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Abstract 

 

 

Title: The Use of Current Perception Threshold for the Assessment of Oxaliplatin-

Induced Peripheral Neuropathy 

 

 

Israel Akpadiaha, Doctor of Philosophy 

Dissertation directed by Dr. Kathleen Griffith, PhD, RN. 

 

 

Background: Colorectal cancer (CRC) is a common malignancy, and up to 80% of 

patients diagnosed receive chemotherapy.  Oxaliplatin is the principal chemotherapy 

agent for the treatment of CRC, and yet the associated oxaliplatin-induced peripheral 

neuropathy (OIPN) affects sensory fibers and is a treatment-limiting factor. OIPN 

reduces quality of life (QoL) and is associated with neuropathic pain (NP). As no 

effective treatment is available, improved early assessment of OIPN is needed.  Current 

perception threshold (CPT) is a promising approach that uses sine-wave current electrical 

stimulus delivered at specific frequencies to elicit responses from peripheral nerves and 

may aid in OIPN identification.  

 

Purpose: The purpose of this study was threefold: 1) to compare CPT with validated 

quantitative sensory testing (QST) clinical tests in assessing sensory fiber function; 2) to 

compare CPT with provider administered National Cancer Institute Common Toxicity 

Criteria for Adverse Events (NCI CTC-AE) for identification of OIPN; and 3) to describe 

the relationship between NP measured by Neuropathic Pain Scale (NPS) and QST and 

their differential impact on QoL (FACT-G). 

  

Methods: A correlational descriptive design was used and a secondary analysis conducted 

using data from the Genetic Correlates of OIPN study.  A total of 19 participants were 

enrolled and assessed at baseline, following 500mg/m2 of oxaliplatin, and upon 

oxaliplatin completion.  Bivariate linear mixed models were used to account for repeated 

assessments clustered within patients. 

 

Results: An association between certain QST measures and CPT 2000Hz was identified 

(Vibration: β=-44.55, p=0.045; mechanical detection: β=269.59, p=0.008). CPT 2000 Hz 

and 250 Hz were associated with warm detection threshold (β=9.0, p=0.030 and  β=4.24, 

p=0.027, respectively).  There was also a positive association between neuropathic pain 

severity (NPS) and QoL [FACT-G (β=0.276, p<0.016)]. 

 

Conclusion: The association between CPT and currently documented methods of OIPN 

assessment was limited. Furthermore, the positive association between NP and QoL 

requires additional exploration as it contradicts published data.  Larger studies are needed 

to explore further if CPT is useful for assessment of OIPN.  
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1

     CHAPTER 1   

BACKGROUND AND SIGNIFICANCE OF STUDY 

1.1. Oxaliplatin-induced peripheral neuropathy (OIPN) 

Oxaliplatin, a third generation platinum-based agent, is the principal 

chemotherapy agent for the treatment of colorectal cancer (CRC) and has significantly 

improved the treatment and overall survival rates of patients 1–4. CRC is the third most 

commonly diagnosed cancer in men and women, with over 134,000 new cases of CRC 

expected to be diagnosed in 2016.5,6. Oxaliplatin is also used for the treatment of 

pancreatic, gastric, esophageal, lung, ovarian and breast cancers 7–10.   Depending on the 

cancer stage, up to 80% of people with CRC receive chemotherapy as part of their 

treatment 6.   

Despite its effectiveness, the peripheral neuropathy caused by oxaliplatin therapy 

remains the major treatment-limiting factor 11,12 . Symptoms of oxaliplatin-induced 

peripheral neuropathy (OIPN) often have debilitating and sometimes disabling 

consequences such as cold intolerance, changes in sensation of the extremities, and 

functional impairments which limit mobility, activities of daily living and self-care. 

These functional limitations compromise safety, the ability to continue work, and quality 

of life (QoL) 13–16. In some cases, OIPN may cause prolongation of oxaliplatin 

administration times, dose reductions, treatment delays, or discontinuation to avoid 

irreversible sensory nerve damage 16–18.  

There is no effective OIPN prevention method, and pharmacologic management 

is suboptimal 19,20.  Approaches to OIPN prevention such as calcium/magnesium (Ca/Mg) 

infusions, the slow infusion of oxaliplatin and the stop-and-go approach, in which  
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oxaliplatin infusion is temporarily suspended and reintroduced at a later point during 

treatment, have been ineffective in preventing OIPN 21–24.  Pharmacologic management 

of OIPN with duloxetine shows promise but is associated with side effects, such as 

dizziness, nausea, restlessness, somnolence and urinary hesitancy 19,25,26.  

OIPN differs from CIPN caused by other chemotherapy drugs, mainly because of 

symptoms presentation. Acute OIPN (a-OIPN) consists of symptoms that appear during 

each treatment cycle, and may not completely subside before the next infusion 14,27,28. 

Dose-dependent OIPN (d-OIPN) is the phenomenon of increased severity and persistence 

of symptoms as the total dose of oxaliplatin increases with repeated cycles.  Oftentimes 

those with d-OIPN  experience chronic OIPN (c-OIPN) which is persistence of d-OIPN 

symptoms following treatment cessation 29–31. Although these symptom phases are 

distinct from each other, they are not independent of each other. In fact, the severity of a-

OIPN symptoms has been shown to predict the severity of c-OIPN symptoms 27,32–34. 

Symptoms that characterize OIPN phases are presented in Table 1. 

1.2. Incidence and Prevalence of OIPN 

It is estimated that approximately 65,280 and 27,200 individuals will develop d-

OIPN and c-OIPN, respectively, in 2016.   D-OIPN prevalence estimate for 2014 is 

72.3%, based on a 12-study subset analysis of CIPN data from a systematic review and 

meta-analysis 35. OIPN incidence rates are summarized in Table 1.  

Estimating the prevalence and incidence of OIPN is challenging for several 

reasons, including variation in measurement of the phenomenon. For instance, some 

report OIPN incidence rates using common toxicity criteria (CTC) clinical grading scales 

(e.g. NCI-CTC) 36,37, while others estimate OIPN incidence based on severity of specific  
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Table 1: Summary of characteristics of OIPN 

Characteristics Acute OIPN (a-OIPN) Cumulative dose-

dependent OIPN 

 (d-OIPN) 

 

Chronic OIPN (c-OIPN) 

 

Onset of 

symptoms 
1,14,28,33,38 

 

Usually during infusion or 

immediately after.  

 

After mean cumulative 

dose > 500mg/m2. Some 

patients may experience 

the onset sooner. 

 

 

Symptoms follow d-OIPN  

Duration of 

symptoms 16,39 

Transient in nature. Peaks 

in 3 days. Lasts for up to 

7 days. 

Persistent in nature. Lasts 

from onset through 

duration of treatment. 

Symptoms during this 

phase are persistent and 

long term in nature. They 

can last for > 2 years after 

treatment completion. 

 

Incidence rates 
14,16,18,28,33,36,37 

75% – 95%  

Symptom severity is 

determined by number of 

symptoms present. 

Median number of 

symptoms is 4 

 

Grade 1 = 45% - 48%  

Grade 2 = 28% - 32%  

Grade 3 = 12% - 13%  

Grade 1 = 20% 

Grade 2 = 3.5 

Grade 3 = 0.5% 

Do symptoms 

improve? 14,16 

Yes. There is partial and 

in some cases, complete 

resolution between 

treatment cycles.  

No. Symptoms may 

remain stable, but usually 

gets worse as treatment 

progresses and cumulative 

dose increases 

Maybe. Symptoms may 

become worse after 

treatment completion 

(“coasting”) and complete 

symptom resolution is not 

common. 

 

Associated 

symptoms 
14,16,18,29,32 

Throat discomfort, muscle 

cramps, 

pharyngolaryngeal 

dysesthesias, jaw 

stiffness, breathing and 

swallowing difficulties, 

electric shocks, voice 

changes, perioral 

dysesthesia, laryngospams 

Dysesthesias, paresthesias 

and hypoesthesias in the 

fingers and feet 

presenting in stocking 

glove fashion. Symptoms 

in hands > feet. 

Proprioception loss, 

motor weakness, gait 

disturbances, decreased 

deep tendon reflexes 

 

Same as d-OIPN. 

Symptoms in feet > 

hands.  

Risk Factors 
30,40–44   

Sub-clinical neuropathy Increased cumulative 

oxaliplatin dose, greater 

number of treatment 

cycles, severity of a-

OIPN, male gender, 

increased BMI, increased 

magnesium, anemia  

 

Increased total cumulative 

dose, greater number of 

treatment cycles, severity 

of a-OIPN, Alcohol use. 
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neuropathy symptoms (e.g. numbness and tingling) assessed with patient-reported 

questionnaires (PRQs) 14,15. Agreement on the incidence rates and severity of symptoms 

vary between the CTC grading scale and PRQs 45,46. For example, agreement between the 

Numeric Analogue scale (NAS), a self-report measure, and NCI-CTC grade for OIPN 

presence was 65% 45. This suggests that self-report and clinical grading scales cannot be 

used interchangeably to evaluate incidence rates or severity of OIPN. 

1.3. Pathophysiology associated with OIPN development 

Although the pathophysiology of OIPN is not fully understood, small sensory 

nerve fiber degradation and loss of intra-epidermal nerve fiber density (IENFD) do occur 

14,47,48. Processes which may contribute to small fiber degradation include damage to 

sensory fiber dorsal root ganglion (DRG) 49–51, ion channel dysfunction 49,52–55, damage to 

mitochondrial DNA 56 and oxidative stress 57–59.  

Since effective preventive measures for OIPN do not currently exist and treatment 

remains suboptimal, improved documentation of nerve fiber function during oxaliplatin 

treatment may lead to earlier and more accurate OIPN diagnosis, which may better 

inform the timing of interventions and therapeutic trials to treat OIPN. 

1.4. OIPN-associated Neuropathic Pain (OIPN-NP) 

Neuropathic pain (NP) results from a primary lesion or disease affecting the 

somatosensory system 60,61. OIPN is commonly associated with NP, which may develop 

early during treatment, become progressively worse as treatment progresses, and persist 

following treatment completion 14,26,44,62–65.  OIPN-NP is difficult to manage, and can 

have similar debilitating consequences as OIPN, based on findings from studies 

examining both 13,14,66. Not all patients with OIPN develop NP. Estimates from small 
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studies indicate that approximately 13% - 38% of patients experience NP with oxaliplatin 

treatment 62,65,67.  

 Patients who develop OIPN-NP have described it as “shooting”, “burning”, and 

“piercing” 63,64,68.  Some studies have demonstrated the involvement of small myelinated 

Aδ and unmyelinated C fibers in OIPN-NP 16,62,63,67. However, clarification of (1) the 

temporal relationship between OIPN and associated NP; and (2) the relationship between 

OIPN-NP and QoL is needed, to better understand this phenomenon and its effects on 

patients’ QoL. This information may improve diagnosis and management of OIPN-NP.  

1.5. Quality of Life (QoL) and its association with OIPN-NP and OIPN 

Quality of life (QoL) is an important endpoint in the management of cancer and 

can be defined as an individual’s perception about their health status 69. QoL is often used 

interchangeably with terms like health status and functional status to describe overall 

health and the impact of disease and treatment on individuals 70–72. It is also used to 

characterize functional ability, including physical functioning, social functioning, and 

role-functioning. OIPN is negatively associated with QoL13–15,65,66 such that QoL worsens 

with increasing OIPN symptoms and duration. Two studies demonstrated that OIPN-NP 

was associated with a decrease in QoL 15,66. It is important, therefore, to be able to 

distinguish between OIPN and NP and the influence of each on QoL outcomes. This may 

inform and help guide interventions during chemotherapy treatment that may allow 

patients to maximize QoL. 
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1.6. Assessment of OIPN 

1.6.1. Clinical Scales 

The best method for accurately assessing the presence, severity and progression of 

any form of CIPN remains a matter of debate and discussion 73–77. Currently, several 

methods are used to assess OIPN in the clinical setting. Severity of OIPN is most 

commonly assessed using the National Cancer Institute Common Toxicity Criteria for 

Adverse Events (NCI-CTC),  a clinical grading scale 78. The NCI-CTC assesses signs and 

symptoms of CIPN and its effect on daily functioning 77,79.  Patient-reported 

questionnaires (PRQs) are another type of clinical scale used to assess OIPN in the 

clinical setting. The PRQs frequently used, assess the effect of OIPN on QoL as an 

indirect measure of OIPN severity. 14,65,80,81. At least six oxaliplatin-specific clinical 

grading scales and four oxaliplatin-specific PRQs have been developed and used for the 

assessment of OIPN 78. Composite scales such as the Total Neuropathy Score (TNS©) are 

also used to assess OIPN. Composite scales include self-report items and clinician 

administered testing.  TNS© incorporates self-report items; physical examination, 

including quantitative sensory tests like vibration perception and pin sense; and nerve 

conduction study (NCS) results into a single measure, which can be administered by a 

neurologist 68,82,83. A simplified clinical version of the TNS© (TNS-clinical (TNSc©)) 

which excludes NCS is appropriate for use by non-neurologists.  

Clinical grading scales and PRQs are quick and easy to administer. They are 

designed to provide a rapid evaluation for clinical trials and are most useful in screening 

patients and providing an overall clinical picture of peripheral neuropathy 73,76,77,83. 

Composite scale like the TNS© are more precise, can discriminate between different 
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forms of sensory deficits and is able to provide discrete anatomical locations from where 

the symptoms of CIPN are originating 77,84.  

Clinical scales however, come with some important limitations. Although clinical 

grading scales and PRQs are easy to administer and are commonly used, they do not 

assess sensory nerve fibers, which could offer insight into the pathophysiology of OIPN 

76,77,83. Also, whereas PRQs have strong psychometric properties, weak to moderate inter-

rater agreement has been reported for the NCI-CTC and poses a hindrance to score 

interpretation. 73,75. Finally, the TNS© is time-consuming to administer, requires examiner 

training, specialized equipment and is not available to all providers 76,77,83,84. The 

simplified TNSc© remains time consuming to administer and requires specialized training 

before appropriate use 76,84. 

1.6.2. Nerve conduction studies (NCS) and quantitative sensory testing (QST)  

Nerve conduction studies (NCS) and quantitative sensory testing (QST) have been 

used to characterize sensory fiber function in patients with OIPN 16,47,62,63,85–89. NCS 

evaluate the electrical conduction of peripheral nerves by measuring the speed at which 

impulses travel through the nerves. QST uses psychophysical tests to assess 

somatosensory functions by measuring responses to calibrated stimuli 90,91. These tests 

include cold detection threshold (CDT), warm detection threshold (WDT), heat pain 

threshold (HPT), cold pain threshold, mechanical detection threshold (MDT), vibration 

detection threshold (VPT), and pin sense (sharp-dull discrimination). These tests are 

discussed in detail in Chapter 2. Although NCS studies are sometimes used for additional 

evaluation of OIPN, poor sensitivity to small fiber neuropathy has been noted 48,92. In 
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fact, as many as half of patients with CIPN have normal NCS 48,93. Therefore, it may not 

be useful for diagnosis of OIPN 48.  

Compared to NCS, QST is more sensitive to small fiber neuropathy 48. QST in 

patients with OIPN reveals abnormal cold, warm, vibration and mechanical detection 

thresholds 48. QST is a reliable and accurate measure of OIPN and some tests like pin 

sense and VPT are used in the clinical setting for CIPN evaluation 94–96. Because it is a 

psychophysical assessment, QST results can be influenced by noise, ambient 

temperature, and concentration of the person being assessed 97. Since QST is more 

sensitive to changes in small fiber activity and NCS to changes in large fiber activity, 

when used together, QST and NCS can improve the accuracy of CIPN diagnosis by up to 

95%, compared to QST or NCS alone 48,67. However, QST and NCS tests are not 

practical for use in the clinical setting because they require considerable time, specialized 

equipment and tester training to accurately conduct these tests. In the case of QST, 

standardized series of instructions, which the patient may not be able to understand and 

properly follow, are required to properly perform the assessment. NCS can also be 

uncomfortable and the results require the expertise of a neurologist for interpretation.  

1.6.3. Current perception threshold (CPT) 

Current perception threshold (CPT) uses sine-wave current electrical stimulus 

delivered at specific frequencies to elicit responses from the peripheral nerves. The 

absolute value of the lowest perceptible current is determined to be the perception 

threshold. 98,99. Since other nerve fibers are typically in their refractory periods at the 

wavelength in which a particular nerve fiber is depolarized, neuroselectivity for large Aβ 

and small Aδ and C fibers are achieved by applying sinusoidal waves at selected pre-
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determined wavelengths of 2000Hz, 250Hz and 5Hz, respectively100–103. CPT is easier to 

administer than NCS and QST studies, and interpretation of results is simpler than for 

NCS. Unlike QST, normative values are available when interpreting CPT results.  

