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Abstract

Purpose To describe the prevalence, severity, and risk

factors of chemotherapy-induced peripheral neuropathy

(CIPN) and its impact on function and quality of life

(QOL) among women treated for breast cancer in a large

U.S. Community Oncology practice.

Methods Women previously treated with taxane-based

chemotherapy for early-stage breast cancer completed the

EORTC QLQ–C30, QLQ–BR23, and QLQ–CIPN20.

Subscales are scored 0–100; higher scores indicate greater

symptom severity. Pre-specified hypotheses were tested.

Results 126 women with mean age 56.7 years (SD 11.8)

were stage I–II (79.4%) or stage III (20.6%) at the time of

the survey; 65.1% were White and 27.8% were Black or

African American. The mean time since last taxane

chemotherapy cycle was 144.9 weeks (SD 112.9). 73.0%

reported having CIPN. QLQ–CIPN20 mean scores for the

sensory, motor, and autonomic subscales were 18.9 (SD

23.1), 18.6 (SD 18.7), and 17.1 (SD 21.8), respectively.

CIPN symptom severity was negatively correlated with

global health status/QOL and physical and role functioning

(range of r = -0.46 to -0.72). It was not associated with

age, body mass index, diabetes, or cumulative taxane

dosage, but was greater for Black or African American

women (e.g., sensory, p\ 0.002). CIPN sensory impair-

ment was marginally greater for patients treated with

paclitaxel compared to docetaxel (p\ 0.064).

Conclusions CIPN was prevalent in this community

oncology practice and significantly impacts function and

QOL. These data highlight the importance of develop-

ing methods to mitigate CIPN, and for screening for

CIPN particularly among Black or African American

women.
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Introduction

With advances in cancer diagnosis and treatment there are

now an estimated 2.8 million breast cancer survivors in the

United States [1]. As a result, greater awareness has been

placed on the long-term adverse effects and the impact on

quality of life (QOL) of cancer treatment [2]. One such

impact is chemotherapy-induced peripheral neuropathy

(CIPN), characterized as damage to sensory and motor

nerves, which can cause persistent symptoms and limita-

tions in functioning, including numbness, tingling, or pain

in the fingers or toes and loss of deep tendon reflexes [3–7].

CIPN is a common side effect of neurotoxic chemotherapy

agents, including taxanes (paclitaxel and docetaxel) [8–11],

and significantly affects the QOL of impacted patients

[10, 11].
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Patients and methods

Study design

This cross-sectional, observational study employed patient

surveys and medical chart review to characterize the

prevalence and pattern of CIPN and its impact on QOL

among women treated for breast cancer at a community

oncology practice. All female patients aged 18–95, with

early-stage breast cancer, who had previously received

taxane-based chemotherapy, including paclitaxel or doc-

etaxel, and who were a patient at Virginia Oncology

Associates, were eligible for inclusion in the study. Patients

were recruited at two offices of Virginia Oncology Asso-

ciates during their scheduled, general follow up appoint-

ments, during August 2014. Informed consent was obtained

from all patients before inclusion in the study. The study

was approved by the Eastern Virginia Medical School

Institutional Review Board in Norfolk, Virginia.

Patient demographic and clinical characteristics

Patient demographic and clinical information was

abstracted from the participants’ medical records, including

age, height, weight, BMI, stage of breast cancer, type of

treatment (drug, dosage, and frequency), dose delays,

reductions, or discontinuations, other medical conditions or

agents known to cause peripheral neuropathy (diabetes,

rheumatoid arthritis, multiple sclerosis, etc.), and any

treatments or therapies for CIPN. Information about race,

ethnicity, experience of CIPN symptoms (yes/no), time of

onset of CIPN symptoms, perceived change in CIPN

symptoms over time, physician evaluation of CIPN, and

referral and visitation to a neurologist or pain specialist was

obtained via the questionnaire.

