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LEARNING OBJECTIVES

After completing this course, the reader will be able to:

1. Define the symptoms of sensory neurotoxicity in oxaliplatin-treated patients and identify the long-term natural
history of nerve dysfunction as a long-lasting complication of treatment that does not necessarily resolve within 6
months.

2. Use sensory excitability techniques to predict long-standing changes in sensory nerve function produced by
oxaliplatin.

@ This article is available for continuing medical education credit at CME.TheOncologist.com.

ABSTRACT

Objectives. Oxaliplatin-induced neuropathy is a signifi- tin-induced neuropathy, using subjective and objective
cant and dose-limiting toxicity that adversely affects assessments.

quality of life. However, the long-term neurological se- Methods. From a population of 108 oxaliplatin-treated

quelae have not been adequately described. The present patients referred for neurological assessment in 2002—
study aimed to describe the natural history of oxalipla- 2008, 52.2% of the surviving patient cohort (n = 24) was
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available for follow-up at a median of 25 months post-
oxaliplatin. Patients underwent a protocol that incorpo-
rated clinical assessment scales, patient questionnaires,
standard electrodiagnostic assessments, and novel nerve
excitability studies to precisely assess nerve function.
Results. At follow-up, 79.2% of patients reported re-
sidual neuropathic symptoms, with distal loss of pin-
prick sensibility in 58.3% of patients and loss of
vibration sensibility in 83.3% of patients. Symptom se-
verity scores were significantly correlated with cumula-
tive dose. There was no recovery of sensory action
potential amplitudes in upper and lower limbs, consis-
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tent with persistent axonal sensory neuropathy. Sensory
excitability parameters had not returned to baseline lev-
els, suggesting persisting abnormalities in nerve func-
tion. The extent of excitability abnormalities during
treatment was significantly correlated with clinical out-
comes at follow-up.

Conclusions. These findings establish the persistence
of subjective and objective deficits in oxaliplatin-treated
patients post-oxaliplatin, suggesting that sensory neu-
ropathy is a long-term outcome, thereby challenging the
literature on the reversibility of oxaliplatin-induced
neuropathy. The Oncologist 2011;16:708-716

INTRODUCTION

Oxaliplatin, a third-generation platinum-based chemother-
apy, is now a central component of the chemotherapeutic
treatment approach to colorectal cancer [1-3]. However,
dose-limiting neurotoxicity resulting from oxaliplatin treat-
ment is a prominent feature, with both acute and chronic
manifestations. Whereas acute neuropathic symptoms typ-
ically resolve within a week [4—8], with increasing cumu-
lative dose, severe chronic sensory neuropathy develops in
20%-50% of patients [1, 3], characterized by distal pares-
thesia and numbness, leading to functional disability. Be-
cause colorectal cancer survivors constitute the third largest
group of cancer survivors [9], the implications of persistent
long-term nerve damage imposes unacceptable burdens on
quality of life in survivorship.

There is limited information available about the natural
history of neuropathy in oxaliplatin-treated patients. Al-
though it has been reported that oxaliplatin-induced neuro-
toxicity is reversible upon treatment cessation [1, 3, 5],
other reports suggest that oxaliplatin-induced neurotoxicity
may be long lasting [6, 10, 11]. Recently, axonal excitabil-
ity studies [12, 13] provided evidence for striking progres-
sive changes in peripheral nerve function that developed
across oxaliplatin treatment, predicting the development of
neuropathy [6, 8, 14, 15]. In the present study, prospective
and longitudinal assessments of oxaliplatin-treated patients
were undertaken to determine the extent to which oxalipla-
tin treatment induces long-standing alterations in peripheral
nerve function.

MATERIALS AND METHODS

Study Design

Clinical assessment, grading scales, nerve conduction stud-
ies, and axonal excitability studies were prospectively un-
dertaken in a series of oxaliplatin-treated patients
consecutively referred from the Department of Medical On-
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cology, Prince of Wales Hospital. The study was approved
by the South Eastern Sydney Area Health Service (Eastern
Section) Human Research Ethics Committee and Univer-
sity of New South Wales Human Research Ethics Commit-
tee. Participants provided written informed consent in
accordance with the Declaration of Helsinki. Patients were
excluded from the study if they received other neurotoxic
chemotherapy, had an Eastern Cooperative Oncology
Group performance status score >2, or had pre-existing
neuropathic symptoms or baseline abnormalities in nerve
function.

