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Background Many chemotherapeutic agents, especially taxanes, can induce periph-
eral neuropathy.
Aim To evaluate the clinical characteristics of taxane-induced neuropathy (TIN) and 
determine the proper assessment tool for TIN in patients with breast cancer.
Setting and Design Single-center, observational, prospective study.
Methods and Material Forty-three patients with breast cancer treated with taxanes 
were prospectively enrolled. The reduced version of the Total Neuropathy Score (TNSr) 
was performed at baseline and 3 months after enrollment. TIN was diagnosed if the 
difference between the baseline and 3-month TNSr was greater than 1. In patients 
with TIN, the European Organization for Research and Treatment of Cancer Quality 
of Life Questionnaire— Chemotherapy-Induced Peripheral Neuropathy (20-item scale 
(EORTC-CIPN20) was also assessed 3 months after enrollment.
Results Thirty-seven out of 43 (86.0%) patients were diagnosed with TIN. Sensory 
symptoms (64.9%) were the most frequent abnormality, followed by autonomic symp-
toms (54.1%). No patients reported motor symptoms or motor weakness. The TNSr 
sensory symptom score positively correlated with that of the EORTC-CIPN20. Nerve 
conduction studies showed reduced nerve conduction velocities and amplitudes after 
taxane treatment compared to those before chemotherapy in all tested nerves; how-
ever, only three (8.1%) patients had sural sensory nerve action potential amplitude 
outside normal limits.
Conclusions TIN was predominantly sensory with normal nerve conduction studies 
which is the main feature of small fiber neuropathy. A combination scale comprising of 
a clinician-based scale and a patient-reported questionnaire and specialized tests for 
small nerve fibers should be considered as proper assessment tools to evaluate TIN.
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Introduction
Chemotherapy-induced peripheral neuropathy (CIPN) typ-
ically presents as length-dependent axonopathy and is one 
of the major dose-limiting side effects of chemotherapeutic 
agents. Many chemotherapeutic agents, especially taxanes 
(e.g., paclitaxel, docetaxel), platinum compounds (e.g., cispla-
tin, carboplatin, oxaliplatin), thalidomide, and bortezomib, 
can cause CIPN. Taxanes are microtubule-stabilizing drugs 
and are used to treat various malignancies, including breast, 
ovarian, and non–small cell lung cancers.1 Taxane-induced 
neuropathy (TIN) typically presents as sensory neuropa-
thy, and motor impairment is rare2; however, a recent study 
observed a considerable prevalence of motor impairment 
in TIN.3 In that study, they used a clinician-based scale—the 
National Cancer Institute Common Terminology Criteria for 
Adverse Events (NCI-CTCAE)—that often overestimates motor 
neuropathy and could be a confounding factor. However, lit-
tle attention has been given to motor impairments in CIPN; 
therefore, they recommended a more detailed assessment of 
motor symptoms when evaluating CIPN.

The prevalence of CIPN is highly variable and ranges 
from 12.1 to 96.2%.4 The variability in the prevalence 
may originate from heterogeneity in cancer or chemo-
therapeutic agents, assessment tools, or study design. 
There is currently no gold standard for the assessment 
of CIPN, but several clinician-based grading scales and 
patient-reported questionnaires have been developed. The 
NCI-CTCAE is the most commonly used clinician-based 
grading scale for CIPN5; however, it demonstrated high 

intraobserver disagreement and interobserver variability 
as well as overestimation of CIPN.6,7 Although many studies 
have used the NCI-CTCAE to identify CIPN, it is not a reli-
able assessment tool for clinical research.7 The European 
Organization for Research and Treatment of Cancer Quality 
of Life Questionnaire-CIPN 20-item scale (EORTC-CIPN20) 
is a patient-reported outcome measure,8 and its validity in 
CIPN has been demonstrated by several studies.7,9 However, 
patient-reported symptom questionnaires have not been rou-
tinely integrated as the sole method to identify CIPN, poten-
tially due to feasibility concerns and the lack of consensus 
regarding the best available patient-based CIPN assessment 
method.2 The combination of a patient-reported outcome 
measure and a clinician-rated scale is regarded as a rea-
sonable and practical method to determine CIPN. The Total 
Neuropathy Score (TNS), which was developed and validated 
for diabetic neuropathy, is a mixed scale of patient-reported 
symptoms and clinician-detected signs, including a physi-
cal examination for motor and sensory function with neu-
rophysiological studies.10 The TNS and its reduced version 
(TNSr) have been used for CIPN assessment and have shown 
higher sensitivity and lower interobserver variability than 
those of other clinician-administered scales.11,12

