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Introduction: Chemotherapy induced peripheral neuropathy (CIPN) remains a
significant complication of cancer treatment. For patients receiving taxanes and/or
platinum chemotherapy, the incidence is as high as 84-100%. With no existing
preventative or curative treatment, patients that develop CIPN report symptoms ranging
from constant numbness and tingling of the hands and/or feet to debilitating burning
pain. Unfortunately, symptoms often persist for several months or even years after the
completion of treatment. As there is no “gold standard” measure to accurately identify
CIPN, diagnosis is dependent upon the patient’s self report of symptoms, often when
long term or permanent neuronal injury has already occurred. When symptoms limit
function, current oncologic practice is to limit or discontinue treatment. A definite need
exists for a standard measure to accurately identify and more importantly predict the
outcome of CIPN, in an effort to limit long-term neuronal damage and improve
prognosis.
Purpose: The purpose of this study was to determine if CPT measurement could
accurately identify patients who develop CIPN and whether this measure could predict
CIPN prior to developing symptoms, in patients receiving a taxane and/or a platinum
chemotherapy regimen.
Methods: This prospective study enrolled 35 chemotherapy naïve participants.
Subjective and objective measurements, including CPT were collected during each
chemotherapy treatment visit to assess sensory nerve function and the development of
CIPN.
Results: At 2000 Hz, 250 Hz, and 5 Hz, the CPT identified 78%, 56%, and 33% of
participants who developed CIPN, respectively. However, the false-positive rate was
70%, 50%, and 45%, respectively. Generalized linear mixed model analysis determined
that CPT measures do not predict the outcome of CIPN. However, the number of
treatment visits was predictive of CIPN (OR=1.88, 95% CI=1.10-3.20, p=0.02). This
suggests that a one-treatment increase in visits from a mean of 9.4, increases the odds of
CIPN development by 88%.
Discussion: While this measure accurately identfied a majority of patients with CIPN at
2000 Hz, the false-postive rate was unnacceptibly high. This study demonstrated that
CPT measurement did not predict the outcome of CIPN.The lack of predictive
significance demonstrated in this investigation is likely attributed to the small sample
size.
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Chapter One: Background and Significance
Overview
In 2010, more than 1.5 million new cancer diagnoses were anticipated and with
more than 560,000 deaths expected, cancer is second most common cause of death in the
U.S. (American Cancer Society, 2010). The annual costs for medical care alone for
patients with cancer were expected to exceed $263 billion in 2010, with more than $160
billion for indirect costs including lost work productivity due to illness and premature
death (American Cancer Society, 2010). As a result of earlier diagnosis and improving
treatment strategies, mortality rates are declining in several cancer types including
breast, prostate, colon/rectal and stomach (American Cancer Society, 2010; Ghafoor,
Jemal, Ward, Cokkinides, Smith, & Thun, 2003). However, as people live longer
following their diagnosis, more people are dealing with secondary late complications of
treatment. One of the most significant complications is chemotherapy-induced peripheral
neuropathy (CIPN). Based on an estimated cost of $4900 per neurotoxicity event
(Calhoun, Chang, Welshman, Fishman, Lurain, & Bennett, 2001), the fiscal burden
associated with CIPN has been estimated to be as high as $2.3 billion per year (Lema,
Foley, & Hausheer, 2010). Chemotherapy induced peripheral neuropathy is
predominantly sensory in nature, most often reported as mild numbness and tingling.
However, up to 25% of patients experience severe burning pain and allodynia, (pain
evoked from a stimulus that does not usually cause pain), with symptoms often
persisting long after treatment cessation (Windebank & Grisold, 2008). A recent
investigation reported the half-life recovery of neuropathy affecting the hands was 6.8
years following treatment with platinum-based chemotherapy agents (Brouwers,
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Huitema, Boogerd, Beijnen, & Schellens, 2009). More gravely, the authors reported that
no significant reversibility of neuropathy of the feet was demonstrated during the study’s
six-year observation period (Brouwers, et al 2009). Moreover, as a result of
improvements in treatment for myelosuppression through the use of granulocyte colonystimulating factors, CIPN remains as one of the most prevalent dose-limiting side effects
of chemotherapy (Flatters & Bennett, 2004; Rowsinsky, Chaudry, Forastiere, Sartorius,
Ettinger, Grachow, et al., 1993). The symptoms present bilaterally in a symmetrical
distribution of the distal extremities of the body innervated by the longest sensory axons,
first affecting the toes and the fingers (Wickham, 2007). However, the neuropathy may
progress proximally to the ankles and hands in a “stocking-glove” distribution (Wilkes,
2007).

Statement of the Problem
Progress in developing new therapeutic treatments has been hampered by an
incomplete understanding of the molecular, cellular and physiological mechanisms
underlying the development of CIPN. In addition, the progression and resolution of
CIPN is not well characterized due to a lack of standardized assessments and the reliance
on patient report of symptoms, such that by the time that CIPN is diagnosed, sensory
nerve fiber damage may be irreversible (Wolf, Barton, Kottschade, Grothey, & Loprizni,
2008).
A better understanding of the pathogenesis of CIPN, with an emphasis on
evaluating early changes in sensory fiber function after the initiation of chemotherapy,
may lead to early detection of CIPN and the identification of new targets for prevention
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or intervention. This will improve the probability that patients can achieve the goal of
completing their chemotherapeutic regimen without the development of pain or
progression to irreversible neuronal damage.
Current methods used clinically to identify or diagnose CIPN, include vibratory
perception or nerve conduction velocities either fail to accurately quantify the neuronal
deficit or are not specific to sensory nerve fibers. Thus, their accuracy and predictive
capabilities are lacking. A recently introduced device uses a painless electrical impulse
to stimulate and measure sensory nerve thresholds or current perception threshold
(CPT). The measure is neuroselective for each of the three major sub-populations of
sensory nerve fibers, which provides investigators with a method to quantify the
conduction and functional integrity of large and small myelinated as well as small
unmyelinated sensory nerve fibers.

Purpose of the Study
The purpose of this study was to investigate whether measurement of current
perception threshold (CPT) is sensitive to changes in peripheral sensory nerve function
due to neurotoxic effects of chemotherapy. Specifically, this study examines sensory
nerve function over time following initiation of taxane and/or platinum therapy.

Overview of CIPN
Several chemotherapy agents have been implicated in the development of
peripheral neuropathy including but not limited to taxane compounds such as paclitaxel
and docetaxel; and platinum compounds such as oxaliplatin, cisplatin, and carboplatin
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(Quastoff & Hartung, 2002). The neuropathy is generally dose dependent and while the
incidence has been reported as high 100% with dose regimens greater than 250 mg/m2
(Chaudry, Rowinsky, Sartorius, Donehower, & Cornblath, 1994; Polomano, Mannes,
Clark, & Bennett, 2001); even at clinically relevant doses from 200-250 mg/m2 the
incidence remains as high as 84% (Forsyth, Balmaceda, Peterson, Seidman, Brasher, &
DeAngelis, 1997). Some of the risk factors of CIPN are related to drug administration,
with increased incidences of CIPN being reported with higher chemotherapy dose per
cycle, higher cumulative doses, and combination therapy with other agents (Lee &
Swain, 2006; Mielke, Sparreboom, & Mross, 2006). Patient related risk factors include a
higher risk for elderly, history of previous chemotherapy treatment, history of peripheral
neuropathy, diabetes or alcoholism (Mielke, Sparreboom, & Mross, 2006). While these
risk factors increase the likelihood of developing CIPN, patients without any of these risk
factors may still develop neuropathic symptoms.

Proposed Mechanisms of CIPN
While the exact pathogenesis for the development of CIPN is unknown, the
literature suggests initial damage occurs in the axon (Wilkes, 2007; Quasthoff &
Hartung, 2002). One proposed mechanism, following the administration of paclitaxel,
relates to binding to β-tubulin. In addition to mitotic spindle formation, microtubules are
involved in many other functions including intracellular transport (reviewed in
Rowinsky & Donehower, 1995). Therefore, it has been proposed that axoplasmic
transport is impaired due to paclitaxel binding to the β-tubulin of axonal microtubules,
which ultimately results in neuronal cell death (Roytta & Raine, 1986). In support of this
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proposed mechanism, a few early investigations reported axonal degeneration when
paclitaxel was injected into rat sciatic nerve (Roytta, Horowitz, & Raine, 1984; Roytta &
Raine, 1985; Roytta & Raine, 1986). The relevancy of these investigations have been
questioned, as administrating an intra-neural injection may not equate to the systemic
administration of paclitaxel. More recent investigations demonstrated axonal
degeneration of large myelinated fibers in rats receiving paclitaxel via intravenous
(Cliffer, Carson, Radley, Park, & Lewis, 1998) and intraperitoneal injections (Persohn,
Canta, Schoepfer, Traebert, Mueller, & Gilardini, 2005). Clinically, the only supportive
evidence identified in the literature in humans was from a case reporting axonal
degeneration with sural nerve biopsy in a 60 year-old woman who developed peripheral
neuropathy following treatment with paclitaxel (Sahank, Barohn, New, & Mendell,
1994).
The proposed mechanism of microtubule disruption resulting in axonal
degeneration however remains controversial. As there are a few investigations reporting
no axonal degeneration in rats with painful peripheral neuropathy following
intraperitoneal administration of paclitaxel (Polomano, Mannes, Clark, & Bennett, 2001;
Flatters & Bennett, 2006). While microtubule stabilization leading to axonal
degeneration may play a role in PIPN, it is likely that other mechanisms are involved.
Other proposed mechanisms contributing to CIPN include a role of the ionchannel receptor TRPV4 (Alessandri-Haber et al, 2004), an involvement of second
messengers, protein kinase Cε and protein kinase A (Dina, Chen, Reichling, & Levine,
2001), and disruption of cellular mitochondria (Flatters & Bennett, 2006). There is
supportive evidence in the literature which builds on the functional disruption of
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mitochondria. The initial investigation reported that sensory primary afferent axons from
rats with paclitaxel-induced neuropathic pain, have a significantly increased incidence of
swollen atypically appearing mitochondria (Flatters & Bennett, 2006). While
mitochondria play a crucial role in the balance of intracellular calcium (Ca2+), altering
the functional capacity of mitochondria may lead to dysregulation of cellular Ca2+ which
has been demonstrated in rats receiving i.p. paclitaxel (Siau & Bennett, 2006).
Ultimately, the disruption of cellular Ca2+ homeostasis in neurons may lead to
hyperexcitability. More recently, this same research team, reported increased
spontaneous discharge of A-fiber and C-fiber primary afferent neurons in paclitaxel
treated rats versus vehicle treated rats (Xiao & Bennett, 2008). Based on nerve
conduction velocities, they further demonstrated that the spontaneously discharging
neurons were mainly comprised of nociceptive fibers. The most recent line of reasoning
regarding this mechanism, is that mitochondrial disruption interferes with cellular energy
stores resulting in insufficient store of ATP to maintain the function of sodiumpotassium pump that maintains normal resting potential (Bennett, 2010). A reduction of
the normal resting potential equates to lower axonal depolarization threshold. Thus less
stimulation is required to cause an action potential. This reduction in resting potential
may also result in spontaneous disharge of sensory fibers (Bennett, 2010).
Another recent line of research has characterized some of the pathologic changes
that occur in sensory neurons and their supporting cells following paclitaxel in rats.
administration. Ten days after receiving 36 mg/kg (two divided doses, 3 days apart) of
intravenous paclitaxel, researchers indicated a peripheral neuropathy that was evidenced
by mechanical allodynia, cold hyperalgesia, and ambulatory deficits (Peters et al, 2007).

6

Additionally, these nociceptive behaviors were accompanied by macrophage activation,
identified by increased expression of activating transcription factor 3 (ATF 3; a cellular
injury marker). The percentage of sensory neurons expressing the marker for injury was
reported to be greater in larger diameter neurons, compared to medium and small fibers
(Peters et al, 2007). A similar investigation by the same research team examined the
temporal evolvement of these changes. The authors suggested that neuronal injury may
occur one day after treatment initiation, while cellular hypertrophic changes and
macrophage activation can occur after six days of treatment (Peters, Jimenez-Andrade,
Kuskowski, Ghilardi, & Mantyh, 2007).
In platinum based agents like cisplatin, some of the proposed mechanisms of
peripheral neuropathy are thought to be similar to taxane-based agents (Krarup-Hansen,
Helweg-Larsen, Schmalbruch, Rorth, & Krarup, 2007). In contrast, the proposed
mechanisms for oxaliplatin-induced peripheral neuropathy differ somewhat from taxanes
and cisplatin. In addition, the clinical presentation of peripheral neuropathy induced by
oxaliplatin differs from other agents. With oxaliplatin, approximately 85-95% of patients
receiving this agent will experience an acute and transient cold allodynia that may be
begin within hours of initial treatment and reside within days, while only 10-20% will
develop chronic neuropathy (Park, Krishan, Lin, Golstein, Friedlander, & Kiernan,
2008). Furthermore, while the symptoms from both forms of this neuropathy affect
peripheral sensory nerves they may have distinct pathologies (Cersosimo, 2005; Joseph,
Chen, Bogren, & Levine, 2008). The acute toxicity and subsequent hyperexcitability
from oxaliplatin is thought to act on the IB4-positive nociceptive fibers (Joseph et al,
2008). One of the proposed mechanisms for the chronic toxicity is through a change in
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sodium current along axon fibers (Saif & Reardon, 2005). Following administration, the
metabolite oxalate is released intracellularly from oxaliplatin, which then chelates
unbound calcium and magnesium ions in the cell (Saif & Reardon, 2005). The decrease
in calcium prevents the closure of calcium dependent sodium channels resulting in
neuronal hyperexcitability (Gamelin et al, 2007).

Overview of CPT measurement
The Neurometer® (Neurotron, Baltimore MD) is an instrument that has been
designed to measure CPT, and was introduced in 1986. The device uses a mild electrical
stimulus with an output intensity range of 0.01 to 9.99 milliamperes (mA). The stimulus
is generated by constant alternating current via sinusoid waveform. The introduction of
electrical stimulation, through two gold electrodes placed on the surface of the skin
results in distal afferent sensory nerve fiber depolarization, is transmitted and perceived
by the participant being tested. A selective response is evoked from each frequency
corresponding to the three sensory fiber subtypes, operating on the premise that the
frequency required to depolarize and cause an action potential in a nerve is dependent on
the diameter of the fiber (Katims, Naviarsky, Rendell, Ng, & Bleeker, 1987). The large
myelinated Aβ fibers are stimulated at 2000 Hz, the small myelinated Aδ fibers are
stimulated at 250 Hz, and the small unmyelinated C fibers are stimulated at 5 Hz
(Neurotron, Incorporated, 2007). The constant current output is maintained by
impedance feedback circuitry resulting in a testing paradigm that is highly reproducible
and unaffected by skin thickness or temperature (Neurotron, Incorporated, 2007).
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CPT measurement begins with an approximation of the threshold. The first
frequency (2000 Hz) is introduced at the lowest level and the intensity is increased
slowly, via an automated program through the device, until the participant perceives the
sensation of the current. This approximated current threshold is used as the starting
current for the actual CPT measurement, which is determined by a double blind forcedchoice test. The participant is introduced to a true and placebo stimulant interval then
asked to determine during which interval they perceived the current. If the participant is
able to accurately identify the stimulus, the intensity level is decreased incrementally. If
the participant is not able to identify the stimulus the level of intensity is increased.
Multiple series of these cycles are completed until the threshold is determined. The
threshold is the lowest current intensity at which the participant is able to accurately
distinguish true current from placebo three consecutive times, and is reported from 09.99 mA. The test is repeated individually for each separate frequency. When compared
to the established normative values, an increased CPT measurement demonstrates
hypoesthetic sensory function attributed to neuropathy, whereas decreased CPT
measurements represent hyperesthetic sensory function commonly attributed to neuritis.

