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A B S T R A C T

Purpose
We assessed Tau protein expression in primary breast cancer specimens of patients included in
the National Surgical Breast and Bowel Project (NSABP) -B 28 clinical trial. Expression levels were
correlated with disease-free survival (DFS) and overall survival (OS). Interaction between this
marker and paclitaxel efficacy was also examined.

Methods
Tissue microarrays were available for 1,942 patients (63% of all trial participants) who were
randomly assigned to receive either four courses of doxorubicin and cyclophosphamide (AC) or AC
followed by four courses of adjuvant paclitaxel chemotherapy. All patients who were hormone
receptor positive received adjuvant endocrine therapy. Immunohistochemistry was used to
measure Tau expression at M. D. Anderson Cancer Center blinded to clinical outcome. Correlation
between Tau and OS and DFS was performed by the NSABP Biostatistical Center.

Results
Forty-three percent of patients were Tau positive. Tau positivity correlated with estrogen receptor
(ER) -positive status (P � .0001), lower histologic grade (P � .001), and lack of human epidermal
growth factor receptor 2 (HER2) expression (P � .0001). In univariate analyses, Tau- and
ER-positive status were both associated with better DFS and OS (P � .0001) whereas greater
tumor size, high grade, lymph node- and HER2-positive status were each associated with worse
DFS and OS (P � .0001). In multivariate analysis, the same variables except HER2 remained
significant. There was no significant interaction between Tau expression and benefit from
paclitaxel in the total population or among ER-positive or -negative patients.

Conclusion
High Tau protein expression is associated with better prognosis in patients treated with adjuvant
anthracycline and paclitaxel chemotherapy and endocrine therapy, but there was no significant
interaction between Tau expression and paclitaxel benefit.

J Clin Oncol 27:4287-4292. © 2009 by American Society of Clinical Oncology

INTRODUCTION

Gene expression profiling experiments suggest that
low expression of microtubule associated protein
Tau mRNA in pretreatment cancer biopsies is asso-
ciated with higher rates of pathologic complete re-
sponse (pCR) to preoperative sequential paclitaxel,
followed by fluorouracil, cyclophosphamide, and
doxorubicin chemotherapy.1,2 Immunohistochem-
ical evaluation of 122 breast cancer specimens from
patients who received similar preoperative chemo-
therapy confirmed the inverse relationship between
Tau protein expression and pCR rate.3 These studies
also showed that Tau expression was higher in estro-
gen receptor (ER) -positive and low grade cancers

compared to ER-negative, high grade tumors. How-
ever, the Tau/pCR odds ratio remained high (2.7)
with borderline significance (95% CI, 0.9 to 7.9;
P � .059) even after adjustment for age, tumor size,
nodal status, nuclear grade, and ER and HER2 sta-
tus. This suggested a possible independent predic-
tive value for this protein.3 In vitro functional
experiments indicated that downregulation of Tau
expression with small interfering RNA in breast can-
cer cell lines increased sensitivity to paclitaxel but
not to epirubicin.3,4 Further mechanistic studies
suggested that Tau partially protected microtubules
from paclitaxel binding in vitro and therefore low
levels in a cell could render microtubules more ac-
cessible and therefore more vulnerable to this drug.
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Several other investigators also reported correlation between low Tau
expression and greater chemotherapy sensitivity. Pancreatic cell lines
with low Tau expression showed increased sensitivity to docetaxel.5

Impaired paclitaxel-induced tubulin polymerization was seen in
MCF7 breast cancer cells with high Tau expression.6 Reduced Tau
expression also correlated with better clinical response to paclitaxel in
patients with gastric cancer.7 However, not all studies confirmed this
inverse correlation between Tau and chemotherapy sensitivity. Gene
expression profiling of tumor samples from breast cancer patients
who received docetaxel, doxorubicin, and cyclophosphamide combi-
nation chemotherapy failed to identify Tau as a predictor of response.8

