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Abstract

Aim. The current prospective study sought to trace the incidence and severity of oxaliplatin-induced peripheral neuropathy
(OXLIPN) and to determine its clinical and electrophysiological pattern. Patients and methods. Twenty-five adult patients
scheduled to be treated with 12 courses of the oxaliplatin-based regimen, FOLFOX-4, for metastatic colon cancer
participated in this study. Patients were clinically and electrophysiologically monitored at baseline and followed-up during
chemotherapy. The severity of OXLIPN was summarized by means of a modified Total Neuropathy Score (TNS). Results.
Evidence of OXLIPN was disclosed in 16 of the 25 patients (64%). The mean TNS values for patients manifesting some
grade of OXLIPN were 13.9 +5.8 (range 7-28). All longitudinal comparisons concerning the motor conduction parameters
failed to reach significance. By contrast, comparisons of the median changes at baseline and each of the follow-up studies
revealed significant decrease in all sensory action potentials examined. Conclusion. Our results indicate that the majority of
patients treated with the FOLFOX-4 regimen would manifest an axonal, predominately sensory peripheral neuropathy, of

mild to moderate severity.

Colorectal cancer (CRC) is one of the most
frequent types of solid malignancies in the general
population [1]. 5-fluorouracil (5-FU) has become
the standard chemotherapeutic agent used for
treating CRC [2]. Attempts to further improve its
clinical results have introduced combination proto-
cols with 5-FU plus Leucovorin (LV) plus Irinote-
can (IRI) or Oxaliplatin (OXL). Combination
regimens including IRI/LV/5-FU or OXL/LV/5-FU
have demonstrated substantial cytotoxic synergy
and efficacy in the treatment of patients with
advanced or metastatic CRC [3,4].

OXL, a third generation platinum derivate, is
capable of altering the voltage-gated sodium chan-
nels, thereby inducing two clinically distinct forms
of peripheral neuropathy (PN). The acute syn-
drome is consisted of distal or perioral paresthesias

and pharyngolaryngeal dysethesias. It appears soon
after the administration of OXL, is transient and
completely reversible within hours or days [3]. The
other form of oxaliplatin-induced peripheral neuro-
pathy (OXLIPN) is a chronic pure sensory, axonal
neuropathy, closely resembling the cisplatin-in-
duced peripheral neuropathy [5]. Taking into con-
sideration that high cumulative doses of OXL. are
strongly associated with occurrence of OXLIPN,
IRI/LV/5-FU may be the preferable regimen to
avoid significant neurotoxicity associated with
OXIL/LV/5-FU [4].

The aim of this prospective study was to trace
the incidence and severity of chronic OXLIPN and
to determine its clinical and electrophysiological
pattern. The monitoring of acute OXLIPN was not
included among our objectives.
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Patients and methods
Patients’ selection

To ensure homogeneity of the study sample, we have
solely enrolled patients with colon cancer, scheduled
to receive 12 courses of the formal OXL (85 mg/
m?)-based regimen, FOLFOX-4. Thus, 25 adult
patients with a histologically confirmed diagnosis of
colon cancer, 17 males and eight females, aged
64.1+9.3 years, were longitudinally studied in the
current setting. To be eligible for enrolment, patients
had to be over 18 years of age at recruitment, to have
satisfactory liver and renal function, life expectancy
of at least 9 months, WHO performance score of
0-1 and be able to fully understand the study
information provided by the investigators.

Patients having history of peripheral neuropathy
(i.e. hereditary, associated with nutritional agents
and paraneoplastic causes) as well as patients with
systemic or collagen diseases (i.e., diabetes mellitus,
SLE, vasculitis, HIV, alcohol abuse) were excluded.
Patients were also excluded if they were not che-
motherapy naive, or if evidence of PN was disclosed
at baseline screening.

