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The MedStar Franklin Square Medical Center/Harry and Jeanette Weinberg Cancer Institute, Baltimore, MD (ECM); NRG Oncology and The University of California Los
Angeles, Schools of Medicine and Public Health, Los Angeles, CA (PAG); Jonsson Comprehensive Cancer Center at UCLA, Los Angeles, CA (PAG)

Correspondence to: Patricia A. Ganz, MD, Health Policy and Management and Medicine, UCLA Fielding School of Public Health, David Geffen School of Medicine at
UCLA, Cancer Prevention and Control Research, Jonsson Comprehensive Cancer Center, 650 Charles Young Drive South, Room A2-125 CHS, Los Angeles, CA 90095-6900
(e-mail: pganz@mednet.ucla.edu).

Abstract

Background: The long-term effects of chemotherapy are sparsely reported. Peripheral neuropathy (PN) is one of the most fre-
quent toxicities associated with taxane use for the treatment of early-stage breast cancer. We investigated the impact of the
three different docetaxel-based regimens and patient characteristics on long-term, patient-reported outcomes of PN and the
impact of PN on long-term quality of life (QOL).
Methods: The National Surgical Adjuvant Breast and Bowel Project Protocol B-30 was a randomized trial comparing
sequential doxorubicin (A) and cyclophosphamide (C) followed by docetaxel (T) (AC!T), concurrent ACT, or AT in women
with node-positive, early-stage breast cancer. The AC!T group had a higher cumulative dose of T. PN was one of the symp-
toms assessed in a QOL substudy. Statistical methods included simple and mixed ordinal logistic regression and general lin-
ear models. All statistical tests were two-sided.
Results: Of 1512 patients, 41.9% reported PN two years after treatment initiation. Treatment with AT and ACT was associated
with less severe long-term PN compared with AC!T (odds ratio [OR] ¼ 0.45, 95% confidence interval [CI] ¼ 0.35 to 0.58;
OR¼0.59, 95% CI¼0.46 to 0.75). Preexisting PN, older age, obesity, mastectomy, and greater number of positive nodes were
also associated with higher risk of long-term PN. Patients who reported worse PN symptoms at 24 months had statistically
significantly worse QOL (Ptrend < .001).
Conclusions: The administration of docetaxel is associated with long-term PN. The lower rate of long-term PN in AT and ACT
patients might be an important consideration in supporting choosing these therapies for individuals with preexisting neuro-
pathic symptoms or other risk factors for neuropathy.
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Peripheral neuropathy (PN) is one of the most frequently occur-
ring toxicities associated with taxane use for the treatment of
patients with early-stage breast cancer. It usually arises during
treatment and continues to burden patients for many years (1).
Even though it is a well-known adverse effect of this class of
drugs, the long-term effects of chemotherapy are rarely
reported, and investigations about the duration or persistence
of PN are limited (2–5), especially including patient-reported
outcomes (PROs). Neuropathy is a common complication that
could result in chemotherapy dose reduction, but there is no ev-
idence that this toxicity is associated with a higher risk of recur-
rence or inferior survival (6). At the same time, however,
chemotherapy-induced PN may adversely affect long-term
quality of life (QOL) (2,7).

The co-authors of this article conducted a systematic review
to investigate the long-term effects of commonly used breast
cancer adjuvant chemotherapy regimens on PN (8). Of 360
articles identified for potential inclusion, only five reported at
least one year of post-treatment data (2–4,9,10).

The persistence and severity of docetaxel-induced patient-
reported PN were investigated by Eckhoff et al. (2) using mail-in
questionnaires, with the timing of the assessment ranging from
12.7 to 38.8 months from random assignment. Hershman et al.
(3) reported on the prevalence and severity of long-term pa-
tient-reported PN in a cross-sectional study among patients
who were within six and 24 months of completing adjuvant tax-
ane therapy and in a small prospective study in patients initiat-
ing taxane therapy with longitudinal assessment up to
12 months after completing therapy. Pereira et al. (9) focused on
evaluating the incidence of chemotherapy-induced PN during
the first year after diagnosis. Fontes et al. (4), in the updated
analyses of the same cohort, reported on the one- and three-
year prevalence of PN. PN was quantified using the Common
Terminology Criteria for Adverse Events (CTCAE). In another
phase III clinical trial, the prevalence of persisting PN was
reported as part of the toxicity profile of the investigational che-
motherapy regimens (10).

