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Abstract: Although adjuvant endocrine therapy (ET) greatly lowers the risk of recurrence and mortality in hormone receptor (HR)-
positive early-stage breast cancer (EBC), more than 20% of patients may experience relapses within 10 years, often manifesting as
incurable distant metastases. To improve outcomes, ovarian function suppression (OFS) with gonadotropin-releasing hormone agonists
(GnRHa) added to tamoxifen or aromatase inhibitors like exemestane have shown significant disease-free survival (DFS) and, in some
cases, overall survival (OS) benefits. CDK4/6 inhibitors, a cornerstone in metastatic HR-positive, HER2-negative breast cancer
(MBC), are now being explored in EBC. Trials with abemaciclib and ribociclib have shown promise in high-risk EBC. For BRCA-
mutant patients, the PARP inhibitor olaparib, as demonstrated in the OlympiA trial, significantly improved invasive DFS and OS when
used as adjuvant therapy for one year. Conversely, de-escalation strategies are also emerging. Recent studies suggest that younger
premenopausal women with low-risk disease may safely interrupt ET after 18-30 months to pursue pregnancy. Additionally, genomic
tumor profiling is widely utilized to decide on aggressiveness of adjuvant therapy of EBC. These advancements reflect a shift toward
personalized adjuvant therapy, integrating targeted treatments like CDK4/6 inhibitors and PARP inhibitors, optimizing ET with OFS,
and balancing efficacy with quality of life through de-escalation strategies. This tailored approach aims to improve long-term outcomes
for HR-positive EBC patients.
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Introduction

Breast cancer is the second most commonly diagnosed cancer among women worldwide,' and almost 95% of cases in
Western societies are detected at an early stage.” With advancements in screening methods, early detection, and the recent
introduction of many anti-breast cancer therapies, more patients are surviving the disease.’

Adjuvant endocrine therapy (ET) has different mechanisms of action (Figure 1). Tamoxifen, a selective estrogen
receptor modulator (SERM), blocks estrogen signaling in breast tissue and is commonly used in both premenopausal and
postmenopausal women.* Aromatase inhibitors (Als), such as letrozole, anastrozole, and exemestane, further suppress
estrogen production and are preferred in postmenopausal patients.* Ovarian function suppression (OFS), achieved
through gonadotropin-releasing hormone agonists (GnRHa), oophorectomy, or ovarian irradiation, is often combined
with tamoxifen or Als in high-risk premenopausal women to enhance endocrine blockade.” Additionally, CDK4/6
inhibitors, such as ribociclib, palbociclib, and abemaciclib, have proven their effectiveness in combination with ET,
particularly in high-risk patients, by targeting cell cycle dysregulation and preventing cancer cell proliferation.® These
therapies, individually or in combination, significantly improve outcomes and are tailored based on patient-specific risk

factors and menopausal status.
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Figure | Mechanism of ET. Endocrine manipulation can be exerted by different mechanisms. Aromatase inhibitors (Al) reduce estrogen levels by inhibition of aromatase
enzymes. Selective Estrogen Receptor Modulators (SERMs) exert their influence by diminishing the binding of estrogen and its receptor (ER). Selective Estrogen Receptors
Degraders (SERDs) reduce the number of ERs in cancer cells by terminally blocking the receptor leading to its degradation (Sharaf B, Hajahjeh A, Bani Hani H, Abdel-Razeq
H. Front Oncol. 2024; 14:1385577. doi: 10.3389/fonc.2024.1385577.).

Adjuvant hormonal therapy has played a major role in improving the clinical outcomes of hormone receptor (HR)-positive
breast cancer.” The National Surgical Adjuvant Breast and Bowel Project (NSABP) B-14 trial showed that hormonal therapy
successfully reduced the recurrence rate and improved overall survival (OS).? Despite the significant impact of tamoxifen on
breast cancer treatment, the recurrence rate continued to remain high at about 20% at the 10-year follow-up.’ Since the primary
source of estrogen in postmenopausal women is peripheral aromatization rather than ovarian production, Als were introduced
to maximize the estrogen depletion strategy in postmenopausal women.®'°

Als have been extensively studied in postmenopausal women in major clinical trials. The ATAC trial (Arimidex,
Tamoxifen, Alone or in Combination) compared anastrozole with tamoxifen in postmenopausal women with early-stage,
HR-positive breast cancer. The study showed that anastrozole significantly reduced the 20-year recurrence rate to 22%,
compared to 28% with tamoxifen (P=0.003). Anastrozole also had a more favorable side effect profile with a lower
incidence of thromboembolic events and endometrial cancer compared with tamoxifen, but with an increased risk of
osteopenia, osteoporosis, and bone fractures.® Similar results were obtained when letrozole and exemestane were
compared with tamoxifen (Figure 2).5'°

As a result of these trials, Als are recommended as the preferred adjuvant treatment for postmenopausal women with
HR-positive breast cancer.* ' Even with these medications, the recurrence rate remains high, as shown in the Early
Breast Cancer Trialists’ Collaborative Group (EBCTCG) meta-analysis; the 10-year recurrence rate is 19.1% for Als and
22.7% with tamoxifen."' With these findings, the need for further escalation in therapy to improve outcomes became
evident, especially in premenopausal women.

Efforts to escalate ET in patients with EBC have taken several forms, which will be addressed in this review. These
efforts include the incorporation of OFS with tamoxifen or Als, the addition of CDK4/6 inhibitors-primarily to Al- and
the integration of PARP inhibitors like olaparib, in genetically selected patients. At the same time, there is growing
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Figure 2 5-Year disease-free survival (DFS) of tamoxifen versus aromatase inhibitors (Al). All Al (Anastrozole, Letrozole and Exemestane) were better than tamoxifen.

interest in “de-escalating” ET for younger premenopausal women seeking pregnancy, allowing the interruption of such
therapy for up to two years, following 18-30 months of therapy, to facilitate pregnancy.'?