For this study, we enrolled patients with breast cancer 
who were treated with taxanes to reduce the heterogeneity 
of subjects. We used serial TNSr, assessed before and after 
chemotherapy, for a more precise evaluation of motor func-
tion and a more accurate diagnosis of CIPN. This study aimed 
to evaluate the clinical characteristics of TIN and the use of 
longitudinal TNSr for the diagnosis of TIN.

Table  1  Comparison of clinical features according to taxane-induced neuropathy status

Variables No TIN (n = 6) TIN (n = 37) p-Value

Age (mean ± SD) 49.7 ± 4.5 48.9 ± 10.4 ns

Women (%) 6 (100) 37 (100) ns

BMI (kg/m2, mean ± SD) 24.2 ± 2.5 23.9 ± 3.6 ns

<25 (%)
≥25 (%)

4 (66.7)
2 (33.3)

22 (59.5)
15 (40.5)

ns

Cancer stage: I–III (%)
IV (%)

5 (83.3)
1(16.7)

35 (94.6)
2 (5.4)

ns

Taxane received 

Docetaxel (%)
Paclitaxel (%)

5 (83.3)
1 (16.7)

30 (81.1)
7 (18.9)

ns

Chemotherapeutic regimen (%) ns

AC with weekly taxane 1 (16.7) 1 (2.7)

AC with once every 3 week taxane 0 (0.0) 16 (43.2)

TC 2 (33.3) 16 (43.2)

TAC 2 (33.3) 3 (8.1)

TA 1 (16.7) 1 (2.7)

Cumulative dose ns

Docetaxel (mean ± SD)
Paclitaxel (mean ± SD)

637.8 ± 151.2
1799.2

543.6 ± 266.1
1039.7 ± 413.2

Abbreviations: AC, adriamycin and cyclophosphamide; ns, not significant; TA, taxane and adriamycin; TAC, taxane, adriamycin, and cyclophosphamide; 
TC, taxane and cyclophosphamide; TIN, taxane-induced neuropathy.
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Materials and Methods
Study Design
This was a single-center, observational, prospective study.

Participants
We prospectively enrolled patients with breast cancer who 
received chemotherapy with docetaxel or paclitaxel. All 
enrolled patients were older than 20 years and received more 
than four cycles of combination of adriamycin and/or cyclo-
phosphamide and/or taxane and 18 patients followed by 
additional taxane weekly or once every 3 weeks (►Table 1). 
Patients were excluded if they had pre-existing risk factors 
for neuropathy such as diabetes mellitus, thyroid disease, 
other potential neurotoxic medication history, alcohol, or 
family history of neuropathy. We also excluded patients who 
could not give informed consent for any reason. This study 
was approved by the Chungnam National University ethics 
committee and conformed to the Declaration of Helsinki and 
its amendments.

Clinical Assessment and the Definition of TIN
The TNSr was used to diagnose TIN. The TNS, a clinician-based 
scoring system, is composed of subjective symptoms (e.g., 
sensory, motor, and autonomic symptoms), physical exam-
ination (pinprick and vibration sensation assessment, 
strength, and tendon reflex), and neurophysiological tests 
(e.g., nerve conduction studies [NCS] and vibration sense 
assessment by quantitative sensory testing [QST]), scored 
from 0 to 4 for each item. The total score ranges from 0 to 
40, and a higher score indicates more severe neuropathy. 
The TNSr is a reduced version of the TNS that eliminates the 
QST for vibration sensation but retains the NCS and clinical 
assessment. The TNSr was assessed at baseline (TNSr_B) and 
3 months after enrollment (TNSr_F). TIN was diagnosed if 
the difference between the TNSr_F and TNSr_B was greater 
than 1. The patients were divided into TIN and no TIN groups 
according to their diagnosis.

