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Abstract

Optimization of adjuvant systemic therapy in women
with early-stage hormone receptor-positive breast
cancer includes the consideration of chemotherapy

and ideal type and duration of anti-hormone therapy.
The use of gene expression profiling as a predictive
marker for determining benefit to chemotherapy has
become an important consideration when recommend-
ing chemotherapy in patients with early stage hormone
receptor-positive breast cancer. Recent results from

the TAILORx and MINDACT studies provide the first
prospective data, designed to give more conclusive
guidance on assays. Defining the optimal adjuvant
anti-hormone therapy, administered after the consider-
ation of chemotherapy, is a constantly evolving field, in
which factors such as menopausal status, drug type, and
duration of therapy are carefully considered. New data
from the MA17R study and the 2016 San Antonio Breast
Cancer Symposium (SABCS) provide early evidence
that demonstrates the benefit of extending the duration
of aromatase inhibitors builds on previous studies in-
vestigating extended tamoxifen or sequential therapies
between these 2 drug classes. Indeed, modern breast
oncology care for patients with early stage hormone
receptor-positive disease involves individualizing recom-
mendations based on clinical presentation and genomic
assays to provide optimal chemotherapy, and anti-hor-
mone regimens. This manuscript will provide updates on
approaches to gene expression analysis and extended
aromatase inhibitors in early breast cancer, focusing on
several recent presentations and publications.
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Adjuvant Chemotherapy in Hormone Receptor-Positive
Disease: To Give or not to Give

Chemotherapy in Hormone Receptor-Positive Disease

Adjuvant chemotherapy for early-stage breast cancer was first
described in the 1970s,' with systemic cytotoxic chemotherapy

demonstrating an improvement in survival in patients with early
stage disease. Although adjuvant chemotherapy may benefit some
patients, not all patients with breast cancer derive a benefit.? Thus,
the decision to prescribe adjuvant chemotherapy is a crucial one,
and while certain pathologic markers can help assess the likely
benefit from systemic cytotoxic therapy, genomic assays have been
studied to help predict those patients most likely to benefit from
treatment.’

Gene expression microarrays have been used to define specific
subtypes of breast cancer.* These include basal-like, HER 2-positive,
normal breast-like, and luminal epithelial categories.* The luminal
subtypes are generally associated with the estrogen receptor (ER)
and progesterone receptor (PR); however, not all ER-positive tu-
mors behave similarly.” Molecular analysis of the luminal subtypes
can categorize them as luminal A and B, which behave as distinct
phenotypic entities, with luminal B tumors demonstrating higher
histologic grade, Ki67, and an increased risk of relapse compared to
luminal A tumors.*® Rapidly dividing cells, as compared with more
indolently dividing cells, tend to be more sensitive to chemothera-
py; thus, surrogate pathological markers of rapidly dividing tumors
include higher histologic grade and Ki67.” Understanding which
tumors exhibit a more aggressive phenotype can help identify
which are more likely to benefit from cytotoxic chemotherapy.
Gene expression assays such as PAM50 can estimate these intrinsic
subtypes of breast cancer and categorize them by cumulative risk of
recurrence and death.®

Although PAM50 subtypes have prognostic value in breast
cancer, this molecular profiling technique has not been validated
as a predictive marker of response to therapy. Although there exists
various gene expression assays that may hold prognostic and/
or predictive value, the two assays that have been most rigorously
validated and most commonly used in practice are the Oncotype
Dx and Mammaprint assays. This review will focus on recent
updates of the Oncotype Dx and Mammaprint assays from recent
publications, and their implications for practical use when deciding
adjuvant chemotherapy for early-stage hormone receptor-positive
breast cancer.

