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Estrogen receptor (ERþ) breast cancer is the most frequently diagnosed breast cancer subtype. Currently,
adjuvant treatment for early stage disease consists of endocrine therapy, with or without chemotherapy
and bone-targeted therapy, delivered in a risk-adapted manner. Despite this multimodal approach, a
significant proportion of high risk patients will develop incurable distant recurrences. There is an
ongoing need to develop new treatment strategies that address the biologic causes of treatment failure
and to identify the individual patients who can benefit from such interventions. Here we review the
clinical investigation of targeted and novel therapies, including inhibitors of the PI3K-AKT-mTOR
pathway, oral selective estrogen receptor degraders (SERDs), and PARP-inhibitors for the treatment of
early ERþ breast cancer. Furthermore, we highlight opportunities in biomarker development to help
guide the delivery of escalated adjuvant strategies.
© 2021 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Informed by an evolving understanding of disease biology,
clinical investigation of systemic therapy for estrogen receptor
positive (ERþ)/HER2-negative breast cancer has yielded important
treatment advances over the last two decades. Since the majority of
cases of this most common breast cancer subtype are diagnosed as
early stage disease, optimization of (neo)adjuvant systemic therapy
has the potential for widespread impact. The development and
clinical use of endocrine therapies, chemotherapy and bone tar-
geted therapies, along with biomarkers to inform their application
has enabled the risk-adapted delivery of adjuvant therapy to
improve clinical outcomes while reducing overtreatment [1e3].
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Unfortunately, however, metastatic recurrences of ERþ disease
continue to inflict substantial morbidity andmortality, highlighting
the need for more effective therapies for those at highest risk. The
problem of late recurrence in ERþ breast cancer has received recent
attention, with evidence of ongoing risk persisting for many years;
in populations at high clinical-pathologic risk, late distant recur-
rence occurs in up to 41% [4,5]. While some of this disease burden
may be preventable through more effective delivery of guideline-
supported existing therapies and optimization of adherence,
extended endocrine therapy has overall modest impacts on distant
relapses and breast cancer-specific mortality. Tumor dormancy and
the development of endocrine resistance are recognized contribu-
tors to the phenomenon of ERþ breast cancer recurrence, the bio-
logical basis of which continues to be investigated [6,7].

Existing adjuvant strategies have been developed by studying
therapies shown to be safe and proven effective in the metastatic
setting in early stage disease. Since the clinical introduction of
tamoxifen in the 1980s, evidence supporting its use as chemopre-
vention, adjuvant, and palliative therapy in both pre- and post-
menopausal women with ERþ breast cancer has been generated
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[8e14]. The uptake of tamoxifen into routine clinical practice has
been made possible by its availability, low cost, and tolerable side-
effect profile. Subsequently, third generation aromatase inhibitors
(AI) were proven superior to tamoxifen in post-menopausal
women with advanced disease and approved in the early 2000s,
at which point their evaluation in early disease was well underway
[15e18]. The establishment of AIs as standard treatment for post-
menopausal women with early ERþ breast cancer relied on large
randomized trials showing improvement in treatment outcomes
and were complemented by data from neoadjuvant trials demon-
strating proof of biologic activity [19e21]. Follow-on randomized
adjuvant studies have sought to address other clinical questions,
such as treatment duration [17,22].

As new agents become available, there exists a strong desire to
build upon and accelerate this paradigm, to deliver more effective
curative treatment. Major classes of therapy recently developed, or
under development for ERþ disease include agents targeting
endocrine-related pathways, antibody drug conjugates (ADC), and
PARP-inhibitors. The first group includes awide range of targets up-
and downstream of estrogen signalling (eg. PI3K-AKT-mTOR sig-
nalling, cyclin-dependent kinases, epigenetic regulators), as well as
novel agents targeting the estrogen receptor directly (SERDs, SER-
CAs - selective estrogen receptor covalent antagonists). The suc-
cessful development of new agents in the adjuvant setting depends
on the identification of individuals with a persistent high-risk of
relapse despite standard therapy, along with the availability of safe,
tolerable and effective drugs that can achieve disease eradication
(or permanent dormancy) leading to cure. Herein we review
ongoing efforts to address these gaps and highlight future oppor-
tunities for adjuvant systemic therapy. CDK4/6 inhibitors have been
the subject of ongoing intensive clinical investigation in early
breast cancer, culminating in the recent approval of adjuvant abe-
maciclib for some high risk ERþ patients [23]. The role for CDK4/6
inhibitors is well described elsewhere in the issue. This review will
therefore focus on other endocrine therapy partners in the PI3K-
mTOR-AKT pathway, emerging ER-targeting agents (SERDs), and
briefly address the role of PARP-inhibitors for early ERþ breast
cancer in patients with germline BRCA1/2 mutations.

