
Abstract. Background/Aim: Docetaxel often induces
peripheral neuropathy (PN). The aim of this study was to
elucidate the relationship between PN and systemic
inflammation parameters, namely the neutrophil-to-lymphocyte
ratio (NLR), platelet-to-lymphocyte ratio (PLR), and monocyte-
to-lymphocyte ratio (MLR). Patients and Methods: We
retrospectively evaluated 67 patients with breast cancer who
were treated with docetaxel. Thirty patients (44.8%) had
received previous chemotherapy including anthracycline.
Results: Overall, 51 patients (76.1%) experienced PN. All the
parameters increased with the number of administered courses
of docetaxel. In an analysis of patients without previous
chemotherapy, those suffering from PN had a significantly
higher NLR at the first and third cycles than those not suffering
from PN (2.9 vs. 2.0, and 3.1 vs. 2.6, respectively, both
p<0.05), and the MLR at the first cycle was also significantly
higher in those with PN than in those without (0.18 vs. 0.15,
p<0.05). Conclusion: Systemic inflammation appears to
contribute to the occurrence of PN induced by docetaxel.

The taxane docetaxel promotes the stabilization of microtubules
and causes G2M cell-cycle arrest and is one of the key drugs
for treatment of breast cancer. Docetaxel for adjuvant purposes
in patients with breast cancer improves the recurrence-free and
overall survival (1, 2). In addition, docetaxel has been shown to
help extend overall survival in patients with metastatic breast
cancer (3). However, peripheral neuropathy (PN) is a major
adverse effect associated with the administration of docetaxel,

with an any-grade frequency reported to range from 25.5-64.4%
(1, 3) and a grade 2-4 frequency of 35% (4). PN induced by
docetaxel sometimes leads to the need for dose reduction, a
delayed schedule or the cessation of docetaxel altogether and
reducing the quality of life of patients (4, 5). The exact
mechanism underlying docetaxel-induced PN remains to be
elucidated, and no definitive management for the prevention or
treatment of this condition has been established.

Measures of systemic inflammatory responses, including the
neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte
ratio (PLR), and monocyte-to-lymphocyte ratio (MLR), have
been shown to be independent factors predictive of prognosis
(6-8) or response to chemotherapy (9) in patients with various
types of malignant tumors and of the occurrence or prognosis
of non-malignant diseases (10, 11). Participation of the immune
system or humoral factors, including cytokines or
microenvironments, in such responses has been suggested.
Recently, among patients with type 2 diabetes, those with
higher NLR levels were found to be more likely to develop PN
from diabetes than those with lower levels (12). Furthermore,
in animal experiments, the activation of macrophages, which
differentiate from monocytes, contributed to the induction of
painful PN by paclitaxel, another taxane (13). We therefore
hypothesized that PN induced by docetaxel is associated with
systemic inflammation.

In the present study, we evaluated the relationship
between the occurrence of PN in patients with breast cancer
and systemic inflammation-based parameters, namely the
NLR, PLR, and MLR, and determined whether or not they
could function as predictive or causal factors for PN.

Patients and Methods
We reviewed the clinical and laboratory data of 67 female patients with
primary invasive breast cancer diagnosed based on the findings of a
biopsy or surgical specimens who had received docetaxel for at least
four cycles as adjuvant/neoadjuvant therapy or first-line chemotherapy
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for stage IV disease between January 2010 and December 2016 at our
Department. Patients were excluded if they had already developed
neuropathy from any cause, or taken any cytotoxic agents, or had
hematological disorder. This retrospective study was approved by the
Institutional Review Board of our institution (approval number
17101602), and the requirement to obtain informed consent was waived.

