of neuropathic pain (Shen, Fox, &
Cheng, 2013).

Regular aerobic exercise has been shown to attenuate neuropathic pain
mediated by endogenous opioid systems (Stagg et al., 2011). Using a spinal nerve
ligation model of neuropathic pain, mechanical and thermal hyperalgesia was reversed
within 3 weeks with a five-week forced treadmill training session post-ligation. The
positive effects of exercise on neuropathic pain was intensity (not frequency)
dependent, and the hypersensitivity returned to pre-exercise levels within 8 days of
discontinuing the exercise. Results suggest that maintaining regular exercise of
moderate intensity is required to preserve the protective effects. Mechanisms mediating

this exercise induced modulation of neuropathic pain is a result of increased
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endogenous opioid levels in the PAG and rostral ventralmedial medulla (RVM), and was
confirmed using an intracerebroventricular injection of naloxone (Stagg et al., 2011).

A mouse model of TIPN and exercise has been developed (J. S. Park, Kim, &
Hoke, 2015). Treadmill exercise began one week prior to paclitaxel and continued 7
days/week for 4 weeks. Daily exercise prevented thermal hyperalgesia, and histological
evaluations confirmed that exercise prevented a decrease in unmyelinated axons. The
authors conclude that the impact of exercise demonstrates ‘a robust neuroprotective
effect’ and that an upregulation of brain derived neurotrophic factor (BDNF) in motor
axons may assist in protecting the sensory axons from the neurotoxic effects of

paclitaxel (J. S. Park et al., 2015).

EXERCISE AND CANCER

International guidelines, World Health Organization (WHO) recommendations,
and American College of Sports Medicine (ACSM) guidelines reinforce the importance
of exercise for general health. It is believed that there is a near linear relationship
between the benefits of exercise and health in a dose-dependent manner. A review of
evidence-informed guidelines for Canadians identifies that if all Canadians followed
current guidelines (30-40 minutes of moderate intensity exercise on most days) deaths
could be reduced by 33% for coronary heart disease (CHD), 25% for stroke, 20% for
colon cancer, 20% for diabetes, 14% for breast cancer, 20% for hypertension and 25%
for osteoporosis (Katzmarzyk & Ardern, 2004; Warburton, Katzmarzyk, Rhodes, &
Shephard, 2007). Despite this knowledge, 48% of men and 54% of women are

physically inactive in the general population (Warburton et al., 2007).
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Cancer specific population estimates reveal higher levels of obesity with lower
levels of activity (fewer than 22% are reportedly active). Patient preference for type of
exercise, social, cognitive, demographic, environmental and medical variables are all
important considerations when prescribing exercise during chemotherapy (Courneya et
al., 2008; Rogers, Courneya, Verhulst, Markwell, & McAuley, 2008). Specifics of
barriers to exercise that patients report include treatment side effects, time constraints
and fatigue. Authors reviewing barriers and facilitators of exercise identify that the
barriers reported are often the symptoms that can be improved with exercise (Blaney,
Lowe-Strong, Rankin-Watt, Campbell, & Gracey, 2013; Clifford et al., 2018).

For many cancer survivors restoring physical function after diagnosis and
treatment is difficult. A prospective breast cancer study (n=267) measuring physical
activity confirmed, as expected, that physical activity declines significantly post-
operatively. Activity levels measured included occupation, sport and household activity,
as well as an overall activity measure. Follow up at one year found that these women
had not returned to their pre-operative physical activity levels (Devoogdt et al., 2010).

Physical activity during and after medical treatment is important to maintain and
improve cardiovascular fitness, muscle strength, balance, flexibility and range of motion,
reduce fatigue, depression, and generally improve quality of life (Baumann et al., 2013;
Hayes et al., 2012; Streckmann, Kneis, et al., 2014; Streckmann, Zopf, et al., 2014).
Moderate intensity exercise improves musculoskeletal fitness and positive mental health
(including reduced rates of both depression and anxiety) that are extremely important to
maximize quality of life (Warburton et al., 2007). Possible mechanisms for improved

health with exercise include lower serum concentrations of sex hormones, improved
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insulin sensitivity, reduction in systemic inflammation, and improved immune function
(McTiernan, 2008). A cochrane review specific to exercise and breast cancer found
moderate support that exercise can lessen fatigue and improve physical fithess, cancer
specific quality of life measures, and cognitive function (Furmaniak, Menig, & Markes,
2016). Physical activity literature specific to cancer identify that a reduction of adipose
tissue, reduction in circulating hormones, lower production of insulin, reduction of
reactive oxygen species (ROS), and other inflammatory markers with natural killer cell
activation may be possible mechanisms that might reduce cancer risk or recurrence
(Knop et al., 2011; McTiernan, 2008; Zimmer et al., 2015).

The clinical oncology society of Australia recently published a position statement
on exercise in cancer care. Their recommendations advocate all members of the
oncology team to support exercise for patients. When possible the current guidelines
(150 minutes of moderate activity or 75 minutes of high intensity aerobic activity and at
least 2-3 resistance training sessions weekly) should be encouraged in order to reduce
cancer related side effects and disease burden. While clinical trials and epidemiological
data have correlated physical activity to improved disease free and overall survival,
larger phase Il studies are required to confirm this association (Cormie et al., 2018;

Courneya et al., 2014).

EXERCISE AND PERIPHERAL NEUROPATHY
Exercise has anti-inflammatory effects on the nervous system that may be critical
in understanding how exercise can attenuate symptoms of neuropathic pain.

Decreasing pro-inflammatory cytokines, normalizing glial cell activation and BDNF, and
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upregulating other neurotrophic factors along with many other proposed mechanisms
are being revealed in experimental studies (Cooper, Kluding, & Wright, 2016).

A recent systematic review on exercise intervention and peripheral neuropathy
identified 18 clinical trials (majority studying diabetic neuropathy with one chemotherapy
induced peripheral neuropathy), and found that ‘exercise is safe, feasible, and
beneficial’ (Streckmann, Zopf, et al., 2014). One pilot study not included in the
systematic review used the McGill pain questionnaire and Leeds Assessment of
Neuropathic Symptoms and Signs (S-LANSS) to evaluate a ten-week home exercise
program in breast cancer patients experiencing painful CIPN. Enrolment was extremely
low (n=14) and adherence was worse with a 50% drop-out rate (total of n=6). While the
participants pain and S-LANSS scores were reduced, adherence to exercise must
improve for this treatment to be beneficial (Wonders et al., 2013). A long-term follow up
study on peripheral neuropathy risk factors in breast cancer survivors found an
association between women who reported exercise (at least 30 minutes on most days)
with a lower risk (12%) of peripheral neuropathy (Mustafa Ali, Moeller, Rybicki, & Moore,
2017). A recent 6-week home based progressive resistance and walking program has
demonstrated improvements in patient reported CIPN symptoms including symptoms of
numbness/tingling and hotness/coldness compared to controls (Kleckner et al., 2018).

Physical therapy programs for cancer rehabilitation are becoming more common
and educate on the importance of exercise specific to neuropathic pain and TIPN.
These programs often include postural correction, generalized stretching, gait retraining,
cardiac conditioning, and strengthening. Incorporated in this training are exercises

aimed at improvements in balance, fine dexterity, reaction time, coordination, and
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overall gross motor function following sensory deficits and motor weakness resulting

from the peripheral neuropathies.

CONCLUSION

The pathophysiology of TIPN is complex and poorly understood. Several theories
outline possible mechanisms of action, but few effective treatments exist. The same can
be said for pain of neuropathic origin. Poorly understood mechanisms inciting and
maintaining neuropathic pain are complicated, and successful management often
requires a combination of physical therapy, pharmacological drugs, and psychological
intervention to minimize symptoms. The general health benefits of exercise are well
established. The past two decades of research on cancer and physical activity has
positively correlated the recovery of treatment side effects including neuropathy (Cormie
et al., 2018; Furmaniak et al., 2016; Mustafa Ali et al., 2017; Warburton et al., 2007).
The evidence for the role of exercise in primary cancer prevention and secondary
recurrence has been associated in epidemiological research and a few clinical trials,
however, a causal mechanism has not been identified. Animal models of exercise and
neuropathic pain demonstrate diminished allodynia and hyperalgesia as well as
improved sensory nerve regeneration (Grace et al., 2016; Shen et al., 2013; Stagg et
al., 2011). It is conceivable that exercise can assist in attenuating neuropathic pain in
cancer patients, minimize neuropathic symptoms, and other known taxane side effects
including fatigue, mental alertness, depression, general strength, endurance, and

flexibility. The goal of future research is to identify the specifics of exercise intensity,
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frequency, duration, and type to provide the most benefit for prevention and treatment of

taxane induced peripheral neuropathy and neuropathic pain.
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CHAPTER 3: Physical Therapy and Nerve Gliding Exercises for the Treatment of

Chemotherapy Induced Peripheral Neuropathy

Running Head: Physical Therapy for the Treatment of CIPN
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ABSTRACT
Purpose: To evaluate the role of a physical therapy nerve gliding home program during
chemotherapy for the prevention and management of chemotherapy induced peripheral
neuropathy (CIPN) and evaluate whether a dual nerve disorder exists between the
surgical and non-surgical side using quantitative sensory testing (QST).
Methods: Single blind (blinded assessor) randomized controlled pilot study compared
standard care to a nerve specific physical therapy home program throughout
chemotherapy. Patient questionnaires and QST were used to evaluate the treatment
effect of these exercises for the hands on 4 reassessment visits (1) midway through
chemotherapy, 2) post chemotherapy, 3) 3 months post chemotherapy and 4) 6 months
post chemotherapy). QST further identified whether sensory impairments were present
between surgical and non-surgical side. Treatment consisted of three appointments with
a physical therapist to develop an upper extremity nerve gliding home program. The
control group received standard care.
Results: Stage I-1ll patients with breast cancer (n=48) were included in analysis. The 11-
point numeric pain rating scale (NPRS) was converted to percentages of participants
with no pain (0/10) or 1/10 and higher. 30% of participants in the treatment group had
pain scores >1 compared to 49% in the control group. Using logistic mixed models for
binary outcomes the treatment group had less pain (OR 0.41, 95% confidence 0.17-
1.01; p=0.053) and pain decreased over time (OR 0.85, 95% CI 0.76-0.94; p=0.002).
Using Linear mixed models predicted for continuous outcomes, pain pressure

thresholds (p=0.03) and grip dynamometry (p>0.0001) were improved in the treatment

33



group. Inconsistent results between left and right surgical side countered the hypothesis
that sensory differences would be evident between the surgical and non-surgical side.
Conclusion: Physical therapy and nerve gliding home exercises during and after
chemotherapy improves CIPN pain and function in the upper extremity for patients with
breast cancer. Surgical tumor excision prior to chemotherapy was not found to be a

contributing risk factor for severity of CIPN symptoms on the surgical side.

KEY WORDS: chemotherapy induced peripheral neuropathy (CIPN), physical therapy,

nerve gliding, neural gliding, nerve mobilizations, dual nerve disorder
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INTRODUCTION

Taxanes (Docetaxel or Paclitaxel) are widely used chemotherapeutic agents for
the treatment of many solid tumors that prevent tumor growth through microtubule
stabilizing mechanisms. A common side effect is chemotherapy induced peripheral
neuropathy (CIPN). CIPN is a small fibre sensory neuropathy that develops in the
hands/feet and worsens with increasing dose and duration of treatment. It impacts the
AB, Ad, and C-Fiber function involved in light touch and vibration sense, thermal
detection and thermal pain. This results in a variety of positive and/or negative sensory
symptoms including hypoesthesia, dysesthesias, hyperalgesia, allodynia and
neuropathic pain. The majority of patients receiving taxane chemotherapy experience
CIPN, 60% will continue to have symptoms months after chemotherapy is complete,
and 25% will have severe sensory disturbances for years post-treatment (Hershman et
al., 2011; Park et al., 2011). CIPN symptom severity has been reported to cause dose
reduction or treatment delay in 10% of individuals (Seretny et al., 2014). At present,
there are few effective treatment options for chemotherapy induced peripheral
neuropathy. Moderate support for the serotonin norepinephrine re-uptake inhibitor,
Duloxetine, has been shown to improve pain associated with CIPN sensory symptoms,
however, common side effects including nausea, dry mouth, fatigue, dizziness,
sweating and constipation limit use (Moulin et al., 2014; Smith et al., 2013). Expert
opinion from the Canadian pain society recommends physical therapy and
psychological treatment in conjunction with pharmacological agents to optimize success

(Moulin et al., 2014).
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Risk factors that have been identified include advanced age, previous
chemotherapy, exposure to toxins, and genetic disorders known to cause peripheral
neuropathic symptoms. These factors can predispose the patient to more severe
symptoms of the neuropathy (Grisold, Cavaletti, & Windebank, 2012). One potential
risk factor that has been mentioned, but not studied, is pre-existing nerve health
(Stubblefield, McNeely, Alfano, & Mayer, 2012). Mechanical entrapment neuropathies
(such as carpal tunnel syndrome) and decreased neural excursion on nerve testing
(such as post-operative nerve irritation/compression from breast surgery) may sensitize
the nerve to further injury with the chemotherapy drug. ‘An axon damaged at one site
can become more vulnerable to further trauma at a secondary site along the length of
the nerve’ and is termed the double crush injury or dual nerve disorder (Upton &
McComas, 1973). A recent Delphi review on dual nerve disorders discussed the
possibility that a nerve injury combined with neurotoxic medication would likely
compound the effects (Schmid, Nee, & Coppieters, 2013). Physical therapy treatment
for nerve disorders is well established in orthopedics and plastic surgery for entrapment
neuropathies, neuropathic pain, post-operative nerve repair and regeneration (Armada-
da-Silva, Pereira, Amado, & Veloso, 2013; Butler, 2000; Hunt, 2002; Novak & von der
Heyde, 2013; Schmid et al., 2009; Schmid, Elliott, Strudwick, Little, & Coppieters, 2012).
If pre-existing nerve health is an additional risk factor, it is possible that physiotherapy
intervention prior to or during chemotherapy could improve the chances of full nerve
recovery post-chemotherapy. This would potentially greatly improve quality of life for

many cancer survivors reducing the burden of disease.
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The purpose of the present study was to evaluate the role for an upper extremity
nerve mobilization home physical therapy program during chemotherapy for the
prevention and management of CIPN and evaluate whether a dual nerve disorder
contributes to severity of symptoms. Patient questionnaires and quantitative sensory

testing (QST) were used to evaluate the treatment effect of these exercises.

Hypothesis

1) Physical therapy and nerve gliding exercises would assist patients with breast
cancer in managing upper extremity CIPN symptoms during chemotherapy and
report improved pain (NPRS) and function (DASH) compared to the control
group. Secondary outcome measures included vibration, pain pressure and grip
strength. It was hypothesized that the treatment group would have improved
pain, grip and vibration sense compared to controls.