2. mTOR inhibitors

ERþ breast cancer cells have acquired dependence on aberrant
metabolic and cellular signalling pathways [24,25]. Many pathways
converge on mechanistic Target of Rapamycin (mTOR), a master
regulator of cellular metabolism and growth [24]. De novo or ac-
quired resistance to ER-dependent signalling has been attributed to
activation of the PI3K/AKT/mTOR pathway and multiple ap-
proaches have been developed and tested to exploit mTOR
signalling-dependence (Fig. 1) [26,27].

The oral mTOR inhibitor everolimus was the first targeted
therapy approved in combination with endocrine therapy for
ERþ breast cancer in advanced disease. Its pivotal trial, BOLERO-2,
comparing everolimus in combination with exemestane to
exemestane alone, was conducted in the setting of endocrine
resistance following progression on a first-line non-steroidal AI
(NSAI) [28]. A significant improvement in median progression free
survival was observed with the addition of everolimus (10.6 mo. vs.
4.1 mo; HR ¼ 0.36, 95%CI: 0.27e0.47; P < 0.001), which led to its
approval [28]. However, the addition of everolimus was associated
with significant toxicity, with substantially higher rates of adverse
events, treatment discontinuation (26.3%) and dose reductions
(66.8%) [29]. As a result, the median duration of exposure to ever-
olimus was 14.6 weeks [28]. The final analysis demonstrated no
statistically significant improvement in overall survival and
correlative analyses did not identify biomarkers predictive of
S35
everolimus benefit [29].
Nevertheless, given the biological rationale for mTOR inhibition

in overcoming resistance to endocrine therapy and the positive
primary result of BOLERO-2, evaluation of mTOR inhibitors in early
breast cancer has been pursued (Table 1). Two large adjuvant trials
were conducted, the first of which was very recently reported. The
UNIRAD trial evaluated two years of everolimus in combination
with adjuvant endocrine therapy vs. endocrine therapy (physician's
choice of AI or tamoxifen) in 1278 patients with ERþ/HER2-
negative early breast cancer [30]. The trial was designed to enrich
for high risk patients, requiring either involvement of �4 lymph
nodes or 1e3 nodes with an EPclin score �3.3 (e.g. a high-risk gene
expression score) [30]. The study eligibility allowed for up to 4
years of endocrine therapy prior to enrolment, to address the hy-
pothesis that everolimus might overcome acquired resistance that
develops over time [30]. However, 85% of patients enrolled were
less than three years from surgery, limiting the ability of this trial to
fully address this hypothesis [30]. The trial was stopped at the first
pre-planned interim analysis for futility: median 3-years disease
free survival (DFS) was 88% in both arms (HR ¼ 0.95, 95%CI:
0.69e1.32) with no differences in metastasis-free survival
(HR ¼ 0.88, 95%CI: 0.62e1.25) or overall survival (HR ¼ 1.09, 95%CI:
0.62e1.92) [30]. In this high-risk but early disease population, a
very high rate of treatment discontinuation, primarily related to
adverse events (mucositis, rash), was observed (53.4% vs. 22.3% of
patients); 65% of patients started with a dose reduction (5 mg) with
only 16% of patients achieving full dose everolimus (10 mg) at the
time of discontinuation [30]. Median treatment duration was
9.2 mo in the everolimus arm versus 22.5 mo in the placebo arm
[30]. Subgroup analyses did not identify any features associated
with benefit of everolimus, with no difference in effect for partic-
ipants enrolled strictly based on anatomical risk (�4 nodes) vs.
those with high-risk biology (1e3 nodes and high EPclin score)
[30]. While follow-up and long term outcomes will be reported, the
marked inability to deliver the experimental therapy represents an
important cautionary finding: confirmation of tolerability and
persistence on therapy in the target adjuvant population is essen-
tial for any therapeutic strategy to succeed in this setting. The large
North American adjuvant everolimus study S1207, which differs
slightly in risk criteria (using stage and Oncotype RS), duration of
allowed prior endocrine therapy, and duration of everolimus (1
year), has completed accrual and results are pending [31].

