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A B S T R A C T

Purpose
Neuropathy is a common and potentially disabling complication of adjuvant taxane therapy. Recent
studies have identified candidate single nucleotide polymorphisms associated with taxane-
induced neuropathy. Therefore, we sought to determine whether neuropathy was associated with
breast cancer recurrence in a clinical trial population who received adjuvant taxane therapy.

Patients and Methods
Trial E1199 included 4,554 eligible women with operable breast cancer who received up to four
cycles of doxorubicin and cyclophosphamide every 3 weeks followed by paclitaxel 175 mg/m2

every 3 weeks for four cycles (P3), paclitaxel 80 mg/m2 weekly for 12 cycles (P1), docetaxel 100
mg/m2 every 3 weeks for four cycles (D3), or docetaxel 35 mg/m2 weekly for 12 cycles (D1). A Cox
proportional hazards model was used to determine the relationship between neuropathy and
disease-free survival (DFS), overall survival (OS), and recurrence-free survival (RFS) by treating
neuropathy status as a time dependent covariate and using a landmark analysis.

Results
Of 4,554 patients who received at least one taxane dose, grade 2 to 4 neuropathy developed in 18%, 22%,
15%, and 13% of patients in the P3, P1, D3, and D1 arms, respectively. In a model that included age, race,
obesity, menopausal status, tumor size, nodal status, treatment arm, neuropathy, and hyperglycemia, no
significant relationship was found between neuropathy and DFS, OS, or RFS.

Conclusion
There was no association between taxane-induced neuropathy and outcome.

J Clin Oncol 30:3051-3057. © 2012 by American Society of Clinical Oncology

INTRODUCTION

The addition of adjuvant taxanes to standard
anthracycline-based therapy has reduced the
risk of recurrence and improved survival in pa-
tients with node-positive breast cancer.1-4 In ad-
dition, taxanes have become a standard therapy
for breast cancer in the metastatic setting. Neu-
ropathy is one of the most common nonhe-
matologic toxicities associated with taxanes,
especially weekly paclitaxel.5,6 Peripheral neurop-
athy has the potential to be debilitating and irre-
versible in some cases.7,8 The mechanism for this
toxicity is not well understood.9-17In addition, no
agent has been proven to definitively prevent or
successfully reverse this adverse effect after it
has occurred.18,19

Thereissubstantialheterogeneityintheincidence
andseverityof taxane-relatedneurotoxicityamongpa-
tients. Previous studies have demonstrated that the in-
cidence of neuropathy was increased with older age,
diabetes, alcohol use, and black race.20-23 There have
been no other validated clinical characteristics that
have been associated with an increased risk of neu-
ropathy. In addition, there are no established predic-
tive biomarkers to determine which patients are at
highest risk for this toxicity. We and other authors
have previously identified single nucleotide poly-
morphisms (SNPs) that were significantly associ-
ated with an increased risk for experiencing grade 2
to 4 peripheral neuropathy in patients with breast
cancer treated with taxane-containing chemothera-
py,23-25 which is a finding that requires validation in
other studies.
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For a biomarker to be optimally useful in the clinical setting, it
must demonstrate the ability to improve the risk:benefit ratio. Thus, it
is important to evaluate whether there is a relationship between pa-
tients who have the most toxicity and a superior outcome. Previously,
the control arm from the N9831 trial demonstrated an association
between paclitaxel-related neuropathy and improved 3-year disease-
free survival (DFS).26 In this analysis, our objective was to determine
whether there was a relationship between taxane-induced neuropathy
and outcomes in patients who received adjuvant weekly paclitaxel and
other taxane-based regimens in E1199.

