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ABSTRACT 

Chemotherapy-Induced Peripheral Neurotoxicity (CIPN) is a severe and long-lasting side effect of 

anticancer therapy, which can severely impair patients' quality of life. It is a sensory and length-

dependent neuropathy, which predominantly affects large myelinated fibers. Easy and reliable 

monitoring of CIPN in patients is still an unmet clinical need. Since increasing clinical evidence supports 

the potential use of neurofilament light chain (NfL) as a biomarker of axonal injury, in this study we 

measured serum NfL levels in animals chronically treated with cisplatin (CDDP) and paclitaxel (PTX), 

two antineoplastic drugs with different neuronal targets. Wistar rats were treated with CDDP (2 mg/kg 

i.p. twice/week for 4 weeks) or PTX (10 mg/kg i.v. once/week for 4 weeks). Repeated serum NfL 

quantification was obtained using the Single Molecule Array (Simoa) technology. The onset and 

progression of peripheral neurotoxicity were evaluated through neurophysiology, morphological 

assessments and intraepidermal nerve fibers density quantification. Our results showed that serum NfL 

measurements correlated with the severity of axonal damage. In fact, both treatments induced serum NfL 

increase, but higher levels were evidenced in PTX-treated animals, compared with CDDP-treated rats, 

affected by a milder neurotoxicity. Notably, also the timing of the NfL level increase was associated with 

the severity of morphological and functional alterations of axonal structure. Therefore, NfL could be a 

useful biomarker for axonal damage in order to follow the onset and severity of axonal degeneration and 

possibly limit the occurrence of serious PNS disease. 

 

INTRODUCTION 
 
Chemotherapy-Induced Peripheral Neurotoxicity (CIPN) is the most prevalent neurological side effect 

in patients undergoing cancer treatment and may lead to a decline in their daily activities and quality of 

life (Velasco et al., 2009; Cavaletti et al., 2015a; Cavaletti et al., 2015b). Unfortunately, two of the most 

effective agents against solid tumors, cisplatin (CDDP) and paclitaxel (PTX), are neurotoxic for a large 

cohort of long survival patients by inducing a primary neuronopathy or a length-dependent axonopathy,  

respectively (Carozzi et al., 2015). 

Nowadays, it is difficult to assess objectively in a simple way the course of CIPN in the clinical setting. 

This is a relevant issue since CIPN would be crucial in order to prevent an irreversible and permanent 

damage.  

An emerging concept regards the possible use of neurofilaments (Nfs) as biomarkers of axonal injury 

due to their exclusive expression in axons where they have a critical role in structural stability. They are 
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released into extracellular fluid upon axonal injury and they can be detected in cerebrospinal fluid and 

blood (Yuan et al., 2012). Nf subunits are biologically classified according to their molecular weight as 

Nf light (NfL, 68 kDa), Nf medium (NfM, 160 kDa) and Nf heavy (NfH, 205 kDa) (Perrot et al., 2008). 

Over the last decades, an increased concentration of NfL due to neurodegeneration has been documented 

in several neurological diseases of the central nervous system (CNS) (Perrot et al., 2009; Novakova et 

al., 2017; Khalil et al., 2018).. In a previous studies, we demonstrated that NfL was a useful biomarker 

of axonal degeneration in a rat model of vincristine-induced peripheral neurotoxicity (Meregalli et al., 

2018). In the present study, we have extended our evaluations to CDDP- and PTX-treated animals in 

order to correlate repeated serum NfL dosage to the different mechanisms and severity of neurotoxicity.  

 

MATERIALS AND METHODS 
 

The studies were approved by the Animal Care and Use Committee of the University of Milano-Bicocca 

and adhered to all guidelines set forth in the Guide for the Care and Use of Laboratory Animals (Office 

of Laboratory Animal Welfare) as well as to the Italian D.L.vo n. 26/2014 in compliance with the 

European Union directive 2010/63/UE. 

Two experiments were performed: in the first one, adult female Wistar rats (n=8/group, Envigo, Udine, 

Italy) were randomized in control (CTRL) and CDDP-treated groups (2 mg/kg, Accord Healthcare 

Limited, Middlesex, UK; intraperitoneal injections twice a week for 4 weeks). In the second experiment, 

CTRL rats and PTX-treated animals (10 mg/kg LC laboratories, Woburn, MA, USA; intravenous 

injections via the tail vein once a week for 4 weeks) were compared. 