Similarly, an immunohistochemical analysis of tumor samples from
patients with locally advanced or metastatic breast cancer treated with
either docetaxel or doxorubicin also failed to show correlation be-
tween Tau expression and response to these drugs.9

The goal of this study was to examine the prognostic value of Tau
protein expression and to assess interaction between Tau expression
and benefit from paclitaxel. We used tissue specimens from the Na-
tional Surgical Breast and Bowel Project (NSABP) -B28 clinical trial
that randomly assigned women to either doxorubicin and cyclophos-
phamide (AC; n � 1,529) or doxorubicin, cyclophosphamide, and
paclitaxel (AC-T; n � 1,531) adjuvant chemotherapy. Inclusion of
paclitaxel improved the median 5-year disease-free survival (DFS) by
approximately 15% (76% v 72%; P � .006) compared to AC alone but
there was no significant difference in overall survival (OS).10 Our
hypothesis was that patients with low Tau expression benefited the
most from paclitaxel whereas those with high Tau expression bene-
fited less.

PATIENTS AND METHODS

Tumor Samples and Tissue Microarrays

Tissue microarrays (TMA) were constructed from formaldehyde-fixed,
paraffin-embedded primary breast cancer tissues of patients who received
therapy on the NSABP-B28 randomized clinical trial. Specimens on the TMA
represent tissues from the original diagnostic specimen. Patients assigned to
the AC arm received doxorubicin 60 mg/m2 and cyclophosphamide 600
mg/m2 every 21 days for four cycles. Patients assigned to the AC-T arm also
received four additional cycles of paclitaxel 225 mg/m2 as a 3-hour infusion
every 21 days after completion of the four courses of AC. All patients who had
hormone receptor–positive tumors and those who were 50 years or older also
received tamoxifen 20 mg daily for 5 years concomitant with chemotherapy
beginning on day 1 of the first course of AC. All patients treated with lumpec-
tomy also received whole-breast irradiation. This correlative science study was
approved by the institutional review board of the University of Texas M. D.
Anderson Cancer Center and by the NSABP.

Immunohistochemistry for Tau

The TMAs were constructed by the NSABP Pathology Department and
were mailed to investigators at M. D. Anderson Cancer Center for immuno-
histochemical analysis who were blinded to clinical outcome. Immunohisto-
chemistry and scoring were performed as described previously.3 Cytoplasmic
expression of Tau protein in normal breast epithelium and blood vessels were
considered as internal positive controls and as reference for scoring. Tumors
with no Tau staining were scored as immunohistochemistry (IHC) 0, tumors
with Tau expression less than in normal breast epithelial cells were scored as
IHC 1�. Cancers with staining intensity that was similar to normal epithelium
were scored as IHC 2�, and tumors with uniformly high cytoplasmic staining
greater than normal cells were scored as IHC 3�. Tumors with IHC scores of
0 or 1 were considered to be Tau negative (ie, showed no or lower Tau
expression than normal breast epithelium) and cases with scores 2� or 3�

were considered to be Tau positive. The TMA slides were scored indepen-
dently by two pathologists (Y.G., J.S.R.). Discrepant cases were resolved in
consultation with a third pathologist (W.F.S.) and final results were returned
to the NSABP Biostatistical Center for correlation with clinical outcome.

Statistical Analysis

Two survival end points were used in this analysis including DFS and OS
that were nonparametrically estimated by the Kaplan-Meier method. The DFS
was calculated as time from study entry to either local, regional, or any distant
recurrence, or death from any cause before recurrence, or second primary
cancer. The OS end point was calculated from study entry to death from any
cause. The results presented here are based on follow-up data with the cutoff
date of December 31, 2007. The mean time on study was 131 months. Differ-
ences in survival end points between the two treatment groups were assessed
by the two-sided log-rank test. The �2 test was used to compare associations
between Tau expression and routine clinical variables. Both univariate and
multivariate proportional hazards models were developed to relate Tau ex-
pression, age, tumor size, histologic grade, lymph node status, ER and HER2
expression with DFS and OS. The interaction between Tau expression and
paclitaxel efficacy was performed by testing the logarithm of the ratio of two
hazard ratios. All reported P values are two sided and P � .05 was consid-
ered significant.

