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Abstract

Objective—We examined the emergence of chemotherapy-induced peripheral neuropathy
(CIPN), a dose-limiting toxicity of oxaliplatin, over the course of oxaliplatin-based chemotherapy
for colorectal cancer (CRC). Predicting which patients will likely develop CIPN is an ongoing
clinical challenge.

Methods—Oxaliplatin-naive patients with CRC underwent quantitative sensory testing (QST)
before oxaliplatin-based chemotherapy and then rated CIPN-related symptoms via the MD
Anderson Symptom Inventory (MDASI) weekly for 26 weeks. Mixed modeling examined the
value of QST for predicting higher CIPN (MDASI numbness/tingling) during treatment.
Trajectory analysis identified a patient subgroup with consistently higher CIPN symptoms.

Results—Numbness/tingling was the most-frequent, most-severe symptom, with 51% of patients
clustering into a high-CIPN subgroup. Touch-sensation deficits (Bumps Detection test)
significantly predicted the development of more-severe numbness/tingling (est=0.106, P=0.0003).
The high-CIPN subgroup reported increased pain (est=0.472, P<0.0001) and interference with
walking (est=0.840, P<0.0001). In the high-CIPN subgroup, patient-reported numbness/tingling
worsened rapidly in weeks 0-5 (est=0.57, P<0.0001) and then more gradually in weeks 6—26
(est=0.07, P<0.0001).

Conclusion—Prechemotherapy screening with a simple, easily administered objective measure
of touch-sensation deficits (Bumps Detection test) and monitoring of patient-reported numbness/
tingling during the first 2-3 chemotherapy cycles may support improved personalized care of CRC
patients with oxaliplatin-induced CIPN.

Keywords

numbness; chemotherapy-induced peripheral neuropathy (CIPN); symptom burden; oxaliplatin;
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INTRODUCTION

Colorectal cancer (CRC) is the third-most-common cancer and the third-leading cause of
cancer-related death in the United States [1]. Oxaliplatin, in combination with 5-
fluorouracil, leucovorin, capecitabine, and/or irinotecan, is a common chemotherapy
regimen for CRC that confers significant clinical benefit in terms of progression-free
survival and response rates [2-4]; however, oxaliplatin is also neurotoxic [5].

The most common toxicity associated with oxaliplatin treatment is chemotherapy-induced
peripheral neuropathy (CIPN), which manifests in sensory changes and difficulty with
balance and walking. The pathogenesis of CIPN is unclear, and reports of both the incidence
and severity of CIPN are inconsistent in the literature. Clinically, only a proportion of
chemotherapy-treated patients are expected to develop persistent CIPN, and predicting
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which patients undergoing a particular treatment are at higher risk for developing CIPN has
been difficult [6].

The sensory changes that are hallmarks of CIPN, such as numbness and tingling, commonly
start in the fingertips and toes and advance proximally in a “stocking and glove” manner
with continued exposure to treatment, suggesting that primary afferent neurons are the most
vulnerable to the effects of chemotherapy [7-9]. CIPN may or may not be accompanied by
pain and can range from acute but transient numbness to a dose-limiting peripheral
neuropathy that occurs with cumulative oxaliplatin exposure (up to 780-850 mg/m?) [10].
As a result, CIPN causes distress, can affect both daily functioning and treatment adherence
[11], and often persists into survivorship for a significant proportion of patients [12].
Preventing and treating CIPN is therefore particularly important for optimizing patient
outcomes. However, effective personalized management or prevention strategies for CIPN
are lacking [13].

Pfeiffer et al [14] found that patients place greater importance on the toxicity profile of a
treatment than on other clinical factors. Even though studies based on subjective patient-
reported outcomes (PROs) provide more sensitive and reliable information about the
patient’s experience during treatment than clinician-recorded data can do, current practice
continues to rely largely on physician toxicity reports based on the US National Cancer
Institute Common Terminology Criteria for Adverse Events (NCI-CTCAE) [12;15]. PRO-
based symptom profiles for CIPN have not been well characterized with quantitative,
longitudinal data on the development of neuropathy in patients with CRC.

