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Abstract

Breast cancer is the most common cancer among women worldwide, and survival rates are increasing. Chemotherapy-
associated peripheral neuropathy (PN) is clinically important because of effects on quality of life (QOL) and potential effects
on dose limitations. This adverse drug reaction is associated with certain classes of chemotherapy and commonly presents
as peripheral sensory neuropathy whose natural course is largely unknown. The literature was reviewed to determine the
frequency and characteristics of PN associated with adjuvant chemotherapy in early-stage breast cancer (ESBC) to explore
the potential impact on long-term (one or more years after diagnosis) health outcomes and QOL. MEDLINE, PubMed, Embase,
and the Cochrane Library were searched for relevant English-language randomized controlled trials, systematic reviews,
meta-analyses, and case-control and cohort studies published between January 1990 and July 1996. Included studies were
limited to current adjuvant regimens (eg, anthracyclines, taxanes, cyclophosphamide, platinum compounds). Two investiga-
tors independently reviewed abstracts, full-text articles, and extracted data from fair- and good-quality

studies. Discrepancies in quality assessment and data extraction were resolved by consensus. We identified 364 articles; 60
were eligible for full-text review. Only five reports of four studies provided data beyond one year post-treatment initiation.
Studies used different measures to assess PN. Neuropathic symptoms persisted in 11.0% to more than 80% of participants at
one to three years following treatment. There is a paucity of data describing persistent PN in ESBC patients. Consistent use of
validated measures and well-conducted randomized clinical trials or observational studies are needed to evaluate the inci-
dence, persistence, and QOL associated with the long-term effects of PN.

Increased survival for patients with early-stage breast cancer
(ESBC) has steadily transformed the field of breast oncology to
require a survivor-centered focus (1). Adjuvant chemotherapy
use in the treatment of ESBC is well established (2-6). Adjuvant
therapy regimen choice may need to consider toxicity, espe-
cially in ESBC patients, whose excellent prognosis requires care-
ful consideration of long-term adverse effects. Current
therapies provide meaningful benefits to patients; however,
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they carry the risk of long-term adverse outcomes including car-
diac, neurologic, and hematologic toxicity, as well as secondary
malignancies.

Chemotherapy-associated peripheral neuropathy (PN) is a
clinically important treatment toxicity, which may be dose-
limiting and carry the risk of long-term effects on quality of life
(QOL) (7,8). Chemotherapy-associated PN results from specific
chemotherapy agents and can cause disruption and
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364 citations identified through
literature database searches

AN

14 citations identified through
other sources (eg, reference
lists, peer reviewers)

.

364 citations screened after
duplicates removed

304 citations excluded
at title/abstract
v stage

v

60 full-text articles assessed
for eligibility

55 excluded articles
0 relevance to key questions
17 study design
0 setting
1 population
30 follow-up less than 1 year

1 no relevant outcomes

1 more recent study publication
available

5 other adjuvant chemotherapy
regimens

0 study quality

v

5 articles included

(4 studies)

Figure 1. Systematic review exclusion chart.

dysfunction of the somatic (sensory or motor) and/or autonomic
nervous systems, leading to discomfort and decreased QOL.
Taxanes, platinum compounds, and vinca alkaloids are the ma-
jor classes of oncology drugs where exposure produces the
highest PN risk (9). Over the past two decades, randomized clini-
cal trials (RCTs) have demonstrated the benefits of adding tax-
anes to adjuvant chemotherapy (2). Dose-dependent exposure
relationships are established for these therapies and may result
in both acute toxicity and persistent symptoms. PN is related to
drug-specific factors, including mechanism of action, dose,
schedule (intensity and cumulative dosing), and regimen selec-
tion (multi-agent synergy) (7-13).

The duration and prevalence of persistent PN are not well
studied, and the underlying mechanisms are only partially un-
derstood. Estimates of chemotherapy-associated PN prevalence
vary widely. Evidence-based strategies for PN clinical manage-
ment are very limited, with no effective treatments, and the im-
pact of preexisting comorbid conditions is unknown (7,14).
Better information about predisposing factors and long-term
treatment risks is important for shared decision-making be-
tween ESBC patients and physicians considering adjuvant che-
motherapy (15). We conducted a systematic literature review to
summarize current evidence on the 1) incidence and prevalence
of PN present at one or more years from diagnosis of ESBC
among women receiving adjuvant chemotherapy (doxorubicin,
epirubicin, paclitaxel, docetaxel, and carboplatin) and 2) effects
of PN on patient-reported outcomes (PROs) and QOL.