CPT is a promising approach for characterizing OIPN because it has the 

capability to assess small and large sensory fibers. For this reason, like QST and NCS 

combined, it may possess a high diagnostic accuracy for OIPN and may improve early 

detection and monitoring of OIPN in addition to providing insights about sensory fiber 

changes that produce OIPN over time. CPT has been used in the clinical setting to assess 

peripheral neuropathy in diabetes 98,104–109 and carpal tunnel syndrome 110,111. Although 

CPT has been used previously in the setting of CIPN, data on its performance relative to 

CIPN grading scales and QST  is limited 43,112. 

1.7. Problem statement, study purpose, and specific aims 

OIPN and OIPN-NP are serious problems with disabling consequences for many 

patients. Lack of routine measurement of sensory fiber function hinders understanding of 

the pathophysiology of OIPN and curtails development of effective management 

strategies. Also lacking is information about how OIPN-NP influences QoL. 

The purpose of this study, therefore, is to explore the role of CPT in assessing 

OIPN, describe characteristics of OIPN-NP and its relationship with OIPN, and 

characterize the relationship between OIPN-NP and QoL in patients receiving 

oxaliplatin-based chemotherapy. Study aims include:  

Aim 1: To evaluate CPT for the assessment of sensory fiber function in patients who 

develop d-OIPN after receiving oxaliplatin for treatment of gastrointestinal cancers.  

Specifically, to: 
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1a.  Describe the associations between CPT (5Hz, 250Hz, and 2000 Hz) and QST 

(vibration perception, pin sense, warm detection, cold detection and mechanical 

detection thresholds). 

1b.  Determine if CPT (5Hz, 250Hz, 2000 Hz) varies by d-OIPN (NCI-CTC) status. 

Aim 2: To describe the relationship between OIPN-NP and d-OIPN and determine their 

impact on quality of life (QoL) in patients who received oxaliplatin for gastrointestinal 

cancers. Specifically, to                                                    

2a. Describe the progression of OIPN-NP (NPS, cold pain and heat pain thresholds) 

over the course of oxaliplatin treatment. 

2b. Explore the association between OIPN-NP (NPS, cold pain, and heat pain 

thresholds) and d-OIPN (NCI-CTC).  

2c. Determine if OIPN-NP (NPS, cold pain and heat pain thresholds) and d-OIPN 

(NCI-CTC) have independent associations with QoL. 

It is hypothesized that CPT 2000Hz, 250Hz and 5Hz will be associated with QST 

measures of the respective sensory fibers they assess. Further, OIPN and OIPN-NP will 

be inversely associated with QoL of patients receiving oxaliplatin-based chemotherapy. 

1.8. Theoretical Framework 

The Neuromatrix Theory of Pain (TNTP) will provide the organizing framework 

for this study 113,114. This theory explains how the body generates sensations of pain and 

its accompanying physiological responses as well as how inputs into the body may 

influence the generation and perception of pain.  
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1.9. Significance of study 

This study is significant because it evaluates CPT, a promising method for 

measuring OIPN in which sensory fibers can be assessed easily and quickly. The 

assessment of sensory fiber function is important because it may provide some insight 

into the pathophysiology of OIPN and could provide better monitoring of OIPN onset 

and progression compared to what is now available in the clinical setting. Findings from 

this study will provide a foundation for future investigation of CPT responsiveness to 

change in OIPN severity. It will also provide feasibility information for evaluating the 

use of CPT with chemotherapy agents other than oxaliplatin.  

A better understanding of the relationship between OIPN and OIPN-NP will 

inform onset of OIPN-NP.  In addition, understanding the characteristics of OIPN-NP 

may provide researchers with information that may enhance efforts to manage OIPN-NP, 

which may lead to improvement in the QoL of patients.  
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     CHAPTER 2 

  THEORETICAL FRAMEWORK AND REVIEW OF LITERATURE 

2.1. Theoretical framework 

2.1.1 Theory Selection 

The theoretical framework of this study is organized using the Neuromatrix 

Theory of Pain (TNTP). This study aims to provide evidence of CPT construct validity in 

the setting of OIPN. TNTP was selected for use for this study because it provides a 

framework for understanding the influence of oxaliplatin on sensory nerve fibers through 

examination of the relationship between CPT and clinical measures of OIPN. TNTP also 

provides a framework for understanding the relationship between OIPN, OIPN-NP and 

QoL.  

2.1.2. The Neuromatrix Theory of Pain (TNTP). 

TNTP addresses the concept, causes, and influences of pain 113–116. The central 

concept of this theory is the body-self neuromatrix, described as a large network of 

neurons that connect the cerebral cortex to both the thalamus and the limbic system. This 

network has a spatial distribution as well as synaptic links that are genetically determined 

and refined by sensory inputs 113. Two key attributes arise from this concept. The first 

attribute is the sentinet hub, which describes areas of the brain where the stream of nerve 

impulses is concurrently converted to both awareness (e.g. that the top of the stove is hot) 

and movement patterns aimed at achieving specific goals (e.g. removing the hand from a 

hot stovetop). The second attribute is the neurosignature, described as the characteristic 

response pattern imparted on the neuromatrix, by repeated cyclical processing and 

synthesis of nerve impulses. The neurosignature is a continuous outflow from the body-



 13

self neuromatrix and consists of ‘pre-programmed’ output response actions such as pain 

perception, stress regulation and voluntary/involuntary actions taken to evade pain. 115. 

Thus, the theory proposes that the pain experience is a predetermined output 

neurosignature, produced by genetic and sensory influences in the body-self neuromatrix. 

This experience can be modulated by sensory and cognitive events, which may produce 

lesions in the muscles, bones and nerves. These lesions may in turn, alter the patterns of 

the neurosignature in such a manner as to give rise to chronic pain 114. 

2.1.3. Theory Summary 

Under normal circumstances, the pain experience consists of pre-determined 

responses (or neurosignatures), which include our perception of pain (e.g. severity and 

location) our reaction to pain (including voluntary and involuntary actions) and stress 

regulation programs (such as increased cortisol and endorphin levels). These responses 

are created by a process of cyclical processing and synthesis of cognitive inputs such as 

past experiences, physiological inputs from sensory signaling systems and inputs from 

parts of the brain responsible for homeostasis and stress regulation. This process is 

guided by both genetics and a balanced stress-regulatory system to form the entire body-

self neuromatrix 113. The neuromatrix, therefore, is a sum of these various 

neurosignatures. The development and maintenance of these neurosignatures are 

influenced by the inputs into the neuromatrix. Loss of regulatory control or new sensory 

inputs leads to new cyclical processing and synthesis, which results in new 

neurosignatures. Depending on which part of the neuromatrix is affected by this 

regulatory loss or depending on the nature of the new sensory input into the neuromatrix, 

chronic pain may be the result 113. The body-self neuromatrix is central to the theory and 
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provides context for the proposed study, since the constructs being assessed (OIPN and 

NP) are considered neurosignatures emanating from the body-self neuromatrix due to the 

influence of oxaliplatin on sensory signaling systems. 

2.1.4. Conceptual relevance of TNTP to proposed study 

Oxaliplatin influences peripheral sensory input to the central nervous system by 

inducing sensory and morphological changes to sensory nerve fibers and altering their 

normal function, resulting in sensory neuropathy and NP. The persistence of d-OIPN and 

NP following cessation of oxaliplatin suggests that oxaliplatin-induced changes to 

sensory fiber function and therefore sensory input into the body-self neuromatrix have 

resulted in the creation of a new neurosignature pattern, which is responsible for the 

persistence of c-OIPN and NP. TNTP provides an appropriate framework for studying 

how oxaliplatin may alter sensory fiber function (measured by CPT) and its input into the 

body-self neuromatrix to produce OIPN (measured by CTC) and NP (measured by NPS 

and QST) experienced by individuals receiving oxaliplatin. 

2.1.5. Adaptation of TNTP and Conceptual framework for the study 

Based on the variables available for use from the primary study, several 

constructs of TNTP were examined.   Input constructs such as cognitive inputs (e.g. 

previous experience with oxaliplatin, OIPN and NP) were not addressed because 

participants were chemotherapy naive.  Emotion-related inputs (e.g. stress levels 

associated with cancer diagnosis and chemotherapy treatment) were not assessed in the 

primary study and were not available for inclusion in the conceptual framework of the 

study. Also, output constructs such as action program outputs (e.g. pain behavior 

patterns) and stress regulation outputs (e.g. cortisol and endorphin levels) were not 
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assessed in the primary study and as such were not included in the present study’s 

conceptual framework. The following constructs from TNTP were used to generate the 

conceptual framework for this study (See Figure 1).  

Inputs to neuromatrix that were examined include peripheral afferent sensory 

fiber function assessed by QST and CPT, which served as sensory signaling input into the 

body-self neuromatrix. Outputs from neuromatrix that were examined included NP, 

assessed by the NPS and QST (heat and cold pain thresholds), OIPN assessed with the 

NCI-CTC scale, and QoL assessed with the FACT/GOG-Ntx.  

 

 

Figure 1: Conceptual framework of proposed study 

 

2.2. Review of the scientific literature 

2.2.1. Introduction 

Oxaliplatin produces its antineoplastic effects mainly by forming platinum 

adducts with DNA, thereby hindering DNA transcription and replication resulting in cell 

death 117–121. Oxaliplatin and its metabolites damage peripheral sensory nerves, which 

eventually leads to OIPN symptoms. This chapter will provide a literature synthesis of 

the effects of oxaliplatin on peripheral sensory nerves and the clinical manifestations of 
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these effects. The relationships between OIPN, OIPN-NP, and QOL will also be 

discussed, with an emphasis on measures used in this study. 

2.2.2. Clinical presentation of OIPN 

The clinical course of OIPN is well described 14,18,32,122. In a randomized control 

trial (n = 346) of OIPN prevention and a prospective, longitudinal study examining the 

relative toxicity profile of oxaliplatin regimens (n = 170), over 85% of participants 

developed a-OIPN symptoms, primarily during the first cycle of oxaliplatin 14,27. OIPN 

symptoms reported by patients during the acute phase include throat discomfort, muscle 

cramps, pharyngeal dysesthesias, cold sensitivities as well as breathing and swallowing 

difficulties 14,27,44. Up to 30% of patients with OIPN receive reduced doses or discontinue 

oxaliplatin treatment due to severity of a-OIPN symptoms 16,32,44.  

The cumulative dose-dependent phase of OIPN (d-OIPN) is characterized mainly 

by sensory deficits. Paresthesias or numbness and tingling are the most commonly 

reported symptoms of d-OIPN, are more severe in the hands than the feet and are often 

accompanied by loss of proprioception 14,29,65. Autonomic and motor deficits such as 

motor weakness, gait disturbances, and loss of deep tendon reflexes have also been 

reported but are less common 14,29,47,63. Onset of d-OIPN usually occurs after patients 

receive a cumulative dose of 500mg/m2 of oxaliplatin, although symptoms have been 

reported earlier 62. Severity of d-OIPN symptoms is also associated with the number and 

severity of a-OIPN symptoms 14,32,44. During d-OIPN phase, symptoms become 

progressively worse with increasing cumulative doses, sometimes requiring increased 

duration of infusion times, decrease in oxaliplatin dose or discontinuation of oxaliplatin 

44. Median recovery time for d-OIPN is about 13 weeks after treatment ends 123. However 
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at doses >1000mg/m2 these symptoms may be irreversible, leading to c-OIPN 124. Most 

patients who complete the entire course of oxaliplatin treatment receive on average 

between 770mg/m2 to 1020mg/m2 of oxaliplatin 27,44,62.   

Chronic OIPN (c-OIPN) occurs when symptoms persist at least several months 

after oxaliplatin treatment has ended. In some studies, participants are considered to have 

c-OIPN when symptoms persist  beyond 3 months after treatment completion, while in 

others, participants are considered to have c-OIPN when symptoms persist for 6 or more 

months after treatment completion 14,47,62.  Once established, c-OIPN symptoms can 

persist for 18 months and up to 11 years after treatment completion 14,29,125,126. Symptoms 

reported during c-OIPN are the same as those present during d-OIPN, the most common 

being numbness and tingling 65. In contrast to d-OIPN, symptoms of c-OIPN are more 

severe in the feet than the hands.  Symptom intensity may decrease over time, but in 

many cases, complete recovery does not occur 13,14,29,44,62. Some functional consequences 

of c-OIPN include reduced dexterity, such as difficulty manipulating small objects and 

limitations in mobility, like difficulty walking due to solar numbness 13,14. 

2.2.3. Somatosensory and electrophysiological changes associated with OIPN 

Several somatosensory and electrophysiological changes correspond with the 

clinical symptoms of OIPN. These changes provide insight into the effects of oxaliplatin 

on peripheral sensory nerves and are summarized in Table 2.  External stimuli activate 

receptors on peripheral afferent fibers (PAFs), primarily the large and myelinated Aβ and 

Aδ fibers as well as the small, unmyelinated C fibers of the somatosensory system. 

Receptors convert these stimuli into action potentials (APs) which are transmitted by the 

PAFs, through the spinal cord to the brain. The electrical activity generated by these APs 
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can also be measured using nerve conduction studies, which determine the amplitude and 

speed with which the APs travel through the PAFs.  

A-OIPN is characterized by cold hypersensitivies, dysesthesias (i.e. unpleasant, 

abnormal sense of touch), and in some cases pain, especially when touching cold objects 

27,44. These symptoms are significantly correlated with impaired cold and heat detection 

thresholds mediated by Aδ and C fibers respectively. Additionally, changes in cutaneous 

sensation or mechanical detection threshold (MDT) and vibration perception mediated by 

Aβ fibers are associated with a-OIPN symptoms 16,44. Patients who experience a-OIPN 

have decreased cutaneous sensation, vibration perception, and increased cold pain 

threshold (See Table 2). Although a-OIPN is not the focus of this study, the 

somatosensory changes that occur during a-OIPN have been shown to predict the 

presence of grade 2 and 3 d-OIPN 1 year after treatment initiation. 44  

As treatment progresses, the onset of d-OIPN symptoms is characterized by 

dysesthesias, paresthesias and proprioception loss. These symptoms are associated with 

somatosensory changes such as decreased proprioception, mechanical detection, and 

vibration detection thresholds, mediated by Aβ sensory fibers 29,44,47. Changes such as 

increased warm detection and cold pain thresholds mediated by C-fibers have also been 

associated with the development of d-OIPN. 44,62,127. Somatosensory changes associated 

with c-OIPN symptoms are similar to those observed in d-OIPN but also include 

decreased ability to detect sharp sensation and decreased cold detection threshold, which 

are mediated by Aδ fibers 13,16,47,62. 

In summary, all 3 peripheral sensory fiber types are affected to some degree over 

the course of oxaliplatin treatment. However, Aβ- and C-fiber somatosensory modalities 
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are the most affected during d-OIPN, suggesting that these two sensory fibers are 

primarily affected during d-OIPN 13,16,44,47,48,62,63. Electrophysiological studies on the 

other hand show that OIPN is associated with decreased sensory action potential (a-SAP) 

amplitude 29,32,47. 