Research Question 1
Does the measurement of CPT accurately identify or diagnose the development of
CIPN in solid tumor cancer patients receiving a taxane and/or platinum based
chemotherapy regimen?
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Research Question 2
Does a change in the CPT measurement predict the development of CIPN prior to
the patient report of symptoms, in solid tumor patients receiving a taxane and/or
platinum based chemotherapy regimen?

Hypothesis
A few of the proposed mechanisms involved in the development of CIPN
(mitochondrial disruption and a neuronal inflammatory reponse) are thought to result in
neuronal fibers becoming hyperexcitable, which has been demonstrated in pre-clinical
studies (Peters et al, 2007). Assuming these mechanisms play a role in the development
of neuropathy in humans, it is plausable that the measurement of CPT may be sensitive to
detect these changes, before patients become symptomatic or before the onset of
permanent neuronal loss. When neurons become hyperexcitable, the amount of
stimulation required to cause depolarization and thus action potential is lowered. This in
turn may result in a significant decrease in the current perception threshold. If this
measure is sensitive enough to detect these changes in sensory function in a reliable and
accurate manner and moreover can predict the outcome of peripheral neuropathy in
patients receiving chemotherapy, then there is potential to improve clinical practice and
ultimately improve patient outcomes. The hypothesis overall is that CPT measures will
identify changes in peripheral sensory function prior to the development of symptoms of
CIPN reported by patients receiving chemotherapy.
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Aims of the Study
1.

Determine whether the measurement of CPT can accurately identify patients that

develop symptoms of peripheral neuropathy following chemotherapy.
2.

Determine whether CPT measurements, as a measure of sensory nerve fiber

function, are predictive of the development of CIPN prior to the patient report of
symptoms.
Importance to Nursing
As frontline caregivers, nurses play an integral role in identifying and treating
side effects in patients receiving chemotherapy. Oncology nurses caring for patients
receiving chemotherapy could utilize the information provided from this research to
improve outcomes in clinical practice. The ability to detect early changes in sensory fiber
function prior to patient report of symptoms may help reduce the severity of symptoms or
the development of long-term/permanent sensory nerve impairment.
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Chapter Two: Review of the literature
Assessment of sensory nerve function and CIPN
Initial sensory detection and transmission begins in the terminal afferent nerve
fiber receptors. The five basic types of sensory fibers, mechanoreceptors,
thermoreceptors, nociceptors, photoreceptors, and chemoreceptors are highly sensitive
and identified according to each fiber’s specific stimulus (Guyton & Hall, 2006). Sensory
impulses are transmitted along the corresponding nerve fibers of each receptor type.
Physiologically, these nerve fibers may also be classified according to fiber diameter and
conduction velocity. The two main classifications are the larger, myelinated A-fibers and
the smaller, unmyelinated C-fibers. The A-fibers may be further subdivided into four
separate classifications, in descending order according to diameter size and conduction
velocity Aα, Aβ, Aγ, and Aδ respectively (Cousins & Bridenbaugh, 1998). Between the
A and C fibers, the subtypes Aβ, Aδ, and C-fibers are the primary sensory fibers
(Cousins & Bridenbaugh, 1998). While there is some overlap in their receptive function,
Aβ fibers are low-threshold mechanoreceptors that primarily detect non-noxious touch
and pressure. Aδ and C fibers have a higher threshold and are primarily responsible for
nociception or the perception of pain (Schaible & Richter, 2004). The myelinated Aδ
fibers transmit impulses rapidly accounting for “fast pain” sensation, while the
unmyelinated C fibers transmit impulses less rapidly, providing “slow pain” information
(Pridmore, 2002). Comprehensive evaluation of sensory nerve function requires
measurements to assess each sensory fiber sub-type.
Several methods have been utilized clinically and in research assessing sensory
nerve function to diagnosis and predict the development of CIPN including but not
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limited to: deep tendon reflexes (DTR), mechanical perception, vibratory perception
threshold (VPT), sensory action potential amplitude (aSAP), and nerve conduction
velocities (NCV). However, there is no standard measurement that is utilized throughout
oncology practices and no “gold standard” measurement for accurate grading or
diagnosis of CIPN. Currently in many facilities including here at the University of
Maryland, Greenebaum Cancer Center, diagnosis of a dose-limiting peripheral
neuropathy is often based on the patient report of symptoms, when potentially long-term
damage of the sensory fibers has already occurred. The peripheral nervous system has
the capacity for regenerating in reponse to injury, however this is dependent upon the
cell body being spared from injury (Quasthoff & Hartung, 2002; Poncelet, 1998). As the
injury progresses in this “dying-back” fashion, proximal degeneration to the dorsal root
ganglia will equate to irreversible neuron cell body damage. With no preventative or
curative treatment and given the lack of knowledge regarding the pathogenesis, effective
treatments seem unlikely to be elucidated in the immediate future. Currently, one of the
only treatment choices is to alter or discontinue chemotherapy upon the development of
neurotoxic effects, in an effort to limit long-term or irreversible damage (Cleeland,
Farrar, & Hausheer, 2010).
Improved prognosis may be dependent upon the availability of an instrument or
device which can be used to rapidly screen and accurately identify patients developing
peripheral neuropathy before the patient becomes symptomatic. Therefore, the need for a
valid, reliable, and accurate measurement of CIPN is clear.
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Current measurements for CIPN
Of the current measurements used to assess sensory nerve function, VPT, DTR,
and mechanical perception can all be easily measured in a clinical setting using handheld
instruments. However, the efficacy of these devices in identifying and predicting the
outcome of CIPN is conflicting in the literature. An early investigation by Forythe,
Balmadeda, Peterson, Seidman, Brasher, and DeAngelis (1997), suggested that VPT was
not useful in predicting or identifying subclinical peripheral neuropathy. While a more
recent study reported that combining a diminishing or loss of DTR and decreased VPT
had better predictive value in the assessment of CIPN than NCV and aSAP (Cavaletti,
Bogliun, Marzorati, Zincone, Piatti, Colombo, et al., 2004). Moreover, these
measurements are limited in their ability to precisely quantify nerve function and are
often subject to high variability due to poor inter-rater reliability (Vinik,
Suwanwalaikorn, Stansberry, Holland, McNitt, & Colen, 1995). The two electrodiagnostic methods (NCV and aSAP) are quantifiable and have improved inter-rater
reliability. However, these measures are most useful in grading an existing neuropathy
rather than predicting the outcome of neuropathy (Cavaletti, et al., 2004). Furthermore,
both of these measurements pose a few limitations including the time that it takes to
complete the testing, the expense, and the cumbersome nature of the equipment that
must be operated by well-trained personnel (Donaghue, Giurini, Rosenblum, Weissman,
& Veves, 1995). Finally, NCV measurements are non-selective for fiber type,
stimulating all axonal fibers in a peripheral nerve and measuring function of only the
largest, fast conducting, myelinated fibers (Doi, Ota, Konishi, Yoneyama, & Araki,
2003).
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Measurement of sensory function using CPT
Another measurement that has been used to quantify sensory fiber function is
current perception threshold (CPT). The reliability and validity of CPT testing has been
well documented for the evaluation of peripheral neuropathy resulting from several
different etiologies including diabetes and carpel tunnel syndrome (Rendell, Dovgan et
al, 1989; Rendell, Katims et al, 1989; Masson & Boulton, 199; Nishimura et al, 2004;
Matsutomo, Takebayashi, & Aso, 2005). Unlike nerve conduction studies that evaluate
the function of mostly large, myelinated motor nerve fibers, CPT measurements
specifically evaluate the function of sensory nerve fibers including Aβ, Aδ and C-fibers.
Quantification of sensory fiber function is derived by transcutaneous electrical
stimulation with frequencies that are specific for each fiber type (5 Hz for C fiber
stimulation; 250 Hz for Aδ fiber stimulation; 2,000 Hz for Aβ fiber stimulation) (Baquis,
Brown, Capell, Chaudhry, Cros, Drexinger, et al., 1999). The results for each frequency
can be compared with normative reference values from the population to determine the
function of each sensory fiber type.
Within the literature there are a few investigations that provide subjective
evidence to support nerve fiber selectivity between each frequency tested. Across these
investigations patients reported feeling different sensations for each CPT frequency,
following measurements from several peripheral sensory sites. Patients reported the
sensation of “burning” or “stinging” at 5 Hz, “vibration” at 250 Hz, and “buzzing” at
2000 Hz (Tseng, 2003; Evans, Rendell, Bartek, Bamisedun, Connon, & Giiter, 1992;
Masson, Veves, Fernando, & Boulton, 1989). The self-reported difference in sensation
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provides some indirect supportive evidence that separate fibers are stimulated by
different frequencies.
Another argument that has been made to suggest stimulation selectivity of
sensory fibers is the distinct differences in CPT values between each frequency (Kim et
al, 2000). In other words, the intensity of the applied current required to elicit a response
at one frequency is distinct from the other frequencies. To illustrate this further, we can
look at the normative values at the site being measured in our current study of peripheral
neuropathy the dorsal surface of the great toe, which is innervated by two branches of
the peroneal nerve (deep and superficial peroneal nerve). The normative mean threshold
current for the 5, 250, and 2000 Hz frequencies are 0.73 mA, 1.25 mA, and 3.22 mA,
respectively (Neurotron, 2009). Based on these values, it can be seen that there is an
increase in intensity of current required to generate a response at each frequency.
Therefore, the argument has been made that these differences provide indirect evidence
for selectivity.
From a more objective standpoint, there are several investigations published
demonstrating correlations between CPT measurements and other quantitative
measurements of sensory nerve function, which provide support for the neuroselective
capability of this measure (Pitei, Watkins, Stevens, & Edmunds, 1994; Donaghue et al,
1995; Matsutomo et al, 2005; Cheng et al, 1999; Rendell, Dovgan et al, 1989; Rendell,
Katims et al, 1989; Evans et al, 1992; Masson & Boulton, 1991; Masson et al, 1989).
One other measure thought to assess large myelinated (Aβ) sensory fibers is vibration
perception threshold (VPT). A few studies have demonstrated a significant statistical
correlation between VPT and CPT at 2000 Hz. Three investigations reported similar
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results; demonstrating moderate correlations between CPT at 2000 Hz and VPT with
Spearmans correlation coefficients ranging from 0.26-0.5 in the hand to 0.48-0.71 in the
feet of patients with diabetic peripheral neuropathy (Masson & Boulton, 1991; Masson,
Veves, & Boulton, 1989; Pitei et al, 1994). Correlations have also been reported between
CPT and thermal perception threshold (a measure of small sensory fiber function). The
strongest correlations were reported between CPT at 5 Hz and 250 Hz, and thermal
perception threshold for warm sensation with Spearman correlation coefficients of 0.36
and 0.4 respectively (Pitei et al, 1994).
Further evidence in support of the selectivity of this measure was presented in an
investigation that used CPT measurement to assess the differential return of sensation
following spinal anesthesia (Liu, Kopacz, & Carpenter, 1995). Six healthy participants
received spinal anesthesia with 50 mg lidocaine (5% in dextrose). CPT measurements, at
each of the three frequencies (2000 Hz, 250 Hz, and 5 Hz) were determined at baseline
and in 10-minute intervals following spinal block. Additionally, dermatome levels were
assessed by pinprick, touch, and cold at 5-minute intervals following the block. All
assessments were performed at the medial aspect of the knee (lumbar 2-3 dermatome
level). In the clinical practice of anesthesia, the onset and return of sensation following
spinal anesthesia is evaluated by touch, pinprick, and cold, which is thought to
correspond with the block of Aβ, Aδ, and C fibers respectively. In this investigation, the
researchers demonstrated that the return of sensation to touch correlated with the return
of normal CPT at 2000 Hz (R2=0.7, p=0.03). The return of pinprick sensation correlated
with the recovery of CPT at 250 Hz (R2=0.75, p=0.02) and the return of cold sensation
correlated with the recovery of CPT at 5 Hz (R2=0.67, p=0.04).
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One similar clinical study in support of CPT measurement neuroselectivity,
investigated the differences in sensory block, using the same measures (CPT, touch,
pinprick, and cold) between 1% and 2% concentrations of lidocaine administered during
lumbar epidural anesthesia (Sakura, Sumi, Yamada, Saito, & Kosaka, 1998). After the
placement of a lumbar epidural catheter, participants were randomly assigned to receive
a one-time 10 ml injection of either 1% or 2% lidocaine. Sensory measurements were
performed at the 9th thoracic (1-2cm cephalad to the umbilicus) and 2nd lumbar (just
above knee) dermatome levels at baseline and 5 minute intervals up to 60 minutes
following lidocaine administration. As anticipated, the investigators noted that the
dermatome level of sensory blockade was spread more cephalad in the patients receiving
2% lidocaine. This was demonstrated by a significant increase in CPT at 2000 Hz from
baseline at the T9 dermatome level in the 2% lidocaine group compared to the 1%
lidocaine group. This coincided with the loss of touch sensation at the same level in the
patients receiving 2% lidocaine versus those receiving 1% lidocaine. Patients in both
groups had increased CPT at 250 and 5 Hz from baseline, as well as loss of pinprick and
cold sensations at the T9 dermatome level. Their results suggest a differential blockade
between concentrations of lidocaine following epidural anesthesia. More importantly, for
the argument of the selective nature of this measurement these results provide more
supportive clinical evidence that this device does indeed result in some selective
stimulation of sensory fibers.
There are also a few preclinical investigations using similar methodologies that
address the issue of this measure to selectively stimulate sensory fibers. In the first
investigation, the authors wanted to determine whether current perception thresholds
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could be used to evaluate both quantitatively and selectively between fiber types, the
reversibility of differing doses of intrathecal administered lidocaine in rats (Oda,
Kitagawa, Yang, Totoki, & Morimoto, 2005). Following the placement of an intrathecal
catheter, male Sprague-Dawley rats were randomly assigned to one of five groups, each
receiving either vehicle or one of four increasing does of lidocaine (saline, or 2, 5, 10, or
20%). CPT was defined as the minimum current needed to elicit a vocal response or
hindpaw withdrawal. Measurements were performed at baseline and in 5- minute
intervals following medication administration, until return to baseline was determined.
In regard to our discussion, the investigators reported a differential recovery profile
following the administration of 2% lidocaine that was similar to the results of the
previously discussed clinical studies. The threshold at 2000 Hz returned to baseline first
at 40 minutes following drug administration. Thresholds at 5 Hz and 250 Hz returned to
baseline levels at approximately 70 and 80 minutes respectively (Oda et al., 2005).
Results similar to this have also been reported in mice (Finkel, Besch, Hergen,
Kakareka, Pojida, Melzer, et al., 2006; Matsumoto, Inoue, Hald, Yamaguchi, &Ueda,
2006).
Perhaps the strongest evidence to support the fiber selective capability of the
CPT measure comes from another recent pre-clinical investigation. In this study the
authors used a more direct method by measuring the response to stimulus at the cellular
level in rats (Koga, Furue, Rashid, Takaki, Katafuchi, & Yoshimura, 2005). Dorsal root
ganglion neurons from lumbar 4-6, obtained by laminectomy, were isolated into three
groups by electropysiological properties (resting membrane potential, conduction
velocity, threshold of stimulus intensity, and duration of action potential). Once isolated,
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the three fiber subtypes (Aβ, Aδ, and C fibers) were individually stimulated first at 2000
Hz, then at 250 Hz, and finally at 5 Hz, using gradually increasing intensity. Following
stimulation, the action potential generated by each separate frequency was recorded for
each fiber type. The results obtained from this investigation provide some compelling
evidence to support the neuro-selective capability of CPT. At the 2000 Hz frequency no
action potentials were generated in C fibers. In Aδ fibers, action potentials were
generated at beginning at 1.3 mA and when increased to 2.8 mA the number action
potentials increased to a frequency of 17 Hz (Koga et al, 2005). At 250 Hz, the authors
demonstrated that both Aβ and Aδ fibers were stimulated, generating action potential
beginning at 0.3 mA and reaching a plateau at 2 mA and again no action potentials were
generated in C fibers. Lastly, stimulation at the 5 Hz frequency generated action
potentials in all three classifications of neurons. While this investigation did demonstrate
some cross-selective stimulation between Aβ and Aδ fibers it is important to note that C
fibers were only activated by stimulation at 5 Hz. Furthermore, based on the variability
and potential overlap in regard to fiber diameter and electrophysiological properties (ie
conduction velocity) it is not surprising that there is cross stimulation between Aβ and
Aδ fibers.