The findings of the review clearly demonstrated a lack of in-
formation about PN persistence in early-stage breast cancer
patients beyond the initial treatment period. Our review noted
this important gap in the literature and called for additional
well-conducted research to evaluate the prevalence of PN be-
yond the acute phase of treatment to better understand the na-
ture and mechanisms of persistent chemotherapy-induced PN
as well as potential factors associated with it.

The National Surgical Adjuvant Breast and Bowel Project
(NSABP) Protocol B-30, a multicenter randomized trial (Clinical
Trials registration: NCT00003782 [11]), compared the effects of
three different chemotherapy regimens: adjuvant doxorubicin
(A) and cyclophosphamide (C) followed by docetaxel (T) (AC!T);
doxorubicin and docetaxel (AT); or doxorubicin, cyclophospha-
mide, and docetaxel (ACT) on disease-free survival (DFS) and
overall survival (OS) in patients with node-positive, early-stage
breast cancer (12). The superiority of the sequential AC!T in
terms of DFS compared with AT and concurrent ACT regimens
was established (hazard ratio [HR] ¼ 0.80, P ¼ .001, and
HR¼ 0.83, P ¼ .01, respectively). Sequential administration of AC
and T provided a statistically significant reduction in mortality
over AT (HR¼ 0.83, P ¼ .03). The reduction in OS with AC!T
compared with ACT was not statistically significant (HR¼ 0.86, P
¼ .09). Patients on AC!T reported worse QOL and overall sever-
ity of symptoms at six months (13). The treatment differences
in QOL and overall symptom severity resolved by 12-month as-
sessment. However, all patients continued to report worse

symptoms compared with the baseline assessment for the du-
ration of follow-up.

In the study reported here, we used data collected in B-30 to
investigate the impact of three docetaxel-based chemotherapy
regimens, which varied in duration and composition, on PROs
of PN. We evaluated the prevalence and severity of PN over time
and the impact of PN on long-term QOL, and we examined the
factors associated with long-term PN.

Methods

Patients

Women participating in NSABP B-30 had node-positive operable
breast cancer. Endocrine therapy was planned for all patients
whose tumors were ER positive and/or PgR positive. If indicated,
radiotherapy was administered after chemotherapy. The ran-
dom assignment was performed in 1:1:1 fashion to either four
cycles of doxorubicin 60 mg/m2 plus cyclophosphamide 600 mg/
m2 every three weeks, followed by four cycles of docetaxel
100 mg/m2 every three weeks (AC!T), or four cycles of doxoru-
bicin 60 mg/m2 plus docetaxel 60 mg/m2 every three weeks (AT),
or four cycles of doxorubicin 60 mg/m2 plus cyclophosphamide
600 mg/m2 plus docetaxel 60 mg/m2 every three weeks (ACT).
After the study had been open for accrual for approximately a
year and a half, the dosages for AT and ACT were modified to
the following: doxorubicin 50 mg/m2 and docetaxel 75 mg/m2

(AT); doxorubicin 50 mg/m2 and cyclophosphamide 500 mg/m2

and docetaxel 75 mg/m2 (ACT). The same total dose of docetaxel
was planned for AT and concurrent ACT, with a higher total
dose of docetaxel for sequential AC!T.

The QOL substudy was conducted in a subset of consecu-
tively enrolled B-30 patients (13). Women were assessed for QOL
and symptom severity at baseline (prior to administration of
chemotherapy), during chemotherapy (day 1 of cycle 4), and
then at 6, 12, 18, and 24 months. QOL was measured with the
Functional Assessment of Cancer Therapy–Breast Trial
Outcome Index (FACT-B-TOI) (14), which ranges from 0 to 92,
with a higher score being better. A five-point difference in
FACT-B-TOI score is considered to be clinically meaningful (15).
Symptoms were assessed using items from the Breast Cancer
Prevention Trial symptom checklist and other treatment toxic-
ity questions (16). Responses, based on a symptom experienced
in the past seven days, were recorded on a five-point scale
(from a “bother” rating of 0 [zero] ¼ “not at all” to 4 ¼ “very
much”). At each assessment point, patients were asked to indi-
cate how much they were bothered by numbness or tingling in
hands or feet. The severity of PN was quantified based on the
patients’ responses to this questionnaire item. The presence of
PN was defined as any “bother” level. Data on all B-30-eligible
patients who submitted the baseline QOL questionnaire and at
least one follow-up questionnaire with nonmissing assessment
of PN were included in this report.

