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Introduction
Paclitaxel is a microtubule-stabilizing agent that has significant 
therapeutic utility for treating many cancers, including breast cancer. 
Paclitaxel-induced peripheral neuropathy (PIPN) is a dose-limiting side 
effect of paclitaxel that could require discontinuation of treatment, and 
the mechanism has not been fully explained. In clinical practice, PIPN 
can occur over a period of a few days to several months and mostly 
causes peripheral sensory neuropathy as well as motor and autonomic 
neuropathy (1,2). Although the cumulative dose of paclitaxel appears 
to be the most associated factor with neuropathy, factors such as 
concomitant medications, comorbidities, older age, and vitamin D levels 
are also important because PIPN can occur even after the first cycle (3,4).

Many animal studies have shown that the possible neuropathy 
mechanism induced by paclitaxel includes inflammation, oxidative 

stress, loss of epidermal nerve fibers, alterations of mitochondrial 

function, and excitability of neurons, which cause damage to peripheral 

neurons and the dorsal root ganglion (5-7). Immune upregulation 

(inducing overexpression of mRNA coding for cytokines such as tumor 

necrosis factor-alpha, interleukin 1beta (IL-1β), IL-6, CGRP, and substance 

P) after paclitaxel administration has been shown in previous studies to 

play an important role in the modulation of cell death (8-10). IL-20 is a 

proinflammatory and chemoattractant mediator involved in augmenting 

proinflammatory substances such as IL-6, IL-1, and macrophage 

inflammatory proteins-1 in astrocytes, monocytes, and epithelial cells 

(11,12). Previous studies have suggested that IL-20 may function as a 

proinflammatory mediator in the development of PIPN (13).

In this study, we investigated the relationship between serum IL-20 levels 

and paclitaxel-related neuropathy.

Introduction: This study investigated the relationship between serum interleukin-20 (IL-20) levels and paclitaxel-associated 
neuropathy in patients with non-metastatic breast cancer. Paclitaxel-induced peripheral neuropathy (PIPN) is a significant side effect 
of paclitaxel chemotherapy, and the exact mechanism underlying PIPN is not fully understood.

Methods: This prospective observational study was conducted with non-metastatic breast cancer patients between January 2022 and 
November 2022. Neuropathy symptoms were evaluated using the QLQ-CIPN20 questionnaire, and serum IL-20 levels were measured 
at three time points: before chemotherapy, on the 7th day after the first paclitaxel treatment, and after the last treatment. Univariate 
and multivariate logistic regression analyses were performed to identify factors predicting PIPN.

Results: This study was completed with 59 female patients. During the study, 47 patients (79.6%) reported any degree of neuropathy, 
whereas 12 patients (20.4%) had no neuropathy. Univariate analysis to predict neuropathy measured on day 7 after first paclitaxel 
administration demonstrated that age, body mass index, 7th-day serum IL-20 level, and last cycle serum IL-20 level were predictive 
for PIPN.

Conclusion: This study demonstrated the relationship between serum IL-20 levels and paclitaxel-related neuropathy in breast cancer 
patients. Further research targeting the function of IL-20 is needed to investigate potential strategies to prevent and treat PIPN.
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Methods

Patients

In this prospective observational study, eligible patients were aged >18 
years, with histologically proven breast cancer, and planned (adjuvant 
or neoadjuvant) to receive 4 cycles of epirubicin plus cyclophosphamide 
and then weekly paclitaxel (80 mg/m2 x12 cycles). Patients with human 
epidermal growth receptor-2 (HER2) expression received HER2-directed 
therapy concurrently (trastuzumab, 17 cycles of neoadjuvant and/or 
adjuvant; if pertuzumab received, only 4 cycles in the NACT period). 
Patients with a prior history of peripheral neuropathy or diabetes 
mellitus and those with advanced -stage breast cancer were excluded 
from the study.

