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Abstract

Objective: Chemotherapy with paclitaxel is associated with significant neurotoxicity that may offset patients’

quality of life and therapeutic benefits. This prospective, non-randomized control study evaluated the efficacy and

safety of an antidepressant drug, duloxetine, at 30 or 60 mg/d, in the treatment of paclitaxel-induced peripheral

neuropathy (PIPN) in Chinese breast cancer patients.

Methods: A total of 102 patients with a median age of 50 (range, 25–60) years, treated in the Department of

Medical Oncology, National Cancer Center/Cancer Hospital, Chinese Academy of Medical Sciences and Peking

Union Medical College, between November 2014 and January 2017 were finally enrolled. Stratified by baseline

characteristics,  the  patients  were  classified into two groups,  receiving either  duloxetine or  alternative  anti-

neurotoxicity  drugs.  During  the  course  of  the  paclitaxel  regimen,  the  eligibility  criteria  included  sensory

neuropathy, as evaluated by the National Cancer Institute-Common Toxicity Criteria for Adverse Events. The

treatment consisted of receiving 30 mg duloxetine (for the first 4 weeks) and 60 mg duloxetine for an additional 8

weeks, or any other anti-neurotoxicity drug daily during the same crossover period. The improvement associated

with PIPN from the patient’s perspective were assessed by the Functional Assessment of Cancer Therapy-Taxane

(FACT-Tax) Scales, which contained questions scored from 0 to 4 (0, not at all; 4, very much; total score range,

0–44).

Results: Duloxetine  was  more  effective  in  decreasing  PIPN (odds  ratio=5.426;  95% confidence  interval,

1.898–15.514;  P=0.002).  Between duloxetine  group and control  group,  the  median  (25th–75th  percentiles)

decreasing difference in the FACT-Tax pain score was 4 (2–6) vs. 1 (0–4) (P=0.005).

Conclusions: Duloxetine is a promising and safe option with tolerable toxicity at a dose of 60 mg/d for Chinese

breast cancer patients with PIPN. Non-neuropathy adverse events were mild and similar in both groups. The major

toxicities of duloxetine included nausea, constipation, somnolence, dizziness and distention of the eyes. Further

examination of the benefits of duloxetine in the prevention of PIPN is required.
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Introduction

Chemotherapy-induced peripheral neuropathy (CIPN) has

significant clinical relevance because it is a common side

effect  of  some  of  the  most  widely  used  chemotherapy

agents.  CIPN may  cause  potentially  dose-limiting  side
effects, thus impairing the effectiveness of treatment and
the patients’ quality of life (QOL) (1).

Over  the  past  decade,  paclitaxel  is  a  widely  used
chemotherapy  drug  for  solid  tumors,  and  has  greatly
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influenced the standard of treatment in breast and ovarian
carcinomas.  Paclitaxel  facilitates  the  polymerization  of
tubulin into highly stable, intracellular microtubules (2). As
microtubules cause cell death by interfering with normal
cell division, paclitaxel has become a significant component
of cancer care for both early-stage disease and advanced
disease.

Unfortunately, the paclitaxel chemotherapy regimen is
associated with significant peripheral neurotoxicity as a side
effect that may cause potential disability or even offset the
therapeutic  benefits  (3).  In  particular,  peripheral
neuropathy can be a severe adverse effect, which can be a
dose-limiting toxicity, and may lead to dose reduction or
even cessation of therapy (4). Thus, if one is to gain the
overall benefit from paclitaxel chemotherapy, we should
balance the long-term toxicities along with the efficacy of
treatment  to  improve  the  clinical  endpoints  such  as
response rate, time to treatment failure, and overall survival (5).

Although different clinical scales for cancer patients are
currently available, an accurate grading of CIPN is still a
controversial issue (particularly in clinical trials). National
Cancer Institute-Common Toxicity Criteria for Adverse
Events (NCI-CTCAE) was already formally validated in
patients with cancer (6,7). This is mainly due to the lack of
sensitivity of the proposed scales. Moreover, the grading
may also differ between various examiners (7). In this study,
we evaluated the peripheral neurotoxicity by using oncologic
grading  scales,  namely  the  Functional  Assessment  of
Cancer Therapy-Taxane (FACT-Tax) Scales (8).

Comparative information regarding duloxetine’s efficacy
was already available from a series of randomized, double-
blind,  placebo-controlled,  phase  III  clinical  studies  in
diabetic populations, where prior treatment with other oral
anti-neurotoxicity  drugs  yielded  unsatisfactory  results
(9,10). However, there are insufficient data on duloxetine’s
use in patients with CIPN, which may occur in a clinical
oncology  setting.  The  objective  of  our  study  was  to
determine the efficacy and safety of flexible-dose duloxetine
in treating Chinese breast cancer patients with paclitaxel-
induced peripheral neuropathy (PIPN) (11).

