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A B S T R A C T

Purpose
We tested the hypothesis that Akt-Ser473 phosphorylation (pAkt) predicts benefit from the
sequential addition of paclitaxel to adjuvant doxorubicin plus cyclophosphamide (AC) chemother-
apy in patients with node-positive breast cancer participating in the National Surgical Adjuvant
Breast and Bowel Project (NSABP) B-28 trial.

Patients and Methods
Primary tumors from the NSABP B-28 trial tissue microarray were available from 1,581 of 3,060
patients who were randomly assigned to receive either four cycles of AC alone or followed by four
cycles of paclitaxel. Immunohistochemistry and quantitative analysis of pAkt were performed at
the National Cancer Institute blinded to clinical outcome. Association between pAkt and clinical
outcome was assessed using multivariate Cox modeling adjusting for age, tumor size, number of
positive nodes, tumor grade, estrogen receptor status, and human epidermal growth factor
receptor 2 status.

Results
With a median follow-up of 9.1 years, there were no differences in disease-free survival (adjusted
hazard ratio [HR], 1.02; P � .81) or overall survival (HR, 0.97; P � .80) with and without receiving
paclitaxel among 975 patients with pAkt-negative tumors. In 606 patients with pAkt-positive
tumors, the sequential addition of paclitaxel resulted in a 26% improvement in disease-free
survival (HR, 0.74; P � .02) or a 20% improvement in overall survival (HR, 0.80; P � .17).

Conclusion
pAkt significantly predicts disease-free benefit from the sequential addition of paclitaxel to AC
chemotherapy in patients with node-positive breast cancer. Patients with pAkt-negative breast
tumors do not appear to benefit from the addition of paclitaxel.

J Clin Oncol 28:2974-2981. © 2010 by American Society of Clinical Oncology

INTRODUCTION

Adjuvant chemotherapy significantly improves
disease-free survival (DFS) and overall survival
(OS) in early-stage breast cancer.1 Anthracycline-
containing compared with nonanthracycline-
containing regimens further reduce recurrence and
mortality rates.2 Over the past decades, taxanes
(paclitaxel and docetaxel) have emerged as effective
chemotherapy agents for breast cancer and other
malignancies.3,4 Incorporation of taxanes into the
adjuvant breast cancer setting has resulted in signif-
icant improvement in DFS and OS.2 The B-28 ran-
domized clinical trial from the National Surgical
Adjuvant Breast and Bowel Project (NSABP) evalu-
ated whether the sequential addition of paclitaxel
after doxorubicin plus cyclophosphamide (AC)
compared with AC alone improved outcomes for
patients with axillary node-positive breast cancer.

The trial results demonstrated that the addition of
paclitaxel significantly improved DFS but not OS.5

Akt is a serine/threonine protein kinase that has
been implicated in the pathogenesis of cancer as well
as essential cellular processes including metabolism,
cell growth, proliferation, cell cycle progression, and
survival.6 Recent preclinical studies report that Akt-
Ser473 is phosphorylated by SIN1-rictor-mTOR
(TORC2) complex, which is required for cellular
functions such as survival7 and actin cytoskeletal
reorganization.8,9 Akt via GSKbeta is implicated in
the regulation of microtubule dynamics and organi-
zation.10 By directly phosphorylating and inactivat-
ing WEE1, Akt causes the activation of cdc2 and
promotes the cell cycle progression at the G2-M
transition, which may render cells more susceptible
to mitotic inhibitors such as paclitaxel.11,12 Further-
more, inhibition of Akt phosphorylation by PI3K/
Akt inhibitor enhances apoptosis induced by
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chemotherapy agents including paclitaxel.13 This combination ap-
proach produced greater apoptotic effect in cancer cells with
higher levels than those with lower levels of active Akt. Impor-
tantly, paclitaxel and some other chemotherapy agents inactivate
Akt, thus causing or enhancing apoptosis which leads to the re-
duced survival of cancer cells.14-17

Currently, there are no reliable biomarkers predictive of thera-
peutic benefit in patients who receive taxane-based adjuvant chemo-
therapy. A recent meta-analysis of adjuvant therapy trials found a
significant DFS improvement from taxanes irrespective of hormone
receptor status or human epidermal growth factor receptor 2 (HER2)
status.2,18 Since not all patients benefit from taxanes and they are
associated with significant toxicities such as neuropathy, it is critically
important to identify biomarkers that reliably predict benefit specific
to this class of drugs.