In this study, a total of 115 non-metastatic breast cancer patients 
receiving adjuvant or neoadjuvant chemotherapy between January 2022 
and November 2022 were evaluated. Of the 115 patients, 15 patients 
with diabetes mellitus or preexisting peripheral neuropathy and 39 
patients scheduled to receive docetaxel as a taxane were excluded 
from the study. Patients who had to discontinue treatment because of 
neuropathy were also excluded from the study. The study was eventually 
conducted with 59 eligible patients (Figure 1). The study was approved by 
the Namık Kemal University Local Ethical Committee under the Helsinki 
Declaration (approval number:  2021.264.11.08, date: 30.11.2021), and 
informed consent was obtained from all participants. This study was 
registered on clinicaltrials.gov under NCT05622617.

Questionnaire 

Neuropathy symptoms were evaluated with the patients-reported EORTC 
chemotherapy-induced peripheral neuropathy questionnaire (QLQ-
CIPN20) on the 7th day after the first paclitaxel administration and at 
the last administration of the treatment (Figure 1). QLQ-CIPN20 contains 
three types of neuropathy: sensory, motor, and autonomic, and consists 
of 20 questions scaled each 1 to 4 points (1, not at all; 4, very much). Each 
question is scored, and the sum of the scores ranges between 20 and 80. 

Because only female patients were recruited for the study, the question 

regarding autonomic dysfunction (erectile dysfunction) was omitted. 

Patients were divided into two groups: if patients rated any question as 

2, 3 or 4 points, they were assumed to have neuropathy; if they rated 

all questions as 1 point, they were assumed to have no neuropathy. The 

Turkish Validation of QLQ-CIPN20 was used in this study.

Measuring Serum IL-20 Levels 

Serum IL-20 levels were measured at three time points. Initial IL-20 

measurement was performed before chemotherapy. The second IL-20 

measurement time point was on the 7th day after the first paclitaxel 

treatment, and the third measurement time point was after the last 

paclitaxel treatment (Figure 1).

Serum IL-20 levels were measured by ELISA analysis method. Bio-Techne 

(R&amp;D SYSTEM Inc., Bio-Techne Corporation Brands, Minneapolis, 

USA) commercial ELISA kit (catalog no: DL200) of 96 tests was used 

for this measurement. Blood samples of the subjects included in the 

study were collected in a red-capped gel tube. These blood tubes were 

centrifuged at 4000 rpm (revolutions per minute) for 10 min and, the 

separated serum samples were divided into microcentrifuge tubes and 

labeled. Collected samples were stored at -80 °C until the day of analysis.

Statistical Analysis

Data were analyzed using SPSS version 26. Descriptive statistics and 

frequency distributions were calculated for the clinicopathological 

characteristics of patients. Differences between neuropathy and 

laboratory, clinical, and pathologic characteristics of patients were 

evaluated using Independent sample t-tests, chi-square analyses, or 

Mann-Whitney U tests. Receiver operating characteristic analysis was 

used to calculate the ideal cut-off value for predicting neuropathy. 

Logistic regression models, including univariate and multivariate 

analyses, were established to identify predictors of PIPN. A P-value of 

≤0.05 was considered statistically significant.

Karaboyun et al. Role of Interleukin-20 in Paclitaxel-Associated Neuropathy

Figure 1. Study flow diagram

IL-20: Interleukin-20, EORTC: European Organization for Research and Treatment of Cancer, CIPN20: Chemotherapy-Induced Peripheral Neuropathy 20-item scale
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Results

Fifty-nine female patients with a median age of 52.9 (33-78) years were 

included in this study. During the study, 47 patients (79.6%) reported any 

degree of neuropathy, whereas 12 patients (20.4%) had no neuropathy. 

On the 7th day after the first administration of paclitaxel, a rating score 

of 2, 3, or 4, which indicates the development of neuropathy, by patients 

for any of the questions in the QLQ-CIPN20 questionnaire was seen in 

38.9% (n=23) patients (Table 1).