In the time since these studies were conducted, the manage-
ment of everolimus-associated toxicities has improved [32]. It is
conceivable that even with failed trials in relatively unselected
patients, the identification of strong predictive biomarkers of
everolimus benefit could provide an opportunity to revisit this
strategy - particularly in patients at the highest risk of recurrence.
Correlative studies of these trials, as well as ongoing basic inves-
tigationmay yield future insights that could be applied towards this
goal. While other agents targeting the mTOR complex have been
developed, including ATP-competitive mTORC1/mTORC2 and dual
PI3K/mTOR inhibitors, these have been met with limited success in
advanced disease and thus there is presently no obvious path to
application in early disease [33e35].

3. PI3K and AKT inhibitors

As with mTOR, there has been significant interest and major
research investment over the last quarter century in targeting up-
stream signalling via inhibition of phosphoinositide 3-kinase
(PI3K). Aberrantly activated PI3K initiates downstream signalling
to activate AKT and mTOR, causing cancer cell growth and prolif-
eration (Fig. 1) [36]. Activating oncogenic mutations in PIK3CA,
encoding the PI3Ka subunit, are the most common somatic



Fig. 1. Estrogen-dependent signalling and targets of small-molecular inhibitors. Summary of normal estrogen-dependent signalling pathways and the method of pathway
disruption with small molecule inhibitors. E2, estrogen. And., androgens. EGF(R), epithelial growth factor (receptor). IGF(R), insulin-like growth factor (receptor). ERa, estrogen
receptor alpha. ERE, estrogen response elements. P., phosphorylation. MAPK, mitogen-activated protein kinase. AKT, protein kinase B. Tam., tamoxifen. PI3K, phosphoinositide 3-
kinase. mTOR, mammalian target of rapamycin. PI3Ka, phosphoinositide 3-kinase alpha. SERD, selective estrogen receptor degraders. Created with BioRender.com.
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alteration in ERþ breast cancer. Occurring in up to 40% of primary
and metastatic tumors, this target has potential for broad clinical
and therapeutic impact [37e39].

Recently, alpelisib, an oral selective inhibitor of PI3Ka was
approved for metastatic PIK3CA-mutated ERþ breast cancer in
combinationwith fulvestrant on the basis of the SOLAR-1 trial [40].
This study enrolled patients with or without PIK3CA alterations, but
identified clinical activity specifically in the mutated population
where the addition of alpelisib was associated with an improve-
ment in progression free survival (HR ¼ 0.65, 95%CI: 0.50e0.85;
P < 0.001), vs. the non-PIK3CA cohort (HR¼ 0.85, 95%CI: 0.58e1.25)
[40]. Alpelisib, like other PI3K-inhibitors, is associated with on-
target adverse effects, including hyperglycemia, rash and diar-
rhea. Treatment discontinuation in SOLAR-1 was higher in the
alpelisib group (25.0% vs. 4.2%), where grade 3 toxicity (hypergly-
cemia, diarrhea) were common [40]. In the follow-up analysis of
overall survival (OS) in the PIK3CA-mutated cohort, there was a
numerical but not statistically-significant improvement in the
alpelisib arm, 39.3 mo. vs. 31.4 mo (HR ¼ 0.86, 95%CI: 0.64e1.15;
P ¼ 0.15) [41]. The results of this trial reinforce the value of a pre-
dictive biomarker strategy, but also the need to have well-
established protocols for toxicity management.

Alpelisib has also been evaluated in the neoadjuvant setting in
combination with standard endocrine therapy (Table 1). The NEO-
ORB study evaluated alpelisib þ letrozole vs. letrozole alone in
patients with ERþ/HER2-negative, cT1c-T3, operable breast breast
cancer with or without PIK3CA mutations [42]. Objective response
rate, the primary outcome, was not improved in either the PIK3CA
mutant (ORR alpelisib þ letrozole ¼ 43% vs.
placebo þ letrozole ¼ 45%), or wild-type (ORR
alpelisib þ letrozole ¼ 63% vs. placebo þ letrozole ¼ 61%) cohorts
[42]. The pathologic complete response rate in all patients was low
and similar in both treatment arms [42]. Treatment interruptions
S36
and discontinuations were very common in this study, which may
have impacted the primary results. Owing primarily to alpelisib
treatment-related adverse events, dose reductions and in-
terruptions occured in 53% and 65% of participants, and only 52% of
those in the alpelisib group completed the 24-week treatment
period [42]. Therefore, it is unclear whether sufficient treatment
was delivered to provide a meaningful assessment of alpelisib ef-
fects in the PIK3CA-mutant population. These findings have sig-
nificant implications for the potential of this strategy as an adjuvant
therapy, where longer durations of treatment would typically be
evaluated. While management of alpelisib-related toxicities has
improved as more experience with its use has accumulated, it
seems likely that adherence in the adjuvant setting would be
challenging, based on the common decrement in treatment
persistence that is observed with routine endocrine therapy and in
the example of everolimus (UNIRAD).