We conducted a comprehensive search of MEDLINE,
PubMed, Embase, and the Cochrane Library for relevant English-
language studies published between January 1990 and July 2016
to identify studies of PN following chemotherapy for ESBC. A
full description of the key word search can be found in the
Supplementary Materials (available online). Searches were sup-
plemented with reference lists from other relevant systematic
reviews and pertinent articles.

We included studies of women with ESBC (stages I-IIIA) re-
ceiving adjuvant chemotherapy regimens including anthracy-
clines, cyclophosphamide, taxanes, or platinum compounds
with at least 12months of follow-up. We excluded studies lim-
ited to neoadjuvant chemotherapy or older regimens. RCTs,
case-control studies, cohort studies, systematic reviews, and
meta-analyses were eligible for inclusion. We excluded studies
conducted in countries not ranked as “very high human devel-
opment” (16) or including women with advanced stage (IIIB-IV)
or distant metastases.

Studies were rated as “fair” or “good” quality using the
Newcastle-Ottawa Scale for nonrandomized studies and the
Cochrane criteria for RCTs (17,18). Two investigators indepen-
dently extracted data and reviewed for accuracy, resolving any
discrepancies by consensus. Data extracted included demo-
graphics, treatment regimens, and any PN-related outcomes
broadly defined to include incidence, prevalence, severity,
symptoms, duration, and resolution. Pooled estimates were not
possible because of the scant number of studies and variation
in PN outcome measures.

We identified 364 articles, from which 60 potentially relevant
full-text articles were considered for inclusion. Only five publi-
cations describing four studies provided data on relevant out-
comes one or more years postdiagnosis (Figure 1). The most
common reason for exclusion was follow-up of less than one
year (29 studies). Key characteristics of the five included publi-
cations are shown in Table 1, and study outcomes are shown in
Table 2. Three publications on two good-quality studies (19-21)
and two fair-quality studies (22,23) measured PN for one to
three years post-treatment.

In 2011, Hershman et al. examined the prevalence and sever-
ity of persistent PN in ESBC patients receiving taxane therapy in
both a prospective cohort and a cross-sectional study (22).
Adjuvant paclitaxel regimens at varying doses were evaluated
(most common: 175mg/m? every two weeks for four cycles).
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Table 3. Reported measures of chemotherapy-induced peripheral neuropathy across studies

Measure name

Functional Assessment of Cancer
Therapy/Gynecologic Oncology
Group-Neurotoxicity (FACT/GOG-
Ntx) (30)

Quantitative Neurosensory Testing

(@QsT) (31)

Common Terminology Criteria of
Adverse Events (CTCAE versions 3.0
and 4.0) (32,33)

Total Neuropathy Score, clinical ver-
sion (TNSc) (34)

Self-reported questionnaire based on
the National Cancer Institute
Common Toxicity Criteria (NCI-CTC
version 2.0) (35)

European Organisation for Research
and Treatment of Cancer
Chemotherapy Induced Peripheral
Neuropathy 20 (EORTC QLQ CIPN 20)
(36)

Use

This measure incorporates the FACT G (29) subscales
OG-Ntx, a standardized self-report questionnaire for
neurotoxicity to score functioning as well as QOL. The
FACT G assesses the areas of physical well-being,
social/family well-being, emotional well-being, and
functional well-being, as well as 5 additional ques-
tions related to arthralgia, myalgia, and skin discolor-
ation. The first 4 questions of the 11-question OG-Ntx
ask about numbness/tingling and discomfort in the
hands and feet.

A group of sensory diagnostic tests for peripheral nerve
function, this particular version includes measures
for tactile threshold (TT) and vibration threshold (VT),
measured by technological evaluation.

CTCAE defines peripheral neuropathy as a disorder
characterized by functional disturbances of sensory
neurons resulting in abnormal cutaneous sensations
of tingling, numbness, pressure, cold, and warmth
that are experienced in the absence of a stimulus.

This instrument tests strength, deep tendon reflexes,
vibration sensibility (128 Hz tuning fork), and pain
sensation to assess neuropathy severity. Pain classi-
fied by the International Association for the Study of
Pain System.

This physician-guided measure was transformed to a
patient-reported assessment of peripheral neuropa-
thy severity by assigning a grade. The questionnaire
was not validated at the time of assessment.

This 20-question instrument measures docetaxel-in-
duced peripheral neuropathy along three subscales
assessing sensory, motor, and autonomic symptoms.
The items are scored from 1, meaning “not at all,” to
4, meaning “very much.”

Scoring

Responses are given on a 5-
point scale, with 4 mean-
ing “not atall” and 0
meaning “very much,” in
which higher scores re-
flect better quality of life.
The maximum score is
44.

Higher QST scores reflect
decreased sensation or
worsening neuropathy.

The adverse event is graded
on a scale of 1to 5, with 5
being the worst.