Table 2: Effects of OIPN on peripheral sensory nerves 

Test     a-OIPN     d-OIPN    c-OIPN 

 

IENFD 47,48 

 

N/A 

 

Decreased IENFD 47 

 

Decreased IENFD 47,48 

 

Somatosensory profile 

 

Decreased VPT (Aβ) 
16,62  

Increased cold pain 

threshold (C) 16,62 

Decreased HPT (C) 
16,62 

Increased WDT (C) 
44,62 

Decreased Bumps 

Score (Aβ) 62 

Increased MDT (Aβ) 
44 

Increased CDT (Aδ) 44 

 

 

 

Decreased VPT (Aβ) 
29,47,62 

Increased cold pain 

threshold (C) 44,62,63 

Increased WDT (C) 62,63 

Decreased pin sense 

(sharpness) (Aδ) 47 

Decreased 

proprioception (Aβ) 29 

Increased MDT (Aβ) 44 

 

Decreased VPT (Aβ) 
13,16,47 

Decreased pin sense 

(sharpness) (Aδ) 13,16,47 

Decreased 

proprioception (Aβ) 16,29 

Decreased Bump score 

(Aβ) 62 

Decreased CDT (Aδ) 62 

Increased WDT (C) 62 

Decreased cold pain 

threshold (C) 62 

Nerve conduction 

studies 

Decreased amplitude 

of sensory action 

potential (a-SAP) 47 

Decreased amplitude of 

sensory action potential 

(a-SAP) 18,29,32,47,122 

Decreased a-SAP 
13,29,32,47,48,122 

Decreased amplitude of 

compound motor action 

potential (a-CMAP) 48 

Sensory fibers affected Predominantly Aβ and 

C fibers 

Predominantly Aβ and C 

fibers 

Predominantly Aβ and C 

fibers 

 

  

2.2.4. Mechanisms associated with the development of OIPN 

Although the pathophysiology of OIPN is not yet fully understood, some 

mechanisms which contribute to the phenomenon have been identified. Peripherally, 

oxaliplatin and its metabolite oxalate alter calcium signaling of sensory neurons on 
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peripheral afferent fibers (PAFs), leading to the influx of calcium ions through the L-type 

calcium channels 128,129. Oxaliplatin and oxalate also directly activate TRPA1 receptors 

on PAFs 53,130–132; enhance the activity of voltage-gated sodium channels 128,129,133–135 and 

suppress potassium channel activity 133,136–139 on PAFs. These processes lead to a hyper-

excitable neuronal state, which contributes to the development of cold sensitivity and 

pain. Since oxaliplatin is typically administered every 2 to 3 weeks for a period of at least 

six months the frequent administration and subsequent production of oxaliplatin 

metabolites contribute to ion channel dysfunction 139. These changes coupled with 

activation of thermoponsive nociceptors by cold temperatures inevitably lead to 

peripheral sensitization or an increase in responsiveness of nerve fibers to noxious stimuli 

and/or nociceptive mediators, and a constant generation of action potentials (APs) 140. In 

other words, sensory nerve fibers become hypersensitive to cold temperatures, leading to 

sensitivity and/or a painful experience. This series of events also explains the symptoms 

of cold sensitivity and cold pain experienced during a-OIPN 52,131,139.  

There is increasing evidence suggesting that accumulation of oxaliplatin in the 

dorsal root ganglion (DRG) of  neurons, damage to the DRG, and inflammation play 

important roles in the development of d-OIPN and c-OIPN 50,51,59,141,142. Rodent models 

of OIPN demonstrate that oxaliplatin causes degeneration of DRG cells and axons, 

impairs neuronal transport and alters proper ion channel functioning of affected neurons 

51,137,143. In patients with d-OIPN and c-OIPN, long-term morphological changes in 

sensory fibers, including loss of intra-epidermal nerve fibers (IENFD) have been reported 

47,48.  



 21

2.2.5 OIPN-associated NP (OIPN-NP) 

Neuropathic pain (NP),  a major problem associated with OIPN , is caused by 

damage to nerves, particularly peripheral afferent fibers (PAFs) 16,25,26,48,63,140,144. OIPN-

associated NP (OIPN-NP) differs from OIPN in symptom presentation and 

somatosensory profile. The characteristics of OIPN-NP and how it differs from OIPN are 

summarized in Table 3. Damage to C fibers contribute to the development of OIPN and 

OIPN-NP. However, an important distinction between OIPN and OIPN-NP is that 

whereas damage to Aβ fibers contribute to OIPN, damage to Aδ fibers contribute to the 

development of OIPN-NP symptoms. Another distinction is that the intensity of OIPN-

NP tends to remain the same or worsen after oxaliplatin treatment is completed, while 

OIPN symptoms may improve after treatment completion in some cases 13,14,44,62,66.  

OIPN-NP may be present during a-OIPN 23,25,56,72, d-OIPN and or c-OIPN 

14,29,44,63. Results from a longitudinal study (n = 78) demonstrated that OIPN-NP 

(increased cold pain thresholds) began at cumulative doses of 115mg – 345mg, which is 

lower than the average d-OIPN onset of 500 mg/m2 and worsened progressively with 

increasing doses of oxaliplatin.  Although NP improved over time among the participants, 

20% of those who experienced NP during treatment, continued to be affected six months 

after oxaliplatin was discontinued 62. Similar results have been reported in other studies. 

16,127   

In a longitudinal study (n = 30) examining the predictors of d-OIPN, those who 

developed d-OIPN reported OIPN-NP within an hour of the first oxaliplatin infusion 

cycle, compared to those who did not (mean BPI score = 1.5, p = 0.011). OIPN-NP  
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persisted throughout the first treatment cycle and increased in intensity with subsequent 

treatment cycles 44. 

Table 3: d-OIPN and OIPN-NP: similarities and differences 

 

In a secondary analysis of data from an OIPN prevention trial (n=353) where 89% 

of the participants developed d-OIPN, OIPN-NP, along with numbness and tingling were 

             d-OIPN OIPN-associated NP 

 

Nature of 

symptoms 

 

Mainly sensory deficits and to a lesser 

extent, motor and autonomic deficits 14 

 

 

Purely sensory in nature 

Clinical 

presentation 145,146 

Include “gain of function” and “loss of 

function” deficits. Characterized 

mainly by paresthesias and 

dysesthesias. See Table 1 for details 

 

Include only “gain of function” deficits. 

Characterized by hyper-sensitivities to 

noxious and non-noxious stimuli 

Description of 

symptoms 

Primarily described as “numbness” 

and “tingling”. Most present in hands 

and feet. Symptoms progress 

proximally in a “stocking glove” 

manner. See Table 1 

Described as “sharp”, “dull”, “intense”, 

“unpleasant”, “heavy”, “shooting”, 

“burning”. Symptoms remain mainly in 

the finger tips and sole of the feet. There 

is no progression pattern associated with 

this condition  

 

Sensory fibers 

affected 

Primarily large Aβ and small 

unmyelinated C fibers.   

 

Primarily small unmyelinated C fibers, 

but may also affect myelinated Aδ 

fibers. 

Somatosensory 

profile 145,146 

Decreased VPT (Aβ) 29,47,62, Increased 

cold pain threshold (C) 44,62,63, 

Decreased HDT (C) 62,63, Decreased 

pin sense (sharpness) (Aδ) 47 

Decreased proprioception (Aβ) 29 

Increased MDT (Aβ) 44 

 

Increased cold pain and decreased 

mechanical pain thresholds 62. 

Onset/Duration of 

symptoms 

Onset occurs after receiving a mean 

dose of about 500mg/m2 of 

oxaliplatin. Symptoms persist/worsen 

during treatment and may/may not 

improve after treatment stops 

Onset occurs at the beginning of 

oxaliplatin treatment. In some cases, 

during the first cycle of oxaliplatin 

infusion. Symptoms persist/worsen 

during treatment and often continues to 

worsen after treatment stops 

 

Mechanism Mechanism responsible for 

development to d-OIPN is not fully 

understood. Damage to and 

degeneration of DRG neurons due to 

oxidative stress and accumulation of 

oxaliplatin in DRG neurons have been 

shown in rodent models to contribute 

to the development of OIPN 

 

Ion channel dysfunction caused by 

oxaliplatin and its metabolites sensitize 

peripheral nerves to cause cold 

sensitivity and cold-associated pain. 

Sensitization of WDR in DH due to 

peripheral sensitization is thought to 

contribute to the maintenance of NP.   
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the most highly rated symptoms of d-OIPN. Further, while symptoms of numbness and 

tingling improved 3 months after treatment completion, OIPN-NP persisted and became 

worse during the same period 14. In this study, OIPN-NP intensity remained the same or 

worse 18 months after oxaliplatin treatment was completed. 

2.2.6. Mechanisms associated with the development of OIPN-NP 

NP associated with d-OIPN appears to result from mechanisms other than those 

that drive d-OIPN alone. Whereas loss of IENFD and accumulation of oxaliplatin in 

DRG of peripheral sensory fibers play important roles in the development of d-OIPN, the 

sensitization of dorsal horn (DH) neurons (central sensitization) resulting from prolonged 

AP generation by PAF has been suggested as a potential mechanism for development of  

oxaliplatin-associated NP 127,144. The DH is located in the posterior segment of the spinal 

cord and contains three main types of neurons i.e. nociceptive-specific, wide dynamic 

range (WDR), and non-nociceptive neurons 147–149. The DH is responsible for receipt and 

transmission of sensory stimuli from the body to the brain (e.g. touch, vibration and 

pain). This concept of DH sensitization is supported by increases in WDR neuronal 

activity, which corresponds with the development of mechanical allodynia or painful 

response to otherwise non-painful stimuli, and cold hyperalgesia in mice model of OIPN 

150. 

2.2.7. Influence of OIPN and NP on QoL 

QoL is a complex entity comprising a number of components including physical 

functioning, health status, life conditions, symptoms and satisfaction with life among 

others 151. In oncology,  QoL includes concepts of physical and mental health, physical 

and role functioning, well-being and perception of overall health 80,152–155. HRQoL is 
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defined as the extent to which a medical condition and/or its treatment affects the usual or 

expected emotional, social and physical well-being of the individual 156. HRQoL is used 

to describe the perceived health of individuals or their experiences as they relate to 

health, disease, impairment and disability 157,158. HRQoL incorporates aspects of life 

other than health (e.g. income, environment, etc.) which influence health and therefore 

QoL 72. 

OIPN negatively affects QoL13–15,65,66,159,160. A retrospective cross sectional study 

(n = 128) demonstrated an inverse association between OIPN severity and HRQoL across 

all domains of HRQoL (physical functioning, r = -0.22, p<0.05; emotional role, r=-0.36, 

p=0.01; physical role, r = -0.32, p<0.01; bodily pain, r = -0.36, p<0.001; vitality, r = -

0.23, p<0.05; general health, r = -0.003; mental health, r = -0.26, p<0.05; social 

functioning, r = -0.36, p<0.001) 15. In a population-based cross-sectional study of CRC 

survivors who received chemotherapy only, surgery only, radiotherapy only or some 

combination of all three (n = 1643), participants who received oxaliplatin reported more 

OIPN which was associated with a larger decrease in HRQoL, compared to those who 

did not receive oxaliplatin (tingling, β = 0.20, p < 0.001; numbness, β = 0.18, p < 0.001; 

aching and burning pain, β = 0.10, p < 0.001) 65. Similarly, in a randomized controlled 

trial of OIPN prevention (n = 347) participants reported OIPN symptoms of “numbness”, 

“tingling” and “shooting and burning pain”, the severity of which was inversely 

associated with QoL 14. 

Hung et al 159 examined the influence of patient and clinical variables on  HRQoL 

and symptom burden in CRC survivors (n = 134). Participants were examined at 



 25

diagnosis, 1 month- 3 months- and 6 months after diagnosis. All participants received 

surgery, chemotherapy and/or radiation. Pain at 1 month after diagnosis corresponded 

with decreased HRQoL. However, at 6-month post diagnosis, pain levels decreased in 

association with increased HRQoL. Quality of Life scores at 6 months were still lower 

than they were at baseline, reflecting an overall decrease in QoL during the 6-month 

period.  

Two studies examined the relationships between OIPN-NP and QoL along the 

treatment trajectory. In a secondary analysis of a prospective longitudinal study (n = 

3106), examining the association between OIPN-NP, QoL and clinician-reported 

difficulty in caring for patients with breast, lung, prostate or CRC, OIPN-NP was 

associated with deteriorating QoL among participants with CRC, but not among 

participants with other cancers. Further, CRC participants with higher levels of OIPN-NP 

at baseline experienced greater deterioration in QoL 28 – 35 days later, compared to 

those with lower levels of OIPN-NP at baseline 66. A limitation of this analysis is that 

participants in the original study were heterogeneous in their cancer stages and were 

recruited at any point in their cancer trajectory. A greater percentage of participants in the 

CRC group had advanced stage disease, progressive disease (i.e. progression of cancer in 

spite of treatment), poorer performance status, > 5% body-weight loss within 6 months 

and poorer health, and were therefore sicker compared to participants in other cancer 

groups 161. A cross-sectional study (n = 25), examining the late effects of OIPN was done 

using retrospective chart review, and 68% of the participants experienced OIPN-NP 24 

months after treatment completion. Of these, 28% experienced functional impairments 
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related to OIPN-NP. Increased OIPN-NP severity and increased OIPN symptoms were 

associated with a decrease in functional QoL 13.  

Because there is limited information available about the influence of OIPN-NP on 

QoL, further investigation is needed to understand the unique influence that OIPN and 

OIPN-NP have on QOL, which may allow better timing of interventions for NP along the 

treatment trajectory, which in turn, may impact QoL.  

2.2.8. Assessment and monitoring of OIPN 

Several methods are currently used to assess OIPN in the clinical and research 

settings. However, emphasis will be placed on instruments used in the current study.  

a. Clinical grading scales  

Currently, severity of OIPN is most commonly assessed using the NCI-CTC 

clinical grading scale 78. The NCI-CTC scale assesses CIPN severity  related to treatment 

toxicity 26,162.  The NCI-CTC scale was first developed in 1983 by the National Institutes 

of Health for the recognition and grading of adverse side effects of chemotherapy 

41,163,164.   Adverse events are described as any new or undesirable event that may or may 

not be attributable to treatment 79,165.  The NCI-CTC grading scale is organized by body 

systems and uses a multimodal grading system to evaluate the acute and late effects of 

treatment regimens on cancer patients 164. Thus, it can be used to assess adverse effects 

across the gastro-intestinal system, cardiovascular system, neurological system etc. Each 

scale grade (0 – 4) contains a list of symptoms, with lower scores describing mild 

symptoms while higher scores describe more severe symptoms. Inter-rater reliability of 

the NCI-CTC scale varies considerably 166,167. In one study (n=37), NCI-CTC was 

reported to have a 45.9% inter-observer agreement across all grades of CIPN, a 42% 
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inter-observer agreement on grade 3 CIPN and an 81.1% inter-observer agreement on the 

distinction between grade lower or equal to grade 2 and grade 3 CIPN 75,166. In a larger 

study (n = 281) in which rater training was conducted, inter-rater agreement was between 

71% to 75% and intra-observer agreement was between 75% and 76% 167. Consequently, 

the NCI-CTC can be a reliable measure to the extent that proper and consistent rater 

training is achieved. Finally, clinical grading scales like the NCI-CTC are designed for 

rapid evaluation of CIPN severity and are useful as screening tools 73,77. The major 

weakness of this scale is that it cannot assess the involvement of specific components of 

the peripheral nervous system 79,164.  

b. Patient-reported questionnaires (PRQs) 

Patient-reported questionnaires (PRQs) are commonly used for OIPN assessment 

and consist of QoL questionnaires, which have been modified by adding specific items 

that address CIPN symptoms. They are commonly used in conjunction with the NCI-

CTC grade scale to assess severity of CIPN 24,25,167. PRQs are designed to evaluate the 

well-being of patients as well as the benefits and side effects of proposed or current 

treatment.  

One of the PRQs commonly used to assess OIPN is the Functional Assessment of 

Cancer Treatment/Gynecologic Oncology Group – Neurotoxicity (FACT/GOG-Ntx) 

questionnaire 70,153. The FACT/GOG-Ntx is a modified version of the Functional 

Assessment of Cancer Treatment – General (FACT-G), which was originally designed to 

assess QoL in cancer patients 70,153. The FACT/GOG-Ntx is a 30-item questionnaire, 

which includes the four domains of the FACT-G: the 7-item Physical Wellbeing (PWB), 

the 7-item Social/Family Wellbeing (SFWB), the 6-item Emotional Wellbeing (EWB) 
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and the 7-item Functional Wellbeing (FWB) domains as well as an 11-item neurotoxicity 

(Ntx) subscale. Items on each domain are rated on a Likert scale of 0 – 5 with 0 being 

‘not at all’ and 5 being ‘very much’. Higher scores represent better QoL and lower 

severity of CIPN. The instrument also includes a computed subscale – the Trial Outcome 

Index –, which aggregates the PWB, FWB and Ntx domains to compute a functional 

subscale. The overall instrument is capable of capturing the impact of CIPN on QOL  

among patients receiving chemotherapy 153. The FACT/GOG-Ntx has strong internal 

consistency (Cronbach’s α of 0.84 - 0.9 at baseline and 0.94 - 0.74 after 12 months) in 

chemotherapy naïve patients 153.  The Ntx subscale has also been shown to be valid and 

responsive to change in the assessment of CIPN 153. The instrument also showed a 

difference in scores in patients with CIPN over time, demonstrating responsiveness of the 

instrument to CIPN progression (p = 0.017) 153. An oxaliplatin-specific Ntx subscale has 

been developed and validated for use in assessing OIPN 168. 

