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Abstract

Purpose Peripheral neuropathy (PN) is a common and

distressing complication from chemotherapy. Symptoms

often, but not always, improve with time. The prevalence

of long-term PN symptoms in breast cancer survivors is not

well known. We sought to explore PN symptoms and

associated risk factors among breast cancer survivors at

least 2 years out from diagnosis.

Methods We performed a cross-sectional retrospective

study investigating the prevalence of patient-reported

numbness, tingling, and anesthesia symptoms as a surro-

gate for PN in breast cancer survivors. We included

patients with stage 0–III breast cancer who completed a

clinical questionnaire at a survivorship visit that occurred 2

or more years after diagnosis. We estimated the prevalence

of PN and identified risk factors for PN.

Results Six hundred and five patients assessed between

April 2009 and October 2016 met eligibility for analysis.

Median age was 60 years. Median number of years from

diagnosis to assessment was 6.3. All patients had surgery

and 62% had chemotherapy. Twenty-seven percent repor-

ted PN. On univariable analysis, obesity, stage II and III,

mastectomy, PN before diagnosis, and receipt of taxane

chemotherapy were associated with higher risk of PN (all

p\ 0.05); older age, exercise, ER-positive disease, and

endocrine therapy were associated with lower risk of PN

(all p\ 0.05). On multivariable analysis, only receipt of

docetaxel (OR 2.18, CI 1.22–3.88) or paclitaxel (OR 4.07,

CI 2.54–6.50) and reporting PN symptoms before diagnosis

(OR 3.28, CI 1.49–7.21) were associated with higher risk

of PN. Overall, 17, 20, 31, and 44% reported long-term PN

symptoms after no chemotherapy, non-taxane chemother-

apy, docetaxel chemotherapy, and paclitaxel chemother-

apy, respectively.

Conclusion Long-term peripheral neuropathy symptoms

are reported by a significant minority of breast cancer

survivors, particularly following paclitaxel or docetaxel

chemotherapy. These study findings can help inform

patients and clinicians regarding long-term PN risk fol-

lowing chemotherapy.

Keywords Breast cancer survivor � Symptom � Peripheral

neuropathy � Risk factors

Introduction

Chemotherapy induced peripheral neuropathy (PN) is a

common complication in cancer patients with an estimated

overall prevalence of 38% [1, 2]. Diagnosing peripheral

neuropathy (PN) is challenging; it depends on history,

physical examination, and nerve conduction studies as

needed with highest accuracy when all are abnormal [3].

Because of the variability in presentation and severity of PN

and because defining PN depends on restrictive criteria, the

exact prevalence in population is hard to determine. There is

significant discrepancy in the literature regarding incidence,

severity, and course of chemotherapy induced PN [4].
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Patients with early stage breast cancer are commonly

exposed to taxanes which have been strongly associated

with PN. [4]. Chemotherapy induced PN is an important

dose-limiting side effect of taxanes and can start within

days and persist for years following treatment [5]. It is

mainly sensory neuropathy and presents with paresthesia

and pain [5]. The occurrence of PN can be detrimental for

quality of life in cancer survivors [6]; it is associated with

excess healthcare costs, excess resource utilization, and

work loss burden [7]. The prevalence of PN is variable

based on time of assessment and the patient population and

ranges from 14 to 80% [8–10]. In our previous cohort

study, numbness/tingling was the second most common

complaint in breast cancer survivors at time of survivorship

visit (SV) and was reported by 34% of patients [11].

Patients generally accept acute toxicities of curative intent

chemotherapy because many of these effects resolve with

in the first few years; however, few studies have investi-

gated the long-term prevalence of PN symptoms and their

associated burden among breast cancer survivors [12]. In

this study, we sought to estimate PN prevalence and

identify risk factors for PN in breast cancer survivors at

least 2 years out from diagnosis.

