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Introduction

The incidence of breast cancer in East Asia has been 
increasing over the past decade compared with the United 
States (US) and Western Europe, which have decreasing 
incidences but rates that remain high (1-3). Rates in Japan, 
Korea, Singapore, and China have doubled or tripled during 
this time (1,3,4). Moreover, East Asian female breast cancer 
has the epidemiological characteristic of higher breast cancer 

incidence in younger women compared with the US (3),  
as well as the clinicopathological characteristic of higher 
hormone receptor (HR)-positivity in younger women 
compared with older (>50 years) women (5). Therefore, 
an endocrine therapy strategy is essential for East Asian 
breast cancer patients, especially for premenopausal and 
perimenopausal woman.

In premenopausal women, estrogen is mainly supplied 
from the ovaries. Endocrine therapy for breast cancer 
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began with the efficacy of bilateral oophorectomy for 
advanced breast cancer performed by Beatson, as reported 
by Stockwell in 1896 (6). In recent years, the use of 
surgery for ovarian function suppression (OFS) has been 
surpassed by the use of drug therapies such as luteinizing 
hormone-releasing hormone (LH-RH) agonists. After the 
discovery of the estrogen receptor (ER) in the 1960s and 
the development of tamoxifen, endocrine therapy with 
drugs became the mainstay of treatment. Tamoxifen, a 
critical drug in breast cancer endocrine therapy, suppresses 
the estrogen-dependent growth of breast cancer by 
competitively inhibiting the binding of estrogen to ER in 
the nuclei of breast cancer cells (7). Therefore, the accurate 
assessment and interpretation of ER and progesterone 
receptor (PR) expression by immunohistochemistry (IHC) 
are fundamentally important. According to the American 
Society of Clinical Oncology/College of American 
Pathologists (ASCO/CAP), breast cancer samples with 1% 
to 100% ER-positive tumor nuclei should be interpreted as 
ER-positive (8). Among patients with ER-positive disease, 
the reductions in recurrence and breast cancer mortality 
rates were found to be highly significant in some trials of 
approximately 5 years of tamoxifen (15-year gain: 11.8% 
and 9.2%, respectively), regardless of tamoxifen dose, use 
of chemotherapy, entry age, and nodal status (9), and thus 
the efficacy of tamoxifen for HR-positive breast cancer is 
established. 

In postmenopausal women, androgen secreted from the 
adrenal glands is converted to estrogen by aromatase in 
peripheral tissues and is supplied throughout the body. In 
adjuvant endocrine therapy for postmenopausal patients with 
HR-positive breast cancer, 5 years of treatment with third-
generation aromatase inhibitors (AIs) such as anastrozole 
(ATAC trial) (10), letrozole (BIG 1-98 trial) (11), and 
exemestane (TEAM trial) (12) improved disease-free survival 
(DFS) compared with 5 years of tamoxifen (Figure 1A).  
In addition, combined analyses (n=9,856) based on the 
ATAC and BIG1-98 trials showed that AIs reduced 
recurrence by 23% compared with tamoxifen but failed 
to reduce breast cancer mortality (13). Meanwhile, meta-
analyses (n=31,920) based on randomized trials of 5 years of 
tamoxifen vs. 5 years of AIs reported that the latter reduced 
10-year recurrence by 20% and mortality by 15% compared 
with tamoxifen (14), and hence the superior efficacy of AIs 
over tamoxifen for HR-positive postmenopausal breast 
cancer is established.

In this review, the rationale for adjuvant endocrine 
treatment is described by summarizing the results of clinical 

trials and the updated guidelines from ASCO, the National 
Comprehensive Cancer Network (NCCN), and the 
European Society of Medical Oncology (ESMO). 