QOL measurements

The European Organisation for Research and Treatment of

Cancer (EORTC) Quality of Life Questionnaires C30

(QLQ–C30) was used to assess health-related QOL [26]. It

contains multi- and single-item sub-scales, including five

functional scales (physical, role, cognitive, emotional, and

social), three symptom scales (fatigue, pain, and nausea

and vomiting), a global health status/QOL scale, and six

single-item scales (dyspnea, insomnia, appetite loss, con-

stipation, diarrhea, and financial difficulties). The EORTC

QLQ–BR23 was used to assess breast cancer-related QOL

[27]. It contains multi- and single-items sub-scales,

including four functional scales (body image, sexual

functioning, sexual enjoyment, and future perspective) and

four symptom scales and items (systemic therapy side

Taxane-induced CIPN is commonly reported in clinical 
trials and has been observed in 15–60% of patients 
[10, 12–14]. However, the comparison of incidence rates 
across studies is limited by the use of different grading 
scales and symptom assessment tools [9, 15, 16]. Further, 
because the use of patient-reported outcome measures and/

or objective assessments result in a higher severity of CIPN 
as compared to clinician examination, it is thought that 
CIPN is typically underreported [9, 17–19].

Little is known about the incidence, prevalence, and risk 
factors of CIPN in clinical practice [20], and few studies 
have examined the impact of CIPN on QOL [11, 21]. 
Studies of CIPN and QOL among patients with cancer have 
differed significantly in their assessment methods and study 
design, including the patient population, chemotherapeutic 
agent, and number of patients [11]. Thus, additional stud-

ies, which include a large number of patients and use 
validated questionnaires, are needed to elucidate the asso-

ciation of CIPN and QOL and describe risk factors for 
CIPN.

The objective of this study was to describe the 
prevalence and pattern of taxane-based CIPN in breast 
cancer patients receiving care in a large community 
oncology practice, to identify the effects of CIPN on 
QOL, and to identify risk factors of CIPN. This study was 
designed to address gaps in the literature, specifically to 
assess a large and racially diverse sample of patients 
receiving care in a community oncology practice, using 
validated patient-reported outcome instruments of both 
CIPN and QOL in addition to data abstracted from the 
medical record regarding treatment and referrals, and to 
assess patients who range in the number of years past the 
end of chemotherapy. Based on prior research and clinical 
experience, we hypothesized CIPN is prevalent among 
women treated for breast cancer in a community oncology 
practice [2, 20], CIPN is underreported and under asses-

sed by physicians in clinical practice [9, 17–19], and 
referral and visitation to a neurologist or pain specialist is 
infrequent [22]. We hypothesized CIPN is likely to have a 
negative impact on the QOL of affected patients, in 
particular global health status, physical functioning, and 
role functioning [11, 21, 23]. Further, we hypothesized 
CIPN is more likely to be more severe in patients who are 
older [21], have higher BMI [21], have diabetes [2], are 
Black or African American [24], have higher stages of 
breast cancer, are receiving paclitaxel compared to doc-

etaxel [10, 20, 25], are receiving higher cumulative 
dosage of taxanes [2, 4, 9], have received their last taxane 
chemotherapy treatment in the last two years [2, 21], and 
have received a modification in their chemotherapy regi-

men, such as a dose delay, dose reduction, or treatment 
discontinuation [20].



effects, breast symptoms, arm symptoms, and upset by hair

loss). Items in both questionnaires have a 7 day recall

period, and item responses range from 1 (not at all) to 4

(very much), except for the global health status/QOL items,

which range from 1 (very poor) to 7 (excellent). Each sub-

scale is scored on a 0–100 scale, where higher scores on the

functional scales, global health status/QOL scale, and

symptom scales represent a higher level of functioning,

better QOL, and more severe symptoms, respectively [28].

CIPN measurements

The EORTC QLQ–CIPN20 was used to assess CIPN [29].

It contains multi- and single-items sub-scales, assessing

sensory, motor, and autonomic symptoms and problems,

and a single item addressing ability to drive a car. Items

have a 7 day recall period, and item responses range from 1

(not at all) to 4 (very much). Each sub-scale is scored on a

0–100 scale, where higher scores indicate more severe

symptoms or impairment. A limitation of the EORTC

QLQ–CIPN20 is that a cut-point indicating the presence or

absence of CIPN is not yet established. Therefore, while

the EORTC QLQ–CIPN20 was used to characterize the

severity and impact of CIPN, the presence or absence of

CIPN was determined by patient-self report via a yes/no

survey question; exploratory analyses indicated that

responses to this survey item were consistent with much

greater severity of scores on the CIPN20 and subsequent

survey items about treatment and referrals for CIPN.