2) Participants with a prior history of nerve damage will demonstrate greater
impairment on the affected side. Additionally, the surgical side will demonstrate
greater impaired sensory function on QST testing compared to the non-surgical

side further supporting the dual nerve disorder hypothesis

METHODS
Participants and eligibility

Stage I-1ll patients with breast cancer that attended oncology clinics at
CancerCare Manitoba were eligible for enrolment if they were receiving standard taxane

chemotherapy. Two different chemotherapy regimens were included 1) docetaxel
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75mg/m2 and cyclophosphamide x 4 (TC) or 2) 5-fluorouracil, epirubicin,
cyclophosphamide x3, followed by Docetaxel 100mg/m2 x 3 (FECD)(Jones et al., 2009;
Roche et al., 2006; Swain et al., 2013). Participants were approached by a member of
the team at their initial oncology visit to advise them of the physical therapy study taking
place. If interested, patients signed a consent to contact form. Participants were
excluded if they had co-morbid conditions causing peripheral neuropathic symptoms
(including previous chemotherapy) or patients not scheduled for regular Taxane
therapy. In total, 80 patients were contacted to participate between November 2014 and
January 2017. Sixty-one participants were enrolled and 7 withdrew over the course of
the study. Reasons for withdrawal included too ill to continue, too busy to continue, or
re-diagnosed as stage IV. Data collection was complete by October of 2017 and
consisted of 54 participants. Six participants had received neo-adjuvant chemotherapy
or chemotherapy that differed from the TC or FECD regimes and were excluded from
analysis because these regimes substantially affected the timing for surgery, and in
some cases, the overall dose of taxane chemotherapy. Forty-eight participants were
then included for analysis. Figure 1. Provides a consort diagram of the enrolment

process.

Protocol

This was a single blind (blinded assessor) randomized controlled pilot study
testing the potential for nerve specific home exercises to improve pain and function
post-surgery during and after chemotherapy. Random numbers were drawn to assign

either treatment or control. Envelopes containing the assigned group were sealed and

38



the blinded assessor needed only to provide the envelope to the participant after initial
consent and assessment. Ethics approval was obtained from both the Health Research
Ethics Board (H:2014:281) at the University of Manitoba and the Research Resource
Impact Committee (RRIC 2014-031) at CancerCare Manitoba.

Nerve assessments using quantitative sensory testing were administered at the
Pain Research Laboratory (PRL), College of Rehabilitation Sciences, University of
Manitoba. Quantitative sensory testing (QST) are a variety of non-invasive tests aimed
at quantifying sensory perceptions commonly used in research (Boyette-Davis et al.,
2013; Hershman et al., 2011; Park et al., 2011; Walk et al., 2009). It is used for sensory
detection and pain thresholds for both mechanical and thermal stimuli. The advantages
of using QST are that, ‘the experimental stimulus, intensity, duration, and modality are
controlled; the responses are quantifiable; and, can be compared over time’ (Arendt-

Nielsen & Yarnitsky, 2009).

Outcome Measures

Primary Outcome Measures for Physical Therapy Intervention

The primary outcome measures related to function and quality of life and included the
Numeric Pain Rating Scale (NPRS), the Disability of the Arm, Shoulder and Hand
(DASH), and the Self report version of the Leeds Assessment for Neuropathic

Symptoms and Signs (S-LANSS).

1) Numeric Pain Rating Scale (NPRS) rated CIPN pain. The NPRS is an 11 point scale

(0-10) ranking pain from 0O indicating no pain at all to 10 indicating worst pain imaginable
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on each assessment visit of the finger tips. This was to specifically identify pain from
CIPN. A change score of 2 is reported to be a clinically relevant change.

2) Disability of the Arm, Shoulder and Hand (DASH) is a 30 item participant reported
guestionnaire commonly used to gauge upper limb function (attached in appendix E).
The DASH was chosen because of high test-retest reliability and the responsiveness
and construct validity in patients with breast cancer over other quality of life measures
(Beaton et al., 2001; Harrington, Michener, Kendig, Miale, & George, 2014). A minimal
clinical important difference is a change score of 15.

3) Self report version of Leeds Assessment for Neuropathic Symptoms and Signs (S-
LANSS) is a 7 item patient reported questionnaire and was used to confirm the
presence of neuropathic pain (Bennett, Smith, Torrance, & Potter, 2005). The score
ranges from 0-19 with a score above 12 indicative of neuropathic pain/symptoms. S-
LANSS was chosen because of its’ specificity and accuracy in a cancer population
(Hardy, Quinn, Fazekas, Agar, & Currow, 2013; Perez et al., 2015). Participants were

requested to answer specifically for the hands, not feet (attached in appendix E).

Secondary Qutcome Measures for Physical Therapy Intervention

Secondary outcomes included vibration sensation assessment as a measure of A
function, pain pressure thresholds as a measure of central sensitization, and grip

strength as a general measure of function.

1) Vibration analysis testing for perception thresholds are specific to A nerve fibres.

The TSAIl Vibration Sensory Analyzer module for the Medoc was used. The pulp of the
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index finger lightly touches the sensor. The sensor delivers different vibration
amplitudes (um). Random, varying vibration thresholds are delivered with the participant
responding “yes/no” to sensing the vibration. Vibration perception was selected for its
sensitivity and has been suggested to be the first clinical sign of CIPN symptoms and
was tested bilaterally (Gutierrez-Gutierrez, Sereno, Miralles, Casado-Saenz, &

Gutierrez-Rivas, 2010).

2) Pressure Algometry measured pressure/pain thresholds. It is a hand-held device
(Somedic AB, Sweden) and applied perpendicular to the muscles being tested.
Increasing pressure is applied until the participant determines that the sensation has
changed from a feeling of pressure to a feeling of pain. The test stops when the
participant presses a button, and the force (Kpa) was recorded. The left quadriceps

muscle was tested as a measure of central sensitization.

3) Hand Dynamometry records grip strength in kgs and was used as a measure of
function (3 trials). The dominant hand was tested. For our participants, all 48 in analysis

were right handed.

Outcome Measures Assessing Dual Nerve Disorder

QST using the neurosensory analyzer (TSA 1l, Medoc) for thermal and vibration

sensation quantified the differences between surgical and non-surgical side.

1) Thermal detection threshold (warm and cool) and thermal pain thresholds (hot and
cold) measured Ad and C-fibre function. The Neurosensory Analyzer (TSA Il, Medoc,

Israel) thermode was attached to the volar surface of the index and middle distal
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phalanx. Temperature was increased or decreased by 0.1-degree Celsius increments
until the patient pressed a button indicating temperature detection or thermal pain. The
patient is always in control and is never at risk for tissue damage (temperature limits are

set to vary only from 0-50 degrees Celsius). Hands were tested bilaterally.

2) Vibration analysis testing from the physical therapy data was used for Ap nerve fibre

function (Vibration Sensory Analyzer module, TSA 11).

3) Volumeter assessment as a gross measure of hand swelling. The volumeter
objectively records changes in swelling over time. The hand is submerged in water to a
set point where the web space of the middle and ring finger touch a bar in the centre of
the container. The volume of water displaced into an overflow container is used as a

measure of swelling to compare within subject variability over time.

Assessment Visits

Five visits in total with the research coordinator were required over an average of
8 months at the Pain Research Laboratory (PRL), College of Rehabilitation Sciences,
University of Manitoba. The first visit proceeded after the initial oncology visit confirmed
chemotherapy was required. This primary assessment (visit 1) consisted of completing
the informed consent and baseline nerve evaluation including the subjective
guestionnaires and QST data. Pre-randomized envelopes were sent home with
participants that contained which experimental group they were assigned to either

physical therapy treatment or standard care. Participants were advised not to disclose
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their assigned group to the research coordinator in order to maintain blinding. If
participants had questions, they were to contact the oncologist or co-investigator
involved in the study. Standard care for the control group was to attend nerve re-
assessments at the pain research laboratory, but no exercises or appointments with a
physical therapist were provided. Instructions only in the treatment group envelope
directed participants to arrange 3 sessions at their convenience with the physical
therapist prior to the start of chemotherapy.

An estimated nerve re-assessment date for Visit 2 was scheduled for all
participants based on their treatment cycles and start date. Visit 3 was post-
chemotherapy. Visit 4 was 3 months post-chemotherapy and Visit 5 was the final
assessment at 6 months post-chemotherapy. After final evaluation participants could
disclose whether they were treatment or control, and they signed a form to receive a
$70 honorarium to cover transportation costs. Patients with residual symptoms allocated
to the control group were then offered a physical therapy assessment and tailored home

program.

Physical Therapy treatment

Three visits with a certified hand physical therapist to develop a home exercise
and education program were provided to each of the participants in the treatment group
prior to their first round of chemotherapy. The three appointments provided upper
extremity nerve gliding exercises that were the focus of the daily home program and
upper extremity range of motion exercises to restore pre-operative range, if required.

Nerve gliding exercises are frequently used exercises to improve neural excursion
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across joints, improve pain and decrease inflammation (Coppieters & Butler, 2008; Nee,
Vicenzino, Jull, Cleland, & Coppieters, 2012; Schmid et al., 2012). Nerve gliding
exercises were completed several times daily and required approximately 5-10 minutes
of time to complete. Participants were advised to complete these exercises during
chemotherapy and after until the symptoms of neuropathy subsided.

Education was provided on how to manage symptoms of neuropathic pain, cold
intolerance and hyperalgesia. This included the possibility of using compression gloves,
heated mittens, resting splints and desensitization exercises. Education was also
provided for hypoesthesia symptoms including safety and protection. Stretching
exercises for the neck and upper limb and axillary webbing exercises were provided if
appropriate. All the information was contained in an education package. Only one follow
up phone call, 6 weeks after the last treatment appointment, was provided by the
physical therapist. The purpose of the call was to ask if they had questions about the
exercises and encourage compliance. Therefore, both the treatment and control group
received no active intervention during or after chemotherapy in order to avoid a possible

treatment effect.

Data Analysis

Outcomes for the effect of the treatment and control groups were analyzed with a
mixed models analysis, which can account for repeated measurements, unequal time
intervals and data missing at random. Comparisons were made during follow up. One
mid-chemotherapy re-assessment time point was missing from analysis as the

participant was too sick to attend. Linear mixed models were used to predict continuous
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outcomes when the assumption of normality was met. Quantile mixed models were
used to predict ordinal outcomes or continuous outcomes where the assumption of
normality was not met. More than half of the NPRS pain scores were 0 indicating ‘no
pain’. Due to the floor effect of the pain scores, the scale was dichotomized into 0 and
1+ for analysis. Logistic mixed models were used for predicting binary outcomes, and
the results were marginalized using the approach by Hedeker et al. (Hedeker, Toit,
Demirtas, & Gibbons, 2018) that converts the ‘subject-specific’ estimates to ‘population-
averaged’ estimates. Residual plots were used to evaluate the assumption of normality
and to detect outliers. The assumption of linearity for continuous predictors was
evaluated using restricted cubic splines. The predictors for the odds ratio were
treatment variable and follow up time. Analyses were run using the R project for

statistical computing software version 3.4.1. (R Development team, 2017) and SAS 9.4.

RESULTS
Demographics

Forty-eight stage I-1ll breast cancer participants scheduled to receive adjuvant
chemotherapy were followed post-surgery until 6 months post-chemotherapy.
Participants were followed for an average of 8.25 months (range 6.6-9.4 months). One
mid-chemotherapy visit was missed in the treatment group as the participant was too
sick to attend. This left 87 reassessment visits in the treatment group (n=22) and 104 in
the control group (n=26). The mean age was 61.5 years (range 37-78). There were no

statistical differences between the groups. Demographics in Table 1. shows age, stage,
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surgery, reconstruction, radiation treatment, cancer side, and chemotherapy regimen for

all treatment and control participants.

Physical Therapy Intervention

On analysis, the distribution of NPRS scores prevented the use of the 11 point
scale for interpretation. Instead, the NPRS was reported as percentages of those having
no pain versus pain to interpret the data using logistic mixed models predicting binary
outcomes. Pain was defined as an NPRS of 1 or more (1+) on the 11-point scale. 30%
of participants in the treatment group had 1+ pain scores compared to 49% in the
control group. Predicting 1+ pain for NPRS demonstrated that the treatment group had
less pain (OR 0.41, 95% CI1 0.17-1.01; p=0.05). This represents comparison between
the groups at all assessment time points while controlling for the effect of time. The
NPRS treatment group also demonstrated a significant decrease in pain over time (OR
0.85, 95% CI 0.76-0.94; p=0.002). Using Linear mixed models predicted for continuous
outcomes, pain pressure thresholds (p=0.03) and grip dynamometry (p<0.0001) were
improved in the treatment group. Linear mixed models for both pain pressure and grip
strength demonstrated non-significant changes over time. No statistically significant
outcomes were found for the DASH, S-LANSS and vibration sensation. Figure 2
provides results for the NPRS. Figure 3 provides results for pain pressure algometry.
Figure 4 provides results for grip dynamometry. Table 2. Physical Therapy Intervention
summarizes all the findings for both the quantitative sensory data and subjective

guestionnaires for the treatment and control participants.
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Dual Nerve Disorder

Surgical side compared to non-surgical side was used to assess whether a dual
nerve disorder was evident from tumor excision surgery combined with chemotherapy.
Using linear mixed models, the results demonstrated statistically significant increase in
volume for right sided surgery (mean 6.47, 95%CI 2.13-10.81; p=0.004) while left sided
surgery had a decrease in volume (mean -7.16, 95%CI -11.48 - -2.88; p=0.001).
Vibration demonstrated statistically significant improvement for left sided surgery (mean
-0.09, 95%CI -0.18 - -0.01; p=0.04) but not right sided surgery (NS). Cool detection
thresholds were impaired for left sided surgery (mean 0.47, 95%CI 0.02-0.91; p=0.04)
but improved for right sided surgery (mean -0.51 95%CI -0.89 - -0.13; p=0.01). Warm
detection demonstrated improvement for left sided surgery (mean -0.71 95%CI -1.30 -
-0.13; p=0.02) but not right sided surgery (NS). No differences were observed for either

hot or cold pain thresholds.

DISCUSSION

To our knowledge, this is the first study to use physical therapy and nerve gliding
home exercises in an attempt to minimize the effects of CIPN. The physical therapy
treatment group reported statistically significant improvements for CIPN pain on the
NPRS, improved pain pressure thresholds (as a measure of centralized pain), and
improved grip strength (general upper extremity function measure) compared to the
control group.