Patients received standard oxaliplatin-containing treat-
ment regimens. Oxaliplatin was administered i.v. over 2
hours at an initial dose of 85 mg/m? (with the 5-fluorouracil,
leucovorin, and oxaliplatin [FOLFOX]4 regimen) [3], 100
mg/m* (with the FOLFOX6 regimen) [16], or 130 mg/m?
(with the capecitabine plus oxaliplatin [XELOX] regimen)
[17]. Nerve conduction studies were completed by a neu-
rologist who was blinded to the clinical status of patients.
Clinical assessment was undertaken by oncologists using
the National Cancer Institute Common Toxicity Criteria for
Adverse Events (NCI CTCAE) scale (version 3) and who
were blinded to the results of the electrophysiological in-
vestigations. Nerve excitability and questionnaire assess-
ments were completed by trained investigators.

Study Time Course

Patients were assessed at the following time points: base-
line prior to the initial oxaliplatin administration (pre-ox-
aliplatin, n = 24), within 28 days after the final oxaliplatin
treatment (post-oxaliplatin; n = 21), and at a long-term fol-
low-up (median, 25 months; n = 24). A subset of patients
(n = 8) was assessed during oxaliplatin treatment at a me-
dian of treatment cycle 5. Patients were included in the fol-
low-up study if their final oxaliplatin treatment occurred
>10 months before the study census date. Follow-up as-
sessment was completed 10—67 months following patients’
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final oxaliplatin treatment. In order to avoid assessment of
the acute neurotoxic effects of oxaliplatin treatment, all as-
sessments were completed at least 14 days following acute
oxaliplatin infusion.

Clinical Assessment: Grading of Neurotoxicity

A clinical examination was performed that included a neu-
rological history incorporating sensory, motor, and auto-
nomic symptoms, evaluation of deep tendon reflexes,
evaluation of muscle strength, and evaluation of sensory
function, including pin-prick (Neurotip™ disposable nee-
dle; Owen Mumford Ltd., Oxford, U.K.) and vibration
(128-Hz tuning fork) sensibility in the upper and lower
limbs. Clinical data were classified according to the Total
Neuropathy Scale (TNS) [18, 19] using the clinical version
(TNSc) [20] and the reduced version (TNSr), incorporating
neurophysiological measures [21] with severity rankings of
0 (none) to 4 (very severe), as previously validated in pa-
tients with chemotherapy-induced neuropathy [21, 22].

Patients’ descriptions of symptoms were staged using
the Neuropathy Symptom Score (NSS) into negative (sub-
set ITA) and positive (subset IIB) sensory symptoms
summed to give a composite score out of 5 [23]. The Neu-
ropathy Sensory Subscale of the NCI CTCAE scale (ver-
sion 3) was used to classify patients into neurotoxicity
grades [24]: grade 1, mild; grade 2, moderate; and grade 3,
severe. The European Organization for Research and Treat-
ment of Cancer Chemotherapy Induced Peripheral Neurop-
athy module was used to assess significance of patient
symptoms [25], incorporating questions regarding neuro-
pathic symptoms and functional deficits, with results pre-
sented as the percentage of patients reporting the presence
of a particular symptom.