Various objective measures of sensory—functional deficits have been used to assess CIPN in
patients with cancer. Quantitative sensory testing (QST) is a psychophysical battery of tests
that evaluate various aspects of somatic sensory functioning, including skin temperature,
sensorimotor function, sharpness detection, thermal detection, and touch detection. Although
the complete battery of QST measures provides information on the mechanisms of
neuropathy, it is time consuming and requires several specialized pieces of equipment and
associated staff training [16—21]. Consequently, these tests are not routinely conducted in
clinical practice and can result in much random missing data in longitudinal clinical studies
that require repeated measurements.

The relationship between disease-driven sensory functional deficits and the development of
symptom burden is unknown. We therefore conducted a study with both baseline objective
and longitudinal subjective measures of CIPN-related symptom burden to portray the
emergence of CIPN symptoms over the course of oxaliplatin-based chemotherapy for CRC.
Using patient-reported ratings of CIPN symptoms, we characterized the prevalence and
developmental trajectory of these symptoms over time. We hypothesized, on the basis of
previous research by our group [22], that prechemotherapy evidence of peripheral nerve
deficits would predict the emergence of CIPN symptoms during oxaliplatin-based
chemotherapy and the persistence of symptoms posttreatment.
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MATERIALS AND METHODS

Patients

Patients were consecutively recruited between 2008 and 2012 from the GI Medical
Oncology clinic at The University of Texas MD Anderson Cancer Center in Houston, Texas,
USA. Eligible patients had a confirmed pathological diagnosis of colorectal cancer, were at
least 18 years old, were oxaliplatin naive, had no record of preexisting neuropathy
(physician-rated NCI-CTCAE toxicity score = 0), and were scheduled for oxaliplatin-based
chemotherapy. The study was approved by the MD Anderson Institutional Review Board
and is registered at www.clinicaltrials.gov (trial registration ID: NCT00777192). All
participants provided written informed consent.

Patient characteristics and clinical parameters (eg, age, sex, marital status, employment, and
education status, cancer stage, Eastern Cooperative Oncology Group performance status,
body mass index [BMI], comorbidities [including diabetes history], previous cancer therapy,
total chemotherapy dose, and opioid use) were recorded during the study.

Quantitative sensory testing

Patients underwent QST prior to beginning oxaliplatin chemotherapy. To encompass areas
of skin that are typically affected in chronic CIPN, we collected QST data at three sites for
each participant: the tip of the index finger, the thenar eminence, and the volar surface of the
forearm.

Among the QST measures used in this study were a computer-controlled Peltier device for
assessing warm/cool detection thresholds and hot/cold pain thresholds in the Marstock
method [23], the Grooved Pegboard for assessing sensorimotor functioning and manual
dexterity [22;24;25], and von Frey filaments [26] and the new, brief Bumps Detection test
[22;27] for assessing touch sensation. In the Bumps Detection test, patients are tasked with
determining the location of a 5-25 pm raised cylinder that is obscured over one of five
colored dots on a smooth glass panel.

To capture change in CIPN over time as the oxaliplatin dose accumulated, a qualitative
assessment was performed at baseline and again after four cycles of chemotherapy. Patients
answered yes-or-no questions to describe 20 specific characteristics of their neuropathy-
related symptoms (for example, sharp, burning, throbbing, and so on).

Symptom assessment

Patients rated multiple symptoms via the MD Anderson Symptom Inventory (MDASI) at
baseline (before beginning oxaliplatin chemotherapy), weekly during chemotherapy, and
every 2 weeks posttreatment for up to 26 weeks. The MDASI assesses the severity of
common cancer-related symptoms and related interference with functioning over the
previous 24 hours, rated on a 0 (none) to 10 (worst possible) scale. The MDASI includes 13
core symptom items (including numbness/tingling and pain) and six interference items
(general activity, mood, walking ability, normal work, relations with other people, and
enjoyment of life) [28;29]. We focused on patient ratings of numbness/tingling and pain to

Oncology. Author manuscript; available in PMC 2017 February 17.


http://www.clinicaltrials.gov

1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

RESULTS

Patient characteristics

Page 5

track the emergence of neuropathy [30], and we used the MDASI numbness/tingling item
specifically to represent CIPN. MDASI interference with walking was used to represent
neuropathy-related functional impairment.