A study by Kelley and Jull in 1998 was the first to show sensitivity during

movement in the neural tissue following breast cancer surgery. The authors used an
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upper limb tension test (ULTT2a) which is a specific test for brachial plexus mobility with
emphasis on the median nerve pre and post-operatively. The results demonstrated as
expected, a reduction in ipsilateral shoulder abduction post-surgery compared to pre-
surgery. Less expected was a post-operative bilateral decrease of shoulder abduction.
The authors attribute the bilateral limitations in range of motion to the presence of
centrally controlled protective muscle spasms from the local neural irritation (Kelley &
Jull, 1998). Another study replicated these findings despite having a more
heterogeneous population that included participants with lymphedema and a variable
time to post-operative assessment visits (Smoot, Boyd, Byl, & Dodd, 2014). Taken
together, the results from both studies demonstrate that neural tissue sensitivity is a
common symptom for many women post-surgery, and that symptoms extend past the
usual post-operative wound healing phase.

Sensitized neural tissues pre-chemotherapy may well pre-dispose the nerves to
further trauma from chemotherapy and/or radiation resulting in a double-crush
syndrome or dual nerve disorder prolonging symptoms. Our study selected nerve
gliding exercises aiming to normalize nerve excursion, decrease pain and sensitivity,
and prevent loss of ROM from post-operative scarring prior to chemotherapy. Our
results along with others support the use of physical therapy to minimize upper
extremity morbidity (Hayes et al., 2012; Stubblefield et al., 2012). Additionally, there
may be a role for nerve specific exercises throughout chemotherapy to minimize pain
and help restore function for breast cancer survivors. Our results are similar to the

results of a nerve gliding program for neck and arm pain. Four sessions of a nerve
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gliding program provided clinically important changes in neck and arm pain as well as
self-report functional measures (Nee et al., 2012).

Physical therapy treatment for nerve disorders is well established for entrapment,
neuropathic pain, nerve repair and regeneration (Armada-da-Silva et al., 2013; Butler,
2000; Hunt, 2002; Novak & von der Heyde, 2013; Schmid et al., 2009; Schmid et al.,
2012). Treatment addresses both positive and negative sensory symptoms that are
involved in nerve compression injuries, crush injuries and nerve lacerations to improve
pain and function, regain diminished sensation, and normalize hypersensitivity/allodynia
(Novak & von der Heyde, 2013). Conservative treatment with physical therapy includes
nerve gliding exercises that have been shown to reduce neural edema and decrease
pressure in the carpal tunnel (Schmid et al., 2012) and restore function and improve
pain in the neck and arm (Nee et al., 2012). Splinting is used to hold a joint in a position
that maintains the least amount of pressure on the nerve and decrease edema.
Compression garments are used to both to reduce edema and diminish positive sensory
signs such as hyperalgesia and allodynia. Adaptive equipment can be prescribed to
improve function with activities of daily life. Finally, physical therapy treatment provides
pain management to restore function and diminish symptoms including both peripheral
and central mechanisms. Centrally, physical therapy aims to restore cortical changes to
the somatosensory cortical map that occur rapidly after sensory nerve injury (Lundborg,
2000; Novak & von der Heyde, 2013).

For the dual nerve disorder hypothesis, it was expected that the surgical side
would consistently exhibit impairments in QST regardless of whether surgery was right

sided or left sided. The results found no consistent pattern present on the
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surgical/cancer side compared to the opposite limb. According to previous research
60% of women demonstrated decreased neural excursion post-operatively (Kelley &
Jull, 1998). From this, it was hypothesized that impaired thermal and vibration sense
would result. In light of the current findings, it was suspected that perhaps handedness
may play a role. Of note, all 48 participants were right handed in the current trial. This
contradicts our hypothesis that post-operative neural irritation is a risk factor for severity
of CIPN symptoms. Too few participants had a history of either prior nerve damage or

entrapment to allow for analysis based on previous history of nerve damage.

Limitations

Since we collected multiple outcome measures, it is possible that some variables
deemed significant may be due to a random effect. However, the unilateral direction of
improvements for all the quality of life variables in the physical therapy intervention
group (NPRS, DASH, S-LANSS, functional grip strength) is reassuring. Quantitative
sensory testing provides an objective stimulus but relies on a subjective patient
response. Attention, focus and standardized instructions can all impact the response
time and results. While great care was taken to ensure standard wording and testing
procedures, participants focus and attention may have impacted the results. To verify
the claims that all participants were completing their home program we requested that
the treatment group keep an exercise diary. While all but two participants reported daily
nerve gliding, only three participants completed the written diary. Recall from memory is
not an accurate representation and future studies should have a way to confirm

exercise adherence. Future studies should use the visual analog scale as a continuous
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measure, instead of the NPRS to improve sensitivity. Finally, we chose to focus only on
the hands even though CIPN is defined as a bilateral symmetric polyneuropathy
affecting both the hands and feet. This was for two reasons. First, patients with breast
cancer may benefit most from the range of motion and nerve exercises in the upper
limb. The aim was to minimize a dual nerve disorder that may occur from chemotherapy
and post-operative neural irritation. The addition of another package of exercises for the
feet during treatment was thought to be too onerous, potentially reducing compliance.
Second, QST and questionnaire assessments for both the hands and feet bilaterally
would be too time consuming for participants that are unwell. We felt that attempting to

assess all extremities may result in a larger attrition rate.

CONCLUSION

To our knowledge, no study to date has used physical therapy nerve gliding
exercises to potentially manage or minimize neuropathy symptoms throughout
chemotherapy. This study helps support a role for physical therapy post-operatively and
throughout chemotherapy in improving quality of life for patients with breast cancer. A
neural gliding and range of motion home program assists in improving pain during
chemotherapy. Further research is needed to evaluate whether nerve gliding exercises
can also minimize dose reductions or treatment delay for the improvement of

chemotherapy treatment delivery.
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TABLE 1. Demographics.

Treatment (n=22)  Control (n=26) | pvalue
Age mean (SD) 56.3 (9.9) 53.0(10.3) 0.26
Stage n (%)
| 6 (27.2) 11 (42.3) 0.35
[ 10 (45.4) 12 (46.1)
I 6(27.2) 3(11.5)
Cancer Side n (%)
Right 8 (36.4) 11 (42.3) 0.87
Left 14 (63.6) 14 (53.8)
Bilateral none 1(3.8)
Surgery n (%)
Lumpectomy 11 (50) 16 (61.5) 0.77
Single Mastectomy 8 (36.4) 7 (26.9)
Bilateral Mastectomy 3(13.6) 3(11.5)
Reconstruction n (%) 6(27.3) 4 (15.4) 0.48
Radiation n (%) 15 (68.2) 21 (80.76) 0.5
Docetaxel n (%)
FECD (6 rounds/3 taxane) 15 (68.2) 15 (57.7) 0.65
TC (4 rounds/all include taxane) 7 (31.1) 11 (42.3)
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TABLE 2. Physical Therapy Intervention.

NPRS number of visits (%)

No pain
1+ pain

DASH median (Q1-Q3)

S-LANSS n(%)
<12
>12

Vibration median (Q1-Q3)

Left
Right

Pain Pressure (SD)

Grip Dynamometry (SD)

Table 2. shows the results from the mixed methods analysis and represents

Treatment (n=22)

61 (70.1)
26 (29.9)

34 (31-45)

73 (83.9)
14(16.1)

0.23 (0.14-0.41)
0.23 (0.14-0.41)

923 (383)
27.2 (5.53)

Control (n=26)

53 (51.0)
51 (49.0)

42 (33-52)

77(74.0)
27(26.0)

0.14 (0.04-0.31)

0.23 (0.04-0.41)

744 (285)
21.8 (4.26)

p value

p=0.05* (OR 0.41, 95% 0.17-1.01)

p=0.25

p=0.24
p=0.43
p=0.92

p=0.03*
p=<0.0001*

comparisons of all follow up assessments between treatment and control. Predictors for

the odds ratio were treatment variable and follow-up time. Time variable analysis
showed a significant decrease in pain as measured by the NPRS (OR 0.85, 95% ClI
0.76-0.94; p=0.002) over time while both Pain pressure and grip had non-significant

changes over time.
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FIGURE 1.

Enrolment

Y

80 Participants originally contacted

|

61 agreed to participate

54 completed the trial
\

6 removed from analysis because
chemotherapy schedules differed from
the standard TC and FECD

3

7 withdrew from the study
Reasons for withdrawl: too
sick, too busy, preferred
other treatments for CIPN

» 48 participants in final data analysis -

Intention to treat analysis kept data from 2 participants who not
did not complete the physical therapy treatment

Figure 1. Consort diagram of enrolment. This figure pictorially represents the over-all

participant contact for recruitment, enrolment, withdrawal rate including reasons for

withdrawal as well as participants excluded from analysis and rational.
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FIGURE 2.

% of Pain on NPRS
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Figure 2. Percentage of pain. The bar graph indicates the percentage of pain for
participants randomized to treatment (n=22) and control (n=26). Green bars indicate
percentage of participants with no pain while the blue bars indicate percentage of
participants with pain. Treatment and control are along the x-axis and percentage of
pain is along the y axis. The treatment group had less pain (OR 0.41, 95% CI10.17-1.01;
p=0.05). Time variable analysis showed a significant decrease in pain over time as
measured by the NPRS (OR 0.85, 95% CI 0.76-0.94; p=0.002). The numbers inside the

bars represent the number of visits.
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FIGURE 3.

Pain Pressure Thresholds
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Figure 3. Pain pressure thresholds. The bar graph indicates the pain pressure
thresholds for participants randomized to treatment (n=22) and control (n=26). The
green bar indicates the average kilopascal (KPa) for pain pressure thresholds of all
treatment participants over time, while the blue bar indicates average kilopascal (KPa)
for controls. Treatment and control are along the x-axis and pressure (KPa) is along the
y axis. The numbers inside the bars is the mean and the error bars represent the SD.

The treatment group had higher pain pressure thresholds (p=0.03). Pain pressure had
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non-significant changes over time, suggesting stability of this measure in the treatment
group.

FIGURE 4.

Grip Strength
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Figure 4. Grip strength. The bar graph indicates the average grip strength for all
participants randomized to treatment (n=22) and control (n=26) over time. The green
bar indicates the average force (Kgs) of all treatment participants, while the blue bar
represents controls. Treatment and control are along the x-axis and force (Kgs) is along
the y axis. The numbers inside the bars are the mean and the error bars represent the
SD. The treatment group had higher grip strength (p<0.0001). Grip strength had non-

significant changes over time, suggesting stability of this measure in the treatment

group.
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CHAPTER 4: Electro Acupuncture is not Recommended for Managing Chronic
Neuropathic Pain in Chemotherapy Induced Peripheral Neuropathy: A double

blind randomized controlled trial.

Running Head: Electro Acupuncture not recommended for CIPN
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ABSTRACT
Purpose: Research on acupuncture for chemotherapy induced peripheral neuropathy
(CIPN) treatment lacks important scientific standards that include homogenous
populations, sham groups, and valid and reliable outcome measures. This prospective
double-blind randomized controlled trial (RCT) sought to answer whether electro
acupuncture (EA) could improve chronic neuropathic CIPN pain in breast cancer
patients exposed to taxane chemotherapy compared to a sham control group.
Methods: 18 participants (10 treatment and 8 sham) were recruited from the cancer
registry at CancerCare Manitoba. Primary outcome measure was the numeric pain
rating scale (NPRS). Subjective questionnaires and Quantitative Sensory Testing (QST)
were used to establish nerve pain and function for baseline and follow up post 6-week
trial. Acupuncture treatment consisted of points ST36, LR3, and LI4 bilaterally x 30
minutes, once a week over 6 weeks. EA was applied to ST36 at 2Hz at maximum
tolerance. Sham acupuncture using Streitberger Placebo Needles (Asiamed) included
the same points and treatment parameters.
Results: Baseline NPRS scores were equal between the groups with sham median (Q1-
Q3) 5.5 (4.75-6.0) and true 5.0 (3.5-7.75) NS. Post pain scores revealed a statistically
significant and clinically relevant improvement for the sham group with a reduction in
pain to 2.50 (2.0-3.0), p=0.04 compared to the true acupuncture group 4.25 (3.25-5.0)
that demonstrated no clinical or statistical improvement.
Conclusion: This trial used best practice, incorporated a homogeneous population, used
valid and reliable outcome measures, and sham controls. There is no evidence to

suggest that EA works in this population.
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INTRODUCTION

Chemotherapy Induced Peripheral Neuropathy (CIPN) is a leading complaint
among cancer survivors and can result in lasting symptoms of neuropathic pain or
hypoesthesia (Sisignano, Baron, Scholich, & Geisslinger, 2014). Despite the prevalence
and persistence of symptoms, there are currently few treatments available (Hershman
et al., 2014). The majority of patients on chemotherapy treatment will seek
Complementary Alternative Medicine (CAM) to assist with symptoms during and after
cancer treatment (Richardson, Masse, Nanny, & Sanders, 2004; Sparber et al., 2000).
CAM encompasses a variety of treatments ranging from homeopathy to mindfulness. A
few of these treatments such as meditation and relaxation can be valuable, while others
(such as acetyl-L-carnitine) have been shown to exacerbate CIPN symptoms
(Hershman et al., 2013). Evidence of the benefit or harm of CAM treatments is difficult
to determine as many of these treatments have not been scientifically tested (Han &
Smith, 2013; Poupon et al., 2015; Sisignano et al., 2014). Acupuncture is part of CAM
and a popular choice for many breast cancer patients. The National Institute of Health
consensus statement in 1997 and a prospective randomized controlled trial for electro
acupuncture (EA) and chemotherapy-induced emesis have led to increasing
acceptance among cancer patients and the medical community ("Acupuncture,” 1997;
Cohen, Menter, & Hale, 2005; Shen et al., 2000). The efficacy for acupuncture specific
to the treatment of cancer pain is limited. Further, the current research for acupuncture
and CIPN treatment lack important scientific standards including homogenous
populations, sham groups, valid and reliable outcome measures, reported acupuncture

points, treatment time and duration (Y. Bao et al., 2014; Choi, Lee, Kim, Zaslawski, &
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Ernst, 2012; Cohen et al., 2005; H. Lee, Schmidt, & Ernst, 2005; Paley, Tashani,
Bagnall, & Johnson, 2011). This study sought to answer whether a combination of
acupuncture and EA (used to strengthen the clinical response) could improve
neuropathic pain CIPN symptoms in breast cancer patients exposed to taxane

chemotherapy compared to a sham control group.

METHODS
Participants and Eligibility

Patients were recruited from the cancer registry at CancerCare Manitoba. All
stage I-lll, first cancer patients with primary breast cancer diagnosed in 2015 and 2016
that received docetaxel chemotherapy were contacted via letter. The letter indicated
that an acupuncture trial was recruiting for the treatment of painful CIPN symptoms and
contained contact information for the research coordinator. Participants were screened
over the phone with the Self report of the Leeds Assessment of Neuropathic Symptoms
and Signs (S-LANSS) questionnaire and a numeric pain rating scale (NPRS). A score
>12 on the S-LANSS and an NPRS 3/10 or higher were eligible for participation to avoid
the floor effect. See appendix E for the complete S-LANSS questionnaire. Exclusion
criteria were co-morbid conditions that cause peripheral neuropathic symptoms, medical
co-morbidities that are contraindications for acupuncture, lymphedema, pain not specific

to fingers/toes, and pain not neuropathic in origin (SLANSS <12 and NPRS <3/10).