The role of Akt phosphorylation at Ser-473 (pAkt) on the out-
come of patients with breast cancer who receive taxane-based chem-
otherapy has not been examined in clinical settings including adjuvant
chemotherapy. Therefore, we designed and conducted this study that
correlates pAkt status with clinical outcome in patients from the
NSABP B-28 trial. We tested the hypothesis that pAkt predicts
benefit from the sequential addition of paclitaxel to adjuvant AC
chemotherapy in women with node-positive breast cancer.

PATIENTS AND METHODS

Patients

NSABP B-28 was an adjuvant chemotherapy trial in patients with early-
stage breast cancer conducted from August 1995 to May 1998.5 In brief, 3,060
women with resected, node-positive breast cancer were randomly assigned to
either four cycles of adjuvant AC (doxorubicin 60 mg/m2 and cyclophospha-
mide 600 mg/m2) or to the same chemotherapy regimen followed by four
additional cycles of paclitaxel (225 mg/m2). Eligible patients signed an ap-
proved informed consent which included tissue collection and research use of
collected tissue conforming to federal and institutional guidelines. The NSABP
B-28 clinical trial is registered at PDQ, number NSABP-B-28. The biomarker
protocol for the evaluation of Akt phosphorylation in association with clinical
outcome was approved by the institutional review boards of the National
Cancer Institute (Bethesda, MD) and the NSABP.

Tissue Microarray Construction, and Determination of HER2

Status and Estrogen Receptor Status

Patient selection, assay performance, and data analysis are reported
according to the Recommendations for Tumor Marker Prognostic Studies
(REMARK) criteria.19 Tissue microarray (TMA) were constructed from 1,982
cases that had the tumor blocks, which were representative of two treatment
arms and tissue characteristics, and collected prospectively from patients who
participated in NSABP B28 trial (Appendix Fig A1, online only). The B-28
microarray set contained 30 slides with 20 to 100 tissue cores per slide,
which built a core per patient, and duplicate or triplicate cores per patient
for 106 cases, which served as internal controls. HER2 status on the
microarray sections was determined by the NSABP central pathology
laboratory using PathVision fluorescent in situ hybridization (FISH) assay
(Vysis, Downers Grove, IL) according to the US Food and Drug Adminis-
tration–approved protocol per manufacturer. Data were expressed as the
number of HER2 genes per chromosome 17 centromere; tumors with a
ratio of � 2 were classified as HER2 positive, and those with a ratio of less
than 2 were defined as HER2 negative.20 Estrogen receptor (ER) status in
TMA was also determined by the NSABP central pathology laboratory by
immunohistochemistry according to the US Food and Drug Administra-
tion–approved protocol provided by Dako (PharmDx kit; Carpinteria,
CA). A positive tumor cell nuclear staining for ER was defined as a total

score of � 3 (ranging from 0, 2 to 8). The total score is the sum of a
proportion score from 0 to 5 and an intensity score of 0 to 3.21