Protocol and evaluations. All of the patients received docetaxel at a
dose of 75 mg/m2 intravenously every 3 weeks for four cycles. In all
cases with docetaxel administered for adjuvant or neoadjuvant purpose,
four cycles of epirubicin (E) with cyclophpsphamide (C) with or
without 5-fluorouracil (F) were given sequentially before or after
docetaxel. Patients with human epidermal growth factor receptor 2
(HER2)-positive breast cancer received anti-HER2 agents, i.e.
trastuzumab (initial dose 8 mg/kg; loading dose 6 mg/kg), and in stage
IV cases, pertuzumab (initial dose 840 mg/kg; loading dose 420 mg/kg)
was administered before docetaxel in each cycle. The adverse effects
of docetaxel, including PN, fatigue, edema, and hand–foot syndrome,
were evaluated using Common Terminology Criteria for Adverse
Events (CTCAE) version 4.0 (14) and hematological examinations,
including a complete blood count and differential leukocytes, in each
cycle before treatment (baseline) and on day 21 of each cycle.

The NLR was defined as the absolute neutrophil count in the
peripheral blood divided by the absolute lymphocyte count. The
PLR was defined as the absolute platelet count in the peripheral
blood divided by the absolute lymphocyte count. The MLR was
defined as the absolute monocyte count in the peripheral blood
divided by the absolute lymphocyte count.

Statistical analyses. The data are presented as the median (range)
unless otherwise mentioned. The Mann–Whitney U-test was used for
comparisons of continuous variables between two groups. Wilcoxon’s
signed-rank test was performed for comparisons between pretreatment
and posttreatment inflammation-based parameters. Fisher’s exact
probability test was used for categorical variables. All of the statistical
analyses were performed using the StatMate III software program for
Macintosh (ATMS Co., Ltd., Tokyo, Japan).

Results

Initially, we reviewed the medical records of all patients with
breast cancer who received docetaxel for adjuvant/
neoadjuvant therapy or first-line chemotherapy for stage IV
between January 2010 and December 2016 at our
Department. We excluded 13 patients for various reasons as
follows: docetaxel was administered for fewer than four
cycles due to adverse events in seven patients (allergic
reaction in four, hand–foot syndrome in two, and interstitial
pneumonia in one, but none due to PN), differential
leukocytes were not evaluated in four patients, chemotherapy
had been administered for gynecological cancer previously
in one patient, and a hematological disorder was detected in
one patient. We, therefore, ultimately evaluated 67 patients.

The median age of the patients was 55 (36-74) years of age.
A total of 63 patients (94.0%) were administered docetaxel for
adjuvant or neoadjuvant purposes, and four (6.0%) for stage IV
breast cancer. In the 63 patients who took it for adjuvant or
neoadjuvant purposes, 30 were administered previous EC or
FEC followed by docetaxel, and 33 docetaxel followed by EC
or FEC (i.e. no previous chemotherapy). Overall, 30 patients
(44.8%) were administered previous chemotherapy. Thirty-six
patients (53.7%) received anti-HER2 agents concurrently with
docetaxel. With regard to adverse events, edema of grade 1 or
above was observed in 33 (49.3%) patients, fatigue in 48
(71.6%), and hand–foot syndrome in 25 (37.3%). Three (4.5%)
patients required a dose reduction of docetaxel, and 6 (9.0%)
had their docetaxel cycles delayed for reasons other than PN.

As shown in Table I, PN of any grade was observed in 51
patients (76.1%), and the proportion of patients that
experienced it did not differ markedly based on previous use
of chemotherapy or concurrent administration of anti-HER2
agents (both p>0.05). Most patients experienced at least
grade 1 PN from the first cycle. 