Oncotype Dx
The Oncotype Dx recurrence score (RS) is based on a 21-gene assay,
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which includes numerous genes involved in breast oncogenesis
and proliferation. Initial retrospective studies using tissue data
from NSABP B-14, which randomized ER-positive node-negative
patients to 5 years of tamoxifen or no therapy, validated the RS
could predict distant recurrence.” Results from NSABP B-20,
which randomized ER-positive node-negative patients to cyclo-
phosphamide, methotrexate, and 5-fluorouricil, has been used to
retrospectively validate the ability of Oncotype Dx to predict the
magnitude of benefit from adjuvant chemotherapy using cut offs
for low, intermediate, and high scores (< 18, 18-30, > 31; respec-
tively).’ In the clinical setting, patients with low scores typically
would not be recommended chemotherapy, whereas patients

with high scores would; the challenge has been in deciding on
the benefit of chemotherapy in patient with intermediate scores.
In order to address how to approach intermediate scores and
prospectively validate the Oncotype Dx assay, the Trial Assigning
IndividuaLized Options for Treatment (TAILORx) study was
designed in node-negative patients, and the Treatment for Posi-
tive Node, Endocrine Responsive Breast Cancer (RxPONDER)
study was designed in node-positive patients. The TAILORx study
determined the RS in patients with node-negative ER-positive
breast cancer, if they have a low score (defined as O to 10) patients
proceed with endocrine therapy and omit chemotherapy. If they
have a high score (greater than 25) patients proceed with che-
motherapy followed by endocrine therapy; however, if they have
an intermediate score (11 to 25) they are randomized to receive
chemotherapy or not. Results thus far have been published for
patients with a low RS, and as anticipated, these patients have
favorable outcomes with disease-free survival (DFS) of 93.8% at

5 years (95% Cl, 92.4-94.9).° The study has not yet reported out-
comes on the subgroup of patients with intermediate scores. In
addition, results from the RxPONDER study will provide much
needed data for chemotherapy decisions regarding the node-posi-
tive group. The study is designed to randomize patients with node
positive ER-positive breast cancer with an RS of 25 or less to
receive chemotherapy and hormone therapy versus hormone ther-
apy alone.!! While Oncotype Dx is not considered a standard of
care in node-positive patients, retrospective analysis from SWOG
8814, which tested the addition of anthracycline-based chemo-
therapy to tamoxifen in postmenopausal ER-positive node-posi-
tive women, found significant survival benefit of chemotherapy in
tumors with a high Oncotype Dx score (> 31), but no significant
benefit in those with low scores, <18.1?

While the Oncotype Dx RS can provide a perspective on dis-
ease biology and chemosensitivity, studies have demonstrated that
a simple validated model based on routine pathologic markers
(ER, PR, grade, Ki67) correlates very closely with the Oncotype
score.” Indeed, other assays, such as the [HC4 have used algo-
rithms based on routine pathological markers, and can strongly
predict recurrence rates and may also be helpful in determining
benefit from chemotherapy."

MINDACT
Mammaprint is a 70-gene gene-expression assay correlated with
six hallmarks of oncogenesis: evading apoptosis, self-sufficiency in
growth signals, insensitivity to anti-growth signals, limitless replica-
tion, tissue invasion and metastasis, and angiogenesis.” Mamma-
print provides a raw score which classifies tumors into low- and
high-risk based on distant recurrence risk at 5 and 10 years, and has
been validated as prognostic.'®

The MINDACT trial was a phase 3 study in patients with early
breast cancer where the primary endpoint was to assess if patients
with high risk based on clinical assessment (using a modified ver-
sion of Adjuvant! Online) and low genomic risk (using MammaP-
rint), benefited from adjuvant chemotherapy after randomization.”
Chemotherapy regimens patients received included anthracy-
cline-based chemotherapy or docetaxel with capecitabine; anthra-
cycline regimens including taxanes were not used. Among the total
of 6693 patients enrolled, 23% (n = 1550) had high clinical risk
and low genomic risk. These patients underwent randomization to
chemotherapy (n = 1497) versus no chemotherapy, of which 82%
(n = 1228) were evaluable per protocol. The rate of DFS at 5 years
for those who did not receive chemotherapy was 94.7% (95% ClI,
92.5-96.2) and 95.9% (95% CI, 94-97.2) in those who did receive
chemotherapy; a statistically non-significant 1.5 percentage point
difference (HR, 0.78; 95% CI, 0.50-1.21; P = .27). Since the study
met its primary endpoint, these results suggest that patients with
high clinical risk and low genomic risk do not benefit from che-
motherapy. Subset analysis also found this to be the case whether
patients were node-negative or node-positive. Results for the low
clinical risk and high genomic risk group showed a 5-year rate of
survival without distant metastasis of 95.8% (95% CI, 92.9-97.6)
among those who received chemotherapy, as compared with 95%
(95% CI, 91.8-97) who did not receive chemotherapy (HR, 1.17;
95% CI, 0.29-2.28; P = .66). While this was not the primary objec-
tive of the study, this infers that patients with low clinical risk may
not require additional testing as even those with a high score did
not experience a differential benefit to adjuvant chemotherapy.