pAkt Expression

pAkt status on formalin-fixed paraffin-embedded primary tumors from
two complete sets of B-28 TMA was examined by immunohistochemistry
using a standard avidin-biotin-peroxidase complex indirect immunoperoxi-
dase procedure as previously described.22,23 In brief, epitope retrieval was
performed in antigen retrieval buffer (pH10) and heated in a microwave oven
for 15 minutes (Dako). This optimized antigen retrieval method for immuno-
histochemical detection of pAkt is shown in Appendix Fig A2 (online
only).22,23 Sections were incubated with a rabbit polyclonal antibody specific
to pAkt-Ser473 (Cell Signaling Technology, Beverly, MA) in a 1:100 dilution.
Binding of the antibody to antigenic sites was amplified using Vectastain Elite
avidin-biotin-peroxidase complex kits (Vector Laboratories, Burlingame,
CA). Breast cancer cell line MDA-MB-468 and a breast cancer specimen that
express pAkt were utilized as positive controls.24,25 Negative control was per-
formed using isotype immunoglobulins appropriate to the primary antibody
used (Zymed Laboratories, South San Francisco, CA). Similar staining results
were obtained from the two sets of B-28 trial microarray and representative
core by core comparison is shown in Appendix Fig A3 (online only). One
representative set was analyzed in this study.

pAkt staining with cytoplasmic, membranous or nuclear signal were
analyzed with the assistance of an Automated Cellular Imaging System (ACIS
III, Dako) at the National Cancer Institute blinded to all clinical information.26

Missing cores and tissue cores with fewer than 5% of invasive tumor cells
present were excluded for analysis (Fig A1). The intensity and percentage of
stained tumor cells on each core was generated using a free-scoring tool by the
digital imaging system. Staining index was determined by percentage (range, 0
to 94.1) multiplied by intensity of staining (range, 0 to 66.7) divided by 100 as
previously described.23,27,28 The concordance for levels of pAkt on quality
control cores in duplicates or triplicates was met for 75 (71%) of 106 cases; the
cases with minor discordance were reviewed and reconciled between two
investigators (S.Y., S.P.). Four cases, each in duplicate, could not be reconciled
due to tumor heterogeneity and were excluded from the data analysis. The
staining index of more than 2 (range, 0 to 62.8) was arbitrarily chosen as the
cutoff for pAkt positivity.22,23,29,30 This cutoff included pAkt staining with a
visual intensity of 1�, 2�, and 3� as well as more than 6% of stained tumor
cells. The correlation with clinical outcome was performed at the NSABP
Biostatistical Center.

Statistical Analysis

Differences in the distribution of patient and tumor characteristics be-
tween the subset of patients with pAkt measurements and the total population
were assessed using the �2 test. DFS and OS curves by pAkt-positive group and
pAkt-negative group treated with or without paclitaxel were estimated with
the Kaplan-Meier method.31 The log-rank test was used to assess differences
between treatment groups for outcomes.32 The events included in DFS were
breast cancer recurrence, second primary cancer (excluding squamous or
basal cell carcinoma of the skin, carcinoma in situ of the cervix, or lobular
carcinoma in situ of the breast), and death from any cause without prior
recurrence or second primary cancer. The end point included in OS was death
from any cause. Multivariate Cox proportional hazards modeling was used to
compute adjusted DFS and OS hazard ratios (HRs) with 95% CIs for pAkt and
prognostic variables.33 The Wald statistic was used to determine P values for
the adjusted HRs and the interaction terms. Kaplan-Meier curves that were
adjusted for prognostic variables were determined using the method described
by Xie and Liu.34 HRs and P values presented on the adjusted Kaplan-Meier
curves were those obtained from multivariate Cox modeling.

RESULTS

Outcome, pAkt Status, and Patient Population With

pAkt Measurement

The B-28 treatment trial results with approximate 5 years of
follow-up have been reported previously.5 With a median follow-up

pAkt and Paclitaxel Outcome

www.jco.org © 2010 by American Society of Clinical Oncology 2975



of 9.1 years, the results were similar to those reported previously. The
HRs comparing patients treated with paclitaxel to those not treated
with paclitaxel were 0.89 (95% CI, 0.79 to 0.99; P � .034) for DFS and
0.92 (95% CI, 0.81 to 1.06; P � .25) for OS.