In the analysis of factors associated with neuropathy, serum IL-20 levels 

measured on day 7 (p=0.022), and last cycle serum IL-20 level (p=0.010) 

were statistically significant regarding the development of neuropathy. 

The serum IL-20 levels measured on day 7 and on the last cycle day were 

significantly higher in patients who developed neuropathy on day 7. 

There were no relationships between neuropathy and, chemotherapy 

type, estrogen receptor (ER) status, progesterone receptor (PR) status 
(p=0.670), HER2 expression, tumor size, first IL-20 level, and last serum 
IL-20 level (Table 1). 

In the analysis of the relationship between the 7th-day serum IL-20 level 
and clinicopathological factors, a significant relationship was observed 
with the type of chemotherapy. The 7th-day serum IL-20 level was 
significantly higher in patients receiving adjuvant chemotherapy than in 
those receiving neoadjuvant settings (p=0.032). No significant difference 
was observed between the second serum IL-20 level and the following: 
age, body mass index (BMI), ER status, PR status, HER2 expression, Ki-67 
level, and tumor size (Table 2).

Univariate and Multivariate Analyses

Univariate analysis to predict neuropathy measured on day 7 after first 
paclitaxel administration demonstrated that age [odds ratio (OR): 4.58, 

Table 1. Relationship between patient’ characteristics and neuropathy (n=59)

Variable 7th day survey after the first paclitaxel During the entire study 

Neuropathy, yes (n=23) Neuropathy, no (n=36) p Neuropathy, yes (n=47) Neuropathy, no (n=12) p

Age 56.29±4.99* 52.46±11.51* 0.062 50.08±2.86* 53.63±1.64* 0.428

BMI 31.29±1.88* 27.99±0.77* 0.077 28.80±0.81* 26.75±1.55* 0.101

Chemotherapy types

Adjuvant 2 (8.3%) 22 (91.7%)
0.689

19 (79.2%) 5 (20.8%)
0.594

Neoadjuvant 5 (14.3%) 30 (85.7%) 28 (80%) 7 (20%)

Estrogen receptor

Positive 4 (9.5%) 38 (90.5%)
0.399

35 (83.3%) 7 (16.7%)
0.299

Negative 3 (17.6%) 14 (82.4%) 12 (70.6%) 5 (29.4%)

Progesteron receptor

Positive 4 (10%) 36 (90%)
0.670

32 (80%) 8 (20%)
0.590

Negative 3 (15.8%) 16 (84.2%) 15 (78.9%) 4 (21.1%)

HER2 status

Positive 2 (9.5%) 19 (90.5%)
0.516

16 (76.2%) 5 (23.8%)
0.431

Negative 5 (13.2%) 33 (86.8) 31 (71.8%) 7 (18.2%)

Ki67

<18 1 (10%) 9 (90%)
0.662

8 (80%) 2 (20%)
0.673

≥18 43 (87.8) 6 (12.2%) 39 (79.6%) 10 (20.4%)

Tumor size

≤2 cm 4 (12.1%) 29 (87.9%)
0.635

26 (78.8%) 7 (21.2%)
0.851

>2 cm 3 (11.5%) 23 (88.5%) 21 (80.8%) 5 (19.2%)

Labaratory paramaters

White blood cell (103/uL) 6.69±2.01* 6.63±1.75* 0.851 6.67±0.27* 6.64±0.41* 0.814

Neutrophil (103/uL) 3.71±1.22* 4.07±1.56* 0.582 4.00±0.23* 4.22±0.37* 0.423

Lymphocyte (103/ uL) 2.31±0.78* 1.84±0.58* 0.056 1.93±0.08* 1.72±0.21* 0.292

Platelet count (103/uL) 259.4±92.9* 279.9±68.6* 0.512 279.1±10.8* 265.7±14.7* 0.553