PATIENTS AND METHODS

Patients

The study population included patients enrolled onto trial E1199, which
included 5,052 patients with axillary node-positive or high-risk, node-negative
breast cancer.6 These patients were randomly assigned to one of four treatment
arms. First, all patients received four cycles of intravenous doxorubicin (60
mg/m2) and cyclophosphamide (600 mg/m2) every 3 weeks for four treatment
cycles followed by paclitaxel 175 mg/m2 every 3 weeks for four cycles (P3),
paclitaxel 80 mg/m2 weekly for 12 cycles (P1), docetaxel 100 mg/m2 every 3
weeks for four cycles (D3), or docetaxel 35 mg/m2 weekly for 12 cycles (D1).
Among the 5,052 patients, 102 patients did not meet the eligibility criteria, 133
patients were enrolled through the extended-participation project, 248 pa-
tients did not receive taxane therapy, and 15 patients experienced neuropathy

before the first adjuvant taxane dose; all of these patients were excluded from
the analysis. Therefore, the analysis cohort included 4,554 patients who met
eligibility criteria and had neuropathy information after taxane treatment
(CONSORT diagram is shown in Fig 1).

Phenotypes: Neuropathy and Efficacy Parameters

The phenotype evaluated was the occurrence of grade 2 to 4 neuropathy
by using the National Cancer Institute Common Toxicity Criteria (version
2.0) grading scale. Investigators reported motor neuropathy, sensory neurop-
athy, or neuropathic pain and the last measurement that occurred 3 weeks after
the conclusion of therapy. For patients who had grade 2 neuropathy, the dose
was reduced by 25%. For patients who experienced grade 3 or 4 neuropathy,
the dose was held until resolution to less than grade 2, at which point therapy
was reduced 25%. If the grade 3 or 4 toxicity persisted longer than 3 weeks,
therapy was discontinued.

The following three end points were considered: overall survival (OS),
DFS, and recurrence-free survival (RFS). OS events included death as a result
of any cause. DFS events included recurrence (local/regional or distant), con-
tralateral breast cancer, or death without recurrence. RFS events were the same
as DFS events but did not include contralateral breast cancer events.

Statistical Analysis

In this report, we assessed the association between the occurrence of
grade 2 to 4 neuropathy and efficacy outcomes. The outcome data for the
analysis were downloaded on July 2, 2010, at which time 828 of the 4,554
patients died, which included: 539 deaths as a result of breast cancer, 34 deaths
as a result of protocol treatment, 105 deaths as a result of other causes, and 150
deaths with unknown causes. Among the 150 deaths with unknown causes,

Total enrollment 
(N = 5,052) Excluded

   Did not meeting eligibility criteria
   Participation in EPP
   Did not receive any taxane
   Neuropathy data not available

(n = 498)
(n = 102)
(n = 133)
(n = 248)
(n = 15)

Included in analysis
(n = 4,554)

Time-varying analysis
(n = 4,554)

Neuropathy occurred 
(n = 770)

Included in multivariable Cox regression analysis 
(n = 4,478)

Death
DFS
RFS

(n = 133)
(n = 196)
(n = 186)

Death
DFS
RFS

(n = 695)
(n = 959)
(n = 916)

Death
DFS
RFS

(n = 132)
(n = 194)
(n = 184)

Death
DFS
RFS

(n = 680)
(n = 940)
(n = 898)

Missing covariates
   BMI
   Nodal status
   Tumor size

(n = 76)
(n = 29)
(n = 23)
(n = 42)

No neuropathy 
(n = 3,784)

Neuropathy occurred 
(n = 757)

No neuropathy 
(n = 3,721)

Landmark analysis
(n = 4,554)

OS analysis 
(n = 4,542)

PN < 7 months
(n = 689)

No PN
(n = 3,853)

PN < 7 months
(n = 681)

No PN
(n = 3,821)

PN < 7 months
(n = 682)

No PN
(n = 3,823)

Death
(n = 123)

Death
(n = 697)

DFS
(n = 170)

DFS
(n = 937)

RFS
(n = 163)

RFS
(n = 894)

DFS analysis 
(n = 4,502)

RFS analysis 
(n = 4,505)

OS < 7 months
DFS < 7 months
RFS < 7 months

(n = 12)
(n = 52)
(n = 49)

Fig 1. CONSORT diagram. BMI, body mass index; DFS, disease free survival; EPP, extended-participation project; OS, overall survival; PN, peripheral neuropathy; RFS,
recurrence-free survival.
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118 patients had breast cancer recurrence before death. There were 1,155 DFS
events and 1,102 RFS events in 4,554 patients. The median follow-up for these
patients was 95.5 months (range, 3.4 to 119.1 months).