The B-30 study was approved by the ethics committees or in-
stitutional review boards of all participating centers, in accor-
dance with an assurance filed with and approved by the
Department of Health and Human Services. All participants pro-
vided written informed consent.

Statistical Analysis

The severity of PN symptoms over time (day 1 of cycle 4, and 6,
12, 18, and 24 months) was analyzed using a mixed effects
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ordinal logistic regression with patients’ random effects (PROC
GLIMMIX). Treatment, PN at baseline, and assessment point
were considered categorical covariates. Presence of time-by-
treatment interaction was investigated. A statistical signifi-
cance level of .05 was used. All statistical tests were two-sided.
Ordinal logistic regression modeling was used to evaluate the
association of different factors with the severity of neuropathy
24 months after random assignment (PROC LOGISTIC). A step-
wise selection approach was used to identify a subset of poten-
tially influential covariates. Items with a univariate P value of .2
or less were entered into the model in the order of their P val-
ues, starting with the most statistically significant. Those with a
P value of .1 or less were retained in the model. Then, a step-
down elimination process removed the covariates, starting with
the least statistically significant, keeping those with a P value of
.05 or less. The estimates of the odds ratios (ORs), which quan-
tify the ratio of odds of experiencing a more severe PN vs a less
severe PN, and corresponding 95% confidence intervals (95%
CIs), were obtained from the final multivariable model.
Differences in the FACT-B-TOI at the 24-month assessment
point were compared among patients reporting different levels
of PN by means of the general linear model applying the linear
test of trend (PROC GLM). All analyses were performed with SAS
software (Version 9.4, Cary, NC).

Results

Patient Characteristics

A total 5351 patients were randomly assigned to treatment
groups in B-30. Among these, 2156 were included in the QOL
substudy (13). A total of 2051 were eligible for the current analy-
ses. Patient and tumor characteristics of these QOL substudy
participants are presented in Table 1. There were no statistically
significant differences observed among the treatment groups.
Women who participated in the QOL substudy and were in-
cluded in the current analyses were somewhat younger
(<50 years; 50.1% vs 42.2%) and less obese (37.5% vs 32.4% with
normal body mass index [BMI]) than the rest of the patients in
the trial. Slightly more white women had data that were in-
cluded in these analyses (86.2% vs 81.0%).

Longitudinal Analysis

Approximately 15.8%, 19.1%, and 20.7% of women in the AC!T,
AT, and ACT treatment groups, respectively, presented with
some level of PN at baseline (Table 1), with 10.7%, 13.3%, and
13.6% reporting a “bother” rating of 1: “a little bit.” The percent-
age of patients reporting any level of PN increased to 18.6%,
22.3%, and 25.7% for the on-treatment assessment (day 1 of cy-
cle 4; occurred before the AC!T group had received any T), and
to 68.2%, 33.3%, and 37.7% for the 6-month assessment, respec-
tively. For patients on AT and ACT, the percentages of those
with PN remained approximately at the same level later on, up
to 24 months. The percentage of patients on AC!T who
reported having PN decreased to 56.4% at 12 months and to
49.8% at 24 months, remaining higher than either of the two
other treatment groups. The effect of treatment on the severity
of PN was statistically significantly different over time (overall
time-by-treatment Pinteraction < .001). Women treated with se-
quential AC!T had higher odds of having a symptom of greater
severity at six months or later than did patients on the other
two regimens (ORs for AT and ACT vs AC!T ranged from 0.06 to

0.40). The relationship was reversed for the on-treatment as-
sessment, with AT and ACT patients having higher odds of
experiencing PN of greater severity than patients on the
sequential regimen (OR ¼ 1.40, 95% CI ¼ 0.94 to 2.09, and
OR ¼ 1.85, 95% CI ¼ 1.24 to 2.74, respectively) (Table 2, Figure 1).