Summary
In summary, the proposed benefits of the CPT over current measurements
include quantifiable results that are specific for sensory nerve fiber sub-populations and
proficient operation of the device that requires minimal training with rapidly obtained
results. Lastly, the automated double blind method reduces bias, as both the operator and

20

person being evaluated are blinded during measurement, thus increasing the validity of
the results. Few studies have utilized CPT testing for evaluation of CIPN and it is
unclear whether CPT values are sensitive to change over time in this patient population.
Thus, in this study, we investigated changes in CPT values over time from baseline
(post-diagnosis but pre-chemotherapy treatment) through either the development of
neurotoxicity that necessitates treatment withdrawal or the end of the chemotherapy
regimen, whichever occurred first.
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Chapter Three: Design and Methods
Study Design
This was a prospective observational study designed to evaluate the development
of CIPN using the measurement of CPT. Patients who were newly diagnosed with a
solid tumor and underwent treatment with a potentially neurotoxic chemotherapeutic
regimen that includes a taxane and/or a platinum compound were approached for
enrollment.
Sample and population
A convenience sample of 35 adult patients who were chemotherapy-naïve were
recruited prior to starting antineoplastic therapy and followed longitudinally until they
experienced either 1) a clinically-determined CIPN dose-limiting side effect (i.e., dose
reduction or drug cessation); 2) the regimen was completed for any reason other than a
CIPN dose-limiting side effect, including usual regimen completion; or 3) for feasibility
purposes, 6 months of chemotherapy was completed.

Inclusion criteria
1.

Age 21 – 85 years

2.

Diagnosed with a solid tumor

3.

Scheduled to receive a taxane and/or a platinum compound

4.

Chemotherapy-naïve

5.

Able to speak English

6.

Provide written informed consent
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Exclusion criteria
1.

Life expectancy less than 3 months

2.

Self reported or clinically documented neuropathy from nerve compression
injuries (i.e., carpal tunnel syndrome, brachial plexopathy, spinal stenosis, or
spinal nerve root compression) or neuropathy attributed to a disease process such
as diabetes, HIV, autoimmune disorder, or alcohol abuse

3.

Anticipated use of an investigational drug or biologic, or use of an investigational
drug or biologic within the past 60 days

4.

Major psychiatric disorder during the past 6 months to include such disorders as
schizophrenia and bipolar disorder

5.

Unable or unwilling to undergo study-related questionnaires or sensory
assessments

Data collection
This investigation was conducted at the University of Maryland’s Greenebaum
Cancer Center (GCC). Participants were enrolled during their initial visit to the center
prior to receiving their first chemotherapy treatment. Following obtainment of consent,
demographic information was recorded, including information regarding their cancer
diagnosis and chemotherapy regimen and descriptive characteristics (Appendix A). At
baseline and throughout the course of treatment (with every drug cycle) participants were
tested for the development and progression of CIPN on the days of their Infusion Center
visits. Study assessments included measures of sensory and motor nerve integrity,
grading of potential CIPN, and subjective self-reported questionnaires. Sensory function
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assessments included CPT and quantitative sensory testing (QST), which is a series of
objective measures including VPT, thermal, and mechanical sensation. These
measurements were assessed at the right great toe (peroneal nerve). This site was selected
based on the clinical presentation of CIPN in the longest sensory nerve fibers and to
control for any pain or sensory function impairment possibly resulting from tumor or
lymph node involvement of breast cancer patients. Motor function was evaluated by
measuring DTR at the ankle and knee of the right leg. Subjective questionnaires included
the Neuropathic Pain Scale (NPS) and Functional Assessment of Cancer
Therapy/Gynecologic Oncology Group - Neurotoxicity (FACT/GOG-Ntx) (Appendices
B & C). The development of CIPN was graded using the National Cancer InstituteCommon Toxicity Criteria for Adverse events (NCI-CTCAE v3.0) for sensory
neuropathy.
Subjective questionnaires were completed by the participants while waiting for
treatment, either in a common holding area or in a semi-private treatment area. Objective
assessments were completed in semi-private treatment room that was separated on either
side by a wall, with curtain partitions in front. This treatment area was temperature
controlled and set to maintain a temperature of 22°C. However, due to the size of the
treatment facility the temperature fluctuated slightly and ranged from 22°-25°C.

Operational definition of CIPN for this investigation
Currently in the GCC, the standard practice in determining the development and
grade of CIPN is bases on the NCI-CTC grading scale. For the purpose of this
investigation, the diagnosis of CIPN was also based on the NCI-CTC for sensory
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neuropathy. Participants were considered to have CIPN, if they reported an alteration in
sensation, such as numbness and/or tingling that presented in the anatomic distribution
described in the literature, which is bilaterally in the fingers/hands and/or toes/feet, that
either persisted or became progressively worse with subsequent chemotherapy
treatments.

Instrument selection and validation
Based on the primary objectives, the predominant measurement in this
investigation was CPT. Objective and subjective measurements commonly utilized in
research and practice, were also included to provide a more comprehensive sensory
function evaluation. Additionally, the data from these sensory measures will be used for
exploratory analysis in determining which measures predict the outcome of CIPN.

Current Perception Threshold (CPT)
CPT testing has been validated and well documented for the evaluation of
peripheral neuropathy resulting from several different etiologies including diabetes and
carpel tunnel syndrome (Rendell, Dovgan et al, 1989; Rendell, Katims et al, 1989;
Masson & Boulton, 1991; Nishimura et al, 2004). However, few studies have utilized
CPT testing for evaluation of CIPN and it is unclear whether CPT values are sensitive to
change over time in this patient population.
In regard to the reliability several articles have reported on the reproducibility of
CPT with repeated measurements performed on the same participant or a within subject
comparison (Barkai, Kempler, Vamosi, Lukacs, Marton, & Keresztes, 1998; Masson, et
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al., 1989; Pitei, et al., 1994). The coefficient of variation was fairly consistent across
investigations with CPT measurements from healthy participants. The reported range of
coefficients of variation for the three CPT frequencies was 5-11% at 2000 Hz, 11-15% at
250 Hz, and 15-28% at 5 Hz. One of these investigations (Pitei, et al., 1994) also
reported reliability results from a sample of diabetic participants with existing peripheral
neuropathy. The authors reported coefficients of variation for participants with
peripheral neuropathy of 28.4%, 34.8%, and 52.3% at 2000 Hz, 250 Hz, and 5 Hz
respectively. While these results suggest that CPT may be less reliable in participants
with existing peripheral neuropathy compared to healthy participants, one would expect
a wider range of CPT values and therefore increased variability in participants with
peripheral neuropathy, as each participant’s neuropathy may vary in the degree of
severity.
Another article investigated the reliability of CPT measurements on participants
undergoing hemodialysis for differing etiologies of renal failure (Katims, Rouvelas,
Sadler, & Weseley, 1989). Similar to the previously discussed investigation, this study
utilized participants with existing peripheral neuropathy with varying degrees of
severity, however the sample was slightly larger with 7 participants and CPT values
were measured 9 times in a 4-week period. The authors reported reliability results in the
same range as the results from healthy participants. The reported mean coefficient of
variation from repeated CPT values in participants undergoing hemodialysis were 6.5%,
13.7%, and 27.5% at 2000 Hz, 250 Hz, and 5 Hz, respectively (Katims, Rouvelas,
Sadler, & Weseley, 1989).
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In regard to inter-observer reliability, one investigation measured CPT at the
infraorbital and inferior alveolar nerve sites once a day for three successive days in 25
healthy participants (Kim, Kho, Kim, Lee, & Chung, 2000). They reported the intraclass
correlation coefficient (ICC), which is the fraction of variance caused by variation
between tests. ICC ranges from 0 to 1, where 1 represents perfect reproducibility, greater
than 0.75 is considered “excellent” and greater than 0.4 is “good” reliability (Becser,
Sand, & Zwart, 1998). Their reliability results ranged from 0.71-0.87 at 2000 Hz, 0.620.79 at 250 Hz, and 0.46-0.75 at 5 Hz between two separate examiners (Kim, et al.,
2000). The authors also reported within examiner reliability results that suggest excellent
reliability at all three frequencies, with ICC ranging from 0.76-0.95 (Kim, et al., 2000).

Quantitative sensory testing (QST)
Quantitative sensory testing (QST) refers to a set of objective testing procedures
that allow the examiner to measure and quantify various aspects of sensory function
(Greenspan, 2001). These measures rely on the patient to respond, either verbally or via
the use of a response device, in order to report their sensory experience (Greenspan,
2001). The QST protocol used in this investigation was adapted from a protocol used in
previous research and includes tests that have been validated and shown to be robust
measures of the submodalities of the somatosensory system (Rolke, Magerl, Campbell,
Schalber, Caspari, Birklein, et al., 2006). The reason for conducting QST in this study
was to assist in determining sensory loss (hypoesthesia, hypoalgesia) or sensory gain
(hyperaesthesia, hyperalgesia, allodynia) during the course of the patient’s
chemotherapy. Also, to determine if CPT measures at each frequency correlated with
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QST measure assessing the same sensory fiber subtype. Thermal sensation was assessed
by measuring warm and cold detection threshold (WDT & CDT), the number of
paradoxical heat sensations with alternating cold and warm stimuli or thermal sensory
limen (TSL), and cold and heat pain threshold. Mechanical sensation was measured by
determining mechanical detection threshold, pinprick detection, and VPT. In addition to
the QST measures, two tests of sensorimotor function (grip strength, deep tendon
reflexes) will also be included to assess the effects of the chemotherapeutic drugs on the
sensorimotor system. Examination of the sensorimotor system is important, as
diminishing sensorimotor function could have implications for patient safety.

Thermal sensory thresholds
Measurement of thermal sensory threshold has been used for decades in
determining sensory nerve function (Fruhstorfer, Lindblom, & Schmidt, 1976). The
reliability of this measurement has been demonstrated using several different devices
and testing algorithms. Repeatability results specific to the TSA 2001-II (Medoc, Israel),
have been reported in healthy participants and subjects with neuropathic conditions
(Heldestad, Linder, Sellersjo, & Nordh, 2010; Felix & Widerstrom-Noga, 2009; Rolke,
et al 2006). In healthy participants, one investigation reported no significant differences
between repeated measures in all thermal sensory measures taken the same day (F=0.161.86, p>0.05), derived from 2-way ANOVA Rolke, et al, 2006). These investigators also
demonstrated significant correlations in thermal thresholds when measured between the
left and right sides of the same patient (r=0.78-0.89, p<0.001). In patients with
neuropathic pain from spinal cord injury, thermal sensations measured three weeks apart
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demonstrated fair reliability (ICC=0.5) for cold and hot pain thresholds and substantial
reliability (ICC=0.9-0.95) for warm and cold detection thresholds (Felix & WiderstromNoga, 2009). The diagnostic sensitivity of thermal testing with this device in small fiber
neuropathy has been reported at 72% (Shukla, Bhatia, & Behari, 2005).

Mechanical detection thresholds
The reliability of mechanical detection threshold using Semmes-Weinstein
monofilament fibers (SWMF) has been reported in healthy participants and in patients
with neuropathic injury. Moderate test-retest reliability has been shown in healthy
subjects (ICC=0.63) and substantial reliability (ICC=0.84) in patients with neuropathic
pain following spinal cord injury (Felix & Widerstrom-Noga, 2009). In patients with
Charcot-Marie-Tooth disease similar results have been reported (ICC=0.86 and 0.91) for
inter- and intra-rater reliability (Schreuders, Selles, van Ginneken, Janssen, & Stam,
2008). Similar sensitivity and specificity results have been reported in two separate
investigations in patients with diabetic neuropathy (Valk, de Sonnaville, van Houtum,
Heine, van Eijk, Bouter, et al 1997); Meijer, Smit, Sonderen, Groothoff, Eisma, & Links,
2002). The first enrolled 68 participants, using SWMF they were able to identify
diabetics with a sensitivity of 88% and 96% and specificity of 61% and 46%, between
two separate examiners (Valk, et al 1997). The second investigation reported similar
findings in 73 participants with a sensitivity of 81% and specificity of 56% (Meijer, et al
2002).
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Pinprick sensibility
The reproducibility of pinprick sensation between examiners is fair in patients
with diabetes (Cohen’s κ=0.36) and demonstrates moderate sensitivity (0.83), however
the specificity (0.4) of this measure is low in this population (Smieja, Hunt, Edelman,
Etchells, Cornuz, & Simel, 1999). Pinprick sensibility results have been reported in one
cross-sectional investigation in patients with chemotherapy-induced neuropathy
(Dougherty, Cata, Cordella, Burton, & Weng, 2004). Patients that developed sensory
changes and pain following treatment with taxol, demonstrated significant reductions in
sharpness perception when compared to healthy control patients (Dougherty, et al 2004).

Vibration perception threshold
The reliability and validity for use of the Rydel-Seiffer graduated tuning fork has
been reported in several articles in healthy subjects and in differing neuropathic states
(Hilz, Axelrod, Hermann, Haertl, Duetsch, & Neundorfer, 1998; Martina, van
Koningsveld, Schmitz, van der Meché, & van Doorn, 1998; Merkies, Schmitz, van der
Meché, van Doorn, 2000; Whitton, Johnson, & Lovell, 2005). The coefficient of
variation between two repeated measures performed several weeks apart by the same
examiner, in diabetic patients and healthy controls (n=93), was reported as 6% (Liniger,
Albeanu, Bloise, & Assal 1990). Another investigation has shown substantial
interobserver and intraobserver reliability (quadratic weighted κ=0.67–0.98) for the
tuning fork in patients with stable immune mediated polyneuropathy (Merkies, Schmitz,
van der Meché, van Doorn, 2000). In one case-control investigation, vibration threshold
values measured with a Rydel-Seiffer tuning fork from 59 patients with polyneuropathy
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(from several etiologies) were compared against normative values from 198 control
patients (Martina, van Koningsveld, Schmitz, van der Meché, & van Doorn, 1998). The
authors reported a sensitivity of 29% and 76% from threshold measurements at the ulnar
styloid process and great toe, respectively, with a chosen specificity of 95% (Martina, et
al 1998).

Grip strength
Studies specific to the Jamar Dynamometer (US Neurologicals) have reported
high intra- and inter-rater reliability across healthy, elderly and differing diseased
populations (Paternostro-Slugo, Grim-Stieger, Posch, Schuhfried, Vacariu, Mittermaier,
et al 2008; Schaubert & Bohannon, 2005; Mathiowetz, 2002; Peolsson, Hedlund, &
Oberg, 2001). In healthy adults (ages 20-64) the intraclass correlation coefficient (ICC)
between independent evaluators was reported to be 0.98 and ranged between 0.94-0.98
within evaluators (Peolsson, Hedlund, & Oberg, 2001). Similar intra-rater results have
also been reported in the elderly (ages 65-85), over a twelve-week time period
(ICC=0.94-0.98) (Schaubert & Bohannon, 2005). In patients with cervical radiculopathy
the intra-rater reliability was also good (ICC=0.87-0.97) (Peolsson, Hedlund, & Oberg,
2001). As CIPN most often involves sensory nerve fiber, the ability of using grip
strength to identify neurologic changes in patients receiving chemotherapy has been
inconsistent in the literature. Two separate investigations by the same research team
evaluated two similar chemotherapy regimens for the treatment of ovarian cancer
(Verstappen, Postma, Hoekman, & Heimans, 2003; Postma, Hoekman, van Riel,
Heimans, & Vermorken, 1999). In the first investigation, the authors reported no
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changes in grip strength in patients receiving pacitaxel, epirubicin, and cisplatin
(Postma, et al 1999). While the second investigation, demonstrated a mild decrease in 4
of 18 patients, who developed new neuropathic signs during treatment with paclitaxel,
gemcitabine, and cisplatin (Verstappen, et al 2003).