The EORTC-CIPN20 was administered to the TIN group 
3 months after enrollment (CIPN20_F). The EORTC-CIPN20 is 
a 20-item self-reported questionnaire and has three subscales 

containing 9 items for sensory symptoms, 8 items for motor 
symptoms, and 3 items for autonomic symptoms. Each item 
is scored from 1 to 4, and the total score ranges from 20 to 80, 
with higher scores indicating worse symptoms. The CIPN20_F 
was compared with the TNSr_F in the TIN group.

We further evaluated body mass index, cancer stage, 
chemotherapy interval (weekly vs. once every 3 weeks), 
and cumulative doses. These clinical data were compared 
between the TIN and no TIN groups.

Neurophysiological Assessment
Sensory NCS were conducted on the median, ulnar, and 

sural sensory nerves and motor NCS were performed on the 
median, ulnar, and peroneal motor nerves. The nerve con-
duction velocities (NCV) and amplitudes of each nerve before 
and after chemotherapy were compared in the TIN group.

Statistical Analysis
Descriptive statistics were used to demonstrate the char-

acteristics of the data. Continuous variables were analyzed 
using the Mann–Whitney U test, and categorical data were 
analyzed using Pearson’s nonparametric chi-square test. 
We used Spearman correlations to evaluate the association 
between TNSr_F and CIPN20_F. All of the analyses were 
performed using SPSS (IBM Corp., released 2016, IBM SPSS 
Statistics for Windows, Version 24.0, Armonk, New York).

Results
In total, 43 female patients were enrolled (age [mean ± SD] 
49.0 ± 9.8 years; range, 20–67 years). Thirty-seven out of 43 
(86.0%) patients were diagnosed with TIN. There were no 
significant differences in clinical features between the TIN 
and no TIN groups (►Table 1). Neither chemotherapy inter-
val (weekly vs. once every 3 week) nor cumulative doses of 
taxane showed differences between TIN and no TIN group 
(►Table 1).

Nine patients (20.9%) had abnormal symptoms and/or 
physical examinations before chemotherapy, as evaluated 
by the TNSr_B; two patients had sensory symptoms, four 
patients had autonomic symptoms, five patients had an 

Table  2  Patients with symptoms and abnormal physical examination at baseline and possible underlying disease in each patient

Patient no. Symptoms Physical examination abnormality Underlying disease

Sensory ANS Vibration Tendon reflex

1 + + + + Radiculopathy

2 – – – + Radiculopathy

3 – – + – Radiculopathy

4 + + + + None

5 – + – – None

6 – + – – None

7 – – – + None

8 – – – + None

9 – + – – None

Abbreviations: ANS, autonomic nervous system; no., number.
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abnormal tendon reflex, and three patients had abnormal 
vibration sensation. Three patients had underlying radicu-
lopathy, and the remaining six patients denied any previous 
diseases (►Table  2). The changes in TNSr after chemother-
apy were the largest in sensory symptoms, followed by auto-
nomic symptoms, abnormal vibration sensation, and tendon 
reflex (►Fig.  1). No patients reported motor symptoms or 
motor weakness.

In the TIN group, 24 out of 37 (64.9%) patients reported 
sensory symptoms, and 20 patients (54.1%) experienced 
more than one autonomic symptom according to the TNSr_F. 
Eighteen out of 25 (72.0%) patients reported hand sen-
sory symptoms (e.g., tingling, burning, or prickling pain), 
and 17 patients (68.0%) reported autonomic symptoms as 
assessed by the CIPN20_F. The CIPN20_F sensory symptom 
scores were significantly correlated with the TNSr_F sensory 
symptom and pin sensation scores (►Table 3).

The NCV and amplitudes of all tested nerves were signifi-
cantly reduced following chemotherapy compared to those 
before chemotherapy (►Table 4). However, the postchemo-
therapy NCV and amplitudes were mostly within the normal 
range; only three patients (8.1%) had sural sensory nerve 
action potential amplitudes outside the normal range.

Discussion
In this study, TIN was diagnosed in 37 patients (86.0%) 
3 months after enrollment. Our patients predominantly 
experienced sensory symptoms, followed by autonomic 
symptoms. No patients reported motor symptoms or weak-
ness. Longitudinal NCS demonstrated reduced NCV and 
amplitudes subsequent to taxane treatment compared with 
those measured before chemotherapy, although only three 
(8.1%) patients had sural sensory nerve action potential 
amplitudes outside the normal range.

