
Abstract. Background/Aim: Oxaliplatin, a platinum-based
chemotherapy used in the treatment of colorectal cancer,
induces acute neurotoxicity following infusion. The aim of
this study was to establish whether alterations in axonal
excitability develop progressively with higher cumulative
doses and whether there is a recovery in motor axons after
each cycle of treatment. Patients and Methods: Twenty
consecutive patients with a colorectal cancer diagnosis,
referred from the Oncology Department of Aretaieion
Hospital of Athens, were enrolled in this study between
October 2018 and May 2019. None of the participants had
diabetes, alcohol abuse, known neuropathy or were
previously treated with another neo-adjuvant therapy.
Threshold Tracking techniques and Qtrac software were used
for assessing axonal excitability in motor axons. Excitability
recordings were undertaken before and immediately after the
end of oxaliplatin infusion. Results: Statistically significant
changes were found (p<0.01) in axonal excitability (relative

refractory period, refractoriness at 2 ms and 2.5 ms, sub-
excitability and super-excitability) before and after
oxaliplatin infusion. No statistically significant changes
(p>0.05) were found in threshold electrotonus and strength-
duration parameters before and after oxaliplatin infusion.
We also did not find statistically significant differences
(p>0.05) between means of excitability parameters before
infusion at each cycle. Conclusion: Our study confirms
oxaliplatin-induced acute neurotoxicity following infusion
and suggests that motor axons recover between repeat
infusion cycles.

Oxaliplatin is a platinum-derivative used extensively in the
treatment of colorectal cancer (1, 2). Neurotoxicity induced by
oxaliplatin has been described as a major side effect and
implicates the sustainability of the planned treatment (3). Acute
neurotoxicity develops immediately following infusion and
manifests with rapid-onset neuropathic symptoms exacerbated
by cold exposure, such as transient paraesthesia, fasciculations
and muscular spasms in the limbs and perioral region (4, 5).
With increasing cumulative dose after several treatment cycles,
a chronic axonal neuropathy develops, manifesting with
sensory dysfunction, with distal paraesthesia, progressing to
sensory ataxia and functional impairment (5, 6). 
In vitro experimental studies have suggested that oxaliplatin

treatment results in  slowing of voltage-dependent Na+ channel
inactivation kinetics, reducing Na+ current, or shifting the
voltage dependence of inactivation to more negative membrane
potentials (7-11), consisted with in vivo studies showing
alterations in voltage-gated Na+ channel function (12-16).
Nerve excitability techniques have been used for detecting
these alterations in axonal membrane ion channel function,
assessed by threshold tracking techniques (17, 18). However,
it remains uncertain if oxaliplatin-induced acute neurotoxicity
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following infusion cumulates after each cycle of treatment,
contributing to the development of chronic neuropathy. 
The aim of this study was to establish whether alterations

in axonal excitability develop progressively with higher
cumulative doses and whether there is a recovery in neuronal
axons after each cycle of treatment.

Patients and Methods

Subjects. In this study, 20 patients (15 males and 5 females, with a
mean age of 62.72±13.59 years and range=44-82 years) with diagnosis
of colorectal cancer of stage III or IV scheduled to receive the
chemotherapy regimen XELOX [oxaliplatin 130 mg/m2
administered as a 2-h intravenous infusion (IV) in 500 ml of 5%
glucose solution and capecitabine 1,000 mg/m2, orally bid ×2
weeks, followed by 1-week rest period, every three weeks] or
mFOLFOX6 [oxaliplatin 85 mg/m2 IV over 2 h on day 1 plus
leucovorin 400 mg/m2 IV over 2 h on day 1 plus 5-fluorouracil (5-
FU) 400 mg/m2 IV bolus on day 1, then 1,200 mg/m2/day for two
days -total 2,400 mg/m2 over 46-48 h- continuous infusion, every two
weeks] were enrolled, between October 2018 and May 2019. All
participants were referred from the Oncology Department of Aretaieion
University Hospital of Athens. Each participant was informed and gave
his consent for the study, which was held in accordance with the
Helsinki Declaration of 1975, as revised in Hong Kong in 1983. None
of the participants had diabetes, alcohol abuse, known neuropathy or
were previously treated with another neo-adjuvant therapy. Approval
for this study was granted by the Bioethics Committee of National and
Kapodistrian University of Athens. 

Neurophysiological tests. Threshold Tracking techniques and Qtrac
software (©Institute of Neurology, London, UK) were used for
assessing axonal excitability (16, 17). In excitability studies, the
median nerve was stimulated at the wrist and compound muscle
action potentials (CMAPs) were recorded from abductor pollicis
brevis. Temperature was recorded at the site of stimulation and
maintained between 32 and 34˚C, by keeping subjects in a
temperature-controlled room with heaters and air-conditioners.
Warm water was also used in a few subjects with cold extremities
to achieve the intended temperature.

