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Abstract

Oxaliplatin-induced peripheral neuropathy (OIPN) is a common dose-dependent chemotherapy
complication in gastrointestinal cancer (GIC). This side effect may restrict therapeutic dose elevation
of oxaliplatin. Here, OIPN frequency and determinants of neuropathy appearance in oxaliplatin-treated
GIC patients. A total of 102 GIC patients who underwent chemotherapy with fluorouracil, folinic acid
and oxaliplatin (FOLFOX4) regimen participated in this longitudinal study. Electromyography (EMG)
was accomplished for ulnar, radial, sural, peroneal nerves and superficial peroneal nerve (SPN) before,
3, and 6 months after treatment. National Cancer Institute-Common Toxicity Criteria V.3 and clinical
version of the Total Neuropathy Score were used for the neuropathy diagnosis at six months after
treatment onset. Of all entered patients, twelve people discontinued this study, and five patients passed
away. About 85 patients remained three and six months after chemotherapy onset. Approximately 95%
of patients three months after chemotherapy demonstrated OIPN manifestations. Finally, data for 81
patients having neuropathy were analyzed. Mean age of patient 64.0+10.9 years. There were about
3.7%, 30.9%, 63% grade III, II, I of neuropathy, respectively. Interestingly, a significant decrease in
action potential (AP) amplitude of SPN, sural and radial nerves but not ulnar and peroneal was
observed after treatment onset. However, only the ulnar nerve indicated a substantial deceleration of
nerve conduction. Age, sex, weight, past medical diseases, smoking and acute neuropathy were not
significantly associated with OIPN. The occurrence of OIPN is detectable by electrophysiological
changes of SPN, radial, and sural nerves at three and six months after starting chemotherapy with the
FOLFOX4 regimen.
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1. Introduction synthesis. Cisplatin is used to treat especially
Platinum compounds such as cisplatin, metastatic gastrointestinal cancers (GICs) [1-3].
carboplatin, and oxaliplatin are among the alkaline = Oxaliplatin is used as a platinum analog and as a major
agents that limit deoxyribonucleic acid (DNA)  component of a standard chemotherapy approach
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with the composition of fluorouracil, folinic acid and
oxaliplatin called FOLFOX4 regimen in a variety of
malignancies such as metastatic GIC [4].

Oxaliplatin- induced peripheral neuropathy
(OIPN) is one of the most common side effects of the
FOLFOX4 regimen that occurs both during and after
treatment and interferes with the chemotherapy
process [5]. Chemotherapy-induced peripheral
neuropathies (CIPNs) including sensory, motor, and
autonomic neuropathies are defined as the damage,
inflammation, and degeneration of the peripheral
nerve caused by chemotherapy [6]. Based on the
evidence, patients with CIPN experienced some
symptoms such as numbness, tingling, proprioception
disorders, pain, and weakness of limbs. Particularly,
autonomic manifestations may be represented as
some physiological abnormalities consisting of
thermoregulation disturbance, blood pressure
changes, and intestinal motility disorder and loss of
involuntary reflexes [7]. The occurrence of CIPN is
dependent on the length of the sensory nerve and can
be observed in the axons of myelinated and
unmyelinated neural fibers. Evidently, effective factors
on the CIPN development include age, dosage, and
cumulative dose, and treatment duration, concurrent
usage with other neurotoxic chemotherapeutic agents,
alcohol consumption and diabetes [7].

It seems that improvement of OIPN symptoms
may be begotten very slowly and partially in the
majority of FOLFOX4-treated patients. Likewise,
restricting the dose increase of oxaliplatin is
recommended immediately after OIPN symptoms
appear to prevent the stabilization of OIPN
manifestations. Accordingly, early diagnosis of OIPN
possesses an especial clinical significance [4, 7].