Premenopausal patients

According to the updated meta-analyses of randomized 
trials of the efficacy of adjuvant tamoxifen, 5 years of 
tamoxifen for HR-positive disease (n=10,645) safely reduces 
15-year risks of breast cancer recurrence [rate ratio (RR) 
0.61, 95% confidence interval (CI): 0.57–0.65] and breast 
cancer death (RR 0.70, 95% CI: 0.64–0.75), regardless of 
quantitative ER and PR measurement, dose of tamoxifen, 
use of chemotherapy, entry age, nodal status, tumor 
differentiation, and diameter and site of first recurrence (15). 
For entry ages younger than 45 and 55–69 years, significant 
reductions in breast cancer mortality of 10.6% and 12.7% 
were observed (RR 0.71, 95% CI: 0.61–0.83 and RR 0.63, 
95% CI: 0.56–0.71, respectively). However, there is not 
enough evidence to show the efficacy of endocrine therapy 
for HR-positive, node-negative breast cancer with a tumor 
diameter of 5 mm or less (T1aN0). The NCCN guidelines 
recommend “considering” adjuvant endocrine therapy for 
HR-positive, node-negative breast cancer (T1aN0) (16). 

It is well-known that amenorrhea after chemotherapy 
in premenopausal women with HR-positive, node-positive 
breast cancer is associated with a significant improvement 
in both DFS and overall survival (OS) [hazard ratio (HR) 
0.70 and HR 0.76, respectively] based on the results of 
the National Surgical Adjuvant Breast and Bowel Project 
(NSABP) B-30 (17). This phenomenon revealed the efficacy 
of OFS for premenopausal women with HR-positive breast 
cancer. In the integrated analyses of the Suppression of 
Ovarian Function Trial (SOFT, n=3,066) and the Tamoxifen 
and Exemestane Trial (TEXT, n=2,672), the addition of 
OFS to tamoxifen significantly improved both 8-year 
DFS (HR 0.76, 95% CI: 0.62–0.93) and OS (HR 0.67, 
95% CI: 0.48–0.92) compared with tamoxifen alone for 
premenopausal patients with HR-positive breast cancer (18).  
Moreover, it was reported that younger age at random 
assignment years, a high number of positive nodes, larger 
tumor size, weaker ER expression, weaker PR expression, 
higher tumor grade, and stronger Ki-67 expression were 
risk factors (19), and thus the treatment strategy should be 
selected considering these factors. The frequency of adverse 
events such as hot flashes, insomnia, and hypertension 
was higher in the OFS group than in the tamoxifen alone 
group. Next, the use of exemestane plus OFS resulted in 
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Figure 1 Schema for trials. (A) Trials of tamoxifen vs. AI for 5 years; (B) trials of tamoxifen up to 10 years after 5 years of tamoxifen; (C) 
trials of AI after 5 years of tamoxifen; (D) trials of AI after adjuvant endocrine therapy (AI or TAM). AI, aromatase inhibitor; HR, hazard 
ratio; DFS, disease-free survival; R, randomization.
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significantly higher 8-year rates of freedom from recurrence 
than tamoxifen plus OFS (HR 0.73, 95% CI: 0.55–0.96), 
but did not improve OS (18). 

In the St. Gallen Consensus Conference 2019 on early 
breast cancer treatment standards in Vienna, for a 33-year-
old patient (pN+ ER+ PR+ G3, adjuvant chemotherapy 
planned), 57.1% of all panelists would select OFS plus 
either tamoxifen or an AI (20). A total of 55.1% considered 
that 5 years was an appropriate duration for OFS, based on 
the SOFT and TEXT trials. The ESMO practice guidelines 
‘strongly’ recommend that the addition of OFS to adjuvant 
endocrine therapy should be considered for premenopausal 
women with ER-positive/HER2-negative and higher-risk 
tumors (21), as well as the ASCO clinical practice guidelines (22). 
Also, the ASCO guidelines state that 5 years is the standard 
duration for OFS with either tamoxifen or an AI such as 
exemestane.