Escalation Strategies
Ovarian Function Suppression (OFS)

The use of OFS in the treatment of breast cancer is not new. The concept dates back to 1889, when Schinzinger first
proposed oophorectomy as adjunctive therapy for breast cancer to alter the hormonal milieu of the tumor.'*'* George
Thomas Beatson put this concept into practice over 125 years ago (1896), reporting a decrease in cutaneous metastases in
a premenopausal woman after oophorectomy.'> The mysterious mechanism underlying the response to oophorectomy
was explained 75 years later when Jenson identified the estrogen receptor (ER).IG

Avoiding the surgical removal of the ovaries, the concept of OFS was tested as part of the ET for premenopausal
women with HR-positive EBC. The SOFT (Suppression of Ovarian Function Trial) and TEXT (Tamoxifen and
Exemestane Trial) were the two major randomized clinical trials that compared tamoxifen or Als (exemestane), alone
or with OFS. The SOFT trial, conducted by the International Breast Cancer Study Group (IBCSG), focused on adjuvant
ET for premenopausal women with early-stage, HR-positive breast cancer. Over 3000 premenopausal women with HR-
positive breast cancer were enrolled. At enrollment, the median age of participants was 43 years, and a considerable
proportion had already been treated with chemotherapy. OFS was achieved through administration of the GnRHa
triptorelin in 80.7% of the patients. Participants were randomized to 5 years of adjuvant tamoxifen, tamoxifen plus
OFS, or exemestane plus OFS. The primary endpoint was DFS, and secondary endpoints included overall survival (OS),
breast cancer-free interval (BCFI), distant recurrence-free interval (DRFI), and safety proﬁles.17 The results were updated
and recently published; at a median follow-up of 12 years, the DFS was significantly better with exemestane plus OFS
(79.0%) and tamoxifen plus OFS (76.1%) compared to tamoxifen alone (71.9%), P=0.03. However, there was no
statistically significant OS benefit for the whole group, even with extended follow-up; the 12-year OS was 89.4%,
89.0%, and 86.8% for exemestane plus OFS, tamoxifen plus OFS, and tamoxifen alone, respectively (P=0.06). In
subgroup analysis, patients who received prior chemotherapy had significant improvement in OS with exemestane plus
OFS and tamoxifen plus OFS, compared to tamoxifen alone, with 12-year OS of 84.4%, 81.1%, and 78.8%, respectively
(Figure 3).'7'®
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Figure 3 Disease-Free survival and overall survival (OS) with tamoxifen alone, tamoxifen plus ovarian function suppression (OFS) or exemestane plus OFS (based on
the SOFT trial).

The TEXT trial, conducted by the same group (IBCSG) and published in 2014, was designed to determine if
exemestane in combination with OFS would be more beneficial than tamoxifen plus OFS in premenopausal women
with HR-positive EBC. At the conclusion of the trial, 2672 premenopausal women were blindly randomized to 5 years of
exemestane plus OFS or tamoxifen plus OFS. The primary endpoint was DFS and OS, while the secondary endpoints
were similar to the SOFT trial: BCFI, DRFI, and safety profile.'>?* The study was recently updated after a median
follow-up of 12 years and showed a significant improvement in DFS with exemestane combined with OFS compared to
tamoxifen plus OFS. DFS was 80.5% with exemestane versus 75.9% with tamoxifen (HR, 0.77; 95% CI, 0.67-0.88).
However, OS rates at 12 years were similar between the groups: 89.4% for exemestane and 89.1% for tamoxifen (HR,
0.93; 95% CI, 0.78-1.11)."%° Subgroup analyses showed that patients who had received prior chemotherapy and those
with node-positive disease derived greater benefit from exemestane plus OFS.

Similar to the SOFT trial, adverse events were more common with exemestane. Compared to patients treated with
tamoxifen plus OFS, patients treated with exemestane plus OFS reported more menopausal symptoms, including hot
flashes, vaginal dryness, and diminished interest in sex. Bone loss and musculoskeletal symptoms with exemestane also
raised concerns about longer-term health risks, thus requiring continued monitoring and intervention.'>'¢

The SOFT and TEXT trials were designed to conduct a combined analysis. A total of 4690 premenopausal women
with HR-positive EBC were assigned to 5 years of exemestane plus OFS versus tamoxifen plus OFS. DFS and DRFI, but
not OS, were significantly improved with exemestane plus OFS. In the intention-to-treat (ITT) analysis, the absolute
improvement in DFS at 12 years was 4.6% (HR, 0.79; 95% CI, 0.70-0.90, P<0.001), and 1.8% in DRFI (HR, 0.83; 95%
CI, 0.70-0.98; P=0.03). Though OS was not statistically improved in the whole cohort, the benefit was clinically
significant in high-risk subgroups, including patients younger than 35 years (4.0%) and those with tumors >2.0 cm
(4.5%) or those with grade 3 disease (5.5%) (Figure 4).%°

Similarly, The ASTRA trial evaluated the efficacy of adding OFS to tamoxifen in premenopausal women with HR-
positive breast cancer following chemotherapy. The results demonstrated that the combination therapy significantly
improved DFS, with an 8-year DFS rate of 85.4% in the tamoxifen + OFS group compared to 80.2% in the tamoxifen-
only group (hazard ratio [HR], 0.67; 95% CI, 0.51 to 0.87). However, there were no significant differences in OS
between the two groups. The OS rate was 96.5% in the tamoxifen + OFS group and 95.3% in the tamoxifen-only group
(HR, 0.78; 95% CI, 0.49 to 1.25). These findings were particularly notable in high-risk patients, such as those with larger
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Figure 4 Overall survival in clinicopathologic subgroups (based on SOFT and TEXT trials).
Abbreviations: T, Tamoxifen, OFS, Ovarian Function Suppression, E, Exemestane, G, Grade, LN, Lymph Node.

tumors and lymph node involvement. While the addition of OFS to tamoxifen provided a durable benefit in terms of
DFS, it was associated with increased menopausal symptoms and concerns regarding long-term bone health.*!