Primary breast tumors on B-28 tissue microarray were available
for analyses from 1,581 patients, which represent 52% of B-28 trial
population (Appendix Fig A1). Through a median follow-up of 9.1
years, the HRs for DFS and OS in 1,581 patients with pAkt data were
0.94 (95% CI, 0.81 to 1.10; P � .46) and 0.96 (95% CI, 0.79 to 1.15;
P � .63), respectively. Expression of pAkt was observed in 606 (606
[38%] of 1,581) breast tumors, of which 279 (279/760; 37%) were in
the AC group, and 327 (327/821; 40%) in the AC followed by pacli-
taxel group (Appendix Fig A1 and Table A1, online only). Appendix
Figures A4A and A4B show the distribution of 1,581 patients by pAkt
levels, and representative staining of pAkt-negative and pAkt-positive
breast tumors as well as their corresponding staining indices.

To confirm that 1,581 patients with pAkt measurement in this
study were representative of the entire population by treatment group
of the B-28 trial, we compared age, tumor size, the number of involved
lymph nodes, tumor grade, and ER status in patients with pAkt mea-
surement and all treated patients (Table 1). There were no significant
detectable differences in demographic or prognostic features except
for tumor size and tumor grade in the group treated with AC alone.
Approximately 84% of patients with pAkt measurement had received

tamoxifen treatment, a proportion similar to that of 85% for the entire
B-28 population.

Paclitaxel and pAkt Status

DFS and OS among patients who did or did not receive paclitaxel
were analyzed according to pAkt status as established by immunohis-
tochemistry (Appendix Fig A4). Among 975 patients with pAkt-
negative tumors, DFS rate was similar in those treated with and
without the addition of paclitaxel (HR, 1.08; P � .44; Fig 1A). How-
ever, in 606 patients with pAkt-positive tumors, the sequential addi-
tion of paclitaxel to AC significantly increased DFS as compared with
AC alone (HR, 0.75; P � .027; Fig 1B). Moreover, there was no OS
difference between treatment groups in patients with pAkt-negative
tumors (HR, 1.04; P � .74; Appendix Fig A5A, online only), or
statistically significant OS difference in patients with pAkt-positive
cancer (HR, 0.83; P � .226; Fig A5B).

To evaluate the potential interaction between pAkt status and
treatment for DFS, we tested the statistical significance of the interac-
tion term in a proportional hazards model adjusted for age, tumor
grade, tumor size, number of positive nodes, ER status, and HER2
status (Table 2). The formal test of the interaction between treatment
and pAkt status reached borderline statistical significance (P � .056).
However, there was no evidence of interaction between treatment
effect and age, tumor size, positive lymph nodes, grade, ER status, or

Table 1. Comparison of Outcome, Age, and Tumor Characteristics Between All NSABP B-28 Patients and Those With pAkt Measurement

Variable

AC AC-P

All Patients (n � 1,529)
Patients With pAkt Data

(n � 760)

P �

All Patients (n � 1,531)
Patients With pAkt Data

(n � 821)

P �No. % 95% CI No. % 95% CI No. % 95% CI No. % 95% CI

Age, years .80
� 50 761 49.8 398 52.4 .15 788 51.5 419 51.0
� 50 768 50.2 362 47.6 743 48.5 402 49.0

Tumor size† .07
� 2 917 60.0 417 55.0 .017 894 58.4 447 54.5
2.1-4.0 494 32.4 274 36.1 498 32.6 292 35.6
� 4.1 116 7.6 67 8.8 138 9.0 81 9.9

Positive lymph nodes .87
1-3 1,068 69.8 525 69.1 .88 1,068 69.8 568 69.2
4-9 400 26.2 203 26.7 395 25.8 218 26.5
� 10 61 4.0 32 4.2 68 4.4 35 4.3