Postmenopausal patients

Five years of third generation AIs has become the standard 
adjuvant therapy for postmenopausal patients with HR-
positive breast cancer, as described above (Figure 1A). 
There is no significant difference in the frequency of 
serious adverse events, but the profiles for individual 
adverse events are different. In the ATAC trial (10), there 
were fewer endometrial cancers [odds ratio (OR) 0.25, 
95% CI: 0.08–0.63] and more fractures (OR 1.33, 95% CI: 
1.15–1.55) in the anastrozole group than in the tamoxifen 
group. However, there was no significant difference in 
the incidence of fractures between the two groups after 
treatment completion, which indicates that the effect of 
anastrozole on bone mineral density and fracture risk was 
promptly attenuated after the administration of anastrozole 
had been finished. Meanwhile, in the BIG 1-98 trial (11), 
there was a higher incidence of thromboembolic events in 
the tamoxifen-included regimen groups than in the letrozole 
monotherapy group (4.1–4.9% vs. 2.4%, P<0.001). Hot 
flashes and night sweats occurred more frequently in the 
tamoxifen-included regimen groups than in the letrozole 
monotherapy group (hot flashes: 41.7–44.0% vs. 37.7%, 
P=0.003; night sweats: 17.8–19.4% vs. 15.6%, P=0.04). 
Arthralgia, myalgia, or both were more frequent in the 
letrozole-included regimen groups than in the tamoxifen 
monotherapy group (31.9–34.7% vs. 30.1%, P=0.05). 

According to meta-analyses (n=31,920) based on the 
randomized trials of 5 years of adjuvant endocrine therapy 
including tamoxifen and AIs, 2–3 years of tamoxifen 

followed by AIs up to 5 years was similar to 5 years of AIs 
in terms of 7-year recurrence and breast cancer mortality, 
and significantly superior to 5 years of tamoxifen in terms of  
10-year recurrence (RR 0.82, 95% CI: 0.75–0.91, 10-year 
gain 2.0%) and breast cancer mortality (RR 0.84, 95% 
CI: 0.72–0.96, 10-year gain 1.5%) (15). In the BIG 1-98 
trial (23) for postmenopausal women with HR-positive 
early breast cancer, sequential “switch” therapies including 
tamoxifen and letrozole did not improve outcome compared 
with letrozole monotherapy, but might be useful strategies 
when considering an individual patient’s treatment 
tolerability because sequential regimens did not mean 
inferiority to letrozole monotherapy.

Duration of adjuvant endocrine therapy

Five randomized clinical trials, ATLAS (24), NSABP  
B-14 (25), Scottish (26), ECOG (27), and ATTOM, 
examined the extended administration of tamoxifen after 
5 years of adjuvant tamoxifen (Figure 1B). Of these, the 
ATTOM trial was a large-scale study but was not published. 
The NSABP B-14 study included only node-negative 
patients and was not examined with an intention to treat 
(ITT) analysis. The Scottish trial and the ECOG trial 
included HR-negative cases. The ATLAS trial did not have 
a placebo control but was a large-scale study and reported 
the results of treatment for HR-receptor positive patients. 
In the ATLAS trial, patients with HR-positive breast cancer, 
who had received 5 years of adjuvant tamoxifen, were 
randomly assigned to continue tamoxifen up to 10 years  
or to stop at 5 years. ATLAS showed that, compared 
with 5 years of tamoxifen, 10 years of tamoxifen provided 
significantly further benefit to women with HR-positive 
breast cancer in recurrence (5–9 years: RR 0.90; ≥10 years: 
RR 0.75; and all years: P=0.002) and breast cancer mortality 
(5–9 years: RR 0.97; ≥10 years: RR 0.71; and all years: 
P=0.01), and its benefit with endocrine therapy continued 
particularly after reaching 10 years, which is considered a 
“carry over” effect (24). For the incidence (hospitalization 
or death) rates of specific diseases, RRs were pulmonary 
embolus 1.87 (95% CI: 1.13–3.07, P=0.01), ischemic heart 
disease 0.75 (95% CI: 0.60–0.95, P=0.02), and endometrial 
cancer 1.74 (95% CI: 1.30–2.34, P=0.0002). The cumulative 
risk of endometrial cancer during years 5–14 was 3.1% 
(mortality 0.4%) for women assigned to extend tamoxifen 
vs. 1.6% (mortality 0.2%) for controls (24). Therefore, the 
absolute mortality increased by only 0.2%. Also, ASCO 
guidelines strongly recommended that premenopausal or 
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perimenopausal women with HR-positive breast cancer 
should receive additional endocrine therapy after 5 years of 
adjuvant tamoxifen (28).