The Role of OFS to Preserve Fertility

Ovarian function suppression aims to prevent premature ovarian failure (POF) by temporarily inhibiting ovarian activity,
typically using GnRHa. These agents block the release of follicle-stimulating hormone (FSH) and luteinizing hormone
(LH) from the pituitary gland, both of which are crucial for ovarian follicle development and estrogen production. By
suppressing ovarian function during chemotherapy, OFS reduces the risk of chemotherapy-induced ovarian follicle
damage, thereby preserving fertility.

A systematic review and meta-analysis by Lambertini et al evaluated the effectiveness of GnRHa in preserving
ovarian function and fertility in premenopausal women with EBC undergoing chemotherapy. The analysis included data
from 873 patients across five trials. Ovarian suppression with GnRHa resulted in a 14.1% rate of premature ovarian
insufficiency (POI) compared to 30.9% in the control group (adjusted odds ratio: 0.38; p < 0.001). Post-treatment
pregnancy occurred in 10.3% of the GnRH agonist group, compared to 5.5% in the control group (incidence rate ratio:
1.83; p = 0.030). No significant differences were found in DFS (p = 0.999) or OS (p = 0.083).*

Adding CDK4/6 Inhibitors

Although adjuvant ET significantly reduces the risk of recurrence and mortality, more than 20% of patients with early
breast cancer (EBC) may experience relapses within 10 years after surgery.>>** Consequently, the development of new
therapeutic strategies to further reduce the risk of relapse and enhance patient outcomes is of high importance, especially
in those with high-risk features. CDK4/6 inhibitors are a class of targeted cancer therapies that specifically inhibit the
activity of cyclin-dependent kinases 4 and 6 (CDK4/6), which play a crucial role in cell cycle regulation. By blocking
these kinases, CDK4/6 inhibitors prevent the phosphorylation of the retinoblastoma protein, thereby halting cell cycle
progression from the G1 to the S phase. This mechanism causes sensitive tumor cells to be arrested in the G1 phase of the
cell cycle. The interruption of the cell cycle leads to decreased proliferation and increased apoptosis.*’

CDKA4/6 inhibitors, such as palbociclib, ribociclib, and abemaciclib, are now considered the cornerstone of treatment
in the first line setting for metastatic breast cancer (MBC), HR-positive, HER2-negative subtypes. The PALOMA,
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MONALEESA,”” and MONARCH?® clinical trial programs highlighted the benefits of palbociclib, ribociclib, and
abemaciclib, respectively, showing substantial delays in disease progression compared to ET alone. These findings
underscore the importance of CDK4/6 inhibitors in extending the lives of patients with advanced breast cancer and
improving their quality of life (QOL).

The NATALEE and monarchE study investigated the use of CDK4/6 inhibitors, ribociclib and abemaciclib, respec-

tively, in the adjuvant setting as treatment options for HR-positive, HER2-negative EBC.***°

Abemaciclib With Endocrine Therapy

The MONARCH-E trial was a Phase 3, randomized, open-label study that investigated the addition of abemaciclib,
a CDK4/6 inhibitor, to ET in patients with high-risk, HR-positive, HER2-negative early breast cancer (EBC). The trial
enrolled 5637 patients who had received neoadjuvant chemotherapy and had residual disease after treatment. The
inclusion criteria required patients to have either at least four positive pathologic axillary lymph nodes (pALNs) or
one to three pALNs with additional high-risk features, such as grade 3 disease, a tumor size >5 cm, or Ki-67 >20. The
primary outcome was invasive disease-free survival (iDFS). Recently published updates, with a median follow-up of 54
months, demonstrated a sustained hazard ratio (HR) of 0.680 (95% CI, 0.599 to 0.772, P=0.01) for iDFS with
abemaciclib plus ET, showing a deepening benefit over time with a 5-year absolute improvement in iDFS of 7.6%
and distant relapse-free survival (DRFS) of 6.7% compared to ET alone. Although fewer deaths were reported in the
abemaciclib-treated arm, statistical significance in overall survival (OS) has not been reached.’’ Patients in the
abemaciclib group had more adverse events, including diarrhea (82%) and neutropenia (45%). Clinically relevant
diarrhea (Grade 2/3) occurred more frequently in elderly postmenopausal patients.>* These adverse effects can be
significant enough to lead to treatment interruption or discontinuation in some patients.

Ribociclib With Endocrine Therapy

The NATALEE trial was a phase 3, randomized, multicenter study that evaluated the addition of ribociclib, a CDK4/6
inhibitor, to ET in patients with high-risk, HR-positive, HER2-negative early breast cancer (EBC). The trial included
5101 postmenopausal women and men with stage IIA, 1IB, or III HR-positive, HER2-negative EBC. Patients with stage
IIT or IIB disecase were eligible regardless of nodal status. For stage IIA disease, eligibility required at least one positive
lymph node, or, if there was no nodal involvement, patients had to have a grade 2 tumor with a Ki-67 proliferation index
of >20% or be classified as having high genomic risk. Additionally, patients with stage IIA disease and grade 3 tumors,
regardless of nodal involvement, were also eligible. Patients were randomly assigned to receive ribociclib (400 mg once
daily) + ET for 2 years or ET alone. Ribociclib showed significant improvements in the primary endpoint of 3-year iDFS;
90.4% vs 87.6%, absolute difference 2.8%.%° Ribociclib at 400 mg had a favorable safety profile, with common side
effects including myelosuppression, elevated liver enzymes, and prolongation of the QT interval.