Protocol
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Ethics approval was obtained from the Health Research Ethics Board (HREB) at
the University of Manitoba (H2015:282) and the Research Resource Impact Committee
at CancerCare Manitoba (2015:042). After consent, an initial assessment for baseline
nerve function testing was completed.

Self-reported data and Quantitative Sensory Testing (QST) were used to
establish nerve pain and function for baseline and the follow up post 6-week trial.
Quantitative sensory testing (QST) is a valid, reliable and reproducible measure
frequently used in research for diagnosing and assessing small fibre neuropathies such
as CIPN (Arendt-Nielsen & Yarnitsky, 2009; Hershman et al., 2011). QST accurately
measures somatosensory characteristics at specific time points and provides
information on larger myelinated (AB), small thinly myelinated (Ad), and unmyelinated
(C-fibre) function or dysfunction. The most painful of either the fingers or toes was
chosen for testing. Follow up assessment (blinded assessor) occurred 2-4 days after
the six-week trial to repeat the nerve assessment and self-report questions. After the
final assessment, those allocated to sham acupuncture were offered true acupuncture.
Preliminary data analysis revealed statistically and clinically significant change in pain

scores for the sham group, and the study was terminated.

Outcome Measures

1) Numeric Pain Rating Scale (NPRS) - was the primary outcome measure. A verbal
description (0-10) on the intensity of CIPN pain on each visit was assessed. 0 indicates
‘no pain’ while 10 indicates ‘worst pain imaginable’. A minimum of 3/10 was required for

study enrolment.
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2) Self report version of the Leeds Assessment for Neuropathic Symptoms and Signs
(S-LANSS) - is a valid, sensitive and specific questionnaire and was used to confirm the
resolution of neuropathic pain and symptoms (Bennett, Smith, Torrance, & Potter,
2005). A score equal to or >12 was required for study enrolment to confirm presence of
neuropathic symptoms, ensuring a relatively homogenous sample.

3) Participants’ expectations for potential recovery with acupuncture treatment were
recorded on initial assessment. Expectation is known to play a large role in treatment
response and helped to confirm between group similarities.

4) Belief - a post treatment question whether the participant believed they were in the
true versus sham acupuncture condition that was recorded on the final assessment.

5) Thermal cold pain thresholds (Neurosensory Analyzer TSAIl, Medoc, Israel) -
measured Ad and C-fibre function. Increased sensitivity to thermal pain thresholds
results in thermal hyperalgesia and has been described as a common feature of both
neuropathic pain and painful CIPN. The TSA Il thermode is attached to the tip of the
palmar surface of the distal phalanx of the index finger or plantar surface of the big toe.
Temperature is decreased by 0.1-degree Celsius (°C) increments until the participant
presses a button indicating thermal pain. The test immediately stops when the
participant presses the button and the temperature returns to baseline (32 °C). The
participant is always in control and is never at risk for tissue damage (temperature limits
are set to vary only from 0-50 °C. Thermal hyperalgesia is defined as a response of >18
°C.

6) Pressure/pain thresholds (pain pressure algometer) - was selected as a measure of

central sensitization. A hand-held device (Somedic AB, Sweden) was applied
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perpendicular to the left quadriceps muscle. The quadriceps muscle is distant from the
source of pain and a lower tolerance to pressure suggests the possibility of central
sensitization. Increasing pressure is applied until the participant determines that the
sensation has changed from a feeling of pressure to a feeling of pain. The test stops
when the participant presses the button indicating pain, and force (Kpa) is recorded.

The protocol was based on consensus recommendations for optimal treatment,
sham controls and blinding from the International Acupuncture Research Forum, and
the standards for reporting interventions in clinical trials of acupuncture (STRICTA) (Ma,
2004; MacPherson et al., 2002; A. White et al., 2008; A. R. White, Filshie, Cummings, &
International Acupuncture Research, 2001; Zyloney et al., 2010). Both the outcome
assessor and participant were blinded to the intervention groups. Random numbers
were assigned to each group and envelopes containing treatment or sham were pre-
randomized, sealed, and provided to the experienced acupuncturist. True acupuncture
consisted of acupuncture points ST36, LR3, and LI4 bilaterally x 30 minutes, once a
week over 6 weeks. EA was applied to ST36 where electrical current is transmitted
through the needles with 2Hz at the maximum tolerated intensity (ES-130 Portable
Japanese Electro-Acupuncture Device, UPC Medical Supplies Inc. South El Monte, CA,
USA). These points were selected using STRICTA guidelines and points and treatment
times previously shown to be effective (T. Bao, Zhang, Badros, & Lao, 2011; Donald,
Tobin, & Stringer, 2011; MacPherson et al., 2010; MacPherson et al., 2002; Mayor,
2013; A. R. White et al., 2001; Wong & Sagar, 2006).

Sham acupuncture using Streitberger Placebo Needles (Asiamed) included the

same points and treatment parameters, but the placebo needles do not penetrate the
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skin and the current for EA was not turned on. Streitberger placebo needles are virtually
indistinguishable from true acupuncture needles (Kleinhenz et al., 1999). The end of the
needle is blunted so that it cannot penetrate the skin. The handle telescopes similar to
magicians’ ‘fake dagger’, and the illusion results in the participant thinking they received
true acupuncture. Multiple sensory systems are misled as the participant feels the sharp
‘pin-prick’ sensation, sees the needle penetrating and the blinking green light from the
electrical stimulus device, convincing the individual that real treatment has been
provided. See appendix D for a description of the acupuncture points and experimental
set up. Participants had painful CIPN symptoms in either the hands, the feet or both.
The most painful of either the hands or feet was tested. As acupuncture is a systemic
treatment, it was appropriate to select the most painful site for study and our outcomes

were sensitive and specific to either the hands or the feet.

Data Analysis

NPRS values pre- and post-intervention between the treatment and control
groups were compared using the Mann-Whitney test. S-LANSS values post-intervention
were compared using the Fisher’s exact test. Delta scores from pre-intervention to post-
intervention assessments were calculated for cold pain scores and pain pressure
scores. Independent t-tests were used to compare cold pain scores, whereas the Mann-
Whitney test was used for pain pressure because the assumption of normality was not
met. All analyses were run using the R project for statistical computing software version

3.4.1. (R. Development team, 2017).
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RESULTS

Our initial cancer registry letter resulted in 40 phone calls. Of this, 19 female
participants met the inclusion criteria and were invited to participate. Ineligibility of the
interested participants was due primarily to other pain not defined as neuropathic in
origin (S-LANSS<12). A second cancer registry letter for chemotherapy completed in
2017 was planned to increase enrolment, however, preliminary data analysis indicated
treatment was ineffective and further enrolment was therefore unnecessary. One
participant withdrew from the study after the first acupuncture treatment session as she
believed her pain increased significantly with acupuncture. She had been randomized to
the sham group and had only received placebo needles. Ten participants in true
treatment and 8 in sham treatment completed the trial. To meet the minimum criteria of
CIPN pain for 6 months, participants had to have completed their chemotherapy by
October 2016. 16 of 18 participants completed chemotherapy in 2015 with the
remaining 2 participants completing in 2016. Pain was primarily reported as being the
worst in the feet (n=13) versus the hands (n=5).
1) Our primary outcome measure was the change in pain score. A change score of 2 for
the NPRS is defined as clinically relevant (Farrar, Young, LaMoreaux, Werth, & Poole,
2001). Baseline NPRS scores were equal between the groups with sham median (Q1-
Q3) 5.5 (4.75-6.0) and true 5.0 (3.5-7.75) NS. Post pain scores revealed a statistically
significant and clinically relevant improvement for the sham group with a reduction in
pain to 2.50 (2.0-3.0), p=0.04, compared to the true acupuncture group 4.25 (3.25-5.0)
that demonstrated no clinical improvement. Figure 1. shows the median and IQR of true

versus sham pain scores pre and post treatment.
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2) SLANSS scores changed post-treatment. While everyone had to have a score >12
before the trial to define the pain as neuropathic, only one person continued to score
>12 after sham treatment, indicating that 7 sham treatment individuals perceived their
pain as being different (less neuropathic symptoms of burning, shooting,
hypersensitivity). The true acupuncture group were more likely to maintain the
description of pain being neuropathic in origin with 6/10 scoring >12. Comparison of the
post treatment S-LANSS scores between the sham and true groups were not
significant; however, the difference approached statistical significance (p=0.06). Thus,
the data was trending that true EA had less effect on neuropathic pain descriptions
compared with sham acupuncture.

3) Participants’ expectations for recovery with acupuncture. At initial assessment, all 18
participants either believed acupuncture would help their symptoms (n=3 in treatment
and n=1 in sham) or had heard it could help and were wanting to ‘give it a try’ (n=7 in
treatment and n=7 in sham). Post treatment, when asked if acupuncture treatment
helped their pain, 13 of 18 (72.2%) believed they were better. Of the 5 participants that
felt their pain was not helped, 3 were in the treatment group and 2 were in the sham.
Therefore, 70% of true (n=7) and 75% of sham (n= 6) believed acupuncture had
improved their pain. Figure 2A and Figure 2B plots the individual change scores of the
participants in the true and sham groups. None of the participants were worse with the
majority having decreased pain scores post-treatment compared to baseline.

4) True versus Sham treatment. One participant in the true acupuncture group believed
they had received sham treatment, while two of the sham group were unsure of sham

versus true acupuncture allocation.
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5) Thermal Hyperalgesia. There was no difference in QST measures for changes in cold
pain (p=0.64).

6) Pressure Algometry. There was no difference in pressure pain thresholds (p=0.18).

DISCUSSION

This EA trial demonstrates no benefit for the treatment of chronic neuropathic CIPN
pain. Preliminary analysis confirmed that true acupuncture treatment was not resulting
in improved pain scores or the expected placebo response. The treatment group only
demonstrated a 15% pain reduction, which was unexpected. At minimum, it was
expected that pain scores would be equal to sham acupuncture (pain reduction by
45%), even if true acupuncture was ineffective. We had concerns that EA potentially
may be maintaining neuropathic pain. The Health Research Ethics Board was
consulted, and it was agreed the study should be terminated. The inference was, at
best, the treatment was ineffective; and, at worst, EA actually may be maintaining
neuropathic pain.

Despite no statistically significant or clinically relevant change in pain for the
treatment group, 70% subjectively reported that acupuncture treatment had helped their
symptoms. The participants’ recollection of the effectiveness of acupuncture contrasted
with the QST and subjective questionnaire data. This highlights the importance of using
valid and reliable outcome measures to monitor change over time. Individual reflection
on experience and memory is not objective.

It may seem unlikely in a chronic pain state that the sham group improved by 45%.

Likely, the observed pain reduction post sham treatment would not have persisted, and
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their pain would have returned shortly after re-assessment. The placebo literature
supports the dramatic improvements in the sham group and explains how this would be
expected. Placebo research describes the power of expectation and hope in modulating
neuro immune responses and the pain processing network. Central nervous system
pain modulation affects the descending noxious inhibitory control system, the anterior
cingulate cortex, amygdala, dorsal lateral prefrontal cortex, and the periaqueductal grey
that is linked to the release of endogenous opioids and non-opioid neurotransmitters
involved in analgesia. Depending on the clinical trial, placebo can account for 10-60% of
the response. Specific to chronic pain states the literature varies between 26-45%
(Pecifia & Zubieta, 2015; Schedlowski, Enck, Rief, & Bingel, 2015). Expectations and
beliefs have a known role in stimulating the same opioid pathways as acupuncture
(Amanzio & Benedetti, 1999). Documenting this expectation in clinical trials can help
explain the observed placebo response.

Animal models using acupuncture to produce anti-hyperalgesia help to interpret
the possible physiological mechanisms and pathways that result in pain reduction.
Specifically, (EA) is effective in diminishing cold hyperalgesia in rat models of
chemotherapy-induced pain (Moon et al., 2014). Moon and colleagues showed that the
opioid pathway was responsible by using the opioid receptor antagonist (naloxone)
which negated the effects of EA in this pain model. EA effectively diminished
hyperalgesia/allodynia in rats induced with paclitaxel neuropathy, and y, 6, and k opioid
receptors were responsible for the anti-hyperalgesic response (Meng et al., 2011).
Additional rat models of neuropathic pain have confirmed that mechanical allodynia is

relieved by 2-10 Hz EA and confirmed with antagonists that spinal y and & opioid
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receptors mediate this anti-nociceptive effect (Hwang, Min, Kim, Na, & Park, 2002; Kim,
Min, Na, & Park, 2004; Sun et al., 2004).

EA has also been shown to inhibit inflammatory mediators in the spinal cord after
spinal nerve ligation (Lau, Chan, Zhang, Yung, & Zhang, 2008). EA has been shown to
stimulate the production of nerve growth factor (NGF), brain derived neurotrophic factor
(BDNF), and neurotrophin-3 (NT-3) in rats and rabbits (J. Chen et al., 2007; Y. S. Chen
et al., 2001; La, Jalali, & Shami, 2005). These neurotrophic factors are important in
stimulating the growth cone and promoting neuro regeneration after injury. While there
is encouragement for the use of acupuncture/EA in animal models of pain, there is
limited evidence from human clinical trials. Many systematic reviews have evaluated
whether cancer specific pain can be treated with acupuncture (Y. Bao et al., 2014; Choi
et al., 2012; Franconi, Manni, Schroder, Marchetti, & Robinson, 2013; G. S. Lee et al.,
2003; Paley et al., 2011). Unfortunately, reviews recognize that the majority of studies
are of low methodological quality, lack proper blinding, have high risk of bias, and have
no control groups.

One article, in particular, is consistently identified in many reviews to be of high
methodological quality, low risk of bias, with proper randomization (Alimi et al., 2003).
Alimi and colleagues published a blinded, prospective, randomized controlled trial
(RCT) in the Journal of Clinical Oncology, and found that auricular acupuncture was
effective in treating chronic central and peripheral neuropathic pain (measured by the
VAS pain scale and average electrical potential difference). This study had a
heterogeneous sample population (included head and neck, breast, lung and other

cancers), included all stages of cancer (including metastatic disease), treated any
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painful site in the body (average of 6 different painful sites per person), lacked validated
outcome measures (the effect relating to pain by measuring the electrical potential
difference of the ear with an electrical voltmeter has not been validated), used no
outcome measures to distinguish the type of pain treated (i.e. neuropathic, nociceptive,
inflammatory), and weak inclusion criteria (pain only had to be stable for one month).
Their primary outcome measure was average pain at day 60 after 2 acupuncture
treatments one month apart. The structure of the methods raises the possibility that
improvements in pain scores could easily occur with passing time.