Neurophysiological assessment of nerve function was
undertaken using conventional nerve conduction studies
[14,26] and axonal excitability studies [12, 27]. A Medelec
Synergy system (Oxford Instruments, Oxfordshire, U.K.)
was used for nerve conduction studies of upper and lower
limb nerves. Nerve amplitudes were normalized to baseline
values or expressed as a percentage of normal age-matched
values [26, 28]. Sensory axonal excitability studies were
undertaken using specialized software (Qtrac©; Institute of
Neurology, Queen Square, U.K.). The median nerve was
stimulated at the wrist with a reference electrode placed 10
cm distal over bone and compound sensory action poten-
tials (CSAPs) were recorded from the second digit. Using
established protocols [12, 27], multiple excitability param-
eters were recorded, as in prior studies of oxaliplatin-in-
duced neurotoxicity [8, 15], as indirect measures of resting
axonal membrane potential. The recovery of excitability
following impulse conduction, marking the function of
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Cohort of
oxaliplatin-treated
patients (n = 108)

Surviving patients at time
of follow-up (n = 46)

Precluded from follow-up
(recurrent disease; further
neurotoxic treatment; n = 22)

Patients followed-up
longitudinally (n = 24)

Figure 1. Flow diagram of patient inclusion in the study.
From a total cohort of 108 oxaliplatin-treated patients referred
for nerve studies, 46 patients were alive at the time of follow-
up. Of these, 24 patients were available for follow-up and as-
sessed at a mean of 2.5 years after oxaliplatin treatment.

voltage-gated Na™ channels, was assessed with the param-
eters refractoriness and superexcitability, calculated as the
percent change in threshold 2.5 msec and 7 msec after su-
pramaximal stimulation [12, 29, 30].

Statistical Analysis

To ensure comparability of the examined patient cohort, pa-
tient demographics and characteristics were compared with
those of a group of oxaliplatin-treated patients who were
not available for long-term follow-up (n = 22) using Mann-
Whitney U tests (two-tailed). Symptom severity scores and
clinical and nerve function parameters were correlated
within individual patients with Spearman rank correlation
coefficients. To determine the relationship between excit-
ability measures during oxaliplatin treatment and follow-up
measures, a sum score of composite excitability was deter-
mined by combining the measures refractoriness, superex-
citability, and threshold electrotonus [8, 15] and was
correlated within individual patients’ clinical neurotoxicity
scores (TNSc and TNSr). To compare assessments across
multiple time points (pre-oxaliplatin, post-oxaliplatin, and
follow-up), assessments were paired and compared within
patients using Wilcoxon signed rank tests (two-tailed). Re-
sults are expressed as the mean = standard error of the
mean (SEM) or, alternatively, as the median and interquar-
tile range (IQR) as a measure of variability [15]. Signifi-
cance was defined as p = .05. All statistics were performed
in SPSS (version 18; SPSS, Inc., Chicago, IL).
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Table 1. Patient characteristics
Characteristic Value
Age
Mean 60 £ 2 yrs
Median (IQR) 62 (12) yrs
Range 41-78 yrs
Sex
Male 62.5%
Female 37.5%
Cancer stage
III B 29%
Ic 29%
v 42%
Treatment regimen
FOLFOX4 54%
FOLFOX6 42%
XELOX 4%
n of treatment cycles 10
Range 7-12
Cumulative oxaliplatin dose 802.8 + 30 mg/m>
Median (IQR) 800 (185) mg/m2
Dose range 574-1,160 mg/m>
Duration from last 29 * 4 months
oxaliplatin treatment
Median 25 (28) mos
Range 10-67 mos
Abbreviations: FOLFOX4, infusional fluorouracil,
leucovorin, and oxaliplatin (85 mg/mz); FOLFOXG6,
infusional fluorouracil, leucovorin, and oxaliplatin
(IOOmg/mz); IQR, interquartile range; XELOX,
capecitabine plus oxaliplatin (130 mg/m?).