 Like the clinical grading scales, PRQs are quick and easy to use. Furthermore, 

PRQs possess strong psychometric properties. However, they do not assess sensory fiber 

degeneration and dysfunction. They are limited to patient perceptions of physical, 

psychological, and social consequences of CIPN and therefore are most useful at the 

patient care level. They do not provide additional insights into the pathophysiology of 

CIPN.  

c. Quantitative sensory testing (QST) 

Quantitative sensory testing (QST) includes a set of psychophysical assessments, 

which measures responses to calibrated, graded mechanical and thermal stimuli 

(innocuous and noxious), in order to quantify somatosensory functions 91,169. They assess 
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the functional status of specific somatosensory modalities that function through the 

peripheral nervous system and central pain pathways 91. Using parameters known to 

initiate various stimuli, QST employs techniques such as thermal (e.g. warm detection 

threshold and cold detection threshold), mechanical (e.g. von Frey filaments, pressure 

algometer, standardized brush) and vibratory thresholds (e.g. graded tuning fork), to 

assess specific sensory modalities as well as their corresponding PAFs and central 

pathways, by activating receptors on the endings of PAFs 170–173. Mechanoresponsive Aβ 

fibers and their corresponding lemniscal pathway can be assessed through touch and 

vibration techniques such as the vibrometer, graduated tuning fork and calibrated von 

Frey filaments, while innocuous and noxious heat and cold are used to assess Aδ and C 

fibers and their corresponding spinothalamic pathway 170,174. Increased detection 

threshold or inability to detect innocuous stimuli is indicative of decreased 

(hypoesthesia), or lack of sensitivity (anesthesia) of the affected nerve fiber. Decreased 

detection threshold for innocuous stimuli is indicative of increased sensitivity 

(hyperesthesia) of the nerve fibers. Increases in detection threshold of noxious cold 

stimuli, or decreases in detection thresholds for noxious heat stimuli are indicative of 

hyperalgesia (exaggerated response to painful stimuli) or allodynia (painful response to 

otherwise painless stimuli) and therefore decreased nerve function 91,175.  

Since the entire somatosensory system can be assessed using QST techniques, it 

has been reliably used to describe loss of function (e.g. hypoesthesia and hypoalgesia) as 

well as gain of function (e.g. allodynia and hyperalgesia) in conditions such as OIPN 16,89. 

Specific algorithms have been created for the delivery of stimuli and standardized 

instructions are given for subject responses 170,171,176. Testing order is important because 
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many cutaneous fibers are polymodal in nature and can be activated by more than one 

mode of stimuli, raising the prospect of peripheral sensitization during testing 177. 

Specific QST tests used in the study are discussed below. 

i. Thermal Thresholds 

Thermal detection thresholds have been successfully used to describe the 

somatosensory profile of patients with OIPN. Thermal threshold tests include warm 

detection threshold (WDT), cold detection threshold (CDT), heat pain threshold (HPT) 

and cold pain threshold. CDT assesses the function of Aδ fibers, while WDT, cold and 

heat pain thresholds assess the function of C-fibers 90,170. Thermal threshold results are 

reported in °C and interpreted in terms of the magnitude and direction of change from 

baseline. Changes in thermal thresholds are described in the context of “gain of function” 

or “loss of function” of the affected nerve fiber. Initial injury to the nerve results in 

sensitization of the sensory nerve (peripheral sensitization) and gain of function. During 

this phase, thermal thresholds may increase (e.g. higher temperatures are reported for 

WDT) or decrease (e.g. lower temperatures are reported for HPT). As nerve injury 

progress over time, loss of function occurs, which can manifest as higher cold pain 

threshold, where cold pain is experienced at higher temperatures. Greater magnitudes of 

change from baseline indicate greater degrees of nerve dysfunction in either direction. 

Thermal thresholds have been shown to be reproducible tools for pain assessment 178–183.  

ii. Mechanical detection threshold (MDT) 

MDT is assessed using Semmes-Weinstein monofilaments (SWM) (Touch Test 

Sensory Kit, Neurolab.com) and assesses function of Aβ fibers. Patients with OIPN 

require greater gram force to elicit a response 62. The SWM consist of 20 calibrated 
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monofilament fibers of equal length but varying diameters, such that they bend at a given 

applied force. These filament forces range from 0.008gm – 300gm. MDT is therefore 

scored in grams. Higher scores represent higher MDT, which reflect worsening fiber 

function. The SWM have been shown to be reliable and reproducible measures of 

mechanical force 182,184–186 and have been reliably employed for the assessment of OIPN. 

44,62 

iii. Vibration perception threshold (VPT) 

VPT is assessed using a quantitative graduated tuning fork (Rydel-Seiffer, US 

Neurologicals, Poulsbo, WA) and assesses function of Aβ fibers. When activated, the 

tuning fork vibrates with a frequency of 128Hz and can be felt when placed on a bony 

prominence. Vibration perception assessed with a tuning fork is scored on a scale of 0 – 

8, with 0 representing the maximal vibration frequency and 8 representing extinction. 

Lower scores represent decreased vibration perception. VPT as assessed with the tuning 

fork has good intra- and inter-observer reliability (κ = 0.90, p < 0.0001 and κ = 0.80, p < 

0.0001 respectively) and has a high correlation with sensory nerve action potential 187. 

VPT decreases with age and reference data for VPT have been normalized to account for 

this change 170,188,189.   

iv. Pin sense 

The pin sense test is designed to discriminate between sharp and dull sensations 

and assesses Aδ fiber function, which is responsible for fast pain sensation 43. In the 

presence of neuropathy, the ability to accurately discriminate between these sensations is 

decreased, resulting in reduced ability to correctly distinguish between sharp and dull 

sensation.170,175.   Pin sense testing has been shown to be accurate and reproducible in 
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patients with CIPN, it is an important component of the neurological examination and is 

used as a component of composite tools like the TNSc©, which have been used for the 

assessment of OIPN 29,68,82. Decreased ability to discriminate sharp and dull sensations is 

associated with worsening nerve function.  

A major weakness of QST is the absence of universal standards for both testing 

and interpretation of results  91. To highlight this issue, several normative data sets for 

thermal and pain detection threshold have been published 170,188,190–192. In addition to the 

variations that exist between these datasets, the recommendation remains that the use of 

these normative data should only follow use of the testing protocols with which they were 

developed  91. Further, interpretation of results can be done in multiple fashions, e.g. by 

comparison with published normative values or against an unaffected side in the same 

person, in the absence of normative values. Another limitation of QST is that it is a 

highly technical procedure and is time consuming to perform, taking approximately 1 

hour. 

2.2.9. Current perception threshold (CPT) 

CPT takes advantage of the conduction velocity properties of nerve fibers as well 

as their unique depolarization and refractory periods. Specific sensory fibers types are 

typically depolarized at specific wavelength frequencies while other fiber types remain in 

their refractory periods at that frequency. CPT does not activate receptors at the ends of 

PAFs. So, although the nerves are stimulated, it does not elicit the corresponding 

sensations of pain, vibration, hot and cold, since these sensations are typically generated 

through activation of specific receptors on the nerves. Since PAFs contain polymodal 

receptors, 140,193, the ability to repeatedly stimulate a specific PAFs without receptor 
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activation, reduces the chances of peripheral sensitization by repeated CPT assessments. 

This is an advantage of CPT over QST.  

During the initial stages of nerve injury, CPT values are low, meaning less current 

is required to activate the nerve. This is indicative of hyperesthesia, caused by peripheral 

sensitization from nerve damage. Over time, hypoesthesia occurs and CPT values begin 

to rise, due to inhibition of proper stimulus conduction by nerve damage. In the setting of 

CIPN, CPT values increase over the course of chemotherapy treatment 194.  

The neuro-selectivity of CPT has been demonstrated in several studies. In an 

experiment evaluating neuro-selectivity of CPT, APs generated by sine-wave stimuli 

were applied to rat DRGs neurons and analyzed using intracellular recordings. The study 

demonstrated that Aβ neurons were selectively activated by 2000Hz stimulation at low 

intensity. 250Hz selectively activated Aβ and Aδ neurons. However, since noxious 

stimuli are preferentially conducted by Aδ fibers in the presence of tactile versus noxious 

stimulation, 250Hz was considered to functionally stimulate Aδ neurons. 5Hz stimulation 

on the other hand, activated C fiber neurons 101.  In a small study (n = 6) evaluating 

differential sensory block from lidocaine spinal anesthesia, recovery of Aβ fiber function 

as assessed by touch; Aδ fiber function as assessed by pinprick and C fiber function as 

assessed by cold sensation were compared to CPT assessments at 2000Hz, 250Hz and 5 

Hz respectively. There was a correlation between recovery of touch and return to baseline 

CPT assessment at 2000Hz (r = 0.7, p = 0.03), recovery of pinprick sensation and return 

to baseline CPT assessment at 250Hz (r = 0.75, p = 0.02) and recovery of cold sensation 

and return to baseline CPT baseline assessments at 5Hz (r = 0.67, p = 0.04) 195. 196.  
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CPT is assessed using the Neurometer (Neurotron, Baltimore) which has been 

shown to be reproducible at 2000Hz and 250Hz (ICC = 0.735 and 0.615 respectively) and 

moderately reproducible at 5Hz (ICC = 0.318) in healthy volunteers 197. In another study, 

healthy subjects receiving femoral nerve block participated in two CPT assessments 

performed 24 hours apart. Within-day ICC values were between 0.66 – 0.95 and 

between-day ICC values were between 0.57 – 0.94, demonstrating good reliability of 

CPT assessments 198. CPT assessment of the infraorbital and alveolar nerves of healthy 

volunteers also demonstrated good reliability properties. ICC within and between 

examiners ranged between 0.76 – 0.95 and 0.46 – 0.87 respectively 199. CPT is correlated 

with some QST measures.  For example, CPT at 2000Hz correlates with vibration 

thresholds and CPT at 5Hz correlates with warm detection threshold 200.  

CPT has been used to evaluate sensory fiber function in carpal tunnel syndrome 

110,111 and diabetic neuropathy 105–109,201. Compared to NCS, CPT demonstrated a stronger 

correlation with symptoms of diabetic neuropathy and has been used to supplement 

physical examination in the clinical evaluation of diabetic neuropathy 108.  

Age may affect CPT values. In a study of 44 healthy subjects between the ages of 

32 and 87 years, CPT values were higher in older participants compared to younger ones, 

suggesting increased hypoesthesia among older participants 103,202. Similarly, in elderly 

Japanese and Taiwanese participants, higher CPT values corresponded with increasing 

age 176,203. However, other studies have reported that age has no effect on CPT 199,204. 

Potential sources of this discrepancy include performance of CPT assessments at 

different anatomical locations e.g. fingers versus toes and population differences. Finally, 

clear definitions of ‘healthy subjects’ were not published in any of studies reviewed, and 
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therefore differences in criteria for ‘healthy subjects’ could have influenced the results. 

CPT values may therefore need to be standardized based on anatomic location and 

normalized for age if necessary. 

None of the studies reviewed used CPT for the assessment of OIPN. However, 

two studies evaluated the use of CPT for the assessment of CIPN. In one study, sensory 

fiber function (CPT and QST) and QoL, were evaluated in participants (n = 26) who 

developed CIPN after  receiving various types of chemotherapy agents for the treatment 

of various cancers 43.  CDT was inversely associated with CPT at 5Hz (β = -2.5, 95% CI 

= -4.5 – -0.5) and CPT at 2000Hz (β = -7.5, 95% CI = -11.8 – -3.3). Also, QoL, measured 

by the FACT/GOG-Ntx, was inversely associated with CPT at 2000Hz (β = -1.8, 95% CI 

= -3.5 – -0.05). These results suggest a deterioration in large, myelinated Aβ (CPT 

2000Hz) and small unmyelinated C fiber (CPT 5Hz) function with the development of 

CIPN. The results also suggest that deterioration of large, myelinated Aβ fibers is 

associated with deterioration in QoL. Another study used CPT to evaluate severity of 

neurotoxicity in ovarian cancer patients receiving paclitaxel and carboplatin 112. In this 

study, participants received chemotherapy every 3 weeks. CPT values at 2000Hz fell 

from baseline after the first 3 cycles of chemotherapy and rose above baseline after cycle 

4. Complaints of sensory disturbances increased with each successive treatment cycle. 

Further, participants with a history of previous chemotherapy treatment had higher CPT 

values at 2000Hz and 250Hz at each assessment time point, compared to those who were 

chemotherapy naive. These results are consistent with deterioration in sensory fiber 

function that accompany chemotherapy administration. The initial decrease in CPT 

values represent a period of initial nerve injury, characterized by hyperesthesia or 
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increased sensitivity of sensory fibers. Progressive insults to the sensory fibers from 

subsequent chemotherapy treatments, eventually resulted in nerve damage and 

hypoesthesia, characterized by increased CPT values. Also, participants with a history of 

previous chemotherapy treatment most likely experienced damage to sensory fibers from 

prior treatments, which explains why they had higher CPT values compared to 

participants who were chemotherapy naïve.  No other methods of evaluating CIPN were 

used in this study, so the performance of CPT against established methods of CIPN 

assessment could not be evaluated.  

2.2.10.  Assessment of OIPN-associated NP   

NP requires assessment with an instrument, which evaluates elements of pain 

quality, pain intensity and the spatial and temporal aspects of NP 25,44,127,146,205. 

Somatosensory profile of NP can be done using QST, however this is not readily 

available in all settings. A challenge of measuring OIPN-NP is that its symptoms often 

coexist with those of OIPN in the same anatomical locations. Another challenge is that 

some of the most commonly used tools for assessing OIPN (e.g. the NCI-CTC grading 

scale) are not sensitive enough to distinguish between OIPN symptoms and OIPN-NP 

symptoms 164. Consequently, symptoms of OIPN-NP are often used to describe OIPN and 

vice versa.  

Some PRQs are sensitive enough to distinguish the presence and severity of 

OIPN-NP 14,64,80,168. However, OIPN-NP is often assessed only as “present” or “absent”, 

or as part of a symptom group 48,84. It is therefore not uncommon for OIPN to sometimes 

be described as “painful OIPN”. It is noteworthy that most PRQs commonly used for 

OIPN assessments are QoL measures, used to evaluate the overall the impact of OIPN on 
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QoL. Thus, the use of PRQs to assess OIPN-NP does not fully capture the severity 

(quality, intensity, location and temporal nature) of the phenomenon.  

One comprehensive instrument than can be used to assess NP in the setting of 

OIPN is the Neuropathic Pain Scale (NPS). The NPS is a self-report, 10-item multi-

dimensional tool with a Likert response format of 0 – 10. The scale consists of 2 pain 

domains – pain intensity and unpleasantness. 6 items are specific to NP quality; 2 items 

are specific to NP location; and 1 item is related to the temporal quality of NP 206. Higher 

scores represent increased NP. The NPS is valid and reliable for assessing NP 206. NPS 

has good internal consistency (Cronbach’s α = 0.78, CI: 0.69 – 0.83) and test-retest 

reliability (ICC = 0.71) with construct validity demonstrated by significant correlation of 

items with the Short Form McGill Pain Questionnaire, which is a validated measure of 

NP 207. Discriminant validity, predictive validity and sensitivity of the NPS have also 

been demonstrated in patients with NP of various etiologies 206,208. It has also been used 

in assessing CIPN-associated NP 43. Items on the NPS are scored to produce different 

information 209. Each item is scored individually to obtain a profile or characterize 

specific NP pain dimensions. Item can also be summed to create composite scores 206,208–

210. Pain quality scores (NPS6) can be created from 6 pain quality items (“itchy”, “sharp”, 

“hot”, “dull”, “cold” and “sensitive”) or 8 items (NPS8), which include the NPS6 and 2 

spatial items (“deep pain” and “surface pain”). Also an overall pain score can be 

computed by summing the scores of all 10 items (NPS10) 207,209–211. 
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     CHAPTER 3 

RESEARCH DESIGN, METHODS AND DATA ANALYSIS 

3.1. Design 

This study is a secondary analysis of data from the Genetic Correlates of 

Oxaliplatin-induced Peripheral Neuropathy (GCOPN) study. A correlational descriptive 

design was used to guide analysis of this longitudinal study.  

3.2. Primary study and sample 

The GCOPN study was a prospective, descriptive, correlational study, designed to 

characterize the development of OIPN (S. Dorsey, PI NINR P30 NR011396-01 & N. 

Horiba, Pilot PI). The aims of the original study were (1) to determine the extent to which 

oxaliplatin-based treatment produced changes in peripheral thermal and mechanical 

thresholds and resultant neuropathic pain, (2) to examine systemic gene regulation 

associated with these changes, and (3) to examine how resulting NP affected QoL and 

functional status of the patients. 