Comparison Between the monarchE and NATALEE Trials

There are several differences between the monarchE and NATALEE trials that need to be highlighted. The NATALEE
trial allowed the inclusion of earlier-stage patients, specifically those with T2NO if they had additional risk factors as
highlighted above, whereas the monarchE trial allowed only patients with node-positive disease. Additionally, the
duration of CDK4/6 inhibitor (ribociclib) treatment in the NATALEE trial was 3 years compared to only 2 years with
abemaciclib in the monarchE trial. The toxicity profile was also different; diarrhea associated with abemaciclib can be an
issue for some patients. However, good patient education and early treatment with anti-diarrhea drugs can minimize its
negative impact. Table 1 summarizes some of the key differences between the two trials.

Role of Palbociclib in Adjuvant Sitting

The PALLAS and PENELOPE-B trials are key studies in evaluating escalation strategies for high-risk HR-positive breast
cancer.”>* The PALLAS trial enrolled 5761 patients to assess the addition of palbociclib, a CDK4/6 inhibitor, to ET in
high-risk HR+ patients, particularly those with node-positive disease or high Ki-67 expression. The trial showed no
significant improvement in iDFS, with 3-year iDFS rates of 88.2% for the palbociclib group and 88.5% for the control
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Table | Key Differences Between NATALEE and MonarchE Trials

Characteristics NATALEE MonarchE
Number of patients 5101 5637

Study drug Ribociclib Abemaciclib
Duration of therapy 3 years 2 years

Dose

400 mg/day (3 weeks on,| week off)

150 mg twice daily (continuous)

Endocrine treatment (ET)

Anastrozole, Letrozole + OFS

Anastrozole, Letrozole, Exemestane,
Tamoxifen + OFS

ET prior to randomization

<12 months (neo/adjuvant)

< 12 weeks adjuvants

Menopause status

Pre-and postmenopausal

Pre-and postmenopausal

Disease severity

Any positive LN, or tumor > 2 cm (T2) with:

- Grade 3
- Grade 2 + Ki-67 >20%
- Grade 2 + high genomic risk

2 4 positive LN, or |1-3 positive LN with:
- Tumor > 5cm

- Grade 3

- Ki-67>20%

Invasive Disease-Free Survival (iDFS)

3-year: A 2.8%; 90.4% vs 87.6%

5-Year: A7.6%, 83.6% vs 76%

Abbreviations: ET, Endocrine Therapy; OFS, Ovarian Function Suppression; LN, Lymph node.

group (HR 0.93, p=0.51). Palbociclib discontinuation occurred in 42.2% of patients, with 27.2% stopping due to adverse
events. A post hoc analysis reported cumulative discontinuation rates of 17.9% at 6 months and 30.0% at 1 year.

The PENELOPE-B trial included 1250 patients with HR+/HER2-negative breast cancer and residual disease post-
neoadjuvant chemotherapy, examining palbociclib with ET. Similarly, no significant iDFS improvement was observed,
with 3-year rates of 81.2% for the palbociclib group and 77.7% for placebo (HR 0.93, P = 0.52). The discontinuation rate
was 20%, primarily due to neutropenia and infections.

PARP Inhibitors With Endocrine Therapy

For BRCA-mutant, (HR)-positive breast cancer patients, the risk of recurrence remains a significant concern, particularly
due to the potential for late recurrences beyond five years. While HR-positive breast cancer generally has a more
favorable prognosis compared to triple-negative breast cancer, BRCA mutations confer a higher risk of both local and
distant recurrence, as well as an increased likelihood of developing secondary cancers, such as ovarian or contralateral
breast cancer.>> This underscores the need for improved adjuvant therapies that target the underlying genetic vulner-
abilities in these patients. Olaparib, a PARP inhibitor, addresses this need by exploiting the DNA repair deficiencies
caused by BRCA mutations, thereby reducing the risk of recurrence and improving survival outcomes. The OlympiA
trial’s findings highlight the importance of integrating olaparib into adjuvant treatment strategies for BRCA-mutant, HR-
positive breast cancer, as it not only enhances iDFS and overall survival but also provides long-term protection against
recurrence, even in this subgroup.>® This approach is particularly critical given the limitations of traditional endocrine
therapies and the need for more targeted, effective treatments to improve outcomes in this high-risk population. The
OlympiA trial was a multicenter, double-blind, placebo-controlled Phase III study designed to evaluate the efficacy of
olaparib as adjuvant therapy for patients with high-risk, HER2-negative, BRCA-mutant breast cancer. The trial enrolled
1836 patients who had completed standard primary treatments, including surgery, chemotherapy, and radiation.
Participants were randomized to receive either oral olaparib or placebo for one year.>®

The third interim analysis of the OlympiA trial, presented at the 2024 San Antonio Breast Cancer Symposium,
revealed significant long-term benefits of olaparib. After a median follow-up of 6.1 years, olaparib demonstrated a 35%
reduction in the risk of invasive disease and distant recurrence, with 6-year iDFS rates of 79.6% in the olaparib group
compared to 70.3% in the placebo group. Distant disease-free survival rates were 83.5% vs 75.7%, respectively.
Additionally, olaparib achieved a 28% reduction in the risk of death, with a 6-year overall survival (OS) rate of
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87.5% in the olaparib group versus 83.2% in the placebo group. These benefits were consistent across all subgroups,
including triple-negative and ER-positive breast cancer.>’ The trial’s results reinforce the importance of BRCA testing
and support olaparib as a critical adjuvant therapy for BRCA-positive, HER2-negative breast cancer patients. Follow-up
will continue until 2029 to further assess long-term outcomes, solidifying olaparib’s role in transforming the standard of
care for high-risk breast cancer patients.