One possible avenue to improve the risk benefit of adjuvant
therapies is to direct treatment towards a selected group of patients
with an increased potential to benefit. Here, PI3K-inhibitors have
the advantage of an established (for advanced disease) predictive
biomarker: PIK3CA mutations. While this would permit the selec-
tion of the ~1/3 of ERþ breast cancer with activating mutations, it is
possible that a predictive biomarker could be further enriched. It
has recently been shown that a subset of these cancers, which carry
two mutations in PIK3CA on the same allele (“double mutants in
cis”), may have enhanced sensitivity to PI3K-inhibition and
demonstrate increased clinical response in the metastatic setting
[36]. In a retrospective analysis of the Phase 3 trial of taselisib
(whose clinical development has been discontinued), patients with
double mutations in cis had a higher response rate than those with
single mutations (ORR 30.2% vs. 18.1%) [36]. This finding provides
another example of the need to characterize and refine predictive
biomarkers in order to optimize patient selection. Particularly in

http://BioRender.com


Table 1

Drug Name Sponsor Study Phase Population Intervention Status Sample Size (n) Endpoints Results

mTOR-inhibitors
Everolimus [30] UNICANCER; Ministry

of Health, France
NCT01805271 III HRþ/HER2- early BC

(�4 N or 1e3 Nþ and
EPclin score �3.3), ET
up to3 years

Everolimus þ ET vs.
Placebo þ ET

Complete 1279 DFS, OS, DMFS 3-years DFS: 88% in both arms
(HR ¼ 0.95; 95%CI: 0.69e1.32)
DMFS:(HR ¼ 0.88; 95%CI: 0.62
e1.25)
OS:(HR ¼ 1.09, 95CI: 0.62
e1.92).

Everolimus [79] Novartis Pharma AG NCT00107016 II ER-positive, untreated,
stage M0, cT > 2 cm

Everolimus þ AI vs. AI Complete 270 Clinical
response by
palpation,
PIK3CA-mut.,
Ki67, phospho-
S6, cyclin D1,
PR

Clinical response by
palpation:
Everolimus þ AI ¼ 68.1% vs.
AI ¼ 59.1% (p ¼ 0.062)

Everolimus [80] Sun Yat-Sen Memorial
Hospital of Sun Yat-Sen
University

NCT02742051 II Neoadjuvant; post
menopausal, cT2þ, cN1

Everolimus þ Letrozole vs.
FEC

Complete 40 Ultrasound
response rate,
pCR, change in
Ki67 expression

Ultrasound response:
Everolimus þ Letrozole: 65%
(95%CI: 40.8e84.6) vs. FEC: 40%
(95%CI: 19.1e63.9) pCR: 0% in
each arm

Everolimus [82] Southwest Oncology
Group, National Cancer
Institute (NCI)

NCT01674140 III ER-positive, Oncotype
DX® RS > 25, 1e3 Nþ

Everolimus þ ET vs.
Placebo þ ET

Accrual complete 1900 IDFS, OS, DRFS Pending

PI3Kɑ-inhibitors

Alpelisib [42] Novartis
Pharmaceuticals

NCT01923168 II Neoadjuvant; post
menopausal, cT1c-T3

Alpelisib þ Letrozole vs.
Placebo þ Letrozole

Complete 257 ORR, pCR ORR: all; 43% (alpelisib) vs. 45%
(placebo); PIK3CA -mutant:
63% (alpelisib) versus 61%
(placebo) pCR: low, no
difference

Taselisib [83] Genentech, Inc., SOLTI
Breast Cancer Research
Group, Breast
International Group,
Austrian Breast and
Colorectal Cancer
Group

NCT02273973 II Neoadjuvant; post
menopausal, cT1-3

Taselisib þ Letrozole vs.
Placebo þ Letrozole

Complete 334 mRECIST, ORR,
pCR

ORR: all; 39% (placebo) vs. 50%
(taselisib) OR ¼ 1$55, (95%CI
1$00e2$38; p ¼ 0$049);
PIK3CA-mutant:38% (placebo)
vs. 56% (taselisib) OR 2$03, (95%
CI 1$06e3$88; p ¼ 0$033) pCR:
low, no difference

Oral SERDs

Giredestrant (GDC-9545) [84] Roche NCT04436744 II Neoadjuvant, window Giredestrant (GDC-
9545) þ Palbociclib vs.
Anastrozole þ Palbociclib

