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Abstract

Mature outcomes from adjuvant endocrine therapy trials in estrogen receptor-positive breast
cancer have enabled comparisons with neoadjuvant clinical trials that have parallel randomizations
of treatment in terms of the response of disseminated disease versus the local response within the
breast. Imprecise end points, such as “clinical response’, have produced inconsistent results
regarding the relationship between neoadjuvant and adjuvant endocrine therapy outcomes.
However, the proliferation marker Ki-67, measured during neoadjuvant treatment, has predicted
accurately and consistently the results of much larger studies in the adjuvant setting. In this
Review, we summarize these trials and discuss the implications for the design of future adjuvant
endocrine therapy trials. We conclude that there is sufficient evidence supporting the view that the
degree of Ki-67 suppression is a reliable short-term surrogate for the adjuvant potential of
endocrine drugs, at least in postmenopausal women. We propose that adjuvant endocrine therapy
trials should only be conducted once adequately-powered neoadjuvant studies have indicated
superior Ki-67 suppression in patients receiving experimental endocrine treatment versus the
standard treatment.

Introduction

Estrogen receptor-positive (ER+) breast cancer is a heterogeneous disease and, despite its
reputation for a relatively benign course, most breast cancer-related deaths occur within this
subset.! Because the annual risk of relapse is low but risk persists over several decades and
the differences in efficacy between endocrine therapy approaches are modest, the
development of new adjuvant endocrine treatments requires protracted follow-up and very
large sample sizes. Improvements in adjuvant therapy for ER+ breast cancer are, therefore,
hard to demonstrate. 24 A surrogate end point biomarker that could examine reliably the
potential efficacy of new endocrine treatments versus current standard treatments would be a
significant advance that would promote the activation of adjuvant trials that are based on
sound pharmacological superiority hypotheses and, therefore, are more likely to succeed.
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As the efficacy of endocrine therapy in breast cancer relies largely on inducing cell-cycle
arrest instead of on activation of apoptosis,® it is logical to focus on proliferation as a
relatively easy-to-measure biological end point as an assessment of the short-term effects of
endocrine agents. The data from a humber of studies comparing neoadjuvant and adjuvant
endocrine treatments are now available (Table 1). These data may allow the proliferation
biomarker Ki-67 to be recognized as a reliable surrogate, which would help to establish a
paradigm whereby a positive neoadjuvant study based on Ki-67 data should be a mandatory
prerequisite before adjuvant endocrine studies are carried out.

Ki-67 as a biomarker

First identified in the early 1980s by Gerdes et a/., the Ki-67 antigen is expressed during all
cell-cycle phases except for G, with levels peaking during mitosis. Although ASCO has yet
to list Ki-67 as a required breast cancer biomarker for breast cancer management,’ the 2011
St Gallen International Expert Consensus meeting supported the use of a cutoff point of 14%
of Ki-67 positive cells in the invasive portion of the tumor as a simple means to distinguish
between the two ‘intrinsic’ subtypes of ER+ breast cancer: luminal A (better prognosis;
<14% of Ki-67-positive cells) and luminal B (worse prognosis; >14% of Ki-67-positive
cells).8 Resistance to the adoption of Ki-67 as a mandatory biomarker for clinical decision
making in adjuvant therapy is largely due to the lack of a concerted effort to standardize the
test,1911 and not to a lack of evidence that Ki-67 is a prognostic factor in the setting of ER+
breast cancer.1? The focus of this Review, however, is not to discuss the status of baseline
Ki-67 measurement in terms of its application as a routine clinical test, as this issue has been
well covered by other publications,10 but rather as the basis for a centrally conducted and
highly controlled pharmacodynamic assay that can be applied to ER+ breast cancer
specimens accrued from patients who have been treated on neo-adjuvant endocrine therapy
clinical trials. In this setting, the on-treatment levels of Ki-67 reflect the ability of the
endocrine treatments to suppress proliferation.1314 The decrease in levels of Ki-67 is rapid
following treatment with either tamoxifen or an aromatase inhibitor, and the on-treatment
levels at 2 weeks are already more prognostic than baseline levels.1> However, most of the
data cited in this article are based on the levels of Ki-67 in biopsies obtained after 3-5
months of neoadjuvant endocrine treatment. We acknowledge that the optimal timing for
when to measure the ‘on endocrine treatment’” Ki-67 value is an unsettled issue, partly
because the patterns of Ki-67 response are very heterogeneous. Although most tumors
exhibit a marked decrease in Ki-67 levels with endocrine treatment, some tumors exhibit a
paradoxical increase in levels of Ki-67 from baseline and can even increase when the 2-
week sample showed an initial decrease from baseline.> Although our understanding of
these patterns from a prognostic standpoint is incomplete, we propose that data from a Ki-67
value obtained from 3 to 5 months of treatment is a reasonable standard for clinical and
research applications as the durability of the pharmacological effect is probably an important
aspect of efficacy. However, further studies on the relationship between patient outcomes
and the timing of the on-treatment biopsy are certainly warranted.