Everolimus in the Adjuvant Setting

In a recently published study (the SWOG S1207 trial), 1792 patients were randomly assigned to receive the physician’s
choice of ET plus 1 year of everolimus at 10 mg daily or placebo. ET consisted of Al only in 67% of patients, tamoxifen
only in 24%, and OFS plus tamoxifen or Al in 8% in the placebo group. At a median follow-up of 55 months, everolimus
did not demonstrate a significant benefit in iDFS. The five-year iDFS rates were 74.9% for the everolimus group and
74.4% for the placebo group (HR 0.94, 95% CI, 0.77—-1.14; P = 0.52). Similarly, OS rates at five years were 88.1% with
everolimus and 85.8% with placebo (HR 0.97, 95% CI, 0.75-1.26; P = 0.84). iDFS events occurred in 193 patients in the
everolimus group versus 211 in the placebo group (HR 0.94, 95% CI, 0.77-1.14; P = 0.52), and deaths were reported in
112 patients in the everolimus group compared to 119 in the placebo group (HR 0.97, 95% CI, 0.75-1.26; P = 0.84)."

De-Escalation Strategies

Despite its well-known benefits, ET for patients with EBC is associated with several adverse events. Vasomotor
symptoms (eg, hot flashes, night sweats), musculoskeletal issues (eg, joint pain, stiffness), and heightened risks of
osteoporosis and cardiovascular events are among the commonly encountered adverse events.>® ** These side effects can
profoundly impact patients’ quality of life (QOL), potentially leading to treatment discontinuation or non-adherence.****
Furthermore, the financial implications of long-term hormone therapy, including CDK4/6 inhibitors, should not be
overlooked. The cost associated with these medications, along with managing their side effects, can impose a significant
economic burden on both patients and healthcare systems.*>*® This burden is especially significant in regions where
access to affordable healthcare is limited. Additionally, among women diagnosed with breast cancer, a considerable
number are of childbearing age. These young survivors often grapple with the dual challenge of managing their cancer
while considering future fertility, which can be profoundly impacted by cancer treatments.

Interruption of Endocrine Therapy

Chemotherapy-induced amenorrhea (CIA) occurs due to the toxic effects of chemotherapy drugs on the ovaries, leading
to damage or destruction of ovarian follicles and subsequent disruption of the menstrual cycle. The incidence and
duration of CIA vary depending on several factors, including the patient’s age, the type of chemotherapy, and the
cumulative dose received.*’**® CIA can have significant implications for fertility and the overall health of breast cancer
survivors. For premenopausal women, CIA may result in temporary or permanent infertility, which can impact their
reproductive choices and quality of life (QOL).*’

It is extremely important to address fertility-related issues with all patients of childbearing age. Management of CIA
in breast cancer survivors involves a multidisciplinary approach that should include obstetricians. Research into novel
treatments for CIA, such as gonadotropin-releasing hormone agonists (GnRHa), to preserve ovarian function during
chemotherapy, is ongoing and holds promise for improving outcomes for breast cancer patients.”*’

The POSITIVE trial specifically addresses the safety of temporarily pausing adjuvant ET to allow for pregnancy,
offering hope to women who wish to conceive without compromising their long-term health outcomes.'?**>* The trial
enrolled 516 premenopausal women aged 42 years or younger and diagnosed with stage I, II, or III HR-positive breast
cancer. Women enrolled needed to have received adjuvant ET for at least 18 months but no more than 30 months and
express a desire to temporarily discontinue therapy for pregnancy attempts. Previous chemotherapy, with or without
fertility preservation, was permitted, provided there was no clinical evidence of recurrence. Among participants, 368
(74%) became pregnant, with 317 (86%) having at least one live birth. The trial revealed that pausing adjuvant ET for
pregnancy did not significantly increase the risk of cancer recurrence. The 3-year incidence of breast cancer events was
8.9% (95% CI, 6.3—11.6) in the treatment-interruption group and 9.2% (95% CI, 7.6—10.8) in the external control cohort,
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resulting in an absolute difference of —0.2 percentage points (95% CI, —3.1-2.8). For distant recurrences, the 3-year
incidence was 4.5% (95% CI, 2.7-6.4) in the treatment-interruption group and 5.8% (95% CI, 4.5-7.2) in the control
cohort, showing an absolute difference of —1.4 percentage points (95% CI, —3.5-1.0) and a HR of 0.70 (95% CI,
0.44-1.12) as estimated by the bootstrap-matching method. The trial also assessed the use of assisted reproductive
technologies (ART) like ovarian stimulation for in vitro fertilization (IVF) and found no significant increase in short-term
recurrence risk with ART use. Among those undergoing stimulation, 9.7% experienced a recurrence compared to 8.7%
who did not (p = 0.15). Furthermore, 82.4% of women using ART achieved pregnancy, with a higher success rate
observed in younger women (under 35) at 80%, compared to those over 40 at 50%. These findings suggest that pausing
hormone therapy for pregnancy is a safe and viable option for young breast cancer survivors.