Materials and methods

Description of scales

The FACT-Tax comprises the FACT-General (FACT-G)
plus a specific paclitaxel subscale, including the neurotoxicity
component  items  (Table  1).  The  high  psychometric

properties used by these evaluation criteria were previously
described; this scale was used as a self-report evaluation
instrument to measure the health-related QOL of patients
receiving paclitaxel-regimen during a 12-week treatment
course (3). This scale contains questions scored from 0 to 4
(0,  not  at  all;  4,  very  much),  and  then  the  scores  are
summed (total score range, 0–44). Arguably, the FACT-
Tax Scale could be more appropriate for investigating and
accurately reporting the severity of CIPN than a five-grade
scale. To overcome any discrepancy due to the dropouts
during the treatment period, data from the “complete case”
analyses are presented here.

In the absence of published data defining a cut-off point
for  determining  a  clinically  significant  change  in  the
FACT-Tax score,  we defined any clinically  meaningful
improvement  as  a  declined  score  in  the  FACT-Tax
measures. The FACT-Tax Scale was also calculated after
stratification of the entire population into two subgroups.
Furthermore,  we  also  calculated  the  proportion  of  the
patients experiencing any decrease in the FACT-Tax Scale
score (3).

Study participants

The flexible-dose, open-label, single-center, prospective
study  was  conducted  from  November  2014  to  January
2017. A total of 131 breast cancer patients were enrolled
into  this  study  after  surgical  excision  of  the  tumor,
according to the inclusion criteria set as follows: 1) female;

Table  1 Functional  Assessment  of  Cancer  Therapy-Taxane
(FACT-Tax) Scales

Neurotoxicity component

I have numbness or tingling in my hands

I have numbness or tingling in my feet

I feel discomfort in my hands

I feel discomfort in my feet

I have joint pain or muscle cramps

I feel weak all over

I have trouble hearing

I feel a ringing or buzzing in my ears

I have trouble buttoning buttons

I have trouble feeling the shape of small objects when they
are in my hand

I have trouble walking

Items are scored from 0 to 4 (0, not at all; 4, very much) and
summed (total score range, 0–44).
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2) age from 25 to 65 years; 3) satisfactory liver and kidney
function;  4)  Eastern  Cooperative  Oncology  Group
(ECOG) scores of 0 or 1; 5) treatment with courses of 175
mg/m2 paclitaxel regimens; and 6) sensory neuropathy as
evaluated  by  the  National  Cancer  Institute-Common
Toxicity Criteria for Adverse Events (NCI-CTCAE). In
summary,  29 patients  were lost  to follow up:  4 patients
discontinued the study due to critical health conditions and
25 patients  were  unwilling  to  continue  with  this  study.
Thus, a total of 102 patients (77.9%) completed the study
as planned, with a median age of 50 (range, 25–60) years.
Several  factors  that  predisposed  the  patients  to  CIPN
before the study were excluded, including those with CIPN
associated diseases (e.g., hepatitis B virus infection status,
diabetes mellitus, and thyroid dysfunction), with existing
alcohol abuse, requiring a nutritional supplement, or with a
previous history of chemotherapy.

Intervention

The eligible patients were classified into two groups. The
duloxetine group (n=53) received duloxetine during the
initial first 4 weeks of treatment and then for an additional
8 weeks, and the control group (n=49) received any other
anti-neurotoxicity therapy, such as vitamin B, fish oil and
nonsteroidal  anti-inflammatory  agents  during the  same
crossover period (Figure 1).

Data collection and instruments

Patient-reported  peripheral  neurotoxic  severity  and
functional abnormality were assessed by the FACT-Tax
Scales containing 11 questions. Items were scored from 0
to 4 (0, not at all; 4, very much) and subsequently the scores
were summed up (total score range, 0–44) (Table 1).

Ethics statement

This  study  protocol  was  approved  by  the  Independent
Ethics Committee and Institutional Review Board of the
National  Cancer  Center,  China.  All  the  research  was
conducted in compliance with the ethical principles and the
regulatory guidelines in accordance with Good Clinical
Practice requirements. All the enrolled patients provided
written informed consent before their treatment.