Recently, some studies have shown a direct
association of acute neuropathy development with the
occurrence and severity of cumulative neurotoxicity
[8, 9]. Reducing the dose of oxaliplatin is not an
effective approach to decrease the severity of
neuropathy because this approach is started when
neuropathy has been stabilized. Besides, the detection
of acute toxicity may be beneficial for the prediction of
neuropathy development. However, there is very little
evidence to support a direct link between serum levels
of this oxaliplatin and neurotoxicity. Some studies
have shown that there is no linear relationship
between the blood level of the drug and the possibility
of toxicity before cumulative dose occurrence, but after

reaching the cumulative dose, the toxicity becomes
dose-dependent [10].

Mechanistically, permanent neural transduction
in the length of the axon brings about the continuous
discharge of voltage-dependent sodium channels,
leading to peripheral neuropathy due to platinum
compounds [11]. Therefore, early diagnosis of
neuropathy before the onset of clinical symptoms via
electrodiagnostic test is very helpful [12].

Given the influence of genetic and environmental
factors on the OIPN occurrence and severity, it seems
that complications of FOLFOX4 may be different in
several ethnicities and geographical areas. So far, it has
been provided few reports on the OIPN in Iranian GIC
patients. Hence, this study aimed to investigate the
occurrence and severity of peripheral neuropathy in
GIC patients treated with the FOLFOX4 regimen after
three and six months of treatment onset. Here, the
findings of the electrodiagnostic evaluation for the
sensory and motor nerves before and after treatment
were compared, as well.

Patient at the beginning of the study
N=102

Participants refused: N=12
Death: N=§

Three months after treatment
N=85

Six months after treatment
N=81

Figure 1. Flow chart of the longitudinal study for GIC
patients referred to EMG unit

2. Materials and Methods

2.1 Study design and sample size

A longitudinal study was designed. We used a
consecutive sampling method where all patients
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presenting at a single institution were screened for
study participation. The sample size was calculated
based on the study of Argyriou et al. that reported the
OIPN in GIC 64% of patients [13], taking into account
the 95% confidence level and measurement error of
0.1. About 10% was added to the final sample size to
compensate for possible dropout. Therefore, the final
sample size was 102 who were entered in the study.
However, twelve patients refused and five of those
were dead. About 95% of 85 patients who remained in
this study at three months after treatment onset
reported the OIPN. At the end of the study period, data
for 81 OIPN patients were analyzed (Figure 1).

2.2 Inclusion criteria of participants

All patients with GIC were treated with the
FOLFOX4 chemotherapy regimen for the four
treatment courses. Those continued this study until
three months of chemotherapy onset. Participants
were evaluated using EMG before chemotherapy
began.

2.3 Exclusion criteria of study

The patients who passed away after three months
of chemotherapy onset and the patients without
available EMG data at three months after
chemotherapy onset were excluded.

2.4 Study procedure

This study was approved by the Guilan University
of Medical Sciences  FEthics = Committee
(IR.GUMS.REC.1394.560) and was conducted in
compliance with the guidelines of the Declaration of
Helsinki. The written informed consent was obtained
from the patients prior to their participation in the
study. The study was conducted in Razi Educational,
therapeutic and Research in 2017 Center. Before
starting chemotherapy, patients were referred to the
electromyography (EMG) unit to measure nerve
conduction velocity (NCV) on the ulnar, radial, sural,
and superficial peroneal nerve in an antidromic
manner. Sensory nerve action potential (AP)
amplitude and velocity were calculated. Motor
conduction study of the common peroneal nerve,
compound muscle AP amplitude and velocity
assessment was also performed at the baseline (T0), at
three months (T1) and six months (T2) of
chemotherapy onset. Patients were evaluated for
neuropathy by one neurologist using and clinical

criteria after six months of starting the chemotherapy
course. Neuropathy is clinically measured by two
scales, National Cancer Institute-Common Toxicity
Criteria V.3 (NCI-CTCv3) and the Clinical version of
the Total Neuropathy Score (TNSc). During
chemotherapy, patients were asked about the
symptoms of acute neuropathy. Grade one, two and
three of neuropathy were considered as mild,
moderate and severe neuropathy.