Tumor grade .13
Good 147 9.6 51 6.7 .002 149 9.7 70 8.5
Intermediate 603 39.4 290 38.2 573 37.4 308 37.5
Poor 695 45.5 388 51.0 729 47.6 412 50.2
Unknown 84 5.5 31 4.1 80 5.2 31 3.8

ER status .20
Negative 516 33.7 275 36.2 .16 525 34.3 299 36.4
Positive 1,013 66.3 485 63.8 1,006 65.7 522 63.6

5-year survival
Disease free 72 70-74 70 66 to 73 76 73 to 78 73 69 to 76
Overall 85 83-87 83 81 to 86 85 84 to 87 84 81 to 86

10-year survival
Disease free 58 55-60 56 52 to 60 62 59 to 64 58 54 to 61
Overall 71 69-74 71 67 to 74 74 72 to 76 72 69 to 75

Abbreviations: NSABP, National Surgical Adjuvant Breast and Bowel Project; pAkt, Akt-Ser473 phosphorylation; AC, doxorubicin plus cyclophosphamide; AC-P, AC
followed by paclitaxel; ER, estrogen receptor.

��2 goodness of fit test using all B-28 patients as the expected distribution.
†Tumor size was unknown for two patients in the AC group and one in the AC-P group.
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HER2 status. Furthermore, to investigate the influence of some
imbalances in prognostic factors such as age, tumor grade, tumor
size, number of positive nodes, ER status, and HER2 status on our
results, we conducted a multivariate analysis using the Cox propor-
tional hazards model with data stratified according to DFS. When
comparing the adjusted DFS for patients treated with or without
paclitaxel, the adjusted HRs were 1.02 (P � .81) for those with pAkt
negative tumors and 0.74 (P � .02) for those with pAkt-positive
tumors (Table 3). There was a 20% increase in OS by paclitaxel
compared with no paclitaxel in patients with pAkt-positive tumors,
but it did not reach statistical significance (Table 3). In addition, there
were no significant differences for DFS and OS with or without the
addition of paclitaxel in all patients with pAkt measurement (Table 3).

Paclitaxel, and Expression of pAkt, ER, and

HER2 Status

To explore the possible influence of ER status and HER2 status, as
well as the effect of pAkt on paclitaxel benefit, we examined DFS in
patients treated with or without paclitaxel according to pAkt status for
patient subgroups stratified by ER status or HER2 status adjusting for
age, tumor grade, tumor size, number of positive nodes, and either ER

or HER2 status. Figure 2 provides the adjusted Kaplan-Meier plots for
DFS in patients with pAkt-negative and pAkt-positive tumors strati-
fied by ER status; Figure 3 shows the adjusted DFS curves in patients
with pAkt-negative and pAkt-positive tumors stratified by HER2 sta-
tus. In patients with pAkt-negative tumors, the effect of paclitaxel was
not observed in any of the subgroups irrespective of ER status or HER2
status. The HRs were 1.06 for patients with ER-positive tumors
(P � .64; Fig 2A), 1.04 for ER-negative tumors (P � .79; Fig 2C), 0.96
for HER2-positive tumors (P � .88; Fig 3A), and 1.12 for HER2-
negative tumors (P � .36; Fig 3C). In contrast, for patients with
pAkt-positive tumors, the HRs for the addition of paclitaxel versus no
paclitaxel were 0.66 for those with ER-negative tumors (P � .052; Fig
2D) and 0.70 for those with HER2-negative tumors (P � .03; Fig 3D).
The plots for patients with ER-positive tumors (HR, 0.82; P � .24; Fig
2B) and those with HER2-positive tumors (HR, 0.72; P � .28; Fig 3B)
also showed a separation between treatment curves but the differences
were not statistically significant. These results indicate that the inter-
action between paclitaxel treatment and pAkt status is still evident
after stratification with ER status or HER2 status although the statis-
tical power is reduced.