Three randomized clinical trials, MA.17 (29), NSABP 
B-33 (30), and ABCSG 6a (31) investigated the extended 
administration of AIs after 5 years of tamoxifen (Figure 1C). 
Of these, the MA.17 trial was a large-scale, randomized, 
double-blind trial of 5 years of letrozole (n=2,583) vs. 
placebo (n=2,587) after 4.5–6 years of adjuvant tamoxifen 
for postmenopausal women with HR-positive breast cancer. 
This study was stopped early after an interim analysis 
showed improved DFS with letrozole. After a median 
follow-up of 30 months (range, 1.5–61.4 months) women 
in the letrozole group had significantly better DFS (HR 
0.58, 95% CI: 0.45–0.76) than women in the placebo 
group. Although OS was similar in both groups, OS in 
node-positive patients was significantly improved with 
letrozole (HR 0.61, 95% CI: 0.38–0.98) (29). Meanwhile, 
hot flashes, anorexia, arthralgia, myalgia, and alopecia 
occurred significantly more frequent with letrozole. Also, 
osteoporosis was newly diagnosed in 8.1% of the letrozole 
group and 6.0% of the placebo group (P=0.003), but the 
incidence of bone fractures was similar in the two groups. 
The NSABP B-33 study was a double-blind trial of 5 years 
of exemestane (n=783) vs. placebo (n=779) after 5 years 
of adjuvant tamoxifen for postmenopausal women with 
HR-positive breast cancer (30). Results of the MA.17 trial 
revealed that the benefit of extended letrozole affected the 
progression of NSABP B-33 study. After unblinding, 560 
(72%) in the exemestane group continued exemestane and 
344 (44%) in the placebo group switched to exemestane. 
The original exemestane group showed an improvement 
in 4-year DFS (91% for exemestane vs. 89% for placebo; 
RR 0.68, P=0.07) and relapse-free survival (96% for 
exemestane vs. 94% for placebo; RR 0.44, P=0.004) at 
30 months of median follow-up. The ABCSG 6a trial is 
an extension of the ABCSG 6 trial for postmenopausal 
women, with HR-positive breast cancer receiving 5 years of 
adjuvant tamoxifen. For the ABCSG 6a trial, disease-free 
patients were randomly assigned to receive either 3 years 
of anastrozole or no further treatment. At 62.3 months of 
median follow-up, patients with 3 years of anastrozole had 
a 38% risk reduction of recurrence (HR 0.62, 95% CI: 
0.40–0.96). ASCO guidelines strongly recommend that 
postmenopausal women with HR-positive breast cancer 
should continue tamoxifen or switch to an AI for a total 
duration of 10 years of adjuvant endocrine therapy (28).