Statistical analysis

The  efficacy  evaluation  was  conducted  using  the  full

analysis set, which included all the patients who received at
least one dose of duloxetine or any other anti-neurotoxicity
treatment. The specific safety analysis set included only
those patients who received at least one dose of duloxetine.

All the available data from the complete cases were used
for  the  calculation  of  changed  scores  over  time  by
subtracting the baseline scores at subsequent assessments.
We use description of categorical variables and Chi-square
test  for  equilibrium between baseline  data.  Multifactor
logistic regression was used to test FACT-Tax decrease in
the  duloxetine  group  and  control  group  in  IBM  SPSS
Statistics  (Version  22.0;  IBM Corp.,  New York,  USA).
Risks were reported as odds ratios (OR) along with their
95%  confidence  intervals  (95%  CI).  FACT-Tax  score
improvement  should  be  distributed  according  to  the
characteristics of the data. The data do not conform to the
normal distribution, so we use median and inter-quartile
range (25% digits, 75% digits) to represent the statistical
results and Mann-Whitney U test is used for comparison.
All  statistical  tests  were  two-sided,  and  P<0.05  was
considered statistically significant.

 

Figure 1 Flow diagram of study design.
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Results

Study participants’ clinical characteristics

A total of 102 female breast cancer patients completed the
treatment. Both the groups were well balanced during the
enrollment phase of this study. Each patient received 4 or 6
cycles  of  adjuvant  chemotherapy  containing  paclitaxel
regimens, administered intravenously every 2 or 3 weeks.
Radiation therapy (as indicated) and endocrine therapy, for
patients  with  hormone  receptor-positive  disease,  were
administered  after  the  completion  of  chemotherapy
(Table 2). They were classified into either the duloxetine
group (n=53) or the control group (n=49). The mean age
was 47.9±7.8 years in the duloxetine group and 49.6±9.7
years in the control group (P=0.198). In addition, there was
no  statistically  significant  difference  in  the  baseline
between these two groups (Table 2).

Primary efficacy

The  changes  in  the  severity  of  neuropathic  pain  were
evaluated  by  using  the  FACT-Tax  assessments.  Of  the
remaining  102  patients,  75  patients  (73.5%)  had  an
improvement in their  FACT-Tax scores.  The “reduced
FACT-Tax  score”  of  the  53  patients  in  the  duloxetine
group was as follows: 7 patients (13.2%) did not develop
PIPN, and 46 patients (86.8%) manifested some reduction
in  their  neurotoxicity  scores.  In  the  control  group,  the
degraded FACT-Tax score was not observed in 20 patients
(40.8%), while 29 patients (59.2%) developed some PIPN
improvement.  Between  the  duloxetine  group  and  the
control group, a significant difference was observed in the
degree  of  decrease  in  the  severity  of  PIPN (OR=5.426;
95% CI, 1.898–15.514; P=0.002). The median (25th–75th
percentiles)  decrease  of  FACT-Tax  pain  score  in  the
duloxetine group and the control group was 4 (2–6) vs. 1
(0–4) (P=0.005) (Table 3).

Safety

We found in our study that treating PIPN with duloxetine
did  not  interfere  with  chemotherapy.  Non-neuropathy
adverse events that are attributed to chemotherapy were
mild and similar in both groups. No significant differences
were  observed  in  the  incidence  of  PIPN  occurring  in
patients  who were being treated with duloxetine or  the
other  anti-neurotoxicity  drugs.  The  incidence  data  for
grade 3 or 4 non-neuropathy chemotherapy adverse effects

are presented in Table 4. Among them, safety findings were
consistent  with  the  known  duloxetine  safety  profile  in
treating chronic PIPN with tolerable toxicity at a dose of
60  mg/d.  The  major  toxicities  included  nausea,
constipation,  somnolence,  dizziness,  and eye distention
(Table 5).

Discussion

With  the  advancement  of  socio-economic  factors,  the
incidence and mortality of breast cancer have increased in
China (12-14). The overall survival rate of breast cancer
patients has improved in recent years mainly due to the
significant  advances  made  in  the  field  of  medicine,
especially  in  the  development  of  novel  chemotherapy
strategies. However, the peripheral neuropathy caused by
paclitaxel regimens not only decreases the patients’ QOL
but also often forces the doctors to limit the chemotherapy
dose or even interrupt the treatment (15). Identifying novel
neuroprotective  agents  is  vital  since  only  a  very  few
pharmacological  options  are  currently  available  to
effectively treat PIPN-related symptoms (16). Most anti-
neurotoxicity  drugs  are  tested  for  their  short  and
inadequate pain relief. Thus, finding new, well-tolerated
oral agents for effective remedy of PIPN has remained a
challenge for oncologists (17,18). The currently available
options  to  treat  PIPN  are  as  fol lows:  tr icycl ic
antidepressants (i.e. nortriptyline and amitriptyline) that
play  an  important  role  in  the  treatment  of  neuropathy;
however, there are limited data to prove their therapeutic
benefit in PIPN. Analgesics (i.e., opioids or nonsteroidal
anti-inflammatory agents) are only modestly effective in
treating  neuropathy,  and  they  do  not  have  long-term
efficacy (19). In the absence of any standard therapeutic
agent  to  prevent  or  treat  chemotherapy-induced
neuropathy, clinicians have often resorted to nutritional
supplements (vitamins B, omega-3 fatty acids, and some
minerals) (4).