Statistical analyses

Pre-specified hypotheses were tested using appropriate

bivariate statistical tests, including independent sample

t tests, Chi-square tests, Pearson’s correlation, and linear

regression. The EORTC subscale scores are continuous, and

although the scores were not normally distributed, para-

metric tests are appropriate [30]. The minimally important

differences (MID) for QOL scores were calculated as

described by Norman et al., in which a difference of at least

one half a standard deviation can be interpreted as a clinically

important between-group difference [31]. All statistical tests

were considered significant if p\ 0.05. Analyses were

conducted using Stata, version 13 (Stata Corp., Plano, TX).

Results

Patient demographic and clinical characteristics

One hundred and twenty-six female, breast cancer patients

enrolled in the study had a mean age 56.7 years (standard

deviation (SD) 11.8) and were stage I–II (79.4%) or stage

III (20.6%) at the time of the survey (Table 1). Eighty-two

(65.1%) patients were White, and 35 (27.8%) patients were

Black or African American. Fifty-eight (46.0%) patients

received paclitaxel, while 72 (57.1%) received docetaxel

with mean weeks since last taxane chemotherapy (first date

of the last cycle) 144.9 weeks (SD 112.9). Furthermore, 34

(27.0%) patients reported a modification of chemotherapy

regimens such as a dose delay, dose reduction, or treatment

discontinuation.

Twenty-five (19.8%) patients had diabetes (Table 1).

Among other disorders potentially including symptoms of

peripheral neuropathy, 13 (10.3%) patients had rheumatoid

arthritis. Nine (7.1%) patients received metformin, an agent

reported to cause peripheral neuropathy [32]. Due to these

small percentages, sub-group analysis of patients with

rheumatoid arthritis and of patients who received met-

formin were not conducted.

Prevalence and pattern of CIPN

Ninety-two (73.0%) women reported having CIPN, among

whom 44 (47.8%) had received paclitaxel, 45 (48.9%) had

received docetaxel, and 3 (3.3%) had received paclitaxel

and docetaxel (Table 2), and the mean number of weeks

since last taxane chemotherapy was 131.4 (SD 98.6)

(n = 91; one patient as outlier [[364 weeks]) (Table 1).

Fifty (54.0%) women reported having CIPN evaluated by a

physician, 14/92 (15.2%) were referred to a neurologist,

and 11/92 (12.0%) visited a neurologist (Table 2). QLQ–

CIPN20 mean scores for the sensory, motor, and autonomic

subscales were 18.9 (SD 23.1), 18.6 (SD 18.7), and 17.1

(SD 21.8), respectively (Table 3). The between-group

minimally important difference in QLQ–CIPN20 subscale

scores, estimated as one half the standard deviation of the

sample mean score, would therefore be approximately 10

points. Forty-six (36.5%) patients reported that symptoms

had improved, 16 (12.7%) patients reported that symptoms

were the same, and 16 (12.7%) patients reported that

symptoms had gotten worse, since the time of symptom

onset (Table 2).

Among women with CIPN (n = 92), the average time to

the first occurrence of CIPN was 3.8 weeks (SD 3.0)

(n = 72; 20 patients reported time to first occurrence

unknown). The average cumulative taxane dosage thresh-

old for occurrence of CIPN was 301.0 mg/m2 (SD 175.4)

(n = 70; for two patients an accurate taxane dosage could

not be determined).

Health-related quality of life and functioning

The mean score of EORTC QLQ–C30 global health status/

QOL was 77.0 (SD 20.3), physical function was 85.7 (SD



Table 1 Patient demographic and clinical characteristics (N = 126)

Characteristic n (%)

Age (years), mean (SD) 56.7 (11.8)

\0.50 34 (27.0)

50 to B0.59 36 (28.6)

60 to B0.100 56 (44.4)

Height (in.), mean (SD) 63.9 (3.1)

Weight (lbs), mean (SD) 178.6 (44.2)

BMI (kg/m2), mean (SD) 30.8 (7.4)

\0.25 28 (22.2)

25 to\30 43 (34.1)

30 to\100 55 (43.7)

Stage of breast cancer

I 24 (19.0)

II 76 (60.3)

III 26 (20.6)

Race

White 82 (65.1)

Black or African American 35 (27.8)

Native Hawaiian or other Pacific Islander 0 (0)