The BIG 1-98 and P024 trials

The Breast International Group (BIG) 1-9816 trial is a randomized, phase 111, double-blind
four-arm adjuvant study that compared letrozole and tamoxifen administered either as
monotherapy or in sequence for 5 years in post-menopausal women with early-stage
hormone receptor-positive breast cancer.1® From 1998 to 2003, 8,010 patients were enrolled,
4,922 of whom received monotherapy for 5 years (letrozole arm: = 2,463; tamoxifen arm:
n=2,459). Data from this study were reported 13 years after trial initiation with a median
follow-up of 8.1 years (range 0-12.4 years). The letrozole arm was associated with
improved disease-free survival (DFS; hazard ratio [HR] = 0.82; 95% CI = 0.74-0.92; P=

Nat Rev Clin Oncol. Author manuscript; available in PMC 2012 December 10.



1X31-)lew1a1ems 1X31-){Jewiaremsg

1Xa1-)lewarems

Goncalves et al.

Page 3

0.0002) and a reduced risk of death (HR =0.79; 95% CI = 0.69-0.90; 2= 0.0006) compared
with the tamoxifen arm.1’

Nearly a decade before letrozole was finally shown to improve survival in breast cancer,1” a
prescient study with 337 patients had already revealed the superior efficacy of letrozole
versus tamoxifen against primary breast cancer in a neoadjuvant protocol.12 The P024 trial
was a randomized, double-blind, multicenter study that compared the efficacy of 4 months
of treatment with letrozole or tamoxifen as neoadjuvant therapy for postmenopausal women
with locally advanced-stage breast cancer (clinical stage Il or 111) positive for ER and/or
progesterone receptor (PR).18 None of the patients was considered to be a candidate for
breast-conserving surgery at baseline, and 14% of the patients were considered inoperable.
Letrozole was found to be superior to tamoxifen in terms of clinical response rate (55%
versus 36%, P = 0.001), ultrasound response rate (35% versus 25%, £=0.042; Table 1),
mammographic response rate (34% versus 16%, £ = 0.001) and breast conservation rate
(45% versus 35%, P=0.022).18 These results were even more marked in the patients
included in the ER+ subset classified by the central testing laboratory.1? In addition to
improved clinical response, the superiority of letrozole was further demonstrated by a higher
treatment-induced reduction of the levels of Ki-67 in the tumor at surgery (87% reduction in
the letrozole arm versus 75% in the tamoxifen arm; analysis of covariance 2= 0.0009) based
on the 185 specimens with available data on Ki-67.12 Thus, the P024 triall3 first
demonstrated the potential of small neo-adjuvant protocols to identify new adjuvant
endocrine agents that would ultimately prove superior to a previous standard therapy, once
follow-up had been achieved in a sufficiently large cohort of patients. This study also
demonstrated interactions between HER?2 status and Ki-67, revealing that HER2
amplification reduces the anti-proliferative effects of endocrine drugs.2® Thus, a relatively
unexplored area of research is the use of Ki-67 as a discovery tool to identify the
mechanisms of resistance to endocrine drugs.