Each item is rated on a 0 to
4 scale, with a higher
score reflecting poorer
functioning.

The grading scale ranges
from 0 to 4, with 4 being
the worst.

For this study, scores were
transformed to a 100-
point scale. A higher
score indicates more
experiences, symptoms,
or complaints.

The cross-sectional study included 50 women treated six to
24 months prior to evaluation (median = 12 months). More than
80% reported ongoing numbness or discomfort in hands or feet;
severe symptoms were reported in hands (27.0%) and feet
(25.0%). Severe PN resulted in treatment alterations (10.0%) and
discontinuation (4.0%). Outcomes were assessed using the
FACT/GOG-Ntx, CTCAE, v. 3.0, and QST (defined in Table 3).
FACT physical well-being scores were more likely to be lower
for those reporting severe symptoms.

The FACT/GOG-Ntx was administered before and after treat-
ment and every three months for one year post-treatment in
the prospective study of 50 ESBC patients (22). Differences be-
tween baseline and 12-month post-treatment measures were
statistically significant (Table 2). After 12months, the social
well-being and the neurotoxicity subscale scores decreased, in-
dicating a reduced QOL (Table 3). The PRO and sensory evalua-
tions showed statistically significant correlations one year post-
treatment. At one year, 67.0% of patients reported persistent
numbness in hands or feet; 27.0% reported severe PN
symptoms.

In 2014, Nitz et al. reported on neurotoxicity with follow-up
of up to three years in a phase III trial for intermediate-risk
ESBC (23). In the docetaxel arm (EC-Doc) showing superior sur-
vival outcomes, 19.1% of patients reported grade 3 or 4 neuro-
toxicity at the end of treatment compared with 6.5% of those

receiving CMF or FEC (control group). Persisting neurotoxicity of
any grade was reported by EC-Doc patients: 14.2% at six months,
11.0% at one year, and 7.4% after two to three years. PN of any
grade persisting after two years of follow-up was reported in
3.2% and 0.6% of the EC-Doc and FEC groups, respectively.

Studies by Eckhoff et al. (19) and Fontes et al. (20) explored
risk factors and dose relationships related to PN onset and per-
sistence in similarly aged cohorts of ESBC patients; Pereira et al.
(21) provided supplementary data to the Fontes study (20).
Eckhoff et al. administered an adapted NCI-CTC v. 2.0 (Table 3)
to a cohort of 1174 patients in Denmark (1031 analyzed) to as-
sess PROs for PN (20). Docetaxel-associated PN was evaluated by
the EORTC QLQ-CIPN20 (Table 3), and health-related QOL was
assessed by the European Organization for Research and
Treatment of Cancer quality of life questionnaire (EORTC QLQ
C-30 v. 3.0) (24). All treatment regimens included use of doce-
taxel administered for either three 100mg/m? cycles or six
75mg/m? cycles. At the initial assessment (immediately post-
treatment), 241 patients (23.4%) reported grade 2 to 4 PN, which
persisted for one to three years in 81 patients (33.6%). Among
patients not reporting PN at the initial assessment, 9.6% devel-
oped PN within one to three years. Patients with PN at initial as-
sessment were more likely to report persistent PN (P < .0001). In
the entire cohort, 43.0% of women reported grades 1 to 4 PN at
one to three years after treatment with docetaxel.
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Among all treated patients completing the EORTC QLQ-
CIPN20, chief sensory complaints were tingling of the fingers/
hands and toes/feet (Table 3). The most prominently reported
motor symptoms were difficulty opening a jar/bottle and foot
cramps. Statistically significant differences on all EORTC QLQ-
C30 functioning and symptom subscales were observed be-
tween patient groups with grade 0 to 1, 2, or 3 to 4 PN. Clinically
important differences between no PN and grade 3 or 4 PN were
detected in the areas of role functioning, social functioning,
global health status/QOL, fatigue, and pain (19).

Independent risk factors for PN persistence included age
55 years or older (odds ratio [OR] = 1.99, 95% confidence interval
[CI] = 1.35 to 2.95) and maximum grade of neuropathy during
treatment vs no PN: grade 1 (OR=2.21, 95% CI=1.12 to 4.39),
grade 2 (OR=7.49, 95% CI=3.86 to 14.55), and grade 3 or 4
(OR=9.94, 95% CI=4.77 to 20.70). Grade severity of other symp-
toms (persistent muscle and joint pain, fatigue, and stomatitis)
were also associated with persistent PN (P < .05).