The clinical implication of the POSITIVE trial can be a bit tricky; we believe that patients should be counseled
carefully when such discussions begin in the clinic.*” The study’s follow-up is relatively short, especially when
considering the chance of disease recurrence in patients with HR-positive tumors, which can be encountered as late as
10 or even 20 years.”* Very young patients who anticipate completing their ET before the age of 35 may be better
counseled against interruption, especially if their disease is high-risk (large tumor size, node-positive, or high-grade). The
situation can be different in women approaching their 40s, where interruption of ET in these situations is more justifiable,
especially for those with low-risk disease. In another study presented recently at the 2024 American Society of Clinical
Oncology (ASCO) annual meeting, most survivors of stage 0 to stage III breast cancer who attempt to conceive after
completing treatment can successfully become pregnant and have a live birth.>

Abbreviated Therapy in Low-Risk Patients

For postmenopausal women with HR+ EBC, the optimal duration of aromatase inhibitor (Al) therapy has been debated.
A phase 3 trial randomized women who had completed 5 years of adjuvant ET to receive anastrozole for an additional 2
years (7 years total) or 5 years (10 years total). At 8 years, there was no significant difference in DFS (HR, 0.99; P=0.90)
or OS between the groups. However, the 5-year group had a higher risk of bone fractures (HR, 1.35; P=0.04), supporting
de-escalation after 7 years for most patients.”®

De-Escalation in Low-Risk Disease and Older Patients
Several studies have attempted to select patients with low risk features in whom ET can be abbreviated or even withheld. One
study included HR-positive/HER2-negative breast cancers with very small (Tla/b), node-negative early-stage tumors.’
Researchers found that patients who received adjuvant ET had a significantly lower 5-year recurrence rate of 2.8% compared
to 6.4% in those who did not. Additionally, the 5-year overall survival rate was 98.9% in the ET group versus 96.5% in the non-
therapy group. The study highlighted that even in cases of T1a/bNO EBC, which involve tumors 1 cm or smaller with no lymph
node involvement, adjuvant ET provided substantial benefits. These findings emphasize the crucial role of ET in enhancing long-
term outcomes for patients with HR-positive, HER2-negative early breast cancer, regardless of the tumor’s small size. This study
supports the continued use of adjuvant ET to reduce the risk of recurrence and improve survival in this patient population.

Other researchers utilized predictive models to try identifying a subgroup of breast cancer patients with very low risk
disease who might not benefit from ET. In one study that attempted to utilize Oncotype DX to guide the escalation or de-
escalation of ET in breast cancer treatment, researchers analyzed data from 45,217 patients with early HR-positive breast
cancer; majority were postmenopausal. A total of 42,632 (94.3%) patients received ET, while 2585 (5.7%) patients did
not. The study found that the 5-year OS rate was 96.4% for patients who received ET, compared to 93.1% for those who
did not, p< 0.001. After adjusting for all covariates, the results indicated that postmenopausal patients with a 21-gene
recurrence score (RS) of less than 11 did not show a statistically significant improvement in OS when adding ET to
surgery, with or without radiation, p= 0.40. However, for patients with a RS between 11 and 25, there was a significant
improvement in OS when ET was added to radiation, p< 0.001. This study underscores the utility of Oncotype DX in
tailoring ET decisions based on individual recurrence risk scores, thereby optimizing treatment strategies for early HR-
positive breast cancer patients.”®

Another study evaluated the impact of omitting ET in older patients.’® The study compared the outcomes of adjuvant
radiation therapy alone versus radiation therapy combined with ET in elderly women with early-stage, HR-positive breast
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cancer who underwent breast-conserving surgery. The trial included 618 participants, evenly divided, with 309 receiving
radiation therapy alone and 309 receiving combination treatment. The findings revealed that the addition of ET
significantly improved the 5-year DFS rate; 93% in the combination group compared to 88% in the radiation-only
group, P <0.001. Furthermore, the OS rate at 5 years was higher in the combination group at 90%, compared to 85% in
the radiation-only group, P<0.001. These results underscore the benefit of adding ET to radiation therapy in reducing

recurrence and improving survival in elderly women with early-stage, hormone receptor-positive breast cancer.

Role of Genomic Profile in de-Escalation Approach

Genomic test assays play a crucial role in guiding treatment decisions for breast cancer, particularly in determining the need for
chemotherapy or extension of ET in early-stage, hormone receptor (HR)-positive, HER2-negative breast cancer. Tests such as
Oncotype DX, MammaPrint, and EndoPredict analyze the expression of specific genes within a tumor to assess its likelihood of
recurrence. By identifying patients with a low risk of recurrence, these assays help clinicians safely de-escalate treatment, sparing
patients from the potential side effects of chemotherapy without compromising outcomes. This personalized approach to therapy
improves quality of life and reduces unnecessary interventions while maintaining effective cancer control.

In one study, the 70-gene expression signature, known as MammaPrint, was used to guide treatment decisions for women
with EBC.® The study enrolled 6693 women from 112 institutions across nine European countries, all of whom had EBC. The
study showed that MammaPrint provided prognostic information independent of traditional clinical and pathological factors.
Among patients classified as high risk by clinical-pathological criteria, 46% were reclassified as low risk by MammaPrint and
could safely avoid chemotherapy. On the other hand, 17% of patients classified as low risk by clinical-pathological criteria
were reclassified as high risk and might benefit from chemotherapy. These findings suggest that the 70-gene signature can
significantly influence treatment decisions, potentially sparing many patients from unnecessary chemotherapy.