Another CIPN pilot study used nerve conduction studies (NCS) as the primary
outcome measure on the effectiveness of acupuncture (Schroeder, Meyer-Hamme, &
Epplee, 2012). The results demonstrated that acupuncture improved Aa fibres’ velocity
and amplitude signals, and that these improvements persisted 3 months post
acupuncture treatment. Of significance here is that CIPN is a small fibre neuropathy
affecting some AR, but mostly small thinly myelinated A® and unmyelinated C fibres,
and nerve conduction studies are neither specific nor sensitive for evaluation of small
fibre function. Our study used Quantitative sensory testing (QST) to provide quantitative
nerve sensation data in addition to subjective reports of pain. QST is a quantitative,
reliable and reproducible measure for diagnosing small fibre neuropathies (Ad and C
fibres) when adherence to protocol and attentiveness of the participant is maintained.
QST can also quantify larger AR fibre function. CIPN symptoms begin as a small fibre
neuropathy, and even small subclinical changes can be quantified with repeated

measures of QST. (Backonja et al., 2009; Moloney, Hall, O'Sullivan, & Doody, 2011;
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Rolke et al., 2006). Our study found no improvement to thermal pain or pressure pain
thresholds with acupuncture.

In agreement with our results was an EA trial that found treatment was equal to
placebo for CIPN (Rostock et al., 2013). Unfortunately, the methods chosen (specifically
the treatment schedule, EA dosage time and frequency at 50 Hz) are not comparable to
other animal/human studies (Sluka, Bjordal, Marchand, & Rakel, 2013; Somers &
Clemente, 2006, 2009). The subjective CIPN complaints of the participants also differed
substantially with some having pain, numbness, paresthesia, or functional impairments
in the hands or feet. In addition, the inclusion criteria in the Rostock study allowed for
multiple cancers, multiple chemotherapy regimens, and treatment at different time
points post chemotherapy; that is, substantial heterogeneity, thus making it difficult to
determine efficacy.

Low frequency (2-4 Hz) and high frequency (100 Hz) EA are established
frequencies used in research and clinical practice and known to stimulate different pain
modulation pathways (Sluka et al., 2013; Somers & Clemente, 2006, 2009). The optimal
frequency is thought to activate endogenous opioid and descending noxious inhibitory
control (DNIC) by stimulating Ad fibres that, in turn, release endorphins and serotonin in
the brain (DeSantana, Walsh, Vance, Rakel, & Sluka, 2008; Ma, 2004; Sung et al.,
2004).

The Clinical Oncology Society of Australia published a position statement on
complementary alternative medicine (CAM) identifying the growing acceptance among
patients and the urgent need for clinicians to support research to clarify the potential

benefit or harm, and define the role in cancer care (Braun et al., 2014). With patients
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seeking CAM, evidence for use in cancer symptom management is required to assess
the benefits and risks.

In terms of this current study, strict inclusion criteria ensured homogeneity,
clearly defined methods allowed for repeatability, and acupuncture treatments selected
from previous studies shown to be effective were employed. Both the participant and
assessor were blinded to the treatment, and sham controls were used. The small
sample size offers the possibility that the observed differences may be due to random

effect although we suggest that true EA imparts no evidence of effect.

CONCLUSION

This prospective double-blind RCT used best practice and STRICTA guidelines
for EA incorporating a homogeneous population, valid and reliable outcome measures,
and sham controls. We believe that this current study demonstrates that patients should

not seek EA treatment for neuropathic pain due to CIPN.
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FIGURE 1. Pre and post treatment pain scores. The box and whisker plots indicate the
pain scores for participants randomized to either true (n=10) or sham (n=8)
acupuncture. The line represents the median score. The boxes indicate the 25" and
75" percentile and the whiskers are the highest and lowest values. The values along
the y axis are NPRS scores from 0-10 where 0=no pain and 10= the worst pain

imaginable.
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FIGURE 2.

True Acupuncture Pain Score
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FIGURE 2A. Pre and post treatment pain scores. The line graph indicates the pain
scores for participants randomized to true (n=10) acupuncture. The blue line represents
the pre-treatment NPRS score. The orange line represents post-treatment NPRS
scores. Participants are along the x-axis and NPRS scores are along the y axis. The

NPRS ranks pain from 0-10 where 0=no pain and 10= the worst pain imaginable.
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FIGURE 2B.
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FIGURE 2B. Pre and post sham pain scores. The line graph indicates the pain scores
for participants randomized to sham (n=8) acupuncture. The blue line represents the
pre-sham NPRS score. The orange line represents post- NPRS scores. Participants are
along the x axis and NPRS scores are along the y axis. The NPRS ranks pain from 0-10

where 0=no pain and 10= the worst pain imaginable.



CHAPTER 5: Quantitative Sensory profiles of Chemotherapy Induced Peripheral
Neuropathy: Are there differences in sensory profiles for neuropathic versus

nociceptive pain?

Running Head: Neuropathic pain sensory profiles in CIPN
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ABSTRACT
Purpose: To define the sensory phenotypes of taxane induced peripheral neuropathy
(TIPN) in a breast cancer population between neuropathic and non-neuropathic
symptoms to identify future targets for mechanism-based pain management.
Methods: Participants (n=48) with stage I-1ll breast cancer were recruited at
CancerCare Manitoba. Self-report questionnaires (Numeric Pain Rating Scale (NPRS)
and the Disability of the Arm, Shoulder and Hand (DASH)) and Quantitative Sensory
Testing (thermal, vibration, and pressure algometry) were used to assess TIPN sensory
symptoms. The Self report version of the Leeds Assessment for Neuropathic Symptoms
and Signs (S-LANSS) divided the groups into neuropathic and non-neuropathic sensory
phenotypes. In total, 5 visits over approximately 8 months duration assessed each
participant from pre-chemotherapy to 6 months post-chemotherapy.
Results: 191 nerve assessments, 150 had a S-LANSS <12 defined as ‘non-neuropathic’
and 41 scored >12, which was defined as ‘neuropathic’. NPRS was analyzed based on
percentages of those experiencing 1+ pain (graded 1/10 or higher) versus no pain. The
neuropathic group had 82.9% of 1+ pain vs 28.7% in the non-neuropathic group (OR
7.49, 95% CI1 2.76-20.3, p=0.001). The neuropathic group reported impaired function on
the DASH (p=0.002). Heat pain threshold resulted in statistical differences for the left,
but not right hand in the neuropathic group (p=0.05).
Conclusion: CIPN and neuropathic pain are difficult to treat. Why some patients with
TIPN report severe painful sensory disturbances while others report numbness remains
unknown. Participants with neuropathic pain demonstrated significant differences with

increased pain and decreased function. Heat pain thresholds were normalized in the
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neuropathic group. This may suggest that the neuropathic group retained C-fibre and

TRPV1 function.

KEY WORDS: neuropathic pain, mechanism-based pain management, dual nerve
disorder, taxane induced peripheral neuropathy (TIPN), chemotherapy induced

peripheral neuropathy (CIPN)
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INTRODUCTION

Taxane chemotherapy is used by oncologists for many solid tumors including
patients with stage I-11l breast cancer treated with curative intent. Eighty — 97% of
patients exposed to taxane chemotherapy will experience a sensory neuropathy in the
hands and/or feet caused by the neurotoxic medication (Kerckhove et al., 2017,
Starobova & Vetter, 2017). Persistence of symptoms for many exposed to taxanes can
be for months or years post-treatment (Kerckhove et al., 2017; Park et al., 2011; Speck
et al., 2013). Neuropathic pain is difficult to treat, and presently there are few effective
treatment options specific to chemotherapy induced peripheral neuropathy (CIPN)
(Hershman et al., 2014; Park et al., 2011). Duloxetine is the only first line agent with
moderate success for CIPN (Hershman et al., 2014; Smith et al., 2013). Unfortunately,
side effects including sedation, nausea, constipation and ataxia limit the usefulness of
this drug (Moulin et al., 2014). While some patients experience primarily sensory loss
(hypoesthesia), others have burning neuropathic pain (hyperalgesia and allodynia), or
various combinations of positive and negative sensory profiles that include
hypoesthesia, dysesthesia, hyperalgesia and allodynia. Reviews on chemotherapy
induced peripheral neuropathy frequently describe all symptoms of the neuropathy (both
positive and negative) together (Brewer, Morrison, Dolan, & Fleming, 2016; Grisold,
Cavaletti, & Windebank, 2012; Kerckhove et al., 2017; Seretny et al., 2014). There are
substantial differences in quality of life for breast cancer survivors between experiencing
‘a little numbness’ and ‘burning pain’; and, it is important to separate and define these
two phenotypes. An emerging mechanism-based pain management theory suggests

that treatment of neuropathic pain should be specific to the sensory phenotype rather
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than the diagnosis. It is theorized that specific pharmacological treatments may respond
more appropriately to specific phenotypes (i.e. heat hyperalgesia, cold allodynia or
lower pain pressure thresholds). For example, higher heat pain thresholds in patients
with post-herpetic neuralgia benefited more from opioids than those with lower heat
thresholds (Cruz-Almeida & Fillingim, 2014; Edwards, Haythornthwaite, Tella, Max, &
Raja, 2006). A mechanism-based pain management approach recognizes that, at
present, it remains unknown which medications work on specific sensory signs. Large
multi-centre trials using quantitative sensory testing (QST) have been recommended to
identify similar sensory characteristics underlying different causes of neuropathic pain
(Attal et al., 2011).

This descriptive study aimed to gain a better understanding of the different
sensory phenotypes experienced in taxane induced peripheral neuropathy (TIPN). The
goal was to determine whether different sensory characteristics were evident using

guantitative sensory testing (QST) in participants with and without neuropathic pain.

Purpose

To define the sensory phenotypes of taxane induced peripheral neuropathy in a
breast cancer population. The Self report version of the Leeds Assessment of
Neuropathic Symptoms and Signs (S-LANSS) was used to define symptoms that were
‘neuropathic’ versus ‘non-neuropathic’ during and after chemotherapy. Using
guantitative sensory testing, we sought to improve understanding of neuropathic and
non-neuropathic pain profiles in order to identify future targets for mechanism-based

pain management in patients with breast cancer.
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Hypothesis

It was hypothesized that the S-LANSS questionnaire would identify between
group differences in QST measures for neuropathic and non-neuropathic symptom
profiles. Specifically, the neuropathic pain group would have lower pain pressure
thresholds (central sensitization), lower thermal detection thresholds (improved
perception), and increased cold pain thresholds demonstrating hyperalgesia. It was also
hypothesized that participants would report higher pain scores and decreased upper

extremity function in the neuropathic group.

METHODS
Data Collection

Participants’ data was collected as part of a larger physical therapy and nerve
health trial evaluating the effects of a home exercise program on upper extremity pain
and nerve function. Forty-eight participants completed self-report questionnaires and
guantitative sensory testing as part of the trial and were seen for re-assessment of
nerve function during and after chemotherapy on 4 occasions over approximately a 7-8
month period. Nerve re-assessments were completed at the Pain Research Laboratory,
College of Rehabilitation Sciences, University of Manitoba. Re-assessments occurred 1)
midway through chemotherapy 2) end of chemotherapy 3) 3 months post-chemotherapy
and 4) 6 months post-chemotherapy. Ethics approval was granted by both the Health
Research Ethics Board (H:2014:281) at the University of Manitoba and the Research

Resource Impact Committee (RRIC 2014-031) at CancerCare Manitoba.
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The Self report version of the Leeds Assessment for Neuropathic Symptoms and
Signs (S-LANSS) defined neuropathic pain (Bennett, Smith, Torrance, & Potter, 2005).
The scale ranges from 0-19 with a score above 12 indicative of neuropathic
pain/symptoms. Studies using the S-LANSS have demonstrated good accuracy and
specificity in a cancer population (Hardy, Quinn, Fazekas, Agar, & Currow, 2013; Perez
et al., 2015). Participants scores >12 defined the ‘neuropathic’ group while <12 defined
‘non-neuropathic’. Participants with stage I-Ill breast cancer being treated with taxane
chemotherapy, either TC (docetaxel 75mg/m2 and cyclophosphamide x 4) or FECD (5-
fluorouracil, epirubicin, cyclophosphamide x3, followed by Docetaxel 100mg/m2 x 3),
were included. All quantitative outcome measures, functional measures, and pain

guestions were specific to assessment of the hands.

Outcome Measures

1) Thermal detection thresholds (warm and cool) and thermal pain thresholds (hot and
cold) measure Ad and C-fibre function and was used to quantify the neuropathy on each
assessment. The Neurosensory Analyzer (TSA Il, Medoc, Israel) thermode was
attached to the palmer surface of the distal phalanx of the index and middle finger.
Temperature is increased or decreased by 0.1 degrees Celsius (°C) increments until the
participant presses a button indicating temperature detection thresholds or thermal pain.
The temperature immediately returns to baseline (32°C) once the button is pressed. The
participant is always in control and is never at risk for tissue damage (temperature limits

are set to vary from 0-50 degrees Celsius).
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2) The TSAII Vibration Sensory Analyzer module for the Medoc was used to test
vibration perception involving AR nerve fibres. The palmer distal phalanx of the index
finger lightly touched the sensor. Different, random and varying vibration amplitudes
(um) were delivered with the participant responding “yes/no” to sensing the vibration.
Vibration perception was selected as it has been suggested to be the first clinical sign of
CIPN symptoms (Gutierrez-Gutierrez, Sereno, Miralles, Casado-Saenz, & Gutierrez-

Rivas, 2010).

3) Pressure Algometry measured pressure/pain thresholds (Somedic AB, Sweden). The
left quadriceps muscle was tested as a measure of central sensitization. Increasing
pressure was applied to the left quadriceps until sensation changed from a feeling of
pressure to a feeling of pain. The participant pressed a button and the test stopped

when pain was perceived. Force in kilopascals (Kpa) was recorded.

4) Numeric Pain Rating Scale (NPRS) is an 11-point scale rating hand CIPN pain (0-10)
on each assessment visit. The scale categories range from no pain at all (0) to the worst

pain imaginable (10).

5) Disability of the Arm, Shoulder and Hand (DASH) was used to gauge upper/lower
limb function. The DASH, a self-reported questionnaire, was chosen because of high
test-retest reliability and the responsiveness and construct validity in breast cancer
patients over other quality of life measures (Beaton et al., 2001; Harrington, Michener,
Kendig, Miale, & George, 2014). The minimal clinically important difference is a change

score of 15.
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Data Analysis

Outcomes were compared over time between participants with either an S-
LANSS score greater than or equal to 12 or below 12 (i.e., S-LANSS was included as a
time-varying predictor). Mixed models were used to compare outcomes between
groups, to account for repeated measurements and unequal time intervals. Linear
mixed models were used to predict continuous outcomes when the assumption of
normality was met. Logistic mixed models were used for predicting binary outcomes,
and the results were marginalized using the approach by Hedeker (Hedeker, Tolt,
Demirtas, & Gibbons, 2018), which converts the ‘subject-specific’ estimates to
‘population-averaged’ estimates. Residual plots were used to evaluate the assumption
of normality and to detect outliers. The assumption of linearity for continuous predictors
was evaluated using restricted cubic splines. Analyses were run using R project for
statistical computing software version 3.4.1 (R. Development team, 2017) and SAS

version 9.4.