There are important limitations to consider in this study which
may restrict its generalizability. For instance, the study enrolled
a heterogeneous population, which included 9.5% patients with
HER2-positive breast cancer, and 9.6% with triple-negative breast
cancer. The ER-negative cohort was too small, comprising only
11.6% of all patients, and these results cannot be extrapolated to
these patients. Moreover, because the original sample size calcu-
lations were based on the total number of patients, the inclusion
of ER-negative patients reduces the sample size of the ER-positive
cohort, which could reduce the power to interpret results. Further-
more, 21% of patients had node-positive disease, limiting conclu-
sions related to this subset. Therefore, these data provide evidence
primarily for patients with ER-positive, node-negative disease.
Clinical risk was assigned using Adjuvant! Online which does not
factor in all pathological variables that contribute to risk such as
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PR and Ki67; indeed, it is currently offline because it is undergo-
ing updates. Finally, while the main analysis found a statistically
non-significant benefit of 1.5% favoring the chemotherapy arm it
is important to consider that patients were administered second
generation chemotherapy regimens (either anthracycline-based

or docetaxel and capecitabine). The benefit of adding a taxane to
anthracycline-based regimens has been demonstrated in numerous
studies, and it is unknown if third-generation regimens in patients
with Mammaprint low scores with high clinical risk would have a
similar rate in DFS.1®

Practical Guidance of Gene Expression Platforms

Both Oncotype DX and Mammaprint are FDA approved ge-

nomic assays which can be used to guide adjuvant chemotherapy
treatment decisions, each with its own limitations. The design of
MINDACT couches the interpretation of Mammaprint in clinical
risk, and lends itself to practical application in the setting of high
clinical risk. Studies investigating Oncotype DX on the other hand
are not couched in clinical risk; rather the decision to give adjuvant
chemotherapy or not depends solely on the molecular platform.
The initial results of the TAILORx study, however, demonstrate
that patients who have a low RS do exceedingly well and chemo-
therapy can be omitted with confidence. These different setting in
which the assays have been studied and developed may help guide
selection of which assay to order in clinic. However, they should

be ordered when their results may affect clinical decision making,
and it is important to factor in patient and tumor characteristics, as
well as patient preference, on an individual level.

Approach to Adjuvant Endocrine Therapy in Postmenopausal
Women: Is Longer Duration Better?

Experience with Anti-Hormone Therapy in Early Breast Cancer
Anti-hormone drugs were the first targeted therapy in oncology
and have become a cornerstone of treatment in hormone recep-
tor-positive breast cancer.!” Tamoxifen, a selective ER modulator
(SERM), was the first anti-hormone therapy approved for the
adjuvant treatment of breast cancer.’*?! When compared to no
endocrine therapy in the adjuvant setting, the use of tamoxifen for
5 years significantly reduces the risk of breast cancer recurrence.?
Following this significant breakthrough, a more potent class of
anti-hormones, the aromatase inhibitors (AI), were found to be
superior to tamoxifen in postmenopausal women, with improve-
ments in recurrence rates.”> The natural history of hormone recep-
tor-positive breast cancer demonstrates that these types of breast
cancers can recur years or even decades after initial diagnosis,
suggesting that extended regimens may be helpful.?* Because of the
superiority of Als and the risk of late recurrences, several adjuvant
studies have also looked at sequential administration of tamoxifen
and Als in postmenopausal patients, evaluating varying sequences
and duration of therapy (Table 1). Furthermore, data investigating
extended regimens of tamoxifen have found an improvement in

DEFS and OS, leaving the question if extended Als would have
similar benefits.?>?® This review will focus on the recent publica-
tion of the MA-17R and presentations of the DATA, IDEAL, and
NSABP B-42 studies at the San Antonio Breast Cancer Symposium
(SABCS), which investigate various approaches to extended Al
therapy.”