Methods

Patients, survivorship care visit and questionnaire

We performed an IRB-approved cross-sectional study of

patients who attended a breast cancer survivorship clinic at

The Cleveland Clinic. As previously described [11], patient

information was extracted from a clinical questionnaire,

care plan, and the treatment summary from each partici-

pant’s initial visit to the survivorship clinic. Medical

records were reviewed. Breast cancer survivors’ data are

collected and managed in a database using REDCapTM

electronic data capture tools hosted at Cleveland Clinic

[13]. All treatment summaries were prepared by a Certified

Nurse Practitioner (CNP) at our center and included patient

demographic data as well as details of the cancer diagnosis

and treatment. Data were available on 1297 patients with

stage 0–III breast cancer who had received local therapy

with or without systemic therapy and were disease free at

the time of their initial SV conducted between March 2009

and December 2016. Patients had their initial SV at various

time periods following initial treatment as many patients

received initial treatment before it became routine to pro-

vide a SV at the time of initial treatment completion. Only

patients who were seen 2 or more years out from diagnosis

were included in the analysis.

Patients were referred for a SV per the clinical practice

of their oncologist. Initial treatment was defined as

definitive surgery and any chemotherapy and/or radio-

therapy. Patients might be on long-term hormonal therapy

or targeted therapy at time of the SV.

At the SV, patients completed a questionnaire address-

ing current state of health, ongoing health issues, and

health habits. Patients were asked about past and current

symptoms including numbness, tingling, and loss of sen-

sation. The questionnaire was built mainly for clinical

assessment and follow-up. The CNP provided guidance in

filling out the questionnaire as needed. The SVs were

conducted using ASCO guidelines for SV [14]. The treat-

ment summary and survivorship care plan were docu-

mented using a modified Journey Forward template [15]

and copies were provided to the patient and appropriate

members of the medical team.

From 1297 potential patients, 692 were excluded; 689

whose SV was less than 2 years after diagnosis and 3

whose specific treatment regimen could not be determined.

Analysis is based on the remaining 605 patients who were

diagnosed between January 1991 and September 2014 with

SV between April 2009 and October 2016.

Statistical analysis

Continuous variables were summarized as the mean,

standard deviation, median, and range and categorical

variables were summarized as frequency counts and per-

centages. Logistic regression analysis was used to identify

univariable risk factors for PN. Stepwise logistic regression

analysis with a variable entry criterion of p B 0.10 and a

variable retention criterion of p B 0.05 was used to iden-

tify multivariable risk factors. The multivariable model

was confirmed with bootstrap analysis. Logistic regression

results are summarized as the odds ratio (OR) and 95%

confidence interval (CI). The multivariable model was used

to calculate the probability of PN for combinations of

variables in the model. Analyses were done using SAS

Software (SAS Institute, Inc., Cary, NC, USA). All tests

were two-sided, and p B 0.05 was used to indicate statis-

tical significance.

Variables assessed as potential risk factors included years

from diagnosis to SV, age; BMI (\18.5 underweight and

18.5–24.9 normal weight vs. 25–25.9 overweight vs. C30

obese), breast cancer side, estrogen receptor status, pro-

gesterone receptor status, stage, type of surgery, type of

chemotherapy received (none, non-taxane, docetaxel, or

paclitaxel) radiotherapy, endocrine therapy, exercise (none,

yes/started after cancer diagnosis, yes/started before cancer

diagnosis), smoking history (current, former, never), alcohol

consumption (yes vs. no, and 0 vs. 1–3 vs.[3 drinks/week),

diabetes mellitus, and thyroid disease. Chemotherapy regi-

mens were classified as: paclitaxel-containing regimens:

doxorubicin and cyclophosphamide (AC) followed by
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paclitaxel (q3, q2, or weekly paclitaxel), AC followed by

taxane/trastuzumab, paclitaxel/trastuzumab; docetaxel-

containing regimens: AC followed by docetaxel, a combi-

nation of docetaxel and cyclophosphamide (TC), a combi-

nation of docetaxel carboplatin and trastuzumab (TCH),

TC ? trastuzumab, TCH?pertuzumab, or a combination of

docetaxel, doxorubicin and cyclophosphamide (TAC) and

non-taxane regimens: AC, a combination of cyclophos-

phamide, methotrexate, and 5-fluororuacil (CMF), a com-

bination of methotrexate and 5-fluororuacil (MF), a

combination of cyclophosphamide, doxorubicin and 5-flu-

ororuacil (CAF), or a combination of 5-fluororuacil, epiru-

bicin, and cyclophosphamide (FEC)).