Multiple excitability variables were recorded using an established
protocol. The recorded and included excitability indices were the
following: strength-duration time constant (SDTC), threshold
electrotonus (TE), refractoriness, superexcitability, and late
subexcitability of the recovery cycle of axonal excitability after a
single supramaximal conditioning stimulus and current-threshold
relationship. We used the formulation of Weiss to calculate SDTC
from the relationship between stimulus intensity and duration to evoke
a target potential (18). A 100 ms sub-threshold polarizing pulse was
delivered as a conditioning stimulus at TE, and we measured threshold
change to produce a target CMAP response (40% maximus). We
recorded the recovery cycle as the recovery of axonal membrane
excitability following a supramaximal conditioning stimulus. We used
tracking threshold changes to obtain a current-threshold relationship,
following a sub-threshold 200 ms polarizing current.

Study design. Excitability recordings were undertaken before and
immediately (approximately 10-15 min) after the end of oxaliplatin
infusion. Our target was to assess primarily the ability of motor

axons to recover after an oxaliplatin infusion during the interval
between the cycles and secondarily the acute effect of oxaliplatin
on neurophysiological parameters.

The majority of the participants completed the predicted number
of therapies, while for 2 (10%) of them therapy was prematurely
interrupted due to disease progression. No patient needed
adjustment of oxaliplatin dose, due to neurotoxicity. We gathered
85 recordings before and 79 recordings after infusion, as 8 patients
withdrew their participation after the 3rd cycle because of either
intolerance of the examination procedure or extreme physical
exhaustion experienced after infusion. However, their recordings up
to 3rd cycle were included in statistical analysis (Figure 1).  

Statistical analysis. Nerve excitability data was analyzed with Qtrac
Software. Statistical analysis was performed using the STATISTICA
(STATISTICA v. 7 for Windows, Statsoft Inc., Tulsa, OK, USA)
software package. Data are presented as mean±standard deviation
(SD). The Shapiro-Wilk test was used to test for normality. For
normally distributed data ANOVA for repeated measures was used,
otherwise data was analyzed with Friedmann test. The significance
level was set to p<0.05.

Results

Extracellular threshold tracking techniques were used to assess
axonal excitability in patients undergoing a chemotherapeutic
regime with oxaliplatin. To estimate the immediate impact of
intravenous infusion of oxaliplatin for each patient, pairs of
excitability recordings were performed before and after each
infusion. The resulting pre and post excitability measures were
compared independent of the cycle from which they were
acquired (Figure 2). The relative refractory period (RRP),
defined as the time after an action potential required to re-
establish an axonal threshold equivalent (threshold
reduction=0%) to that immediately before the action potential
was prolonged significantly (ANOVA, post-hoc test, p<0.01).
Refractoriness was also increased both at the discrete time
points of 2 ms and 2.5 ms after an action potential. These
changes in the recovery of excitably during the refractory period
are consistent with slower recovery from sodium channel
inactivation. At later points in the recovery cycle, the super-
excitability that immediately follows the refractory period was
reduced, both at 5 ms and 7 ms (Figure 2). In addition, during
the third phase of the recovery cycle, late sub-excitability was
increased immediately after oxaliplatin infusion (Figure 2).
Depolarizing (TeD) and hyperpolarizing threshold

electrotonus (TeH) parameters (TeD 10-20, TeH 10-20, TeD
90-100, and TeH 90-100) were not significantly changed. We
also did not find statistically significant changes in the
strength-duration parameters (SDTC, Slope and Rheobase),
as presented in Table I (p>0.05).    
To control the behavior of motor axons during the intracycle

interval and their ability to recover after oxaliplatin’s
neurotoxic action, the recordings before infusion were grouped
per cycle and paired by patient. Interestingly, no significant
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difference (p>0.05) was found neither for excitability nor for
refractoriness between the cycles of treatment (Table II). 

Discussion

In this study, we examined axonal excitability parameters in
motor axons from 20 patients with diagnosis of colorectal
cancer, before and after infusion of chemotherapy with

oxaliplatin. We gathered and analyzed 85 recordings before and
79 recordings after infusion, due to withdraw of some patients.
Our results, concerning oxaliplatin-induced acute

neurotoxicity following infusion, confirmed findings from
previous in vivo studies, using nerve excitability techniques
(12-16). Prolonged refractoriness, as seen in our results,
relates to inactivation of transient Na+ channels, leading to
transient axonal dysfunction and symptoms (17-20). We
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Figure 1. Flow chart of patients participating in the study.

Figure 2. Summary of changes in axonal excitability parameters for 20 patients tested before and after oxaliplatin infusion. 