Long-term PN

The 24-month assessment was available for 1512 patients.
Overall, 41.9% experienced PN at 24 months, with 10.3% reporting
a severe symptom (“quite a bit”/“very much” “bother” level).
Factors associated with the severity of PN at 24 months in univari-
ate analysis included chemotherapy regimen, PN symptoms at
baseline, age, BMI, menopausal status, type of surgery, receipt of
radiotherapy, and nodal status. The final set of characteristics in-
dependently associated with long-term PN is presented in Table 3.
Treatment with AT and ACT was associated with less severe long-
term PN compared with AC!T (OR ¼ 0.45, 95% CI ¼ 0.35 to 0.58;
OR ¼ 0.59, 95% CI ¼ 0.46 to 0.75, respectively). Presenting with PN
symptoms before receiving chemotherapy statistically signifi-
cantly increased the odds of having neuropathy of greater severity
at two years (OR ¼ 2.67, 95% CI ¼ 2.08 to 3.43, P < .001). Among
patients with no PN symptoms at baseline, 46.9%, 28.7%, and
36.1% of AC!T, AT, and ACT patients, respectively, reported hav-
ing symptoms at 24 months, with 15.2%, 4.3%, and 6.1% having se-
vere symptoms. At the same time, among patients who reported
having symptoms at baseline, 65.4%, 62.2%, and 63.0% of patients
in the AC!T, AT, and ACT groups reported having PN symptoms
at 24 months, with 25.6%, 12.2%, and 17.0% having severe symp-
toms. Older, overweight women who had mastectomy as defini-
tive surgery and more than three positive nodes were at higher
risk of being bothered by PN symptoms 24 months postsurgery.

PN and QOL

Patients who reported long-term PN symptoms of greater severity
had statistically significantly lower QOL (Ptrend < .001) (Figure 2).
The average reported TOI scores ranged from 57.98 in patients
who reported they were “very much” bothered by the symptom
to 76.79 in patients without PN symptoms present. The adjust-
ment for treatment and other clinically important factors did not
change the conclusions (results not shown).

Discussion

Taxanes are effective chemotherapeutic agents for patients
with early-stage breast cancers. However, the administration of
this class of drugs can cause a myriad of side effects, with
chemotherapy-induced PN being the most common toxicity ex-
perienced. This potentially debilitating toxicity arises during
treatment, and although it gradually subsides after treatment
cessation (17), symptoms may continue to persist beyond treat-
ment in a substantial percentage of patients. Even though it is a
standard practice of clinical trials to formally evaluate toxicities
while patients are on treatment, the reporting of long-term
assessments is usually very limited (8).

The data collected in NSABP B-30 provided us with an oppor-
tunity to add to the limited knowledge on PN persistence after
treatment with docetaxel-based chemotherapy regimens. The
rigorous design of this randomized phase III clinical trial ensured
a consistent evaluation of patient and tumor characteristics and
a uniform PROs data collection from all patients included in the
QOL substudy at baseline and at up to two years of follow-up.
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Forty-two percent of B-30 patients reported PN two years
after treatment initiation. This is consistent with Eckhoff et al.
(2), who reported that 43% of patients on adjuvant docetaxel
experienced symptoms of PN one to three years after treat-
ment. Treatment with AC!T, having PN symptoms before
chemotherapy, older age, obesity, mastectomy, and greater
number of positive nodes were identified as having indepen-
dent association with long-term PN in our sample. Although
age is a known risk factor for PN in general populations (18),
older breast cancer patients also were reported as being at
higher risk for having PN (2). In general, paresthesia, other
symptoms of PN, and sensory disturbances are frequent com-
plications of breast cancer surgery and axillary lymph node
dissection (ALND) (19–22). Because all B-30 patients were re-
quired to have undergone ALND, the increased risk of

long-term PN in patients who presented with a larger number
of positive nodes might be expected. Even one year after the
surgery, mastectomy patients continue to report statistically
significantly more numbness in the operated breast region or
in the ipsilateral arm than lumpectomy patients (23), which
might predispose them to the greater level of long-term PN ob-
served in our study. Still, the relationship between surgery
and long-term PN are contradictory in the literature (9,22,24).
Obesity was also associated with higher risk for long-term PN
in another recent observational cohort study of breast cancer
patients (25). The reports on whether the patients with a his-
tory of diabetes are predisposed to the development of
chemotherapy-induced PN are also inconsistent (9,26).
Comorbidity data were not collected in our trial and were not
able to investigate this association.