RESULTS

Patient Characteristics and Tau Expression

Tumor tissue was available for TMA construction from 1,942
patients that represented 63% of all clinical trial participants. Clinical
and biomarker characteristics of these patients were similar to the
whole trial population (Appendix Table A1). Tau staining was mostly
homogenous among specimens from the same cases. Eight percent
(n � 228) of all IHC scores determined independently by two pathol-
ogists were discordant for Tau status (ie, Tau negative by one and Tau
positive by the other). A third pathologist reviewed all discrepant cases
in order to obtain a consensus. After the final scoring, 43% of all
cancers (n � 833) were Tau positive (ie, � Tau expression than
normal breast epithelium). Tau expression was more frequent
among ER-positive cancers, 57% of these tumors were Tau positive
compared with 15% of ER-negative tumors (P � .0001). Tau
expression was also associated with lower grade, close to 60% of low
grade cancers (n � 103 of 182) were Tau positive compared to only
30% of high grade tumors (P � .0001). We also observed an inverse
correlation between Tau and HER2 HER-2 expression, only 20% of
HER2-positive patients were Tau positive (P � .001). Tau expression
did not correlate with tumor size, nodal status, or patient age (Table 1).

Tau Expression and DFS and OS

The median DFS has not been reached yet but there was a highly
significant difference in DFS between Tau-negative and Tau-positive
patients (P � .0001; Fig 1). Tau-positive tumors had better DFS.
However, there was no significant interaction between Tau expression
and paclitaxel effect (P � .92). The DFS of patients with Tau-negative
tumors was not statistically different when treated with AC-T com-
pared to AC (risk ratio [RR], 0.88 favoring paclitaxel; P � .16). Similar
results were observed among the Tau-positive patients (RR, 0.86;
P � .20). When OS was analyzed in a similar manner, the same results
were observed; patients with Tau-positive tumors had better OS
(Fig 2).

Tau is an ER-regulated gene and its expression can be induced by
both estrogen and tamoxifen in vitro.11-13 High Tau expression in
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ER-positive cancers was also associated with better survival when
patients received 5 years of adjuvant tamoxifen therapy without chem-
otherapy.14 These observations suggested high Tau levels are associ-
ated with increased endocrine sensitivity, but at the same time predict
for lower chemotherapy sensitivity in ER-positive tumors. This op-
posing bifunctional predictive role could complicate interpretation of
survival curves in patients who receive both treatment modalities.
Therefore, we examined the interaction between Tau and survival in

ER-negative and -positive cases separately. Among the ER-positive
patients (n � 1,287), patients with Tau-positive cancers (n � 736) had
better DFS (Fig 3) and OS (Appendix Figs A1, A2, online only) com-
pared to Tau-negative tumors, but there was no significant interaction
between Tau expression and benefit from paclitaxel. Both Tau catego-
ries showed a nonsignificant trend for better survival with AC-T com-
pared to AC. It is important to recognize that in the B-28 clinical trial
all ER-positive patients received tamoxifen concomitant with chemo-
therapy, therefore Tau levels during treatment could have been higher
(due to tamoxifen) than at baseline measured by the tissue arrays.