Neurophysiological examinations (the sensitive action potential amplitude) on caudal nerves were 

performed after 2 weeks of treatment and at the end of the treatment, as previously described (Meregalli 

et al., 2018). At the end of the treatment period, morphological analyses on caudal nerves and 

intraepidermal nerve fiber (IENF) density on skin samples were examined (Chiorazzi et al., 2018; Canta 

et al., 2016). 	

Serum Nfl concentration was measured in the Clinical Neurochemistry Laboratory at the University of 

Gothenburg, Mölndal, Sweden, using an in-house Simoa NfL assay on an HD-1 Analyzer (Quanterix, 

Billerica, MA), as previously described in detail (Rohrer et al., 2016). All experiments were performed 

on one occasion, using one batch of reagents. Intra-assay coefficients of variation for quality control 

samples with NfL concentrations of 22.6 pg/mL and 50.2 pg/mL were below 10%.  
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A two sided Mann-Whitney U test was used, and continuous variables were described by the median and 

25% and 75% percentile (significance level set at p<0.05). Statistical analyses were conducted using 

GraphPad Prism4 statistical package (GraphPad Software,	San Diego, CA).  

 

RESULTS AND DISCUSSION 
 

The lack of a specific biomarker for a direct measure of peripheral nerve damage is a limiting factor in 

early detection of the axonal degeneration in patients treated with antineoplastic drugs. Up to now, 

neurofilament (NfL) proteins are promising emerging blood biomarker candidates for axonal 

degeneration in several neurological disorders mainly affecting the CNS, such as Huntington’s disease 

(Byrne et al., 2017), multiple sclerosis, Alzheimer disease and frontotemporal dementia (Disanto et al., 

2017; Mattsson et al., 2017; Rohrer et al., 2016). Conversely, a few studies analyzed serum NfL in 

patients with peripheral nervous system (PNS) diseases, such as inherited peripheral neuropathies 

(Sandelius et al., 2018), acquired peripheral neuropathies (Mariotto et al., 2018) and vasculitic 

neuropathy (Bischof et al., 2018), indicating an increase in concentration compared to the healthy 

subjects. Given our previous results showing convincing data of serum NfL measure as an axonal damage 

marker in vincristine CIPN animal model   (Meregalli et al., 2018),  we here extended these preliminary 

data in PTX- and CDDP-treated rats, demonstrating that serum NfL levels correlates to neurophysiology 

and neuropathology findings of neurotoxicity.  

According to our data, several features of CIPN development were confirmed at the end of the 

experiments in both studies performed with PTX and CDDP by different analyses. In particular, a 

reduction of the small unmyelinated fibers was detected through the IENF density analysis in both groups 

of treatment compared to control rats (CTRL median=30.83 [IQR 28.3-31.07] fibers/mm, CDDP 21.97 

[20.27-23.18] fibers/mm p<0.001; CTRL 30.29 [28.55-36.44] fibers/mm, PTX 19.49 [19.05-22.06] 

fibers/mm p<0.001), confirming the impairment of fibers primarily linked to painful sensation.    

Of particular importance, the neurophysiological examination on caudal nerves showed a significant 

reduction in sensory potential amplitude in PTX-treated animals compared with control rats from the 

second week of treatment (p<0.001) until the end of the experiment (p<0.0001); whereas a mild 

difference was detected in CDDP-treated animals compared to their control arm only at the end of the 

treatment (p<0.05) (Fig1). 

Serum NfL concentration was measured using the most sensitive method available to date (Kuhle et al., 

2016). The results showed a significant increase in both groups of treatment compared with control 



5 
 

animals, but the concentration in PTX-treated animals was higher than in CDDP-treated ones from the 

first week of treatment (Fig2), indicating a correlation between these concentrations and the severity of 

the axonal damage.  These data are in line with our previous results (Meregalli et al., 2018) and they are 

expected since the neurofilament proteins, the major constituent of the neuronal cytoskeleton, are 

exclusively released after neuroaxonal injury (Kuhle et al., 2015). It is likely that the concentrations are 

elevated in the animals with severe neuropathy induced by PTX due to the early strong axonal damage, 

whereas the NfL levels measured in CDDP-treated rats are lower than PTX-treated animals, showing a 

progressive increase of the concentration, which corresponds to a minor impairment of peripheral nerves 

during the ongoing neurotoxicity. 