Six randomized clinical trials, MA.17R (32), NSABP 

B-42 (33), DATA (34), ABCSG 16 (35), IDEAL (36), and 
SOLE (37) studied the extended administration of AIs after 
adjuvant endocrine therapy for postmenopausal women 
with stage I–III HR-positive breast cancer (Figure 1D). Of 
these, the ABCSG 16 trial, which included 3,484 disease-
free women after adjuvant therapy with tamoxifen who 
received an AI or tamoxifen followed by an AI assigned 
to either 2 or 5 years of extended anastrozole (35), was 
presented at the San Antonio Breast Cancer Symposium 
2017, but was not published. The purpose of this trial was 
to compare 7 years of adjuvant endocrine therapy including 
anastrozole with 10 years. The MA.17R trial studied 
extended letrozole compared with placebo for 5 years  
in 1,918 patients after adjuvant AI therapy, which was 
preceded in most women by treatment with tamoxifen (32). 
The NSABP B-42 study compared extended letrozole with 
placebo for 5 years in 3,923 patients after 5 years of adjuvant 
endocrine therapy (33). The DATA trial compared extended 
anastrozole for either 3 or 6 years in 1,660 patients after 
2 to 3 years of adjuvant tamoxifen (34). The IDEAL trial 
compared extended letrozole for either 2.5 or 5 years in 
1,824 patients after 5 years adjuvant endocrine therapy (36). 
The SOLE trial compared extended letrozole for 5 years of 
a continuous or an intermittent schedule in 4,884 women 
with node-positive breast cancer after 5 years of adjuvant 
endocrine therapy. In all trials, DFS was considered the 
primary outcome. The MA.17R trial reported significantly 
higher 5-year rates of DFS (HR 0.66, 95% CI: 0.48–0.91) 
in the extended letrozole group compared with the placebo 
group at a median follow-up of 6.3 years (32). The rate of 
5-year OS was the same in the two groups. The NSABP 
B-42 (33), DATA (34), and IDEAL (36) trials resulted in 
a trend toward better DFS with extended AI therapy, but 
there was no statistical significance (38). There was no 
difference in DFS shown in the ABCSG 16 trial (35) of 10 vs. 
7 years of extended AI therapy and in the SOLE study (37)  
of intermittent vs. continuous extended AI therapy up 
to a total of 10 years. Finally, extended AI therapy did 
not improve OS in any of the six trials (38). However, 
the MA.17R (32) and NSABP B-42 (33) trials reported 
that the risk of breast cancer recurrence or contralateral 
breast cancer was significantly reduced by 34% and 28%, 
respectively. Extended AI therapy increased bone-related 
AEs in the six trials. In the MA.17R trial, bone pain, bone 
fracture, and new-onset osteoporosis occurred significantly 
more frequently with extended AI therapy. Therefore, 
ASCO guidelines recommended that node-positive or 
high risk/node-negative, postmenopausal women with 
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stages I–III HR-positive breast cancer should extend AI 
therapy for up to a total of 10 years after adjuvant endocrine 
therapy (38). A major benefit of extended AI therapy is the 
prevention of secondary or contralateral breast cancer (38).

Treatment implications of multigene expression 
assays

It is important to select which patients with early breast 
cancer could avoid the administration of cytotoxic 
chemotherapy. Unfortunately, limited information is 
available to answer this important question, although there 
is some understanding of the clinical and pathological 
features of these tumors. The Oncotype DX Breast 
Recurrence Score® (RS) test (OTDX/RS, Exact Sciences 
Corporation, Madison, WI, USA), a multigene expression 
assay, provides a genomic-based risk assessment for HR-
positive, HER2-negative breast cancer in adjuvant settings. 
Recently, OTDX/RS was included in the American Joint 
Committee on Cancer (AJCC) breast cancer staging criteria 
to assign the prognostic stage groups (39). Because of the 
incorporation of the RS result, the following patients are 
down-staged to pathological stage IA if they have an RS 
result 0–10: T1/2N0M0, grade any; HER2−, ER+, PR 
any. The NCCN guidelines recognized the OTDX as 
the only “preferred” multigene assay to guide adjuvant 
chemotherapy decisions for node-negative disease (16), 

and is backed by level 1 evidence per NCCN Category of 
Evidence and Consensus, and level 1 evidence of clinical 
utility for prognostic and predictive tumor biomarkers (40),  
demonstrating its ability to predict response to adjuvant 
chemotherapy. The ASCO updated the clinical practice 
guidelines for patients with HR-positive, HER2-negative, 
node-negative early breast cancer, based on the results from 
the Trial Assigning Individualized Options for Treatment 
(TAILORx) (41-44). The 10,273 registered women were 
assigned to each treatment group: endocrine therapy alone 
if an RS of less than 10, randomly endocrine therapy alone 
of chemoendocrine therapy if an RS of less than 11–25, and 
chemoendocrine therapy if an RS of more than 26 (41). 
According to recent findings, for patients older than 50 years  
with an RS of less than 26, or patients aged 50 years or 
younger with an RS of less than 16, there is little benefit 
from chemotherapy (41,42). For patients aged 50 years or 
younger with an RS of 16 to 25, chemoendocrine therapy 
may be beneficial. For an RS of 26 to 30 regardless of age, 
chemoendocrine therapy may be beneficial. For an RS 
of greater than 30, chemoendocrine therapy should be 
considered (Figure 2). A chemotherapy benefit was observed 
in women ≤50 years with RS results of 16–20 and a high 
clinical risk, which meant all other cases except for those 
with low risk, regardless of clinical risk: tumor size ≤3 cm 
and grade 1; tumor size ≤2 cm and grade 2; tumor size ≤1cm 
and grade 3; or RS result 21–25 (Figure 2). Furthermore, 