Among the ER-negative patients (n � 655), Tau expression
had no prognostic value. Patients with ER-negative but Tau-
positive tumors (n�97) had similar outcome as Tau-negative tumors
(n � 557). There was a small, nonsignificant trend among the ER- and
Tau-negative patients for better DFS (RR, 0.91; P � .45; Fig 4) and OS
(RR, 0.89; P � .40) (Appendix Fig A3, online only) with AC-T relative
to AC. In contrast, in the ER-negative and Tau-positive patients, there
was an nonsignificant advantage in DFS (RR, 1.17; P � .56) and OS
(RR, 1.24; P � .5) when treated with AC alone (Appendix Fig A4,

Table 1. Correlation Between Tau Expression and Clinical Variables

Variable

Tau

PNegative Positive

ER
Negative 557 98
Positive 551 736 < .0001

PR
Negative 615 146
Positive 493 688 < .0001

Lymph nodes
1-3 777 572
4-9 288 225
10� 43 37 .71

Age
� 49 559 421
50-59 351 245
� 60 198 168 .35

Tumor size
2.0 605 493
2.1-4.0 399 280
� 4 103 60 .08

HER2
Negative 718 619
Positive 224 55 < .0001

Grade
Low 79 103
Intermediate 330 407
High 653 284 < .0001

Abbreviations: ER, estrogen receptor; PR, progesterone receptor; HER2,
human epidermal growth factor receptor 2.
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Fig 1. Disease-free survival of all patients by treatment arm and Tau status.
Kaplan-Meier survival curves are shown. Tau-low cases correspond to Tau-
negative immunohistochemistry results. AC, doxorubicin and cyclophosphamide;
ACT, AC and paclitaxel; RR, risk ratio.
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Fig 2. Overall survival of all patients by treatment arm and Tau status.
Kaplan-Meier survival curves are shown. Tau-low cases correspond to Tau-
negative immunohistochemistry results. AC, doxorubicin and cyclophosphamide;
ACT, AC and paclitaxel; RR, risk ratio.
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Tau Expression As Prognostic and Predictive Marker

www.jco.org © 2009 by American Society of Clinical Oncology 4289



online only). Taken together, these data do not support that Tau
immunohistochemistry is clinically useful to determine which patient
will benefit from paclitaxel adjuvant therapy.

Univariate and Multivariate Analyses

Results from the univariate proportional hazards analyses for
DFS and OS including all cases are presented in Appendix Table A2
(online only). Tau- and ER-positive statuses were both associated with
significantly (P � .0001) better DFS and OS. In contrast, greater
tumor size, higher grade, lymph node involvement, and HER2-
positive status were associated with worse DFS and OS (P � .0001). In

multivariate analysis, the same variables except HER2 remained sig-
nificant as presented in Table 2. We also performed these analyses
separately for ER-positive and ER-negative cancers. Among ER-
positive patients, Tau-positive status was associated with significantly
better DFS and OS in both univariate (Appendix Table A3, online
only) and multivariate (Table 2) analyses. Tau had no prognostic value
in ER-negative patients. These results indicate that Tau-positive status
is an independent good prognostic marker in ER-positive breast can-
cer treated with endocrine therapy and chemotherapy.

DISCUSSION

In this study, we examined the prognostic value of Tau in patients who
received sequential AC-T or AC alone adjuvant chemotherapies in a
large randomized clinical trial. The hypothesis behind this study was
that patients with low Tau expression (ie, Tau negative) will preferen-
tially benefit from the inclusion of paclitaxel in their adjuvant chem-
otherapy regimen. However, we observed no statistically significant
interaction between low Tau-expression and benefit from adjuvant
paclitaxel. Since the original report that linked Tau with increased
sensitivity to chemotherapy, it also became apparent that Tau expres-
sion correlates closely with endocrine sensitivity in ER-positive can-
cers.14 Tau itself is an ER- and tamoxifen-induced gene. High Tau
expression (ie, Tau-positive status) therefore may in fact predict for
better survival when all breast cancer patients are considered because it
identifies particularly endocrine sensitive, ER-positive patients for
whom chemotherapy resistance is of limited relevance. Indeed, we
observed this association in this study. Tau-positive patients had sig-
nificantly better survival than patients with Tau-negative cancers,
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Fig 4. Disease-free survival of estrogen receptor–negative patients by treat-
ment arm and Tau status. Kaplan-Meier survival curves are shown. Tau-low cases
correspond to Tau negative immunohistochemistry results. AC, doxorubicin and
cyclophosphamide; ACT, AC and paclitaxel; RR, risk ratio.