2.5 Statistical analysis

After collecting the data, statistical analysis was
performed using SPSS v21 (IBM, New York, USA).
Fisher's exact and Pearson's chi-squared tests were
applied for nominal and categorical variables.
Independent t-test was used to compare continuous
variables. The AP amplitude changes and NCV was
compared over time via repeated-measures ANOVA.
Post hoc analyses (Bonferroni pairwise comparisons)
were subsequently performed for the pairwise
comparison. The level of significance was set at 0.05
for all statistical procedures.

3. Results

In this study, after a dropout of about 16.7%, 81
FOLFOX4-treated GIC patients with neuropathy were
studied in terms of electrodiagnostic properties of
sensory and motor nerves before and after 3 and 6
months of treatment. 42% of the samples were female
and 58% were male. The mean and standard deviation
(SD) of the age and weight were 64+10.9 years and
69.5+8.8 kg, respectively.

Among the total patients, underlying diseases
including diabetes (n=25), hypertension (n=16),
hyperlipidemia (n=20), ischemic heart disease (n=13),
smoking (n=15) and symptoms of acute neuropathy
during treatment (n=17) has been reported.

Supplementary Figure 1 delineated the severity of
neuropathic symptoms at six months of
chemotherapy onset. It was reported that about 3.7%
(n=3) grade three 30.86% (n=25), grade two, 62.96%
(n=51) grade one and 2.47% (n=2) grade zero at six
months after treatment onset, successively.

Based on the repetitive measure ANOVA test, a
significant difference was shown in the AP amplitude
mean of SPN, radial and sural nerves over time (P
<0.001). There was no significant difference in the AP
amplitude mean of the ulnar nerve (P=0.132) and



Bakhshayesh Eghbali et al.

peroneal (P=0.624) nerve over time. See more
information in Table 1.

Table 1. The AP amplitude mean of indicated nerves overtime
in GIC patients with neuropathy induced by FOLFOX4 regimen

Variable Time Mean + SD P value*
Baseline 4.09+2.29
Peroneal nerve  After 3 months  4.13+2.34 0.624
After 6 months  4.17+2.33
Baseline 15.55+9.48
SPN After 3 months  11.2+7.61 <0.001
After 6 months  10.7+7.57
Baseline 18.74+12.09
Sural nerve After 3 months 13.45+10.13 <0.001
After 6 months  13.01+9.91
Baseline 23.27+18.67
Ulnar nerve After 3 months 22.8+18.42 0.132
After 6 months 22.08+17.85
Baseline 24.58+13.85
Radial nerve After 3 months 20.38+13.67 <0.001
After 6 months 20.15+14.18

*Repeated-measeure ANOVA

Supplementary Figure 2 depicts the mean of AP
amplitude changes percentage of the nerves over
times. It was revealed that the mean of AP amplitude
changes percentage of SPN (23.99 + 26.46), sural
(25.72+29.04) and radial (16.53+27.02) nerves from
To to T1 were dramatically different as compared to
thosein SPN (2.62+5.29), sural (3.48+2.91) and radial
(2.35+1.43) from T1 to T2 (P <0.001). Similarly, a
substantial difference was displayed in the mean of AP
amplitude changes percentage of the same nerves
from To to T2 relative to T1 to T2 (P <0.001).
However, there was no a remarkable difference in the
mean of AP amplitude changes percentage of SPN,
sural and radial nerves from To to T1 in comparison
with those in SPN (27.03+8.69), sural (27.89+9.66)
and radial (17.9845.4) nerves from To to T2 (P >0.05).

As shown in Table 2 There was no significant
difference in NCV mean of peroneal (P=0.693), sural
(P=0.263), radial (P=0.693), nerves, and SPN
(P=0.849) over time. However, there was a substantial
reduction (P=0.023) of the NCV mean for ulnar nerve
after three (61.83+21.12) and six (60.67+20.03)
months of chemotherapy onset relative to baseline
(66.09+25.86). The results of pairwise comparisons
illustrated a significant attenuation of NCV mean at

three (P=0.042) and six months after treatment onset
versus baseline (P=0.006).