Asian 4 (3.2)

American Indian or Alaska Native 2 (1.6)

Unknown 1 (0.8)

Prefer not to answer 3 (2.4)

Ethnicity

Not Hispanic or Latino 110 (87.3)

Hispanic or Latino 4 (3.2)

Unknown 4 (3.2)

Prefer not to answer 8 (6.3)

Diabetes

Yes 25 (19.8)

No 101 (80.2)

Line of therapy

Adjuvant 85 (67.5)

Given every 3 weeks 50 (58.8)

Given every 2 weeks 20 (23.5)

Given every week 10 (11.8)

Other 5 (5.9)

Neoadjuvant 41 (32.5)

Given every 3 weeks 20 (48.8)

Given every 2 weeks 15 (36.6)

Given every week 6 (14.6)

Other 0 (0)

Taxane dose (mg/m2)

Paclitaxel 58 (46.0)

60 1 (1.7)

80 11 (19.0)

100 2 (3.4)

125 2 (3.4)

175 42 (72.4)

Table 1 continued

Characteristic n (%)

Docetaxel 72 (57.1)

50 1 (1.4)

60 7 (9.7)

75 62 (86.1)

100 1 (1.4)

125 1 (1.4)

Both 4 (3.2)

Cumulative taxane dose (taxane dose 9 number of

cycles received 9 treatment course) (n = 121)

0–300 33 (27.3)

301–500 36 (29.8)

501–700 39 (32.2)

701–1000 11 (9.1)

1001–1400 2 (1.6)

Other chemotherapy received

Cyclophosphamide 103 (81.7)

Doxorubicin 68 (54.0)

Carboplatin 22 (17.5)

Herceptin 33 (26.2)

Fluorouracil 4 (3.2)

Methotrexate 0 (0)

Other 9 (7.1)

Modification of chemotherapy regimen

Yes 34 (27.0)

Dose delay 3 (2.4)

Dose reduction 22 (17.5)

Treatment discontinuation 13 (10.3)

No 92 (73.0)

Number of cycles received, mean (SD)

Paclitaxel 6.1 (3.5)

Docetaxel 5.0 (1.2)

Both

Paclitaxel 3.5 (3.8)

Docetaxel 2.0 (1.2)

Weeks since last taxane chemotherapy (first date of

the last cycle), mean (SD) (n = 123; two patients as

outliers [[364 weeks] and one patient unknown)

144.9 (112.9)

0–52 29 (23.6)

53–104 28 (22.8)

105–156 16 (13.0)

157–208 17 (13.8)

209–260 16 (13.0)

261–312 10 (8.1)

313–364 7 (5.7)

Weeks since last taxane chemotherapy (first date of

the last cycle) for patients who reported symptoms

of CIPN, mean (SD) (n = 91; one patient as outlier

[[364 weeks])

131.4 (98.6)



17.1), role functioning was 86.5 (SD 22.7), and pain was

22.9 (SD 26.8). The mean scores of QLQ–BR23 subscales

measuring systemic therapy side effects and arm symptoms

were 25.7 (SD 21.4) and 22.0 (SD 24.9), respectively. All

subscales scores are reported in Table 3.

Correlates of CIPN

Independent sample t tests indicated those who reported

having symptoms of CIPN had significantly higher EORTC

QLQ–CIPN20 mean scores for the sensory scale (24.6 vs.

3.5, p\ 0.001), motor scale (22.9 vs. 7.0, p\ 0.001), and

autonomic scale (20.3 vs. 8.3, p\ 0.006). Further, referral

to a neurologist for CIPN, visiting a neurologist for CIPN,

and patient-reported symptoms of CIPN were significantly

associated (p\ 0.05; per Chi-square tests) with patient-

reported CIPN status. The mean CIPN20 sensory and

motor subscale scores were higher for patients referred to a

neurologist for CIPN (sensory: 43.9 vs. 21.2, p\ 0.001;

motor: 43.2 vs. 19.2, p\ 0.001) and for patients who

visited a neurologist for CIPN (sensory: 41.4 vs. 22.4,

p\ 0.014; motor: 43.7 vs. 20.0, p\ 0.001), per indepen-

dent sample t tests (Table 4).