Deep tendon reflexes
Assessments of deep tendon reflex are performed routinely in a standard
neurologic examination. The reliability of the scale that will be utilized in this
investigation, the National Institute of Neurological Disorders and Stroke (NINDS), has
been demonstrated in healthy adults (Litvan, Mangone, Werden, Bueri, Estol, Garcea, &
Rey, et al, 1996). When combined with vibration perception and position sensibility,
these measures identify peripheral neuropathy with a sensitivity of 94% and specificity
of 84% (Richardson, 2002). Furthermore, in the elderly population loss of ankle reflexes
was the most commonly reported finding (Mold, Vesely, Keyl, Schenk, & Roberts,
2004).

Neuropathic Pain Scale (NPS)
The Neuropathic Pain Scale (NPS) is a multidimensional tool that uses self-report
visual analogue scales (VAS) to quantify on a scale of 0-10, two global pain domains
(pain intensity and unpleasantness), six descriptive qualities of neuropathic, two pain
locations (surface and deep), and one semi-structured question about temporal sequence
(Galer and Jensen, 1997; Jensen, 2006). The 10 items demonstrate weak to moderate
correlations with one another, supporting their discriminate validity (Galer & Jensen,

32

1997). The NPS is capable of distinguishing neuropathic pain from non-neuropathic pain
(Fishbain, Lewis, Cutler, Cole, Rosomoff, & Rosomoff, 2008). Furthermore, the NPS
was able to distinguish differences between pain caused from post-herpatic neuralgia and
other underlying pain mechanisms including diabetic neuropathy and peripheral nerve
injury (Galer & Jensen, 1997). One randomized, double-blind clinical trial of 159
patients with painful diabetic neuropathy, reported a statistically significant (p<0.05)
decrease in mean values (pre- to posttreatment) in seven of the NPS pain quality
domains (intense, sharp, hot, dull, sensitive, unpleasant, and deep pain) in patients
treated with controlled release oxycodone versus placebo (Jensen, Friedman, Bonzo, &
Richards, 2006). These results provide support for the NPS in characterizing the
multidimensional nature of neuropathic pain. Given, the component of neuropathic pain
associated with CIPN and the difficulty in effectively treating this type of pain, the
results from this questionnaire when correlated with subjective measures may play an
important role in improving patient outcomes.

Functional Assessment of Cancer Therapy/Gynecologic Oncology Group –
Neurotoxicity (FACT/GOG-Ntx)
FACT/GOG-Ntx is a chemotherapy treatment-effect specific measurement tool
used to evaluate the severity and impact of CIPN symptoms on functional status and
health-related quality of life (QOL) (Viala, de la Loge, van de Velde, Esseltine, Chang,
et al., 2007). Consisting of 38 items written at a 4th-grade reading level, the
FACT/GOG-Ntx is an assessment targeted to patients who receive potentially neurotoxic
chemotherapeutic agents including taxanes and platinums. The questionnaire includes
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four primary quality of life (QOL) domains of Physical, Social/Family, Emotional, and
Functional Well-Being, and an 11-item subscale, the Ntx, which evaluates symptoms
and concerns associated specifically with CIPN. The FACT/GOG-Ntx has demonstrated
reliability and validity, with a Cronbach's alpha of 0.81 for the neurotoxicity subscale
and an overall Cronbach's alpha of 0.84 (Calhoun, Welshman, Chang, Lurain, Fishman,
Hunt, et al., 2003). Further, the FACT/GOG-Ntx and the Ntx subscale have
demonstrated sensitivity to meaningful clinical distinctions and change over time
(Calhoun, et al., 2003). Because CIPN may be understood as a patient-reported symptom
that affects function and QOL, FACT/GOG-Ntx and the Ntx subscale indices may
demonstrate a relationship with CPT values indicating sensory fiber decrement to
illuminate findings that are clinically significant. The FACT/GOG-Ntx has been
validated for self, interviewer, and computer administration
(http://www.facit.org/validity/validation_articles.aspx). The overall score for this 38item questionnaire was scored according to the FACIT guidelines, so that a higher score
equates to a better quality of life (Webster, Cella, & Yost, 2003). According to scoring
guidelines, negatively-phrased subscale questions were scored in a reversed fashion,
which included questions in the physical well-being, emotional well-being and Ntx
subscales. All subscales scored were summed to create the overall FACT/GOG-Ntx
score. The Ntx subscale was also utilized individually to evaluate symptoms specific to
CIPN. The questions in this subscale were totaled and scored in the original format, such
that an increasing score equates to worsening neuropathic symptoms.
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National Cancer Institute-Common Toxicity Criteria for Adverse events
The NCI-CTCAE is a system that can be used to describe the severity of adverse
events in oncology patients enrolled in a clinical trial, including neurotoxicity associated
with chemotherapeutic treatment (Trotti, 2000; Trotti, Colevas, Setser, Rusch, Jaques,
Budach, et al., 2003). There are several domains incorporated into the instrument
including analytic laboratory data, objective exam data, clinician-graded symptoms and
quality of life and patient report of outcomes (Bentzen, Dörr, Anscher, Denham, HauerJensen, Marks, et al., 2003). This study utilized the Neuropathy: sensory adverse event
subscale within the CTCAE v3.0. This assessment was made at baseline, prior to the
start of chemotherapy and at every treatment visit. There are five grades (0-4), from
asymptomatic through death. The common practice for clinicians in the GCC is to
withhold treatment for patients with a grade 3 or higher sensory neuropathy, described as
sensory alteration or paresthesia interfering with Activities of Daily Living (ADL). In
grading the severity of CIPN the NCI-CTC was reported to have moderate inter-rater
reliability (ICC=0.58) (Postma, Heimans, Muller, Ossenkoppele, Vermorken, &
Aaronson, 1998).

Study Procedures
Patients were treated for their respective malignancies per the standards of
current oncologic practice. Chemotherapy was administered according to individual
treatment protocols developed by the GCC per physician discretion. All patients who
developed neuropathy received standard supportive care measures for its management.
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Study assessments were obtained on scheduled visit days to the GCC Outpatient
Infusion Center. Assessments were conducted by one of three separate study staff. To
ensure fidelity of measurements between assessors, prior to the collection of data on
study participants, each member was trained to perform each measurement correctly and
within the same manner. Study assessments were collected at the patient’s first visit to
begin his/her chemotherapeutic regimen and then once each cycle at infusion visits,
which typically occur every 7, 21, or 28 days. Baseline assessments were collected prior
to infusion of chemotherapy. A final set of study assessments were measured on patients
who experienced a CIPN dose-limiting side effect at the visit it occurred. All other
participants had ongoing assessments and underwent a final End of Study assessment
when they completed their chemotherapy regimen, or at 6 months of treatment,
whichever came first.
Patient-reported subjective assessments were obtained prior to objective testing,
to avoid potential interference with patient subjective response and recall of their
symptom experience. Furthermore, to the extent possible, subjective and objective
assessments were performed prior to the administration of analgesic medication, and the
administration of chemotherapy premedication with sedative properties.
The order and procedure for subjective and objective assessments were
determined based on a few factors. First, patient-reported subjective measures and
grading of CIPN through NCI-CTC were measured prior to objective measurements to
avoid interference with subjective responses. Second, given the primary objective of the
study was to determine the usefulness of CPT measures to identify and/or predict CIPN;
CPT measures were collected prior to other objective measures to avoid any influence on
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the outcome of CPT measures. Lastly, the order of QST measures were conducted in the
order consistent with the standardized QST protocol developed by Rolke et al (2006)
which sequentially tests from smaller Aδ and C-fibers to larger Aβ sensory fiber
function. Recent evidence supports the order of thermal testing that Rolke and his
colleagues (2006) have suggested. In a repeated measures design, assessing healthy
adults it was reported that both cold and warm perception threshold were significantly
higher when assessed after thermal pain threshold (Heldestad, Linder, Sellersjo, &
Nordh, 2010).

Neuropathic Pain Scale (NPS) Questionnaire:
Patients completed this 10-item questionnaire at each study visit by filling out the
questionnaire (Appendix B). Study staff members were available to verify participant
understanding of the nature of each question. The NPS required approximately 5 minutes
to complete.

FACT/GOG-Ntx questionnaire:
This 38-item questionnaire was completed at each study visit (Appendix C). The
survey asked the patient to rate their responses based on a one-week recall. The Ntx
subscale has demonstrated sensitivity to meaningful clinical distinctions and change over
time, while generic measurements of global QOL and Physical, Social/Family,
Emotional, and Functional well-being domains are more commonly measured over
months for meaningful change. The full FACT/GOG-Ntx questionnaire required
approximately 10-15 minutes to complete.
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NCI Common Toxicity Criteria (NCI-CTC):
At each visit, the degree of sensory and motor neuropathy and
neuralgia/peripheral nerve pain in accordance with NCI-CTCAE v.3.0 (August 9, 2006)
was abstracted from the medical record (Appendix D). When this documentation was
lacking, then the researcher who administered patient questionnaires graded and
recorded NCI-CTC in the research record.

CPT Testing:
Unless contraindicated, CPT assessment was performed on the right great toe.
The surface of the skin was cleaned with a prep-paste (supplied by Neurotron Inc.) to
ensure adequate contact of electrodes. A pair of 1 cm gold electrodes, separated by 1.7
cm, were coated with a thin layer of conductive electrode gel and taped to the dorsal
surface of the toe. The standardized CPT exam was measured with all three frequencies
in the following order: 2000 Hz, 250 Hz and 5 Hz. An intensity alignment procedure was
conducted to approximate the sensory threshold within a 50 mAmpere range. Then,
using an automated double-blind (microprocessor controlled) methodology, the subject
was presented with up to 20 cycles of randomly selected real and false stimuli, above
and below their perception threshold level, until the exact CPT value within that range
was determined. This testing methodology determines reproducible CPT measures
within a +/-20 mAmpere range. The entire test required approximately 10 to 15 minutes.
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Quantitative sensory testing (QST):
Quantitative sensory testing (QST) was performed in the following order (Rolke
et al., 2006):
A. Thermal Detection and Pain Thresholds
1. Cold Detection Threshold (CDT)
2. Warm Detection Threshold (WDT)
3. Thermal sensory limen (TSL)
4. Cold Pain Threshold
5. Heat Pain Threshold
B. Mechanical Detection Threshold (MDT)
C. Pinprick Detection
D. Vibration Detection Threshold (VDT)
E. Grip Strength
F. Deep Tendon Reflex (DTR)
Thermal Detection:
Thermal testing was measured using the TSA 2001-II (Medoc, Israel) peltier
device. This device is computer operated therefore study subjects were provided with a
button to terminate the stimulus at any time during the testing procedure. During the
experimental testing, the computer screen was not made visible to the subject. The
testing procedure was first demonstrated on a body surface area remote from the testing
site (i.e. the dorsum of the right hand).
A thermode with a 9 cm2 surface area was applied to the plantar surface of the
right great toe. The baseline temperature of the thermode was set to 32°C, which is the
midpoint of the neutral temperature range. During application of the thermal stimuli, the
temperature increased or decreased from 32°C with a 1°C/s ramp and the stimuli were
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terminated when the subject pressed the stop button. A 6-10 pause was provided
between each stimulus. For safety, automatic cut-off temperatures of 0°C and 51°C were
programmed into the thermal stimulator. The mean detection threshold temperatures
were calculated from three consecutive cold and three consecutive warm measurements.
During threshold detection testing, the subjects were asked to report any paradoxical
heat sensations, which were recorded by the investigator.
The stimuli was applied in the following order:
1. Cold Detection Threshold: cold - cold - cold
2. Warm Detection Threshold: warm - warm - warm
3. Thermal Sensory Limen: cold - warm - cold - warm - cold - warm
4. Cold Pain Threshold: cold - cold - cold
5. Heat Pain Threshold: warm - warm – warm
This sequence of tests required approximately 10-15 minutes to complete.

Mechanical Detection:
Mechanical detection testing was measured using a standard set of 20 Semmes
Weinstein monofilaments (Touch Test Sensory Kit, myNeurolab.com). This kit includes
a series of fibers of varying diameter and equal length that are calibrated to bend at a
specified amount of force (0.008 gm – 300 gm). During testing, the fiber was applied
perpendicular to the plantar surface of the great toe until the fiber began to bend and was
held in place for 1 second and removed. This was repeated 3 times with a one second
break between applications. The subject was asked to report if he/she was able feel the
fiber when it was applied. The subject’s response to each application was recorded.
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Testing began with the 2.83 fiber (0.07 gm). The handle markings of the fibers (2.83 for
example) are derived from the equation Log10 (10 x force in milligrams). If the subject
was able to detect the application of this fiber in at least 1 out of 3 applications, the
testing stopped and this fiber was recorded as the mechanical detection threshold. If the
subject was unable to detect the application of the 2.83 fiber 1 time out of 3 applications,
the subject was tested with the next larger fiber in the series. This sequence of testing
was continued until the fiber that the subject can detect in 1 out of 3 applications was
identified and this fiber was recorded as the mechanical detection threshold. The 4.17
(1.4 gm) and larger fibers were only be applied one time. This testing required
approximately 1-3 minutes to complete.

PinPrick Detection:
Pinprick detection was assessed using a sterile 18g needle (sharp stimulus) and a
sterile paper clip with one end bent at 90° away from the clip body to form a probe (dull
stimulus). Three sharp and three dull stimuli (total of 6) were applied in a random order
to the plantar surface of the right great toe with sufficient force to cause a slight
indentation but no puncture of the skin. With each application, the subject was asked to
identify whether the sensation was sharp or dull. The investigator recorded the stimulus
type and subject response. This testing required approximately 1 minute to complete.

Vibration Detection:
Vibration detection was measured using a graduated tuning fork (Rydel-Seiffer,
US Neurologicals). The two arms of the 128 Hz tuning fork are fitted with calibrated
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weights at the ends. With the weights in place, the tuning fork vibrates at 64 Hz. Each
calibrated weight is marked with a triangle and an arbitrary scale (0-8). When the arms
are swinging, the triangle appears to be double with the apex of each triangle meeting.
At the greatest amplitude of vibration, the triangles intersect toward the bottom of the
calibrated weight (near the 0 mark). As the amplitude decreases, the intersection of the
triangles moves upward on the weight (toward the 8 mark). The tuning fork was held
with the markings facing the investigator and away from the subject. The tuning fork
was set to vibrate and the base was placed on the dorsum of the right great toe between
the nail and the distal interphalangeal joint. During the test, the subject was asked to
report when the vibration was no longer felt. At this point, the investigator recorded the
number on the calibrated weight nearest to the intersection of the triangles. This test was
performed three times and a mean of the scores calculated. This testing required
approximately 2 minutes to complete.

Grip Strength Test:
Grip strength of the dominant hand was measured using a Jamar Dynamometer
(US Neurologicals). The dynamometer is fitted with two needles on the dial. Both
needles move in a clockwise direction as the grip force is applied. When the grip is
released, one needle returns to zero and the second needle remains at the point of
maximal force. The grip size of the instrument was adjusted for each subject such that
the second phalanx (middle section) of the middle finger was approximately at a right
angle. For this test, the subject was asked to hold his/her upper arm in a vertical position
and bend the forearm to approximately 90° in relation to the upper arm. The wrist and
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forearm were held in the midprone position. The subject was then asked to quickly exert
a maximal grip force and then relax the grip. The investigator recorded the maximal
force and reset the dynamometer needle to zero. This test was performed three times,
with a rest period of 30 seconds between trials, and a mean of the scores was calculated.
This testing required approximately 2 minutes to complete.

