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Abstract
Background: Docetaxel-induced peripheral neuropathy
(PN) is typically manifested as sensory and motor neuropa-
thy. This study aimed to investigate the incidence, duration,
and risk factors of sensory and motor PN and theirimpact on
health-related quality of life (HRQOL) among breast cancer
(BC) patients during the first year since starting docetaxel-
based chemotherapy. Methods: We reported a secondary
analysis of longitudinal data on docetaxel-induced PN and
HRQOL among 127 BC patients. Results: Cumulative inci-
dence rates of motor and sensory PN were 31.5 and 21.3%,
while the median durations of motor and sensory PN were 6
and 13 weeks. A consistently significant risk factor for both
PNs was a cumulative docetaxel dose of >300 mg/m?. A sig-
nificant interaction between sensory PN and time was found
for physical and social functioning, while a significant motor
PN and time interaction effect was identified for physical
functioning only. Conclusions: Motor PN was more common
than sensory PN in BC patients treated with docetaxel. Both
types of PN had a significantimpact on physical functioning.
© 2020 S. Karger AG, Basel

Introduction
Breast cancer (BC) remains the most frequently diag-

nosed cancer among women worldwide. Women with
invasive BC are usually treated with taxanes, primarily

paclitaxel and docetaxel. These chemotherapeutic agents
can cause peripheral neuropathy (PN) that is typically
manifested as sensory (e.g., numbness in the fingers/
toes) and motor (e.g., muscle weakness) neuropathy that
may be accompanied with autonomic symptoms [1]. The
occurrence of PN has been found to impact the patients’
health-related quality of life (HRQOL) and in some pa-
tients, resulting in chemotherapy dose delay or reduction
[2, 3]. Although extensive evidence has revealed the dis-
tinct clinical patterns of motor and sensory PN caused by
paclitaxel, limited research is available on docetaxel-in-
duced PN. Docetaxel-associated PN can occur during
cycles of chemotherapy but may persist up to 13 years
following treatment completion [4]. Its incidence can
vary from 11 to 64%, depending on the assessment point
during or after the treatment [5]. Risk factors for docetax-
el-induced PN have been inconsistently identified, in-
cluding older age (=55 years), diabetes, a cumulative
docetaxel dose of >300 mg/m?, docetaxel protocol and
dietary factors [3, 6-7]. This paper aimed to investigate
the incidence, duration, and risk factors of sensory and
motor PN and their impact on HRQOL among BC pa-
tients during the first year since starting docetaxel-based
chemotherapy.

Methods

Design and Setting

The parent study was a large multinational, prospective longi-
tudinal study examining the progression of chemotherapy-in-
duced PN, while the key findings on prevalence, risk factors and
measurement of PN have been reported elsewhere [8-10]. We re-
ported a secondary analysis of longitudinal data from the parent
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study on PN and HRQOL among 127 BC patients who received at
least one cycle of docetaxel-based chemotherapy at Queen Eliza-
beth Hospital in Hong Kong. The inclusion criteria were: (a) diag-
nosis of BC; (b) female adult (>18 years old); (c) chemotherapy
naive; (d) about to receive docetaxel-based chemotherapy; and (e)
expected survival of at least 12 months as determined by oncolo-
gists. Patients were excluded from this study if they (a) presented
with preexisting PN due to any cause (researcher-rated NCI-CT-
CAE 22) before starting chemotherapy or (b) discontinued che-
motherapy after the first cycle.

Data Collection

PN and HRQOL were assessed from baseline (pre-chemother-
apy), after each chemotherapy cycle (maximum 6 cycles, 3 weeks
per cycle), and at 6, 9, and 12 months after starting chemotherapy.
PN was assessed using the NCI-CTCAE and the traditional Chi-
nese version of the European Organization for Research and Treat-
ment of Cancer Quality of Life-Chemotherapy-Induced Periph-
eral Neuropathy twenty-item Questionnaire (EORTC QLQ-
CIPN20) [10, 11]. The NCI-CTCAE is a clinician-based grading
scale for PN and consists of two items: sensory and motor PN. Each
item is graded from 1 (asymptomatic) to 5 (death), with a higher
grade representing greater PN [11]. Evidence suggests that the in-
ter-rater reliability of the NCI-CTCAE after training is moderate
(weighted Cohen’s k coefficient >0.7) [12]. For this study, we used
10 g monofilament assessment and physical examination (e.g., ten-
don reflexes) before a score on the NCI-CTCAE was assigned. The
inter-rater reliability of the NCI-CTCAE after training was 0.8.
The EORTC QLQ-CIPN20 questionnaire has 20 items and in ad-
dition to sensory and motor subscales, it also assesses autonomic
symptoms [13]. Itis rated on a 4-point Likert scale from 1 to 4, and
a score of >2 indicates the presence of a symptom. Only the five
functioning scales (physical-, role-, emotional-, cognitive-, and so-
cial functioning) and the global QOL scale were used for this study
[14]. Demographic and clinical data were extracted from medical
records. The following information was collected: age, cancer
stage, diabetes, and chemotherapy characteristics such as treat-
ment intention and regimen, number of cycles of chemotherapy
received, cumulative dosage, and presence of chemotherapy re-
duction or delays due to PN. Habitual data were gathered from
patients, which included smoking history, alcohol intake, and veg-
etable intake.