According to Table 3, it was not found a significant
association of severity of neuropathy with diabetes,
hyperlipidemia, hypertension, acute neuropathy, and
a history of ischemic heart disease and smoking (P
>0.05), age (P=0.667), weight (P=0.441) and gender
(P=0.555).

Table 2. The NCV mean of indicated nerves overtime in GIC
patients with neuropathy induced by FOLFOX4 regimen

Variable Time Mean + SD P value
BAafstilrlr;e 49.03+7.37 P=0603
Peroneal 48.95+7.30 P1,=0.999
months _
nerve After 6 P13=0.999
49.25+7.25 P23=0.999
months
BAafstzlrlr;e 71.67+£33.47 P=0.849
72.55+26.99 P;1,=0.999
SPN months _
After 6 P13=0.999
72.49+28.36 P»3=0.999
months
i +
BAa:tZIrlr;e 73.28+30.07 P=0.163
71.49+26.80 P1,=0.365
Sural nerve months _
e G P13=0.421
€ 70.94+28.90 P23=0.999
months
i +
BAa?tzlsr;e 66.09+25.86 P=0023
61.83+21.12 P;1,=0.142
Ulnar nerve months -
After 6 P1320.042
months 60.68+20.03 P»3=0.006
i +
Iiz\a:tzlrlge 55.44+9.59 P=0693
. 55.49+8.33  P;,=0.999
Radial nerve months _
After 6 P1.5=0.999
55.15+8.73  P23=0.999
months
4. Discussion

In this study, we investigated the effect of
chemotherapy = with  FOLFOX4 on  the
electrodiagnostic features of sensory and motor nerves
in GIC patients. According to the study of Velasco et al.
[14], The mean age of the subjects was 64 years. In
contrast to this prior study, the majority of patients in
our study were male. The findings of our study
indicated that the frequency of each of the underlying
diseases was less than one-third of the total patients.
About 21% of the patients of this study had acute
neuropathy symptoms during treatment. According to
NCI-CTCv3 and TNSc, 3.7% of patients had grade
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Table 3. The association of neuropathy severity in FOLFOX4-treated GIC patients with underlying diseases

Age (MeanSD)
Male
0,
Sex N (%) Female
Weight (Mean=SD)
) Yes
0,
Diabetes N (%) No
. Yes
0
Hypertension N (%) No
Hyperlipidemia N (%) KE)S
Ischemic heart disease N (%) YNZS
] Yes
0,
Smoking N (%) No
Acute neuropathy N (%) YN?)S

and acute neuropathy

NS status
Mild neuropathy Moderate to severe neuropathy P-Value
63.6+11.2 64.7+10.6 0.667
32(68.1) 15(31.9)
21(61.8) 13(38.2) 0-550
68.9+8.1 70.549.9 0.441
18(72.0) 7(28.0)
35(62.5) 21(37.5) 0.406
8(50.0) 8(50.0)
45(69.2) 20(30.8) 0.147
11(55.0) 9(45.0)
42(68.9) 19(31.1) 0.258
7(53.8) 6(46.2)
46(67.6) 22(32.4) 0.338
12(80.0) 3(20.0)
41(62.1) 25(37.9) 0.189
12(70.6) 5(29.4)
41(64.1) 23(35.9) 0615

three of neuropathy. These results corroborated
previous reports in this regard [13, 14].

The percentage of the patients with grades two
and three of neuropathy in our study was
approximately 34%. However, another study
exhibited grade two of neuropathy in almost 20% of
GIC patients treated with the FOLFOX4 regimen [15].
Overall, the neuropathy rate in our study was 95%
while others have reported the neuropathy incidence
by 68% and 82% of total patients receiving FOLFOX4
chemotherapy [16]. An explanation for this result may
be that various ethnicities may be differentially prone
to experience the neuropathy presumably due to the
differences in their diet, genetic and climate [17].