MA-17R

In the MA-17R studied patients who had finished 5 years of letro-
zole after having received tamoxifen (median duration of 5 years,
with 68.5% of patients receiving tamoxifen for 4.5 to 5.5 years)
who were randomized to receive another 5 years of letrozole versus
placebo.?” This study achieved its primary endpoint as it found
that extending letrozole for an additional 5 years increased the
5-year DFS rate from 91% to 95%, (HR, 0.66, 95% CI, 0.48-0.91;
P = .01).”” The majority of the benefit observed was in preventing
ipsilateral loco-regional or contralateral breast cancer recurrence
with the extension of letrozole versus placebo (3.3% versus 6.4%,
respectively); however the incidence of distant recurrence was simi-
lar between both arms (4.4% versus 5.5%, respectively).

Authors noted that the extension of treatment with letrozole
lead to a statistically significant worsening of bone density. This
was in the context of a greater rate of clinical fractures observed in
those taking extended letrozole (14% versus 9%; P = .001, respec-
tively). Furthermore, although overall quality-of-life assessments
were not significantly different between study arms, there were
significant in between-group differences over time for bodily pain
and the role-emotional subscales (P = .03 and P = .03, respectively).
In interpreting these data, it is important to consider that this trial
selected a population of patients that were already very familiar
with, and likely tolerant of, the side effects of anti-hormone
therapy. Additionally, extended courses of anti-hormone therapy
are typically associated with suboptimal adherence, indeed MA-17R
found adherence rates of 62.5% among those receiving letrozole

and 62.3% for placebo.

SABCS 2016: First Results of DATA, IDEAL, and NSABP B-42
More recently at the 2016 SABCS, several studies have reported
on extended durations of Al therapy (Table 1). The DATA study
randomized 1912 postmenopausal women who had received 2
to 3 years of tamoxifen versus 6 years of anastrozole. The study
did not meet its primary endpoint as 5-year DFS was 83.1% in
the 6-year group, and 79.4% in the 3-year group (HR, 0.79; 95%
CI, 0.62-1.02, P = 0.07).%® There was some benefit in higher risk
groups of patients including those with larger tumors and those
which were node-positive. Given the biology of ER-positive breast
cancer, these are early data and longer follow up is required.
The IDEAL study randomized patients who had completed 5
years of endocrine therapy (either 5 years of tamoxifen or Al,

or tamoxifen followed by Al) to an additional 2.5 versus 5 years
of letrozole.?’ There was no significant difference in 5-year DFS
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Practical Guidance of Gene Expression Platforms and Future Directions
Studies investigating extended Al therapies are showing modest

to no benefit thus far, therefore, decisions to extend Al therapy
beyond 5 years should be done on an individual basis, considering
patient and tumor characteristics and toxicity. Since the majority

of benefit is in chemoprevention, the patient’s desire and eligibility
for chemoprevention should be discussed. Patients with bilateral
mastectomies for instance, would be less likely to benefit from
chemoprevention. In addition, Als are not benign medications, and
these studies have demonstrated the significant effect on bones and
certain quality-of-life measures, therefore, considering bone health
as well as other side effects patients may be experiencing should
weigh in on the decision. Subgroup analysis from the DATA trial
suggest that there may be greater benefit in patients who are at high
risk as deemed by tumor size of presence of lymph node metastasis,
and this may be the group that is most likely to benefit. However,
while the concept that higher risk groups may benefit from longer
therapy is reasonable, the fact that the benefit may be modest sug-
gests there are other mechanisms at play. Indeed, mutations of ESR1
and the PI3K pathway have been implicated in resistance in a subset
of hormone receptor-positive breast cancers.’"*? Ultimately targeting
resistance mechanisms in defined subsets of hormone receptor-pos-
itive breast cancer may be more important than longer duration of
endocrine therapies.