Statistical Analysis

Data were analyzed using SPSS 22.0. Descriptive statistics were
used to describe the sample. Kaplan-Meier methods were em-
ployed to estimate the cumulative incidence and duration of motor
and sensory PN. Cox proportional hazards regression models were
used to identify risk factors that were related with motor and sen-
sory PN. Generalized estimation equations (GEEs) were used to
analyze changes in the severity of individual sensory, motor, and
autonomic PN symptoms and HRQOL over time. To investigate
the impact of PN on HRQOL, patients were stratified by duration
of PN: (a) never experienced PN, (b) sporadic PN, and (c) persis-
tent PN. GEE models were used to investigate PN-time interaction
effects. The level of significance was set at 0.05 (2-sided).

Results

Patient Characteristics
The 127 patients analyzed (Table 1) were 51.9 years old
on average, and 35.4% were aged less than 55 years. The
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Table 1. Participant characteristics (n = 127)

Age, years 51.9+8.0
<55 years 82 (64.6)
>55 years 45 (35.4)

Cancer stage
I 34 (26.8)
1 60 (47.2)
1I? 33 (26.0)

Treatment intent
Adjuvant 103 (81.1)
Neoadjuvant 24 (18.9)

Chemotherapy protocol
Adriamycin + cyclophosphamide to docetaxel 15(11.8)
Docetaxel + cyclophosphamide 65(51.2)
Docetaxel + adriamycin + cyclophosphamide 19 (15.0)
Docetaxel +carboplatin + herceptin 28 (22.0)

Cycles of docetaxel treatment (3 weeks/cycle), n 5.1+1.5

Cumulative dosage, mg/m? 357.9+82.2
<300 mg/m? 64 (49.6)
>300 mg/m? 65 (50.4)

Diabetes
No 112 (88.2)
Yes 15 (11.8)

Smoking history
Ex-smoker 10 (7.9)
Never smoker 117 (92.1)

Alcohol intake per day®
<1 122 (96.1)
>1 5(3.9)

Vegetable intake per day
1 serving or none 62 (48.8)
>2 servings 65 (51.2)

Data are presented as mean + SD or #n (%). * Contains 2 cases
with stage IV. ® One standard drink containing alcohol.

mean cumulative docetaxel dosage was 357.9 mg/m?. No
chemotherapy dose reduction and delay due to PN oc-
curred in this sample.

Cumulative Incidence and Duration of Motor and

Sensory PN (NCI-CTCAE Scale)

Cumulative incidence rates of motor and sensory PN
were 31.5 and 21.3%, while the median durations of mo-
tor and sensory PN were 6 weeks (range = 0-43) and 13
weeks (range = 0-40), respectively. (Fig. 1).

Prevalence and Severity of Motor, Sensory, and
Autonomic PN Symptoms (EORTC QOL-CIPN20
Scale)

For motor symptoms, the peak prevalence rates were
between 7.2% (“problem in holding a pen”) and 26.9%
(“difficulty in climbing stairs or getting up out of a chair
because of weakness in legs”). For sensory symptoms, the
peak prevalence rates varied from 5.4% (“difficulty distin-
guishing between hot and cold water”) to 43.5% (“numb-
ness in fingers or hands”). Regarding autonomic symp-
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Table 2. Risk factors for motor and sensory peripheral neuropathy (n = 127)