RESULTS

Patient Characteristics

Between September 2002 and December 2008, in total, 108
oxaliplatin-treated patients were consecutively referred
from the Department of Medical Oncology, Prince of
Wales Hospital for nerve studies and underwent a total of
1,647 neurophysiological assessments (Fig. 1). Of this co-
hort, 7% declined full participation in the study. At the time
of follow-up, 46 of 108 patients were alive (42.6%). Of this
cohort, 24 patients (52.2%) were assessed after 2 years of
follow-up: median, 25 months; IQR, 28 months. Patient
characteristics are shown in Table 1. These patients under-
went at total of 560 neurophysiological assessments. The
remaining patients were precluded from follow-up because
of reasons that included recurrent disease or additional neu-
rotoxic treatment.
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To ensure comparability of the examined patient cohort,
individuals in the remaining patient cohort who were
treated at the same center and were precluded from fol-
low-up (n = 22) were compared with those recruited for the
present study. There were no significant differences be-
tween groups, expressed in terms of the median (IQR) as
follows—age: recruited cohort, 62 (12) years; nonrecruited
cohort, 58 (9) years (p = .34); oxaliplatin dose level: initial
dose for recruited cohort, 85 (15) mg/mz; initial dose for
nonrecruited cohort, 100 (15) mg/m2 (p = .15); cumulative
dose for recruited cohort, 800 (185) mg/mz; cumulative
dose for nonrecruited cohort, 850 (224) mg/m? (p = .86);
time since final oxaliplatin treatment: recruited cohort, 25
(28) months; nonrecruited cohort, 22 (14) months (p = .99);
and maximal neurotoxicity: maximum NCI grade in re-
cruited cohort, 2 (2); maximum NCI grade in nonrecruited
cohort: 2 (1) (p = .13)—suggesting that the examined pa-
tient cohort was representative of the oxaliplatin-treated
population at this center.

Development of Neuropathy

While undergoing oxaliplatin treatment, the majority of pa-
tients (95.8%) reported acute neuropathic symptoms, in-
cluding cold-triggered paresthesia and dysesthesia, muscle
fasciculations, and cramps. Significantly, 30.4% of patients
experienced an oxaliplatin dose reduction because of the se-
verity of persisting neuropathic symptoms and 33.3% of pa-
tients ceased oxaliplatin treatment prematurely because of
neurotoxicity (on average, 2.4 = 0.4 treatment cycles were
stopped prematurely).

Similar to other platinum-based chemotherapies, pa-
tients treated with oxaliplatin may develop worsening neu-
ropathic symptoms after treatment has been ceased, a
process termed the “coasting” phenomenon. Overall, 25%
of patients reported worsening of neuropathic symptoms
following completion of oxaliplatin treatment in the present
cohort. During treatment, 29.2% of patients experienced a
maximum rank of mild neurotoxicity (grade 1), 41.6% of
patients experienced moderate neurotoxicity (grade 2), and
29.2% experienced severe neurotoxicity (grade 3).

Assessment of Peripheral Neuropathy at Long-
Term Follow-Up

At the time of follow-up (29 = 4 months post-oxaliplatin),
the majority of patients reported persistent neuropathic
symptoms (79.2%). Residual sensory neuropathic symp-
toms in the upper limbs were reported by 45.8% of patients
and 79.2% of patients reported residual symptoms in the
lower limbs, primarily numbness in the extremities. All
symptomatic patients reported numbness as the primary
symptom. At follow-up, 20.8% of patients were classified
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with no neurotoxicity (grade 0), 37.5% were classified with
mild neurotoxicity (grade 1), 29.2% were classified with
moderate neurotoxicity (grade 2), and 12.5% were classi-
fied with severe neurotoxicity (grade 3) (Fig. 2A). The NSS
was assessed in all patients at follow-up, with the most pa-
tients demonstrating a score of 1, reflecting the primary
symptom of numbness (NSS 0, 20.8%; NSS 1, 41.7%; NSS
2,33.3%; and NSS 3, 4.2%).

Examination revealed distal loss of pin-prick sensibility
in 58.3% of patients and loss of vibration sensibility in
83.3% of patients, with reduced or absent ankle reflexes in
79.2% of patients. Clinical features were summed into the
TNSc, and 37.5% patients had a TNSc =5 (Fig. 2B). When
neurophysiological recordings were added, 29.2% patients
had a TNSr score of 9-12, indicating the presence of sig-
nificant objective and subjective signs of neuropathy (Fig.
2B). Cumulative dose was an important predictor of the de-
velopment of neuropathy, and symptom severity scores
were significantly correlated with cumulative oxaliplatin
dose at follow-up—correlation coefficients: TNSc, 0.658
(p = .001); TNSr, 0.704; (p = .0005); NCI grade, 0.603
(p = .002); and NSS, 0.453 (p = .03)—illustrating the dose
dependence of oxaliplatin-induced neuropathy (Fig. 2C).