Conclusion

A better understanding of disease biology has led to these state of
the art approaches to adjuvant therapy. Both the Oncotype Dx and
Mammaprint now have prospective data to support their use in
clinical practice, albeit with their own set of limitations. They can
nevertheless be helpful in patients with hormone receptor-positive
and node-negative disease. These tests need to be considered in clin-
ical context, and decisions to order and apply them evaluated on an
individual basis. Studies such as the OPTIMA trial are comparing
Mammaprint, Oncotype DX, PAM50, the IHC4 and various other
assays, and will provide information as to how these assays perform
against each other.” In terms of optimizing anti-hormone therapy in
postmenopausal women, evidence suggests that extended anti-hor-
mone therapies may provide modest protection against breast cancer
recurrence; however, this is not necessarily required for all patients,
and decisions should be individualized. As we push the boundaries
with state of the art molecular biomarkers and treatment strategies,
we have continued to make incremental improvements to patients
care; however, more research understanding breast cancer biology
and molecular mechanisms of resistance are needed to further
optimize care.

Author affiliations: Ludimila L. Cavalcante, MD, and Cesar A.
Santa-Maria, MD, are with Northwestern University, Robert H.

Lurie Comprehensive Cancer Center.

Address correspondence to: Cesar A. Santa-Maria, MD, 676 North

St. Clair, Suite 850, Chicago, Illinois 60611; Phone: (312) 695-2379;
e-mail: cesar.santa-maria@northwestern.edu.

Disclosures: Ludimila L. Cavalcante, MD, and Cesar A. Santa-Ma-
ria, MD, report no conflicts of interest.

References

1. Bonadonna G, Brusamolino E, Valagussa P, et al, Combination
chemotherapy as an adjuvant treatment in operable breast cancer. N
Engl ] Med. 1976;294(8):405-410.

2.Sonnenblick, A, M. Piccart, Adjuvant systemic therapy in breast
cancer: quo vadis? Ann Oncol. 2015;26(8):1629-1634.

3.Paik S, Tang G, Shak S, et al. Gene expression and benefit of che-
motherapy in women with node-negative, estrogen receptor-positive
breast cancer. J Clin Oncol. 2006;10;24(23):3726-3734.

4.Voduc KD, Cheang MC, Tyldesley S, et al. Breast cancer
subtypes and the risk of local and regional relapse. J Clin Oncol.
2010;28(10):1684-1691. doi: 10.1200/JC0O.2009.24.9284.

5. Dalmau E, Armengol-Alonso A, Mufioz M, Segui-Palmer MA.
Current status of hormone therapy in patients with hormone recep-
tor positive (HR+) advanced breast cancer. Breast. 2014;23(6):710-
720. doi: 10.1016/j.breast.2014.09.006.

6. Ades F, Zardavas D, Bozovic-Spasojevic I, et al. Luminal B breast
cancer: molecular characterization, clinical management, and future
perspectives. J Clin Oncol. 2014;32(25):2794-2803. doi: 10.1200/
JCO.2013.54.1870.

7. Inwald EC1, Klinkhammer-Schalke M, Hofstidter F, et al. Ki-67
is a prognostic parameter in breast cancer patients: results of a large
population-based cohort of a cancer registry. Breast Cancer Res Treat.
2013;139(2):539-552. doi: 10.1007/510549-013-2560-8.

8. Caan BJ, Sweeney C, Habel LA, et al. Intrinsic subtypes from

the PAMS50 gene expression assay in a population-based breast
cancer survivor cohort: prognostication of short- and long-term
outcomes. Cancer Epidemiol Biomarkers Prev. 2014;23(5):725-734. doi:
10.1158/1055-9965.EP1-13-1017.

9.Paik S, Shak S, Tang G, et al. A multigene assay to predict recur-
rence of tamoxifen-treated, node-negative breast cancer. N Engl J
Med. 2004;351(27):2817-2826.

10. Sparano JA, Gray R], Makower DF, et al. Prospective valida-
tion of a 21-gene expression assay in breast cancer. N Engl ] Med.
2015;373(21):2005-2014. doi: 10.1056/NE]Moa1510764.

11. Ramsey SD, Barlow WE, Gonzalez-Angulo AM, et al. Integrat-
ing comparative effectiveness design elements and endpoints into

a phase III, randomized clinical trial (SWOG S1007) evaluating
Oncotype Dx-guided management for women with breast cancer
involving lymph nodes. Contemp Clin Trials. 2013;34(1):1-9. doi:
10.1016/j.cct.2012.09.003.