The study was conducted at the University of Maryland Medical Center 

Greenebaum Cancer Center (UMGCC), which provides primary, secondary and tertiary 

care for patients with a wide range of cancer diagnoses. Participants included patients 

diagnosed with gastrointestinal cancers who received oxaliplatin-based treatment. 

Inclusion criteria were (1) age between 21 to 85 years; (2) ability to speak and understand 

English language; (3) solid tumor diagnosis; (4) planned treatment with oxaliplatin-based 

therapy and (5) ability to provide informed consent. Exclusion criteria were (1) presence 

of pre-existing neuropathy, such as those caused by disease processes like HIV, diabetes, 

peripheral vascular disease, alcohol dependency and autoimmune disorders; (2) nerve 
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compression injuries such as spinal stenosis, brachial plexopathy and carpel tunnel 

syndrome; (3) previous use of neurotoxic agent in the last six months; (4) life expectancy 

of less than 3 months; (5) presence of major psychiatric disorders such as schizophrenia 

or bipolar disorder; (6) inability or unwillingness to complete study procedures, and (7) 

enrollment in a study which required the use of an investigational drug or biologic. A 

total of 19 participants were enrolled in this study. All participants (100%) were assessed 

at baseline before chemotherapy. Of these, 11 participants were assessed mid-study, after 

receiving 500mg/m2 of oxaliplatin and 10 participants successfully completed all 3 study 

assessments.  

3.3. Recruitment Strategy 

Treating oncologists served as referral sources for participation in the study. 

Patients were informed about the study during their initial consultation, when treatment 

plans were being discussed. These patients were offered information about the study 

during their initial consultation visit, and staff nurses at the UMGCC identified eligible 

patients. Data collection and study-related procedures were performed by research staff. 

Initial screening through chart review was done for patients who were referred for the 

study. Patients who met the inclusion/exclusion criteria were recruited and enrolled into 

the study, after information about the study was given to the patients and informed 

consent obtained.  

3.4. Protection of Human Subjects 

The University of Maryland Institutional Review Board approved the conduct of 

the original study from which data was derived and used for this analysis. The study 

posed greater than minimal risk to the participants, due to the testing protocols as well as 
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the use of blood and skin samples for evaluation of genetic analysis, which was not used 

for the present analysis. The original data set remained secure in a password-protected 

external drive and all original data and forms remained securely locked in the research 

team office. For the present study, only de-identified data were examined and a non-

human subjects research protocol was approved with the Institutional Review Board. 

3.5. Method and measures used in the primary study 

Demographic data including age, race, education level, cancer diagnosis, date of 

diagnosis, cancer surgery and date, antineoplastic regimen, anticipated number of 

treatment cycles as well as clinical data (e.g. height and weight) were obtained at baseline 

prior to receiving initial treatment. Study staff noted treatment regimen and calculated 

cumulative doses of oxaliplatin administered during the study. OIPN and other symptoms 

of toxicity were managed by the oncology team using supportive therapy and when 

necessary, reduction in oxaliplatin dose, and/or temporary suspension of treatment with 

oxaliplatin.  

After written consent was obtained, study staff assessed presence of OIPN, using 

the NCI-CTCAE v5.   Participants completed the Neuropathic Pain Scale (NPS) and 

FACT/GOG-Ntx (QoL) questionnaire. These measures were explained to participants 

and study staff was available to answer questions. Sensory fiber assessments were done 

using CPT testing at 2000Hz, 250Hz and 5Hz, followed by QST. The order of QST was 

as follows: cold detection threshold (CDT), warm detection threshold (WDT), thermal 

sensory limen (TSL), cold pain threshold, heat pain threshold (HPT), mechanical 

detection threshold (MDT), pin sense, and vibration detection threshold (VDT). 

Standardized sets of instructions were given to participants during QST testing. Other 
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assessments of motor function performed in the primary study that are not addressed in 

the present analysis include grip strength and DTR.  

The same sets of assessments and questionnaires were administered after 

participants received 500mg/m2 of oxaliplatin and after they completed all chemotherapy. 

Participants with NCI-CTC grade > 1 were considered to have OIPN because NCI-CTC 

grade 1 defines mild CIPN symptoms that do not interfere with activities of daily living.  

3.5.1. Current Perception Threshold 

CPT assessment was done using the Neurometer® (Neurotron, Baltimore) and the 

influence of OIPN on nerve fiber response to CPT testing is summarized in Table 4. Prior 

to testing, temperature of the participant’s palm was obtained and recorded using a 

thermometer. The middle finger of the non-dominant hand was cleansed to remove dead 

skin and oil residue. Two 12 mm diameter gold electrodes containing conductive gel 

were attached to the finger. Alternating current in the range of 0.01 to 9.99 milliamperes 

(mA) was delivered in sinusoid waveform at a frequency of 2000Hz. After determining 

the sensory threshold, an automated electrical current stimulus was applied to the finger 

above and below the predetermined sensory threshold. Participants provided responses 

regarding the presence or absence of electrical stimuli, via a feedback button. To 

eliminate bias, both the tester and participant were blinded to timing of electrical 

stimulus. The procedure was repeated for up to 20 cycles until CPT value was 

determined. The same procedure was performed with frequencies of 250Hz and 5Hz. If a 

CPT value could not be determined at a frequency, the procedure was repeated at that 

frequency for a total of three times and aborted after the third attempt. 
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Table 4: Current perception threshold, fiber assessed and their responses to OIPN 

Current Perception 

Threshold Test (Frequency 

in Hz) 

PAF Assessed Influence of CIPN 

(Current required to 

stimulate PAF in mA) 

 

CPT 2000Hz 

 

Aβ 

 

Early: Decreased current 

Late: Increased current 

 

CPT 250Hz 

 

Aδ 

 

Early: Decreased current 

Late: Increased current 

 

CPT 5Hz 

 

C 

 

Early: Decreased current 

Late: Increased current 

 

3.5.2. Quantitative Sensory Testing 

QST was performed using protocols previously established in the literature 

170,175,190,194. QST test performed and the sequence of quantitative sensory testing has 

been described above.  

i. Thermal detection threshold   

Thermal detection thresholds were obtained using the Pathway Model ATS 

(Medoc, Israel) Peltier device. A 16 x 16 mm surface area thermode with a baseline 

temperature of 32°C was placed on the surface of the middle finger on the non-dominant 

hand. The temperature of the thermode was decreased or increased at a rate of 1°C/s in an 

automated fashion. Upon detection of cold or warmth participants pressed a button, 

which recorded the temperature at which the sensation was detected. This was repeated 

three times with a 6-second pause between testing, and the mean temperature recorded as 

the CDT or WDT respectively. For pain thresholds, temperature of the thermode was 

increased (for HPT) or decreased (for cold pain threshold) at the rate of 1°C/s and 

participants were asked to press the feedback button when they could no longer tolerate 
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the heat or cold sensations. These temperatures were recorded as HPT and cold pain 

threshold respectively. To assess TSL, paradoxical cold and warm sensations were 

applied via the thermode and participants were asked to use the feedback button to 

indicate when they felt a change in temperature and whether the sensation was warm or 

cold. To ensure participant safety and reduce the risk of injury, automatic temperature 

cutoffs of 0°C and 51°C were programmed into the Pathway device.  

ii. MDT 

MDT was assessed using Semmes-Weinstein monofilaments (SWM) (Touch Test 

Sensory Kit, my Neurolab.com). Participants closed their eyes and Semmes-Weinstein 

monofilaments (SWM) were applied to the surface of the middle finger of the non-

dominant hand in a perpendicular fashion, until the monofilament began to bend. This 

was held for 1 second and then promptly removed. Starting with the smallest diameter 

monofilament, testing was repeated three times. Monofilament size was progressively 

increased until participant could feel at least one of the attempts. That monofilament size 

was recorded, as the MDT.  

iii. VPT 

A calibrated tuning fork was used to assess vibration threshold. After initiating vibration 

on the fork, the vibrating fork was placed on the bony prominence of the middle finger of 

the non-dominant hand and participants were asked to tell the tester when vibration 

sensation ceased. The reading on the tuning fork was noted. This was repeated three 

times. 

iv. Pin sense 
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Pin-sense testing was performed using a pin and a paper clip. With their eyes 

closed, participants were introduced to the sharp sensation and dull sensation. After 30 

seconds, three sharp and three dull sensations were applied in random order and 

participants were asked to identify the sensation after each stimulus was applied. 

Responses were recorded. 

3.6. Data Analysis 

3.6.1.  Descriptive analysis 

Exploratory data analysis was performed to describe the sample. Categorical 

variables such as gender, education and treatment regimen were reported as frequencies 

and percentages. Means and standard deviations with ranges were used to describe 

continuous variables such as age, BMI, and body surface area (BSA). Participants were 

stratified into groups based on the  

presence or absence of OIPN – those who developed OIPN (NCI-CTC > 1) and those 

who did not develop OIPN (NCI-CTC = 0). Composite scores were computed for the 

NPS and FACT/GOG-Ntx. QST data was examined to determine sensory fiber gain 

and/or loss of function associated with OIPN and OIPN-NP. Variables that were used for 

descriptive analysis are presented in Table A6 and A7. 

3.6.2. Hypotheses testing 

Linear mixed modeling (LMM) were used to test the hypotheses of the study. 

This technique was developed to analyze data with repeated measures and non-

independent residuals by including random effects in the model 212. In LMM, the level of 

measurement of the outcome variable is continuous and normally distributed. LMM uses 

all available data when missing data or dropouts occur for longitudinal observations. In 
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techniques like ANOVA, complete datasets for all participants are required and 

participants are eliminated from analysis due to list wise/case wise deletion of cases with 

any missing data point, resulting in biased estimation and loss of power. Thus, LMM is 

well suited for analysis of longitudinal studies, where non-independence and missing data 

are common.  

To examine the associations between predictors and continuous outcome 

variables like QoL, LMM was used.  A random intercept of the participants was included 

in each statistical model. The intraclass correlation (ICC) of the corresponding null model 

was calculated to ensure that the use of LMM is appropriate.  In all models, parameter 

estimates along with the 95% confidence intervals were computed for each predictor.  A 

p-value < 0.05 was considered significant.  

Sample size being pre-determined, post-hoc power analysis was performed using 

procedures outlined by Gelman (2007) 213. The analysis assumed the study sample to be 

an accurate representation of the population and that the model-detected effects 

accurately characterized the association between variables in the population. After 

accounting for missing data and repeated measurements, the specific observed power of 

each model to detect a significant effect was calculated by determining the proportion of 

samples in which the model detected a significant association between the variables 

represented in the model, out of 10,000 samples obtained from a simulated population. A 

proportion of 0.8 was considered sufficient power. To determine the sample size required 

to achieve a power of 0.8, assuming the model-based effect was indeed true and a large 

effect size, a series of simulations were conducted with increasing sample sizes. The 

power detected as a function of sample size was then plotted to determine sample size. 
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All data analysis was performed using SPSS (IBM, New York) version 23 package, 

except post-hoc power analysis which was performed using R, a publically available 

statistical computing program (https://www.r-project.org). 

3.6.3. Analysis plans for study aims 

Aim 1a: Describe the associations between CPT (5Hz, 250Hz, and 2000 Hz) and QST 

(vibration perception, pin sense, warm detection, cold detection and mechanical detection 

thresholds). 

Hypothesis: CPT 5Hz will be negatively associated with pin sense and positively 

associated with warm detection threshold; CPT 250Hz will be negatively associated with 

pin sense and cold detection threshold; and CPT 2000Hz will be negatively associated 

with VPT and positively associated with MDT. 

 To test each of the hypotheses, separate LMM regression models were used to 

examine the associations.   For example, CPT 2000Hz was the outcome variable in the 

corresponding LMM. Fixed effects were VPT or MDT. Random effects were the 

participants, which accounts for correlation within each subject. A similar approach was 

used to examine the other hypotheses regarding CPT 250Hz and CPT 5Hz.  Besides the 

aforementioned hypotheses, the potential relationships between each of the CPT 

measures and QST measures were examined using similar LMM methods.  

Aim 1b: Determine if CPT (5Hz, 250Hz, 2000Hz) vary by d-OIPN (NCI-CTC) status.   

Hypothesis: CPT at 5Hz, 250Hz and 2000Hz will be higher in patients with d-OIPN 

compared to those without OIPN. 

To test the hypothesis, three separate models were used to examine the 

association. Each of the CPT measures was the outcome variable in the models. Predictor 
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variable was d-OIPN status. To account for ICC within each subject, participants were 

treated as random effects.  

Aim 2a: Describe the progression of OIPN-NP (NPS score, cold pain and heat pain 

thresholds) over the course of oxaliplatin treatment.  

 For each time point, sum scores of items on the NPS10 (see section 2.5) was 

computed to determine overall OIPN-NP score 210. A spaghetti plot was created to 

illustrate the progression of OIPN-NP over time in participants.  

Aim 2b: Explore the association between OIPN-NP (NPS, cold pain and heat pain 

thresholds) and d-OIPN (NCI-CTC). 

Hypothesis: NPS scores will be positively associated with d-OIPN while cold pain and 

heat pain thresholds will be negatively associated with chronic OIPN  

 To examine this relationship, regression models were created using LMM, to 

evaluate the bivariate association between OIPN-NP and d-OIPN. OIPN-NP was the 

outcome variable and d-OIPN will be the predictor. Since NPS scores, cold pain and heat 

pain threshold are used to assess OIPN-NP, separate models were created to examine the 

relationship between d-OIPN and each of these measures. Participants were added to the 

models as a random effect to account for ICC within participants. 

Aim 2c: Determine if OIPN-NP (NPS, cold pain and heat pain thresholds) and d-OIPN 

(NCI-CTC) have independent associations with QoL (FACT/GOG-Ntx). 

Hypothesis: NPS score, cold pain and heat pain thresholds will be negatively associated 

with QoL (FACT/GOG-Ntx). Also, d-OIPN (NCI-CTC) will be negatively associated 

with QoL.  

 LMM was used to compute a regression model, examining the association 
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between QoL (FACT-G scores), OIPN-NP and d-OIPN. Because the Ntx subscale was 

added to the FACT-G later in the study, the FACT-G scores only were used to assess 

QoL. The outcome variable in the models was QoL, while OIPN and OIPN-NP (NPS10 

scores) were the predictors in the model. Random effects were included to account for 

ICC within subject. Since it is established that QoL is reduced in the presence of OIPN 

15,65, estimates of the variance in QoL among participants that is explained by the 

presence of OIPN was first be determined. Consequently, NPS scores was then 

introduced into the model to provide an estimate of the impact of OIP-NP on QoL. 

In all models, parameter estimates along with the 95% confidence intervals were 

computed for each predictor. Also, when introduced into any of the LMMs, the variable 

“Time” represented assessment time points (i.e. at baseline before receiving oxaliplatin, 

after receipt of 500mg/m2 of oxaliplatin after the end of treatment). 
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CHAPTER 4 

RESULTS 

4.1. Sample Characteristics   

 A total of 19 participants were enrolled in the study. Of those enrolled, 10 

(52.4%) participants were available for assessment at the mid-point of the study (i.e. after 

receiving 500mg/m2 of oxaliplatin) and 9 (47.6%) participants completed assessments at 

all three time points. Sample characteristics are shown in Table 5. The most common 

cancer diagnoses were colon cancer (42.1%) and pancreatic cancer (26.3%). The majority 

of the participants were Caucasian males, and included 7 (36.8%) women and 8 (42.4%) 

participants who were either African American or Asian. The mean age of the 

participants was 55.2 years. Many of the participants (47.7%) had associates degrees, 

most were diagnosed with stage IV cancer (63.3%) and had undergone surgery for 

removal of the tumor prior to initiation of chemotherapy (57.9%).  

4.2. Research Aim 1a 

Describe the associations between CPT (5Hz, 250Hz, and 2000 Hz) and QST 

(vibration perception, pin sense, warm detection, cold detection and mechanical detection 

thresholds). 

4.2.1. Descriptive and exploratory data analysis 

 The data were first restructured, such that each case represented an observation 

and not the individual. Table 6 shows the average values of CPT and QST at three time 

points.  Boxplots of CPT and QST variables over time are shown in Appendices A1 – A8. 

The intra-class coefficients (ICC) were computed and indicated that random effects 

models were needed for fitting the data.  The normality assumption was not violated for 
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the CPT measures (all skewness <1).   Figures 2 to 4 show the spaghetti plots for CPT 

2000, CPT250 and CPT5 over time. There was variation in baseline values (intercept) 

and in the change over time (slope) for all the outcome variables, suggesting that a 

random intercept model (RI) and/or random slope model (RS) are needed.    