Risk factors Motor PN Sensory PN
present, absent, HR 95% CI pvalue present, absent, HR  95% CI  pvalue
n (%) n (%) n (%) n (%)
Type of docetaxel-based chemotherapy
AC—T 6 (15.0) 9(10.3)  1.00 5(18.5) 10 (10.0)  1.00
TAC 5(12.5) 14(161) 070 021-2.30  0.14 3(11.1) 16(16.0)  0.50 0.12-2.11 0.34
TCH 7 (17.5) 21 (24.1) 0.65  0.22-2.00 0.55 3(11.1) 25 (25.0) 0.32 0.08-1.40 0.13
TC 22 (55.0) 43(49.4) 274  0.70-1076 046 16 (59.3) 49 (49.0) 427 0.81-22.60 0.09
Cumulative dose of docetaxel
<300 mg/m? 19 (47.5) 45 (51.7) 1.00 13 (48.1) 51 (51.0) 1.00
>300 mg/m? 21 (52.5) 42 (48.3) 3.58 1.10-11.64 <0.05 14 (51.9) 49 (49.0) 720  1.70-30.53 <0.01
Diabetes
No 34 (85.0) 78 (89.7) 1.00 23 (85.2) 89 (89.0) 1.00
Yes 6 (15.0) 9(10.3) 1.18  0.47-3.00 0.72 4(14.8) 11 (11.0) 1.06 0.32-3.50 0.93
Age
<55 years 19 (47.5) 63 (72.4) 1.00 14 (51.9) 68 (68.0) 1.00
>55 years 21 (52.5) 24 (27.6) 2.02 1.03-3.97  <0.05 13 (48.1) 32(32.0) 142 0.61-3.29 041
Vegetable intake per day
<1 serving 21 (52.5) 41(47.1)  1.00 15 (55.6) 47 (47.0)  1.00
=2 servings 19 (47.5) 46 (52.9) 0.85  0.44-1.64 0.66 12 (44.4) 53 (53.0) 0.72  0.31-1.67 0.44

HR, hazard ratio; AC—T, adriamycin + cyclophosphamide to docetaxel; TAC, docetaxel + adriamycin + cyclophosphamide; TCH,
docetaxel + carboplatin + herceptin; TC, docetaxel + cyclophosphamide; PN, peripheral neuropathy.

toms, the peak prevalence rate was 14.8% (“dizzy when
standing up from a sitting or lying position”) and 31.1%
(“blurred vision”), respectively.

GEE analyses demonstrated significant changes in the
severity over time for five out of the seven motor symp-
toms (p < 0.05-0.001): including “problems in holding a
pen, which made writing difficult,” “difficulty manipu-
lating small objects with fingers,” “difficulty opening a jar
or bottle because of weakness in hands,” “difficulty in
walking because feet dropped downward,” and “difficul-
ty in climbing stairs or getting up out of a chair because
of weakness in legs.” Significant longitudinal changes in
the severity were observed for six out of the nine motor
symptoms (p < 0.05-0.001): including “tingling in fin-
gers/hands,” “tingling in toes/feet,” “numbness in fingers
or hands” (p < 0.001), “numbness in toes or feet,” “prob-
lems in standing or walking because of difficulty feeling
the ground under feet,” and “difficulty in distinguishing
between hot and cold water.” For autonomic symptoms,
only the symptom of “dizzy when standing up from a sit-
ting or lying position” (p < 0.05) showed a significant
change in the severity over time. The prevalence and se-
verity of motor, sensory, and autonomic PN symptoms
over time are shown in supplementary file 1 (see www.
karger.com/doi/10.1159/000507843 for all suppl. mate-
rial).
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Fig. 1. Cumulative incidence of motor and sensory peripheral neu-
ropathy (PN) in patients treated with docetaxel.

Risk Factors of Motor and Sensory PN

In Table 2, two significant risk factors were identified
for motor PN, including a cumulative dose of docetaxel >
300 mg/m? (HR = 3.58, 95% CI 1.10-11.64) and age >55
(HR =2.02, 95% CI 1.03-3.97). The only significant risk
factor for sensory PN was a cumulative dose of docetaxel
>300 mg/m? only (HR = 7.20, 95% CI 1.70-30).
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life (estimated mean and 95% CI) in breast
cancer patients treated with docetaxel over
time.
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Motor/Sensory PN and HRQOL

According to GEE analyses, HRQOL in all domains
significantly changed over time (all p < 0.001) except for
cognitive functioning (Fig. 2). However, when consider-
ing the impact of motor PN on HRQOL, a statistically
significant interaction effect (Wald x* = 48.55, p < 0.001)
between motor PN and time was found for physical func-
tioning only. Regarding sensory PN, there were statisti-
cally significant interactions with time for physical func-
tioning (Wald x* = 33.21, p < 0.05) and social functioning
(Wald x* = 40.23, p < 0.01) (Table 3).

Discussion
This study is one of the few studies investigating motor

and sensory PN induced by docetaxel. Overall, the cumu-
lative incidences of motor and sensory PN observed in

Docetaxel-Induced Peripheral
Neuropathy in Breast Cancer Patients

this study have been found to fall within the range of data
from the National Comprehensive Cancer Network Task
Force Report (11-64%), although the report has not spec-
ified the type of PN [5]. Recent data have also showed that
the incidence of docetaxel-induced PN can vary from 15
to 41.9% in BC patients depending on different measures
of PN [6, 7].