12. Albain KS, Barlow WE, Shak S, et al. Prognostic and predictive
value of the 21-gene recurrence score assay in postmenopausal wom-
en with node-positive, oestrogen-receptor-positive breast cancer on
chemotherapy: a retrospective analysis of a randomised trial. Lancet

Oncol. 2010;11(1):55-65. doi: 10.1016/S1470-2045(09)70314-6.

22 WWW.AJHO.COM



UPDATES ON ADJUVANT THERAPY FOR EARLY-STAGE HORMONE RECEPTOR-POSITIVE BREAST CANCER

13. Gage MM, Rosman M, Mylander WC, et al. A validated

model for identifying patients unlikely to benefit from the 21-gene
recurrence score assay. Clin Breast Cancer. 2015;15(6):467-472. doi:
10.1016/j.clbc.2015.04.006.

14. Dowsett M, Salter ], Zabaglo L, et al. Predictive algorithms for
adjuvant therapy: TransATAC. Steroids. 2011;76(8):777-780. doi:
10.1016/j.steroids.2011.02.032.

15. Tian S, Roepman P, Van’t Veer L], Bernards R, de Snoo F, Glas
AM. Biological functions of the genes in the mammaprint breast
cancer profile reflect the hallmarks of cancer. Biomark Insights.
2010;5:129-138. doi: 10.4137/BMI1.S6184.

16. Buyse M, Loi S, van’t Veer L, Viale G, et al. Validation and clini-
cal utility of a 70-gene prognostic signature for women with node-neg-
ative breast cancer. J Natl Cancer Inst. 2006;98(17):1183-1192.

17. Cardoso F, van’t Veer L], Bogaerts J, et al. 70-gene signature as
an aid to treatment decisions in early-stage breast cancer. N Engl J
Med. 2016;375(8):717-729. doi: 10.1056/NEJMoa1602253.

18. Early Breast Cancer Trialists’ Collaborative Group (EBCTCG),
Peto R, Davies C, et al. Comparisons between different polychemo-
therapy regimens for early breast cancer: meta-analyses of long-term
outcome among 100,000 women in 123 randomised trials. Lancet.
2012;379(9814):432-444. doi: 10.1016,/S0140-6736(11)61625-5.

19. Jordan VC. Tamoxifen (ICI46,474) as a targeted therapy to treat

and prevent breast cancer. BrJ Pharmacol. 2006;147 Suppl 1:5269-276.

20. Burstein HJ, Temin S, Anderson H, et al. Adjuvant endocrine
therapy for women with hormone receptor-positive breast cancer:
american society of clinical oncology clinical practice guideline
focused update. J Clin Oncol. 2014;32(21):2255-2269. doi: 10.1200/
JCO.2013.54.2258.

21. Dowsett M1, Cuzick J, Ingle ], et al. Meta-analysis of breast
cancer outcomes in adjuvant trials of aromatase inhibitors

versus tamoxifen. J Clin Oncol. 2010;28(3):509-518. doi: 10.1200/
JCO.2009.23.1274.

22. Early Breast Cancer Trialists’ Collaborative Group (EBCTCG),
Davies C, Godwin J, et al. Relevance of breast cancer hormone
receptors and other factors to the efficacy of adjuvant tamox-

ifen: patient-level meta-analysis of randomised trials. Lancet.
2011;378(9793):771-784. doi: 10.1016/S0140-6736(11)60993-8.

23. Early Breast Cancer Trialists’ Collaborative Group (EBCTCG),
Dowsett M, Forbes JF, et al. Aromatase inhibitors versus tamoxifen
in early breast cancer: patientlevel meta-analysis of the randomised
trials. Lancet. 2015;386(10001):1341-1352. doi: 10.1016/S0140-
6736(15)61074-1.

24. Brewster AM 1, Hortobagyi GN, Broglio KR, et al. Residual risk
of breast cancer recurrence 5 years after adjuvant therapy. J Natl
Cancer Inst. 2008;100(16):1179-1183. doi: 10.1093/jnci/djn233.