Similarly, a study by Noordhoek et al aimed to validate the MammaPrint 70-gene signature test for identifying elderly
breast cancer patients at an ultralow risk of distant recurrence.®’ The study focused on patients aged >70 years with
invasive HR-positive breast cancer, staged T;.,Ng_3 M. A total of 418 patients were included, with a median age of 78
years; 60% were treated with ET. MammaPrint classified patients into ultralow (n=50), low (n=224), and high risk
(n=144). The 10-year distant recurrence rates were 17% in MammaPrint-high, 8% in low (HR 0.46, 95% CI 0.25-0.84),
and 2% in ultralow risk patients (HR 0.11, 95% CI 0.02-0.81). After adjustment for clinical risk and ET, MammaPrint-
high risk patients still had a significantly higher recurrence rate (HR 0.49, 95% CI 0.26-0.90), compared to low (HR
0.49) and ultralow risk patients (HR 0.12, 95% CI 0.02—0.85). Notably, no MammaPrint-ultralow, high clinical risk
patients developed distant recurrence. The study’s findings support the potential of MammaPrint in personalizing
treatment for elderly patients with breast cancer.

The Breast Cancer Index (BCI) and Prosigna are genomic assays also used to assess the risk of recurrence in HR-positive
breast cancer patients. The BCI was evaluated in the aTTom trial, which included 2445 postmenopausal women with ER-
positive EBC to determine whether extended tamoxifen therapy beyond five years improved outcomes.®® The study’s primary
endpoint was recurrence-free interval (RFI), while secondary endpoints included disease-free interval (DFI) and DFS. The
overall analysis found no significant improvement in RFI with extended tamoxifen in the entire cohort (HR, 0.90; 95% ClI,
0.69-1.16; P =0.401). However, in a pre-planned subgroup analysis of node-positive (N+) patients (n=789), those classified as
BClI-high derived a significant benefit from extended tamoxifen, with a 9.7% absolute reduction in recurrence risk (HR, 0.33;
95% CI, 0.14-0.75; P = 0.016). In contrast, BCI-low patients showed no benefit from extended tamoxifen (—1.2% absolute
benefit; HR, 1.11; 95% CI, 0.76-1.64; P = 0.581).°® The Prosigna Breast Cancer Prognostic Gene Signature Assay has been
validated in two major randomized clinical trials; the ABCSG-8 trial and the TransATAC study.®***

Special Subgroups

Low ER Patients

Low estrogen receptor (ER)-positive breast cancer refers to tumors with ER expression levels between 1% and 10%.
While still categorized as ER-positive, these cancers often exhibit a reduced response to hormonal therapies compared to
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tumors with higher ER expression. As a result, they have become an active target of research, particularly in exploring
escalation and de-escalation treatment approaches to optimize patient outcomes.

In a study by Moldoveanu et al, data from 232,762 patients were analyzed, of which 2.0% had ER-low tumors.
Patients with ER-low tumors were generally younger and had higher tumor stage, grade, and Ki67 expression.®® In
these patients, adjuvant ET, recurrence score, and Ki67 levels varied depending on progesterone receptor (PR) status.
Notably, pathological complete response (pCR) rates following neoadjuvant therapy were similar between ER-low/PR-
negative (39.5%) and ER-low/PR-positive (38.1%) groups (p = 0.67), with rates closer to those of the ER-negative
group (39.7%) than the ER-positive group (8.4%).®> These results suggest that ER-low tumors with a PR-negative
status behave more similarly to ER-negative breast cancer in terms of treatment response, while PR-positive tumors are
less aggressive.

In a similar vein, Skjervold et al analyzed 1955 breast cancer cases, stratifying them based on the likelihood of
receiving adjuvant therapy and examining ER status in relation to year of diagnosis, histopathological grade, prolifera-
tion, and molecular subtypes. A total of 65 tumors (3.3%) were classified as ER-low with the highest prevalence in
Luminal B (9.4%) and grade 3 tumors (4.3%). The risk of death from breast cancer was lower in ER-low and ER > 10%
cases compared to ER-negative cases. Among women diagnosed in 1995 or later, 4.6% had ER-low tumors compared to
1.5% in those diagnosed before 1995. Additionally, tumors diagnosed in the later period were smaller (mean size: 18 mm
vs 22 mm), had a lower proportion of grade 3 tumors (31.7% vs 41.9%), and exhibited lower proliferation. Prognosis
remained similar between ER-low and ER > 10% cases, suggesting that the availability of adjuvant therapy may have
contributed to improved tumor characteristics over time.*®

Furthermore, Bari et al studied 4697 early-stage HER2-negative patients and found that 2.04% had ER-low tumors
(ER 1-10%) and 0.88% had ER-intermediate tumors (ER 10-20%). They reported that ER-low tumors were associated
with higher tumor grade, larger size, and greater axillary tumor burden compared to ER-high tumors. Moreover, both ER-
low and ER-intermediate patients had survival outcomes similar to those of triple-negative breast cancer (TNBC)
patients, with worse outcomes than those with ER-high tumors (p < 0.001).®” These findings underscore the poor

prognosis of tumors with <20% ER expression and highlight the need for alternative therapeutic approaches.

HER2-Low Disease

HER2-low EBC refers to tumors that have a slight overexpression of the HER2 protein, typically classified as HER2 1+
or 2+ with fluorescence in situ hybridization (FISH) negativity. These tumors are characterized by relatively low levels of
HER2 expression compared to higher HER2-positive cases. While traditionally considered less aggressive than high
HER2-positive breast cancer, HER2-low tumors can still benefit from targeted therapies, such as trastuzumab, although
their response may not be as pronounced. The management of HER2-low EBC is challenging.