Hemoglobin (g/dL) 12.31±0.79* 12.16±1.14* 0.618 12.15±0.16 12.33±0.38* 0.564

NLR 1.67±0.46* 2.31±1.23* 0.134 2.18±0.18 2.43±0.26* 0.69

Serum IL-20 levels

Initial serum IL-20 level 116.62±33.19* 101.41±27.84* 0.289 103.90±4.11 100.90±10.32* 0.194

7th-day serum IL-20 level 134.78±43.97* 107.50±31.20* 0.022 109.95±5.04 114.82±10.64* 0.684

Last cycle serum IL-20 level 134.82±58.55* 104.70±39.09* 0.010 109.79±6.67 103.03±9.10* 0.969
*: Mean ± standart deviation, BMI: Body mass index, HER2: Human epidermal growth receptor-2, NLR: Neutrophil to lymphocyte ratio, IL-20: Interleukin-20
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confidence interval (CI): 95%, 1.38-15.20, p=0.013], BMI (OR: 3.21, CI: 
95%, 1.03-9.98, p=0.034), Lymphocyte count (OR: 8.33, CI: 95%, 1.43-
48.54, p=0.018), 7th-day serum IL-20 level (OR: 10.42, CI: 95%, 1.17-
93.20, p=0.036), and last cycle serum IL-20 level (OR: 4.58, CI: 95%, 1.38-
15.20, p=0.013) were predictive for PIPN. In the multivariate regression 

model including predictive markers, age (OR: 3.45, CI: 95%, 0.93-12.80, 

p=0.064), lymphocyte count (OR: 4.16, CI: 95%, 1.10-15.74, p=0.036), 

and last cycle serum IL-20 level (OR: 4.79, CI: 95%, 1.24-18.46, p=0.023) 

were found to be independent predictors for PIPN (Table 3).

Discussion

In this study, we addressed PIPN, a dose-limiting side effect of paclitaxel 

chemotherapy that is a substantial component of breast cancer treatment 

management, which can jeopardize breast cancer treatment and quality 

of life of breast cancer patients. Univariate regression analysis revealed 

that PIPN detected on day 7 after the first paclitaxel cycle was associated 

with increased day 7 serum IL-20 levels and last cycle serum IL-20 levels 

as well as age, lymphocyte count, and BMI. A multivariate regression 

model investigating PIPN detected on day 7 showed age, lymphocyte 

count, and last cycle serum IL-20 levels as independent predictors of 

neuropathy.

The 2012 Early Breast Cancer Trialists’ Collaborative Group meta-analysis 

showed that anthracycline plus taxane chemotherapy resulted in better 

progression-free survival and overall survival than CMF, which was the 

standard treatment at that time (14). Since then, taxanes have been an 

integral component of the management of early or locally advanced 

breast cancer. However, despite its strong survival effect, taxane-induced 

neuropathy is an important limiting factor. This may cause patients 

to discontinue chemotherapy, affect their quality of life, and lead to 

chronic neuropathic diseases. In our study, 47 patients (79.6%) reported 

any degree of neuropathy, and two patients who were receiving 

chemotherapy in neoadjuvant settings discontinued treatment because 

of peripheral neuropathy and were referred for surgery.

In a study that included female patients receiving paclitaxel as adjuvant 

therapy, neuropathy started within the first week of paclitaxel treatment, 

whereas PIPN according to CTCAE v3.0 was observed in 97% of patients 

during 57 months of long follow-up (15). In another prospective study 

evaluating patients receiving paclitaxel with QLQ-CIPN-20, neuropathy 

was observed in 76 of 85 patients (16). In our study, 79.6% of patients 

developed paclitaxel-associated neuropathy during follow-up, as 

measured by QLQ-CIPN20. In Chen et al. (13) study, serum IL-20 samples 

obtained in the first week serially from patients receiving paclitaxel 

for gynecological cancers showed a positive correlation with patients 

who developed neuropathy as assessed by QLQ-CIPN-20. They also 

reported that they regressed paclitaxel-associated neuropathy with IL-

20-targeting antibodies in a mouse model (13). Another study in the 

Table 2. Analysis of clinicopathologic factors related to 7th-day serum IL-20 levels