Statistical analysis

Descriptive analyses (means, standard deviations, standard errors, medians, range,
percentages) were used to present patient characteristics and MDASI symptom ratings over
time.

To investigate the prevalence of high CIPN-related symptom burden over time, we used
group-based trajectory modeling [31;32] to distinguish patients persistently having more-
severe Vs less-severe CIPN-related symptoms (numbness/tingling) during the first 26 weeks
of therapy. Dividing patients into two subgroups with fixed membership (either high or low
symptom outcomes) is based on the clinical need to identify patients with high symptom
burden [32]. We used =4 on the MDASI’s 0-10 scale as the cut point indicating a moderate
to severe rating [33;34].

Data from patients who contributed both QST and MDASI data prior to beginning
oxaliplatin-based chemotherapy were analyzed to identify risk factors for high-CIPN
symptom burden. Linear mixed-effect modeling, with a random effect for patient and
autoregressive variance structure, was applied for each baseline QST measure, controlled for
other confounders such as age, sex, Eastern Cooperative Oncology Group performance
status, BMI, comorbidities, and opioid use. QST measures that were significantly predictive
of increase in numbness/tingling over the 26 weeks of the study were then included in a final
logistic regression model, controlled for the same covariates.

We used nonlinear mixed-effect models to describe separately the longitudinal profiles of
CIPN-related symptoms (numbness/tingling) in the high-CIPN and low-CIPN subgroups.
The group-based trajectory analysis showed quadratic change in CIPN symptoms over time.
Thus, for each nonlinear mixed-effect model, we fitted two adjoining lines with different
slopes and estimated the point (weeks from treatment start) at which the two lines would
meet.

The effect of numbness/tingling on the development of pain and functional impairment
(specifically, MDASI interference with walking) during chemotherapy was examined by
mixed-effect models, including a random effect for patient with autoregressive variance
structure, controlled for age, sex, BMI, comorbidities, and baseline opioid use.

All statistical analysis was done with SAS 9.1 for Windows (SAS Institute, Cary, NC).
Statistical significance was set at P<0.05.

One hundred patients were enrolled in this prospective study and contributed longitudinal
MDASI symptom data; of these, 60 patients contributed baseline QST data. Table 1 presents
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demographic and clinical characteristics of the sample. We observed no significant
difference for any factor between patients who contributed QST data and those who did not.
All patients received standard oxaliplatin-based treatment, with a mean dose of 85 mg/m?
administered biweekly. The mean (standard deviation) accumulated oxaliplatin dose at week
26 was 737.37 mg/m? (313.06 mg/m?), with a median (range) of 683.50 mg/m?2 (184.00—
1,276.00 mg/m?).

Prevalence and characteristics of high CIPN symptom burden

By trajectory analysis, 51% of patients (51/100) belonged to the high-CIPN subgroup, with
most reporting moderate to severe (=4 on the MDASI’s 0-10 scale) numbness/tingling after
12 weeks of oxaliplatin-based treatment. \We observed no significant impact from disease
(cancer stage IV vs. Il or 111) on baseline numbness/tingling ratings. By the end of week 26,
48% of the sample reported moderate to severe MDASI numbness/tingling. Figure 1
presents the group-based trajectory modeling analysis of the severity of numbness/tingling
(N =100).

For the qualitative CIPN symptom assessment, patients (n = 60) reported on 20 possible
characteristics of the CIPN they were experiencing. Few patients reported any symptom at
baseline; after four cycles of chemotherapy, the most frequently reported descriptors were
numb, tingling, and cold. In terms of pain quality, significantly more patients in the high-
CIPN subgroup reported cold pain (45% vs 19%, P=0.042).