The majority of patients (66.7%) experienced minor, in-
complete improvement in neuropathic symptoms during
the follow-up period, mostly by one severity grade. How-
ever, 33.3% of patients did not experience any improve-
ment and a further 18.8% experienced improvement only in
the upper limbs while the lower limb symptoms remained
unabated. Of note, at the time of follow-up, 41.7% of pa-
tients reported persistent functional difficulties with fine
motor skills or walking balance. Importantly, >40% of pa-
tients were still experiencing significant functional difficul-
ties with daily tasks, including walking problems and fine
motor deficits, which will inevitably impinge on the life-
style of cancer survivors.

Objective Measures of Nerve Function
Neurophysiological assessment revealed persistent, signif-
icant reductions in peak sensory amplitudes in both the up-
per and lower limbs (Table 2). There was no significant
improvement in sensory amplitudes from completion of ox-
aliplatin treatment to the time of follow-up. Sural ampli-
tudes were reduced by 21%—100% at the time of follow-up,
with a mean reduction of 65.7% * 6% from baseline,
whereas upper limb radial amplitudes were reduced by a
mean of 55.7% = 6% and median amplitudes were reduced
by 67.4% = 7.4% from baseline (Fig. 3A). Conduction ve-
locity and motor amplitudes were relatively preserved, con-
sistent with an axonal sensory neuropathy.

Sural amplitudes were significantly correlated with ra-
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Figure 2. Persistence of neuropathy at long-term follow-up.
(A): NCI neuropathy severity grade displayed post-oxaliplatin
and at the time of follow-up, depicting the percentage of pa-
tients characterized with NCI grade 0 (post-oxaliplatin, 0%;
follow-up, 20.8%), NCI grade 1 (post-oxaliplatin, 29.2%; fol-
low-up, 37.5%), NCI grade 2 (post-oxaliplatin, 41.6%; follow-
up, 29.2%), and NCI grade 3 (post-oxaliplatin, 29.2%: follow-
up, 12.5%). (B): TNS at the time of follow-up (TNS clinical
version, blue; TNS reduced version, yellow). (C): Plot of the
association of oxaliplatin cumulative dose (mg/m?) with neu-
ropathic severity as assessed by the TNS (reduced) (correlation
coefficient, 0.704; p = .0005).

Abbreviations: NCI, National Cancer Institute; TNS, Total
Neuropathy Scale.

dial amplitudes at follow-up, confirming symmetrical up-
per and lower limb presentation (correlation coefficient,
0.617; p = .001) (Fig. 3B). In addition, there were no sig-
nificant differences in the degree of reduction in upper and
lower limb amplitudes at follow-up—sural, 0.34 = .06; ra-
dial, 0.44 = .06 (p = .18); median, 0.30 = .07 (p = .86)—
confirming that oxaliplatin-induced neuropathy was not
lower-limb predominant.

In order to assess axonal function and membrane poten-
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Table 2. Nerve conduction results
Baseline Post-oxaliplatin Follow-up
Sural CSAP uV 13512 53 = 1.1 43 *£0.6
Median (IQR) 13 (7) 3.7 4.7) 4.4 (3.6)
p-value .001 .0005
Radial CSAP uV 402 £ 28 170 = 2.4 172 £23
Median (IQR) 41.1 (16.6) 15.5(9.3) 15(9.7)
p-value .001 .001
Median CSAP pV 434 5.6 24.0 £ 2.6 16.8 £ 2.6
Median (IQR) 46.0 (16.3) 25.5 (8.8) 14.3 (9.9)
p-value .018 .012
Sensory nerve conduction study measurements at baseline, at completion of oxaliplatin treatment, and at long-term follow-
up. Results compared using Mann-Whitney test.
Abbreviations: CSAP, compound sensory action potential; IQR, interquartile range.
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Figure 3. Nerve conduction findings across oxaliplatin treatment. (A): Change in compound sensory action potential (CSAP)
peak amplitude immediately following oxaliplatin treatment and at follow-up, normalized to baseline recordings, for median (tri-
angle), radial (square), and sural (diamond) sensory nerves. (B): Relationship of lower limb sural and upper limb radial amplitudes
at follow-up, demonstrating symmetrical upper and lower limb presentation (correlation coefficient, .617; p = .001).