Deep Tendon Reflexes:
Since reflexes may be diminished or absent when sensation is lost, as an
additional functional assessment of nerve function, deep tendon reflexes were tested at
the ankle of the right leg. While the investigator gently supported the foot, the blunt edge
of a reflex hammer was used to strike the Achilles tendon with only enough force
sufficient to evoke a definite response. The investigator watched and felt for a plantar
flexion of the foot in response to the tendon strike. The investigator also noted the speed
of relaxation after the muscle contraction since sustained clonus can indicate disease of
the nervous system. If the deep tendon reflex was markedly diminished or absent at the
ankle, then the test was repeated at the knee. Testing stopped at the knee regardless of
the result. This test was performed three times and a mean of the scores calculated.
Reflexes were graded on a 0 – 4+ plus scale using the National Institute of Neurological
Disorders and Stroke (NINDS) guidelines. This testing required approximately 1 minute
to complete.
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PROTECTION OF HUMAN SUBJECTS
Procedural Risks
There are no known major risks associated with the mild transcutaneous electrical
stimulation administered for CPT testing using the Neurometer. Its output via a 6-volt
battery is designed to prevent electrical shock. To avoid pain, the patient self-selects the
level at which a maximum of 10 mA of constant alternating current is delivered.
Further, the patient can choose to stop the test at any time during testing. The only side
effect of Neurometer testing is a brief slight reddening of the skin under the stimulation
electrodes. This infrequent side effect typically disappears within 30 minutes. To date,
approximately 7,000 Neurometer CPT devices have been in routine clinical and routine
use worldwide with over 1 million CPT evaluations performed with no adverse event
complications reported (Neurotron Inc., 2004).
During thermal sensory measurements, similar to CPT measurements, the patient
was in direct control of determining when to terminate each test cycle and thus the
degree of temperature. However, in the event the participant was not able to perceive
either warm or cold temperature changes, the Medoc device was programmed with
internal temperature limits to automatically shut-off at 0° and 51° Celsius, to prevent
damage to the patients skin. To minimize the risk of transfer of skin-borne pathogens
between participants, all equipment that came in contact with participants was cleaned
with appropriate antiseptics between uses.
Protection of Privacy and Health Information
The investigators insured to the best of their ability that patient privacy was
protected throughout the investigation. Record review was conducted in conjunction
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with the scheduling system at the GCC outpatient infusion center to identify potential
subjects for consent procedures. No information was recorded or copied from the
medical record of potential participants found not to meet eligibility criteria.
Furthermore, this information was not reused or disclosed to any other person or entity,
except as required by law, for authorized oversight of the research project, or for other
research for which the use or disclosure of protected health information (PHI) would be
permitted by this policy. Therefore the risk of disclosure of any PHI with these
individuals, outside the team members of this investigation was minimal.
An eligibility checklist was completed for those individuals who met eligibility
criteria. This eligibility checklist was kept in a locked file cabinet in the principal
investigator’s office. The eligibility checklists of those individuals determined eligible
but choosing not to participate in the investigation, were kept for record keeping
purposes and were destroyed upon completion of the study.
Recruitment and consent was completed in a private room in the GCC. All study
assessments were completed while patients were receiving their scheduled chemotherapy
treatments. Given the physical layout of the infusion unit, it was difficult to ensure that
complete privacy was maintained. Physical barriers (e.g. doors, curtains) were utilized
when available in treatment rooms. The investigators made sure that patients and other
individuals outside of the study were not able to associate with subjects in the research
study.
To minimize the risk of accidental disclosure of patients’ private information and
to maintain the confidentiality of their data; participants were assigned a unique
participant identifier number. All subjective and objective data collection forms used this
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identification number and contained no patient identifiers. These de-identified patient
data collection forms were used in the GCC during assessments and then stored in a
locked file cabinet in the principal investigators (PI) office. Data was only collected by
the investigators involved in this study and was only used for the purpose of this study.
All patient identifiers were used for the purpose of follow-up and otherwise were kept
confidential and stored separately from de-identified data. Lastly, only de-identified data
was used in during the data analysis.

STATISTICAL CONSIDERATIONS / ANALYSIS OF DATA
General design issues/ statistical and analytical plan
Participants were grouped into two groups according to whether or not they
developed CIPN. Student t-test analysis was used to determine any differences in age
and baseline measures between groups. Fisher’s exact test was used to determine if there
was a significant relationship between gender and outcome of CIPN. Kendall’s tau was
used to determine relationships between the outcome of CIPN and race, education,
cancer type, cancer stage, and treatment regimen.
Taking into account the observational nature of this investigation and given the
differences in each participant’s treatment regimen and cycle of chemotherapy, the data
collection points varied greatly between patients in terms of the length of times between
treatments/observations and the number of treatments/observations that participants
underwent. As a result of these factors the data is highly unbalanced. To account for this,
to determine one of the primary objectives of this investigation, whether CPT
measurements predict the development of CIPN, a generalized linear mixed-effects
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modeling (GLMM) was utilized. GLMM is a longitudinal approach that allows for
analysis of individual trajectories. This approach was selected because of its flexibility in
variable parameters (fixed and random effects), the capability to account for
heterogeneity of subjects and within-subject correlation, and to directly relate changes in
the measures used in this investigation within an individual participant in determining
prediction of CIPN (McCulloch & Neuhaus, 2005).
Analyses of descriptive statistics including comparison of means and bivariate
relationships were performed using IBM SPSS Statistics, version 19. Multivariate
statistics, including generalized linear mixed-effects modeling, were performed using
SAS proc mixed procedures (SAS version 9.2, SAS Institute, Cary, NC). All reported pvalues were two-tailed, a value ≤ 0.05 was considered to be significant.

Sample Size Determination
An a priori power analysis was performed to determine necessary sample size. In
previous research involving CPT frequencies 5Hz and 250 Hz, average standard
deviations of 1.43 were obtained along with zero-order correlations of approximately
0.50 with other symptom scores (Rendell, Dovgan et al, 1989; Vinik et al, 1995).
Therefore it was estimated that 30 observations would provide sufficient power (0.80) to
detect correlation coefficients of 0.48 or higher and power of 0.80 to detect (at p < .05)
differences in CPT stimuli as low as 77 between treatment visits (Bausell & Li, 2002).
Assuming a 15% attrition rate, 35 patients were recruited in order to obtain a final
sample size goal of 30 participants.
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Chapter Four: Results
Description of study participants
Approximately 4510 patient medical records were screened for potential
enrollment in the study from July 2009 to September 2010. A great majority of these
patients were determined to be ineligible based on: a diagnosis of a non-solid tumor
malignancy, previous treatment with a neurotoxic chemotherapeutic, or they were
scheduled to receive a chemotherapy regimen that did not include a taxane or platinum
based agent. A total of 55 patients were determined eligible for participation and were
approached for enrollment; 20 patients declined participation and 35 patients provided
written consent to participate. Of the 35 participants enrolled, 6 subjects did not
completethe study objectives and were not included in the final analysis. One participant
died prior to the second treatment from complications related to a small bowel
obstruction, one participant was enrolled in a concurrent treatment study that negated
participation from other investigations, one participant failed to disclose a pre-existing
neuropathy, and three participants sought medical care at other treatment facilities,
leaving 29 participants for the final data analysis.
According to the definition of CIPN in this investigation, nine participants
developed sensory symptoms consistent with CIPN, three of which progressed to a
neuropathy requiring chemotherapy cessation. Descriptive statistics of the participants
are provided in Table 1. Overall there was an equal distribution of participants between
men and women. No statistical difference was found between the number of men and
women in those participants who developed CIPN and those who did not (Fisher’s exact
test, p=0.25).
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Table 1: Descriptive statistics for patients receiving taxanes and/or platinum based
chemotherapy for solid tumor malignancies
N

Mean (SD)

SEM

29
20
9

56.7 (10.4)
57.9 (10.5)
54.0 (10.3)

1.9
2.4
3.4

-0.4 (0.2)
-0.1 (0.5)
-1.4 (0.7)

-0.7 (0.9)
-1.1 (1.0)
2.5 (1.4)

Number of Treatment Visits
Overall
29
7.0 (3.2)
No CIPN
20
6.0* (2.8)
CIPN
9
9.1* (3.3)

0.6
0.6
1.1

1.0 (0.4)
2.1 (0.5)
-0.5 (0.7)

-0.2 (0.8)
5.1 (1.0)
2.6 (1.4)

Age
Overall
No CIPN
CIPN

Skewness (Std. Error)

Kurtosis (Std. Error)

Frequency (Percent)
Overall

CIPN

No CIPN

Gender
Male
Female

15 (51.7)
14 (48.3)

12 (60.0)
8 (40.0)

3 (33.3)
6 (66.7)

Race
Caucasian
African-Amercian
Hispanic
Asian

17 (58.6)
10 (34.5)
1 (3.4)
1 (3.4)

3 (33.3)
5 (55.6)
0 (0.0)
1 (11.1)

14 (70.0)
5 (25.0)
1 (5.0)
0 (0.0)

Education
Grade School
High School
Some College
College Graduate
Graduate School

2 (6.9)
8 (27.6)
7 (24.1)
9 (31.0)
3 (10.3)

2 (10.0)
4 (20.0)
3 (15.0)
8 (40.0)
3 (15.0)

0 (0.0)
4 (44.4)
4 (44.4)
1 (11.1)
0 (0.0)

*(t=-2.6, df=27, p=0.01)
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Additionally, there were no relationships found between the outcome of CIPN and race
(Kendall’s tau-b, T=1.9, p=0.06) or education (Kendall’s tau-b T=-1.8, p=0.08).
Overall, the mean age of participants was 57 years with an average number of
treatment visits of seven. Independent samples t-test showed no statitically significant
differences between the mean age of those developing CIPN versus those who did not
develop CIPN (t=0.92, df=27, p=0.37). However, there were differences between groups
in the number of treatment visits, with those developing CIPN being significantly higher
(t=-2.6, df=27, p=0.01).
In review of the malignancy types, treatment regimen and staging, a majority
(55%) of the participants were being treated for either breast or head/neck cancer, details
of which are provided in Table 2. Additionally, a vast majority of participants were
being treated for advanced stage cancers, stage 3 and stage 4 (38% and 34%,
respectively). However, no significant relationships were noted between the
development of CIPN and type of cancer (Kendall’s tau-b, T=-1.1, p=0.28) or the stage
of cancer (Kendall’s tau-b, T=-0.48, p=0.63). When classified according to the
chemotherapy agents specified in this study, participants were treated with eight
differing regimens. Approximately 65% of participants were treated with either a single
taxane or platinum agent, while the remaining participants were treated with a taxane
and platinum combination therapy. No significant relationships were noted between the
treatment regimen and the outcome of CIPN (Kendall’s tau-b, T=-1.8, p=0.08). In regard
to the timing of treatment cycles, a majority of participants (66%) were scheduled to
receive chemotherapy every three weeks. No significant relationship was noted between
the treatment cycles and the outcome of CIPN (Kendall’s tau-b, T=-0.77, p=0.49).
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Table 2: Malignancy types, treatment regimens, and tumor staging for study participants
Frequency (Percent)
Overall

CIPN

No CIPN

8 (27.5)
8 (27.5)
4 (13.8)
2 (6.9)
2 (6.9)
1 (3.4)
1 (3.4)
1 (3.4)
1 (3.4)
1 (3.4)

4 (44.4)
2 (22.2)
1 (11.1)
0 (0.0)
0 (0.0)
1 (11.1)
1 (11.1)
0 (0.0)
0 (0.0)
0 (0.0)

4 (20.0)
6 (30.0)
3 (15.0)
2 (10.0)
2 (10.0)
0 (0.0)
0 (0.0)
1 (5.0)
1 (5.0)
1 (5.0)

5 (17.2)
9 (31.0)
1 (3.4)
2 (6.8)
2 (6.8)
2 (6.8)
5 (17.2)
3 (10.3)

4 (44.4)
2 (22.2)
0 (0.0)
0 (0.0)
1 (11.1)
0 (0.0)
2 (22.2)
0 (0.0)

1 (5.0)
7 (35.0)
1 (5.0)
2 (10.0)
1 (5.0)
2 (10.0)
3 (15.0)
3 (15.0)

Treatment Cycle
Weekly
Every two weeks
Every three weeks

7 (24.1)
3 (10.3)
19 (65.5)

3 (33.3)
1 (11.1)
5 (55.6)

4 (20.0)
2 (10.0)
14 (70.0)

Tumor stage
Stage I
Stage II
Stage III
Stage IV

2 (6.9)
6 (20.7)
11 (37.9)
10 (34.5)

1 (11.1)
1 (11.1)
5 (55.6)
2 (22.2)

1 (5.0)
5 (25.0)
6 (30.0)
8 (40.0)

Cancer type
Breast
Head/neck
Lung
Esophageal
Prostate
Colon/rectal
Ovarian
Pancreatic
Testicular
Skin
Treatment regimen
Paclitaxel
Cisplatin
Carboplatin
Docetaxel
Oxaliplatin
Paclitaxel/Cisplatin
Paclitaxel/Carboplatin
Docetaxel/Carboplatin
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Baseline subjective and objective measurements
Baseline results for all continuous measurements, including CPT, thermal
thresholds, VDT, MDT, grip strength, FACT-GOG NTX scores, and NPS scores are
provided for all participants in Appendix F. Addtionally, results grouped according to
the development of CIPN are provided in Appendices G-H. Post-hoc analysis using
independent samples t-test demonstrated no statistical difference between participants
who developed CIPN and participants who did not develop CIPN for each measure at
baseline.

Survival analysis
Overall, nine of 29 participants developed CIPN a Kaplan-Meier survival analysis
was performed to determine the time that participants remained symptom free. Due to
the heterogeneity between participants in regard to the time interval between
observations, the number of treatments participants received was used to represent
survival time. The results of the survival analysis are illustrated in Figure 1. The figure
shows the Kaplan−Meier estimator of the survival function along with the pointwise
95% confidence bounds. The estimated restricted mean symptom-free time is nine
treatments. The median symptom-free time is also nine treatments with a lower 95%
confidence bound of six treatments. The upper 95% confidence bound was not
determined due to the large number of censored participants. At treatment three, the
probability of being symptom-free is 90% (SE=0.06, 95% CI=0.79-1.0), at treatment
five the probability decreases to 78% (SE=0.09, 95% CI=0.62-0.99), and at treatment
eight the probability decreases to 52% (SE=0.14, 95% CI=0.31-0.88).
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Figure 1. Estimated Kaplan-Meier survival curve representing the time to development
of CIPN symptoms over the course of treatment (solid line) and the pointwise
log-transformed 95% confidence bounds (broken line). The censored times
are marked
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Question 1: Identifying participants with CIPN with CPT measures
To explore the first question, whether CPT accurately identifies the development
of CIPN, 2X2 contingency tables were created for each CPT frequency (2000, 250, and
5 Hz) based on the outcome of CIPN. For each of the 9 participants who developed
CIPN, CPT values were examined individually at the time point (treatment cycle) at
which this determination was made. Two approaches for identifying CIPN with the CPT
were utilized, if the CPT value was outside the normative range (high or low) for that
particular frequency based on the normative values provided in Appendix E. For
participants who did not develop CIPN, the final CPT value was examined, as this was
the point at which each individual received the highest cumulative dose of
chemotherapy. Based on the dose dependency of CIPN, this would be the point at which
participants are at the highest risk to develop CIPN. The cells were filled according to
these two outcomes, the development of CIPN (yes or no) and an abnormal CPT value
(yes or no). Results using these parameters are provided in Table 3 and 4.
Using CPT values above the normative range, measurement of CPT at 2000, 250
and 5 Hz, identified participants who developed CIPN at a rate of 78%, 22%, and 11%,
respectively. At 2000 Hz, this measure is fairly sensitive in identifying the development
of CIPN. However, with a false-positive rate of 65% (13 of 20), the specificity of this
measurement at 2000 Hz is poor. Moreover, the false-positive rate was high at 250 and 5
Hz, 40% and 30% respectively. Fisher’s exact test demonstrated no significant
relationships between the outcome of CIPN and CPT at each frequency (2000 Hz,
p=0.67; 250 Hz, p=0.43; 5 Hz, p=0.38).
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Table 3: Contigency tables-CPT measures above the normative range versus
outcome of CIPN
2000 Hz
CPT High
CIPN

Yes

Yes
7 (78%)

No
2 (22%)

No

13 (65%)

7 (35%)

(Fisher’s exact test, p=0.65)

250 Hz
CPT High
CIPN

Yes

Yes
2 (22%)

No
7 (78%)

No

8 (40%)

12 (60%)

(Fisher’s exact test, p=0.43)

5 Hz
CPT High
CIPN

Yes

Yes
1 (11%)

No
8 (89%)

No

6 (30%)

14 (70%)

(Fisher’s exact test, p=0.38)
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Table 4: Contigency tables-CPT measures below the normative range versus outcome of
CIPN
2000 Hz
CPT High
CIPN

Yes

Yes
0 (0%)

No
9 (100%)

No

1 (5%)

19 (95%)

(Fisher’s exact test, p=1.0)

250 Hz
CPT High
CIPN

Yes

Yes
2 (22%)

No
7 (78%)

No

2 (20%)

18 (80%)

(Fisher’s exact test, p=0.57

5 Hz
CPT High
CIPN

Yes

Yes
0 (0%)

No
9 (100%)

No

2 (20%)

18 (80%)

(Fisher’s exact test, p=1.0)

56

Using CPT values below the normative range, at 2000 Hz and 5 Hz this
measurement was completely ineffective in identifying the development of CIPN (0 of
9). At 250 Hz, the measure was marignally effective in diagnosing CIPN, identifying
22% of the participants that developed CIPN. However, the false-postive rate improved
for all three freequncies. The false-postive rate was 5% at 2000 Hz and 20% at both 250
and 5 Hz. Again the Fisher’s exact test determined no significant relationships between
the outcome of CIPN and CPT at each frequency (2000 Hz, p=1.0; 250 Hz, p=0.57;
5 Hz, p=1.0).