Bivariate linear regression models indicated that the

average decline in CIPN20 sensory scale scores by years

since treatment was -3.1 per year (p\ 0.005), and for the

motor scale was -2.1 per year (p\ 0.022), indicating

scores were higher (worse) for women who completed

treatment more recently.

CIPN motor impairment was marginally greater for

patients with higher stages of breast cancer, specifically,

stage III versus stages I and II (group means by stage: 13.7

vs. 18.7 vs. 22.9; bivariate linear regression beta coeffi-

cient = 4.6, p\ 0.083). CIPN sensory impairment was

marginally greater for patients treated with paclitaxel

compared to docetaxel (23.3 vs. 15.6, independent samples

t test p\ 0.064), and patient-reported CIPN (yes/no) was

marginally more common in patients receiving paclitaxel

only than docetaxel only (81.5 vs. 66.1%) (v2 = 3.57,

p\ 0.059).

CIPN sensory, motor, and autonomic impairment was

greater for Black or African American patients versus

White patients (sensory: 28.6 vs. 14.4, p\ 0.002; motor:

25.0 vs. 15.6, p\ 0.012; autonomic: 24.3 vs. 13.4,

p\ 0.014; per independent sample t tests) (Fig. 1), as was

patient-reported CIPN (yes/no) (82.9 vs. 67.1%). Post hoc

analyses indicated these clinically meaningful differences

in symptom severity by race persisted when the analysis

was limited to patients who reported having CIPN (n = 84)

(sensory: 33.6 vs. 20.1, p\ 0.014; motor: 29.7 vs. 19.5,

p\ 0.019; autonomic: 27.6 vs. 16.7, p\ 0.042). Further,

we included covariates in linear regression models of race

Table 2 Patient-reported CIPN and treatment characteristics

(N = 126)

Characteristic n (%)

Patient-reported symptoms of CIPN

Yes 92 (73.0)

Paclitaxel 44 (47.8)

Docetaxel 45 (48.9)

Paclitaxel and docetaxel 3 (3.3)

No 34 (27.0)

Paclitaxel 10 (29.4)

Docetaxel 23 (67.6)

Paclitaxel and docetaxel 1 (2.9)

Patient-reported CIPN evaluation by physician

Yes 50 (39.7)

No 41 (32.5)

Not applicable 35 (27.8)

Patient referred to a neurologist for CIPN

Yes 14 (11.1)

No 78 (61.9)

Not applicable 34 (27.0)

Patient gone to a neurologist for CIPN

Yes 11 (8.7)

No 81 (64.3)

Not applicable 34 (27.0)

Onset of CIPN symptoms, cycle of taxane chemotherapy

After treatment 1 13 (10.3)

After treatment 2 18 (14.3)

After treatment 3 19 (15.1)

After treatment 4 16 (12.7)

Other 26 (20.6)

Not applicable 34 (27.0)

Patient-reported CIPN symptoms timeline

Symptoms have improved 46 (36.5)

Symptoms are the same 16 (12.7)

Symptoms have gotten worse 16 (12.7)

Other 14 (11.1)

Not applicable 33 (26.2)

Missing 1 (0.8)

Treatments or therapies received for CIPN

Yes 15 (11.9)

Electrical stimulation 1 (0.8)

Transcutaneous electrical nerve stimulation 2 (1.6)

Physical therapy 8 (6.3)

Phonophoresis 0 (0)

Cognitive behavioral therapy 0 (0)

Complementary and alternative medicine (CAM)

(e.g., acupuncture, dietary supplements such as

vitamins)

8 (6.3)

Other 3 (2.4)

No 111 (88.1)

Other agents reported to cause peripheral neuropathy 9 (7.1)



Discussion

This study assessed patient-reported CIPN and QOL using

validated instruments, in a racially diverse sample of

patients receiving care at a community oncology practice,

many of whom were at least several years past the end of

chemotherapy. Many of the findings of this study are

consistent with the results of prior research, although

comparison across studies of CIPN is limited by differ-

ences in study population, treatment regimens, and

assessment tools [3, 7, 10, 11, 16]. A large study of Danish

Table 2 continued

Characteristic n (%)

Losartan 1 (0.8)

Metformin 9 (7.1)

Other disorders involving peripheral neuropathy 23 (18.3)

Multiple sclerosis 3 (2.4)

Acute renal failure 1 (0.8)