The increase of NfL levels in blood samples was previously noted in various preclinical studies of 

neurological diseases. For example, a recent work of Soylu-Kucharz and co-workers, showed NfL 

concentration in cerebrospinal fluid (CSF) and blood as a convincing accessible murine marker for 

monitoring the progression in Huntington’s disease, in correlation with the pathology (Soylu-Kucharz R 

et al., 2017). Furthermore, Bacioglu and collaborators described an increase of NfL levels in CSF and 

blood samples in mouse models of tauopathy, synucleinopathies and b-amyloidosis (Bacioglu et al., 

2016). Likewise, Brureau et al. showed serum NfL increase in CSF which correlated with ongoing 

neuronal damage in cerebral cortex and hippocampus in an inducible transgenic mouse model of 

neurodegeneration (Brureau et al., 2017). 

Remarkably, these findings seem to reflect the prominent axonal loss on caudal nerves collected at the 

end of the treatment and the presence of several degenerated fibers in PTX-treated animals (Fig3), which 

correlates with high levels of serum NfL concentrations. These data suggest that the mechanism 

underlying PTX-induced neurotoxicity involves a direct action of this compound against peripheral 

nerves, resulting in severe fiber degeneration (Roytta M and Raine, 1986).  In contrast, regarding  CDDP-

treated animals, only a few degenerated fibers were observed in caudal nerves; whereas the analysis on 

DRG showed a contest of sensory neuronopathy/ganglionopathy with a reduction in soma, nucleus and 

nucleolus size (CTRL 656.4 [448.5-1344] µm2, CDDP 544.8 [403.2-1123] µm2; CTRL 104.6 [78-144.3] 

µm2, CDDP 98.7 [71.55-129.8] µm2; CTRL 7.9 [5.25-13.5] µm2, CDDP 7 [4.9-10.2] µm2, respectively). 

In line with these results, previous studies performed in CDDP-treated Wistar rats demonstrated similar 

neuronal atrophy with a reduction in somatic, nuclear and nucleolar size (Tredici et al., 1998), confirming 

the strength of the animal model used in this work. In conclusion, this study shows a temporal profile of 

NfL levels in animals treated with platinum and taxane-based chemotherapy, and is currently the most 

extensive analysis of the correlation between severity of neuropathy and neuroaxonal damage, which 
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might be due to the abundant presence of NfL in large-caliber myelinated axons, predominantly affected 

in taxane-induced peripheral neurotoxicity. These data provide further evidence to support the 

importance of serum NfL as reliable and easily accessible biomarkers since they correctly identified a 

presence of large caliber fiber degeneration in CIPN. Our findings may allow the assessment of a valid 

biomarker to readily detect the damage and monitor the efficacy of treatment and therefore evaluate the 

impact of this biomarker in neurotoxic PNS disorders. 
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FIGURE CAPTIONS 
 

Fig1. Nerve conduction studies. The graphs show a reduction in caudal sensitive action potential 

amplitude from the second week of treatment until the end of treatment in PTX-treated animals. A 

reduction in amplitude was detected in CDDP-treated rats only at the end of the treatment. *p<0.05 vs 

CTRL, ***p<0.001 vs CTRL (Mann-Whitney test). 

 

Fig2. Neurofilament Light Chain (NfL) concentration. (a) Data collected indicate a progressive 

increase of NfL concentration in CDDP-treated group from the first week of treatment until the end of 

the experiment. *p<0.05 vs CTRL, ** p<0.01 vs CTRL, ***p<0.001 vs CTRL (Mann-Whitney test). 

 (b) The graph shows an important increase of NfL concentration in PTX-treated animals compared to 

CTRL group from the first week of treatment, which remains very high until the end of the treatment. 

**p<0.01 vs CTRL, ***p<0.001 vs CTRL (Mann-Whitney test). 

 

Fig3. Morphological examination of caudal nerves. Important loss of fibers and degeneration were 

detected in PTX-treated animals at the end of treatment indicating a severe axonopathy. Only few 

degenerated fibers were observed in CDDP-treated rats. Scale bar 30µm. 
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