Results

Patient characteristics and neuropathy rates

Table 1 describes patient and breast cancer characteristics

and frequency of PN reporting among different groups. The

mean and median age of patients at time of SV was 59 (SD

11) years and 60 (range 31–93) years, respectively. The

mean and median time from diagnosis to SV was 7.2 (SD

3.3) years and 6.3 (range 2–20.7), respectively.

One hundred sixty-two patients in our cohort reported

PN symptoms at the time of the SV (26.8%), the point

prevalence of PN throughout the years of follow-up ranged

between 15% and 30%, approximately. The prevalence of

PN symptoms in patients who were less than 6 years from

therapy was 29.7% compared to 24.7% in patients who

were at least 6 years out from therapy. Twenty-nine (4.8%)

reported having PN symptoms before their breast cancer

diagnosis.

Risk factors for PN

Table 2 summarizes univariable and multivariable risk

factors for PN. Several factors were associated with

increased reporting of PN on univariable analysis, includ-

ing: obesity, PN reporting before diagnosis, stage II and III

disease, mastectomy surgery, and receiving taxane regi-

mens (all p\ 0.05). On the other hand, older age, exercise,

ER-positive disease, and endocrine therapy were associated

with lower risk of PN (all p\ 0.05). Only type of

chemotherapy and PN symptoms prior to breast cancer

diagnosis remained prognostic for PN on multivariable

analysis; docetaxel- and paclitaxel-containing regimens

had a higher risk of PN relative to no chemotherapy (OR

2.18 and 4.07, respectively), as did patients who reported

PN symptoms before diagnosis (OR 3.28). No difference

was observed in PN prevalence among patients who

received every 2–3-week paclitaxel scheduling (49/118:

41.5%) compared with PN prevalence among those who

had received predominantly weekly paclitaxel regimens

(24/48: 50%) (p = 0.32). In patients who reported no PN

symptoms before diagnosis, the probability of reporting PN

was 15% in the absence of chemotherapy, 19% following a

non-taxane regimen, 28% following a docetaxel-containing

regimen, and 43% following a paclitaxel-containing regi-

men. In contrast, the respective probabilities were 37, 44,

57, and 71% among patients who reported PN symptoms

before diagnosis.

Discussion

This study investigated the long-term prevalence of PN in

breast cancer survivors attending a survivorship clinic. The

prevalence of short-term PN in breast cancer survivors has

been investigated in several studies [8–10]; however there is

little information about the long-term course of

chemotherapy associated PN [9, 12, 16, 17] (Table 3). In a

meta-analysis evaluating the prevalence of PN in 4179

patients receiving chemotherapy of any type for a variety of

different cancers, Seretny et al. [18] found that PN was

reported in 68% at one month, 60% at 3 months, 30% at

6 months or more after chemotherapy; it was concluded that

PN symptoms decrease with time. In a prospective cohort of

50 breast cancer survivors receiving taxane chemotherapy,

formal assessments of neurotoxicity demonstrated

improvement at 12 months post therapy compared to within

two weeks of treatment completion [9]. These studies

indicate that that PN symptoms improve within the first year

after treatment. Our study showed that, however, PN

symptoms are present for years following diagnosis, par-

ticularly among those who received paclitaxel or docetaxel

chemotherapy, with estimated point prevalence about

15–20% 9 years from diagnosis. Bao et al. [12] observed in

296 breast cancer survivors who had received taxane

chemotherapy that 58% of patients reported PN symptoms

at a mean of 6.3 ± 3 years post diagnosis, however, the

study included patients who were still within their first

2 years from treatment. In our study, the prevalence of long-

term PN was 27% overall at a mean of 6.3 ± 3.3 years post

diagnosis and as high as 44% among those who had received

paclitaxel chemotherapy. Symptoms of numbness and tin-

gling may be due to conditions other than chemotherapy

and, in fact, some patients reported having these symptoms

even prior to their cancer diagnosis. Excluding patients who

reported having PN symptoms prior to their cancer diag-

nosis, PN rates were 28–43% with docetaxel or paclitaxel

chemotherapy compared with 15-19% following no

chemotherapy or non-taxane chemotherapy.