Complete 215 (83 results
in interim
analysis)

Change in Ki67
expression,
CCCA, mRECIST

Ki67 reduction:
giredestrant ¼ 80%, 95%CI: 72%
e85% vs. anastrozole ¼ 67%,
95%CI: 56%e75%; p ¼ 0.0222;
Complete cell cycle arrest
(CCCA): giredestrant ¼ 25% vs.
anastrozole ¼ 5% (D 20%; 95%
CI ¼ �37%, �3%)

AZD9496 [85] AstraZeneca NCT03236974 I Neoadjuvant, window AZD9496 vs. Fulvestrant Complete 49 (46 results) Changes in ER,
PR, Ki67
expression

AZD9496 was not superior to
fulvestrant

Giredestrant (GDC-9545) [86] Roche NCT03916744 I Neoadjuvant, window GDC-9545 (10 mg, 30 mg,
100 mg)

Complete 75 (46 results) Change in Ki67
expression

Ki67 reduction:
79% (95% CI: 69e89; 10 mg:
80%; 30 mg: 76%; 100 mg: 80%)
CCCA (Ki67 ≤ 2.7%): 51%

Amcenestrant (SAR439859) [87] Sanofi NCT04191382 II Neoadjuvant, window SAR439859 vs. Letrozole Recruiting 126 Change in Ki67,
ER expression

Pending

Camizestrant (AZD9833) [88] AstraZeneca NCT04588298 II Neoadjuvant, window AZD9833 vs. Fulvestrant Recruiting 92 Pending

(continued on next page)
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Table 1 (continued )

Drug Name Sponsor Study Phase Population Intervention Status Sample Size (n) Endpoints Results

Changes in ER,
PR, Ki67
expression

LY3484356 [89] Eli Lilly NCT04647487 I Neoadjuvant, window LY3484356 Recruiting 60 Change in ER,
PK, Ki67, PR
expression

Pending

Giredestrant (GDC-9545) [93] Roche NCT04961996 III Adjuvant therapy,
medium- and high-risk
Stage I-III

Giredestrant vs. Physician's
choice endocrine therapy

Recruiting 4100 (estimate) IDFS, OS, DRFS Pending

Amcenestrant (SAR439859) [96] Sanofi NCT05128773 III Adjuvant early ERþ
breast cancer,
discontinued adjuvant
AI therapy due to
treatment related
toxicity

Amcenestrant vs.
Tamoxifen

Not yet recruiting 3738 (estimate) IBCFS, IDFS, OS,
DRFS

Pending

PARP-inhibitors

Olaparib [64] AstraZeneca NCT02032823 III HER2-negative early
breast cancer; BRCA1 or
BRCA2 germline
pathogenic or likely
pathogenic variants;
high risk clinical
features

Olaparib vs. Placebo Complete 1836 IDFS, DDFS, OS ITT:
IDFS: HR ¼ 0.58 (99.5%CI, 0.41
e0.82)
P < 0.001
DDFS: HR ¼ 0.57 (99.5%CI, 0.39
e0.83)
P < 0.001
OS: HR ¼ 0.68 (99%CI, 0.44
e1.05)
P ¼ 0.02
HRþ/HER2-negative:
IDFS: HR ¼ 0.70 (95%CI: 0.38
e1.27)

Talazoparib [65] Pfizer NCT03499353 II HER2-negative, gBRCA-
positive

Talazoparib Complete 20 (19 results;
5 HRþ)

RCB RCB-0: 53%
RCB-0/I: 63%.

Niraparib [90] GlaxoSmithKline NCT04915755 III TNBC, irrespective of
BRCA status, HRþ/
HER2-negative with
documented tBRCA
mutation

Niraparib Recruiting 800 DFS, OS Pending

Past and Future Studies Investigating mTOR-inhibitors, PI3Ka-inhibitors, oral SERDs, and PARP-inhibitors in early ERþ Breast Cancer. Summary of trials of mTOR, PI3Ka, SERDs, and PARP-inhibitors in early breast cancer in both
neoadjuvant and adjuvant settings. DFS¼disease-free survival, OS¼overall survival, DMFS¼distant metastasis-free survival, PR¼progesterone receptor, pCR¼pathologic complete response, PEPI¼preoperative estrogen prog-
nostic index, IDFS¼invasive disease free survival, IBCFS¼invasive breast cancer-free survival, DRFS¼distant recurrence-free survival, ORR¼overall response rate, mRECIST¼Modified Response Evaluation Criteria in Solid Tumors,
DDFS¼distant disease-free survival, RCB¼residual cancer burden, CCCA¼complete cell cycle arrest, AI¼aromatase inhibitor.
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the setting of early disease, focussing the development of targeted
therapies on the critical sensitive population may justify treatment
and permit maximization of strategies to maintain adherence.
While no adjuvant trials of alpelisib have been announced, these
insights may be relevant as new PI3K-inhibitors, such as GDC-0077
(inavolisib) which has increased selectivity for mutant p110a that
may confer a greater therapeutic index, are developed [43,44].