Osteoarthritis 1 (0.8)

Sjogren’s syndrome 1 (0.8)

Rheumatoid arthritis 13 (10.3)

Vitamin D deficiency 1 (0.8)

Lymphedema 3 (2.4)

Mild arthritis 1 (0.8)

Kidney disease 1 (0.8)

Table 3 EORTC QLQ–C30, EORTC QLQ–BR23, and EORTC

QLQ–CIPN20 scores (N = 126)

EORTC Subscale M (SD)

QLQ–C30 Global health status/QoL 77.0 (20.3)

Functional scales

Physical functioning 85.7 (17.1)

Role functioning 86.5 (22.7)

Emotional functioning 74.2 (25.4)

Cognitive functioning 74.7 (24.1)

Social functioning 80.3 (25.2)

Symptom scales/items

Fatigue 29.5 (24.1)

Nausea and vomiting 8.2 (16.4)

Pain 22.9 (26.8)

Dyspnea 15.6 (25.9)

Insomnia 35.2 (33.8)

Appetite loss 10.3 (21.7)

Constipation 17.2 (27.2)

Diarrhea 13.2 (25.3)

Financial difficulties 25.7 (33.5)

QLQ–BR23 Functional scales

Body image 69.3 (29.6)

Sexual functioninga 22.3 (24.6)

Sexual enjoymenta 72.2 (13.6)

Future perspective 52.12(34.4)

Symptom scales/items 25.7 (21.4)

Systemic therapy side effects

Breast symptoms 24.8 (24.4)

Arm symptoms 22.0 (24.9)

Upset by hair loss 54.6 (36.7)

QLQ–CIPN20 Sensory 18.9 (23.1)

Motor 18.6 (18.7)

Autonomic 17.1 (21.8)

Car item 3.3 (11.7)

a Items for the scales marked ‘superscript a’ are scored positively

(i.e., ‘‘very much’’ is best) and therefore use the same algebraic

equation as for symptom scales; however, the Body Image scale uses

the algebraic equation for functioning scales

onto CIPN symptom severity. The models indicated that 
the differences in CIPN symptom severity by race were not 
modified when controlling for clinical and treatment 
characteristics, including age, diabetes, BMI, stage, time 
since last treatment, taxane type, cumulative taxane 
dosage, or presence of dose modification in linear regres-

sion models (one covariate per model; covariates were non-

significant and did not impact the effect of race). The 
impact of time since last treatment persisted independent 
of race (sensory scale: difference by race beta coeffi-

cient = 13.4, p \ 0.003, and difference per year beta 
coefficient = -3.25, p \ 0.003).

These observed statistically significant differences, 
described above, were also large enough to be clinically 
significant, i.e., were greater than 10. No associations 
were found between EORTC QLQ–CIPN20 subscales and 
age, BMI, diabetes, cumulative taxane dosage, paclitaxel 
treatment course, type of taxane therapy, and modifica-

tions in chemotherapy regimen, and no associations were 
found between patient-reported CIPN status and cumula-

tive taxane dosage or modification of chemotherapy 
regimen.

Association between CIPN and QOL

It was hypothesized that CIPN symptom severity has a 
negative influence on the QOL of affected patients, in 
particular global health status, and physical and role 
functioning. The EORTC QLQ–C30 global health status/

QOL subscale, physical functioning subscale, and role 
functioning subscales, each had moderate to strongly 
negative associations with the CIPN20 sensory, motor, and 
autonomic subscales (range of Pearson correlation coeffi-

cients: r = -0.46 to r = -0.72).



women receiving docetaxel and other agents for early-

stage breast cancer (N = 1725) found 34% had CIPN of

grade 2–4 [33]. In this study sample, 73.1% of women self-

reported symptoms of CIPN, specifically 81.5% of women

treated with paclitaxel only and 66.1% of women treated

with docetaxel only. These estimates are higher than the

Danish study in part because they include CIPN of the

severity that would be classified as grade 1. In addition,

this study found patient-reported CIPN status was signifi-

cantly associated with taxane type, providing further evi-

dence that the neurotoxicity of paclitaxel is greater than

docetaxel.