The P024 triall3 also contributed to the observation that favorable short-term response to
endocrine therapy is prognostic of superior long-term survival; an observation that had not
been demonstrated before although there were hints from a UK study that, a decade earlier,
had assessed tamoxifen alone as primary treatment.21 A prognostic model was developed
within the P024 trial database based on biomarker and routine pathological staging of the
tumor excision specimen after neoadjuvant endocrine therapy, with the objective of
developing guidance for further therapeutic decision making after the completion of
neoadjuvant endocrine treatment.22 At a median follow-up of 61.2 months, low levels of
Ki-67 in the biopsy were significantly associated with relapse-free survival (RFS; HR = 1.4,
per natural log increase in the Ki67 value 95% CI = 1.2-1.6 P£<0.001), and breast cancer-
specific survival (HR = 1.4, 95% CI = 1.1-1.7; A= 0.009).22 In addition to Ki-67,
pathological tumor size (T1 or T2 versus T3 or T4), node status (positive or negative) and
the ER status (positive Allred score 3-8 versus negative Allred score 0-2) of the biopsy
were determined to also have independent prognostic value for relapse and death after
relapse (Table 2).22 A prognostic score—the preoperative endocrine prognostic index
(PEPI), which weights each of these factors according to their associated hazard ratios—was
developed (Table 3). PEPI was then validated in an independent data set from the IMPACT
trial.22 No relapses were recorded in either trial in patients with tumors classified as T1, NO
and with a PEPI score of 0 (residual tumor with a Ki-67 level <2.7% with maintained ER
expression) or in the rare patient with a pathologic complete response.22 Although the PEPI
score was primarily developed as a prognostic tool, it is now being applied as the primary
end point in a neoadjuvant endocrine therapy protocol to be executed by the US cooperative
groups. This makes sense, as a more-effective endocrine agent would be expected to achieve
higher PEPI-0 rates through greater anti-proliferative effects combined with greater
pathological tumor down-staging. 18 Regarding the use of PEPI score in clinical practice,
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this remains subject to a number of caveats concerning the analytical consistency of Ki-67
analysis that have been recently reviewed by the International Ki-67 Working Group.23
Unresolved issues include optimal assay conditions, reagents and scoring approaches.

The ATAC and IMPACT trials

Anastrozole was compared with tamoxifen in a large, randomized, phase 11, adjuvant trial
(ATAC) that randomly assigned 9,366 postmenopausal women with hormone receptor-
positive breast cancer to receive anastrozole or tamoxifen, alone or in combination.24 After
10 years of follow-up, patients assigned to the anastrozole group had a statistically
significant increase in DFS (HR = 0.86, Z=0.003) and a longer time to recurrence (HR =
0.79, £=0.0002) compared with the tamoxifen group.2> The combination arm was dropped
early because the efficacy of this regimen was not likely to exceed the efficacy of tamoxifen
alone. In parallel to the ATAC trial, the IMPACT (Immediate Preoperative Anastrozole,
Tamoxifen, or Combined with Tamoxifen) trial2® treated 330 patients with locally
advanced-stage disease for a comparison of the two agents—used either alone or in
combination—in the neoadjuvant setting.26 Overall, there was no significant difference in
the clinical response rates between the two arms. However, the superiority of anastrozole
over tamoxifen was demonstrated after detecting a greater reduction in Ki-67 levels after 2
weeks and 12 weeks of therapy (P=0.013 and 0.0006, respectively) in the 259 patients for
whom Ki-67 data were available.1* There were no significant differences in Ki-67
suppression between tamoxifen and the combination arm at either time point, which
mirrored the DFS result in the ATAC trial. Thus, although the IMPACT trial, unlike P024,
did not show differences in clinical response rates, both studies showed consistent
reductions in Ki-67 levels. Importantly, IMPACT predicted the futility of the anastrozole
and tamoxifen combination and the investigators contended that, had the Ki-67 results been
known in advance, the ATAC investigators would not have included the combination arm in
their protocol. 14