It is also worth noting that some patients who do not

experience PN symptoms immediately after therapy may
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Table 1 Patient and cancer

characteristics
Variable Number (%) Peripheral neuropathy

prevalence percent

Years from diagnosis to survivorship visit

2–2.9 59 (10) 25

3–3.9 28 (5) 29

4–4.9 27 (4) 44

5–6.9 230 (38) 30

7–8.9 99 (16) 13

C9 162 (27) 28

Age at time of survivorship visit, years

Median (range) 60 (31–93) –

Body mass index category

Underweight 5 (1) 0

Normal 188 (31) 21

Overweight 194 (32) 26

Obese 213 (36) 33

Not reported 5 (-) –

Breast cancer sidea

Unilateral/left 284 (47) 25

Unilateral/right 277 (46) 30

Bilateral 44 (7) 23

Estrogen receptor status

Positive 479 (81) 24

Negative 113 (19) 37

Not reported 13 (-) –

Progesterone receptor status

Positive 358 (62) 26

Negative 223 (38) 28

Not reported 24 (-) –

Breast cancer stage

0 44 (7) 14

I 267 (44) 21

II 223 (37) 34

III 58 (10) 40

Treatment received (more than one type possible)

Surgery 605 (100) 27

Chemotherapy 376 (62) 33

Radiation therapy 415 (69) 28

Endocrine therapy 485 (80) 24

Type of mastectomy

Partial mastectomy 366 (60) 23

Mastectomy 239 (40) 32

Type of chemotherapy received

None 229 (38) 17

Non-taxane regimen 122 (20) 20

Docetaxel based regimen 88 (15) 31

Paclitaxel based regimen 166 (27) 44

Exercise at least 30 minutes most days

Yes 318 (54) 23

Started before diagnosis 259 (43) 22

Started after diagnosis 49 (8) 20
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develop symptoms after months or years; this phenomenon

is termed coasting [17, 19]. In a study of 790 breast cancer

survivors who received docetaxel and did not experience

immediate PN symptoms, PN developed as a late compli-

cation in 79 patients after 1–3 years [17]. This indicates

that long-term follow-up is essential for understanding the

risk of neuropathy in this population.

There is a significant variability in reported prevalence

of short-term and long-term PN in cancer survivors in lit-

erature [4]. PN symptoms may be affected by patient

demographics, comorbidities, genetics, type of

chemotherapy used, and the timing of assessments [20]. In

addition to that, there is a lack of a universally accepted

defining tool for chemotherapy induced PN and the diag-

nostic criteria are not universally applicable or fully vali-

dated [4]. Adding further to the complexity, there is

significant discrepancy between patient-reported symptoms

of PN and health care provider assessments using different

tools, leading to inconsistent and sometimes conflicting

interpretation of patient-reported symptoms [21] Similar to

our study, most studies have assessed PN by symptoms

without physical examination or nerve conduction studies

[12, 16, 17].