Table 4 Differences in EORTC QLQ–CIPN20 subscale scores by patient demographic and clinical characteristics (N = 126)

Characteristics Categories QLQ–CIPN20

Sensory scale Motor scale Autonomic scale

Mean (SD) p Mean (SD) p Mean (SD) p

Race White (n = 82) 14.4 (20.2) 0.002 15.6 (15.9) 0.012 13.4 (19.7) 0.014

Black or African American

(n = 35)

28.6 (26.4) 25.0 (23.4) 24.3 (25.4)

Patient-reported symptoms of CIPN Yes 24.6 (24.3) 0.000 22.9 (19.1) 0.000 20.3 (22.9) 0.006

No 3.5 (7.4) 7.0 (11.6) 8.3 (15.5)

Patient referred to a neurologist for

CIPN

Yes 43.9 (29.2) 0.001 43.2 (19.4) 0.000 21.4 (22.1) 0.841

No 21.2 (21.8) 19.2 (16.7) 20.09 (23.16)

Patient gone to a neurologist for CIPN Yes 41.4 (25.2) 0.014 43.7 (19.3) 0.000 25.8 (20.2) 0.402

No 22.4 (23.4) 20.0 (17.4) 19.6 (23.2)

Stage of breast cancer I 15.1 (21.1) 0.108 13.7 (15.7) 0.083 18.1 (20.2) 0.391

II 17.9 (22.4) 18.7 (18.9) 14.7 (19.4)

III 25.5 (26.2) 22.9 (20.2) 23.1 (28.3)

Type of taxane received Paclitaxel 23.3 (25.2) 0.064 21.4 (21.0) 0.142 19.1 (23.0) 0.357

Docetaxel 15.6 (20.9) 16.5 (16.7) 15.5 (20.8)

Weeks since last taxane chemotherapy 0–52 28.0 (26.5) 0.005 23.3 (20.1) 0.022 19.5 (21.8) 0.160

53–104 23.8 (27.7) 22.6 (22.6) 22.0 (26.5)

105–156 17.8 (21.0) 17.9 (16.3) 14.6 (16.0)

157–208 9.8 (14.0) 16.2 (18.9) 16.7 (22.8)

209–260 11.3 (11.9) 14.0 (9.8) 12.5 (12.9)

261–312 17.8 (27.9) 12.4 (22.9) 20.0 (30.2)

313–364 11.1 (13.5) 14.3 (7.8) 7.1 (13.1)
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Fig. 1 Mean QLQ–CIPN20

subscale scores by race. Note:

Differences in CIPN by race

were statistically significant for

each subscale (sensory

p\ 0.002, motor p\ 0.012,

and autonomic p\ 0.014)



CIPN was more prevalent and symptom severity was

greater in women who self-identified as Black or African

American compared to White women, and these differ-

ences were not explained by the array of clinical or treat-

ment characteristics measured in this study. A genome-

wide association study reported by Schneider et al. found

that a genetic variant (rs3125923) which may impact

neuronal development and ‘‘genetically determined Afri-

can-American race’’ via principal component analysis were

significant predictors of taxane-induced peripheral neu-

ropathy [24].

Limitations of this study include that rates of CIPN

evaluation and referral reflect rates from a single medical

oncology practice with two sites. While the study aimed to

enroll all eligible patients who were receiving care during a

1 month period, the sample is limited to patients who were

willing and able to participate in a survey study. Although

only a small percentage of patients reported other disorders

potentially including symptoms of peripheral neuropathy,

the relationship between taxane treatment and EORTC

QLQ–CIPN20 scores may have been confounded by these

factors. In addition, because the number of Black or African

American women in the study (n = 35) was not larger, the

exploratory analyses to identify potential confounders of the

relationship between race and CIPN was likely underpow-

ered. Further, although the study highlights the prevalence of

CIPN and its impact on QOL, it is potentially limited by the

lack of clinician assessment of CIPN conducted at the same

time as the patient-reported outcomes assessment.

Patient reports of CIPN (yes/no) were highly consistent

with the symptom severity captured by the QLQ–CIPN20

(e.g., sensory scale: 24.6 vs. 3.5, p\ 0.001). However,

identifying cut-points for the categorization of symptom

severity as none/negligible, mild, moderate, and severe,

would greatly assist the interpretation of findings in future

research. Hausheer et al. discuss the substantial limitations

of quantitative sensory testing, electrophysiologic mea-

surement, and clinician grading scales as reliable and

responsive measurement tools, and assert that patient-based

questionnaires are highly suitable for identifying CIPN in

the clinical context [9].