A strong contribution of the IMPACT trial was the collection of tumor specimens 2 weeks
after the initiation of therapy. This led to the observation that, at this very early time point,
Ki-67 expression was significantly associated with RFS (HR = 1.95; 95% CI = 1.23-3.07; P
= 0.004) after adjusting for ER levels and tumor size. The 5-year RFS rates were 85%, 75%,
and 60% for the lowest, middle, and highest tertiles of 2-week Ki-67 expression,
respectively.1® The hypothesis that Ki-67 levels—established as soon as 2 weeks after the
initiation of therapy—act as a better prognostic factor than the baseline levels is being tested
in the 4,000 patient POETIC (Peri Operative Endocrine Therapy for Individualizing Care)
trial in the UK.27 A caveat regarding the POETIC approach is that measuring Ki-67 after 2
weeks of treatment will not identify tumors with a propensity to show delayed or acquired
resistance. This fact argues for a longer period of observation in the preoperative setting for
a completely accurate readout of biological efficacy of the endocrine treatment under
investigation. The prediction, based on Ki-67 levels, of late relapse due to acquired
resistance is hypothetically more likely to be more accurate with sample analysis at 4
months or even 6 months after the initiation of endocrine treatment. Proving this point will
require a large number of patients, early time points and biopsy Ki-67 values, as well as
long-term follow up. This all will be addressed in the near future in the ALTERNATE trial.

The MA.27 and ACOSOG Z1031 trials

The MA.27 trial?8 is a phase 111 study that, between June 2003 and July 2008, randomly
assigned 7,576 postmenopausal women to receive two aromatase inhibitors—exemestane
(steroidal) or anastrozole (non-steroidal) in the adjuvant setting. The primary end point was
event-free survival and the secondary objectives included overall survival, distant
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recurrence, incidence of contralateral breast cancer and safety. Although the final results are
currently unpublished, in a recent meeting Paul E. Goss, principal investigator of the study,
reported no significant differences between the two arms for any of the trial end points and
patients are no longer being followed.28 MA.27 was designed to prove the superiority of
exemestane, and the question remains: could a neoadjuvant endocrine therapy trial have
refuted this hypothesis and prevented the activation of such a large trial that was ultimately
destined to be negative?

The phase Il ACOSOG Z1031 trial?® randomly assigned 374 postmenopausal women
between January 2006 and January 2009 with clinical stage 11 or 11l ER+ breast cancer to
receive anastrozole, exemestane or letrozole for 16-18 weeks before surgery. The primary
end point was clinical response rate. Clinical response rates were not statistically different
between the arms: 69.1% (95% CI = 60.1-77.1%) for patients treated with anastrozole,
62.9% (95% CI = 53.8-71.4%) for patients treated with exemestane and 74.8% (95% CI =
66.3-82.15%) for treatment with letrozole; however, the randomized phase 11 selection
design indicated that the non-steroidal aromatase inhibitors letrozole and anastrozole should
be taken forward for further testing. Importantly, there were no significant differences in
Ki-67 levels after treatment between the treatment arms based on the 266 cases with Ki-67
data available (P = 0.45). Geometric mean percentage change in Ki-67 was 78% with
anastrozole, 81.2% with exemestane and 87.1% with letrozole.2? According to the Ki-67
analysis, the three drugs have biologically equivalent effects; thus, it could be argued that
the ACOSOG 71031 predicted that MA.27 was a futile study. Because the results from the
FACE trial 30 a comparison between anastrozole and letrozole in high-risk women, have not
been reported, we cannot comment yet on the parallel results from ACOSOG Z1031 and
FACE. This is of considerable interest from the perspective of estradiol suppression as
letrozole is a more-effective aromatase inhibitor.31 However, because no difference in Ki-67
suppression between the two drugs was observed in the ACOSOG Z1031 trial, it is possible
that the pharmacodynamic differences in estradiol and estrone sulfate suppression observed
by Dixon et a/3! do not translate into efficacy differences at the level of Ki-67.