25. Davies C, Pan H, Godwin J, et al. Long-term effects of continu-
ing adjuvant tamoxifen to 10 years versus stopping at 5 years after
diagnosis of oestrogen receptor-positive breast cancer: ATLAS, a
randomised trial. Lancet. 2013;381(9869):805-816.

26. Gray RG, et al., aTTom: Long-term effects of continuing adju-

vant tamoxifen to 10 years versus stopping at 5 years in 6,953 wom-
en with early breast cancer. J Clin Oncol 31, 2013 (suppl; abstr 5).
27. Goss PE, Ingle N, Pritchard KI, et al. Extending Aro-
matase-Inhibitor Adjuvant Therapy to 10 Years. N Engl ] Med.
2016;375(3):209-219. doi: 10.1056/NE]Moa1604700.

28. Tjan-Heijnen VC, Van Hellemond IE, Peer PG, et al. First
results from the multicenter phase III DATA study comparing 3 ver-
sus 6 years of anastrozole after 2-3 years of tamoxifen in postmeno-
pausal women with hormone receptor-positive early breast cancer.
S1-03, P2-09-04, 2016 SABCS.

29. Blok EJ, van de Velde CJH, MeershoekKlein Kranenbarg EM,
et al. Optimal duration of extended letrozole treatment after 5
years of adjuvant endocrine therapy; results of the randomized
phase III IDEAL trial (BOOG 2006-05). S1-04, P2-09-01, 2016
SABCS.

30. Mamounas EP, Bandos H, Lembersky BC, et al. A randomized,
double-blinded, placebo-controlled clinical trial to evaluate extend-
ed adjuvant endocrine therapy (5 years of letrozole) in postmeno-
pausal women with hormone-receptor positive breast cancer who
have completed previous adjuvant endocrine therapy: Initial results
of NRG oncology/NSABP B-42. S1-05, 2016 SABCS.

31. Fribbens C1, O’Leary B1, Kilburn L, et al. Plasma ESR1 mu-
tations and the treatment of estrogen receptor-positive advanced
breast cancer. J Clin Oncol. 2016;34(25):2961-2968. doi: 10.1200/
JCO.2016.67.3061.

32. Guerrero-Zotano A, Mayer IA, Arteaga CL. PI3K/AKT/mTOR:
role in breast cancer progression, drug resistance, and treatment.
Cancer Metastasis Rev. 2016 Nov 28.

33, Bartlett JM, Bayani J, Marshall A. Comparing breast cancer
multiparameter tests in the OPTIMA prelim trial: no test is more
equal than the others. ] Natl Cancer Inst. 2016;108(9). pii: djw050.
doi: 10.1093/jnci/djw050.

34. Breast International Group (BIG) 1-98 Collaborative Groupl,
Thiirlimann B, Keshaviah A, et al. A comparison of letrozole and
tamoxifen in postmenopausal women with early breast cancer. N
EnglJ Med. 2005;353(26):2747-2751.

35. Baum M, Budzar AU, Cuzick J, et al. Anastrozole alone or in com-
bination with tamoxifen versus tamoxifen alone for adjuvant treatment
of postmenopausal women with early breast cancer: first results of the
ATAC randomised trial. Lancet. 2002;359(9324):2131-2139.

36. Coombes RC, Hall E, Gibson L], et al. A randomized trial

of exemestane after two to three years of tamoxifen therapy in
postmenopausal women with pri mary breast cancer. N Engl ] Med.
2004;350(11):1081-1092.

37. Boccardo F, Rubagotti A, Puntoni M, et al. Switching to anas-
trozole versus continued tamoxifen treatment of early breast cancer:
preliminary results of the Italian Tamoxifen Anastrozole Trial. J Clin
Oncol. 2005;23(22):5138-5147.

38. Goss PE, Ingle JN, Martino S, et al. A randomized trial of letro-
zole in postmenopausal women after five years of tamoxifen therapy

for early-stage breast cancer. N Engl ] Med. 2003;349(19):1793-1802.

VOL. 12, NO. 12

THE AMERICAN JOURNAL OF HEMATOLOGY/ONCOLOGY® 23