The reported prevalence of TIN varies, ranging from 57 to 
83% for paclitaxel and 11 to 64% for docetaxel.13 We diag-
nosed 37 patients (86.0%) with TIN, which is in accordance 

with previous studies. Several risk factors for TIN were  
identified, including health status, obesity, age, the cumula-
tive dose of chemotherapeutic agents, treatment schedule, 
and infusion time.14-16 In this study, no significant differences 
in clinical features—obesity, age, the cumulative doses of tax-
ane, and treatment interval (weekly vs. once every 3 week) 
were observed between the TIN and no TIN groups. These 
results might be originated from the small sample size and 
further study with larger number of patients will give more 
epidemiologic information of TIN.

TIN typically presents as distal sensory neuropathy and 
could persist, after chemotherapy is completed.17 In the pres-
ent study, all patients with TIN had sensory neuropathy with-
out motor impairment, which contradicts a recent study that 
observed considerable motor neuropathy in patients with 
TIN.3 They used NCI-CTCAE which determine the neuropa-
thy status by clinician’s decision. We assessed motor function 
by physical examination and patient-reported symptoms 
by TNSr; hence, our results emphasize the importance of a 
combination of objective examination and patient-reported 
symptoms for the evaluation of CIPN. However, we could not 
preclude the possibility of bias from the small sample size 
and further study with larger number of patients diagnosed 
by serial TNSr is needed.

In this study, the frequency of sensory symptoms mea-
sured by the EORTC-CIPN20 was higher than that as assessed 
by the TNSr, and the TNSr sensory symptom and pin sensation 
scores positively correlated with the EORTC-CIPN20 sensory 
symptom scores. Patient-reported outcome measures, such 
as the EORTC-CIPN20, are reported to be more sensitive 
than clinician-based instruments, and their correlation to 
objective neuropathy measures in CIPN studies has been 
validated.14,15 However these measures often overestimate 
CIPN because they do not evaluate objective signs of neu-
ropathy. A recent Delphi survey rated brief patient-reported 
outcome questionnaires as having the highest clinical utility 
of available assessment tools and the TNSc, which includes 
the symptoms and clinical examination items of the TNS, as 
the best clinical/composite assessment tool.12 Another study 
demonstrated that brief patient-reported outcome ques-
tionnaires provide useful complementary information to 
the NCI-CTCAE scale.18 Because the TNS positively correlated 
with a patient-reported questionnaire in this study and is a 
composite scale of subjective symptoms and physical exam-
ination, it could be a useful sole screening tool for evaluat-
ing CIPN.

It remains unclear how taxanes induce TIN. It is postu-
lated that taxanes interrupt axonal transport and damage 
the mitochondria, which causes axonal damage.17 It has 
been suggested that, among all the peripheral nerves, large 
myelinated sensory nerve fibers are the most susceptible 
to TIN.19,20 The results of NCS after taxane treatment also 
demonstrated taxane-induced axonal damage. However, 
TIN is characterized by sensory loss, neuropathic pain, and, 
rarely, motor impairment in the literature.16 Pure sensory 
neuropathy presenting as neuropathic pain without motor 
impairment is a typical feature of small fiber neuropathy, 
and evidence that taxanes damage small nerve fibers first 

Fig. 1 Percentage of patients with normal Total Neuropathy Score 
(TNSr) before and after chemotherapy. Sensory and autonomic 
symptoms were the most frequent abnormalities after chemother-
apy, followed by abnormal tendon reflex and vibration sensibility.
Abbreviations: Amp., amplitude; TNSr_B, baseline TNSr; TNSr_F, 
3-month TNSr.
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has been reported. A study using a zebrafish model suggested 
that paclitaxel-induced neuropathy may depend on the inter-
action between the skin nerve endings and epidermal basal 
keratinocytes.21 Another study showed a reduction of epider-
mal nerve fibers in the area of pain in TIN.13 We found that 
sensory symptoms were the most frequent symptoms fol-
lowed by autonomic symptoms without motor impairment 
and that NCS values after chemotherapy were mostly within 
normal limits in patients with TIN. Therefore, we suggest that 
more specialized, objective tests for small nerve fibers, such 
as QST for heat stimulus and epidermal nerve fiber quantifi-
cation, are needed to diagnose TIN in early stages.