RESULTS

A total of 191 participant visits were included in this analysis. Table 1. shows the
participant demographics including age, stage, cancer side, surgery, adjuvant
treatment, history of nerve entrapment or damage, and loss of shoulder range of motion
(ROM) at baseline. Participants had a mean age of 61.5 (range 34-78). Seventeen
(35.4%) participants were classified as stage I, 22 (45.8%) in stage Il, and 9 (18.8%) as
stage lll. Nineteen (39.6) participants had right sided breast cancer, 28 (58.3%) had left

sided, and 1 (2.1%) had bilateral cancer. Ten (20.8%) participants received
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reconstructive surgery, 37 (77.1%) received radiation post-chemotherapy. Thirty
(62.5%) participants received FECD and 18 (37.5%) received TC.

Out of 191 nerve assessments, 150 had a S-LANSS <12 defined as ‘non-
neuropathic’ and 41 scored >12, which was defined as ‘neuropathic’. Therefore, 21% of
participant nerve assessment visits demonstrated neuropathic pain. The remaining 79%
either had no complaints of CIPN sensory symptoms or no pain defined as neuropathic
associated with CIPN dysesthesias. The DASH score showed statistically significant
differences between the groups in that the neuropathic group demonstrated impaired
upper limb function (p=0.002). More importantly, the DASH scores mean of 35 (31-46)
in the non-neuropathic group versus 51 (41-67) in the neuropathic group meet the
minimum clinical important difference (MCID) in change scores indicating that these
groups are not only statistically, but also, clinically different (Beaton et al., 2001).

Due to the unequal distribution of pain scores, the 11-point NPRS was analyzed
based on percentages of those experiencing pain (NPRS 1 or higher) versus no pain.
Using logistic mixed models predicting binary outcomes, participants rating pain was
82.9% in the neuropathic group versus 28.7% in the non-neuropathic group. This was
statistically significant and reflects the distinct differences in pain symptoms between
the groups (OR 7.49, 95% CI 2.76-20.3, p=0.001) for the hands.

While 21% of nerve assessments indicated neuropathic pain, only 10.4% of
participants (n=5) continued to suffer with persistent neuropathic pain at the end of the
trial (6-month post-chemotherapy). Descriptive analysis of these participants revealed

that 4/5 received FECD, 4/5 had a lumpectomy, 2/5 had a history of nerve entrapment
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or damage, 3/5 had limitations in shoulder range of motion (ROM) at baseline and all 5
received radiation.

Heat pain threshold resulted in statistical differences for the left, but not right
hand in the neuropathic group (p=0.05). The neuropathic group (left 42.3° C, right 42.5°
C) were closer to age matched normative values (41.8 - 42.1° C) than the non-
neuropathic group values (left 43.7° C, right 44.1° C) (Gonzalez-Duarte, Lem-Carrillo, &
Guerrero-Torres, 2016). All other variables including warm and cool detection, cold
pain, vibration sensation, and pain pressure algometry were not significantly different
between the groups. Table 2. shows all the mean (SD) and median (Q1-Q3) outcome
measures with p-values for the participants divided into neuropathic and non-

neuropathic conditions.

DISCUSSION

The S-LANSS is an easy to administer, quick and useful tool to evaluate
neuropathic symptoms in a breast cancer population. The S-LANSS clearly delineated
neuropathic pain indicating significantly higher pain and impaired upper extremity
function between the neuropathic and the non-neuropathic CIPN group. In addition to
increased pain and loss of function, severity of CIPN symptoms have been associated
with depression, anxiety, and poor sleep quality (Hong, Tian, & Wu, 2014). Increased
costs to patients and the healthcare system from CIPN have been quantified at over
seventeen thousand US dollars more per year compared to patients without CIPN (Pike,

Birnbaum, Muehlenbein, Pohl, & Natale, 2012).
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Results of the QST data revealed significant differences in left hand heat pain
thresholds with the neuropathic pain group demonstrating lower heat pain thresholds. A
potential explanation for these findings surrounds possible preservation of C-fibre and
Ad fibre function. The lower heat pain thresholds in the neuropathic group (left 42.3° C,
right 42.5° C) are closer to normative age matched values (41.8 - 42.1° C) in the hand
than the non-neuropathic group (left 43.7° C, right 44.1° C). The non-neuropathic group
demonstrated slightly higher thresholds than age matched normative data possibly
suggesting heat hypoesthesia (Gonzalez-Duarte et al., 2016). Reviews have identified a
common feature of CIPN being heat hypoalgesia with cold allodynia as a characteristic
of painful CIPN (Han & Smith, 2013; Seretny et al., 2014). Suggested mechanisms for
heat hypoesthesia are through the loss of Ad and C-fibres and transient potential
vanilloid 1 (TRPV1) receptors (Han & Smith, 2013). Heat pain thresholds similar to
normative age matched values for the neuropathic group may then suggest
preservation of these receptors and pathways. Transient receptor potentials channels
(TRPs), specifically TRPV1, are important in pain transmission directly through Ca2+
signaling and activation of second messengers (Jardin et al., 2017). Given the
importance of sensitization and TRPs in pain signaling, a lack of correlation between
heat hypoesthesia and the neuropathic pain group may be expected. A second
explanation is that a significant finding on only hand may be due to a random effect of
assessing multiple variables and not represent preservation of sensory fibres.

Cold allodynia (commonly associated with neuropathic pain) and reduced pain
pressure thresholds (suggested to represent central sensitization) demonstrated no

significant between group differences. This was surprising and unexpected; however, it
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is possible that the mechanisms causing CIPN (microtubule stability at distal axon) do
not result in different sensory profiles that are sensitive to QST measurement.
Neuropathic pain is thought to be initiated and maintained, at least partly, by the
immune system. Microglia and mast cell activation along with the recruitment of
astrocytes incite and maintain neuroinflammation (J. Fernandes & Kumar, 2016; V.
Fernandes et al., 2018; Lees et al., 2017; Skaper, Facci, Zusso, & Giusti, 2017).
Neuroimmune changes may primarily impact higher order processing and interpretation
of pain in the central nervous system. The biopsychosocial components of past
experience and expectation are thought to play a substantial role in processing,
interpretation and response to noxious stimuli.

As expected, the neuropathic group had statistically significant higher reports of
pain (NPRS) and decreased function as reported by the DASH. This presentation is
often what is witnessed clinically. Significant pain often extending beyond the site of
injury, poor function, reduced work and activity levels with disrupted sleep are common
features of neuropathic pain.

Large interpersonal variability exists in the location and intensity of neuropathic
symptoms. Cumulative dose, schedule, combination therapy, pre-existing risk factors
(including diabetes, advanced age, smoking, increased alcohol consumption), increased
body mass index (BMI), and genetic predisposition have been used to explain this
variability (Cioroiu & Weimer, 2017; Eckhoff, Feddersen, Knoop, Ewertz, & Bergmann,
2015; Kandula et al., 2017; Kus et al., 2016). Our study controlled for some variability by

using a single cancer type, single drug, similar dose and schedule, as well as a
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consistent time frame for repeat nerve assessments. Other factors such as smoking,
body mass index and alcohol consumption was not included in the current study.

Our data revealed that 21% of nerve assessments indicated pain neuropathic in
origin. Most of the reports of neuropathic pain were during chemotherapy (n=16). Half of
the neuropathic symptoms were transient and 10.4% of participants (n=5) continued to
suffer with persistent neuropathic pain at the end of the trial (6-month post-
chemotherapy). Of these, 40% (2/5) had a history of nerve entrapment or damage, 60%
(3/5) had limitations in shoulder range of motion (ROM) at baseline and all (5/5)
received radiation. There is the possibility that scaring from radiation or pre-existing
nerve damage may impact the persistence or severity of symptoms.

Pre-existing neuropathy or prior history of nerve injury (including entrapment
such as carpal tunnel) has been identified as a potential risk factor for CIPN (Grisold et
al., 2012; Seretny et al., 2014; Stubblefield, McNeely, Alfano, & Mayer, 2012). Out of
the 5 participants that had persistent neuropathic pain at the end of the trial, 3 began
chemotherapy with restricted ROM and 2 had a history of upper extremity nerve injury.
This may potentially be important, contributing to a dual nerve disorder. The ‘double
crush syndrome’ or ‘dual nerve disorder’, as it is now called, is a hypothesis first
identified by Upton and McComas in 1973. It states that ‘axons that have been
compressed at one site become especially susceptible to damage at another site’
(Upton & McComas, 1973). It is thought that a minimal amount nerve compression
affects axoplasmic flow but is below the threshold for clinical symptoms. A secondary
insult further reduces axoplasmic flow resulting in clinical symptoms and denervation.

Expert views on the dual nerve disorder theory (Schmid & Coppieters, 2011) agreed
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that neurotoxic medication when combined with other nerve disorders might make the
nervous system more susceptible to damage. This may be similar to the dual nerve
disorders frequently seen in diabetics where the metabolic damage to the peripheral
nervous system compounds the effects of entrapment neuropathies (Vinik, Mehrabyan,
Colen, & Boulton, 2004).

Unfortunately, this current descriptive study did not find associations in QST to
support the mechanism-based approach. The mechanism-based approach focuses
primarily on a biomedical explanation. Pain, especially chronic and neuropathic pain is
known to have a substantial psychosocial component that needs to be integrated with
the biological mechanisms. This current study did not measure psychosocial
components of CIPN neuropathic pain (for example; measuring pain catastrophizing,
anxiety or fear) and is a clear limitation preventing greater understanding of this
neuropathy. Despite this limitation, it is important to understand that different sensory
complaints in CIPN do not seem to have distinct sensory profiles as measured by QST
with the possible exception of heat pain thresholds.

The S-LANSS can quickly evaluate severe sensory phenotypes of neuropathic
pain impacting quality of life and is useful in clinic. An NRPS alone cannot distinguish
between neuropathic and other nociceptive pain. The S-LANSS is easy and quick to
administer, has good accuracy and specificity in a cancer population (Hardy et al., 2013;
Perez et al., 2015), and is a good screening tool to identify potential neuropathic pain

from CIPN.
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Limitations

This data came from a larger physical therapy study evaluating a home program
aiming to improve CIPN symptoms with range of motion and nerve mobility exercises
that would also help restore function post-operatively, minimizing a dual nerve disorder
in the upper limb. While it is recognized that CIPN is a symmetric, bilateral sensory
neuropathy affecting both hands and feet, our study only included the hands. This was
for a few reasons. Doubling the time at re-assessment to assess both hands and feet
was not feasible with ill participants (midway and end of chemotherapy). We were also
concerned with the risk of attrition if the home physical therapy program took too much
time to complete. The upper limb was chosen because of the known upper extremity
morbidity in this population (Hayes et al., 2012; Kelley & Jull, 1998; Stubblefield et al.,
2012). Even so, it is recognized that some symptoms were overlooked by excluding the
lower limb. There is also the possibility that the heat pain threshold data was a random
association from analysis including multiple comparisons, especially considering
statistical significance was not bilateral in both hands. Future studies should use the
visual analog scale as a continuous measure in place of the NPRS for improved
sensitivity. While the purpose was evaluating specific sensory phenotypes for
mechanism-based pain management, the importance of the psychosocial aspects of
pain were overlooked that clearly have an impact in pain perception. Finally, QST
presents a quantifiable stimulus but with a subjective response. Attention, focus and
standardized assessment all impact the validity and reliability of QST. For the purposes
of the present study QST provided the most appropriate and descriptive data for

guantifying the small fibre sensory neuropathy.
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CONCLUSION

Currently, the cause of both CIPN and neuropathic pain are not established. Both
CIPN and neuropathic pain conditions are difficult to treat with few effective options.
Why some patients with breast cancer treated with chemotherapy report severe painful
sensory disturbances while others report a slight amount of numbness remains
unknown. It is also unclear whether normal heat thresholds may be part of neuropathic
pain symptom profile (suggesting intact C-fibores and TRPV1 receptors that transmit
pain). Defining sensory phenotypes of CIPN was not possible in the current study to
support mechanism-based pain management. We suspect that the biopsychosocial
model of pain processing can better explain the different sensory phenotypes observed

in this neuropathy.
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TABLE 1. DEMOGRAPHICS

Participant Demographics
Age mean (SD)
Stage n (%)
I
Il
1]
Cancer Side (n(%)
Right
Left
Bilateral
Surgery n(%)
Lumpectomy
Single Mastectomy
Bilateral Mastectomy
Reconstruction
Radiation (n (%)
Docetaxel n(%)
FECD (6 rounds/3 taxane)

TC (4 rounds/all include taxane)
Loss of range of motion - shoulder n(%)
History of upper extremity nerve problems n(%)

61.5 (23.33)

17(35.4)
22(45.8)
9(18.8)

19(39.6)
28(58.3)
1(2.1)

27(56.2)
15(31.3)
6(12.5)

10(20.8)
37(77.1)

30(62.5)
18(37.5)
13 (27.1)
13 (27.1)
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TABLE 2. NEUROPATHIC AND NON-NEUROPATHIC SYMPTOM PROFILES

Neuropathic
Warm Detection mean(SD)

Left 35.7 (2.38)
Right 36.3(1.60)
Cool Detection mean(SD)
Left 29.8 (1.69)
Right 29.3(1.94)
Hot Pain Thresholds mean(SD)
Left 42.3(3.33)
Right 42.5(2.93)
Cold Pain Thresholds mean(SD)
Left 16.8(9.19)
Right 16.5 (8.79)
Vibration median(Q1-Q3)
Left 0.14 (0.04-0.24)
Right 0.23(0.13-0.49)
Pressure mean (SD) 752 (315)
NPRS n (%)
No Pain 7(17.1)
Pain 1+ 34 (82.9)
DASH median (Q1-Q3) 51(41-67)

Non-neurpathic

35.3(2.22)
35.9(1.90)

30.0(1.67)
29.3(2.86)

43.7 (3.51)
44.1(3.11)

14.2 (8.97)
13.9 (9.00)

0.14 (0.04-0.34)
0.23(0.13-0.41)
843 (348)

107 (71.3)
43(28.7)
35 (31-46)

p value

p=0.27
p=0.65

p=0.35
p=0.35

p=0.17
p=0.05*

p=0.41
p=0.46

p=0.38
p=0.76
p=0.52

p=0.001*
p=0.002*
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CHAPTER 6: Exercise may provide Neuroprotection from Chemotherapy Induced

Peripheral Neuropathy

Running Head: Neuroprotection from CIPN with exercise
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ABSTRACT
Purpose: To explore the theory and observed correlation that exercise may provide
neuroprotection from chemotherapy induced peripheral neuropathy
Methods: Participants’ (n=48) data from a breast cancer and physical therapy trial was
analyzed grouping ‘active’ (exercise >4 times/week) and ‘less active’ participants.
Baseline quantitative sensory testing (QST) was collected prior to adjuvant taxane
chemotherapy for stage I-lll. Nerve reassessments for QST were mid chemotherapy,
post chemotherapy, 3 months post chemotherapy, and 6 months post chemotherapy.
QST data included warm and cool detection thresholds, hot and cold pain thresholds
and vibration perception.
Results: the ‘active’ group revealed significantly improved vibration scores (Left index
p=0.001, Right index p=0.001) and a decrease in heat pain thresholds to normal levels
bilaterally to the hands (Left index p=0.021, Right Index p=0.039). Warm and cool
detection and cold pain showed no significant change.
Conclusion: This research further supports the theory that exercise may provide
neuroprotection for CIPN. Women who engage in regular exercise on most days have
bilateral improved vibration sense (AP fibres) and normal heat pain thresholds (Ad and

C-fibres) compared to more sedentary women during and after chemotherapy.