Multivariable logistic regression was used to test the association between
baseline patient characteristics and neuropathy. These baseline patient char-
acteristics included age as a categorical variable (� 45, 46 to 65, and � 65
years), age as a continuous variable, race (black v others), obesity (body mass
index � 30 kg/m2 v others), and menopausal status (premenopausal v post-
menopausal). The association between the occurrence of grade 2 to 4 hyper-
glycemia at any time after the start of therapy and neuropathy was tested by
univariate and multivariable logistic regression. Univariate logistic regression
was also used to test the association between treatment and the occurrence
of neuropathy.

Kaplan-Meier curves were used to estimate event-time distribution, and
the log-rank test was conducted to test the significance in distribution differ-
ence between patients with or without neuropathy by using the landmark
method, with 7 months from random assignment as the landmark time point.
Seven months was chosen as the landmark because it corresponded to the
period of adjuvant chemotherapy that spanned 24 weeks. Specifically, neurop-
athy was coded as present if it occurred before 7 months from random assign-
ment and was coded as absent if it had never occurred or occurred after 7
months from random assignment. In the DFS landmark analyses, DFS was the
time from the landmark time point to an event, and patients who had DFS
events before the landmark time point were excluded from the analysis (Fig 1).
The OS and RFS landmark analyses were conducted similarly. Cox propor-
tional hazards methods, in which neuropathy was treated as a time-varying
covariate, were used to estimate unadjusted and adjusted hazards ratios for
neuropathy. In the time-varying covariate analyses, the coding of neuropathy
was changed from absent to present at the time of its first occurrence. DFS was
the time from random assignment to the first event. All P values were two
sided, and CIs were at the 95% level. Bonferroni’s correction was conducted to
adjust for multiple comparisons for the survival analysis.

RESULTS

Occurrence of Peripheral Neuropathy

Among 4,554 patients, 770 patients (16.9%) experienced grade 2
to 4 neuropathy after the initiation of adjuvant taxane therapy. The
highest grades of neuropathy experienced were as follows: grade 2,
71.8%; grade 3, 27.5%; and grade 4, 0.7%. The median time to neu-
ropathy after receipt of the first dose of taxane was 3.0 months (range,
0 to 57.0 months). The start date for taxane use was missing in seven
patients, and thus, these seven patients were excluded for the calcula-
tion of the median time to neuropathy. When treatment arms were
compared, the percentage of grade 2 to 4 neuropathy was 17.5% (202
of 1,157 patients) in the P3 arm, 22.0% (249 of 1,130 patients) in the
P1 arm, 14.7% (168 of 1,144 patients) in the D3 arm, and 13.4% (151
of 1,123 patients) in the D1 arm. The risk of grade 2 to 4 neuropathy
was higher in the P1 arm than in the P3 arm (odds ratio, [OR], 1.34;
95% CI, 1.09 to 1.64). The risk of neuropathy was lower in the D1 arm
(OR, 0.73; 95% CI, 0.58 to 0.92) and D3 arm (OR, 0.81; 95% CI, 0.65
to 1.02) than in the P3 arm (Table 1). The proportion of patients who
required a dose reduction for any reason was not significantly different
in patients who developed grade 2 to 4 neuropathy compared with
those who did not develop grade 2 to 4 neuropathy in any arm. There
was also no significant difference in the median relative dose intensity
in patients who developed neuropathy compared with those who did
not develop neuropathy in any arm.