The ACOSOG 71031 trial analysis?® made an additional contribution with respect to the
interaction between baseline (pre-treatment) tumor predictors of long-term outcome and the
PEPI model, which is based on tumor characteristics after neoadjuvant treatment. In a
univariate analysis, levels of Ki-67 <10% (£ = 0.018) at baseline and luminal A subtype
status (P = 0.004) were both significantly associated with an increased likelihood of a PEPI
score of 0. Thus, Ki-67 or a gene-expression profile can be used to identify patients at
baseline who are certainly suitable for neoadjuvant endocrine therapy because a significant
proportion of the patients do not require chemotherapy. Nevertheless, the molecular testing
approach, if available, would capture a greater population of patients with low-risk breast
cancer.29 Regarding the optimal time point for measuring Ki-67 to predict adjuvant effects,
it is noteworthy that 12% of luminal A breast cancers showed >5% increase in levels of
Ki-67 from baseline. This result, again, argues for longer periods (months rather than weeks)
of neoadjuvant treatment so that resistant subpopulations of tumors initially categorized as
low risk can be correctly identified.

The STAGE study and the ABCSG 12 trial

The value of the on-treatment Ki-67 level or the PEPI score as prognostic tools are not
established in premenopausal women with ER+ breast cancer. Indeed there is an emerging
inconsistency. The ABCSG 12 trial32 established that, in the presence of the luteinizing
hormone-releasing hormone analog (LHRH) agonist goserelin, anastrozole was not superior
to tamoxifen.32 However, the Japanese STAGE study showed clear superiority—for both
clinical outcomes and Ki-67 suppression—of anastrozole versus tamoxifen when given with
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goserelin in the neoadjuvant setting.33:34 The basis for this discrepancy is unclear but one
hypothesis, suggested by a careful examination of the STAGE data, is that gradual
tachyphylaxis occurs with time with the estrogen suppressing effects of combined goserelin
and anastrozole treatment. As a result, a significant number of patients are experiencing
insufficient adjuvant endocrine therapy on the aromatase inhibitor arm of goserelin-based
clinical trials. For example, in the supplementary data provided by Masuda et a/.,33 the
confidence intervals for the estradiol levels at 16 weeks of neoadjuvant therapy widely
overlap between the goserelin—tamoxifen group and the goserelin—-anastrozole group,
implying failure of anastrozole to suppress estradiol over that achieved by goserelin and
tamoxifen. By contrast, in the data provided at the presentation of the study at ASCO in
2011,34 a greater estradiol suppression for the anastrozole versus tamoxifen arm was
observed at 4 weeks. If true in large populations, the failure of anastrozole and goserelin to
fully suppress estradiol levels in all patients in the longer term could explain the discrepancy
between the STAGE data and the ABCSG 12 data and has immense implications for the use
of LHRH agonist-aromatase inhibitor combined therapy for premenopausal women. Long
term estradiol monitoring maybe necessary to ensure that individual patients receiving
aromatase inhibitor—-LHRH agonist therapy are experiencing adequate estradiol suppression.

Studies with rapamycin analogs

A new suite of neoadjuvant endocrine therapy trials assessing an endocrine agent in
combination with a signal transduction inhibitor is underway. A trial that examined the
mTOR inhibitor everolimus in combination with letrozole demonstrated superior anti-
proliferative effects over letrozole alone and, therefore, suggested that this combination
should be considered for an adjuvant therapy trial.3> Although an adjuvant program has not
been activated yet, the recent results in the metastatic setting were also positive for
combining an aromatase inhibitor with everolimus.36 These studies point towards a new
phase in neoadjuvant investigation that will also explore combinations of other kinds of
signal transduction inhibitor—such as PI3K inhibitors—with an endocrine approach,
following up on the synthetic-lethal hypothesis that has been developed preclinically for this
pathway combination.37:38