Clinical and electrophysiological evaluation

All patients enrolled were evaluated at baseline by
the same neurologist who performed both clinical
and electrophysiological evaluations. The clinical
evaluation of OXLIPN was based on the Neurolo-
gical Symptom Score (NSS) and Neurological Dis-
ability Score (NDS) [6]. NSS (ranging from 0 being
normal to 17 being most severe affected) assessed
the occurrence of autonomic symptoms, muscle
weakness (bulbar and/or limbs) or evidence of
positive (numbness or pain at any site) and negative
(difficulty identifying objects in mouth or hands and
unsteady gait) sensory symptoms, scoring as present
(1) or absent (0). Clinical signs (i.e., cranial nerves
function, muscle strength, tendon reflexes, joint
position, pinprick and vibration sensation, etc)
were assessed using NDS (ranging from 0 being
normal to 292 being most severe affected) scored
from 0 (no deficit) to 4 (absence of function/severest
deficit). The Functional Grading Scale (FGS) as-
sessed the functional ability, particularly mobility,
ranging from 0 (healthy) to 5 (requiring artificial
ventilation for at least part of the day) [7].
Standard neurophysiological examination was car-
ried out unilaterally (right side), employing the
widely accepted criteria of identification of abnorm-
alities [8]. The distal skin temperature was main-
tained between 32-34°C. The following parameters
were estimated: a) peak to baseline amplitude of
compound muscle action potential (a-CMAP), distal

motor latency (DML), motor conduction velocity
(MCV) and F-wave minimum latency of ulnar and
peroneal nerves. b) peak-to-peak amplitude of sen-
sory action potentials (a-SAP) and sensory conduc-
tion velocities (SCV) of ulnar (orthodromic
technique), sural and superficial peroneal nerves
(antidromic technique and proximal segment).

The battery of the clinical and electrophysiological
tests described above was repeated after four (OXL
dose, 340 mg/m?), eight (OXL dose, 680 mg/m?)
and 12 (OXL dose, 1020 mg/m?) courses of che-
motherapy. The electrophysiological evaluations
both pre- and post treatment were confirmed by an
independent senior neurologist who checked both
the recordings and results.

The results of the clinical and electrophysiological
study were summarized by means of a modified
Total Neuropathy Score (TNS), validated by Corn-
blath et al. [9]. The grading of the OXLIPN severity
as mild (1-11), moderate (12-23) and severe
(>24) was defined by TNS, corresponding to the
WHO grading scales 1-3 for chemotherapy-induced
PN [10].

Chemotherapy regimen and dose modification

The formal FOLFOX-4 regimen [11] was adminis-
tered to our patients, consisting of LV 200 mg/m? as
a 2-hour infusion (d1&d2), followed by 5-FU
400 mg/m? (d1&d2) as an i.v. bolus. 5-FU 600 mg/
m? was administered afterwards as a 22-hour infu-
sion (d1&d2). OXL (Eloxatin, Aventis-Sanofi)
85 mg/m® was given as a 2-hour iv. infusion,
concurrent with LV (dl). Therapy was repeated
every 2 weeks. Routine antiemetic prophylaxis was
also used.

Dose adjustments of the study drugs or treatment
delays were calculated according to toxicity grade.
Dose modification was determined according to the
system showing the greatest degree of toxicity.
Toxicities were graded using the National Cancer
Institute common criteria, with the only exception
being the grading of the OXLIPN severity, which
was performed according to the modified TNS.

The OXL dose was to be reduced by 30% for
persistent or temporary (at least 14 days) painful
paresthesia, dysesthesia or functional impairment. If
in spite the 30% dose reduction of OXL, the
persistent grade 3 (severe) neurotoxicity persisted,
than chemotherapy was to be omitted in subsequent
cycles. No prophylactic treatment was given for
neurotoxicity.

For diarrhoea, patients were to receive supportive
care, as well as intensive treatment with loperamide.
For grade 2/3 hematologic toxicity, treatment was to
be delayed for 1 week or until hematologic recovery.