Patient Characteristics Associated With Neuropathy

Multivariable logistic regression was used to evaluate the rela-
tionship between the baseline characteristics of patients and the devel-

opment of neuropathy (Table 1). There was a decreased risk of
neuropathy in premenopausal compared with postmenopausal pa-
tients (OR, 0.77; 95% CI, 0.61 to 0.97). Age, whether considered as a
categorical or continuous variable, was not associated with neuropa-
thy. There was a trend for a higher risk of neuropathy in blacks
compared with other races (OR, 1.22; 95% CI, 0.93 to 1.60) and in
obese patients compared with nonobese patients (OR, 1.14; 95% CI,
0.97 to 1.35). Information regarding a pre-existing history of diabetes
was not available, but we explored the relationship between neuropa-
thy and occurrence of treatment-related grade 2 to 4 hyperglycemia as
a surrogate for glycemic instability. There was a significant association
between hyperglycemia and neuropathy (unadjusted OR, 1.47; 95%
CI, 1.17 to 1.84) that remained significant after adjustment for age,
race, obesity, and menopausal status (adjusted OR, 1.42; 95% CI, 1.13
to 1.78). To more directly compare these associations with those seen
in E5103 (in which weekly paclitaxel was the taxane backbone),23 we
evaluated baseline characteristics specifically in the weekly paclitaxel
arm (Table 1). Similar to in E5103, there was a strong trend for
increased risk of neuropathy with black race compared with all other
races (OR, 1.52; 95% CI, 0.95 to 2.43). Unlike in E5103, however, there
was no association between the risk of neuropathy and age.

Analysis for Association Between Patient/Tumor

Characteristics and OS

Baseline characteristics of patients were tested for associations
with OS and included age, race, obesity, and menopausal status. Tu-
mor characteristics were tested for associations and included nodal
status and tumor size. In addition, treatment-related toxicities were
tested and included grade 2 to 4 neuropathy and grade 2 to 4 hyper-
glycemia. When all arms from E1199 were evaluated, obesity, nodal
status, and tumor size were all associated with survival (Appendix
Table A1, online only). We also evaluated for an association within

Table 1. Impact of Treatment Arm and Clinical Covariates on Likelihood
of Peripheral Neuropathy

Model and Covariate

All Patients Weekly Paclitaxel

OR 95% CI P OR 95% CI P

Model 1
Age, continuous

variable 1.0 0.98 to 1.01 .354 0.99 0.97 to 1.01 .184
Obese, v not 1.15 0.98 to 1.35 .095 1.23 0.91 to 1.65 .176
Black race, v others 1.22 0.93 to 1.60 .145 1.52 0.95 to 2.43 .078
Premenopausal, v

postmenopausal 0.77 0.61 to 0.97 .025 0.70 0.45 to 1.06 .092
Model 2

Hyperglycemia at any
time, v not 1.47 1.17 to 1.84 � .001 1.98 1.25 to 3.14 .004

Model 3
P1 � P3 1.34 1.09 to 1.64 .006
D3 � P3 0.81 0.65 to 1.02 .070
D1 � P3 0.73 0.58 to 0.92 .008

NOTE: Model 1 used multivariable logistic regression to test the association
between characteristics of patients at baseline and occurrence of neuropathy.
Model 2 used univariate logistic regression to test the association between
the occurrence of hyperglycemia and occurrence of neuropathy. Model 3 used
univariate logistic regression to test the association between treatment arm
and occurrence of neuropathy.

Abbreviations: D1, weekly docetaxel arm; D3, every 3-week docetaxel arm;
OR, odds ratio; P1, weekly paclitaxel arm; P3, every 3-week paclitaxel arm.
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each of the four treatment arms of E1199. The only variables associ-
ated with an inferior survival across all arms included having greater
than three involved nodes and having a tumor greater than 2 cm
in size.

Univariate Analysis for Association Between

Neuropathy and Efficacy

Neuropathy was tested for associations with efficacy parameters
including OS, DFS, and RFS. Neuropathy was not associated with any
of these end points when evaluated by Cox time-varying analysis
(Table 2) and the log-rank test in landmark analysis (Fig 2). Likewise,
neuropathy was tested for associations with efficacy parameters in the
common clinical subgroups of tumors estrogen receptor-positive
(ER�)/ human epidermal growth factor receptor 2-negative (HER2-
negative), HER2-postive, or triple-negative breast cancer (as deter-
mined by institutional pathology laboratories). Neuropathy was not
significantly associated with outcome in any of these specific sub-
groups (Table 2; Appendix Fig A1, online only).