In a study of Tarantino et al, which included 5235 patients, 2917 (55.7%) of whom had HER2-low status, no
significant relationship was found between HER2-low status and OS, with a HR of 1.10 (p = 0.15).°® In contrast, a study
by Coriano et al, which analyzed 754 patients and assessed pCR in different breast cancer subtypes, concluded that HER2
status could be a valuable prognostic and predictive biomarker for HER2-negative early breast cancer, particularly in
ER+ cases.®” Additionally, in the phase 3 PALLAS trial, which included 5304 patients with 3050 (57.5%) classified as
having HER2-low disease, and after a median follow-up of 59.8 months, HER2-low status was not associated with iDFS,
distant relapse-free survival (DRFS), or OS in multivariable models (HR for iDFS: 0.93, 95% CI: 0.81-1.06), and there
was no significant interaction between treatment arm and HER2 status.”® The variability in HER2-low prevalence and the
ongoing debate about its clinical impact highlight the complexities of HER2-low assessment and its potential role in
treatment strategies for EBC.

In summary, escalation and de-escalation approaches should be personalized for each patient based on disease risk
stratification and patient preferences. Table 2 provides an overview of all clinical scenarios for escalation, de-escalation
strategies, and unclear situations.
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Table 2 Clinical Scenarios for Escalation, de-Escalation Strategies and Unclear Situations

Scenario

Escalation Strategies

De-Escalation Strategies

Unclear Scenarios (Hypotheses)

Premenopausal Women

- OFS + Tamoxifen/Als: For high-
risk patients (node-positive,
large tumors, high grade).

- ASTRA Trial: Adding OFS to

tamoxifen for 2 years improves

DFS in premenopausal women

post-chemotherapy.

CDK4/6 Inhibitors: Abemaciclib

or ribociclib for high-risk HR+

EBC.

- Temporary Interruption: For
pregnancy (POSITIVE trial).

- Shorter ET Duration: In low-
risk patients (eg, T1a/bNO).

- Optimal Duration of OFS: Is 2 years
(ASTRA) sufficient, or is longer
duration needed?

- CDK4/6 Inhibitors in Intermediate-
Risk: Benefit in non-high-risk

premenopausal women?

Postmenopausal VWomen

Extended Al Therapy: Beyond 5
years for high-risk patients
(node-positive, high Ki-67).
CDK4/6 Inhibitors: For high-
risk HR+ EBC.

- Shorter Al Duration: 5 years
may suffice for low-risk
patients (eg, TINO, low Ki-67).

- Genomic Profiling: Use of
Oncotype- Dx or MammaPrint
to de-escalate therapy in low-
risk patients.

Optimal Al Duration: Is 7-10 years
necessary for all high-risk patients,
or can some stop at 5 years?

CDK4/6 Inhibitors in Intermediate-

Risk: Role in postmenopausal

women with intermediate-risk
features?

BRCA-Mutant Patients

PARP Inhibitors
(Olaparib): | year of adjuvant

olaparib improves DFS and OS
(OlympiA trial).

De-escalation Not

Recommended: BRCA-mutant
patients generally require
escalation due to high
recurrence risk.

Duration of Olaparib: Is | year
sufficient, or is longer treatment
needed?

Combination with CDK4/6
Inhibitors: Potential synergy in
BRCA-mutant HR+ EBC?

Low ER-Positive Tumors (1-10%)

Consider Chemotherapy: Low
ER tumors behave more like
ER-negative tumors, especially
if PR-negative.

De-escalation Not

Recommended: Low ER
tumors generally require
escalation due to higher

recurrence risk.

Role of ET in Low ER Tumors: Is ET
effective in this subgroup, or should

treatment focus on chemotherapy

and targeted therapies?

HER2-Low

Role of HER2-Targeted
Therapy: Trastuzumab may
offer some benefit, but
evidence is limited.

De-escalation Not

Recommended: HER2-low
tumors may still benefit from
standard ET.

HER?2-Targeted Therapy in HER2-
low: Is there a role for trastuzumab
or other HER2-targeted agents
(TDxd) in this subgroup?

Elderly Patients

ET + Radiation: For high-risk
elderly patients, combination
therapy improves DFS and OS.

Omission of ET: In very
elderly or frail patients with
low-risk disease (eg, TINO,
low Ki-67).

Optimal ET Duration in
Elderly: Is 5 years sufficient, or can
therapy be abbreviated in low-risk
elderly patients?

Fertility Preservation

OFS During
Chemotherapy: GnRH
agonists to preserve ovarian
function and fertility.

- Temporary Interruption of
ET: For pregnancy (POSITIVE
trial).

Long-Term Safety of ET
Interruption: Does temporary
interruption increase long-term

recurrence risk?

Genomic Profiling (Low-Risk)

Escalation Not

Needed: Low-risk patients
identified by Oncotype-Dx or
MammaPrint may not require
escalation.

- De-escalation: Omission of
chemotherapy or shorter ET
duration in low-risk patients.

Genomic Profiling in
Intermediate-Risk: Can genomic
assays guide therapy in
intermediate-risk patients?

Abbreviations: Al, Aromatase Inhibitors; DFS, Disease-Free Survival; EBC, Early Breast Cancer; ER, Estrogen Receptor; ET, Endocrine Therapy; HER2, Human Epidermal
Growth Factor Receptor-2; HR, Hormone Receptors; OFS, Ovarian Function Suppression; OS, Overall Survival; PR, Progesterone Receptor; TDxd, Trastuzumab
deruxtecan.
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Conclusions

Adjuvant endocrine therapy plays a key role in managing HR-positive early breast cancer, yet 20% relapse within 10 years.
Personalized strategies that balance escalation and de-escalation should be implemented. For premenopausal women, adding
ovarian suppression improves outcomes, while ET interruption for pregnancy in patients with low-risk disease appears safe,
but needs longer follow up. In high-risk patients, CDK4/6 inhibitors like abemaciclib and ribociclib improve treatment
outcomes and PARP inhibitors benefit subsets of BRCA-mutant patients. These tailored approaches optimize outcomes,
integrating precision medicine to address recurrence, fertility, and quality of life in patients with early breast cancer.
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