In our study, exposure to taxane regimens was signifi-

cantly associated with increased reporting of PN symptoms

in breast cancer survivors. While the literature is contra-

dictory regarding whether paclitaxel or docetaxel is more

neurotoxic [20], we observed that long-term PN symptoms

were reported more frequently in patients who received

paclitaxel (44%) compared to people who received doc-

etaxel-containing regimens (31%). Other studies demon-

strated that age and obesity are risk factors for persistent

PN symptoms in breast cancer survivors, [12, 17]. In our

study, obese patients were two times more likely to report

PN compared to underweight and normal weight patients

(OR 1.93, CI 1.23–3.04, p = 0.004); however this effect

was not observed on multivariable analysis. In addition, the

prevalence of PN symptoms in our study did not vary by

time from treatment beyond 2 years (OR 0.98, 95% CI

0.93–1.04, p = 0.60). Despite that alcohol and diabetes are

important risk factors for PN, we did not observe an

association in this study. On univariable analysis, patients

who had hormone receptor positive disease, those who

received hormonal therapy, and those with lower disease

stage reported less PN; these are all factors that might be

associated with a lower likelihood of receiving

Table 1 continued
Variable Number (%) Peripheral neuropathy

prevalence percent

Timing not reported 10 (2) 50

No 275 (46) 32

Not reported 12 (-) –

Smoking history

Never 357 (60) 25

Former 216 (36) 29

Current 27 (4) 33

Not reported 5 (-) –

Alcohol consumption

No 182 (30) 25

Yes 417 (70) 28

B3 drinks/week 217 (36) 29

[3 drinks/week 94 (16) 25

Amount not reported 106 (17) 29

Not reported 6 (-) –

Diabetes

Yes 61 (10) 30

No 544 (90) 26

Thyroid disease

Yes 129 (21) 24

No 476 (79) 28

a Unilateral includes patients without local recurrence or contralateral cancer, bilateral includes both

synchronous and metachronous cancer and recurrent breast cancer included patients who had local

recurrence with no metastasis and finished therapy with disease control
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Table 2 Univariable and

multivariable risk factors for

peripheral neuropathy

Variable Univariable analysis Multivariable analysis

OR 95% CI p value OR 95% CI p value

Years from diagnosis to survivorship visit

Per 1 year increase 0.98 0.93–1.04 0.60

Age at time of survivorship visit (years)

Per 10 year increase 0.81 0.68–0.96 0.018

Body mass index category

Overweight/underweight?NL 1.41 0.88–2.26 0.16

Obese/underweight?NL 1.93 1.23–3.04 0.004

Breast cancer sidea

Unilateral left/bilateral 1.11 0.52–2.37 0.78

Unilateral right/bilateral 1.43 0.68–3.03 0.35

Estrogen receptor status

Positive/negative 0.54 0.35–0.83 0.006

Progesterone receptor status

Positive/negative 0.88 0.60–1.28 0.50

Breast cancer stage

I/0 1.64 0.66–4.08 0.29

II/0 3.27 1.32–8.09 0.010

III/0 4.16 1.52–11.4 0.006

Type of surgery

Mastectomy/partial 1.52 1.06–2.18 0.025

Type of chemotherapy received

Non-taxane/none 1.23 0.70–2.17 0.47 1.31 0.74–2.31 0.36

Docetaxel/none 2.22 1.26–3.94 0.006 2.18 1.22–3.88 0.008

Paclitaxel/none 3.94 2.48–6.27 \0.001 4.07 2.54–6.50 \0.001

Radiation therapy

Yes/no 1.16 0.79–1.73 0.44

Endocrine therapy

Yes/no 0.53 0.35–0.81 0.003

Exercise at least 30 minutes most days

Yes/No 0.61 0.42–0.88 0.008

Yes, after diagnosis/no 0.54 0.26–1.12 0.10

Yes, before diagnosis/no 0.59 0.40–0.87 0.008

Smoking history

Former/never 1.18 0.81–1.72 0.40

Current/never 1.46 0.63–3.37 0.37

Alcohol consumption

Yes/no 1.19 0.80–1.77 0.40

\3 drinks/none 1.24 0.80–1.95 0.34

[3 drinks/none 0.99 0.55–1.76 0.96

Peripheral neuropathy before cancer diagnosis

Yes/no 3.13 1.47–6.63 0.003 3.28 1.49–7.21 0.003

Diabetes

Yes/no 1.16 0.65–2.08 0.61

Thyroid disease

Yes/no 0.83 0.53–1.31 0.43

NL normal weight using BMI
a Unilateral includes patients without local recurrence or contralateral cancer, bilateral includes both

synchronous and metachronous cancer and recurrent breast cancer included patients who had local

recurrence with no metastasis and finished therapy with disease control
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chemotherapy. Additionally, patients who reported regular

exercise also reported less PN symptoms, a finding war-

ranting further investigation.