Risk factors for development of CIPN-related symptom burden

All patients entered the study with no reported neuropathy (baseline physician-rated NCI-
CTCAE score = 0). There were no significant differences in baseline QST scores between
the high-CIPN vs low-CIPN subgroups (n = 60). However, adjusted for covariance, the
univariate analysis indicated that several baseline QST measures were significantly
predictive of increase in numbness/tingling over the 26 weeks, including the Bumps
Detection test (P=0.0003), dominant-hand Grooved Pegboard test (P=0.0163),
nondominant-hand Grooved Pegboard test (P=0.0005), and touch-detection thresholds at the
painful area (P=0.0162), the border area (P=0.0003), and the volar area (P=0.0003). The
multivariate analysis confirmed the significant predictive role of Bumps Detection test
(P=0.002) and the nondominant-hand Grooved Pegboard test (P=0.002), controlling for the
same covariates. Female sex, Eastern Cooperative Oncology Group performance status =1,
BMI, and baseline opioid use showed significant association with moresevere numbness
over time. See Table 2.

Longitudinal profiles and the impact of CIPN-related symptom burden

Figure 2 presents the curves of estimated means of numbness, pain, and interference with
walking for all patients during the 26-week study (N = 100). As the dose of oxaliplatin-
based chemotherapy accumulated over time, numbness/tingling quickly became the most
severe symptom reported on the MDASI, followed by fatigue.

Mixed modeling showed a rapid increase in numbness/tingling in the first 5 weeks of
chemotherapy for the high-CIPN subgroup (est = 0.57, P<0.0001), then less rapidly but
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significantly in weeks 6—26 (est = 0.07, P<0.0001). In contrast, the low-CIPN subgroup had
a slower increase in numbness/tingling in weeks 0-19 (est = 0.08, P<0.0001) that levelled
off without further significant change during weeks 20-26 (est = 0.02, P=0.731).

Table 3 presents the impact of high CIPN on symptom burden. Mixed modeling indicated
that patients in the high-CIPN subgroup were more likely to have increased pain severity
during the study period (est = 0.507, P<0.0001). Other factors significantly related to higher
pain score were age <60 years (P<0.0001) and baseline opioid use (P<0.0001). Nonetheless,
pain was not especially prevalent, with only 5% reporting moderate to severe pain by week
26.

Moderate to severe interference with walking was reported by 17% of patients by week 26.
Membership in the high-CIPN subgroup was significantly related to the total interference
score (P<0.0001), and notably to interference with walking (est = 0.795, P<0.0001) (Table
3). The magnitude of impact from the severity of numbness was larger for the physical
activity interference items (general activity, walking, work; est = 1.020) than for the
affective interference items (mood, enjoyment of life, relations with others; est = 0.560).

DISCUSSION

To our knowledge, this study is the first to report that baseline deficits in sensory
functioning measured using the Bumps Detection test, a simple objective assessment, were
predictive of increasing numbness/tingling during the first 26 weeks of oxaliplatin-based
chemotherapy. We also demonstrated that more than one-half of patients with CRC (51%)
reported significantly increased numbness/tingling over time; the patients in this high-CIPN
subgroup experienced a rapid increase in numbness/tingling in weeks 0-5 and then a slower,
but still significant, increase in the following weeks. Membership in the high-CIPN
subgroup was more likely to be related to increased pain during the 26-week study, and
CIPN often interfered with physical functioning, especially walking. Together, both
objective measurement and corresponding subjective patient report provided evidence for
identifying high risk for CIPN symptom burden, which has important implications for
improving personalized management for patients who receive oxaliplatin as treatment for
CRC.