If recovery was not achieved, the dose levels of OXL.
and 5-FU would be reduced by 20%. Subcutaneous
administration of granulocyte colony-stimulating
factor 5 pg/kg/day on 5 consecutive days was per-
mitted at the investigator’s discretion. For angina or
myocardial infarction, treatment was to be ceased.
For grade 3 mucositis, after 1 week delay, the dose of
5-FU was to be reduced by 25%. For any grade
4 toxicity, except gastrointestinal or hematologic
toxicity, patients were to be withdrawn from the
study.

The study protocol was approved by the Institu-
tional Review Board of Patras Medical School and
written informed consent prior to study entry was
obtained from all patients.

Statistical analysts

Descriptive statistics were generated for all variables.
Median values with range were calculated for each
electrophysiological variable. The changes in median
electrophysiological scores during chemotherapy
were examined using the Wilcoxon Matched-Pairs
Signed-Ranks Test. All tests were two-sided and
significance was set at p <0.05. Statistical analyses
were performed using the SPSS for Windows
(release 10.0; SPSS Inc., Chicago, IL).

Results
Patient characteristics

All patients suffered from metastatic (stage IV) colon
cancer. The demographic and clinical characteristics
of the sample size are presented in Table I. None of

Table I. Patients’ baseline and clinical characteristics.

Study sample

n=25
Variable n %
Gender
Females 8 32
Males 17 68

Age +SD (range)

OXL (mg) single doses per course
of CMT Median value (range)

OXL (mg) cumulative doses after
4 courses of CMT Median value
(range)

OXL (mg) cumulative doses after
8 courses of CMT Median value
(range)

OXL (mg) cumulative doses after
12 courses of CMT Median value

(range)

64.1+9.3 (48-78)
150 (122-180)
600 (488-720)

1200 (976-1440)

1740 (1125-2160)

Abbreviations: OXL: Oxaliplatin, SD: Standard deviation,
CMT: Chemotherapy.
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the patients enrolled discontinued treatment due to
persistent grade 3 or grade 4 toxicity or for any other
reason of early withdrawal. No evidence of lethal
event was noted during treatment. All patients
received the total of the scheduled 12 cycles of
treatment.

Incidence and severity of OXLIPN

Clinical and/or electrophysiological evidences of
OXLIPN were disclosed in 16 of the 25 patients
(64%). The mean TNS of patients who manifested
some grade of neurotoxicity were 13.9+5.8 (range
7-28). TNS values ranged the severity of OXLIPN
as mild (grade 1) in six patients (24%), moderate
(grade 2) in eight (32%), while severe (grade 3)
neuropathy was revealed in two cases (8%). The
majority of patients (12/16) started to develop
evidence of OXLIPN between courses 8-12, while
the other four patients developed OXLIPN between
courses 4-8.

Clinical pattern of OXLIPN

After 12 courses of treatment, the mean values of the
Neurological Disability Score were 21.1+17.5,
while the mean values of the Neurological Symptom
Score were 1.84+0.8. Two of the patients who
manifested OXLIPN experienced negative sensory
symptoms (difficulty identifying objects in mouth or
hands and unsteady gait), while all of them experi-
enced positive sensory symptoms, like numbness or
pain at any site.

The six patients with mild (grade 1) OXLIPN
complained of distal numbness and/or painful par-
esthesia limited to fingers/toes. Clinical examination
revealed decreased vibration sensation limited to
wrist/ankle without suppression of tendon reflexes.
Patients with moderate (grade 2) OXLIPN (n =8)
presented positive sensory symptoms in a stocking-
and-glove distribution, initially manifested in the
lower limbs and progressed to involve the upper
limbs. Cranial nerves were spared. Proprioceptive
sensory disturbances in a stocking-and-glove distri-
bution, with vibration sensation being more affected
and ankle hyporeflexia were also evident. Motor
nervous dysfunction was not observed. Severely
(grade 3 neurotoxicity) affected patients (n=2)
complained of distal numbness and/or painful par-
esthesia extended up to the knees/elbows, whilst they
had also decreased pin and vibration sensation up to
the knees/elbows, ankle areflexia and hypor-
eflexia elsewhere. Mild to moderate weakness,
mainly involving the distal muscles (toe extension
and finger abduction muscles) was also evident in
those patients. These two severely affected patients
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completed the study, since evidence of persistent
grade 3 neurotoxicity was disclosed only at the last
follow-up performed after administration of the
scheduled 12 courses of treatment.