Another finding of our study was that
hypertension and smoking increased by 20% and 18%
the frequency of moderate and severe neuropathies in
FOLFOX4-treated GIC patients, respectively.
Diabetes, hyperlipidemia, and ischemic heart disease
resulted in an enhancement of moderate and severe
neuropathies frequency by less than 10%.
Unexpectedly, we witnessed that the percentage of
mild OIPN in the patients with a diabetes history was
higher than that in non-diabetic patients.
Nevertheless, there is no association of the severity of
neuropathies with none of past medical histories in
this study. This result of our study was inconsistence
with some prior studies which have suggested an

association between the incidence of clinical
neuropathy and past medical diseases such as diabetes
[18]. Itis believed that high blood glucose can harm the
peripheral nerves presumably through some
pathophysiological mechanisms such as vascular
dysfunction, hyperosmolarity and edema of the nerve
trunk [19]. Albeit hyperglycemic instability and
subsequently loss of axonal integrity due to preexisting
diabetes may increase the risk of CIPN, it is thought
that the CIPN severity might be influenced the rate of
neural regeneration in cancer patients with diabetes
history [20, 21]. Although some investigations showed
a relationship between neuropathy and age [14], but
there was no association between neuropathy severity
and age, weight and gender of patients in the present
study. The rate of acute neuropathy in this study was
lower than in other studies [22, 23], which is possible
to be related to ethnic discrepancies and geographic
differences.

As an important finding of our study, a significant
decrease was disclosed in AP amplitude of SPN, sural
and radial nerves. However, NCV decrease was
clarified only in the ulnar nerve. Herein, Park and his
colleagues displayed the reduction of AP amplitude in
the sural and radial nerves [12]. Decreased AP
amplitude in these nerves can be suggested as
determinants of high-grade neuropathy. According to
the finding of our study, the previous studies have not
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yet confirmed the clinical importance of NCV in the
diagnosis of FOLFOX4-induced neuropathy.
Oxaliplatin neurotoxicity in the FOLFOX regimen is
known as a dose-limiting indicator. Dose reduction
happens after neuropathy development and axon
damage. Therefore, reducing the dose of the
chemotherapeutic agent is useless. Moreover, it seems
that the application of clinical examination and
grading systems based on the NCI-CTCv3 and TNSc
may underestimate neuropathy development in GIC
patients receiving FOLFOX4 regimen [24, 25].

Accordingly, electrodiagnostic features might
possess a clinical utility for the early detection of
neuropathy in patients treated with oxaliplatin before
the occurrence of toxicity induced by oxaliplatin.

Notably, performing EMG at least after 3 and 6
months of treatment onset may be suggested to detect
seemingly healthy patients in terms of neurology.
Electrophysiological property of peripheral nerves
appears to be a sensitive measure for the diagnosis of
neuropathy caused by chemotherapy. In addition, the
electrodiagnostic findings may be a prognostic marker
for oxaliplatin-induced neurotoxicity, refined
treatment strategies, and facilitate neuroprotective
strategies.

This study had some limitations. Our study was
conducted with a little sample size. It is suggested to
design a large-scale study in the future. Furthermore,
we cannot investigate the serum levels of
inflammation and oxidative stress markers in the
patients. Besides, we did not measure chemotherapy-
induced toxicity at various time points of study. It is
seriously recommended to design a next study that
incorporates the above considerations.

The occurrence of neuropathy due to the
FOLFOX4 therapeutic approach can be detected by
EMG at least three months after chemotherapy onset.
The trend of AP amplitude changes for the sural and
radial nerves, and SPN at various time points of
treatment might be significant indicators of
neuropathy development after chemotherapy before
chemotherapy-induced toxicity happens. The data
obtained from EMG may have a clinical utility to
identify the patients treated with the FOLFOX4
regimen and are susceptible to neuropathy.
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