Multivariable Analysis for Association Between

Neuropathy and Efficacy

Multivariable analysis was performed to test for associations of
neuropathy with efficacy parameters with adjustment for covariates
including age, race, obesity, menopausal status, tumor size, nodal
status, treatment arm, and treatment-associated grade 2 to 4 hypergly-
cemia. Neuropathy was not associated with any clinical outcome after
adjustment for covariates when evaluating by Cox time-varying anal-
ysis (Table 3). There was no association with efficacy parameters with
any specific tumor subtype (ER-positive/HER2-negative, HER2-
positive, and triple-negative breast cancer) when evaluating by Cox
time-varying analysis (Table 3). Neuropathy did not correlate with OS
after adjustment for covariates when evaluating by individual treat-
ment arm with Cox time-varying analysis (Appendix Table A1, on-
line only).

DISCUSSION

Taxanes are an important class of therapy for patients with breast
cancer. The most common and potentially debilitating toxicity is
peripheral neuropathy, which may be permanent or only partly re-
versible in some cases and adversely impact the quality of life.4,7,8 This
toxicity is problematic in the metastatic setting in which treatment
until progression or toxicity is a common approach. In addition, this
toxicity can also be problematic in the adjuvant setting because it may
limit the delivery of potentially curative therapy. We found that, al-
though neuropathy was a common complication that was associated
with necessary dose reductions, it was not associated with a higher risk
of recurrence or inferior survival.

Table 2. Univariate Analysis for Association Between Neuropathy and
Survival Outcomes Using a Cox Time-Varying Model

Tumor Subtype
No. of

Patients Phenotype
No. of
Events HR 95% CI P

All types 4,554 OS 828 0.89 0.73 to 1.07 .21
DFS 1155 0.98 0.84 to 1.15 .84
RFS 1102 0.99 0.84 to 1.16 .88

HER2 positive 912 OS 178 0.72 0.46 to 1.14 .17
DFS 246 0.77 0.52 to 1.12 .17
RFS 232 0.82 0.56 to 1.21 .33

TNBC 838 OS 225 1.21 0.89 to 1.66 .23
DFS 277 1.17 0.87 to 1.56 .29
RFS 261 1.15 0.85 to 1.56 .35

ER positive/
HER2 negative

2,645 OS 388 0.76 0.57 to 1.01 .06
DFS 587 0.96 0.77 to 1.19 .69
RFS 564 0.95 0.76 to 1.19 .66

NOTE: Among the 4,554 patients, 459 patients had missing values for HER2
status, 48 patients had missing values for ER status, and 65 patients had
missing values for progesterone receptor status. P was compared with P �
.05/3 � .017 for the significance test for the three subgroup analyses.

Abbreviations: DFS, disease-free survival; ER, estrogen receptor; HER2,
human epidermal growth factor receptor 2; HR, hazard ratio; OS, overall
survival; RFS, recurrence-free survival; TNBC, triple-negative breast cancer.
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A limitation of this analysis was that the phenotype was deter-
mined by open toxicity assessment. The lack of a uniform and vali-
dated assessment decreased the reliability of the reporting. In addition,
the lack of patient-reported outcomes made it difficult to assess the
impact of the neuropathy on the quality of life of patients. The large
sample size in this analysis, however, improved the likelihood that a
signal would be detected despite imperfect phenotypes. Another lim-
itation is that the duration of toxicity was not captured in E1199 with
the last formal assessment at 3 weeks after the last taxane dose.