Table 1. Demographic and tumor characteristics of patients eligible for the current analysis: NSABP B-30 Quality of Life substudy

Characteristic
AC!T (n¼ 684) AT (n¼ 685) ACT (n¼ 682) Total (n¼ 2051)

P*No.(%) No.(%) No.(%) No.(%)

Age at study entry, y .10
<50 341 (49.9) 364 (53.1) 323 (47.4) 1028 (50.1)
�50 343 (50.1) 321 (46.9) 359 (52.6) 1023 (49.9)

Race .40
White 581 (84.9) 588 (85.8) 599 (87.8) 1768 (86.2)
Black 63 (9.2) 52 (7.6) 51 (7.5) 166 (8.1)
Other 40 (5.8) 45 (6.6) 32 (4.7) 117 (5.7)

PN at baseline† .06
No 576 (84.2) 554 (80.9) 541 (79.3) 1671 (81.5)
Yes 108 (15.8) 131 (19.1) 141 (20.7) 380 (18.5)

No. of positive nodes .98
Unknown 4 (0.6) 3 (0.4) 2 (0.3) 9 (0.4)
1–3 442 (64.6) 442 (64.5) 444 (65.1) 1328 (64.7)
�4 238 (34.8) 240 (35.0) 236 (34.6) 714 (34.8)

Tumor size, cm .82
Unknown 5 (0.7) 7 (1.0) 3 (0.4) 15 (0.7)
0–2 300 (43.9) 296 (43.2) 305 (44.7) 901 (43.9)
2.1–4 281(41.1) 269 (39.3) 269 (39.4) 819 (39.9)
�4.1 98 (14.3) 113 (16.5) 105 (15.4) 316 (15.4)

Receptor status .65
Negative 163 (23.8) 156 (22.8) 170 (24.9) 489 (23.8)
Positive 521 (76.2) 529 (77.2) 512 (75.1) 1562 (76.2)

Endocrine therapy .98
No 142 (20.8) 141 (20.6) 143 (21.0) 426 (20.8)
Yes 542 (79.2) 544 (79.4) 539 (79.0) 1625 (79.2)

Type of surgery .88
Lumpectomy 351 (51.3) 343 (50.1) 349 (51.2) 1043 (50.9)
Mastectomy 333 (48.7) 342 (49.9) 333 (48.8) 1008 (49.1)

Menopausal status .29
Unknown 4 (0.6) 1 (0.1) 5 (0.7) 10 (0.5)
Premenopausal 340 (49.7) 364 (53.1) 333 (48.8) 1037 (50.6)
Postmenopausal 340 (49.7) 320 (46.7) 344 (50.4) 1004 (49.0)

Radiotherapy .86
No radiotherapy 156 (22.8) 159 (23.2) 150 (22.0) 465 (22.7)
Radiotherapy 528 (77.2) 526 (76.8) 532 (78.0) 1586 (77.3)

Body mass index, kg/m2 .88
Normal, <25 261 (38.2) 259 (37.8) 250 (36.7) 770 (37.5)
Overweight, 25–30 212 (31.0) 221 (32.3) 230 (33.7) 663 (32.3)
Obese, �30 211 (30.8) 205 (29.9) 202 (29.6) 618 (30.1)

*P value for treatment group comparison is based on the two-sided Pearson chi-square test; unknowns were excluded. AC!T ¼ doxorubicin and cyclophosphamide!
docetaxel; ACT ¼ doxorubicin, cyclophosphamide, and docetaxel; AT ¼ doxorubicin and docetaxel; NSABP ¼ National Surgical Adjuvant Breast and Bowel Project;

PN ¼ peripheral neuropathy.