Fontes et al. focused on determinants of the course of PN
(20). In this prospective cohort study, 475 women (93.9%) com-
pleted the three-year evaluation (31 lost to follow-up). In the
first year after diagnosis, 288 received either neoadjuvant
(11.1%) or adjuvant (88.9%) chemotherapy. FEC-D (three cycles
of concomitant 5-FU 500 mg/m,? epirubicin 100mg/m,? and cy-
clophosphamide 500 mg/m,? followed by three cycles of doce-
taxel 100mg/m?) was the most commonly received regimen
(59.4%).

In the overall cohort, PN symptoms were present in 14.1% at
one year and 12.6% at three years. Of 288 patients who received
chemotherapy, 23.3% were diagnosed with PN within one year
after diagnosis and 20.5% had persisting symptoms at three
years. Pereira reported an increased PN cumulative incidence of
38% at one year among patients in the same cohort receiving
docetaxel-based regimens (21). Nearly all patients with PN at
one and three years had a sensory neuropathy (98.1% with
grade 1-2), whereas a smaller percentage had a motor neuropa-
thy (15.1% with grade 1-3) using CTCAE v. 4.0 (Table 3). The se-
verity of disease in patients first presenting with PN at three-
year follow-up was reflected in the high median TNSc score
(Table 3) and percentage reporting sensory (100%) and motor
(57.1%) PN. The adjusted odds ratio for PN among patients re-
ceiving taxane-based regimens was 14.76 (95% CI=3.31 to
65.79). Among other factors evaluated, only cancer stage at
baseline showed a statistically significant association with PN
at three years (OR=3.73, 95% CI=1.70 to 8.14). After one year of
follow-up, the use of docetaxel-based regimens with a cumula-
tive dose of less than 300mg/m? and greater than 300 mg/m?
produced dose-dependent PN risk (relative risk [RR] = 6.96, 95%
CI=2.46 t0 19.71; RR = 13.32, 95% CI=4.11 to 43.14, respectively)
compared with those without exposure (21).

We identified only five publications of chemotherapy-
associated PN with at least 12 months of follow-up among ESBC
patients in this systematic review. The paucity of reports is un-
expected given the high frequency of neurotoxic adjuvant che-
motherapy use and the expected long-term survival of the
patients receiving these treatments. These studies had limited
sample size and were conducted in four different countries.
There was wide variation in study design, chemotherapy regi-
mens, drug dosing, variables collected, follow-up time, outcome
measures, and PN prevalence. Only one study evaluated the PN
incidence between comparable women exposed and unexposed
to adjuvant chemotherapy (20). More research is needed on this
long-term toxicity of contemporary adjuvant chemotherapy in
ESBC patients.
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Within the included studies, frequency estimates of persis-
tent PN one or more years post-treatment ranged from 11.0% to
greater than 80%. Data synthesis and interpretation were lim-
ited by disparate measures of PN and lack of comparison control
groups. There is no standard measurement approach for evalu-
ating chemotherapy-associated PN, limiting interpretability.
Various multimodal options include the use of clinician-rated
instruments (eg, NCI-CTCAE), PRO and QOL instruments, and
physical symptom assessments (eg, QST, TNSc) (Table 3).
Clinician-rated scales may introduce bias due to the subjective
mapping of symptoms to a grade (25), underestimating the se-
verity of the patient experience, as seen in a comparative study
of this question (26). Although not without limitations, PROs
have face validity because PN manifestations are primarily sub-
jective symptoms.

No biomarkers are available to predict the relationship be-
tween a baseline score and length or severity of PN symptoms
(higher-grade PN during treatment was shown to increase the
risk of persistent PN) (24). Pharmacogenetic variants poten-
tially associated with PN development are under evaluation
(27,28). Integration of newer PROs and investigation of circu-
lating biomarkers may identify risk stratification opportuni-
ties (14). Further research employing standardized
measurements of PN is needed to understand risk factors, per-
sistence, and severity.

Improved understanding of PN incidence, prevalence, and
severity would enable breast cancer patients and physicians
to consider this potential adverse effect of adjuvant chemo-
therapy. Clinical trials play a role in capturing adverse
events; however, longitudinal observational research is com-
plementary, allowing for evaluation of late effects unable to
be detected by RCTs of shorter duration. More precise treat-
ment decision-making requires the availability of well-
conducted, high-quality comparative longitudinal studies
measuring long-term PN as an outcome (29). The develop-
ment, collection, and synthesis of this evidence would ulti-
mately enable tools for more informed treatment choices for
ESBC patients.

We have shown that data describing long-term PN in ESBC
patients are very sparse. Validated consensus measurement
scales in well-conducted RCTs and observational studies are
needed to evaluate the incidence, persistence, and QOL associ-
ated with persistent PN. Evidence on the risk of persistent PN is
needed to facilitate more comprehensive decision-making
about selection of adjuvant therapy regimens.
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