Interestingly,  duloxetine  was  previously  found  to  be
potent in treating peripheral neuropathic pain in diabetic
patients, and is currently approved for such indications in
several  countries  (9).  The  safety  and  efficacy  of  taking
duloxetine at 60 mg or 120 mg per day were evaluated in a
randomized double-blind, placebo-controlled study for the
treatment of diabetic neuropathic pain syndromes (11,20).
In  June  2008,  the  United  States  Food  and  Drug
Administration (FDA) licensed duloxetine as the first 5-
serotonin and norepinephrine reuptake inhibitors for the
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treatment of fibromyalgia (21).

This  study aimed to test  the efficacy of  duloxetine in

treating PIPN. The enrolled breast cancer patients were

assigned to take oral supplements of duloxetine or any anti-

neurotoxicity drug during their crossover therapy period.

Other  factors  need  to  be  considered  when  judging  the

clinical  significance include the drug’s safety,  and other

endpoints such as function and tolerability.

Table 2 Patients’ baseline information and clinical characteristics (N=102)

Variables
Duloxetine group (n=53) Control group (n=49)

P
No. %       No. %    

Menstruation status 0.230

　Pre 33 62.3 26 53.1

　Post 20 37.7 23 46.9
ECOG score 0.235

　0 47 88.7 40 81.6

　1 6 11.3 9 18.4
Vascular invasion 0.385

　No 35 66.0 37 75.5

　Yes 18 34.0 12 24.5
Lymph node metastasis 0.997

　No 15 28.3 14 28.6

　Yes 38 71.7 35 71.4
Pathologic tumor stage 0.616

　I 8 15.1 6 12.2

　II 29 54.7 22 44.9

　III 13 24.5 16 32.7

　IV 3 5.7 5 10.2
Molecular classification 0.051

　Luminal A 7 13.2 2 4.1

　Luminal B 18 34.0 26 53.1

　HER-2 4 7.5 8 16.3

　TNBC 24 45.3 13 26.5
Surgery 0.053

　MRM 43 81.1 30 61.2

　BCS 5 9.4 8 16.3

　SLN 3 5.7 2 4.1

　Others 2 3.8 9 18.4
Radiotherapy 0.149

　No 51 96.2 43 87.8

　Yes 2 3.8 6 12.2
Endocrine therapy 0.424

　No 51 96.2 45 91.8

　Yes 2 3.8 4 8.2
Anti-HER2 therapy 0.049

　No 49 92.5 38 77.6

　Yes 4 7.5 11 22.4

ECOG, Eastern Cooperative Oncology Group; HER2, human epithelial growth factor receptor 2; TNBC, triple-negative breast
cancer; MRM, modified radical mastectomy; BCS, breast conservative surgery; SLN, simple mastectomy and sentinel lymph node biopsy.
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In  our  current  study,  two  patient  groups  were  well
balanced at the time of research entry. Among the patients
with PIPN, the use of duloxetine, when compared with any
other  anti-neurotoxicity  treatment,  resulted  in  an
improvement in the FACT-Tax score. During the initial
treatment,  individuals  receiving  duloxetine  treatment
reported a mean decrease in the pain score (3.89 vs. 2.10)
compared  to  the  other  anti-neurotoxicity  drug  treated
group. The observed median FACT-Tax pain score change

between the duloxetine group and the control group was
4.00 vs. 1.00, which was larger than the results observed in
patients  receiving  duloxetine  for  US  FDA  approved
indications  for  diabetic  peripheral  neuropathy  and
fibromyalgia  pain  (9,11).  Between  the  duloxetine
supplemented group and the control group, a significant
difference was observed in decreasing PIPN (OR=5.426;
95% CI, 1.898–15.514; P=0.002).