Table 2. Results of Multivariate Proportional Hazards Models for DFS and OS for All Patients and for ER-Positive Patients

Parameter

All DFS All OS

ER�

DFS OS

HR P HR P HR P HR P

Treatment 0.85 .032 0.87 .16 0.90 .033 0.95 .68
Age, years

� 49 Reference Reference
50-59 0.93 .41 0.91 .43 1.05 0.66 1.13 .44
� 60 1.04 .75 1.41 .0046 1.10 0.52 1.73 .0014

Tumor size, cm
� 2.0 Reference Reference
2.1-4.0 1.17 .066 1.29 .014 1.32 0.015 1.41 .017
� 4.0 1.40 .011 1.38 .044 2.31 � 0.0001 2.21 .00016

Histologic grade
Low Reference Reference
Intermediate 1.54 .015 1.83 .016 1.52 0.032 1.82 .039
High 1.61 .0077 1.99 .0064 1.84 0.0022 2.62 .00077

Lymph nodes, No.
0-3 Reference Reference
4-9 1.75 � .0001 1.95 � .0001 1.89 � 0.0001 2.10 � .0001
� 10 3.07 � .0001 3.23 � .0001 2.32 0.00025 1.84 � .040

ER 0.73 .00047 0.65 � .0001 NA NA NA NA
HER2 1.21 .055 1.21 .10 1.45 .0069 1.59 .0053
Tau 0.80 .018 0.63 � .0001 0.78 .018 0.58 � .001

Abbreviations: DFS, disease-free survival; OS, overall survival; ER�, estrogen receptor–positive patients; NA, not applicable; HR, hazard ratio; HER2, human
epidermal growth factor receptor 2.
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despite their presumed lesser chemotherapy sensitivity. Similar
observations were also reported by others.15,16 We also examined
the prognostic value of Tau separately in ER-positive patients only.
Multivariate analysis indicated that Tau-positive status remained a
significant predictor of survival even after adjusting for histologic
grade, tumor size, nodal status, and age in ER-positive cancers (Ap-
pendix Table A3). These findings are consistent with a predictive value
for endocrine sensitivity as it was observed previously.14

Tau illustrates several important caveats in predictive marker
discovery. Despite clear recognition that ER-positive and ER-negative
breast cancers are molecularly distinct diseases, many biomarker stud-
ies analyze these breast cancers together, mostly because this is how
clinical studies were conducted in the past. Low Tau expression was
identified as a predictor of pCR to neoadjuvant chemotherapy from
such combined analysis. ER-negative, high grade, and HER2-positive
cancers are known to have higher rates of pCR compared to other
types of breast cancers.17 Low Tau expression is closely associated with
these tumor characteristics and therefore with pCR. In this study, 85%
of ER-negative cancers, 80% of HER2-positive tumors, and 70% of
high-grade cancers were Tau negative. These associations explain to a
large extent the association between low Tau expression and in-
creased pCR rate. However, even after adjusting for ER status, low
Tau expression was predictive of pCR in previous studies, while in
this study only a very weak nonsignificant numerical trend was ob-
served for greater paclitaxel sensitivity among ER-negative/Tau-
negative patients. This highlights the importance of identifying
chemotherapy sensitivity markers separately for ER-positive and ER-
negative cancers to avoid discovery of clinical phenotype predictors.
Such analysis will require large discovery sample sizes because re-
sponse rates may be low in certain molecular subgroups (for example
pCR in ER-positive cancers).