DISCUSSION

Our findings indicate that pAkt independently predicts disease-free
benefit from the sequential addition of paclitaxel to AC chemothera-
py. The results from the entire B-28 population demonstrated that the
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Fig 1. Disease-free benefits in patients treated with or without paclitaxel
according to Akt-Ser473 phosphorylation (pAkt) status. Disease-free survival
according to (A) negative pAkt or (B) positive pAkt was analyzed with the use of
the Kaplan-Meier method. HR, hazard ratio.

Table 2. Results of Disease-Free Survival Analysis by Multivariate Cox
Modeling in Patients With pAkt Measurement

Variable

Disease-Free Survival

HR 95% CI P

P for
Treatment
Interaction�

pAkt group, treatment assignment — .056
Negative, AC 1.00
Negative, AC followed by paclitaxel 1.03 0.85 to 1.25
Positive, AC 1.16 0.92 to 1.45
Positive, AC followed by paclitaxel 0.88 0.70 to 1.10

Age, years .57 .82
� 50 1.00
� 50 0.96 0.82 to 1.12

Tumor size† .001 .22
� 2 1.00
2.1-4.0 1.22 1.03 to 1.44
� 4.1 1.55 1.20 to 1.99

Positive lymph nodes � .0001 .54
1-3 1.00
4-9 1.81 1.54 to 2.14
� 10 2.46 1.80 to 3.36

Tumor grade .04 .35
Good 1.00
Intermediate 1.52 1.05 to 2.20
Poor 1.57 1.08 to 2.27
Unknown 1.04 0.60 to 1.82

ER status � .0001 .42
Negative 1.00
Positive 0.69 0.58 to 0.81

HER2 status .07 .75
Negative 1.00
Positive 1.27 1.03 to 1.55
Unknown 1.01 0.80 to 1.26

Abbreviations: AC, doxorubicin plus cyclophosphamide; HR, hazard ratio;
pAkt, Akt-Ser473 phosphorylation; ER, estrogen receptor; HER2, human
epidermal growth factor receptor 2.

�P for treatment-by-factor interaction.
†Three patients with unknown tumor size excluded (two in the AC arm and

one in the AC followed by paclitaxel group).
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sequential addition of paclitaxel significantly reduced DFS events by
11% while the population with pAkt measurement showed 6% reduc-
tion in DFS events. In contrast, the sequential addition of pacli-
taxel to AC significantly reduced DFS events by 25% in patients
with pAkt-positive breast tumors.

We found an apparent interaction between pAkt and treatment
with the addition of paclitaxel. The results are substantiated by pre-

clinical findings that while Akt phosphorylation and its transducing
downstream events play a central role in cell survival and cell cycle
progression at the G2-M transition, paclitaxel inhibits Akt-Ser473
phosphorylation and induces mitotic arrest.15,16,35,36 Therefore, pac-
litaxel may have caused more damage to tumor cells that were depen-
dent on pAkt for survival and cell cycle progression, significantly
impacting outcome. Similar to the results of B28 reported previously,

Table 3. Adjusted HRs for Disease-Free Survival and Overall Survival by All Patients and by pAkt Status in This Study

End Point

pAkt Positive Plus pAkt Negative
(n � 1,581) pAkt Negative (n � 975) pAkt Positive (n � 606)

HR 95% CI P HR 95% CI P HR 95% CI P

Disease-free survival
AC 1.00 1.00 1.00
AC-P 0.92 0.79 to 1.08 .30 1.02 0.85 to 1.24 .81 0.74 0.57 to 0.95 .02

Overall survival
AC 1.00 1.00 1.00
AC-P 0.94 0.78 to 1.13 .51 0.97 0.77 to 1.23 .80 0.80 0.59 to 1.10 .17