Variable Mean ± SD Range p

Age

≥53 110.67±33.30 60.84-231.90
0.531

<53 105.94±38.69 32.23-177.81

BMI

<25 112.38±35.00 68.15-177.81
0.862

≥25 107.09±36.01 32.23-231.90

Chemotherapy types

Adjuvant 121.22±43.06 32.23-231.90
0.032

Neoadjuvant 99.60±26.34 52.87-177.81

Estrogen receptor

Positive 110.11±39.52 32.23-231.90
0.896

Negative 104.47±22.71 74.97-150.49

Progesteron receptor

Positive 111.35±40.43 32.23-231.90
0.613

Negative 102.79±22.44 60.84-150.49

HER2 status

Positive 103.39±45.91 32.23-231.90
0.147

Negative 111.48±28.42 68.15-177.81

Ki67

≤18 121.88±30.34 74.97-170.30
0.143

>18 105.77±36.23 32.23-231.90

Tumor size

≤2 cm 108.45±41.52 32.23-231.90
0.626

>2 cm 108.67±26.58 60.84-177.81

IL-20: Interleukin-20, SD: Standard deviation, BMI: Body mass index, HER2: Human epidermal growth receptor-2
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literature investigating paclitaxel neuropathy using the QLQ-CIPN-20 
questionnaire showed that the highest neuropathy score was observed 
in the first 7 days after the first cycle of paclitaxel. Higher pain scores in 
the first chemotherapy cycle did not predict higher neuropathy scores in 
subsequent cycles (17). In accordance with the hypothesis of our study, 
IL-20 increases with paclitaxel administration and may contribute to the 
development of neuropathy by probably regulating chemoattractants. 
The fact that serum IL-20 measured before paclitaxel treatment was 
not associated with neuropathy and that IL-20 measured on day 7 after 
treatment and the last cycle of paclitaxel treatment was associated with 
neuropathy suggests that IL-20 may be one of the mediators contributing 
to the development of PIPN.

The association of PIPN with older age, lymphocyte count, and BMI in our 
study is consistent with the studies investigating PIPN in the literature. 
Ghoreishi et al. (18) showed that age, BMI, and PR positivity were 
predictive of PIPN in their study investigating PIPN in 56 breast cancer 
patients receiving paclitaxel. In another study exploring chemotherapy-
associated neuropathy in patients who had received cisplatin or 
paclitaxel, older age was found to be predictive for chemotherapy-
associated neuropathy (19). Mizrahi et al. (20) demonstrated that patients 
receiving paclitaxel or oxaliplatin, low hemoglobin before treatment, 
high body mass index, advanced age, and female gender were more 
likely to develop paclitaxel- or oxaliplatin-induced CIPN after treatment. 
It is very valuable for clinicians to identify markers that predict PIPN. In 
this study, we identified predictive markers in a well-selected (excluding 
diseases that may cause neuropathy) patient population with early-stage 
breast cancer. However, nevertheless, the key significance of this study 

is the insight into the relationship between IL-20 and PIPN, which can 
be an important marker in the future for the prevention or treatment 
of neuropathy.

Although the exact mechanism of paclitaxel-induced neuropathy 
is not clearly understood, treatments for possible causes have been 
investigated. Several studies have reported that approved therapies 
such as duloxetine, melatonin, minoxidil, N-acetylcysteine, or statins 
may diminish PIPN because of their anti-inflammatory, anti-oxidative, 
or neuroprotective effects (21-23). However, these studies appear 
to be experimental and mostly empirically applied treatments, and 
these treatments do not provide a standard treatment approach to 
prevent or treat PIPN. Moreover, studies with other and/or the same 
medications with similar mechanisms have shown that these agents do 
not prevent or reduce PIPN (24-26). These findings suggest that a lack of 
a clear understanding of the pathophysiology of paclitaxel-associated 
neuropathy makes an effective prevention or treatment option 
impossible. The association between neuropathy and IL-20 obtained 
from our study can be interpreted as the detection of an amplifier signal 
that triggers multiple mechanisms in the pathogenesis of the disease 
and may be the target of future therapies.