†Presence of patient-reported peripheral neuropathy at baseline was defined based on the patients’ responses on how much they were bothered by numbness or tin-

gling in hands or feet in the past seven days. “No” ¼ “bother” rating of 0 (“not at all”); “yes” ¼ “bother” rating ranging from 1 (“a little bit”) to 4 (“very much”).
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The onset of chemotherapy-induced PN generally depends on
the cumulative dose of the taxane agent (17). In B-30, patients on
AC!T received a regimen with a higher cumulative dose of doce-
taxel (400 mg/m2) than did the other two groups (300 mg/m2 or
240 mg/m2 before dose modification) (12). This and the longer dura-
tion of treatment, 24 weeks for AC!T vs 12 weeks for AT and ACT,
are likely the causes for the greater severity of neuropathy at the 6-
month assessment and thereafter. This dose relationship with
long-term neurotoxicity was also observed in Pereira et al. (9).

Based on the self-report, the prevalence of PN in B-30
patients at baseline was elevated but within the expected

range for the study’s patient population (3). The timing of
baseline assessment in our study, before initiation of chemo-
therapy but after the completion of surgery with ALND, could
potentially explain these higher numbers. In our study, when
patients rated their symptoms at baseline, they could have
been considering both preexisting neuropathic symptoms (eg,
numbness in the feet) from diabetes or from their recent sur-
gery (eg, numbness in the hand). When they rated their
symptoms subsequently, they could have been reflecting
completely new symptoms or an exacerbation of their prior
symptoms. These types of assessments did not ask for
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Figure 1. The severity of the peripheral neuropathy symptom by time and treatment as reported by patients enrolled in the NSABP B-30 Quality of Life substudy.

Patients were asked to indicate how much they were bothered by numbness or tingling in hands or feet. Responses, based on a symptom experienced in the past seven

days, were recorded on a five-point scale (from a “bother” rating of 0 ¼ “not at all” to 4 ¼ “very much”). A ¼ doxorubicin; C ¼ cyclophosphamide; T ¼ docetaxel.
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attribution but evaluated whether a symptom existed and its
severity.

The lack of any objective measurement of PN could be con-
sidered a potential limitation of our study. However, even
though quantitative sensory testing (QST) and other techniques
can be used for the objective assessment of neurotoxicity (3,27),
their application in clinical trials and, particularly, in the gen-
eral practice setting can be labor intensive and costly in terms
of time and resources. At the same time, there is an evidence
that PROs could be successfully used in identifying patients
with PN. Hershman et al. (3) used both QST and PROs to quantify
the severity of PN and showed that the changes over time in the
PROs were statistically significantly associated with the
changes in vibration threshold testing. The standard approach
for evaluating treatment-related symptoms in cancer clinical
trials by physicians uses the National Cancer Institute’s CTCAE.

However, it has been recognized that physicians underreport
and underestimate symptom severity compared with patients’
assessments (28). Several PRO scales to evaluate PN exist (29–
33). Recently, a PROs version of the CTCAE measurement sys-
tem (PRO-CTCAE) was developed as a companion to CTCAE (34).
Two items in PRO-CTCAE assess the severity of PN and its inter-
ference with daily activities. The item used to evaluate PN
symptoms in our trial was very similar to the severity item in
PRO-CTCAE. Either of these can be easily implemented in the
clinic to identify patients experiencing symptoms at baseline
and therefore more likely to be bothered by a long-term PN.

Currently, no effective agents have been recommended for
the prevention of chemotherapy-induced PN (35). Therefore, it
is important to identify patients before the administration of
chemotherapy who are potentially more susceptible to the de-
velopment of this adverse event. Several studies have identified

Table 2. Comparison of peripheral neuropathy (PN) symptom severity between treatment groups over time: NSABP B-30 Quality of Life substudy

Time point AC!T OR* (95% CI) AT OR* (95% CI) ACT OR* (95% CI)

Day 1 of cycle 4 (on treatment) 1.00 (reference) 1.40 (0.94 to 2.09) 1.85 (1.24 to 2.74)
6 mo 1.00 (reference) 0.06 (0.04 to 0.08) 0.08 (0.06 to 0.12)
12 mo 1.00 (reference) 0.17 (0.12 to 0.24) 0.24 (0.17 to 0.33)
18 mo 1.00 (reference) 0.37 (0.26 to 0.53) 0.38 (0.27 to 0.54)
24 mo 1.00 (reference) 0.27 (0.19 to 0.39) 0.40 (0.28 to 0.56)