KEY WORDS: exercise, neuroprotection, chemotherapy induced peripheral neuropathy

(CIPN), breast cancer, taxane, quantitative sensory testing (QST)
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INTRODUCTION

There is a strong relationship between the benefits of exercise and health in what
appears to be a dose-dependent manner (Warburton, Katzmarzyk, Rhodes, &
Shephard, 2007). A review of evidence-informed guidelines for Canadians identifies
that, if all Canadians followed current guidelines (30-40 minutes of moderate intensity
exercise on most days), deaths could be reduced by 20% for colon cancer and 14% for
breast cancer (Katzmarzyk & Ardern, 2004; Warburton et al., 2007). Despite this,
cancer specific population estimates reveal that fewer than 22% are active (Courneya,
Katzmarzyk, & Bacon, 2008; Rogers, Courneya, Verhulst, Markwell, & McAuley, 2008).

In addition to correlations between exercise and survival, further correlations
between exercise and improvements in peripheral neuropathy symptoms have been
documented. A long-term follow up study on peripheral neuropathy risk factors in breast
cancer survivors found an association that exercise of at least 30 minutes on most days
was associated with lower risk (12%) of peripheral neuropathy (Mustafa Ali, Moeller,
Rybicki, & Moore, 2017). Exercise has also been shown to improve symptoms of CIPN
on quality of life (QOL) measures (Streckmann, Kneis, et al., 2014; Streckmann, Zopf,
et al., 2014; Wonders et al., 2013). A recent multi-center RCT found a six week
progressive walking and resistance program reduced CIPN symptoms as measured by
self-report questionnaires for numbness/tingling and hotness/coldness (Kleckner et al.,
2018). These studies in addition to epidemiological correlations led us to hypothesize
that engaging in exercise throughout chemotherapy was potentially neuroprotective and
would preserve AB, Ad and C-fibre function as measured by quantitative sensory testing

(QST). As part of a larger physical therapy and CIPN study, we collected data for
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analysis on patients who regularly exercised (active group) during and after

chemotherapy compared to those that were more sedentary by comparison (less active

group).

Purpose

To compare quantitative sensory testing (QST) data between participants who
reported engaging in a moderate amount of exercise (reported exercise >4 times per
week on 3/4 or more re-assessment visits) to those who were less active throughout
breast cancer treatment. This was to evaluate whether participants who regularly
exercise may correlate to improved sensory function as measured by QST, suggesting

a possible neuroprotective effect.

METHODS
Participants

Participants’ data was collected as part of a larger physical therapy and nerve
health trial evaluating the effects of a home exercise program on upper extremity pain
and nerve function. Forty-eight participants with stage I-1ll breast cancer being treated
with adjuvant taxane chemotherapy, either TC (docetaxel 75mg/m2 and
cyclophosphamide x 4) or FECD (5-fluorouracil, epirubicin, cyclophosphamide x3,
followed by Docetaxel 100mg/m2 x 3) were included (Jones et al., 2009; Roche et al.,
2006; Swain et al., 2013). Nerve assessments on the hands used quantitative sensory
testing (QST) to define the small fibre neuropathy. The Pain Research Laboratory (PRL)

at the College of Rehabilitation Sciences, University of Manitoba collected the QST
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data. Re-assessments occurred 1) midway through chemotherapy 2) end of
chemotherapy 3) 3 months post-chemotherapy and 4) 6 months post-chemotherapy.
Ethics approval was granted by both the Health Research Ethics Board (H:2014:281) at
the University of Manitoba and the Research Resource Impact Committee (RRIC 2014-

031) at CancerCare Manitoba.

Measuring Activity

Participants were asked about their level of exercise per week at each
assessment visit. Participants were considered active if they engaged in any form of
activity at least 4 times a week beyond activities of daily living such as walking to the
bus or walking the dog around the block. Types of activities that participants reported
included cycling, running, yoga, swimming, Zumba, dance classes, and tennis. Walking
was included if it was at least 30 minutes at a moderate pace. It was assumed there
would be a decline in activity levels during and right after chemotherapy. ‘Active’
participants were defined as reporting physical activity on 3/4 or more reassessments

versus ‘less active’ defined as exercising on 2/4 reassessments or less.

Outcome Measures

QST

1) Thermal detection threshold (Neurosensory Analyzer TSA Ill, Medoc, Israel) was used
for thermal detection (warm and cool) and thermal pain thresholds (hot and cold). As
discussed in a previous chapter, the TSAIl measures Ad and C-fibre function and was

used to quantify nerve function. The protocol attached the thermode to the palmer
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surface of the distal phalanx (tips of fingers) of the index and middle finger.
Temperature is increased or decreased by 0.1-degree Celsius increments until the
patient presses a button indicating temperature detection or thermal pain. The patient is
always in control and is never at risk for tissue damage (temperature limits are set to

vary only from 0-50 degrees Celsius).

2) The TSAIl Vibration Sensory Analyzer module for the Medoc was used to test
vibration perception involving AR nerve fibres. As discussed in a previous chapter, the
palmer distal phalanx of the index finger lightly touched the sensor. Different, random
and varying vibration amplitudes (um) were delivered with the participant responding
“yes/no” to sensing the vibration. Vibration perception was selected as it has been
suggested to be the first clinical sign of CIPN symptoms (Gutierrez-Gutierrez, Sereno,

Miralles, Casado-Saenz, & Gutierrez-Rivas, 2010).

Data Analysis

To account for repeated measurements and unequal time intervals mixed models
were used to compare outcomes for the effect of exercise. Linear mixed models were
used to predict continuous outcomes when the assumption of normality was met.
Residual plots were used to evaluate the assumption of normality and to detect outliers.
The assumption of linearity for continuous predictors was evaluated using restricted
cubic splines. Analyses were run using the R project for statistical computing software

version 3.4.1. (R. Development team, 2017) and SAS 9.4.
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RESULTS

A total of 191 participant visits were included in this analysis. Less active
participants made up 131/191 visits, while active participants had 60/191 visits. Table 1.
shows the participant demographics including age, stage, cancer side, surgery,
adjuvant treatment. Participants mean age was 61.5 (range 34-78). Seventeen (35.4%)
participants were classified as stage |, 22 (45.8%) in stage Il, and 9 (18.8%) as stage lll.
Nineteen (39.6) participants had right sided breast cancer, 28 (58.3%) had left sided,
and 1 (2.1%) had bilateral cancer. Ten (20.8%) participants received reconstructive
surgery, 37 (77.1%) received radiation post-chemotherapy. Thirty (62.5%) participants
received FECD and 18 (37.5%) received TC.

The exercise analysis revealed significantly better vibration scores (Left index
p=0.001, Right index p=0.001) and a decrease in heat pain thresholds to normal levels
bilaterally in the hands (Left index p=0.021, Right Index p=0.039) for those considered
‘active’. Warm and cool detection and cold pain thresholds showed no significant
difference between the groups. Table 2. shows the outcome variables grouped by

‘active’ and ‘less active’.

DISCUSSION

This current study revealed that women who remained active during and after
chemotherapy had significantly improved vibration sense and reported hot pain
thresholds at levels equal to age matched normative values (Gonzalez-Duarte, Lem-

Carrillo, & Guerrero-Torres, 2016).
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As the significant improvements were bilateral (left and right hand) this
strengthens the association and decreases the possibility of a random association.
Improved vibration perception suggests a correlation between exercise and
preservation of AB fibres and Pacinian corpuscles that transmit this sensory perception.
Normal heat pain thresholds bilaterally further suggest preservation of Ad and C-fibres
and TRPV1 receptors. Age matched (41-60 years) normative hand heat pain thresholds
according to Gonalez-Duarte and others (41.8 - 42.1 C°) is similar to the ‘active’ group
(left 41.8, right 42.5) while the ‘less active’ group had elevated thresholds (left 44.1, right
44.4). Heat pain thresholds results in the ‘less active’ group may be due to thermal
hypoesthesia from the loss of thermal receptors and/or free nerve endings responsible
for transmitting thermal pain. A secondary explanation is the possibility that the ‘less
active’ group had higher pain thresholds (higher pain tolerance) without hypoesthesia.

Exercise is thought to improve pain and sensory nerve function through
increasing anti-inflammatory cascades, decreasing pro-inflammatory cytokines, altering
activation of glial cells that may prevent neuropathic pain, upregulation of various
neurotrophic factors, and expression of proteins including neurotrophin-3 (NT-3) and
brain derived neurotrophic factor (BDNF) and heat shock protein-72 (HSP-72) involved
in nerve repair and regeneration (Cooper, Kluding, & Wright, 2016; Dobson, McMillan, &
Li, 2014; Schmidt, 2014).

The mechanisms of how exercise impacts nerve health in CIPN remain unclear.
It is possible that women able to exercise throughout chemotherapy are healthier to
begin with, have fewer side effects from treatment, or have other biological mechanisms

(hormonal, insulin), or genetic or epi-genetic mechanisms that may be responsible for
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the benefit of exercise (Eckhoff, Feddersen, Knoop, Ewertz, & Bergmann, 2015;
McTiernan, 2008; Zimmer et al., 2015).

Moderate intensity exercise improves physical health, musculoskeletal fithess
and positive mental health (including reduced rates of both depression and anxiety) that
greatly impact quality of life (Warburton et al., 2007). Improved survival has been
correlated to women that exercise the equivalent of walking 3-5 hours (9 metabolic
equivalents METS) or more per week and adhered to a healthy lifestyle (Holmes, Chen,
Feskanich, Kroenke, & Colditz, 2005; Pierce et al., 2007). Possible explanations for
improved physical health with exercise include lower serum concentrations of sex
hormones, improved insulin sensitivity, reduction in systemic inflammation, and
improved immune function (McTiernan, 2008).

Despite well-known improvements in cancer survival, quality of life, function and
treatment-related side effects, physical activity levels are diminished and do not return
to baseline even one year after a breast cancer diagnosis (Baumann et al., 2013;
Devoogdt et al., 2010). A prospective breast cancer study (n=267) measuring physical
activity confirmed that physical activity declines significantly post-operatively. Follow up
at one year found that these women had not returned to their pre-operative physical
activity levels (Devoogdt et al., 2010).

Many factors must be considered when prescribing exercise during
chemotherapy to encourage compliance. This includes exercise type and duration,
social, cognitive, demographic, environmental and medical variables (Courneya,
McKenzie, et al., 2008; Rogers et al., 2008). Specifics of barriers to exercise that

patients report include treatment side effects, time constraints and fatigue. The barriers
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reported are often the symptoms that can be improved with exercise and cancer
patients may not be fully aware of the impact exercise can have in improving quality of
life (Blaney, Lowe-Strong, Rankin-Watt, Campbell, & Gracey, 2013; Clifford et al.,
2018).

Exercise throughout chemotherapy should be encouraged for patients to improve
survival, prevent recurrence, improve quality of life, and possibly provide

neuroprotection from neurotoxic chemotherapy.

Limitations

The active and less active groups were a sub-group analysis from another trail
assessing the impact of physical therapy. These groups were not randomized and the
association between sensory preservation and exercise remains to be tested in phase
1l trials. Measuring sensory function with QST has some drawbacks. While the stimulus
is objective, the response is subjective. Focus, attention, standardized protocol in
wording all are important variables that can affect the response time and results. There
is also the possibility that statistical differences observed were the result of a random
effect from assessing multiple variables. However, because bilateral differences in
vibration and heat pain thresholds were detected, this supports the correlation between
exercise and neuroprotection. We did not monitor exercise as far as keeping a diary or
guantifying in a way that would determine metabolic equivalents. This would have been
useful and should be collected in future trials. We recognize that the retrospective

participant reports of activity may not be an accurate measure. Future trials should
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incorporate accelerometry or pedometer data that would provide more objective and

guantifiable exercise data.

CONCLUSION

Physical activity during and after medical treatment for cancer is generally
encouraged. Physical activity helps maintain and improve cardiovascular fitness,
muscle strength, balance, flexibility and range of motion, reduces symptoms of fatigue,
depression, and generally improves quality of life (Baumann et al., 2013; Hayes et al.,
2012; Streckmann, Kneis, et al., 2014; Streckmann, Zopf, et al., 2014). This research
supports the theory that exercise may additionally provide neuroprotection from CIPN.
Women who engage in exercise on most days had improved vibration sense (AR fibres)
and normal heat pain thresholds bilaterally (Ad and C-fibres) compared to more

sedentary women during and after chemotherapy.
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TABLE 1. Demographics

Participant Demographics
Age mean (SD)
Stage n (%)
I
Il
11l
Cancer Side (n(%)
Right
Left
Bilateral
Surgery n(%)
Lumpectomy
Single Mastectomy
Bilateral Mastectomy
Reconstruction
Radiation (n (%)
Docetaxel n(%)

FECD (6 rounds/3 taxane)
TC (4 rounds/all include taxane)

61.5 (23.33)

17(35.4)
22(45.8)
9(18.8)

19(39.6)
28(58.3)
1(2.1)

27(56.2)
15(31.3)
6(12.5)

10(20.8)
37(77.1)

30(62.5)
18(37.5)
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TABLE 2. Exercise Analysis on ‘Active’ versus ‘Less active’

Warm Detection mean (SD)
Left

Right

Cool Detection mean (SD)

Left

Right

Hot Pain Thresholds mean (SD)
Left

Right

Cold Pain Thresholds mean (SD)
Left

Right

Vibration median (Q1-Q3)

Left

Right

Active (n=15)

34.5 (1.23)
35.9 (1.59)

30.3 (0.82)
29.7 (0.90)

41.8 (3.08)
42.5 (2.60)

14.0 (8.44)
14.3 (8.47)

0.08 (0.04-0.14)
0.14 (0.04-0.23)

Less Active (n=33)

35.7 (2.51)
36.1 (1.96)

29.8 (1.92)
29.1 (3.20)

44.1 (3.47)
44.4 (3.20)

15.2 (9.32)
14.6 (9.26)

0.23 (0.13-0.42)
0.24 (0.14-0.49)

p value

p=0.06
p=0.71

p=0.24
p=0.44

p=0.02*
p=0.04*

p=0.59
p=0.88

p=0.001*
p=0.001*
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CHAPTER 7: DISCUSSION

This thesis includes five manuscripts that explore the potential role of physical
therapy, acupuncture and exercise on chemotherapy induced peripheral neuropathy
symptoms and neuropathic pain. The discussion will summarize the rationale, findings,

and limitations with directions for future work.