Study Limitations

This study is not without limitations. First, although the QLQ-CIPN-20 is 
a questionnaire with high sensitivity and specificity for neuropathy, it 
includes subjective assessment because it is self-administered. Second, 
the fact that IL-20 level measurement and neuropathy questionnaire 
could not be performed in every paclitaxel cycle is an important 

Table 3. Univariate and multivariate analysis to predict neuropathy measured on day 7 after the first paclitaxel

Univariate analysis Multivariate analysis

Variables Category OR (95% CI) p OR (95% CI) p**

Age <58.5 vs. >58.5* 4.58 (1.38-15.20) 0.013 3.45 (0.93-12.80) 0.064

BMI <30 vs. >30* 3.21(1.03-9.98) 0.034

Chemotherapy types Adjuvant vs. neoadjuvant 1.83 (0.33-10.34) 0.492

Estrogen receptor Positive vs. negative 0.49 (0.98-2.48) 0.389

Progesteron receptor Positive vs. negative 0.59 (0.12-2.96) 0.524

HER2 Positive vs. negative 0.70 (0.12-3.94) 0.681

Ki67 Low vs. high 1.01 (0.98-1.05) 0.477

Tumor size ≤2 cm vs. >2 cm 0.28 (0.04-1.73) 0.169

Labaratory paramaters

White blood cell (103/uL) <6600 vs. >6600 1.20 (0.24-5.93) 0.823

Neutrophil (103/uL) <4050 vs. >4050 0.27 (0.03-2.38) 0.237

Lymphocyte (103/uL) >2.2 vs. <2.2* 8.33 (1.43-48.54) 0.018 4.16 (1.10-15.74) 0.036

Platelet count (103/uL) >276 vs. <276 0.95 (0.19-4.66) 0.512

Hemoglobin (g/dL) >12 vs. <12 2.91 (0.33-26.17) 0.340

NLR >2.23 vs. <2.23 0.18 (0.02-1.60) 0.124

Serum IL-20 levels

Initial serum IL-20 level >101.57 vs. <102.57 2.52 (0.51-12.50) 0.259

7th-day serum IL-20 level >111.40 vs. <111.40* 10.42 (1.17-93.20) 0.036

Last cycle serum IL-20 level >126.44 vs. <126.44* 4.58 (1.38-15.20) 0.013 4.79 (1.24-18.46) 0.023
*The ideal cut-off value was calculated by the ROC curve, **Forward LR method was used, OR: Odds ratio, CI: Confidence interval, BMI: Body mass index, HER2: Human epidermal growth 
receptor-2, NLR: Neutrophil to lymphocyte ratio, IL-20: Interleukin-20
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limitation. In addition, the lack of long-term follow-up neuropathy 
results on the patients is another limitation. The lack of long-term 
follow-up neuropathy results in the patients and small population are 
other limitations. The strength of our study is its prospective design and 
the exclusion of patients with neuropathy and those with diseases that 
may affect neuropathy, such as diabetes.

Conclusion
In conclusion, with this study, we showed that age, BMI, and lymphocyte 
count may be predictors for the development of PIPN in patients 
receiving paclitaxel with curative intent for treating breast cancer. We also 
demonstrated the relationship between IL-20 and the pathophysiology 
of paclitaxel-associated neuropathy for treating breast cancer. Future 
studies targeting the significance of IL-20 in the development of 
neuropathy are needed to prevent and treat neuropathy in larger 
patient populations.
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