tial in surviving axons, sensory axonal excitability studies
were followed longitudinally. By completion of oxaliplatin
treatment, a suite of sensory excitability changes devel-
oped, consistent with global axonal dysfunction [8, 15].
The most sensitive measures in predicting oxaliplatin-in-
duced neurotoxicity were assessed at follow-up. In 25% of
patients, axonal excitability studies could not be undertaken
at follow-up because of the severity of peripheral neuropa-
thy and the low amplitude of CSAPs.

By the time of follow-up, the stimulus threshold and la-
tency had normalized to baseline levels, suggesting that
surviving axons were conducting normally (presented as
median (IQR), mean = SEM; Threshold follow-up: 4.4
(1.5) mA; 4.4 = 0.3 mA; pre-oxaliplatin: 5.9 (3.7) mA;
6.1 = 1.0 mA; p = .008; Latency follow-up: 3.9 (0.9) ms;
4.1 = 0.2 ms; pre-oxaliplatin: 3.8 (0.9) ms; 3.8 = 0.2 ms;
p = .004). However, deficits persisted in the recovery cycle
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parameters superexcitability (Fig. 4A) and refractoriness
(Fig. 4B), suggesting that residual abnormalities remained
in the function of sensory nerves (presented as median
(IQR), mean = SEM; superexcitability pre-oxaliplatin:
—19.6% (9.4%); —20.4% = 2.1%; post-oxaliplatin:
—31.3% (11.3%); —28.9% = 2.6%; p = .028; follow-up:
—20.9% (6.1%); —23.1 £ 2.0%; p = .05; Refractoriness
pre-oxaliplatin: 17.2% (23.2%); 17.4% = 5.3%; post-0x-
aliplatin: —2.4% (9.3%); —3.2 %= 2.4%; p = .036; follow-
up: 8.1% (18.8%); 8.1% * 4.4%; p = .05).

Critically, when excitability recordings obtained from
patients during oxaliplatin treatment were compared with
neurological outcome at follow-up, there were significant
correlations between excitability parameters during treat-
ment and severity of neuropathy at follow-up (Fig. 4C).
Specifically, the composite sum of the change in excitabil-
ity parameters during oxaliplatin treatment was signifi-
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ange). (A): Superexcitability at pre-oxaliplatin, post-oxaliplatin (pre-oxaliplatin versus post-oxaliplatin, p = .028), and follow-up
(pre-oxaliplatin versus follow-up, p = .05). (B): Refractoriness at pre-oxaliplatin, post-oxaliplatin (pre-oxaliplatin versus post-
oxaliplatin, p =.036), and follow-up (pre-oxaliplatin versus follow-up, p = .05). (C): Summed excitability change during treat-
ment correlated with final clinical neurological outcome (Total Neuropathy Scale reduced [TNSr]) at long-term follow-up

(correlation coefficient, —0.779; p = .003).

cantly correlated with TNSr at follow-up (correlation
coefficient, —0.779; p = .003). Patients with the greatest
change in excitability during treatment demonstrated the
most severe neuropathy at follow-up, indicating that sen-
sory axonal excitability techniques provide a predictive
measure of clinical severity of neurotoxicity at long-term
follow-up.

To determine the relationship between early changes in
excitability and final outcome, the excitability parameter
previously identified as the earliest marker of excitability
change [15], superexcitability, as assessed in early treat-
ment, was compared with the final neurological outcome. A
subset of patients (n = 8) was assessed at a median of cycle
5 (or after 2.5 months of 6 months of oxaliplatin treatment).
Importantly, the extent of superexcitability change by cycle
5 was significantly correlated with TNSr at follow-up (cor-
relation coefficient, 0.830; p = .011), suggesting that sen-
sory excitability techniques provide an early predictor of
clinical outcome at long-term follow-up.