Rationale

Chemotherapy induced peripheral neuropathy (CIPN) is a major side effect with
the use of taxanes for breast cancer treatment. The etiology of this peripheral
neuropathy is still unclear; however, impairment to the microtubules in the sensory
nerves is the leading theory. (E. Gornstein & Schwarz, 2014; E. L. Gornstein &
Schwarz, 2017; Grisold, Cavaletti, & Windebank, 2012). Treatments to date have
focused mainly on pharmacological interventions for neuropathic pain with little success
(Smith et al., 2013). An estimated 60% will experience lasting symptoms that affect
functional activities (Brewer, Morrison, Dolan, & Fleming, 2016; Hershman et al., 2011;
Park, Kim, & Hoke, 2015). As the number of patients with persistent CIPN is certain to
increase, it is imperative to find ways to prevent, treat and improve their quality of life
post cancer. To our knowledge, no study to date has used physical therapy to manage
symptoms throughout the chemotherapy treatment process. Our first trial evaluated
whether a physical therapy nerve gliding home program improved sensory nerve
function and quality of life measures in participants with breast cancer. With the growing
acceptance of acupuncture to manage cancer treatment side effects, our second trial

aimed to answer whether electro acupuncture was effective in diminishing chronic
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neuropathic pain caused by CIPN. Using Quantitative Sensory Testing, and patient
guestionnaires (numeric pain rating scale (NPRS) and the Disabilities of the Shoulder,
Arm and Hand (DASH)), we quantified the sensory experience to evaluate the role for
physical therapy and electro acupuncture in CIPN treatment. Further descriptive
analysis defined the sensory phenotypes of neuropathic and non-neuropathic symptom
profiles. Participants that exercised regularly versus those less active were also

compared on analysis to evaluate the possible neuroprotective role of exercise.

Results

A physical therapy nerve gliding home program resulted in less reported pain
(NPRS), less centralized pain (pain pressure algometry), and improved hand function
(grip strength dynamometry) compared to the control group. Analysis dividing patients
into neuropathic and non-neuropathic pain profiles resulted in minimal differences with
respect to QST values. The neuropathic group demonstrated lower heat pain thresholds
values statistically significant on the left (not right) hand. These lower values reflect age
matched normative values (Gonzalez-Duarte, Lem-Carrillo, & Guerrero-Torres, 2016).
Self-report data confirmed that the neuropathic group were more likely to report pain
(NPRS) and impaired function (DASH). A second analysis divided participants’ data into
those who regularly exercised throughout treatment compared to a less active group.
Participants that regularly engaged in exercise had significantly improved vibration
perception, normalized heat pain thresholds bilaterally. The second trial using electro
acupuncture for chronic CIPN neuropathic pain confirmed electro acupuncture was

ineffective. The sham group demonstrated clinically relevant improvements in pain

131



consistent with the expected placebo response. Since the true treatment group did not
experience at least the same response, concern was that the electro acupuncture may

be maintaining pain. The trial was stopped early after discussion with the ethics chair.

Limitations and Directions for Future Research

Quantitative sensory testing is not a true objective measure as it relies on the
participants’ perception and subjective response (Backonja et al., 2009; Rolke et al.,
2006; Walk et al., 2009). Testing can be inaccurate if the participant is distracted, and
responses can be influenced by expectation and past experience. Skin biopsy has been
suggested to quantify the density of intraepidermal nerve fibres (IENFD) to add to the
QST data. It would be interesting to compare the IENFD of these participants to see if
innervation density differences are present between the physical therapy home
program, neuropathic sensory profiles and participants who regularly exercise. This,
however, was not feasible for this current study, but potentially could be incorporated
into future trials. Since CIPN is a small fibre neuropathy affecting the sensory fibres,
QST along with self-report questionnaires are the most appropriate measures to
guantify sensory perceptions. Measurement of IENFD, while objective, does not
interpret the participants’ sensory perceptions or accurately describe their functional
limitations.

The visual analog scale (VAS) instead of the ordinal NPRS pain scale would be
more sensitive as a continuous measure. It may have been specifically more helpful for

data analysis avoiding the need to change the point scale to percentages.
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To avoid a treatment effect the physical therapy home program was completed
without follow up. We asked participants to keep a diary but only a few participants
completed it. The feedback we received was that most of the treatment group
completed the exercises all the way through chemotherapy but stopped once it was
over. Two participants in the treatment group confirmed they did not complete any
exercises with one not attending physical therapy. Both of these participants remained
in analysis to reflect a real-world population. The majority of participants found the nerve
gliding to be the most helpful out of all the information and education, and they reported
immediate symptom relief, which we believe encouraged compliance. None the less,
closer attention to the compliance and response with nerve gliding exercise is
suggested for future trials.

It was unexpected that such large differences in QST measures would be
uncovered on exercise sensitivity analysis. While we believed exercise had a
neuroprotective role, we did not anticipate the differences would be as apparent. We
would suggest activity questionnaires, quantifying metabolic equivalents, and even
pedometer or accelerometry studies to be included in future trials.

Finally, our final number (n=48) was under half of the participants we were
hoping to recruit. We did our best to encourage medical staff to advise patients of the
trial, but for reasons unknown we were not successful. Patients with breast cancer were
eager to enroll and numbers to 100 would not have been unreasonable. If we can find a
way to advertise in clinics or have our trials as part of the information package to

patients, this may help in the future.
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These studies provide support for the use of physical therapy nerve gliding
exercises to improve pain and function as well as exercise to prevent sensory
neuropathy. Exercise can assist with other known taxane side effects including fatigue,
mental alertness, depression, general strength, endurance, and flexibility (Baumann et
al., 2013; Hayes et al., 2012; Streckmann, Kneis, et al., 2014; Streckmann, Zopf, et al.,
2014). The goal of future research is to identify the specifics of exercise intensity,
frequency, duration, and type to provide the most benefit for prevention and treatment of
taxane induced peripheral neuropathy and neuropathic pain. We also confirmed that
electro acupuncture should not be used in patients with chronic neuropathic pain from
CIPN. Future research using acupuncture on other painful side effects from cancer
treatment, such as joint pain from aromatase inhibitors, may provide effective relief

explained by different pain mechanisms and pathways.
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APPENDIX A: Thermal Quantitative Sensory Testing — TSA Il Medoc

One example of thermal testing - 3 trials of warm detection, cool detection, hot pain and cold
pain thresholds. This participant had cold hyperalgesia with thresholds above 18 degrees
Celcius

8 o

Thermode for testing index and middle finger thermal detection and thermal pain
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APPENDIX B: Vibration Quantitative Sensory Testing — VSA for TSAIl Medoc

Test End

One example of vibration perception thresholds. The participant responded yes/no to sensing
the stimuli

Vibration sensory analyzer for testing index finger vibration perception
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APPENDIX D: Acupuncture Protocol for Chapter 4

Points for acupuncture. ST36 had electro acupuncture

Protocol for all patients had needles inserted through o ring

Acupuncture for LI4 with sham needle
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APPENDIX F: Assessment Forms
Pre-existing nerve entrapment as a risk factor for Chemotherapy - Induced Peripheral

Neuropathy. Could there be a role for physical therapy treatment?

ASSESSMENT FORM
Patient ID# Visit #

Surgery: Axillary Node/Sentinel Node/Lumpectomy/Mastectomy/Reconstructive surgery
Radiation Y/N Hormone therapy Y/N Immunotherapy Y/N

Chemotherapy treatment: 3 TC (no node) / 4 FECD(positive nodes)
Start date:

Previous upper extremity neuropathy: Y/N location

Chemotherapy post-cycle 2 3 4  (TCor FECD)

Changes to treatment since last visit? Y/N
Seeing Physical therapy or seeking treatment? Y/N

CIPN QUESTIONS

Any sensory changes (burning numbness/pain) in the hands? Y/N
Hand NRPS /10

Has other treatment been offered to help with CIPN symptoms?
Any sensory changes (burning/numbness/pain) in feet? Y/N

If Yes, is it BETTER/WORSE/SAME compared to hands

DASH S-LANSS

Lymphedema: Y/N (R/L)

Volumeter: R L
Dynamometer (dominant Hand) 1 2 3
SWMF: Index pad (R) (L)
Little pad (R) (L)
Dynamic Allodynia - Cotton pad volar/dorsal hand (R) (L)

Algometry pressure/pain threshold  Left Quadriceps

Nerve testing
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Spurlings test (R/L Nerve Root) (Positive/Negative)

Phalens test (Median Nerve) (1 minute
R/L)

Elbow Flexion Test (Ulnar Nerve) (2 minutes R/L)
ULTT Median Nerve (R) (L) (1-6)

ULTT Ulnar Nerve (R) (L) (1-6)

ULTT Radial Nerve (R) (L) (1-6)

Tinels (nerve and location R or L)

QST (Left and Right Index and Middle volar DIPS)

QST 1 2 3 AVG

Cool threshold

Warm threshold

QST 1 2 3 AVG

Cold Pain Threshold

Hot Pain Threshold

VSA (Left and Right Index volar DIP)

1 2 3 AVG
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APPENDIX F: Assessment Forms
Electro Acupuncture in the Treatment and Management of Chemotherapy Induced
Peripheral Neuropathy

ASSESSMENT FORM
Patient Study ID # Cancer Stage

Visit: Baseline / halfway / end of trial / 2 months post HANDS or FEET

Do you believe you are in the true or sham acupuncture group?

Do you believe acupuncture can help your symptoms?

Surgical/Cancer Side OR Date:

Surgery: Axillary Node/Sentinel Node/Lumpectomy/Mastectomy/Reconstructive surgery
Radiation Y/N Hormone therapy Y/N Immunotherapy Y/N
Chemotherapy treatment: 4 TC (no node) / 6 or 8 FECD (positive nodes) / 6 DCH

Chemotherapy Start date: Chemotherapy End date:

Previous upper extremity neuropathy: Y/N R/L location

Currently receiving treatment for CIPN?

SSRI’s?
U/E NRPS Baseline /10 L/E NRPS Baseline /10
DASH LEFS S-LANSS

Lymphedema: Y/N (R/L)

SWMF: (R) (L) (R) (L)
Static 2-Point (R) (L) (R) (L)
Dynamic Allodynia - (R) (L)

Algometry pressure/pain threshold Left Quadriceps
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QST

AVG

Warm threshold (R)

(L)

Cool threshold (R)

(L)

QST (non-dominant)

AVG

Hot Pain Threshold

(R)

(L)

Cold Pain Threshold

(R)

(L)

VSA (index volar DIP)

Trials

AVG

Left

Right
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APPENDIX G: Testing Instructions

QUANTITATIVE TESTS OF UPPER LIMB IN NORMAL PATIENTS TO EVALUATE THE NERVE SYSTEM
RESPONSE

STUDY VARIABLES - Instructions
1) VOLUMETER

We are going to measure the volume of your hands. This gives us a measure of swelling.
You need to remove watches/bracelets and any jewellery (except wedding ring) and submerge
your hand very slowly into the water placing two fingers on either side of the bar. Please hold
very still until the water finishes over-flowing.
2) DYNAMOMETER

This machine give us a measure of how strong your hands are. The machine does not
move but records the force you are exerting. Please sit-up with elbows at your side and bent to
90°. We will do 3 trials in each hand. When | say "go", | want you to squeeze as hard as you can
(one big squeeze). Are you ready? Ready, set, go!
3) SWMF

These are small hairs that will bend with different amounts of pressure. It is a measure of
the sensitivity of your fingertips to light touch. Please sit comfortably, with your eyes closed and
say "touch" when you feel a filament touching you.
4) DYNAMIC ALLODYNIA

| am going to gently brush this over the back and front of your hand. Please describe the

sensation (all fingers).
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6) ALGOMETRY
This is a measure of tolerance to pressure. | am going to push down harder and harder on
your thigh until you push the switch to stop. We want to know at what point the sensation
changes for you from the feeling of pressure to a feeling of pain. We do not want to know how
much pain you can tolerate. Please push the switch at the point the pressure changes to pain.
Note: Assessor in Standing and Participant sitting with legs at 90 degree angles
perpendicular to the floor. Left Quadriceps measured from knee with ruler (standardardized
location 7 inches from knee to mid-quads)
7) QST EVALUATION (TSAIll NeuroSensory Analyzer)

WARM and COLD SENSATION

The device attached to your hand site will heat or cool. We wish to determine if you can
detect these temperatures at levels appropriate for your age. The test involves either increasing
or decreasing the temperature in this probe (thermode) from a neutral or baseline temperature.
Keep your finger on the button so you can respond quickly. At the moment you feel either the
cool/warmth, immediately press either button [NOTE TO TESTER: point to the appropriate
buttons]. It is important that you press the button at the absolute first moment you detect the
temperature change. Please stay alert and concentrate throughout the test. Do not press the
button until you are confident that you have felt a stimulus, warm or cool change from the
baseline temperature.

HEAT and COLD PAIN

The device attached to your hand site will now get hot or cold. In this test, we are

interested in your perception of pain. The test involves either increasing or decreasing the
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temperature in this probe (thermode) from a neutral or baseline temperature. Keep your finger
on either of the two buttons so you can respond quickly. Allow the temperature to get either
hotter or colder without pressing the button. Wait until the temperature becomes painful. Press
either of the two buttons the instant you decide the temperature has reached a painful point.
[NOTE TO TESTER: point to the appropriate buttons]. It is important that you press the button at
the absolute first moment you feel pain. This is not a test of how long you can endure pain.
Rather, we want to know the instant you decide the sensation is painful. Please stay alert and
concentrate throughout the test.

VIBRATION

The device attached to your hand site will begin to vibrate. We wish to determine if you can
detect vibration at levels appropriate for your age. The test involves either increasing or
decreasing the vibration in this probe and responding yes or no if you could feel the sensation or

not. There are about 14 tests in total. Please stay alert and concentrate throughout the test.
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