Duloxetine-treated  PIPN  patients  reported  global
improvement  in  their  symptoms  and  functionality.
Duloxetine was remarkably well-tolerated in this  breast
cancer population. Based on previous studies that evaluated
duloxetine  for  different  indications,  no  increase  in  the
incidence of  severe  adverse  effects  was  expected in  this
study  with  duloxetine  use.  Our  safety  findings  were
consistent with the reported duloxetine safety profile. Such
toxicity  was  also  not  observed  in  other  peripheral
neuropathy trials (22). The incidence of nausea, constipation,
somnolence and dizziness, as reported by those treated with
duloxetine in the current study,  was similar  to previous

Table 3 Full analysis for therapeutic response (FACT-Tax score improvement from baseline to 12 weeks)

Analysis items
Duloxetine group (n=53) Control group (n=49)

P*Median
(25th–75th percentiles) Min Max   Median

(25th–75th percentiles) Min Max

Age (year) 49 (43–53) 30 62   51 (43–57) 25 65 0.198

First cycle of PIPN 2 (1–3) 1 6   2 (1–3) 1 5 0.358

Baseline FACT-Tax 12 (10–16) 8 35   11 (8–14) 5 38 0.066

Post FACT-Tax 9 (6–10) 4 34   9 (6–12) 2 37 0.987

FACT-Tax change 4 (2–6) –4 13   1 (0–4) –24 24 0.005

Improvement (%) 86.8   59.2

FACT-Tax, Functional Assessment of Cancer Therapy-Taxane; PIPN, paclitaxel-induced peripheral neuropathy; *, Mann-Whitney U test.

Table 4 Non-neuropathy adverse events

Non-neuropathy AEs Duloxetine group [n (%)] (N=53) Control group [n (%)] (N=49) P

Nausea/vomiting 26 (49.1) 36 (73.5) 0.150

Diarrhea 15 (28.3) 12 (24.5) 0.823

Alopecia 6 (11.3) 23 (46.9) 0.070

Cardiac toxicity 0 0 –

Anemia 2 (3.8) 0 0.496

Neutropenia 27 (50.9) 30 (61.2) 0.324

Thrombocytopenia 2 (3.8) 0 0.496

Hepatic toxicity 4 (7.5) 9 (18.4) 0.139

Renal toxicity 0 1 (2.0) 0.480

Stomatitis 0 4 (8.2) 0.051

AEs, adverse events.

Table 5 Duloxetine-related adverse events (N=53)

Specific AEs n (%)

Total number of patients with AEs 15 (28.30)

Nausea 4 (7.55)

Constipation 3 (5.66)

Somnolence 6 (11.32)

Dizziness 5 (9.43)

Eye distention 3 (5.66)

AEs, adverse events.
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reports. In our experience, swallowing the capsule dosage-
form  of  duloxetine  after  meals,  without  chewing  and
crushing, could reduce the adverse outcome of nausea and
vomiting.  However,  three  cases  of  eye  distention  were
found with duloxetine treatment in our study.

The observed mean difference in FACT-Tax pain score
between the duloxetine and any other anti-neurotoxicity
groups  in  paclitaxel  chemotherapy regimens  was  larger
than that reported by Goldstein (23). Duloxetine-related
clinically  meaningful  improvement  in  other  PIPN
symptoms, such as weakness, joint pain, or muscle cramps,
may be directly comparable with painful chemotherapy-
induced peripheral neuropathy.

Conclusions

The  findings  from  our  study  suggest  that  there  is  a
significant  benefit  in  using  duloxetine  to  treat  PIPN-
related symptoms. FACT-Tax scores measured serially in
this  study reveal  a  statistically significant decline in the
severity of PIPN-related pain in duloxetine-treated patients
when  compared  to  those  treated  with  any  other  anti-
neurotoxicity  drugs.  Long-term cancer  pain,  including
PIPN,  is  highly  prevalent  among  patients  undergoing
taxane-related chemotherapy for breast cancer. Management
of  moderate/severe  anxiety  and  depression  needs  to  be
improved (24). Since the duloxetine-related clinical study is
currently being carried out for the treatment of various
chronic  pain  management,  including  osteoarthritis  and
chronic  lumbago,  duloxetine  may  be  more  effective  in
treating PIPN. Future clinical use is expected to be further
studied,  as  the  market  potential  is  enormous  and  it  is
worthy of the clinical  attention (25).  Duloxetine is  safe,
tolerable, and promising at a dose of 60 mg/d in Chinese
breast cancer patients with PIPN. Future research should
examine duloxetine as a potential aid in the administration
of anti-PIPN therapies.
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