We did not capture information about comorbidities at base-
line, which may have been associated with neuropathy risk, such as
diabetes. To address this, we evaluated the relationship between
treatment-related grade 2 to 4 hyperglycemia and neuropathy and
also with clinical outcomes. Given that corticosteroid premedica-
tion was used in all arms, we hypothesized that hyperglycemia
might serve as a surrogate for clinical or subclinical diabetes. Hy-
perglycemia during treatment was associated with an increased risk
of neuropathy as hypothesized. It was also associated with inferior
outcomes in the P3 arm but not in the other treatment arms or
overall population. These findings, however, must be interpreted with
caution because treatment-associated hyperglycemia may be multi-
factorial and not reflect patients with a formal diagnosis of diabetes.
Race and obesity showed a strong trend toward an increased risk of
neuropathy but did not reach statistical significance in the multivari-
able logistic regression analysis. In the weekly paclitaxel arm (which
mirrored that used in E5103) there was a nonsignificant trend for
increased risk with black race. The HR for race in E5103 (HR for black
race v all others, 2.1) was within the CIs of this analysis for the weekly
paclitaxel arm (HR, 1.52; 95% CI, 0.95 to 2.43).23 Age, which was

significantly associated with the risk of neuropathy in E5103 (12.9%
increased risk with each decade of life; P � .004)23 and other trials27

was not seen in this study whether we evaluated age as a continuous or
a categorical variable although premenopausal status was.

The mechanism by which taxanes cause peripheral neuropathy is
not conclusively elucidated. Some evidence suggested that the disrup-
tion of microtubule function may hinder axonal transport, although
there are multiple other possible etiologies.9-17 Multiple agents have
been tested to help prevent this toxicity or to minimize symptoms after
development without success,18 which reflects the incomplete under-
standing of its pathophysiology and an inability to identify who is at
greatest risk for developing this toxicity. To further complicate clinical
decision making, there is substantial heterogeneity in the degree of
neuropathy from patient to patient. Although there are a few estab-
lished clinical risk factors,20-23 the majority of variation is not predict-
able, and there are no validated predictive biomarkers for this toxicity.

A predictive biomarker for neuropathy could prove valuable in
clinical decision making; especially because patients who develop neu-
ropathy do not derived a greater benefit from adjuvant taxane therapy.
We recently reported a genome-wide association study in 2,204 pa-
tients with stage I to III breast cancer from clinical trial E5103 who
received weekly paclitaxel similar to that in one of the arms in the
E1199 trial.23 We identified several SNPs that were associated with the
likelihood of developing paclitaxel-induced neuropathy. In addition,
other groups have reported SNPs that correlate with taxane-induced
neuropathy in large clinical trials.24,25 Our findings from the E1199
trial indicated no relationship between paclitaxel- or docetaxel-
induced neuropathy and clinical outcomes, which therefore, provide
additional rationale for the validation of these SNPs in other patient
populations treated with adjuvant taxane therapy.

E1199 was a landmark study that tested two taxanes with two
different schedules by using a two-by-two factorial design.6 Although
an unexpected negative treatment interaction between the weekly
schedule and docetaxel resulted in no significant difference when
taxane types or schedules were compared, the trial was also adequately
powered to compare each of the three experimental arms to the
control arm of every 3-week paclitaxel treatment, which was the stan-
dard taxane regimen at the time the trial was initiated. Compared with
the standard arm, the weekly paclitaxel arm was associated with im-
proved DFS and OS, and the every 3-week docetaxel arm was associ-
ated with improved DFS but not survival at the time of the planned
analysis. Because both OS and DFS were improved, and there was less
overall toxicity, the weekly paclitaxel arm of this trial has become a
commonly used regimen in clinical practice28 and served as the refer-
ence chemotherapy arm of E5103 that evaluated the role of adjuvant
bevacizumab.23 Other studies have shown a benefit for docetaxel-
containing regimens, which are also commonly used in clinical prac-
tice3,29 and are generally associated with more overall grade 3 to 4
toxicity but lower neuropathy rates than observed with weekly pacli-
taxel.5,6,30 The development of a biomarker predictive of neuropathy
could be an important tool for choosing an adjuvant taxane regimen
and facilitate improved therapeutic individualization, especially if
taxane-induced neuropathy is not a pharmacodynamic marker of
taxane benefit. Toward this end, we are currently studying the top
candidate SNPs (from our correlative work in E5103) in E1199 with
the dual goal of validating predictive biomarkers for paclitaxel and to
learn whether these markers are generalizable to both commonly
implemented taxanes.