Evaluating change of CPT measures over the course of treatment
To begin to evaluate CPT measures in predicting the outcome of CIPN. The mean
CPT value at each frequency was plotted over the course of treatments cylces to look for
noticeable trends between groups. These plots are provided in Figures 2-4. In review of
these figures, at 2000 Hz beginning at cycle 9 and continuing through cycle 13, there
appears to be a trending difference between participants that developed CIPN and
participants that did not develop CIPN (Figure 2). On average, participants that
developed CIPN had higher CPT measures at 2000 Hz during these treatment times, than
participants that did not develop CIPN. The largest difference was noted at week 12,
with a mean difference in CPT at 2000 Hz between groups of 351.7. A similar trend
exists with the CPT measure at 250 Hz (Figure 3). From treatment cycles 9 through 13;
on average participants that developed CIPN had a higher mean CPT at 250 Hz than
participants that did not develop CIPN. Again the greatest difference was noted at week
12, with a mean difference in CPT at 250 Hz of 185.7 between groups. At 5 Hz, there
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was a trending difference between groups beginning at treatment cycle 5 through cyle 10
(Figure 4). In contrast to the CPT at 2000 and 250 Hz, on average participants that did
not develop CIPN had higher CPT values than participants that did develop CIPN. The
greatest difference was noted at treatment cycle 8, with a mean difference of 68.7. Of
note, the developing trends in CPT at 2000 and 250 Hz coincide with the median
symptom free survival time determined in the survival analysis. However, due to the
small sample of participants at these specific time points statistical differences could not
be determined (Table 5).

Figure 2. Mean CPT at 2000 Hz over the course of each treatment cycle
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Table 5: Number of partipants observed during each treatment visit
Treatment 1
visit
No CIPN 20

2

3

4

5

6

7

8

9

10

11

12

13

14

15

20

20

20

13

7

6

3

3

2

1

1

1

1

1

CIPN

9

9

9

9

8

7

5

5

6

5

4

3

1

0

0

Total

29

29

29

29

21

14

11

8

9

7

5

4

2

1

1

Figure 3. Mean CPT at 250 Hz over the course of each treatment cycle
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Figure 4. Mean CPT at 5 Hz over the course of each treatment cycle

Question 2: Prediction of CIPN with CPT measures
To determine whether CPT measures predict the outcome of CIPN a generalized
linear mixed model analysis was performed. To account for the individual variability
between particpants, each participant was assigned an identification number for
analytical purposes, according to their number of enrollment in the study. This study ID
number was placed in the model as a random effect. This method accounts for each
participant independently. Using this modeling strategy, each CPT frequency (2000, 250
and 5 Hz) was analyzed individually to determine the capability of this measure in
predicting CIPN. The results of this analysis are provided in Table 6. At each frequency,
this measure did not significantly predict the the outcome of CIPN.
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Table 6: Parameter estimates and odds ratios for models including each CPT
frequency, an intercept, and a random effect using patient ID
Parameter
estimate

Error

Odds ratio

95% CI

p value

Intercept

-2.04

1.64

CPT
2000 Hz

0.001

0.002

Random effect

14.5

5.11

0.01

Intercept

-1.94

1.23

0.12

CPT
250 Hz

0.002

0.005

Random effect

14.4

5.05

0.01

Intercept

-1.49

1.02

0.15

CPT
5 Hz
Random effect

0.00002

0.006

14.5

5.08

0.23
1.001

1.002

1.000

0.996-1.006

0.993-1.012

0.988-1.012

0.70

0.62

0.99
0.01
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Exploratory analysis of additional subjective and objective measures
As an exploratory outcome, the other objective and subjective measures utilized
in this investigation were considered for inclusion in a GLMM regression model to
determine if these additional measures predict CIPN, including thermal threshold
measurements, MDT, pinprick sensibility, VDT, grip strength, ankle DTR, knee DTR,
NPS scale, FACT-GOG/Ntx, and NTX subscale. The NCI-CTC grading scale was not
examined as a predictive measure, as this measure was used to determine the outcome of
CIPN.
Additionally, to examine whether the cumulative dose of chemotherapy predicts
the outcome of CIPN, an additional predictor variable was considered for inclusion in
the model. Given the number of differing chemotherapy regimens that particpants were
treated with, including regimens consisting of a combination of a taxane and platinum
agent, calculation and direct comparison of the actual cumlative doses between
participants was not feasible. As each treatment visit equates to an additional dose of
chemotherapy, the total number of treatment visits is directly related to the cumulative
dose of chemotherapy received. Thus, as an indicator of cumulative chemotherapy dose
the number of treatment visits was used in the analysis.

Evaluating change over the course of treament
In the same method as the CPT measures, the additional objective and subjective
measures obtained during data collection were plotted between groups (CIPN vs no
CIPN) over the course of treatment to look for trends of change over time. The
meausures that were determined to have noticeable trends are provided in Figures 5-12.
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Of the quantitative sensory measures, two thermal detection thresholds appeared to have
noticeable trends between the two groups; warm detection threshold (WDT), and warm
thermal sensory limen (TSL). Both of these measures demonstrated similar trends
between the groups beginning at treatment three and continuing the treatment 13. On
average, participants that developed CIPN had lower mean WDT and lower warm TSL,
compared to participants that did not develop CIPN (Figure 5 and 6 respectively).

Figure 5. Mean WDT over the course of each treatment cycle
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Figure 6. Mean Warm TSL over the course of each treatment cycle

Of the remaining quantitative sensory measures, trending differences between
groups were noted for mechanical detection threshold (MDT), vibration detection
threshold (VDT), and grip strength. Differences occurred at similar treatment times for
MDT and VDT. On average, MDT was higher in participants that developed CIPN,
beginning at treatment eight continuing through treatment 12 (Figure 7), while VDT was
lower beginning at treatment nine continuing through treatment 13 (Figure 8). Similar to
the trends in CPT at 2000 and 250 Hz, the trend noted in MDT and VDT concided with
the results of the survival analysis.
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Figure 7. Mean MDT over the course of each treatment cycle

Figure 8. Mean VDT over the course of each treatment cycle
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On average, grip strength was noticeably lower in participants with CIPN when
compared to participants that did not develop CIPN (Figure 9). This trend was noted at
baseline and continued through the end of treatment. The greatest difference was noted
at treatment nine, with a mean difference of 7.8 kg between the two groups. Again, due
to the small sample of participants at the specific time points, statistical differences were
not determined between the groups for each of these measures.

Figure 9. Mean grip strength over the course of each treatment cycle

The subjective measures that showed noteable trends between groups included the
FACT-GOG/Ntx scale, the NTX subscale, and the NPS score. Due to the scoring
differences between the FACT-GOG/Ntx scale and the NTX subscale, opposite trends
were noted between the groups. On average, FACT-GOG scores were higher in
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participants that developed CIPN from treatment 9 through treatment 13; while NTX
scores were lower in this same group from treatment 9 through treatment 14 (Figures 10
and 11, respectively). The greatest difference in scores in both measures occurred at
treatment 12. Given the redundancy in some of the items within the questionnaires, it is
not surprising that both the FACT-GOG/Ntx and NTX subscale scores demonstrated
trending differences between groups.

Figure 10. Mean FACT-GOG/Ntx scores over the course of each treatment cycle
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Figure 11. Mean NTX subscale scores over the course of each treatment cycle

Prediction of CIPN with objective and subjective measures
Each of the additional objective and subjective measures was explored
univariately using GLMM analysis again using study ID as the random effect in the
model. Univariate statistics for each predictor variable are provided in Table 7. The
intent of this analysis was to identify significant measures at the univariate level, to build
a multivariate predictive model. However, the only variable that significantly predicted
CIPN at the univariate level was the number of treatment visits, therefore a multivariate
model was not necessary. The number of treatments was positively correlated with the
outcome of CIPN (F=5.53, df=167, p=0.02). These results of this analysis suggest that
the odds of CIPN increase by 88% for each treatment visit above the mean number 9.37
(OR=1.88, 95% CI=1.11-3.20).
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Table 7: Univariate analysis of predictive measures for CIPN using GLMM
Estimate

Error

df

F value

OR

95% CI

CDT

0.02

0.09

WDT

-0.09

Cold pain
Hot pain

159

0.08

1.03

0.87-1.21

0.77

0.15

162

0.36

0.91

0.68-1.23

0.55

0.03

0.08

164

0.14

1.03

0.88-1.21

0.71

-0.16

0.59

163

0.07

0.86

0.27-2.76

0.79

Cool TSL

0.03

0.08

163

0.11

1.03

0.88-1.12

0.74

Warm TSL

-0.10

0.15

163

0.38

0.91

0.67-1.24

0.54

MDT

0.13

0.31

166

0.20

1.15

0.62-2.13

0.65

Pinprick sense

0.77

2.57

166

0.09

2.17

0.01-347.5

0.76

VDT

-0.16

0.24

166

0.49

0.85

0.53-1.36

0.49

Grip strength

-0.07

0.09

165

0.58

0.93

0.78-1.12

0.45

Ankle DTR

-0.41

0.87

166

0.22

0.66

0.12-3.73

0.64

Knee DTR

-0.25

0.73

166

0.12

0.78

0.18-3.31

0.73

NPS scale

0.03

0.03

166

0.78

1.03

0.96-1.10

0.38

FACT-GOG

-0.06

0.04

166

2.02

0.94

0.87- 1.02

0.16

Ntx subscale

0.19

0.12

166

2.25

1.21

0.94-1.54

0.14

Number visits

0.63

0.27

167

5.53

1.88

1.11-3.20

0.02*
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p value

Chapter Five: Discussion
CPT measures to diagnosis CIPN
A need exists in the management of cancer treatment related side effects, for a
measure to accurately diagnose the occurrence of CIPN. A proper diagnostic measure
should demonstrate good sensitivity (ability to correctly diagnose the outcome) with a
minimal false-positive rate. At 2000 Hz CPT measurement was fairly accurate in
identifying participants who developed CIPN. However, at 65% the false positive rate
was unacceptably high for this measure to be considered as a reliable tool for the
diagnosis of CIPN. At 250 and 5 Hz, the CPT measure was even less accurate in
identifying participants who developed CIPN at 56% and 33% respectively. While the
false-positive rate improved, at approximately 50% for both frequencies this rate is still
high in terms of reliability.
To date, there are no known studies that report sensitivity and specificity results
for the CPT measure in diagnosing CIPN to compare the results presented in the present
investigation. Only one other prospective investigation was found in the literature that
used CPT measures to assess CIPN in patients receiving chemotherapy (Doi, Ota,
Konishi, Yoneyama, & Araki, 2003). The authors of this investigation enrolled 16
patients with epithelial ovarian cancer, treated with paclitaxel (175mg/m2) and
carboplatin (5 area under the curve, AUC) every three weeks. Nine of the patients had
received previous chemotherapy with cisplatin and the remaining seven were naïve to
chemotherapy. CPT measures for each frequency were obtained one day prior to
treatment and on days 4, 7, and 14 after treatment at the median and peroneal nerve sites.
Following the first treatment of chemotherapy, they reported a significant increase in the
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CPT at 2000 Hz from baseline at both the median and peroneal nerve sites (<0.05). The
CPT peaked at day 4 and returned to near baseline by day 14. No significant differences
were noted at 250 and 5 Hz. This investigation then examined the changes in CPT at
2000 Hz on day 4, between the first through the fourth administration of chemotherapy.
They noted a significant decrease in CPT between the first and second and between the
first and third treatments (p<0.05) that returned to baseline after the fourth treatment. In
the current investigation, CPT measurement at 2000 Hz was the most sensitive in
identifying participants with CIPN. Both investigations provide some supportive
evidence for the involvement of large-myelinated (Aβ) with CIPN.
There are several studies in the literature utilizing CPT measures to diagnose
neuropathy resulting from other etiologies, such as diabetes, end-stage renal disease,
Fabry’s disease, carpel tunnel syndrome and vibration induced neuropathy. In patients
with diabetes, one investigation reported the sensitivity of CPT measures versus other
sensory measures in detecting peripheral neuropathy. This investigation reported that
CPT measurements at all frequencies (48-56%) were less sensitive than cold perception
threshold (77%), warm perception threshold (78%), vibration perception threshold (88%),
and tactile-pressure (77%) in detecting peripheral neuropathy when specificity is held
greater than 90% (Vinik, Suwanwalaikorn, Stansberry, Holland, McNitt, & Colen, 1995).
A second investigation in the diabetic population was a case-control study that
enrolled 168 non-insulin diabetics with no history of foot ulceration and compared them
with 14 non-insulin diabetics having at least one-foot ulceration in the last year (Olmos,
Cataland, O'Dorisio, Casey, Smead, & Simon, 1995). The authors reported the CPT at
2000 Hz to have a sensitivity rate of 92%, with 74% specificity, which was slightly