FGS scores graded the deterioration of patients’
functional status as grade 1 (minor symptoms, fully
capable of manual work) in seven, grade 2 (able
to walk >10m unaided) in eight, whilst grade
3 impairment was noted (able to walk>10m
with a walker or support) in one patient, despite
dose modification. No evidence of grade 4 or 5
functional disability (bed or chair-bound) was ob-
served.

Electrophysiological pattern of OXLIPN

Insignificant changes were encountered after long-
itudinal comparison of subsequent median scores of
the motor conduction parameters during che-
motherapy (Table II). By contrast, a significant
longitudinal deterioration (baseline vs. after
12 courses of treatment) in the a-SAPs of all three
sensory nerves tested was observed (Figure 1),
whereas the subsequent sensory conduction veloci-
ties scores were not significantly changed over time
(Table II). The needle electromyography (EMG),
performed only in patients with severe (grade 3)
OXLIPN (n =2), revealed normal configuration of
the motor units without active denervation poten-
tials.

®— Ulnar —— Sup.Peronael —&— Sural
18 -
16 - 15
14 - &y
< 12 ia 1
%- 9.8
= 40 - .7
% — 8 7.2
% 8 - 9.3 9.2 -
© 7.8 7.6
6 Ulnar p value = 0.001
4 Sup.Peroneal p value = 0.000
2 4 Sural p value = 0.000
0 T T T 1
N7 pase!'™ o w2 _gaomd™ pomal™
L. 805° T L v
"
\'.l_c\m'-‘ \l’.!'c““‘ A

Follow-up studies

Figure 1. Changes in the amplitude of sensory action potentials (a-
SAPs) during chemotherapy.

Discussion

In the current setting, the reported rate (64%) of
patients that manifested OXLIPN after administra-
tion of the formal FOLFOX-4 regimen is quite
similar to that previously reported in several trials
[12,13]. As in most other previous publications
[4,13], the majority of our patients experienced
mild or moderate (grade 1-2) OXLIPN. In our
study, grade 3 neurotoxicity was observed in 8% of
patients, a rate quite similar to that observed in the
MOSAIC trial [13], while it is lower than that
observed in other studies [5].

Table II. Longitudinal motor conduction and sensory conduction velocities studies. For each variable the median value (range) is given.

Baseline — cumul.

After 12 cycles

OXL dose 0 After 4 cycles — cumul.  After 8 cycles — cumul. — cumul. dose
mg/m?> dose 340 mg/m? dose 680 mg/m? 1020 mg/m? p-value
Ulnar nerve
DML (ms) 3 (1.7) 3.1 (1.8) 3.1 (1.6) 3 (1.8) 0.549
a-CMAP (mV) 6.8 (6.3) 5.9 (6.4) 6 (6.9) 5.8 (5.7) 0.119
MCV (m/s) 59.5 (23.9) 60.4 (23.2) 58.2 (20.6) 59.4 (21.2) 0.176
F-wave 27.7 (12.2) 26.7 (11.3) 26.3 (14.6) 27.5 (10.5) 0.951
min.lat. (ms)
SCV (m/s) 54.8 (21.8) 54.5 (24.1) 51.9 (66.7) 54.6 (66.5) 0.224
Peroneal nerve
DML (ms) 4.2 (2.9) 3.7 (4) 3.7 (3.8) 3.5 (4.6) 0.856
a-CMAP (mV) 2.9 (5.3) 2.8 (5.3) 2.8 (5.9) 3.4 (6.6) 0.808
MCYV (m/s) 49.4 (19.6) 50 (14.4) 49.4 (16) 50.6 (13.6) 0.484
F-wave 49.9 (18.4) 49.2 (18.3) 50 (18.1) 49.1 (15.7) 0.249
min.lat. (ms)
Sup.Peroneal nerve
SCV (m/s) 57.1 (27.2) 56.8 (26.1) 55.8 (69.1) 56.7 (69.5) 0.225
Sural nerve
SCV (m/s) 56.8 (19.6) 54.5 (22.1) 51.5 (68.3) 56.7 (64.5) 0.570