Figure 1 shows the changes in the inflammation-based
parameters with the cycles of docetaxel. All three parameters
increased with the number of docetaxel cycles and had
significantly higher values at the third cycle than before the
administration of docetaxel [NLR: 2.0 (0.8-4.6) to 3.6 (1.1-6.9),
p<0.001; PLR: 14.5 (1.4-51.6) to 19.0 (9.4-43.3), p<0.001;
MLR: 0.18 (0.06-0.61) to 0.30 (0.11-1.23), p<0.001) (Figure
1). Figure 2 shows the relationship between the occurrence of
PN and inflammation-based parameters. In the evaluation of all
of the patients, there were no correlations between the NLR,
PLR, or MLR before or at the first or third cycle of docetaxel
and the occurrence of PN. However, in the analysis of only
patients without previous chemotherapy, those with PN had a
significantly higher NLR at the first and third cycles than those
without PN [2.9 (1.6-6.9) vs. 2.0 (1.2-3.2), p=0.03; 3.1 (2.1-6.9)
vs. 2.6 (1.3-3.7), p=0.03] and the MLR at the first cycle was
also higher in those with PN than in those without [0.18 (0.13-
0.46) vs. 0.15 (0.12-0.27), p=0.04]. There were no significant
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Table I. Morbidity rate, onset, and grade of docetaxel-induced
peripheral neuropathy (PN).

Factor                                                               n (%)                  p-Value

Patients suffering from PN                         51 (76.1%)                    
  Without previous chemotherapy             27 (73.0%)                0.35
  With previous chemotherapy                   24 (80.0%)                    
  Without anti-HER2                                   22 (71.0%)                0.26
  With anti-HER2                                        29 (80.6%)                    
Cycles with onset of PN                                                                   
  1                                                                 23 (45.1%)                 NA
  2                                                                 13 (25.5%)                    
  3                                                                  7 (13.7%)                     
  4                                                                  8 (15.7%)                     
Highest grade of PN                                                                          
  1                                                                 33 (64.7%)                 NA
  2                                                                 16 (31.4%)                    
  3                                                                   2 (3.9%)                      

HER2: Human epidermal growth factor receptor 2, NA: not applicable.



correlations between any inflammation-based parameter and the
grade of docetaxel-induced PN (data not shown).

The NLR at the first cycle of docetaxel had no
relationship with the occurrence of adverse events other than
PN (i.e. edema, fatigue and hand–hoot syndrome; Table II),
nor did the PLR or MLR (data not shown).

Discussion

In this retrospective study, we showed that inflammation-
based parameters, including the NLR, PLR, and MLR,
gradually increased with the number of cycles of docetaxel.
Furthermore, systemic inflammation was deemed likely to
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Figure 1. Inflammation-based parameters neutrophil-to-lymphocyte ratio (NLR; a), platelet-to-lymphocyte ratio (PLR; b), monocyte-to-lymphocyte
ratio (MLR; c) according to docetaxel cycle. The value of each parameter increased with the number of docetaxel cycles. The data are presented
as the median±quartile deviation. *Significantly different at p<0.0001 compared to the value before docetaxel administration.

Figure 2. The relationship between the occurrence of docetaxel-induced peripheral neuropathy and inflammation-based parameters neutrophil-to-
lymphocyte ratio (NLR; a, d), platelet-to-lymphocyte ratio (PLR; b, e), and monocyte-to-lymphocyte ratio (MLR; c, f) in all patients (a-c), and in
patients without previous chemotherapy (d-f). The data are presented as the median±quartile deviation. *Significantly different at p<0.05 between
the patients with and without docetaxel-induced peripheral neuropathy.



be involved in the occurrence of docetaxel-induced PN in
patients without previous chemotherapy.

Systemic inflammation has been shown to be a predictive
factor of prognosis in patients with malignancies (6-8) and
cardiovascular disorders (15). In patients with type 2
diabetes, chronic inflammation was reported to be associated
with diabetic complications (16), and notably, an increase in
the NLR was associated with the occurrence and progression
of diabetes-associated PN (12).

In animal experiments, PN induced by paclitaxel was
characterized by neuroinflammation, as evidenced by the
infiltration of macrophages, which are differentiated from
monocytes, to sensory neurons and their supporting cells as
well as secreted cytokines, resulting in neuronal apoptosis
(13, 17, 18). The chemokine C-X3-C motif chemokine
ligand 1 contributed to this activation and infiltration of
macrophages (13). In the present study, inflammation-based
parameters increased with the number of cycles of docetaxel,
suggesting that systemic inflammation may have some
association with the occurrence of docetaxel-induced PN.
The involvement of oxidative stress with docetaxel and other
kinds of chemotherapy-induced PN (5, 19) as well as with
diabetic PN (20) has already been reported. Since neutrophils
are able to release reactive oxygen species and thereby
induce oxidative stress (21), an absolute or relative increase
in the numbers of neutrophils might contribute to PN.