4.2.2.  Bivariate Associations between CPT and QST  

LMM was used to examine bivariate associations between QST measures (MDT, 

VPT, Pin Sense, CDT, WDT and CDT) and CPT. Table 7 summarizes the model fit 

indices of the three models for each of the QST measures on CPT. Random intercept 

model with time (RI + Time) was the most parsimonious model for CPT 2000Hz while 

RI only model was the most parsimonious model for CPT 250Hz and CPT 5Hz. Table 8 

summarizes the relationships between CPT and each QST measure respectively. CPT 

2000Hz was associated with MDT (β = 269.59, p = 0.008), VPT (β = -44.55, p=0.045), 

and WDT (β = 9.00, p = 0.030). CPT 250Hz was associated with WDT (β= 4.24, p = 

0.027); no association between CPT 5Hz and any of the quantitative sensory tests was 

found.   

4.3. Research Aim 1b 

 Determine if CPT (5Hz, 250Hz, 2000 Hz) varies by d-OIPN (NCI-CTC) status. 

4.3.1. Descriptive and exploratory data analysis 

At baseline, one participant reported the presence of peripheral neuropathy, which 

was unrelated to the administration of oxaliplatin, and the participant was subsequently 

excluded leaving 18 participants available for analysis. At mid-point (after receiving 

500mg/m2 of oxaliplatin), 3 (15.8%) participants developed Grade 2 OIPN. At the end of 

oxaliplatin treatment, a total of 6 (31.6%) participants had developed OIPN, 2 (10.5%) of  
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Table 5: Sample Characteristics at Baseline (n=19) 

Sample Characteristics N (%)  Mean (SD) Range 

 

Age (years) 

   

55.2 (12.8) 

 

34 - 76 

Gender 

Male 

Female 

 

12 (63.2%) 

  7 (36.8%) 

  

Race 

Asian 

Black/African American 

White/Caucasian 

 

  1 (5.3%) 

  7 (36.8%) 

11 (57.9%) 

 

 

 

 

 

Level of Education 

High School 

Associates/Diploma 

Baccalaureate 

Graduate Degree 

Missing 

 

  5 (26.3%) 

  9 (47.7%) 

  1 (5.3%) 

  2 (10.5%) 

  2 (10.5%) 

  

Weight (kg)    74.5 (17.6) 51.2 – 124.1 

Height (cm)  169.7 (9.8) 147 – 185 

BMI    25.9 (5.4) 19.3 – 39.2 

Body Surface Area (m2) 

 

     1.9 (0.2) 1.54 – 2.39 

Cancer Diagnosis 

Colon Cancer 

Rectal Cancer 

Pancreatic Cancer 

Other 

 

8 (42.1%) 

4 (21.1%) 

5 (26.3%) 

2 (10.5%) 

  

Cancer Stage 

Stage 1 

Stage 3 

Stage 4 

 

  1 (5.3%) 

  6 (31.6%) 

12 (63.2%) 

  

Chemotherapy Regimen 

mFOLFOX-6 

FOLFOX-6 

FOLFIRINOX 

XELOX 

Other 

Missing 

 

4 (21.1%) 

4 (21.1%) 

5 (26.3%) 

2 (10.5%) 

1 (5.3%) 

3 (15.8%) 

  

Past Cancer Treatment 

None 

Surgery 

Radiation Therapy 

Surgery and Radiation Therapy 

 

  6 (31.6%) 

11 (57.9%) 

  1 (5.3%) 

  1 (5.3%) 

  

Concurrent Treatment 

None 

Surgery 

Radiation Therapy 

Missing 

 

13 (68.4%) 

  3 (15.8%) 

  1 (5.3%) 

  2 (10.5%) 
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Table 6: Observation level descriptive statistics for outcome measures 

Variable Number of 

observations 

      Mean + SD Skewness  ICC 

CPT 2000Hz 32 331.88 + 97.43 0.633  0.27 

CPT 250Hz 34 103.50 + 44.90  0.165  0.52 

CPT 5 Hz 36   51.36 + 33.16 0.565  0.67 

FACT-G 37   50.18 + 10.26 -0.114  0.63 

Cold Pain Threshold (°C) 34     2.21 + 3.22 1.575  0.43 

Heat Pain Threshold (°C) 34   47.49 + 3.92 -0.807  0.48 

NPS-10 Score 23   11.43 + 14.75  1.542  0.12 

Note: ICC = Intra-class correlation coefficient. 

 

 

 

Table 7: Model fit indices for bivariate relationship between CPT and QST 

CPT Model Model 

Parameter 

                                         Parameter Estimates (df) 

MDT VPT Pin Sense CDT WDT 

 

 

2000Hz 

RI 

 

 

AIC 

BIC 

382.014 (4)  

387.877 

381.25 (4) 

387.11 

388.992 (4) 

394.854 

364.693 (4) 

370.298 

358.644 (4) 

364.249 

RI + RS 

 

 

AIC 

BIC 

 

## 

 

## 

 

## 

 

### 

 

## 

RI + Time AIC 

BIC 

380.219 (5)  

387.548 

378.914 (5)  

391.242 

385.740 (5) 

398.069 

362.389 (5) 

369.395 

357.133 (5) 

364.139 

 

 

 

250Hz 

RI 

 

 

AIC 

BIC 

345.527 (4) 

351.513 

344.132 (4) 

350.118 

346.079 (4) 

352.065 

324.194 (4) 

329.930 

319.440 (4) 

325.176 

RI + RS 

 

 

AIC 

BIC 

 

### 

 

### 

 

### 

 

### 

 

### 

RI + Time AIC 

BIC 

 

346.695 (5) 

354.177 

345.396 (5) 

352.879 

347.570 (5) 

355.052 

325.682 (5) 

332.852 

320.867 (5) 

328.037 

 

 

5Hz 

RI 

 

 

AIC 

BIC 

352.689 (4) 

359.023 

352.847 (4) 

359.181 

353.696 (4) 

360.030 

333.839 (4) 

339.944 

332.743 (4) 

338.849 

RI + RS 

 

 

AIC 

BIC 

 

### 

 

### 

 

### 

335.822 (5) 

343.454 

 

### 

RI + Time AIC 

BIC 

354.618 (5) 

362.536 

 

354.419 (5) 

362.336 

355.580 (5) 

363.498 

335.716 (5) 

343.348 

334.742 (5) 

342.374 

Note: RI = Random intercept, RS = Random slope, df = Degree of freedom, ## = Inestimable model – 

Validity of results cannot be ascertained, ### = Inestimable model – Validity of model fit is uncertain, CPT 

= Current perception threshold, MDT = Mechanical detection threshold, VPT = Vibration perception 

threshold, CDT = Cold detection threshold, WDT = Warm detection threshold 
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Table 8: Linear Mixed models for associations between CPT and QST 

CPT (Hz) Parameter Estimates for Quantitative Sensory Tests 

MDT VPT Pin Sense CDT WDT 

 

2000 

RI+Time 

 

  ββββ = 269.59 

CI = 76.85 – 462.34 

  p = 0.008  

 

  ββββ = -44.55 

CI = -87.95 – -1.15 

  p = 0.045 

 

  β = 10.73 

CI = -32.05 – 53.51 
  p = 0.610 

 

  β = -2.67 

CI = -9.83 – 4.48 
  p = 0.446 

 

  ββββ = 9.00 

CI = 0.93 – 17.07 

  p = 0.030 
  

 250 
RI Only 

 

  β = 41.99 
CI = -28.20 – 112.19  

  p = 0.231 

 

  β = -17.66 
CI = -36.76 – 1.43 

  p = 0.068  

 

  β = -7.07 
CI = -23.06 – 8.9 

  p = 0.368 

 

  β = -0.95 
CI = -4.38 – 2.48 

  p = 0.573 

 

  ββββ = 4.24 

CI = 0.53 – 7.94 

  p = 0.027 
      
 5 

RI Only 

 

  β = 15.36 

CI = -14.94 – 45.65 

  p = 0.309 
 

 

  β = 6.32 

CI = -7.28 – 19.92 

  p = 0.350 

 

  β = -1.58 

CI = -12.69 – 9.52 

  p = 0.771 

 

  β = -0.82 

CI = -3.22 – 1.58 

  p = 0.487 

 

  β = 1.83 

CI = -0.95 – 4.6 

  p = 0.186 

Note: Bold = Statistically significant, CI = confidence intervals, CPT = Current perception threshold, MDT 

= Mechanical detection threshold, VPT = Vibration perception threshold, CDT = Cold detection threshold, 

WDT = Warm detection threshold; Outcomes: CPT measure; Each of the QST measures (predictors) was 

fit with one CPT measure individually in separate models. CPT 2000Hz models included time as a 

covariate.  

 

 

Figure 2: Spaghetti plot for CPT 2000Hz 
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Figure 3: Spaghetti plot for CPT 250Hz 

 

 

Figure 4: Spaghetti plot for CPT 5Hz 
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Table 9: Prevalence of OIPN at Assessment Time Points (n=18) 

Time point N (%) 

 

Treatment midpoint (500mg/m2) 

No OIPN 

Grade 2 OIPN 

Missing 

 

 

 7 (37%) 

 3 (16%) 

 9 (47%) 

 

End of Treatment 

No OIPN 

Grade 1 OIPN 

Grade 2 OIPN 

Missing 

 

 

 3 (16%) 

 2 (11%) 

 4 (21%) 

10 (53%) 

 

Note: OIPN Status was determined using the Peripheral Sensory Neuropathy assessment 

on the NCI-CTC grading scale v. 5  

 

whom had Grade 1 OIPN and 4 (21.1%) of whom had Grade 2 OIPN. Among the three 

participants who developed OIPN at the mid-point assessment, two continued to have 

OIPN at the end of treatment in addition to 4 new cases of OIPN. Table 9 illustrates the 

prevalence of OIPN among the participants at midpoint and end of study. 

4.3.2. Bivariate associations between d-OIPN and current perception threshold (CPT) 

D-OIPN was re-coded into a dummy binary variable. CPT (CPT 2000Hz, CPT 

250Hz and CPT 5Hz) was the outcome variable in the models. Since participants 

developed d-OIPN at different time points (midpoint vs. post treatment), d-OIPN was 

treated as a time-varying predictor in the model. At each stage, model fit was assessed 

using AIC and BIC. Model fit indices are summarized in Table 10. The RI + Time model 

was the most parsimonious model for CPT 2000Hz and CPT 250Hz, while RI only model 

was the most parsimonious model for CPT 5Hz. The final models examining the bivariate 

association between d-OIPN and CPT are summarized in Table 11. There was no 

significant association between CPT and d-OIPN. The calculated observed power for the 
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associations between OIPN and CPT at 2000Hz, 250Hz and 5Hz were 0.22, 0.21 and 

0.07 respectively. 

Table 10: Model fit indices for Bivariate association between OIPN (predictor) and CPT 

(outcome) 

Model Model 

Parameters 

                           Parameter estimates (df) 

CPT 2000Hz CPT 250Hz CPT 5Hz 

 

Random Intercept 

 

AIC 

BIC 

 

381.094 (4) 

386.957 

 

353.846 (4) 

359.951 

 

353.785 (4) 

360.119 

 

Random Intercept 

+ Random Slope 

 

AIC 

BIC 

 

382.914 (5) 

390.242 

 

355.823 (5) 

363.455 

 

### 

 

Random Intercept 

+ Time 

 

AIC 

BIC 

 

377.884 (5) 

385.213 

 

345.271 (5) 

352.754 

 

355.578 (5) 

363.496 

 

Note: ## = Inestimable model – validity of results could not be ascertained 

 

Table 11: Final model for bivariate association between OIPN (predictor) and CPT 

(outcome) using most parsimonious models 

OIPN Status                         Parameter estimates for CPT 

CPT 2000Hz CPT 250Hz CPT 5Hz 

 

OIPN present 

 

 

β = 60.51 

CI = -12.96 – 133.98 

p = 0.102 

 

β = 20.01 

CI = -17.15 – 57.18 

p = 0.276 

 

β = 0.65 

CI = -18.9 – 20.29 

p = 0.946 

Note: CI = confidence intervals, OIPN = oxaliplatin-induced peripheral neuropathy 

4.4. Research Aim 2a 

Describe the progression of OIPN-NP (NPS score, cold pain and heat pain 

thresholds) over the course of oxaliplatin treatment. 

4.4.1. Descriptive and exploratory data analysis 

Table 12 shows the descriptive analysis of OIPN-NP measures (cold pain 

threshold, heat pain threshold and NPS scores) at all three time points. Cold and heat pain 

thresholds were available for 16 (89%) participants at baseline, 9 (50%) participants at 
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midpoint and 8 (44%) participants at the end of treatment. Of these 7 (39%) participants 

had cold pain and heat pain threshold assessment for all assessment time points. 

Participants experienced increases in cold pain threshold (or decreased cold pain 

tolerance evidenced by increased threshold temperatures) and decreases in heat pain 

threshold (or decreased heat pain tolerance evidenced by decreased threshold 

temperatures) during treatment. Mean cold pain threshold temperatures at baseline, 

midpoint and end of treatment were 1.40°C (median = 0°C), 3.4°C (median = 0.47°C) 

and 2.9°C (median = 2.23°C) respectively, representing an increase in cold pain threshold 

from baseline at both midpoint and end of treatment. Mean heat pain threshold 

temperatures at baseline, midpoint and end of treatment were 47.8°C (median = 49.8°C), 

46.5°C (median = 46.4°C) and 47.5°C (median = 48.9°C) respectively, demonstrating a 

decrease in heat pain threshold from baseline at both midpoint and end of treatment. 

Spaghetti plots showing baseline variation and changes over time in NPS scores, cold 

pain threshold and heat pain thresholds are illustrated in figures B1 to B3.  

Of the 18 participants included in the analysis, NPS scores were available for 8 

(42.1%) participants at baseline, for 7 (36.8%) participants at the midpoint (after 

receiving 500mg/2 of oxaliplatin) and 8 (42.1%) participants at the end of treatment. A 

total of 6 participants (33%) had NPS scores at all 3 assessment time points. At baseline 2 

out of 8 participants (25%) reported NP not associate with oxaliplatin administration. At 

midpoint, all 7 participants (100%) reported OIPN-NP and at the end of treatment, 5 out 

of 8 participants (63%) reported OIPN-NP. At baseline, midpoint and end of treatment 

mean NPS scores were 5.8 (median = 0), 16.4 (median = 10) and 12.8 (median = 10.5) 

respectively. In summary, most of the study participants experienced new onset or 
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worsening OIPN-NP during oxaliplatin treatment which persisted through the end of 

oxaliplatin treatment. 

Table 12: Descriptive analysis of neuropathic pain measures 

 N Minimum Maximum Mean (SD) Median Skewness 

(SE) 

Kurtosis 

(SE) 

Cold pain threshold (°C) 

Baseline 

500mg/m2 

End of Tx. 

 

16 

9 

8 

 

-0.13 

-0.03 

0 

 

5.6 

11.9 

7.6 

 

1.4 (2.1) 

3.4 (4.8) 

2.9 (2.9) 

 

0 

0.47 

2.27 

 

1.1 (0.6) 

1.3 (0.7) 

0.6 (0.7) 

 

-0.3 (1.1) 

-.04 (1.4) 

-1.2 (1.5) 

Heat pain threshold (°C) 

Baseline 

500mg/m2 

End of Tx. 

 

16 

9 

8 

 

37.5 

41.1 

42.9 

 

51.1 

51.1 

51.1 

 

47.8 (3.9) 

46.5 (4.2) 

47.5 (4.0) 

 

49.78 

46.37 

48.85 

 

-1.6 (0.6) 

-.08 (0.7) 

-0.3 (0.8) 

 

 2.1 (1.1) 

-2.0 (1.4) 

-2.4 (1.5) 

Neuropathic Pain Scale  

Baseline 

500mg/m2 

End of Tx. 

 

8 

7 

8 

 

0 

3 

0 

 

31 

54 

41 

 

  5.8 (11.5) 

16.4 (17.9) 

12.8 (16.6) 

 

0 

10 

10.5 

 

1.9 (0.8) 

1.9 (0.8) 

1.0 (0.8) 

 

3.4 (1.5) 

3.9 (1.6) 

0.6 (1.5) 

Note: Neuropathic pain scale range = 0 – 100, with higher scores representing higher pain 

intensity. Tx. = Treatment 

 

4.5. Research Aim 2b 

Explore the association between OIPN-NP (NPS, cold pain, and heat pain thresholds) and 

d-OIPN (NCI-CTC). 