There are several limitations to this study. The cross-

sectional design assesses PN symptoms at one-point in

time for each subject and cannot determine the evolution

of symptoms over time. We estimated PN prevalence

using symptoms as a surrogate which is not optimal and

we were unable to assess the severity and distribution of

PN symptoms in patients, the impact of those symptoms

on quality of life, or therapies used to manage the

symptoms. Furthermore, it is possible that patient risk

factors for neuropathy may have influenced chemotherapy

choice in this non-randomized population. Another limi-

tation is that the data were derived from a single tertiary

hospital and patients analyzed were those who were

referred and agreed to attend the survivorship clinic

subjecting the information to potential selection bias.

Reassuringly, the median age of 59 years for patients in

this study is similar to median age of 60 years for early

stage breast cancer patients seen at our institution from

2010 to 2015. The stage breakdown for early stage

patients during this timeframe at our institution was 19%

stage 0, 44% stage I, 27% stage II and 10% stage III; this

distribution is similar to the study population with the

exception that stage 0 appears to be under-represented in

the study population.

In conclusion, persistent PN symptoms in breast cancer

survivors are common even years out from initial treat-

ment. Exposure to taxane-including regimens and reporting

PN before diagnosis were risk factors for long-term PN

symptoms using multivariable analysis. The lack of uni-

versally accepted and practical methods to diagnose PN

remains an obstacle to better estimate the prevalence of

PN. Long-term prospective cohort studies are needed to

determine natural course and associated risk factors as well

as attenuating factors for PN in breast cancer survivors.

Moreover, interventional studies are needed to explore

therapeutic options to reduce the long-term burden of PN in

breast cancer survivors.

Table 3 Studies investigating long-term peripheral neuropathy (C1 year) in breast cancer survivors

Study

author/

year

Study design Sample number and characteristics Age

(mean)/duration

from diagnosis

Diagnosing

PN method

PN incidence, conclusion and remarks

Hershman

et al. [9]/

2011

Cross

sectional:

cohort

50 patients cross-sectional: 50

patients prospective cohort

51 (34–80): 48

(28–78)

yearsb/6–24

mo: 12 moa

Symptom

based and

examination

Cross-sectional: 80% reported PN up to

2 years: cohort: PN was diagnosed in

38% (baseline), 31% (3 mo), 31% (6

mo), 32% (9 mo), and 33% (12 mo)

post paclitaxel. Age is a risk factor

Andersen

et al.

[16]/

2012

Cross

sectional,

comparative

1241 received CEFF versus 1652

received CET

50 versus 52

years/25

versus 34 mo

Symptom

based

CEF: 15% in hands and 18% in feet vs.

CET: 23% in hands and 32% in feet.

Docetaxel and age are risk factors. No

difference in functional status

Eckhoff

et al.

[17]/

2015

Cross

sectional

1031 patients received at least one

dose docetaxel; n = 378

between 1.5 and 2 years and

n = 294 between 2 and 3 years

52 (24–73)

years/1–3.2

years

Symptom

based

Patients assessed at different times. 43%

reported PN 1–3 years after treatment,

10% developed new PN within 1–3

years. PN negatively impacted quality

of life. Age, maximum grade PN

during docetaxel therapy, stomatitis,

fatigue are risk factors for persistent

PN

Bao et al.

[12]/

2016

Cross

sectional

296 post-menopausal, ER positive

and received taxane

62 ± 9 years/

6.3 ± 3 years

Symptom

based

58% reported PN, 1/3 were mild.

Obesity is a risk factor on

multivariable analysis. PN associated

with falling

Current

study

Cross

sectional

605 survivors, 2 years from

diagnosis and after. Received or

didn’t receive chemotherapy.

59 ± 11 years/

6.3 ± 3.3

years

Symptom

based

27% reported PN. Docetaxel and

paclitaxel regimens are risk factors on

multivariable analysis. Highest

frequency in paclitaxel regimens

PN peripheral neuropathy, mo months, n: number, CEF: cyclophosphamide, epirubicin and fluorouracil, CET cyclophosphamide, epirubicin and

docetaxel
a Duration from paclitaxel therapy and peripheral neuropathy assessment
b Age expressed as median
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