Yet, it is interesting to observe that the cumulative in-
cidence of motor PN (31.5%) was higher than that of sen-
sory PN (21.3%). This finding is inconsistent with the
seemingly well-established knowledge on nature of PN
caused by taxane, with PN being characterized by sensory
neuropathy and less so with motor neuropathy [2]. Nev-
ertheless, a small-scale study of BC patients receiving
docetaxel reported that motor symptoms including mus-
cle weakness and trouble with balance were more fre-
quently reported than sensory symptoms such as numb-
ness, tingling, and cold sensitivity [15]. While no subse-
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quent study has been conducted to explain
docetaxel-associated motor symptoms, the reason under-
lying this unique finding is still unknown and future in-
vestigation is warranted.

Regarding motor symptoms, our study found that
cramps in the legs/hands did not demonstrate a signifi-
cant change in the severity over time. In a large study of
1,031 early BC patients who received at least one cycle of
docetaxel, it was found that cramps in the legs was the
most frequently reported symptom of PN [6]. As this
study did not collect the baseline data, changes in this
symptom over time could not be observed. The present
study finding can be explained by the fact that cramps in
the legs/hands may not represent a symptom of motor PN
due to docetaxel itself but are related to patients’ age or
preexisting comorbid conditions.

Risk factors for docetaxel-induced PN remain unclear
as studies in the literature have yielded conflicting results.
We found that both PNs were significantly predicted by
a cumulative dose of >300 mg/m?, and this is consistent
with a study [15]. However, the present study did not find
any relationship between a particular docetaxel regimen
and PN possibly due to acknowledging the small sample
size of these chemotherapy subgroups for a more con-
crete analysis [7].

Although old age is found as a known risk factor for
PN caused by taxane or docetaxel [6, 7], notably in this
sample, older patients reported a higher risk of motor PN.
Accumulating evidence indicates that PN is associated
with a risk of fall in BC patients [7]. This is likely ex-
plained by muscle weakness and loss of balance affecting
the lower extremities, which are major clinical features of
motor PN. Our finding suggests the importance of ob-
serving the occurrence and progression of motor PN in
older BC patients treated with docetaxel.

We also found that vegetable intake was not a signifi-
cant risk factor of PN, and this finding is consistent with
arecent finding from a study of 1,237 BC patients in Unit-
ed States reporting no association between vegetable in-
take and PN [16]. Furthermore, studies on whether dia-
betic patients are more predisposed to the development
of PN after chemotherapy are also inconclusive [17, 18].
Indeed, in this present study, no significant relationship
between diabetes and PN was found.

This study also showed statistically significant interac-
tion effects of motor/sensory PN-time on physical and
social functioning at specific time points. These results
appear to be consistent with a systematic review and re-
centstudies on the relationship of PN and HRQOL among
cancer patients receiving chemotherapy in general or BC
patients receiving docetaxel [2, 6]. However, it is impor-
tant to note that motor/sensory PN consistently and
greatly impacted physical functioning, which is a key do-
main of HRQOL.
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The strength of this study lies in combining the NCI-
CTACE and EORTC CIPN-20 for offering a broad view
of motor and sensory PN symptoms due to docetaxel.
The NCI-CTCAE has been criticized for underestimat-
ing the incidence and severity of PN due to its subopti-
mal interrater reliability in identifying and quantifying
PN [19]. To overcome such limitation, only one re-
searcher after training was invited to assess PN with the
assistance of objective tests (e.g., 10 g monofilament)
[20]. As there is no “gold standard” for measuring PN,
selection of an acceptable measure with both subjective
and objective aspects of PN can be considered to iden-
tify PN in future clinical research. Also, as this study
focused on the first year from chemotherapy, cumula-
tive incidence and risk factors of both motor and sen-
sory PN and their impact on HRQOL in BC survivors
beyond the first year after treatment initiation is un-
known; thus, a follow-up study of PN for a longer dura-
tion is suggested.

Conclusion

This study showed that motor PN was more common
than sensory PN, and a cumulative docetaxel dose >300
mg/m?* was a significant risk factor for both PNs in BC
patients. Furthermore, the study also found a significant
impact of PN on physical functioning. Health profes-
sionals should establish awareness of motor PN as a fre-
quent side effect of docetaxel and inform patients on how
to better prepare for PN before starting chemotherapy.
Future research should extend to investigate the motor
PN and its associated physical dysfunction in BC pa-
tients.
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