P-values are referred for comparisons between baseline vs. follow up after 12 courses of treatment. Table II abbreviations: Cumul:
Cumulative, Sup.Peroneal: Superficial peroneal, a-CMAP: amplitude of compound muscle action potential, DML.: distal motor latency,
MCV: motor conduction velocity, F-wave min.lat: F-wave minimum latency and SCV: sensory conduction velocity.



Differences in the nature of studies and the
methodology applied could account for discrepan-
cies between results. The MOSAIC trial [13],
thoroughly monitored both acute and chronic OX-
LIPN following adjuvant treatment with the FOL-
FOX-4 regimen, as opposed to our study sample
where palliative treatment for metastatic colon
cancer was administered and chronic OXLIPN was
solely assessed. Additionally, the comparison be-
tween our results and those reported in studies using
preventive measures against OXLIPN, such as
MgCa infusions [14] or carbazepine [15], is difficult
mainly due to differences in the applied study design
(prospective vs. retrospective and use of FOLFOX-4
vs. FUFOX regimen).

The selective focus on chronic OXLIPN without
assessment of acute neuropathy might represent a
potential limitation in our study design. In the
current setting, we have solely assessed the chronic
form of OXLIPN due to the fact that the distal
sensory neuropathy related to OXL treatment has
the most important clinical implication. On the
contrary, the transient acute OXLIPN is usually
reversible without persistent impairment of sensory
function and in the vast majority of cases does not
require discontinuation of treatment or dose mod-
ification [16]. Dose reduction and subsequent treat-
ment discontinuation should be only applied in
patients with acute neurotoxicity lasting more than
2 weeks, even without motor symptoms or neurolo-
gical signs [13].

Both the MOSAIC trial [13] and most of all other
studies [4,5] evaluated the efficacy, general toler-
ability and safety profile of the FOLFOX-4 regimen,
being not solely focused on assessing the direct effect
of OXL administration on the peripheral nerves. On
the contrary, assessment of treatment response
(efficacy) during chemotherapy was not included
among the objectives of the current setting, since our
study has been focused on the detailed neurological
monitoring of OXLIPN, being based on validated
clinical scales and longitudinal electrophysiological
recordings.

The fact that no “oncologic measures” of neuro-
toxicity, such as the modified Levi scale or the NCI
CTC toxicity scale, have been used might as well
represent a limitation in the study design, leading to
some difficulty to compare our results to other pure
oncological publications. However, the incidence and
severity of OXLIPN was summarized by means of a
modified TNS, previously validated [9] and applied
in several studies assessing cisplatin and/or paclitaxel-
induced peripheral neuropathies [17-20]. Neverthe-
less, it is acknowledged that cisplatin and/or paclitaxel
neurotoxicities are not quite similar to oxaliplatin
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neurotoxicity and thus the modified TNS that we
used is not validated in oxaliplatin neurotoxicity.