Future trials

To prospectively validate the utility of neoadjuvant endocrine trials for the prediction of
long-term outcomes, a randomized phase 111 study named ALTERNATE (ALTernate
approaches for clinical stage Il and I11 Estrogen Receptor positive breast cancer
NeoAdjuvant TrEatment) is being conducted by the ACTION (Alliance for Clinical Trials
In ONcology) cooperative group (Figure 1). The overarching goal of this trial is to develop a
biomarker strategy based on Ki-67 levels in the neoadjuvant setting to predict long-term
outcome of patients with ER+ breast cancer. In the three-arm neoadjuvant comparison phase
(first phase of the study), patients will be randomly assigned to receive either the ER
antagonist fulvestrant, or anastrozole, or the combination of fulvestrant and anastrozole. The
primary objective for the first phase of the trial is to compare the PEPI-0 rate between
anastrozole and the two fulvestrant arms to determine if one of the fulvestrant arms should
be considered for the second phase of the study for PEPI-0 validation and for an adjuvant
endocrine therapy trial in the future. In the PEPI-0 validation phase (second phase of the
study), the long-term outcome of patients who achieved a PEPI score of 0 will be assessed.
The primary objective for the second phase of the trial is to validate a PEPI score of 0 as a
surrogate marker—after treatments with neoadjuvant anastrozole or one of the superior
fulvestrant arms—for low-risk breast cancer so that tumors with this characteristic can be
treated without chemotherapy, based on an excellent prognosis. In both phases of the trial, a
mandatory and an optional biopsy are performed at 4 weeks and 12 weeks, respectively, for
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the evaluation of tumor Ki-67. On the basis of an analysis of the IMPACT data,!® endocrine
resistant tumors identified by Ki-67 levels >10% on these tumor biopsies will be switched to
treatment with neoadjuvant paclitaxel administered weekly with the primary objective to
determine the rate of pathologic complete response after 12 weeks of neoadjuvant paclitaxel
in patients with endocrine-resistant disease, so that future trials can be powered against these
control data. Other objectives of ALTERNATE trial include a well-powered comparison
between Ki-67 values at baseline, 4 weeks and 24 weeks for the prediction of long-term
outcomes. The design of the ALTERNATE trial is intended to definitively establish the
neoadjuvant endocrine therapy paradigm.

Conclusions

For postmenopausal women, there are three examples of large adjuvant endocrine therapy
clinical trials whose final outcome were predicted by Ki-67 analyses conducted within the
context of small neoadjuvant studies involving less than 400 patients. 1322.26.29 The
ALTERNATE trial is the logical next step and, if this trial fails to show that high-dose
fulvestrant either alone or in combination with anastrozole is more effective at suppressing
levels of Ki-67 than anastrozole, it is very unlikely that a fulvestrant adjuvant study will be
approved. In the current era of genome sequencing, neoadjuvant endocrine therapy trials
will also prove to be a very effective and resource-conserving approach to the design of
studies with mutation-driven therapeutic hypotheses as early information on the activity of
drugs within predefined subsets can be efficiently obtained.
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Figure 1.