A further consideration relevant to the use of predictive-
biomarker guided therapies in early disease is the potential prog-
nostic role of those biomarkers with standard adjuvant therapy, eg.
whether they are associated with greater or lesser risk of recur-
rence with standard endocrine therapy (þ/� chemotherapy). Some
evidence suggests that patients with PIK3CA-mutations have a
lower risk of distant recurrence (HR ¼ 0.57, 95%CI: 0.38e0.85;
P ¼ 0.006) with standard therapy and increased benefit with
letrozole vs. tamoxifen [45]. Further characterization of the po-
tential contribution of PIK3CA mutations to existing clinico-
pathologic/gene-expression risk models and their interaction
with endocrine therapy is important to better understand how they
may be exploited for adjuvant therapy.

Inhibitors of AKT are also in development for advanced
ERþ breast cancer in combination with endocrine therapy, with
positive results (PFS, HR ¼ 0.58, 95%CI: 0.39e0.84) reported from
the randomized phase 2 FAKTION trial, which evaluated cap-
ivasertib in combination with fulvestrant as second line endocrine
therapy in themetastatic setting [46]. While the biomarker analysis
(alterations in PI3K/AKT/PTEN) in FAKTION suggested that activity
of capivasertib did not depend on presence of those alterations,
smaller biomarker-selected studies have specifically evaluated the
less common but relevant AKT-mutant and PTEN-mutant pop-
ulations, and further evaluation in the larger registrational trials
now underway is necessary [47e51]. While there are differences in
the toxicity of AKT inhibitors compared to PI3K inhibitors, diarrhea
and rash are common, with 41% of participants requiring a cap-
ivasertib dose reduction in FAKTION [46]. Further insights from
these ongoing trials will help to clarify the potential for use of AKT
inhibitors in early breast cancer.

4. Selective estrogen receptor degraders (SERDs)

Exploiting a mechanism of action distinct from tamoxifen (se-
lective estrogen receptor modulation) and aromatase inhibitors
(estrogen suppression), SERDs have an established role in the
treatment of advanced ERþ breast cancer, and a new oral class of
SERDs is the subject of intense clinical development. SERDs bind
the estrogen receptor, causing degradation and subsequent inhi-
bition of intracellular signalling (Fig. 1). Fulvestrant, the first and
only currently available SERD, gained clinical approval in the early
2000s after demonstrating similar outcomes to anastrozole in
advanced disease when dosed 250 mg per month. Superiority to
aromatase inhibitors was subsequently demonstrated with an
increased dose (500 mg) and fulvestrant is now a well-established
and well-tolerated monotherapy and combination partner for tar-
geted agents. A principal disadvantage of fulvestrant is the need for
large volume intramuscular injection [52e54]. Despite this mode of
administration, fulvestrant has recently been evaluated in early
ERþ disease. The ALTERNATE trial evaluated fulvestrant alone or in
combination with anastrozole vs. anastrozole alone in the neo-
adjuvant and adjuvant settings [55]. The initial results of the neo-
adjuvant phase have been recently reported, where similar
outcomes: endocrine-sensitive disease rate (ESDR; mPEPI 0 þ pCR)
and reduction in post-treatment Ki67, were observed in all treat-
ment arms [55]. Consistent with previous studies, pCR was un-
common [20,55]. This study also included an adjuvant phase,
where fulvestrant was continued for up to 1.5 years; results have
S39
yet to be reported [55]. As development of AI resistance through the
acquisition of ESR1 mutations conferring ligand-independent ER
activation is well-recognized and increases with duration of AI
exposure, and fulvestrant has activity in the setting of some ESR1
mutations, an advantage of SERDs like fulvestrant may be more
likely to emerge in this setting [56,57].