Furthermore, we found that nine patients (20.9%) had 
symptoms or signs of neuropathy before chemotherapy. 
Many studies on CIPN are of cross-sectional design, and longi-
tudinal studies are uncommon in the literature.22 Molassiotis 
et al found that a considerable number of patients reported 
CIPN symptoms before chemotherapy and insisted that base-
line assessment and longitudinal studies are essential for the 
identification of CIPN.3 Our results corroborate that a longi-
tudinal assessment before and after chemotherapy is import-
ant for the accurate diagnosis of CIPN.

This study has several limitations. First, this was an obser-
vational study without controls; therefore, we were unable to 
calculate the sensitivity or specificity of the TNSr as a diag-
nostic tool for TIN. However, positive correlation of the TNSr 

with the EORTC-CIPN20 provided the validity of the TNSr to 
evaluate subjective symptoms. Diagnostic accuracy of TNS 
compared with other clinician-assessing scales have been 
validated previously.11,12 Therefore, we demonstrated the 
usefulness of this scale for the evaluation of CIPN, although 
we could not identify the diagnostic accuracy of the TNSr, 
Secondly, the sample size was too small to identify risk fac-
tors and epidemiologic data of TIN. Further studies with 
larger sample sizes are needed to fully evaluate putative risk 
factors.

Conclusion
TIN was primarily characterized as sensory neuropathy 
without motor impairment. A combination scale compris-
ing a clinician-based scale and a patient-reported ques-
tionnaire and specialized tests for small nerve fibers should 
be considered as the proper assessment tools to evaluate 
TIN. Moreover, continual assessment from baseline with a 
composite scale is necessary for the accurate diagnosis of 
TIN because pre-existing symptoms are not uncommon in 
patients undergoing chemotherapy.

Sources of Support
This study was financially supported by faculty research 
abroad program of Chungnam National University in 2019.

Table  3  Correlation coefficients between TNSr and CIPN20 in taxane-induced neuropathy patients

CIPN20_F
TNSr_F

Sensory—hand Sensory—foot Motor ANS Total score

Sensory 0.645a (<0.001) 0.632a 
(<0.001)

0.303 (0.110) 0.142 (0.462) 0.639a (<0.001)

ANS −0.147 (0.448) −0.172 (0.374) 0.285 (0.134) 0.398b 
(0.032)

0.025 (0.898)

Pin sensation 0.380b (0.042) 0.423b (0.022) 0.317 (0.094) 0.126 (0.516) 0.428b (0.021)

Vibration sensation −0.017 (0.931) 0.117 (0.545) 0.245 (0.200) 0.007 (0.971) 0.106 (0.586)

Total score 0.369a (0.049) 0.314 (0.097) 0.425a (0.022) 0.324 (0.087) 0.470a (0.010)

Abbreviations: ANS, autonomic nervous system symptoms; TNSr_F, 3-month TNSr; CIPN20_F, 3-month CIPN20; sensory-hand, sensory symptoms of 
the hand as assessed by the CIPN20; sensory-foot, sensory symptoms of the foot as assessed by the CIPN20; sensory, sensory symptoms as assessed 
by TNSr.
Values are expressed as “correlation coefficient r (p-value)”.
aDenotes high significance (p < .001).
bDenotes significance (p < .05).

Table  4  Comparison of nerve conduction studies before and after chemotherapy in patients with taxane-induced neuropathy

Before CTx After CTx p-Value

Peroneal motor amplitude (mV) 6.9 ± 2.2 5.8 ± 1.7 <0.001

NCV (m/sec) 50.6 ± 3.4 48.8 ± 3.1 <0.001

Sural sensory amplitude (μV) 27.1 ± 12.5 20.8 ± 10.0 <0.001

NCV (m/sec) 45.9 ± 3.9 42.8 ± 8.4 0.046

Median sensory amplitude (μV) 57.2 ± 19.1 43.9 ± 13.4 0.004

NCV (m/sec) 47.5 ± 4.3 46.1 ± 5.0 <0.001

Ulnar sensory amplitude (μV) 35.2 ± 12.9 28.8 ± 11.9 0.001

NCV (m/sec) 49.4 ± 2.9 4.7 ± 3.1 <0.001

Abbreviations: CTx, chemotherapy; NCV, nerve conduction velocity.
Values are expressed as “mean ± SD”.
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