*The relative odds of experiencing a greater severity rating for a PN symptom adjusted for the presence of a PN symptom at baseline. PN symptom was evaluated by

patients on a five-point scale (from a “bother” rating of 0 ¼ “not at all” to 4 ¼ “very much”). AC!T ¼ doxorubicin and cyclophosphamide! docetaxel; ACT ¼ doxorubi-

cin, cyclophosphamide, and docetaxel; AT ¼ doxorubicin and docetaxel; CI ¼ confidence interval; OR ¼ odds ratio.

Table 3. Final multivariable model of characteristics associated with long-term peripheral neuropathy (PN) as evaluated at 24 months after ran-
dom assignment: NSABP B-30 Quality of Life substudy

Characteristic
No. of patients

(n¼ 1504)*
No. (%) of patients

with PN
Average level of

PN severity† OR‡ (95% CI) P§

PN at baselinek
No 1239 462 (37.3) 0.69 1.00 (reference) <.001
Yes 265 167 (63.0) 1.23 2.67 (2.08 to 3.43)

Treatment
AC!T 496 246 (49.6) 1.04 1.00 (reference) <.001
AT 503 175 (34.8) 0.59 0.45 (0.35 to 0.58)
ACT 505 208 (41.2) 0.72 0.59 (0.46 to 0.75)

Age, y
<50 740 272 (36.8) 0.67 1.00 (reference) .005
�50 764 357 (46.7) 0.89 1.34 (1.10 to 1.65)

Nodal status
1–3 992 391 (39.4) 0.71 1.00 (reference) .01
�4 512 238 (46.5) 0.92 1.32 (1.07 to 1.63)

Surgery
Lumpectomy 757 296 (39.1) 0.67 1.00 (reference) .002
Mastectomy 747 333 (44.6) 0.90 1.39 (1.13 to 1.71)

Body mass index, kg/m2

<25 582 198 (34.0) 0.62 1.00 (reference) <.001
25–30 476 211 (44.3) 0.79 1.46 (1.14 to 1.87)
�30 446 220 (49.3) 0.98 1.92 (1.50 to 2.45)

*The nodal status was unknown for eight women. AC!T ¼ doxorubicin and cyclophosphamide ! docetaxel; ACT ¼ doxorubicin, cyclophosphamide, and docetaxel;

AT ¼ doxorubicin and docetaxel; CI ¼ confidence interval; NSABP ¼ National Surgical Adjuvant Breast and Bowel Project; OR ¼ odds ratio.

†PN symptom was evaluated by patients on a five-point scale (from a “bother” rating of 0 ¼ “not at all” to 4 ¼ “very much”).

‡Odds ratio of experiencing greater severity of numbness symptom.

§Two-sided P value based on the likelihood-ratio test.

kPresence of patient-reported peripheral neuropathy at baseline defined based on the patients’ responses on how much they were bothered by numbness or tingling in

hands or feet in the past seven days. “No” ¼ “bother” rating of 0 (“not at all”); “yes” ¼ “bother” rating ranging from 1 (“a little bit”) to 4 (“very much”).
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single nucleotide polymorphisms that correlate with taxane-
induced neuropathy in breast cancer patients (36–39); however,
independent validation of these biomarkers is required.

Cumulative taxane dose was strongly associated with higher
rates of long-term chemotherapy-induced PN. The lower rate of
PN in patients who received adjuvant doxorubicin and doce-
taxel (AT) or concurrent doxorubicin, cyclophosphamide, and
docetaxel (ACT), both of which employed lower cumulative
doses of docetaxel, might be an important factor to support the
choice of these therapies for individuals with preexisting neuro-
pathic symptoms or other risk factors for neuropathy because
the differences in survival and disease-free trial outcomes for
these regimens were of modest magnitude compared with the
higher-dose taxane-containing regimen (12). The choice of che-
motherapy regimen should include consideration of long-term
adverse effects and informed decision-making that involves
patients in the process.
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