Another important consideration is the complex interaction be-
tween chemotherapy sensitivity markers and survival in adjuvant tri-
als. Survival after stage I to III breast cancer is influenced by baseline
prognosis (ie, probability of survival without any systemic therapy),
sensitivity to chemotherapy, and sensitivity to endocrine therapy
among hormone receptor-positive patients, and more recently sensi-
tivity to trastuzumab among the HER2-positive patients. It is clear
from several recent studies that the same marker can have multiple
and often inverse interaction with more than one of these variables
that influence survival. For example, high Oncotype Dx (Genomic
Health, Redwood CA) recurrence score (RS) is associated with worse
survival among ER-positive patients who receive adjuvant tamoxifen
but at the same time it also predicts for greater benefit from adjuvant
chemotherapy implying that chemotherapy sensitivity is more fre-
quent among these tumors compared to tumors with low RS.18,19

However, patients with high RS, even with adjuvant chemotherapy,
do worse than patients with low RS without chemotherapy suggesting
that even though this former group includes more patients with chem-
otherapy sensitive tumors the absolute number of such cases is still
low. The greater degree of chemotherapy benefit in this subset does
not fully compensate for the lesser endocrine sensitivity and poor
baseline prognosis. Similar, but less consistent, inverse association
between survival, endocrine sensitivity, and chemotherapy sensitivity
may exist for proliferation markers such as Ki67. High Ki67 expression
at baseline is predictive of better response to preoperative chemother-
apy in general,20 but it is also predictive of lesser endocrine sensitivity

among ER-positive patients,21,22 poorer baseline prognosis, and there-
fore worse OS in general.23,24

An important question remains why analysis of this large ran-
domized study could not confirm the preclinical observation that low
Tau expression confers selective sensitivity to paclitaxel as it was seen
in breast cancer cell lines. Observations in breast cancer cell lines may
only capture the behavior of only relatively small subsets of human
breast cancers.25 For example, a large body of in vitro evidence sup-
ports the role of drug efflux proteins in drug resistance but only very
few patients benefit from inhibition of drug efflux proteins in the
clinic.26,27 Similarly, inhibition of epidermal growth factor receptor
inhibits the growth of breast cancer cells in vitro but the clinical activity
of epidermal growth factor receptor inhibitors in breast cancer pa-
tients is limited.28 Many other examples in the literature suggest that
molecular pathways that mediate drug resistance or represent effective
targets for drug development in experimental cancer models play a
similarly critical biologic role in only a small subset of patients. In this
study, among the ER-negative patients where the predictive value of
low Tau expression for higher paclitaxel response and consequently
better survival is expected to be seen the most clearly (because of no
interaction with endocrine therapy), there was indeed a small numer-
ical advantage from inclusion of paclitaxel. The event rates were 48%
(n � 143 of 295) among the ER- and Tau-negative cases treated with
AC-T compared to 51% (n � 134 of 262) in those treated with AC
alone (Fig 4). No similar numerical advantage from inclusion of pac-
litaxel was seen among the ER-negative and Tau-positive patients.
This shows that if low Tau levels confer paclitaxel sensitivity, this is
clinically relevant in only a very small (� 5%) patient population.
Considering the numerous molecular events that can cause resistance
to chemotherapy in general and paclitaxel in particular it may have
been naïve to assume that a single molecular mechanism that increases
vulnerability of microtubules to paclitaxel will have clinical value to
define a drug sensitive population. Finally, in this trial, patients re-
ceived tamoxifen concomitant with chemotherapy and tamoxifen is
known to induce Tau expression in vitro.13 Tau levels during the
treatment could have been higher than at baseline and this effect could
also weaken correlation between pretreatment Tau expression and
paclitaxel sensitivity.

In summary, these data show that Tau expression is not clinically
useful to select or exclude patients for adjuvant paclitaxel chemother-
apy. The previously reported association between low Tau and pCR is
largely due to its phenotypic association with ER-negative, high-grade,
and HER2-positive tumors. However, Tau-positive status is predictive
of good overall prognosis that is partly independent of these pheno-
typic associations and may be due to greater endocrine sensitivity of
Tau-positive and ER-positive tumors.
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