4.5.1. Descriptive and exploratory data analysis 

Table 6 shows mean scores for all three NP measures (NPS10, cold pain and heat 

pain threshold), while Tables A1 – A3 show the median values for OIPN-NP measures, 

across the three time points by OIPN status. ICC computed for OIPN-NP measures were 

0.12, 0.43 and 0.48 for NPS score, cold pain threshold and heat pain threshold, 

respectively, indicating that random effects models were needed to fit the data. (See 

Table 6). Spaghetti plots for OIPN-NP measures (NPS scores, cold pain and heat pain 

thresholds) showed variations in baseline values and in change over time for all pain 

measures (Figure B1 – B3), thus justifying random intercept and/or random slope models 

to fit the data. NPS scores and cold pain threshold had skewness of 1.542 and 1.575 
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respectively and were each transformed to achieve a normal distribution. After 

transformation, skewness for NPS scores and cold pain threshold were 0.123 and 0.493 

respectively. Skewness for heat pain threshold was -0.807. 

4.5.2. Bivariate association between measures of OIPN-NP and d-OIPN 

Measures of OIPN-NP (NPS, cold pain threshold and heat pain threshold) were 

outcome variables. Since participants developed d-OIPN at different time points, d-OIPN 

was treated as a time-varying covariate in the model. The data were restructured as 

previously described in section 4.2.1. LMM was used to examine bivariate associations 

between OIPN and OIPN-NP measures. Table 13 summarizes the model fit indices of d-

OIPN on the three models for each of the NP measures. Random intercept model with 

time (RI + Time) was the most parsimonious model for NPS scores, while random 

intercept only (RI) model was the most parsimonious model for cold pain and heat pain 

thresholds. Table 14 summarizes the relationship between d-OIPN and OIPN-NP 

measures. None of the associations between d-OIPN, NPS scores, cold pain threshold or 

heat pain threshold reached significance. The calculated observed power for the bivariate 

association between d-OIPN and NPS scores, cold pain threshold and heat pain threshold 

were 0.72, 0.36 and 0.38 respectively. 
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Table 13: Model fit indices for bivariate associations between OIPN (predictor) and 

measures of OIPN-NP (outcome) 

 

 

Model 

Model 

Parameters 

                           Parameter estimates (df) 

Neuropathic 

Pain Scale 

Cold Pain 

Threshold 

Heat Pain 

Threshold 

 

Random 

Intercept 

 

AIC 

BIC 

 

## 

 

166.959 (4) 

172.945 

 

193.625 (4) 

199.733 

 

Random 

Intercept + 

Random Slope 

 

AIC 

BIC 

 

## 

 

## 

 

## 

 

Random 

Intercept + 

Time 

 

AIC 

BIC 

 

174.891 

180.346 (5) 

 

164.846 (5) 

172.329 

 

195.010 (5) 

202.642 

 

Note: ## = Inestimable model – validity of results could not be ascertained 

 

Table 14: Final model for bivariate association between OIPN (predictor) and measures 

of OIPN-NP (outcome) using most parsimonious models 

 

OIPN Status                         Parameter estimates for NP measures 

    NPS Scores    Cold Pain 

Threshold 

   Heat Pain 

Threshold 

 

OIPN Present 

 

 

 

  

 β = -9.26 

CI = -21.77 – 3.24 

  p = 0.138 

 

 

  β = 1.09 

CI = -0.87 – 3.05 

  p = 0.257 

 

 

  β = 0.21 

CI = -2.59 – 3.00  

  p = 0.880 

 

 

4.6. Research Aim 2c 

Determine if OIPN-NP (NPS, cold pain and heat pain thresholds) and d-OIPN 

(NCI-CTC) have independent associations with QoL (FACT-G). 

4.6.1. Descriptive and exploratory data analysis 

 Table 6 shows mean FACT-G scores while Table A4 shows the median FACT-G 

scores across the three time points by OIPN status. Box plot for FACT-G scores is shown 

in Figure 5. ICC of 0.63 was computed for FACT-G scores suggesting that random 
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effects models were needed to fit the data. Spaghetti plot for FACT-G scores (Figure 6) 

showed variation in baseline values and in change over time, suggesting a random 

intercept (RI) model and/or random slope (RS) model would be appropriate for analyzing 

this data. The normality assumption was not violated (skewness = -0.114), therefore the 

data was assumed to be normally distributed. Median FACT-G scores by OIPN-NP 

presence as assessed using the NPS is shown in figure 7. All predictors in this model 

(OIPN-NP measures and OIPN) were treated as time-varying in the models. 

4.6.2. Bivariate analysis to assess association between d-OIPN and QoL 

To determine if OIPN-NP (NPS, cold pain threshold and heat pain threshold) and 

d-OIPN have independent associations with QoL (FACT-G), LMM was used to examine 

bivariate associations between presence of d-OIPN and QoL. The measures of OIPN-NP 

were examined as fixed effects. Table 15 summarizes the model fit indices for FACT-G 

scores. RI + Time was found to be the most parsimonious model to estimate the 

association between d-OIPN and FACT-G scores. As shown in Table 16 model 1, the 

association between d-OIPN and FACT-G scores was not significant. The calculated 

observed power for this bivariate association was 0.07. 

4.6.3. Analysis to assess independent association of d-OIPN and OIPN-NP with QoL 

Table 16 models 2, 3 and 4 summarize the fixed effects of OIPN-NP measures on FACT-

G scores. NPS scores have a significant association with FACT-G scores (β = 0.34, p = 

0.002), with OIPN in the model. To estimate the final model (Model 5), non-significant 

fixed effects were excluded and this improved the model fit. NPS score was found to 

have a significant association with FACT-G scores (β = 0.273, p = 0.016). In this sample, 
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higher NPS scores was associated with higher QoL (higher FACT-G scores). This finding 

is opposite to what is reported in the literature. 

 

Figure 5: FACT-G scores across assessment time points 

 

Figure 6: Scatterplot for FACT-G across assessment time points 
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Figure 7: FACT-G scores by NP presence 

 

 

Table 15: Model fit indices for bivariate associations between OIPN (predictor) and 

quality of life (FACT-G) (outcome) 

 

Model Model 

Parameters 

Parameter estimate (df) 

Random Intercept AIC 

BIC 

272.267 (4) 

278.711 

Random Intercept + Random 

Slope 

AIC 

BIC 

## 

Random Intercept + Time AIC 

BIC 

267.334 (5) 

275.252 

## = inestimable model – validity of results could not be ascertained. 
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Table 16: Comparison of Linear mixed models with NP measures as fixed effects 

estimating FACT-G scores 

Model  β (SE) t-statistic p-value           Model fit Statistic 

AIC BIC      df 

Model 1 

OIPN 

Time 

 

 

 1.56 (3.61) 

-0.06 (0.11) 

 

0.433 

0.506 

 

0.669 

0.617 

267.334 275.252 5 

Model 2 

OIPN 

Time 

NPS Score 

 

 

 0.35 (2.23) 

-0.04 (0.07) 

 0.34 (0.09) 

 

0.156 

0.604 

3.676 

 

0.879 

0.556 

0.002 

150.533 157.080 6 

Model 3 

OIPN 

Time 

Cold Pain 

 

 

5.74 (4.16) 

-0.23 (0.15) 

0.86 (0.47) 

 

1.374 

1.517 

1.834 

 

0.181 

0.140 

0.077 

246.555 255.534 6 

Model 4 

OIPN 

Time 

Heat Pain 

 

 

4.01 (4.28) 

-0.13 (0.15) 

0.22 (0.41) 

 

0.938 

0.844 

0.543 

 

0.357 

0.406 

0.591 

249.463 258.442 6 

Model 5 

NPS Score 

Time 

 

0.273 (0.09) 

0.589 (1.11) 

 

2.741 

0.529 

 

0.016 

0.607 

146.682 151.904 5 

Note: Bold = statistically significant 

 

4.7. Summary of results 

 The aims of this secondary data analysis were to ascertain construct validity of 

CPT, by determining the bivariate associations between CPT and QST measures of 

sensory nerve function in the setting of OIPN. Further, this analysis sought to examine 

the association between OIPN and OIPN-NP, and to determine if OIPN and OIPN-NP 

have independent associations with QoL. The major findings of this study are 

summarized below: 
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1. CPT 2000Hz which assesses Aβ was associated with vibration perception and 

WDT, which are measures of Aβ and C fiber function respectively. Both 

associations are statistically significant. CPT 250Hz which assess Aδ fiber is 

associated with WDT. There was no significant association between CPT 5Hz and 

any of the quantitative sensory tests of sensory nerve fibers used in the study.  

2. There was no significant association between the presence of d-OIPN and CPT 

(CPT 2000Hz, CPT 250Hz and CPT 5Hz). Therefore, in this sample, CPT at 

2000Hz, 250Hz and 5Hz, did not vary by OIPN status. 

3. In this sample, although participants experienced new onset and worsening OIPN-

NP with d-OIPN, which persisted through the end of oxaliplatin treatment, there 

was no significant association between OIPN-NP and OIPN.  

4. In this sample, OIPN did not have any significant association with QoL. OIPN-

NP (NPS scores) on the other hand was independently associated with QoL and 

this association is significant. 
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CHAPTER 5 

  DISCUSSION, LIMITATIONS AND RECOMMENDATIONS 

5.1. Introduction 

 This chapter includes a summary of the study, the study results, and a discussion 

of these results within the context of the current literature. Limitations of the study and 

recommendations for future studies will also be discussed.  

5.2. Study Overview 

 This study was designed to assess sensory fiber function in patients who may 

develop peripheral neuropathy after receiving chemotherapy. Specifically, the purpose 

was to explore the role of CPT in assessing OIPN in patients receiving oxaliplatin-based 

chemotherapy, by comparing the performance of CPT with established QST measures. 

CPT is unique in that it is easier to use than NCS and QST and can assess large Aβ and 

small Aδ and C fibers. The second purpose of this study was to examine the relationship 

between OIPN and OIPN-NP and to determine if OIPN-NP independently influenced 

QoL. The relationships between the variables in the study were organized around a 

conceptual framework, guided by the Neuromatrix Theory of Pain. 

 This study was a secondary data analysis of data from a prospective, longitudinal, 

descriptive study, designed to characterize the development of OIPN. As such, a 

correlational, descriptive design was used to guide this analysis. The study included a 

total of 19 participants of which data from 18 participants was available for analysis. 

Assessments were performed and data collected on participants prior to receiving 

chemotherapy (baseline), after receiving 500mg/m2 of oxaliplatin (midpoint) and after 
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completing treatment. Of the 19 participants, 10 were assessed at midpoint and 9 were 

available for assessment after treatment completion. 

5.3. Association between CPT and QST in the setting of d-OIPN 

 Participants in this study presented with symptoms of OIPN that were consistent 

with those described in the literature and summarized in Table 2. Participants 

experienced an increase in MDT and a decrease in VPT over the course of oxaliplatin 

treatment which suggests that large myelinated Aβ fibers were affected. Also, there was a 

decrease in HPT and an increase in cold pain threshold, indicating that C-fibers were also 

affected.  

CPT 2000Hz had significant associations with MDT and VPT, which are both 

corresponding QST measures of Aβ fiber function. Increase in the amount of current 

required to stimulate Aβ fibers at 2000Hz corresponded with increase in MDT and 

decrease in VPT, reflecting deterioration of Aβ fiber function. CPT 250Hz did not have 

any association with any of the corresponding QST measure of Aδ fiber function (pin 

sense and CDT) and CPT 5Hz did not have any association with corresponding QST 

measure of C fiber function (WDT). The lack of association between CPT 250Hz and 

CPT 5Hz and their corresponding QST measures may be due to the small sample size of 

this study. Interestingly, CPT 2000Hz and CPT 250Hz both had significant associations 

with WDT, which is a measure of C fiber function, whereas CPT 5Hz did not. These 

findings suggest that at a frequency of 2000Hz, CPT assesses both Aβ and C fibers and at 

a frequency of 250Hz, CPT assesses C fibers.  

An advantage of CPT over QST is its neuro-selective property and the 

opportunity this provides to exclusively and selectively stimulate specific sensory fibers 
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without activating others, yet this appears not to be the case in this study. In fact, the 

usefulness of CPT is premised upon its neuro-selective property. Whereas small sample 

size may have contributed to the lack of association between CPT 5 and its corresponding 

QST measure, the significant associations between CPT 2000Hz and CPT 250Hz with 

WDT call into question, the ability of CPT to selectively and accurately assess sensory 

fiber damage in the setting of d-OIPN. The inability of CPT to achieve neuro-selectivity 

in the setting of CIPN has also been previously reported 214. In that small exploratory 

study (n = 35) evaluating the role of CPT for assessment of CIPN, CPT 2000Hz (Aβ) and 

CPT 5Hz (C) had significant associations with CDT (Aδ).  

In studies where QST has been used to assess pain state, stimuli which typically 

activate Aβ fibers may also activate sensitized Aδ- and C fibers.  In addition stimuli 

which are known to activate Aδ fibers may also activate sensitized C fibers. 215–219 The 

persistence of d-OIPN and OIPN-NP in the study participants suggest the presence of 

peripheral sensitization. Consequently, it is not surprising that MDT(Aβ), VPT(Aβ) and 

WDT(C), were associated with a CPT 2000Hz(Aβ) or for WDT(C) to be associated with 

CPT 250(Aδ). However, QST requires activation of the receptors on sensory nerve 

endings to stimulate the nerve, whereas CPT bypasses the receptors and directly 

stimulates the sensory nerves, using electrical current. Since receptors on sensory nerve 

endings are polymodal in nature, the ability to bypass them and exclusively stimulate 

specific sensory nerves, in part, confers neuro-selectivity on CPT. It remains to be seen 

however, whether peripheral sensitization produces the same effects on CPT assessments 

of sensory fibers as it does on QST assessments.  
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5.4. Role of QST for assessing d-OIPN 

 In this study, most of the participants available for assessment at the end of the 

study had developed d-OIPN. Somatosensory abnormalities associated with d-OIPN 

include increased MDT, increased VPT and increased cold pain threshold among others. 

Among the QST measures used in this study, VPT (Aβ) and not MDT (Aβ) was 

significantly associated with the development of d-OIPN (Table A5). Pin sense (Aδ) was 

also significantly associated with OIPN. Pin sense and VPT have been reported 

previously as reliable measures of CIPN in general 13,94. For this reason, they are 

commonly used in the research and clinical settings as part of comprehensive physical 

examinations and are incorporated into composite scales like the TNSc©. Although Aβ 

and C fibers seem to be most affected in the setting of d-OIPN, decreased pin sense (Aδ) 

has also been reported during d-OIPN. The somatosensory effects of d-OIPN on C fiber 

function, typically present as increase in cold pain threshold (C), with or without an 

increase in WDT (C) 44,62,63. Notably, there was no association between cold pain 

threshold and d-OIPN in this study.  

It is possible that the lack of association between d-OIPN and cold pain threshold 

as well as MDT in this study may be attributable to small sample size. Multiple 

examiners with varied experience levels were also involved in both NCI-CTC and QST 

assessments and as reported in section 2.2.8(a), there is considerable variation in the 

inter-rater reliability of the NCI-CTC scale, ranging for 45.9% to 75% 75,96. Therefore, 

QST examiner experience as well as inter-rater reliability of NCI-CTC assessments may 

have also influenced the study results. Unfortunately, there were no records of inter-rater 

reliability assessments for either NCI-CTC or QST assessments during the primary study. 
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Future studies should include standardized training for both QST and NCI-CTC 

assessments to reduce measurement bias. 

5.5. Role of CPT for assessing d-OIPN 

There was no association between d-OIPN as assessed by NCI-CTC and CPT 

2000Hz, CPT 250Hz or CPT 5Hz in this study. Only 9 participants were available for 

assessment at study conclusion and only 6 of them had developed d-OIPN. Therefore, 

few participants remained for the entire study duration to allow time for OIPN 

development. The lack of association between CPT and d-OIPN may therefore have been 

due to the small and inadequate sample size, evidenced by insufficient observed 

statistical power. The power of a statistical analysis refers to the probability that the 

analysis correctly rejects the null hypothesis or reports an association if one exists. 

Assuming the same study design and analysis, post-hoc analysis showed that to detect a 

large effect size in CPT at 0.8 power, a sample size of about 125 participants was 

required.  

In addition to the variable inter-reliability of the NCI-CTC discussed previously, 

another reason for the lack of association between CPT and d-OIPN may also have been 

the fact that the NCI-CTC scale was not sensitive enough to pick up d-OIPN, especially 

in the early stages 75,83. Larger, well-powered, prospective studies utilizing tools like the 

TNSc© which are more sensitivity to d-OIPN are needed, to conclusively demonstrate 

any role CPT may play in the assessment of OIPN.  