A previous study reported on the use of objective QST assessment of motor-nerve
excitability to establish CIPN status [35], and preexisting neuropathy was shown to be a risk
indicator for possible high symptom burden for patients receiving oxaliplatin treatment
[17;22]. In concert with those results, the current study demonstrates the predictive value of
critical components of QST when sensory deficits exist before chemotherapy for identifying
individuals with higher risk for self-reported CIPN symptom burden. Our results also extend
the knowledge about the contribution of disease plus chemotherapy on CIPN-related PROs
[17;22].

Comprehensive QST testing requires considerable staff and patient time (at least 45
minutes), along with specialized training and specialized equipment in the clinic. In contrast,
the Bumps Detection test is relatively inexpensive and convenient to administer (requiring

Oncology. Author manuscript; available in PMC 2017 February 17.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wang et al.

Page 8

approximately 5 minutes) and is easy to score, making it a friendly, feasible test for
inclusion in pretreatment CIPN risk assessment. The agreement among results from both
conventional (von Frey monofilaments) and novel (Bumps Detection test) QST methods for
assessing touch detection [27] and MDASI numbness/tingling ratings over time confirmed
the potential utility of the Bumps Detection test as a standalone QST measure. The Grooved
Pegboard test, a sensory-motor function measure, also was predictive of CIPN symptom
development in the univariate analysis. However, results from the Grooved Pegboard should
be interpreted with caution due to variations in motor functioning that could be caused by
existing cognitive impairment, reported to be three to five times higher in patients with CRC
than in healthy controls [36;37].

Our results also confirm clinical observations that not all patients with CRC receiving a
similar dose of oxaliplatin develop high CIPN symptoms. Neurotoxicity is a well-known
adverse effect of oxaliplatin, reported primarily via clinician toxicity ratings or patient
yes/no responses about the presence of CIPN symptoms [38]. Limited published studies
have presented longitudinal PRO-based quantitative data about the duration and dynamic
developmental trend of neurotoxicity symptoms and their functional impact [39]. In the
qualitative portion of our study, “numb” and “tingling” were the most-often-reported
characteristics from among 20 possible CIPN symptom descriptors; this finding allowed us
to use MDASI numbness/tingling as a PRO measure of CIPN in the quantitative study [40].
Interestingly, we found no significant impact on baseline (prechemotherapy) CIPN
symptoms by disease stage, nor did we observe an impact on high-CIPN versus low-CIPN
subgroup membership from cumulative chemotherapy dose. A possible reason for this is
that, even though more patients with stage IV CRC had received prior therapy, all patients in
this study were oxaliplatin naive.

The combination of frequent PRO data collection via a psychometrically validated tool (the
MDASI), trajectory analysis of longitudinal data, and methods for interpreting relevant
critical items (numbness/tingling, pain, and interference with walking) make the current
study unique. Observation of a rapid increase in numbness/tingling in the first 2-3 cycles of
oxaliplatin-based chemotherapy in the high-CIPN symptom subgroup may be early-enough
information to enable personalized oncology care in terms of chemotherapy dose
adjustments, symptom management, and even symptom prevention.

Previous studies described the negative impact of CIPN on quality of life and physical and
emotional functioning [10-12], but few patient-reported data are available on the dynamic
trajectory of oxaliplatin-induced, CIPN-related interference with usual activities. Results
from the current study support the need for better patient care with more-effective strategies
to prevent and control CIPN than are presently offered. In addition, our study found that
even though significant neuropathic pain was prevalent in only a small proportion of
patients, half of patients would ultimately develop numbness/tingling.