Given the complex pharmacokinetics and formulation of ful-
vestrant, which requires monthly intramuscular injections, there
has been significant interest in the development of more potent
and bioavailable oral SERDs, with broader activity against ESR1
mutants. More than a dozen oral SERDs have entered the clinic,
with multiple Phase 2 and 3 trials underway as monotherapy or in
combinations for metastatic ERþ disease. Early phase monotherapy
studies have demonstrated clinical activity, including in ESR1
mutant, AI- and fulvestrant-resistant disease and a generally
tolerable safety profile [58]. Compared to existing endocrine stra-
tegies, oral SERDs have been reported to have some distinct side-
effects including gastrointestinal toxicities, diarrhea, bradycardia,
and visual disturbances [58e60]. Bradycardia, which has been
observed with some but not all agents, has attracted specific
attention, and the frequency and severity of oral SERD toxicity, as
well as long term tolerability, will be important outcomes of large
ongoing studies and of particular importance to adjuvant
strategies.

The first clinical evidence for the use of oral SERDs in early ERþ/
HER2-negative breast cancer was presented recently at the ESMO
2021 congress. In this study, giredestrant was compared to anas-
trozole in the neoadjuvant setting in a two week window of op-
portunity (WOO) study with primary outcomes evaluating
reduction in Ki67 expression at day 14; all patients will subse-
quently continue with the addition of palbociclib at standard
dosing to their assigned endocrine therapy after completion of the
WOO phase [61]. At a planned interim analysis (n ¼ 83) following
completion of the WOO phase (receiving only endocrine therapy),
giredestrant resulted in a further reduction of Ki67 from baseline
when compared to anastrozole (Table 1; giredestrant¼ 80%, 95%CI:
72%e85% vs. anastrozole ¼ 67%, 95%CI: 56%e75%; p ¼ 0.0222) [61].
Furthermore, the frequency of complete cell cycle arrest (CCCA; pts
with Ki67 score �2.7%) was significantly higher in the giredestrant
vs. anastrozole group with fewer treatment related adverse events
noted with giredestrant (Table 1) [61].

Preoperative evaluation of the oral SERD amcenestrant is also
planned as part of the I-SPY2 Endocrine Optimization Protocol
(EOP), where it will be evaluated asmonotherapy or in combination
with other targeted therapies. Additionally, several large adjuvant
trials comparing oral SERDs to standard endocrine therapy have
been announced [62,63,93]. The rapid transition of these agents to
early disease investigation, prior to any approvals for advanced
cancer, reflects enthusiasm for their clinical potential. However,
large adjuvant trials will take many years to read out, and there
remains uncertainty at this time about predictors of benefit and
long term tolerability. Studies in specific settings (eg. late recur-
rence, with resistance to AI) or incorporating real-time risk or
predictive biomarkers (discussed below) may have relevance to
accelerating or refining the development of adjuvant oral SERD
strategies.

5. PARP-inhibitors

The recently-reported OlympiA trial, which compared 1 year of
olaparib vs. placebo as adjuvant therapy has established a new
treatment option for patients with high risk germline BRCA1/2-
related early breast cancer [64]. While the majority of participants
in OlympiA had triple negative breast cancer (TNBC, 82%), 325
patients with ERþ disease were included: in this subgroup, the
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primary endpoint (invasive disease free survival, iDFS) was
numerically improved (Table 1, HR¼ 0.70, 95%CI: 0.38e1.27). Given
the temporal pattern of recurrences expected for ERþ disease,
outcomes for this population are relatively immature, and longer
followup will be important to better characterize the treatment
impact for ERþ disease. Importantly, and in contrast to its use in the
metastatic setting, olaparib was combined with standard adjuvant
endocrine therapy for the majority of ERþ participants (olaparib:
86.9%, placebo: 90.4%) [64]. There has been additional interest in
the use of PARP inhibitors in early BRCA-related breast cancer
(Table 1) [65], including an ongoing study of niraparib in patients
identified by the presence of molecular residual disease/circulating
tumor DNA [NCT04915755]. Integration of these advances for pa-
tients with BRCA-related ERþ disease with other emerging treat-
ment strategies will be an important area for continued research.

6. Measurable residual disease to guide new adjuvant
strategies

Alongside the development of new breast cancer therapies and
the characterization of markers of risk and response, there has been
rapid evolution of novel tools that could inform or transform cur-
rent approaches for the investigation and delivery of adjuvant
therapy. Multiple tissue-based genomic classifiers have been
developed that are prognostic for early stage ERþ breast cancer
treated with endocrine therapy, enabling risk stratification and
informing treatment decision making, for both chemotherapy and
endocrine therapy [1,66e68]. However, such assays performed at
the time of diagnosis or surgery and without prior exposure to
standard therapy are limited by the single biologic snapshot that
they can provide. Dynamic measurements that reflect response or
lack thereof to standard therapy, or tools to detect minimal or
measurable residual disease (MRD) following surgery may serve to
better stratify individual risk, or predict benefit of a given thera-
peutic strategy. For example, as dynamic changes in Ki67 (or the
resulting PEPI score) following exposure to neoadjuvant aromatase
inhibitors are associated with risk of recurrence, measurement of
gene expression or other cellular changes that reflect adaptive
response in endocrine unresponsive disease may inform the like-
lihood of benefit from an alternative strategy.