support the general consensus that acute alterations in axonal
excitability recordings, immediately after treatment, are
mediated through an effect on axonal voltage-gated transient
Na+ channels and possibly contribute to the development of
chronic neuropathy (21).
In contrast, our results showed no significant changes in

strength-duration parameters before and after infusion, and
also in parameters between the cycles of treatment. It has been
described that strength-duration time constant (SDTC)
provides a surrogate marker of persistent Na+ conductance
active at threshold (16, 22, 23). The absence of significant
alterations in SDTC may indicate that persistent Na+ current
may not be affected significantly during oxaliplatin infusion,
or that axons possibly recover after acute neurotoxicity. We
suggest that it is highly possible that, even during the short
interval of two or three weeks, axons are capable of retrieving
their previous neurophysiological values, regarding axonal
persistent Na+ current. However, pronounced changes were
observed in recovery cycle parameters following oxaliplatin
(Table I and Table II). The relative refractory period was
prolonged while refractoriness, superexcitability and late
subexcitability were all elevated. This effect of oxaliplatin
resembles the recovery cycle parameter changes seen with
cooling human median nerve motor (24) and sensory axons
(25). In peripheral axons in vitro, both cooling (26) and
oxaliplatin slow the kinetics of sodium channel inactivation
and thus increase the likelihood of resurgent sodium current
and burst firing (11). The observed pattern of change in
recovery cycle excitability in patients may thus indicate
slowed inactivation of voltage gated sodium channels
following oxaliplatin (27, 28).

In our previous study, regarding clinical and neuro-
physiological follow-up of patients with oxaliplatin-induced
neuropathy, we found that chronic sensory cumulative
neuropathy developed in most of the patients after the middle
of therapy with numbness and was assessed using clinical
scales, nerve conduction studies, and the vibration threshold
(29). Several other studies, which also pointed out the
persistence of chronic large sensory fiber neuropathy and the
influence of the cumulative dose of oxaliplatin on the
development and severity of the chronic neuropathy, suggested
a correlation between acute neurotoxicity and chronic sensory
symptoms and severity of neuropathy (30-32). In this study,
sensory nerve conduction and excitability studies were not
included since it has been well described that toxicity affects
sensory nerves and causes sensory symptoms (29). Our results
showed that functional and not degenerated axons recover
after each cycle of treatment, suggesting that there is a
possible different pathological mechanism concerning acute
neurotoxicity and chronic neuropathy, as has been proposed
by other investigators in the past (3). Moreover, we did not
confirm that axonal excitability was affected by chronic
axonal degeneration, thus we suggest that it could not be used
as a possible biomarker for the prognosis of chronic axonal
neuropathy induced by oxaliplatin. In contrary a recent study
using neurophysiology together with immune-histochemistry
techniques has suggested a link between the acute oxaliplatin
neurotoxicity and chronic nerve degeneration in mice, paving
the way to a new line of research to prevent oxaliplatin
induced neuropathy (33). 
A limitation to our study was the small number of subjects

that were included, because of the coexistence of diabetic
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Table I. Excitability parameters before and after oxaliplatin infusion.

                                                                                       Before infusion (n=85)                  After infusion (N=79)                   Before vs. after parameters

Refractoriness                                                                          Mean (sd)                                      Mean (sd)                                                   
  RRP                                                                                    3.101 (0.518)                                 3.516 (0.762)                                          p<0.01
  Refr 2 ms                                                                           74.016 (57.83)                              92.545 (53.155)                                        p<0.01
  Refr 2.5 ms                                                                        23.25 (23.348)                               40.41 (32.377)                                         p<0.01
  Superexcitability                                                              –22.652 (5.866)                             –12.602 (7.745)                                        p<0.01
  Superexcitability 5 ms                                                     –22.500 (6.456)                             –12.597 (8.994)                                        p<0.01
  Superexcitability 7 ms                                                     –20.909 (5.825)                             –10.303 (5.825)                                        p<0.01
  Subexcitability                                                                   13.001 (3.511)                               18.188 (5.671)                                         p<0.01
Threshold electrotonus                                                                                                                                                                                      
  TeD 10-20 ms                                                                    67.174 (6.198)                               66.474 (5.844)                                        p=0.096
  TeD 90-100 ms                                                                  43.886 (4.500)                               43.422 (4.249)                                       p=0.3173
  TeH 10-20 ms                                                                  –71.388 (13.297)                          –73.083 (14.477)                                     p=0.222
  TeH 90-100 ms                                                              –122.325 (50.403)                         –115.256 (25.734)                                     p=0.908
Strength duration and stimulus response                                                                                                                                                          
  SDTC                                                                                  0.475 (0.103)                                 0.475 (0.182)                                        p=0.0325
  Rheobase                                                                            3.211 (1.004)                                 3.295 (0.992)                                         p=0.470
  Slope                                                                                   4.832 (1.422)                                 4.730 (1.516)                                         p=0.908

RRP: Relative refractory period; Refr: refractoriness; TeD: depolarizing threshold electrotonus; TeH: hyperpolarizing threshold electrotonus; SDTC:
strength-duration time constant. Statistically significant p-values are shown in bold.



neuropathy and previous treatment with another neo-adjuvant
therapy, which had to be excluded in the 9-month period of
the study. Another limitation was the drop-out of some
patients from voluntary participation, due to progress of
disease, intolerance of the examination procedure or extreme
physical exhaustion experienced after infusion.

Conclusion

Our study confirmed oxaliplatin-induced acute neurotoxicity
following infusion and suggested that neural axons recover
between infusion cycle intervals. Further long-term follow-up
studies in humans need to be carried out with larger populations
to confirm these findings and elucidate the pathophysiological
mechanisms concerning oxaliplatin-induced acute neurotoxicity
and chronic neuropathy, and their possible correlation.
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