DISCUSSION
The present study provides a prospective, comprehensive,
neurological assessment of long-term outcomes in WD: ox-
aliplatin-treated patients, indicating that oxaliplatin pro-
duces persistent and long-lasting neuropathy. Contrary to
previous reports [1, 3, 5], oxaliplatin-induced neurotoxicity
was not reversible within 6 months, suggesting that clini-
cian-based grading scales underreport the level of chronic
neurotoxicity. Significant neuropathic symptoms and ob-
jective signs of neuropathy remained in most patients, with
severe neurotoxicity in a substantial proportion. Impor-
tantly, the extent of sensory axonal excitability dysfunction
as assessed early during oxaliplatin treatment, prior to clin-
ical detection, was predictive of the degree of neurotoxicity
at long-term follow-up, suggesting that clinical excitability
measures provide a sensitive measure of neurotoxicity in
oxaliplatin-treated patients.

Prior to interpretation of the present findings, the limi-
tations of the study are acknowledged. Although the study
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was conducted at a single center and the small sample size
may limit generalization of the results to a wider clinical
population, there were no significant differences identified
between patients recruited for the study and those not re-
cruited from the same center. Although quality of life was
not formally assessed in the present cohort, patient ques-
tionnaires detailing functional disability in daily tasks were
undertaken. In addition, significant objective neurophysio-
logical dysfunction was identified in the present study, pro-
viding detailed assessment and insight into patient
impairment.

Sensory neurotoxicity has long been recognized as the
major dose-limiting toxicity of oxaliplatin treatment [3, 5,
31]. The present study confirms that persistent peripheral
neuropathy is a common occurrence following oxaliplatin
treatment, with 79.2% of patients with residual neuropathic
symptoms at the time of follow-up. Grading of chemother-
apy-induced neuropathy is problematic, with the lack of
standardization and ambiguity in measurement contribut-
ing to underestimation of neuropathy incidence and sever-
ity [32, 33]. Using clinical grading scales, oxaliplatin-
induced neuropathy has been characterized as completely
reversible within 6 months [3, 5, 31], with the majority of
patients experiencing improvement or recovery within 1
month [1, 2].

Previous studies have highlighted the discrepancy be-
tween clinician and patient grading of neuropathic symp-
toms, with self-report of severe neuropathic symptoms
persisting in 32% of patients in the lower limbs and in 22%
of patients in the upper limbs 12 months post-oxaliplatin
treatment but clinician-scored NCI grades registering only
5.2% of patients as having moderate to severe neurotoxicity
in the same cohort [10]. Objective measures of nerve func-
tion reveal further lasting deficits in sensory nerves [11, 14,
34], suggesting that, rather than recovery, patients undergo
adaptation to chronic symptoms [35].

Importantly, sensory axonal excitability studies ob-
tained during treatment were significantly correlated with
neurological outcome on long-term follow-up, suggesting
that these techniques provide early markers of the risk for
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developing long-term neurological sequelae following ox-
aliplatin treatment. Excitability studies performed during
follow-up also demonstrated persistent changes in sensory
nerve function, suggesting that the changes that develop
during oxaliplatin treatment contribute to the final severity
of neuropathy.

With the increasing use of oxaliplatin in the adjuvant
treatment of colorectal cancer patients, it is important to de-
termine the long-term prognosis of oxaliplatin-induced
neuropathy to provide patients and clinicians with accurate
information regarding the natural history of oxaliplatin-
induced neuropathy. The present study demonstrates that
oxaliplatin-induced nerve damage does not resolve at long-
term follow-up, with significant clinical and neurophysio-
logical deficits persisting in the majority of patients at a
follow-up of 2 years. Importantly, the lack of recovery fol-
lowing oxaliplatin treatment indicates that dose-limiting
strategies are needed unless preventative neuroprotection
becomes a successful strategy, making the search for a neu-
roprotective agent critical. The development of a prognos-
tic marker of long-term neurotoxicity would enable patients
at risk for severe neurological sequelae to be identified
early, potentially enabling patient-specific dosing strate-
gies and facilitating the assessment of future neuroprotec-
tive strategies.
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