71

higher than sensitivity rate of 86% for mechanical detection using SWMF. However, the
monofilament fibers had a slightly lower false-positive rate with a specificity of 84%.
Two studies have been published investigating the ability of CPT measures to
detect peripheral neuropathy in patients with end-stage renal disease (ESRD). The same
research team performed these two investigations, and both reported that CPT was more
sensitive than nerve conduction velocity (NCV) measurement in detecting peripheral
neuropathy (Weseley, Sadler, & Katims, 1988; Weseley, Liebowitz, & Katims, 1989).
The first was a cross-sectional investigation of 34 dialysis participants; CPT and NCV
measurements were taken from median and peroneal nerve distributions. The authors
reported a sensitivity of 77% for the CPT, and 65% for NCV, with both nerve
distributions combined. The second investigation reported similar results utilizing a
longitudinal design with one-year follow-up measurements.
Sensitivity results were also reported in an investigation of patients with Fabry’s
disease, a disorder involving mainly unmyelinated and small myelinated sensory fibers,
comparing CPT with NCV (Ro, et al, 1999). The CPT at 250 Hz and 5 Hz identified
patients with Fabry’s disease with a sensitivity of 50% and 38% respectively; while the
NCV did not identify any patients with Fabry’s disease (Ro, et al, 1999).
In patients with carpel tunnel syndrome, CPT measures at 2000, 250 and 5 Hz
accurately identified patients 54%, 33%, and 24% respectively, with an overall false
positive rate between 4-6%. (Nishimura, Ogura, Hase, Hojo, Katsumi et al, 2003). Lastly,
one investigation provided evidence that the CPT was accurate in detecting stage 2 and 3
vibratory induced neuropathy with sensitivities of 77% and 92% respectively (Kurozawa
& Nasu, 2001). However, specificity data was not reported in this investigation.
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In review of the literature surrounding the use of CPT measures to diagnose
neuropathy, the accuracy of this measure varies between the differing etiologies. Overall,
this measures is fairly accurate in identifying patients with neuropathic conditions. A few
investigations (Nishimura, et al 2003; Ro, et al, 1999; Olmos, et al, 1995) provide
evidence that CPT measurement in myelinated sensory fibers (2000 and 250 Hz) appear
to be more sensitive than unmyelinated fibers (5 Hz) in detecting sensory changes
occurring following the development of neuropathy. Similarly, in the current study CPT
measurement at 2000 Hz was more sensitive in detecting CIPN. However, in contrast to
the previous literature using these measures, the false-positive rate was unacceptably high
in this patient population.
One possible explanation for the high false-positive rate of the CPT is that the
measure is detecting sensory nerve changes prior to the development of CIPN symptoms.
At 2000 Hz, there were 14 participants who had an abnormal CPT value at the final
observation and were determined not to have CIPN. Of these participants, 71% (10 out of
14) had normal baseline CPT values. The mean baseline CPT at 2000 Hz in these 10
participants was 414.2 (SD=102.7, SEM=32.5) compared to a mean final CPT value of
697.4 (SD=283.4, SEM=89.6). With a mean difference of 283.2 (2.83mA), paired sample
t-test demonstrated a statistically significant difference between the baseline and final
CPT at 2000 Hz in these 10 participants (t=3.76, df=9. p=0.04). On average, these
participants had a mean baseline CPT that was within the established normative range
(179-523) for 2000 Hz at this testing site, while the final mean CPT was above the
normative range. While this finding demonstrates a significant change in CPT from
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baseline, validating whether these participants developed CIPN was not possible, as they
were not followed beyond the final assessment.
At 250 Hz there were 10 participants falsely identified by an abnormal CPT at the
final assessment. Of these, 60% (6 out of 10) had normal CPT values at baseline. The
mean difference between baseline (151.3) and final (266.7) CPT at 250 was 115.3
(1.15mA). However this difference was not statistically significant (t=1.6, df=5, p=0.17).
Similarly at 5 Hz, there were 9 false-positives identified of which 67% (6 out of 9) had a
normal baseline measurement. The baseline CPT at 5 Hz (99.0) was not statistically
different than the final CPT (190.7), for these participants (t=2.0, df=5, p=0.1).
A second explanation for the diagnostic inaccuracy of the CPT measure is that the
diagnosis of CIPN in this investigation is based one a subjective scale with questionable
reliability, the NCI-CTC. Any measure that is reliant on an individual’s clinical
interpretation is subject to a certain degree of inconsistency both within and between
observers. Several toxicity grading scales are used in clinical practice in grading the
severity of CIPN, including the World Health Organization (WHO), Eastern Cooperative
Oncology Group (ECOG), Ajani, and NCI-CTC. Each scale differs in regard to interand intra-rater reliability. Moreover, the degree of inter-rater agreement even differs
between grades of severity of each scale (Postma, Heimans, Muller, Ossenkoppele,
Vermorken, & Aaronson, 1998). The NCI-CTC scale has been reported to have lower
inter-rater reliability from 0-2 versus grade 3, suggesting better reliability at more severe
grades of CIPN (Postma et al, 1998). The NCI-CTC scale was also shown to identify
grade 3 CIPN at a greater frequency compared with other existing scales (Postma, 1998).
While none of the existing scales are completely accurate in detecting CIPN, the NCI-
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CTC was chosen for use in this investigation over the other scales, as this was the
grading scale that was employed in the GCC as the standard of care.
Another potential explanation for the diagnostic inaccuracy of CPT measurements
is that the normative CPT values may not be an accurate indicator in determining the
diagnosis of CIPN. For each CPT frequency, at any given peripheral nerve assessment
site, there is a normative range to determine sensory abnormalities. Values below or
above this range may indicate a developing neuropathy (below the range) or an existing
neuropathy (above the range). Given the wide range of variation within these normative
values, using a pre-determined cut point to determine abnormality may not be the most
appropriate or accurate method. There were a number of participants in this investigation
at the time of determining CIPN, that were close to but not beyond the normative range.
Compared to the normative range, these participants would not be considered to have
developed CIPN. It is plausible that a certain percentage of these participants may
actually have developed CIPN, leading to inaccuracies in detection. An attempt was
made statistically to account for some of the variability in the results of this investigation
by averaging two scores after the development of CIPN and examining the difference in
mean changes over time. Yet, this method of analysis demonstrated no significant
differences. Perhaps an improved method would be to disregard the normative values
and examine each participant’s results individually to determine whether change over
time equates to the development of CIPN. However, this method would require a
determination of what percent change is required in order to be clinically indicative of
CIPN.
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A final potential explanation for the inaccuracy of CPT measures in diagnosing
CIPN was the timing of observations. Based on the proposed mechanisms of CIPN
previously discussed. An early inflammatory response following chemotherapy
administration has been demonstrated in an animal model that coincides with behavioral
testing changes suggestive of mechanical allodynia, cold hyperalgesia, and ambulatory
deficits (Peters et al, 2007). These changes were obseverd within days after the first
treatment. Assuming these changes occur in patients receiving chemotherapy, it is
conceiveable that sensroy abnormalities during this time could be quantified. The study
by Doi and colleagues (2003), obtained CPT measures at days 4, 7, and 14 following
chemotherapy administration and provided some supportive evidence these measures
may indeed be sensitive to detect these changes. In the current investigation, to minimize
the burden on participants, observations were not obtained in the immediate days
following each treatment but only prior to each treatment. Based on the standard
treatments regimens provided in the GCC, the minimum time that participants were
observed in this investigation was on a weekly basis. According to the results presented
by Doi, et al (2003), the greatest effect on CPT measures was noted on post-treatment
day 4, which is prior to the time the typical particpant in the current investigation was
observed. One participant in the current investigation, was treated with a non-standard
treatmen regimen; receiving treatment for four consecutive days following the first
treatment in the cycle. Observations were obtained on this individual for each time point,
however this participant did not develop CIPN during the investigation.
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Predicting CIPN with CPT measures
With regard to the second research question of this investigation, it was
determined that CPT measurements at each frequency were not predictive of CIPN
development. Noticeable trends were noted between groups, which suggested higher
CPT values at 2000 and 250 Hz in participants that developed CIPN versus participants
that did not develop CIPN, for all three CPT frequencies over the course of treatment.
However, the capability of CPT measures to predict CIPN was not supported statistically
using a GLMM analysis. The lack of significance is likely attributed to two factors, a
small sample size and the heterogeneity of the sample. The GLMM approach was
utilized specifically to account for the heterogeneity of the participants (treatment
regimen, cancer type and stage) and to overcome the differing number of treatment visits
between participant and differing time intervals between observations. In studies with
larger sample sizes, the GLMM method can be used to account for the clustering of
participants by treating each level as a random effect within the model. Within this data,
the small sample limited the number of variables that could be placed in the model.
Therefore, it was not possible to account for each of these potential random effects
individually. In an attempt to account for as much co-variation between the participants,
the study ID was used as the random effect in the model. This effectively treats every
individual observation independently within the analysis. Yet this approach did not yield
any statistically significant predictive results for CPT measures. Ultimately, the lack of
significance was due to the small sample size and more specifically the small sample of
participants that developed CIPN. While there were trending changes in the CPT
measures over the course of treatment, it was not possible to support this statistically
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given the small sample. The largest trends were illustrated between treatment 9-13 for
CPT at 2000 and 250 Hz, however at these times point the number of participants
observed was extremely small (Treatment 12, CIPN n=3, no CIPN n=1).

Objective and subjective measures to predict CIPN
Of the additional objective and subjective measures used in this investigation,
none were predictive CIPN. The only significant predictor of CIPN was the number of
treatment visits. This finding is not surprising, as the number of treatments is a direct
reflection to the cumulative dose of chemotherapy. It is well accepted within the
literature that the development of CIPN is dose dependent upon the amount of
chemotherapy received. Patients that receive higher cumulative doses of chemotherapy
are more likely to develop CIPN. While this is supported within the data presented here,
no conclusions can be made from this investigation regarding the cumulative dose
necessary to cause CIPN. Given the heterogeneity of the sample, in regard to the type of
chemotherapy received it was not possible to make dose comparisons between
participants. To that end, no conclusions can be made regarding the dose of
chemotherapy that results in the development of CIPN.

Comparative predictive studies
There are a few studies published in the literature investigating whether differing
measures can predict the outcome of CIPN. Cavaletti and colleagues (2004) investigated
the use of clinical signs to predict CIPN in patients receiving cisplating and paclitaxel
combination chemotherapy for the treatment of cervical cancer. Participants were
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evaluated at baseline, after cycles three and five, and three months after the completion
of chemotherapy. Participants were grouped according to the severity of their
neuropathy based on a composite scale, the Total Neuropathy Score (TNS), which is
comprised of separate clinical evaluations. In examinations performed prior to the
development of the worst neuropathy signs, of the 15 participants with the highest TNS
score (poorest outcome), 12 demonstrated an increase in vibration perception. While no
patient in the lowest TNS score group (n=14) demonstrated any increase in vibration
perception. Additionally, they reported changes in DTR prior to the development of the
worst neuropathy signs. From this, the authors concluded that changes in vibration
sensibility and DTR were predictive markers of the outcome of CIPN.
A second investigation similarly reported that vibration perception and DTR
measurement predicts the outcome of CIPN (Argyriou et al, 2005). This prospective
investigation enrolled 55 subjects scheduled to receive paclitaxel, cisplatin or a
combination of the two agents, for the treatment of a solid tumor after cycles three and
six then again up to three months after completion of treatment. Similar to the
investigation by Cavaletti and colleagues, subjects were grouped according to the
severity of CIPN (better outcome n=19; worse outcome n=27). Comparisons were made
between patients with better outcomes and patients with worse neurological outcome.
Measurements included motor and sensory conduction velocities and action potential
amplitudes, and clinical evaluation including DTR, vibration perception and the
presence of sensory symptoms (numbness/paresthesia). In a univariate regression
analysis, the authors reported that the presence of sensory symptoms, the combined
occurrence of decreased vibration perception and decreased DTR, and 50% reduction in
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sural nerve sensory action potential amplitude (a-SAP) were significantly predictive of
higher severity of CIPN (Argyriou et al, 2005). However, of these three variables they
reported that a 50% reduction of sural a-SAP was the only independent predictor of
CIPN development.
While the results of the current investigation are not in agreement with other
predictive investigations of CIPN, trending differences were observed in some of the
same measures. A visible trending difference was noted in vibration detection threshold
(VDT) between groups, suggestive of decreased vibratory sensation in participants with
CIPN. Both of the previously discussed investigations provided evidence to support that
a decrease in vibratory sensation offers some predictive value regarding CIPN. The lack
of statistical significance for decreases in vibratory sensation in the current investigation
again can likely be attributed to the small sample of participants with CIPN.
The current investigation also demonstrated a trending difference between groups
in FACT-GOG/Ntx scores and NTX subscale scores. The NTX subscale is a tool that
measures the self-report of symptoms related to neuropathy (Appendix C). Participants
rate symptoms such as numbess/tingling of the hands and feet. The trending differences
in this measure suggest that on average participants with CIPN report more severe
symptoms related to neuropathy. However, this was not supported statistically in the
GLMM predictive model due to the small sample size. Argyriou and colleagues (2005)
concluded that the presence of sensory symptoms was predictive of more severe CIPN,
but was not predictive of the development of CIPN. Again, the lack of predictive
evidence demonstrated for the NTX subscale is likely due to the small sample size.

80

Limitations to the study:
Sample size
The biggest limitation to this investigation was the small sample of participants.
An a priori power analysis determined that 30 participants would be needed to detect
changes in CPT measures as small as 77 between treatment visits. While the initial
sample of participants enrolled was 35, as anticipated participants were lost to attrition
leaving 29 participants for final analysis. This number of participants may have yielded
significant results had each participant remained on study longer and for equivalent
durations. Beyond the fifth treatment visit the sample size decreased drastically to less
than half the initial number of participants (see Figure 5). At treatment nine, when
several of the measures demonstrated trending differences between groups, only nine
participants remained on study.
A post-hoc power analysis was performed using G*Power 3.1 software (Faul,
Erdfelder, Buchner, & Lang, 2009). Based on the trends in CPT values over the course
of treatment illustrated in Figures 2-4, the largest difference in mean CPT values
between participants that developed CIPN versus participants that did not develop CIPN
was noted at treatment twelve for CPT at 2000 and 250 Hz and at treatment eight for
CPT at 5 Hz. Due to the attrition of participants in each group over the course of
treatments the standard deviation (SD) and effect size could not be determined at
treatment twelve as there was only one participant in the no CIPN group. For these two
frequencies, the effect size was calculated at the time of the second largest difference of
means at treatment ten. At 2000 Hz, the mean CPT and SD for participants that
developed CIPN (n=5) versus those that did not develop CIPN (n=2), was 673.2 / 322.6
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and 476.0 / 8.5, respectively. Based on a one-tailed alpha of 0.05 the calculated effect
size was determined to be 0.86 with a power of 0.23. In order to achieve sufficient power
(0.8) based on this large effect size, the required sample would be 18 participants in each
group for a total of 36 participants. At 250 Hz, the mean CPT and SD for participants
that developed CIPN (n=5) versus those that did not develop CIPN (n=2), was 338.0 /
371.5 and 188.0 / 4.2, respectively. Based on a one-tailed alpha of 0.05 the calculated
effect size was determined to be 0.57 with a power of 0.15. In order to achieve sufficient
power (0.8) based on this effect size, the required sample would be 39 participants in
each group for a total of 78 participants. Finally, at 5 Hz, the mean CPT and SD for
participants that developed CIPN (n=5) versus those that did not develop CIPN (n=3),
was 81.0 / 50.8 and 149.7 / 61.7, respectively at treatment eight. Based on a one-tailed
alpha of 0.05 the calculated effect size was determined to be 1.2 with a power of 0.43. In
order to achieve sufficient power (0.8) based on this effect size, the required sample
would be 10 participants in each group for a total of 20 participants.

Potential for historical bias
In a longitudinal investigation it is anticipated that many factors may account for
changes in outcomes over time, therefore one potential bias in this investigation is a
historical bias. Several of the participants in this investigation were diabetic, which can
also cause peripheral neuropathy. It is plausible that some of the change over time could
be explained by developing neuropathy as a result of the diabetes. Unfortunately for the
purposes of this investigation, participants with diabetes were not monitored in regard to
how well their diabetes was controlled.
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In addition, it is well accepted that other medications besides the chemotherapy
agents in question in this investigation may cause peripheral neuropathy. Participants
were excluded if they were anticipated to receive any experimental treatment that may
have the potential to cause neuropathy. Participants’ outpatient medication requirements
were also screened prior to enrollment for medication that could potentially cause
peripheral neuropathy, such as amiodarone, hydralazine, flagyl, nitrofurantoin, dilantin,
and anti-retroviral medications for the treatment of HIV. However, patients were only
excluded if they were going to receive experimental treatment. Furthermore, the use of
outpatient medications was not followed during the course of the study. Based on these
factors, the potential for historical bias becomes difficult to refute. Of note, one
participant was receiving anti-retroviral treatment for the suppression of HIV, however
this participant did not develop CIPN.