Liquid biopsy, which permits non-invasive and serial assess-
ment of a variety of blood-based analytes (eg. circulating tumour
cells, CTCs; circulating tumour DNA, ctDNA; cell free microRNA,
cfmiR; exosomes) has emerged as a promising tool for biomarker
development [69e72]. The development of circulating tumor DNA
applications is an area of intense clinical investigation [69],
including in ERþ breast cancer. Detection of circulating tumor DNA
using a variety of techniques following definitive therapy has been
strongly associated with risk of subsequent recurrence in early
stage breast cancer [73e75]. While additional study of ctDNA MRD
is required to fully characterize its performance, prevalence, lead
time to clinical recurrence, relationship with standard imaging (i.e.
clinically occult but radiologically detectable metastatic disease),
and the relative performance of various assays, the opportunity to
target escalated strategies to individuals at extreme risk of recur-
rence in an “interception” approach is attractive. Furthermore,
longitudinal serial measurement of ctDNA kinetics after initiation
of standard of care adjuvant therapy may provide the opportunity
to further refine treatment selection, distinguishing patients who
may be benefiting from current adjuvant treatment from thosewho
are not.

Whether patients with ERþ breast cancer exhibiting MRD are
those whose outcomes could be improved with escalated adjuvant
therapy remains to be determined - it is of course possible that this
state reflects escaped disease that cannot be eradicated. However,
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these rapidly evolving tools provide an important opportunity to
overcome the need for enormously resource-intensive adjuvant
trials seeking benefit in a tiny fraction of participants. Several trials
for MRD þ breast cancer have recently been launched, and it is
likely that the adoption of such investigational strategies will be
brisk [76,77]. Additionally, retrospective analyses of adjuvant trials
that banked plasma for MRD analyses will provide important in-
sights to guide future work and contribute to the biological char-
acterization of disease recurrence, while hopefully identifying
subsets of patients who benefitedmost from the study intervention
[78].

7. Therapy selection and duration

The optimal duration of adjuvant therapy for patients with early
ERþ breast cancer continues to be an area of active investigation
even with standard of care endocrine therapy [17,22], and the
duration of adjuvant therapy evaluated in escalation trials has been
defined empirically. Where most interventions have chronic or
cumulative toxicities as well as financial costs that ultimately in-
fluence their risk/benefit profiles and clinical adoption, defining
optimal durations or surrogate markers that could inform indi-
vidual management are important goals. Given the various novel
therapies that have either emerged or remain under investigation
for high risk ERþ disease, refined strategies that incorporate
prognostic and predictive biomarkers seem necessary to maximize
cures while minimizing overtreatment. Tumor and tissue based
markers, together with repeated longitudinal measures and
assessment of biomarker kinetics during or following curative
intent therapy may inform both judicious use of escalated therapy
and careful development of de-escalation approaches.

8. Conclusion

Existing and emerging targeted therapies for ERþ breast cancer
present opportunities to address the need for improved adjuvant
strategies to reduce metastatic recurrence. It is clear from available
clinical data that successful strategies for adjuvant treatment
escalationmust be safe, tolerable, and delivered to patients who are
both at high risk of recurrence and with disease responsive to the
intervention. Building on the success of predictors for chemo- and
endocrine therapy, novel agents demand careful attention to
biomarker development. Assays that incorporate response to
standard endocrine therapy, and those that detect measurable re-
sidual disease in real time may enable a transformation of existing
approaches to adjuvant therapy. Successful development of these
strategies will require integrated basic, translational and clinical
investigation to identify not only the patients who will benefit the
most, but also biomarkers to inform emerging therapies. Future
researchmust further delineate the biology of resistance to existing
adjuvant therapies, and interrogate the relationships between
clinical, pathologic, genomic and patient-related factors in high risk
individuals to understand the role of current and future biomarkers
and their potential utility. Thorough clinical characterization of
new technologies is necessary to understand their operating
characteristics and ability to guide adjuvant therapy delivery. The
major interest and investment in these areas will undoubtedly
facilitate a further transition to more personalized adjuvant ther-
apy for early breast cancer, reshaping clinical trials and clinical care.
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