This study had several key strengths. Patient-reported

QOL and CIPN were assessed using validated instruments,

and the analyses evaluated a priori hypotheses based on

scientific literature and clinical experience. The patient

population was 27.8% Black or African American, which

allowed us to examine racial differences in CIPN. The

patient population also included a mean of 131.4 (SD 98.6)

weeks since last taxane chemotherapy treatment, providing

a unique opportunity to evaluate CIPN by time since

treatment of up to seven years. This study was also able to

examine the association of chemotherapy dosage and

number of cycles received with CIPN.

Among women reporting CIPN, only about half (54.0%) 
recalled having an evaluation by a physician; however, 
self-reports of clinical care can be of limited reliability. A 
small percentage (15.2%) of women who reported CIPN 
were referred to a neurologist, and the severity of symp-

toms indicated by the EORTC QLQ–CIPN20 was sub-

stantially higher than those who were not referred. In 
addition, Alberti et al. addressed the perception and 
assessment of CIPN between healthcare providers and 
patients [34]. They compared three clinical assessments to 
the EORTC QLQ–CIPN20. They found that differences 
between clinical assessments and patients’ perceptions’ 
most likely occurred among those with intermediate levels 
of CIPN severity. Therefore, they provide further evidence 
for a more comprehensive assessment of CIPN using both 
clinical and patient-reported outcomes measures.

CIPN symptom severity was negatively correlated with 
global health status/QOL and physical and role functioning 
(range of r = -0.46 to -0.72) as measured by the EORTC 
QLQ–C30. A review by Mols et al. of studies examining 
the association of CIPN with QOL found that in 8 of 11 
studies CIPN was associated with a lower QOL, although 
the studies differed in their assessment methods and patient 
populations (diagnoses, treatments, and time since diag-

nosis) [11]. To the best of our knowledge, only one pre-

vious study has examined the relationship between CIPN 
and QOL in women with breast cancer using the EORTC 
QLQ–C30, QLQ–BR23, and QLQ–CIPN20; in a sample of 
82 Korean women, Kim et al. found significant moderate 
correlations between CIPN and QOL (range r = -0.37 to 
0.65) [23].

In a review of multiple studies, Hausheer et al. found 
patients experienced more severe symptoms with cumula-

tive docetaxel doses over 400 mg/m2 [9]. Further, a large 
randomized trial comparing docetaxel and paclitaxel for 
treatment of metastatic breast cancer identified the mean 
cumulative dose to onset of clinically graded CIPN as 
371 mg/m2 for docetaxel and 715 mg/m2 for paclitaxel 
[35]. In this study, cumulative taxane dosage was not 
associated with CIPN symptom severity, however the 
relationship may have been attenuated by gradual decrease 
in symptom severity in the time since the end of treatment.

Mild symptoms of CIPN are known to improve or 
resolve within several months after the discontinuation of 
chemotherapy; however, symptoms may persist longer in 
patients who develop more severe neuropathy [6, 36, 37]. 
In this study, the time since last taxane chemotherapy was 
associated with lower symptom severity, and 46 (50.5%) 
reported symptoms had improved.

Taxane-induced CIPN has been found to result in sen-

sory nerve dysfunction more often than motor dysfunction 
[6, 7, 9, 22]. In this study, there was no significant differ-

ence in the mean scores of the sensory and motor subscales.



The importance of addressing CIPN has increased with

the rise in the number of breast cancer survivors, because it

is a persistent condition that is associated with QOL. Fur-

ther investigations of the risk factors of CIPN, including

regimen, dose, schedule of the neurotoxic chemotherapy,

genetic markers, medical conditions and medications, are

needed to better predict the incidence and severity of this

chronic treatment toxicity.

Conclusion

CIPN was prevalent in this community oncology practice

patient population even among patients who were many

years post-treatment and it was associated with impaired

function and quality of life. These data provide further

evidence for the risk factors of CIPN, including taxane type

and cumulative taxane dosage, and for those most at risk of

CIPN, in particular Black or African American women.

These findings highlight the need for increased screening

and the importance of developing therapies for the miti-

gation of CIPN, in order to enhance the long-term function

and QOL of patients with breast cancer.
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