In the current setting, the clinical and electro-
physiological examinations pointed towards a diag-
nosis of a symmetrical, axonal, predominately distal
sensory neuronopathy. Positive sensory symptoms in
a stocking-and-glove distribution were occurred in
the distal lower extremities of our patients. Addi-
tionally, the decreased vibration and proprioception
as well as the suppression of deep tendon reflexes
indicate a dysfunction of sensory nerves [21]. In
respect to the electrophysiological findings, a de-
crease or abolition of a-SAPs, with unchanged
sensory conduction velocities was observed. No
evidence of distal motor neuropathy was found,
thoroughly confirming the predominance of sensory
fibres involvement. The blood-nerve barrier is re-
lative more permeable in the dorsal root ganglia
(DRG) than elsewhere [22] and this could account
for the selective sensory toxicity of platinum com-
pounds, as compared to motor neurons in the
anterior horn of the spinal cord.

Considering, that motor nerves are normally
spared by the platinum compounds-induced neuro-
pathy [23], needle EMG was not routinely per-
formed in order to avoid discomfort to our patients.
However, when performed in the two severely
affected cases with clinical weakness no abnormal-
ities were disclosed. The mild muscle weakness
observed in those cases, despite the unchanged ulnar
and peroneal CMAPs, should be attributed to
sensory de-afferentation [24].

In the majority of patients, evidence of OXLIPN
occurred initially between chemotherapy courses 8—
12. This could be attributed to the OXL doses
accumulation, since it is documented that at cumu-
lative doses that reach 800 mg/m?, the occurrence of
OXLIPN is highly likely [25]. Severe (grade 3)
OXLIPN occurs in 15% after cumulative doses of
750-850 mg/m® and 50% after a total dose of
1170 mg/m? [25].

The mechanisms underlying the acute and chronic
OXLIPN have not as yet been clearly defined [25].
Recent data suggest that the acute OXLIPN may be
linked to the rapid chelation of calcium by OXIL-
induced oxalate. Hence, OXL is capable of altering
the voltage-gated sodium channels through a path-
way involving calcium ions [26]. In view of its
clinical similarity with disorders of voltage-gated
ion channels such as myotonias, acute OXLIPN
could be defined as a channelopathy [27].

On the other hand, the chronic OXLIPN may be
induced by the decreased cellular metabolism and
axoplasmatic transport resulting from the accumula-
tion of platinum compounds in DRG cells [28]. One
could suggest that in addition to morphologic and
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functional changes in the DRG cells, the prolonged
activation of voltage-gated sodium channels could
induce cellular stress, thereby affecting the sensory
nerve cells. This view is supported by the results of a
preclinical study, which reported alterations of
sodium channel inactivation Kkinetics of the sural
nerve after application of OXL and increase of
sodium currents due to prolonged opening of
sodium channels [29]. OXL-induced mitochondrial
damage has also been proposed as another potential
mechanism of OXLIPN induction [30].

The lack of data concerning the course of OX-
LIPN after cessation of chemotherapy is a limitation
in the current setting. OXLIPN is partly reversible,
with a 3 months median time to recovery and
completely resolve after 6-8 months in 40% of
patients [31]. Hence, long-term longitudinal fol-
low-ups in patients experiencing OXLIPN are
needed to obtain data about its reversibility. The
assessment of the course of neuropathy after a year
of longitudinal follow-up is ongoing in the patients
reported herein.

From the clinical point of view, the identification
of a specific profile for chronic OXLIPN would be
particularly useful for medical oncologists as well as
for clinical studies that attempt to identify an ideal
neuroprotective agent against OXLIPN. Xaliproden,
an experimental non-peptide compound, found in
research to have neurotrophic and neuroprotective
effects, showed that it is capable to significantly
reduce the occurrence of severe OXLIPN [32].
Alternatively, oxcarbazepine, a modern antiepileptic
drug that modulates both voltage-sensitive sodium
channels and high-voltage activated N-type calcium
channels may be another suitable preventive mea-
sure against OXLIPN, since recent data are persua-
sive enough that oxcarbazepine may have a
significant neuroprotective effect against chronic
OXLIPN [20].

To summarize, our results indicate that the
majority of patients with colon cancer treated with
the formal FOLFOX-4 regimen would manifest an
axonal, predominately sensory peripheral neuropa-
thy, of mild to moderate severity.
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