5.6. Relationship between d-OIPN, OIPN-NP and QoL 

 D-OIPN is often associated with OIPN-NP and has a negative effect on QoL. In 

this study, there was no relationship between d-OIPN and OIPN-NP, although more 



 71

participants developed d-OIPN, experienced higher cold pain thresholds and reported 

higher NPS scores at the end of treatment compared to baseline and midpoint. D-OIPN is 

typically not associated with changes in HPT 44,62. This may be due to degenerative 

processes in the peripheral nerves such as Wallerian degeneration where damaged 

sensory nerves begin to degenerate distal to the point of injury, resulting in hypoesthesia 

or reduced sensation to stimuli.  However, several studies have reported an association 

between d-OIPN and increased cold pain threshold. The small sample size in this study 

may be a reason for the lack of association between d-OIPN and OIPN-NP (NPS and 

cold pain threshold), as evidenced insufficient statistical power from post-hoc power 

analysis for the respective models. Assuming the same study design and analysis, post-

hoc analysis showed that to detect a large effect size in cold pain threshold and NPS 

scores at 0.8 power, a sample size of about 70 and 25 participants respectively, was 

required. Since, the NPS was introduced after the primary study was well under way, 

only a subset of the original sample completed this measure. Further, some participants 

were only able to complete the NPS assessment at midpoint and/or end of study and not 

at baseline, potentially contributing to the contradictory results obtained see in this study.  

 Although there is increasing evidence in the literature that d-OIPN is associated 

with decrease in QoL, no association was found between d-OIPN and QoL in this study. 

Quality of life assessment in clinical oncology, comprises of several components which 

can make it a stable construct to measure. Consequently, more frequent assessments, over 

a longer period, in larger sample sizes, may be needed to detect small effect changes. As 

illustrated in Figure 6, there was minimal variation in FACT-G scores, particularly after 

the second assessment time point (after receiving 500mg/m2 of oxaliplatin). Some 
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possible reasons for this include that participants may have developed sufficient coping 

mechanisms and/or possess good support systems which allow them to cope with their 

diagnoses, treatment and resultant OIPN or participants may have just become used to 

OIPN symptoms, such that it no longer significantly influences their QoL. They may also 

be hopeful about the outcome of their treatment, leading to a positive outlook and better 

QoL.  

The fact that participants were assessed only three times over the course of their 

treatment and the small sample size, evidenced by insufficient statistical power from 

post-hoc power analysis, may have contributed the lack of association between d-OIPN 

and QoL in this study. Assuming the same study design and analysis, post-hoc analysis 

showed that to detect a large effect size in FACT-G scores at 0.8 power, a sample size of 

about 1500 participants was required. Additionally, the FACT-G assesses the general 

QoL in patients with cancer, therefore it is possible that this instrument was not sensitive 

enough to pick up variations in QoL that may have resulted from the presence of OIPN. 

153  

There was a significant association between patient-reported OIPN-NP (NPS 

scores) and QoL explaining 7.3% of the variance in QoL. However, the association was 

positive, such that as NPS scores increased so did QOL. This finding contradicts 

previously published studies showing a negative influence of OIPN-NP on QoL. Several 

reasons could have accounted for these findings. Careful examination of the data revealed 

that participants who did not have d-OIPN, had higher baseline NPS scores (not 

associated with OIPN) and reported higher NPS scores at midpoint and end of treatment, 

compared to those who had d-OIPN. In addition, patients with colorectal cancers have 
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been reported to have higher levels of NP compared to other cancers 161. The higher NPS 

scores among participants without OIPN could be because most of the participants had 

advanced stages of cancer and had undergone surgery. The pain reported could therefore 

be due to post-operative pain or pain associated with cancer and unrelated to oxaliplatin. 

Additionally, participants with NP reported higher QoL (higher median FACT-G scores) 

throughout the study, compared to those who did not have NP. It is possible that 

participants who presented with NP were adequately coping with it or had become used 

to the pain such that it now had minimal effect on the quality of their lives.  

5.7. Strengths, limitations and recommendations for future studies 

 A strength of this study includes the fact that the study sample in the original 

study was homogeneous. All participants had cancer of the gastrointestinal tract and were 

receiving oxaliplatin as the only neurotoxic drug. The design in the primary study and the 

exclusion of participants with pre-existing neuropathy of any source, helped reduce 

possible factors that could confound the results of the study.  

Since this study is a secondary data analysis, the data were not originally collected 

to answer some of the study questions. To address this, a theoretical framework was 

adopted to help guide the analysis and interpretation of the data. Missing data was present 

in this secondary dataset. However, this was due to participant dropout or the late 

introduction of the NPS in the primary study. As a result, some participants completed 

the study with NP assessment done only at the end of treatment, resulting in only 6 

participants with complete NPS scores at all time points. The problem of missing data is 

also compounded by the fact that the primary study had a longitudinal design, which 
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lends itself to missing data. Future studies should include efforts to obtain and administer 

all measures at all assessment time points to minimize missing data. 

The small sample size in this study constitutes the major limitation of this study. 

Small sample size reduces statistical power and therefore may influence the accuracy and 

generalizability of the study findings. To address the issue of missing data and small 

sample size, LMM were adopted for data analysis. This technique takes advantage of the 

strength of longitudinal designs, including repeated measurement of the same 

phenomenon over time. The LMM approach is therefore very robust and uses all 

available data points to provide parameter estimates in datasets with small sample sizes 

containing missing data. This is an advantage over methods like repeated measures 

ANOVA, which eliminates whole data points that may contain missing data, thus 

reducing sample size.  

Attrition was also a limitation in this study. By the third assessment time point, 

about half of the study participants had dropped out of the study. Recruiting participants 

for cancer studies can be difficult, since patients may consider participation an additional 

burden to the stress of diagnosis and treatment. Attrition in studies involving cancer 

patients tend to be high as participants can develop complications from the primary 

cancer or the treatment course, making them ineligible or physically unable to continue 

participation in the study.  

The presence of potentially confounding factors also pose a challenge to the 

interpretation of results. Participants who had pain at baseline were recruited into the 

study. This posed a problem in determining whether pain experienced in the study was 

due to oxaliplatin administration or worsening pre-existing pain, unrelated to oxaliplatin 
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treatment. Additionally, the NPS was introduced after the study was well underway, 

leading to missing data. To address these problems, future studies should increase the 

pool of potential participants by recruiting from multiple sites and efforts should be made 

to ensure that valid and reliable tools are ready and available for all study assessments at 

all assessment time points to reduce minimize the likelihood of missing data. Finally, 

relevant inclusion/exclusion criteria as well as proper screening should be done to ensure 

that participants do not have any baseline characteristics (e.g. pain at baseline), that may 

present challenges to interpretation of results.  

Another limitation of this study is that different staff members performed 

assessments on the same participants at different time points during the primary study, 

thus creating the possibility of measurement error or bias, especially with QST, where 

tester consistency is important to obtain consistent results. Future studies should include 

standardized training and inter-rater reliability testing to document consistency of test 

administration and scoring.  

Although the NCI-CTC is the most commonly used instrument for grading OIPN, 

it still lacks the ability to assess sensory fiber function and has been shown to under-

report cases of chemotherapy-induced neurotoxicity, compared to the TNSc©, which 

includes sensory nerve fiber assessments. 83 Other limitations of the NCI-CTC are 

discussed in section 2.2.8. Future studies should include better instruments like the 

TNSc© which have been shown to be superior to the NCI-CTC in assessing and 

classifying CIPN and more sensitive QoL instruments like the FACT/GOG-Ntx, which 

specifically target the influence of CIPN QoL. 
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5.8. Implications for practice and research 

This study supports the current evidence that VPT and pin sense remain good 

tools for the assessment of OIPN. There is growing consensus that the best instruments 

for assessing CIPN may be composite instruments, which include patient report and 

detailed physical assessment including the use of QST measures like vibration perception 

and pin sense 94,96. CPT holds potential value in this regard because it has the potential to 

be able to neuroselectively assess sensory fibers in the setting of CIPN. CPT at 2000Hz is 

significantly associated with MDT and VPT and can be utilized for assessment of Aβ 

fiber function in d-OIPN setting. More studies are needed to provide better understanding 

of the how peripheral sensitization might influence the neuro-selective properties of CPT 

in the assessment of sensory fibers in the setting of OIPN. More studies are also needed 

to determine if CPT can discriminate between patients who develop OIPN those who do 

not. These studies should be large, well-powered prospective studies, which control for 

confounding factors, reducing measurement errors or bias and increase inter-rater 

reliability through training. These studies should also utilize better CIPN assessment tools 

like the TNS© to improve the accuracy of CIPN diagnosis and allow for better assessment 

of CPT capabilities.  

OIPN is associated with NP and this has a negative effect on QoL. The possibility 

exists that OIPN-NP influences QoL, independent of the effects of OIPN. To address the 

association between OIPN-NP and d-OIPN, future studies should include proper 

screening to ensure that participants do not have any pain at baseline. Further, NP 

assessments should be performed at all assessment time points using valid and reliable 
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pain tools. This will reduce confounding factors which may complicate the interpretation 

of study findings.  

Clinically, it is therefore important to vigilantly assess for the presence of NP in 

patients who receive oxaliplatin using valid and reliable pain instruments such as the 

NPS. Adequate pain management should also be incorporated into the care plan for these 

patients to improve their QoL.  

5.9. Summary  

 Much work remains to be done to develop valid and reliable instruments that can 

be easily used for the assessment of sensory fiber function in the setting of OIPN. This is 

imperative in order to be able to accurately estimate the scope of the problem, better 

understand the mechanisms associated with OIPN and monitor the progression of OIPN 

as well as its response to treatment. Although CPT 2000Hz was associated with VPT and 

MDT, it did not demonstrate sufficient neuro-selectivity. The value of CPT for the 

assessment of OIPN is therefore inconclusive and further studies are needed to 

conclusively determine the role of CPT for the assessment of OIPN. NP is a unique and 

different problem associated with OIPN and it affects QoL. Efforts need to be made to 

incorporate pain assessments and interventions to address this problem in patients who 

develop OIPN. 
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APPENDIX 

 

Appendix A1: CPT 2000Hz over time 

 
 

 

Appendix A2: CPT 250Hz over time 
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Appendix A3: CPT 5 over time 

 
 

 

Appendix A4: Cold detection threshold over time 
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Appendix A5: Warm detection threshold over time 

 
 

 

 

 

Appendix A6: Mechanical detection threshold over time 
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Appendix A7: Vibration detection threshold over time 

 
 

 

 

Appendix A8: Pin sense scores over time 
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Appendix B1: Spaghetti plot for cold pain threshold 

 
Appendix B2: Spaghetti plot for mean heat pain threshold 
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Appendix B3: Spaghetti plot for Neuropathic Pain Scale scores 

 
 

Table A1: Descriptive analysis of NPS scores by OIPN status 

Statistic           Baseline          500mg/m2       End of Treatment 

OIPN No OIPN OIPN No OIPN OIPN No OIPN 

N 0 8 3 4 5 3 

Minimum 0 0 5 3 0 4 

Maximum 0 31 11 54 18 41 

Mean (SD) 0 5.8(11.5) 8.7(3.2) 22.3(22.9) 7.0(9.6) 22.3(18.5) 

Median 0 0 10 16 0 22 

Range 0 31 6 51 18 37 

 

Table A2: Descriptive analysis of cold pain threshold by OIPN status 

Statistic           Baseline          500mg/m2       End of Treatment 

OIPN No OIPN OIPN No OIPN OIPN No OIPN 

N 0 16 2 7 6 2 

Minimum 0 -0.13 0 -0.03 0 1.7 

Maximum 0 5.6 2.5 11.9 6.3 7.6 

Mean (SD) 0 1.4(2.1) 1.3(1.8) 3.9(5.3) 2.2(2.7) 4.7(4.2) 

Median 0 0 1.3 0.5 1.4 4.7 

Range 0 5.7 2.5 11.9 6.1 5.9 
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Table A3: Descriptive analysis of heat pain threshold by OIPN status 

Statistic           Baseline          500mg/m2       End of Treatment 

OIPN No OIPN OIPN No OIPN OIPN No OIPN 

N 0 16 2 7 6 2 

Minimum 0 37.5 42.7 41.1 42.9 42.9 

Maximum 0 51.1 51.1 51.1 51.1 46.7 

Mean (SD) 0 47.8(3.9) 46.9(5.9) 46.4(4.1) 48.4(4.2) 44.8(2.7) 

Median 0 49.8 46.9 46.4 51 44.8 

Range 0 13.6 8.4 9.9 8.2 3.8 

 

Table A4: Descriptive analysis of FACT-G scores by OIPN status 

Statistic           Baseline          500mg/m2       End of Treatment 

OIPN No OIPN OIPN No OIPN OIPN No OIPN 

N 0 18 3 7 5 3 

Minimum 0 37 38 28 33 46.8 

Maximum 0 63 65 68 66 64.3 

Mean (SD) 0 49.8(7.2) 55.6(15.3) 46.7(14.1) 46.9(12.2) 56.7(8.9) 

Median 0 49.5 64 48.3 46 59 

Range 0 26 27 40 33 17.5 

 

 

Table A5: Bivariate association between OIPN (predictor) and QST measures (outcome) 

QST Measures                     Parameter estimates for QST Measures  

   β (SE) p-value             CI 

Mechanical detection threshold 0.08 (0.11) 0.469 -0.1487 – 0.3127  

Pin Sense -0.56 (0.26) 0.042 -1.0993 – -0.0215 

Vibration perception Threshold -0.61 (0.24) 0.020 -1.1107 – -0.1027 

Cold detection threshold -2.22(1.68) 0.202 -5.7439 – 1.3023 

Warm Detection threshold 0.39 (1.77) 0.803 -3.3281 – 4.0995 
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Table A6: Variables included in descriptive analysis. 

Variables Method of 

Measurement 

Level of 

Measurement 

Demographic Factors 

Gender 

Age 

Race 

Level of Education 

 

Male/Female 

Years 

6 categories 

6 levels 

 

 

Nominal 

Scale 

Nominal 

Ordinal 

Physiological Factors 

Weight 

Height 

Body Surface Area (BSA) 

Body Mass Index (BMI) 

 

Kg 

cm 

m2 

Kg/m2 

 

Scale 

Scale 

Scale 

Scale 

Clinical Factors 

Cancer Diagnosis 

Cancer Stage 

Type of current cancer treatment 

Past Cancer Treatment 

Concurrent Cancer Treatment 

Surgical Resection of Tumor 

Chemotherapy Regimen 

Oxaliplatin dose/cycle 

Oxaliplatin dose at 500mg/m2 

Cumulative Oxaliplatin dose 

Baseline to 500mg/m2 of oxaliplatin* 

500mg/m2 to end of treatment* 

Number of chemotherapy cycles 

 

13 diagnoses 

4 stages 

3 types 

4 types 

4 categories 

Yes or No 

7 regimens 

mg/m2 

mg 

mg 

Weeks 

Weeks 

N/A 

 

Nominal 

Nominal 

Nominal 

Nominal 

Nominal 

Nominal 

Nominal 

Ordinal 

Scale 

Scale 

Scale 

Scale 

Scale 
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Table A7: Variables included in multivariate analysis 

Variables Unit of 

Measurement 

Level of 

Measurement 

Predictor/ 

Outcome 
Measures 

Current perception threshold (CPT) 

- 2000Hz 

- 250Hz 

- 5Hz 
CPT test duration 

Quantitative Sensory Testing (QST) 

- WDT 

- CDT 

- HPT 

- Cold pain threshold 
MDT 

VDT 

Pin Sense 

NCI-CTC grade 

- Peripheral sensory 

neuropathy 

- Paresthesia 

- Neuralgia 
FACT-G score 

Neuropathy Pain Scale 

- Items 1 – 10 

 

 
mA 

mA 

mA 

Minutes 

 

°C 

°C 

°C 

°C 

gm 

0-8 

 

 

0-5 

0-5 

0-5 

0-108 

 

0-10 

 

 

Scale 

Scale 

Scale 

Scale 

 

Scale 

Scale 

Scale 

Scale 

Scale 

Scale 

Scale 

 

Ordinal 

Ordinal 

Ordinal 

Scale 

 

Scale 

 

 

Predictor 

Predictor 

Predictor 

Covariate 

 

Predictor 

Predictor 

Predictor 

Predictor 

Predictor 

Predictor 

Predictor 

 

Outcome 

Outcome 

Outcome 

Outcome 

 

Outcome 
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