NOTE. Adjusted for age, tumor size, number of positive nodes, tumor grade, estrogen receptor status, and human epidermal growth factor receptor 2 status.
Abbreviations: HR, hazard ratio; pAkt, Akt-Ser473 phosphorylation; AC, doxorubicin plus cyclophosphamide; AC-P, AC followed by paclitaxel.
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Fig 2. Adjusted disease-free survival (DFS) among patients treated with or without paclitaxel according to estrogen receptor (ER) and Akt-Ser473 phosphorylation
(pAkt) status. DFS was analyzed with the use of the Kaplan-Meier method by (A, C) negative pAkt or (B, D) positive pAkt, or by (A, B) positive ER or (C, D) negative
ER expression.
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no interaction between treatment effect and any of the other prognos-
tic factors was observed (Table 2).5

The use of archived tissue for pAkt detection has been described
in small studies previously22,23,37; however, its clinical application has
been hampered due to concerns of variation in specimen fixation and
duration of fixation for phosphoproteins. Before this study, we opti-
mized the immunohistochemistry procedure for pAkt detection. In
addition, the use of digital imaging technology has strengthened the
study results by increasing objectivity, reliability, and reproducibili-
ty.23,28 By these approaches, our results demonstrate the potential
clinical utility of pAkt immunohistochemistry.

By primary and exploratory subset analyses, we observed that
only patients with breast cancer with pAkt-positive tumors benefit
from the addition of paclitaxel (Fig 1 and Appendix Fig A5); this
appears true regardless of ER status or HER2 status (Figs 2 and 3). Of
note, a significant improvement in DFS by paclitaxel versus no
paclitaxel was achieved in the subgroup of patients with pAkt-
positive and HER2-negative tumors, which represent one fourth of
the study population (Fig 3D). It seemed that there was a paclitaxel
benefit in the subset of patients with pAkt-positive and HER2-
positive tumors as well but the patient number in this subgroup
was small and only reached borderline statistical significance. Pa-

tients with both HER2-negative and HER2-positive tumors benefit
from paclitaxel are in agreement with the results of Hayes et al and
meta-analysis.38,39 When stratifying by ER status, there appeared to
have a greater effect from paclitaxel in patients with pAkt-positive
and ER-negative tumors than those with pAkt-positive and ER-
positive tumors (Fig 2D v 2B). This is consistent with the findings
of Berry et al40 on the analysis of ER status and chemotherapy
outcome of three randomized trials conducted by Cancer and
Leukemia Group B, and the US Breast Cancer Intergroup (9344,
8541, and 9741). In addition, the subgroup with HER2-negative
and ER-positive tumors did not seem to benefit from paclitaxel
(Appendix Fig A6A, online only). However, patients with pAkt-
positive, HER2-negative, and ER-positive tumors, in contrast to
those with pAkt-negative, HER2-negative, and ER-positive tu-
mors, showed a trend for benefiting from paclitaxel (Appendix Figs
A6B, A6C).

In the patient population with pAkt-positive breast tumors, the
increase in OS by paclitaxel was 20% but it did not reach statistical
significance (Table 3). This may be attributed to a reduced level of
statistical power as the number of events in OS is fewer than those in
DFS. A prolonged follow-up may hold answers for the impact of pAkt
on OS from the addition of paclitaxel to AC chemotherapy.
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Fig 3. Adjusted disease-free survival (DFS) among patients treated with or without paclitaxel according to human epidermal growth factor receptor 2 (HER2) and
Akt-Ser473 phosphorylation (pAkt) status. DFS was analyzed with the use of the Kaplan-Meier method by (A, C) negative pAkt or (B, D) positive pAkt, or by (A, B) positive
HER2 or (C, D) negative HER2 expression.
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Women with pAkt-negative tumors (62% in this study) did not
appear to benefit from the addition of paclitaxel. Thus, the addition of
paclitaxel to adjuvant chemotherapy regimen(s) could be spared for
about two thirds of patients with node-positive breast cancer if our
data are validated in Cancer and Leukemia Group B 9344 or E1199
trial or other prospective clinical trials. pAkt as a predictive biomarker
will then likely contribute to an approach of individualized medicine.
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