Heterogeneity of participants
In review of the descriptive statistics for the participants of this investigation it is
readily apparent that one of the potential limitations of the study is the heterogeneity of
the participants. Participants differed in regard to type of cancer, regimen of
chemotherapy received, the number of treatments received, and the interval between
treatments. The GLMM analysis was used to account for the clustering of participants.
However, due to the small sample this many levels of variation or clustering between
participants could not be accounted with individual random effects for each level in the
regression model.
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Participants with pre-existing neuropathy
While one of the exclusion criteria was pre-existing neuropathy, some participants
may have been enrolled with pre-existing peripheral neuropathy. The determination of
pre-existing neuropathy was based on the review of each participant’s previous medical
history and by verbal confirmation between the investigator and the participants.
However, it is plausible that some participants may not have proper documentation in
their medical record or they may not have been aware of potential neurologic
impairment. In order to meet the intended sample size, participants with co-morbid
factors that could potentially cause peripheral neuropathy, such as diabetes, were not
excluded from this investigation. Based on the incidence of diabetes in the general
population, it was felt that a large portion of participants could have been missed if
patients with diabetes were excluded from the study. Furthermore, neurologic
examinations were not performed prior to enrollment to determine whether patients had
pre-existing peripheral neuropathy.

Anatomical site of assessments
Another possible limitation to this investigation is in regard to the anatomical site
chosen for assessments. The right great toe was chosen as the default sensory assessment
site, which assesses sensation provided by the superficial and deep peroneal nerves. This
site was chosen over other peripheral sites for the following reasons. Given the
distribution of symptoms in the longest sensory nerve fibers, the fingers and toes; these
two sites were considered first. Due to the potential for axillary lymph node enlargement
in breast cancer patients, assessment of sensory function of the fingers/hands was
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avoided. These nodes are located in close proximity to the brachial plexus and therefore
may impede the nerves (median, radial, and ulnar) providing sensation to the fingertips
and hands. One drawback to using this site for assessment is that the sensory nerves of
the foot may not be as sensitive in detecting sensory changes. Differences in the
normative CPT values between anatomical testing sites, suggest that a varying degree of
sensitivity between different sensory nerves. For example, normative CPT values at each
frequency (2000, 250, and 5 Hz) in the sensory nerves of the hand are much lower and
have a smaller range of values, compared to the normative values of the sensory nerves
of the feet. This suggests a lower sensitivity and greater variability of these measures in
the feet, which may have accounted for the inconsistencies seen in the results of this
investigation.

Testing environment
Assessments for this investigation were performed within the outpatient infusion
center in the GCC, while participants were awaiting treatment. Due to the large volume
of patients treated in this facility, there is limited space for patient assessment and
treatment. Logistically, the only feasible option for obtaining study assessments was to
complete them immediately prior to chemotherapy administration. This environment
was less than optimal for performing quantitative sensory assessments. These
assessments require the participant to concentrate on very mild changes in sensory
stimulation and are best performed in an environment that has limited distractions. In the
infusion center, as with any patient treatment area there is a tendency for several
distractions. The traffic from patient flow, as well as from nursing and ancillary staff
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during the provision of care, tends to create a great deal of noise. These distractions to
participants during study assessments may have resulted in biased or inconsistent results
between participants.

Summary
Chemotherapy induced peripheral neuropathy continues to be a plaguing
complication for patients following treatment with taxane and platinum
chemotherapeutics. As the causal mechanism remains unknown and with no preventative
or curative treatment, it appears that patients will continue to suffer from this
complication for several years to come. A current need exists for a “gold standard”
measure for accurate diagnosis and more importantly for the prediction of CIPN. The
intent of this investigation was to determine whether the measurement of current
perception threshold could accurately identify and predict CIPN, to meet this need.
This study demonstrated that CPT measures have limited reliability in identifying
the development of CIPN following treatment with a taxane, platinum or combination
taxane/platinum chemotherapy regimen. At 2000 Hz, a measure of large of myelinated
sensory fibers, CPT identified a large percent (70%) of patients that developed CIPN,
however at all frequencies the measure had an unacceptably high false-positive rate.
Using the GLMM regression model, CPT measures at all frequencies (2000, 250, and 5
Hz) did not significantly predict the outcome of CIPN. CPT measures at 2000 and 250
Hz did show some trending differences between patients that developed CIPN compared
to patients that did not develop CIPN. Additionally, these trends coincided with the
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median survival time of approximately nine treatments. However, it should be noted that
these trends are tenable based on the small sample of participants at the treatment times
these trends developed.
This study also demonstrated that the number of chemotherapy treatments is
predictive of CIPN. Again using GLMM, the results suggest that a one-treatment
increase from the mean of 9.4 visits, increased the odds of developing CIPN by 88%. As
the number of treatment is a direct correlation to the cumulative dose of chemotherapy,
these results support the dose-dependent nature that is well documented in the literature.
However, based on the heterogeneity of the sample, in regard to the type of treatment,
each participant received, no conclusions can be made on the cumulative dose needed
for CIPN development.
Several limitations were noted in this investigation, which likely contributed to
the lack of statistical significance for CPT measures to predict CIPN. These limitations
included: a small sample size, heterogeneity between participants, a potential for
historical bias, allowance of participants with possible pre-existing neuropathy, and a
less than optimal testing environment and anatomical assessment site.
Based on the trends shown in the data, which coincided with the results of the
survival analysis, CPT measures may have some benefit in this patient population.
However, future investigations will be required that overcome the limitations within this
investigation.
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Recommendations for future investigations:
The findings of this investigation provide evidence that CPT measures may have
some benefit in diagnosing or possible predicting the outcome. However, these are
speculative without further supportive evidence from future investigations, which
improve upon the limitations of the current investigation. First, if this study were to be
repeated a much larger sample would be required. Based on the post-hoc power analysis,
the sample needed to detect differences in all three CPT frequencies, was determined to
be 78. However, in the current study there was also a large attrition rate over the course
of treatments. At treatment ten, there were only 24% (7 of 29) of the participants were
remaining. Assuming this would occur in subsequent investigations, a sample greater
than 78 would likely be needed to have sufficient power at the time in treatment when
symptoms are developing. Based on the 76% attrition rate over treatments from the
current investigation, the sample would be estimated at 325 participants.
Another recommendation to improve the outcome of repeat investigations would
be to enroll a homogenous sample of participants. Participants in the current
investigation represented ten differing types of cancer, eight differing treatment
regimens, and three separate treatment cycles. Even if an adequate sample were
obtained, drawing any inference regarding these separate factors would have proven to
be extremely difficult. A better approach would be to enroll participants being treated for
one cancer type or being treated with one treatment regimen. Given that almost 60% of
the participants of this investigation were being treated for either breast or head/neck
cancer, if this study were to be repeated in the GCC, recruitment of these cancer types
may be the most feasible patient population.
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In the current investigation there were a few patients that were noted to have
maximal CPT recordings at baseline, suggestive of a pre-existing neuropathy. Patients
were excluded if they had self-reported or medically documented peripheral neuropathy
at baseline. This method of exclusion was flawed, as the participants in question either
were unaware of their condition or there was a lack of documentation of their
neuropathy. An improved method to determine pre-existing neuropathy would be to
perform a pre-enrollment examination including a thorough neurological examination in
addition to reviewing the patient’s medical history.
In order to decrease the burden on participants enrolled in this investigation and to
ensure that research procedures did not delay or interfere with their scheduled
chemotherapy treatments, assessments were performed in an environment that was not
ideally suited for sensory examination. To improve upon this in future investigations,
assessments need to be completed in a site that is intended for the purpose of these
assessments. The room should be temperature controlled, set to a standard temperature
for all participants, to minimize any potential bias from abrupt temperature fluctuations.
The rooms should be quiet and free from outside distractions that may take the focus
away from testing procedures.
The final recommendation for future investigations would be to perform sensory
assessments on the nerves of the hand. In the current study, sensory assessments were
performed on the right great toe. Recorded CPT measures were found to have a great
deal of variability, both within and between participants. The normative range for the
great to at 2000 Hz ranges from 179-523 (Appendix E). Results from participants that
did not develop CIPN in this investigation had a range from 176-999, which was even
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greater than patients that developed CIPN (332-999). Additionally, it was noted that
there was a ceiling effect for warm detection threshold, as several participants in this
investigation were noted to reach the highest attainable temperature (51°C), without
reporting any sensation of change in temperature. Moreover, very few patients (even at
baseline) felt any pain or discomfort during hot and cold pain threshold measurements,
at temperatures that are normally thought to be noxiously stimulating.
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Appendix A.
CPT Testing of CIPN Study
PATIENT DATA FORM (PDF)
VISIT #: 01 Baseline

DATE OF VISIT:

(MM / DD / YYYY)
PID#:
TIME: _____________AM / PM
Instructions: Complete this form at Visit 01 (Baseline). Interview the participant to complete
Section A. Abstract information from the participant’s medical record to complete Section B.
Section C pertains to the present visit.
Section A: Participant Interview
1. Home Address: City:
_________________ 2. Age: ________ (years)
State:
_________________
Zip code:
Phone: ________________
3. Gender:
__ (1) Female
__ (2) Male

4. Education Completed:
__ (1) Grade school
__ (2) High school
__ (3) Some college
__ (4) College graduate
__ (5) Graduate degree

Race (self-reported):
(1) American Indian or Alaska Native
(2) Asian
(3) Black or African American

(4) Native Hawaiian/Pacific Island
(5) White
(6) Hispanic or Latino

Have you ever been diagnosed with any of the following?
HIV
Diabetes
Peripheral Neuropathy
Autoimmune disorders
Spinal stenosis
Alcohol dependency

No
____
____
____
____
____
____

Yes
____
____
____
____
____
____

If you have answered yes to the previous question, did you ever have any pain in the
hands or feet with any of these conditions?
No
Yes
____
____
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PID:

VISIT #: 01 (Baseline)

Section B: Data Abstraction Questions 10 – 17
8. Cancer Diagnosis
___ (1) Breast Cancer
___ (2) Colon Cancer
___ (3) Rectal Cancer
___ (4) Pancreatic Cancer
___ (5) Stomach Cancer
___ (6) Lung Cancer
___ (7) Uterine Cancer
___ (8) Ovarian Cancer
___ (9) Prostate Cancer
___ (10) Bladder Cancer
. ___ (11) Other, Specify_____________

9. Date of Cancer Diagnosis
(MM / DD)
(Give approximate date, e.g., month and
year if exact date is not known)
10. Disease Stage (most recent)
___ (1) Stage I
___ (2) Stage II
___ (3) Stage III
___ (4) Stage IV

11. Is chemotherapy adjuvant or neoadjuvant therapy?
(0) No
(1) Yes
12. Past Treatment
13. Concurrent Treatment
___ (0) None
___ (0) None
___ (1) Surgery
___ (1) Surgery
___ (2) Radiation Therapy
___ (2) Radiation Therapy
___ (3) Surgery and Radiation
___ (3) Surgery and Radiation
14.
If applicable, cancer surgery and date:
(1) _____________________________________
(2) _____________________________________
15. UMMS Oncologist:
___(1) _____________________________________
___(2) _____________________________________
___(3) _____________________________________
___(4) _____________________________________
16. Antineoplastic therapy regimen name (acronym): __________________
17. Chemotherapy treatment orders (not including ancillary medications):
Drug
Route
Infusion time, if applicable
Frequency
(1) ____________________ ____________
____________
(2) ____________________ ___________
____________
(3) ____________________ ____________
____________
18. Treatment cycle repeats: _________________________
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PID:

VISIT #: 01 (Baseline)

Section C: Current Visit:
19. Height: ______cm

20.

BSA: _______m2

21. Wt: _______ Kg
LABORATORY DATA
22. Were baseline research specimens collected?
Research blood:
Yes. Specify date if other than at this visit:
No, Reason: _________________________________
Skin punch biopsy:
Yes. Specify date if other than at this visit:
No, Reason: _________________________________
23. Was the Adverse Events Form (baseline) completed?
Yes
No, Reason _____________________

CTCAE Grade
Test

WBC

Units

Other

Is Value

Units

Abnormal?

K

(1-5) if Value

No

/µL K

Yes

No

/µL K

Yes

No

Yes

No

Hemoglobin

/µL M
/µL g

Yes

No

Hematocrit

m/dL %

Yes

No

Absolute
Platelets
Neutrophil
Count
(ANC)

Value

RBC

Yes
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Abnormal

PID:

VISIT #: 01

MEDICATION HISTORY
Instructions: Ask if any of the following pharmacological classes that were taken within
the 12-hour period preceding the visit.
Analgesics
Antianxiety agents

Antidepressants
Steroids
Antiemetics

Time 12 hours prior to visit arrival:

Medication Name

Dose
(incl.
units)

Route
No.
(1-7)

Opioids

__ __: __ __ AM / PM

Administration Routes: (1) PO
(3) Subcutaneous
(2) Topical (4) IM
List
No.

NSAIDs

(5) IV
(7) Other, specify:
(6) Continuous IV

Total Dosage Received
During the Preceding
24-hour Period

Indication

Signature of staff member completing this form: _____________________Date: ___/___/___
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Appendix B.
CPT Testing of CIPN

NEUROPATHY PAIN SCALE RECORD
VISIT #:

DATE OF VISIT:

-

-

(MM / DD / YYYY)

PID#:

TIME: _____________AM / PM
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PID#:

VISIT #:
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Appendix C.
CPT Testing of CIPN

FACT-GOG Ntx RECORD
-

VISIT #:

DATE OF VISIT:

PID#:

TIME: _____________AM / PM

(MM / DD / YYYY)
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PID:

VISIT #:
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PID:

VISIT #:
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Appendix D.
CPT Testing of CIPN Study

NCI-CTC GRADING
PID#:

-

DATE OF VISIT:

-

VISIT #:
Instructions: Abstract today’s CTCAE grading from the medical record if available. If not available,
grade the participant based on today’s presentation. Grade = 0 if the participant has no evidence
of the toxicity criterion.

Grade (0-5)

Source

Sensory neuropathy:

______

Medical record

Researcher assessed

Motor neuropathy:

______

Medical record

Researcher assessed

Pain-neuralgia/peripheral nerve: ______

Medical record

Researcher assessed

NCI-CTCAE v3.0
Toxicity Criteria
Neuropathy:
sensory

Neuropathy:
motor

Pain-Neurology:
neuralgia/peripher
al nerve

Grade
1

2

3

4

5

Asymptomatic;
loss of deep
tendon reflexes or
paresthesia
(including
tingling), but not
interfering with
function
Asymptomatic,
weakness on
exam/testing only

Sensory alteration or
paresthesia
(including
tingling), interfering
with function, but
not interfering with
ADL

Sensory
alteration or
paresthesia
interfering with
ADL

Disabling

Death

Symptomatic
weakness interfering
with function, but
not interfering with
ADL

Weakness
interfering with
ADL; bracing or
assistance to
walk (e.g., cane
or walker)
indicated

Life-threatening;
disabling (e.g.,
paralysis)

Death

Mild pain not
interfering with
function

Moderate pain; pain
or analgesics
interfering with
function, but not
interfering with
ADL

Severe pain; pain
or analgesics
severely
interfering with
ADL

Disabling

—

If applicable, name of researcher who graded the patient: ______________________________
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Appendix E. CPT Normative Data for toe/dorsal foot (n=301)
Ranges
2000 Hz
250 Hz
5 Hz

Minimum
179
44
18

%
8
4
4

Maximum
523
208
170

%
96
95
100

Mean
322
125
73

(Reproduced- Neuval® Database II,Normative Data, Neurotron, Inc., Baltimore, MD,
http://www.neurotron.com)

Appendix F. Baseline Objective and Subjective Measurements of Participants
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SD
110
52
34

Appendix G. Baseline Objective and Subjective Measurements of Participants that
developed CIPN

Appendix H. Baseline Objective and Subjective Measurements of Participants that
did not develop CIPN
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