The study had several limitations. First, the neuropathy was not verified clinically by a
neurologist and we did not have clinician-rated NCI-CTCAE neuropathy scores, especially
grade 0 or 1 neuropathy. Second, we excluded patients with a history of neuropathy. Further
study is needed to confirm the value of using the Bumps Detection test in patients with
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existing neuropathy before they begin oxaliplatin-based therapy. Third, because QST is time
consuming and difficult to schedule, we collected prechemotherapy QST data from only
60% of the sample (n = 60/100). Fourth, we only enrolled patients receiving oxaliplatin-
based therapeutic regimens. It would be useful to monitor the longitudinal development of
CIPN and the predictive utility of the Bumps Detection test in relation to other agents known
to produce peripheral neuropathy, including other platinum compounds, the taxanes, and
bortezomib. This knowledge could be useful for decision making about whether or not to
exclude, replace, or stop treatment with these neuropathy-inducing agents, which can
sometimes be permitted in an adjuvant setting without diminishment of treatment efficacy.
Finally, a study longer than 6 months for tracking symptoms and functional burden from
CIPN would be helpful to describe the persistence of CIPN, recovery from CIPN, and its
impact on patients with CRC.

In conclusion, we suggest that baseline screening with a simple and easily administered
objective measure (the Bumps Detection test), along with early, repeated symptom
monitoring of patient rated numbness/tingling in the first 2-3 chemotherapy cycles, may
support improved personalized care of CRC patients with oxaliplatin-induced CIPN. The
Bumps Detection test is relatively inexpensive, takes little time to complete, and requires
minimal training to administer, surmounting barriers to the use of comprehensive QST in
multicenter clinical trials. Overall, our results warrant the use of a symptom-focused,
multidisciplinary assessment approach in patients both before they begin oxaliplatin-based
therapy and throughout the course of treatment.
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Figure 1.
Trajectory of the MDASI item numbness/tingling in patients with colorectal cancer

receiving oxaliplatin-based chemotherapy (N=100)
Abbreviation: MDASI, MD Anderson Symptom Inventory.
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Figure 2.
Estimated means of MDASI symptom severity for numbness/tingling, pain, and interference

with walking during 26 weeks of oxaliplatin-based chemotherapy (N=100)
Abbreviation: MDASI, MD Anderson Symptom Inventory.
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Predictive value of baseline QST on development of CIPN symptoms: multivariate analysis (n = 60, 704

observations)

Table 2

Effect | Estimate | Standard Error | Pr>|t|
Touch detection
Bumps Detection test | 0.109 | 0.035 | 0.002
von Frey filament
Painful area 0.218 0.333 0.513
Border area -0.250 0.476 0.600
Volar area 0.221 0.462 0.633
Sensorimotor function
Grooved Pegboard test
Dominant hand -0.012 0.008 0.136
Nondominant hand 0.024 0.008 0.002
Other variables
Female vs. male 0.956 0.241 <0.0001
ECOG PS (1-2 vs. 0) 0.607 0.208 0.004
BMI 0.038 0.016 0.020
Opioid use (yes vs. no) | 0.567 0.184 0.002

Page 17

Abbreviations: BMI = body mass index; CIPN = chemotherapy-induced peripheral neuropathy; ECOG PS = Eastern Cooperative Oncology Group

performance status; QST = quantitative sensory testing. Multivariate mixed model, with all other factors controlled.
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Impact of numbness/tingling on pain and interference with walking: mixed modelling (N = 100)

Table 3

Effect

| Estimate | Standard Error | Pr>|t|

MDASI pain (1,540 observations)

Week 0.013 0.004 0.002
Age (<60 vs 260) -0.340 0.071 <0.0001
Numbness (high-CIPN vs low-CIPN subgroup) | 0.507 0.068 <0.0001
Baseline opioid use 0.649 0.074 <0.0001
MDASI interference with walking (1,538 observations)

Week 0.0.036 0.006 <0.0001
Numbness (high-CIPN vs low-CIPN subgroup) | 0.795 0.090 <0.0001
Other variables

BMI 0.016 0.007 0.022
ECOG PS (1-2 vs. 0) 0.239 0.096 0.022
Comorbidity (yes vs. no) 0.219 0.106 0.039
Baseline opioid use 0.538 0.098 <0.0001

Page 18

Abbreviations: BMI = body mass index; CIPN = chemotherapy-induced peripheral neuropathy; ECOG PS = Eastern Cooperative Oncology Group
performance status; MDASI = MD Anderson Symptom Inventory.
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