Schematic representation for the ALTERNATE Trial. Postmenopausal women with clinical
stage 11 or 1l ER-positive, HER2-negative breast cancer are eligible for the study. In the
first phase (neoadjuvant comparison phase), patients are randomized at 1:1:1 ratio (n =400
in each arm) to receive neoadjuvant endocrine therapy with either anastrozole (Arm A) or
fulvestrant (Arm F), or the combination of anastrozole and fulvestrant (Arm A/F) for 24
weeks. Tumor biopsy for Ki-67 assessment is performed at the end of week 4 (mandatory)
and then week 12 (optional, recommended if the clinical response is less than a partial
response). If Ki-67 >10%, patients are recommended to switch to 12 weeks of weekly
paclitaxel for the determination of the pathologic complete response rate in this population.
Patients with Ki-67 <10% will continue their assigned regimen to complete 24 weeks of
treatment followed by surgery and PEPI score calculation. Adjuvant chemotherapy is not
recommended for patients in the PEPI-0 group. Patients will continue their assigned regimen
in the adjuvant setting for another 1.5 years followed by anastrozole for 3 more years. On
completion of accrual for the first phase of the trial, enroliment for the two fulvestrant arms
will not be done until a decision is made that either none (if neither treatment yield a PEPI-0
rate at least 10% higher than with anastrozole) or one (the superior fulvestrant arm) of these
arms will proceed to the second phase of the study for PEPI-0 validation on the fulvestrant
regimen. Abbreviations: ER, estrogen receptor; PEPI, preoperative endocrine prognostic
index.
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Clinical trials comparing endocrine agents conducted in the neoadjuvant and adjuvant settings

Adjuvant trials

Neoadjuvant trials (Ki-67 analysis)

anastrozole + tamoxifen

Study (n) Results (based on events) Study (n with available Results (based on levels of Ki-67)
Ki-67 data)
BIG 1-98 (8,010)16 Letrozole > tamoxifen P024 (185)13 Letrozole > tamoxifen
ATAC (9,366)% Anastrozole > tamoxifen and IMPACT (259)1 Anastrozole > tamoxifen and anastrozole +

tamoxifen

MA27 (7,576)%8 Anastrozole similar to exemestane ACOSOG 71031 (266 )29  Anastrozole similar to exemestane
FACE trial (estimated Pending ACOSOG 71031 (266 )20 Letrozole similar to anastrozole
4,000)%

*
The number of patients with baseline and on-treatment Ki-67 values in the three-way comparison in the 21031 trial were anastrozole, 77 = 86;

exemestane, /7= 91; and letrozole, 7= 89. Abbreviation: > superior.
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Multivariable analysis of post-neoadjuvant tumor factors in P024 trial22

Table 2

Post-ther apy factors RFS Breast cancer-specific
survival
HR (95% CI) P HR (95% CI) P
Tumor stage (T1 or 2 vs T3 or 4) 2.8 (1.4-5.4) 0.003 4.4 (1.7-11.2) 0.002
Node status (+ versus —) 3.2(1.5-6.9) 0.004 3.9(1.1-13.7) 0.04
Ki-67 levels per 2.7-fold increase 1.3 (1.1-1.6) 0.003 1.4(1.07-19) 0.01
ER, Allred score (0-2 versus 3-8) 2.8 (1.2-6.4) 0.02 7.0(24-20.9) <0.001

Page 13

Abbreviations: ER, estrogen receptor; HR, hazard ratio; RFS, recurrence-free survival. Permission obtained from National Cancer Institute © Ellis,

M. J. et al. J. Natl Cancer Inst. 100, 1380-1388 (2008).22
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The components of PEPI

Pathology and Relapsefree  Breast cancer-

biomarker status survival specific survival
HR  Points HR Points

Tumor size

TlorT2 N/A 0 N/A 0

T3orT4 28 3 4.4 3

Node status

Negative N/A 0 N/A 0

Positive 3.2 3 3.9 3

Ki-67 level

0-2.7% N/A 0 N/A 0

>2.7-7.3% 13 1 14 1

>7.3-19.7% 1.7 1 2.0 2

19.7-53.1% 22 2 2.7 3

>53.1% 29 3 3.8 3

ER, Allred score

0-2 28 3 7.0 3

3-8 N/A 0 N/A 0

Table 3
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Abbreviations: ER, estrogen receptor; HR, hazard ratio; NA, not applicable; PEPI, preoperative endocrine prognostic index. Permission obtained

from National Cancer Institute © Ellis, M. J. et al. J. Natl Cancer Inst. 100, 1380-1388 (2008).22
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