Although several predictive factors of docetaxel-induced
PN have been suggested, including pre-existing neuropathy
(4), a body mass index ≥30 kg/m2 (5), cumulative dose (3),
and genetic variability (5), its underlying mechanisms remain
largely unknown. The implementation of compression or
cooling of limbs, or the administration of medications in
order to prevent chemotherapy-induced PN has resulted in
partial effectiveness (22, 23). Our findings will be of greater
help in clarifying the mechanisms underlying chemotherapy-
induced PN than in identifying predictive factors, as the
baseline values of the inflammation-based parameters were
identical, regardless of the occurrence of PN.

Why the occurrence of PN was associated with systemic
inflammation-based parameters only in the evaluation of
patients without previous chemotherapy is unclear at present.
Although some changes in the inflammatory status due to
previous chemotherapy might affect the morbidity from PN,
the values of NLR before docetaxel administration were
relatively unchanged, irrespective of previous chemotherapy
(data not shown). As such chemotherapy including
anthracycline has been reported to affect subsequent taxane-
induced PN (24), factors other than inflammatory parameters
might influence docetaxel-induced PN.

Our study was associated with certain limitations. Firstly,
this study was conducted on a small number of patients.
Secondly, we only reviewed the phenomenon and speculated
on the relation between systemic inflammation-based
parameters and docetaxel-induced PN. In order validate our
results, a prospective observational clinical study with a large
number of participants is needed, along with measurements of
cytokines or oxidants and antioxidants. Furthermore, animal
experiments with reported models of chemotherapy-induced
PN (17, 18) will be helpful for elucidating the exact
mechanisms involved.

In our study, we investigated docetaxel because this is the
most frequently used taxane in patients with breast cancer at
our Department. Although more than half of the patients
experienced PN induced by docetaxel, only 3.9% of cases
showed grade 3 or worse severity, and no patients ceased
docetaxel due to PN. However, paclitaxel and nanoparticle
albumin-bound paclitaxel, which are also taxanes, are known
to induce PN at a higher rate and with greater severity than
docetaxel, and the underlying mechanisms of PN should be
similar for these cases. Our results and further investigation
with docetaxel are therefore expected to be applicable to
paclitaxel and nab-paclitaxel, as well as other kinds of
microtubule inhibitors, such as eribulin mesylate. Our
findings may, therefore, help improve the efficacy of therapy
and the quality of life in patients with breast cancer
undergoing chemotherapy.
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Table II. Relationship between the occurrence of edema, fatigue, hand-foot syndrome and the neutrophil-to-lymphocyte ratio at the first cycle of docetaxel.

                                                                                                                                NLR according to severity of adverse advent

Adverse event                            Patient group                                                                 None                                 Grade ≥1                            p-Value

Edema                                        All patients                                                              2.8 (1.2-7.0)                        3.2 (1.2-13.5)                           0.20
                                                   Without previous chemotherapy                            2.3 (1.2-5.2)                         2.8 (1.6-6.9)                            0.51
Fatigue                                       All patients                                                             3.2 (1.2-13.5)                        2.9 (1.2-8.0)                            0.40
                                                   Without previous chemotherapy                            2.4 (1.2-3.4)                         2.6 (1.3-6.9)                            0.52
Hand-foot syndrome                 All patients                                                              3.0 (1.2-8.0)                        3.2 (1.7-13.5)                           0.13
                                                   Without previous chemotherapy                            2.3 (1.2-3.7)                        2.6 (1.7-6.9)                            0.52

NLR: Neutrophil-to-lymphocyte ratio.
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