Table 3. Multivariable Analysis for Association Between Neuropathy and
Survival Outcomes Using a Cox Time-Varying Model

Tumor Subtype
No. of

Patients Phenotype
No. of
Events HR 95% CI P

All types 4,478 OS 812 0.96 0.79 to 1.16 .66
DFS 1134 1.01 0.86 to 1.18 .90
RFS 1082 1.01 0.86 to 1.19 .89

HER2 positive 900 OS 177 0.80 0.51 to 1.26 .33
DFS 244 0.77 0.52 to 1.14 .19
RFS 230 0.83 0.56 to 1.23 .35

TNBC 829 OS 219 1.31 0.95 to 1.81 .10
DFS 270 1.19 0.89 to 1.61 .24
RFS 255 1.17 0.86 to 1.59 .32

ER positive/
HER2 negative

2,614 OS 384 0.78 0.58 to 1.05 .10
DFS 581 0.97 0.78 to 1.22 .81
RFS 558 0.96 0.77 to 1.21 .75

NOTE: Adjusted covariates included age (� 45, 46-65, and � 65 years), race
(black v others), obesity (body mass index � 30 kg/m2 v others), menopausal
status (premenopausal v postmenopausal), hyperglycemia (yes v no), tumor
size (� 2 v � 2 cm), nodal status (0, 1-3 and � 3), and treatment arm (every
3-week paclitaxel, weekly paclitaxel, every 3-week docetaxel, and weekly
docetaxel arms). There were 76 patients with missing values for body mass
index (29 patients) and/or node status (23 patients) and/or tumor size (42
patients), and 4,478 patients were included in the multivariable Cox regression
for all patients. Among the 4,478 patients, 430 patients had missing values for
HER2 status, 25 patients had missing ER status, and 42 patients had missing
progesterone receptor status. P was compared with P � .05/3 � .017 for the
significance test for the three subgroup analyses.

Abbreviations: DFS, disease-free survival; ER, estrogen receptor; HER2,
human epidermal growth factor receptor 2; HR, hazard ratio; OS, overall
survival; RFS, recurrence-free survival; TNBC, triple-negative breast cancer.
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Other studies have also evaluated the relationship between
taxane-induced neuropathy and clinical outcomes. In patients with
HER2/neu overexpressing disease treated in intergroup trial N9831
who received doxorubicin and cyclophosphamide followed by a
weekly paclitaxel regimen similar to that used in E1199 and E5103,
there was an association between neuropathy and improved out-
comes. For that study, patients in the control arm who had grade 2 to
4 neuropathy had an improved 3-year DFS (84.2% v 77.8%; HR, 0.64;
P � .01), but this was not observed in the trastuzumab-containing
arms.26 In this evaluation of E1199 (which did not include trastu-
zumab), we found that patients with HER2/neu overexpressing dis-
ease who developed neuropathy showed a trend toward improved
DFS, OS, and RFS, but this was not statistically significant. Although
this trial could not exclude the possibility of a small effect for neurop-
athy association with outcome in this tumor subtype, any real associ-
ation would likely be quite small. In addition, there is no clear biologic
rationale for why the tumor subtype would influence the impact of
neuropathy on outcomes.

In conclusion, this analysis of greater than 4,500 patients demon-
strated that taxane-induced peripheral neuropathy does not correlate
with improved outcomes in patients with operable breast cancer
treated with adjuvant taxane therapy. This finding provides reassur-
ance that biomarkers predictive for neuropathy will likely not enrich
for patients who are more likely to benefit from taxane therapy and
may also be useful for the identification of patients who are most likely
to benefit from adjunctive therapies to mitigate neuropathy.
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