Figure 2 Precise determination of potential chemotherapy benefit according to age with OTDX/RS test (42). *, low risk: tumor size ≤3 cm 
and grade 1, tumor size ≤2 cm and grade 2, or tumor size ≤1 cm and grade 3; **, high risk: all other cases with known values for grade and 
tumor size. OTDX/RS, Oncotype DX Breast Recurrence Score; CT, chemotherapy.
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there was no chemotherapy benefit (approximately 
0.2%±2.1%) in women ≤50 years with RS results 16–20 
and low clinical risk (n=671, 7% of all patients) (42). Also, 
the ASCO strongly recommend that the MammaPrint 
assay (Agendia, Irvine, CA, USA) may be used for those 
who have HR-positive, HER2-negative, node-negative 
breast cancer with high clinical risk per MINDACT 
categorization for decisions of adjuvant chemotherapy (44).  
The ESMO guidelines for early breast cancer noted that 
first-generation signatures such as MammaPrint and 
OTDX were biomarkers used in treatment decision-making 
for ER-positive and HER2-negative tumors (21). Adjuvant 
chemotherapy is indicated if high risk or high scoring. 
Moreover, the NCCN also added that the OTDX should be 
considered for patients with 1–3 positive nodes as category 
2A (16), based on predictive data from SWOG 8814 (45) 
as well as supportive data from the prospective Clalit 
registry (46) and prospective data from the West German 
Plan B study (47), but the results of the RxPONDER trial 
(NCT01272037) remain unavailable and are awaited.

Adjuvant endocrine therapy for ductal carcinoma 
in situ (DCIS)

Two randomized controlled trials, the NSABP B-24  
study (48) and the UK/ANZ DCIS trial (49), have been 
reported on the administration of tamoxifen for patients with 
DCIS after breast-conserving surgery (BCS). The NSABP 
B-24 study (n=1,804) retrospectively evaluated the relevance 
of the HR receptor and the response to tamoxifen. ER was 
classified as positive in 76% of patients. This study showed 
a significant benefit for adjuvant tamoxifen in patients 
with ER-positive DCIS after BCS and local radiation at 
10 years (HR 0.49, P<0.001). The results of the NSABP 
B-24 study suggested that this effect of adjuvant tamoxifen 
is likely to be limited to patients with HR-positive tumors. 
The UK/ANZ DCIS trial (n=1,701) was a randomized 2×2 
factorial trial of radiotherapy, tamoxifen, or both to confirm 
whether they reduced the incidence of breast cancer. 
Adjuvant tamoxifen significantly reduced all new breast 
cancer events (HR 0.71, 95% CI: 0.58–0.88), regardless 
of radiotherapy, at a median follow-up of 12.7 years (49).  
However, no reduction in breast cancer death was observed. 
The NSABP B-35 study (n=3,104) comparing tamoxifen vs. 
anastrozole in postmenopausal women with HR-positive 
DCIS after excision and radiotherapy, showed a significant 
improvement with anastrozole to tamoxifen (HR 0.73, 
95% CI: 0.56–0.96) in breast cancer-free intervals, mainly 

in women younger than 60 years of age (50). The ESMO 
guidelines recommend in patients who underwent BCS 
for HR-positive DCIS that both tamoxifen and AIs show 
reduced risk of invasive and non-invasive recurrences and 
secondary (contralateral) breast cancer, without an effect on 
OS (21).

Conclusions

Most breast cancer cases are HR-positive/HER2-negative, 
for example those in East Asia, which are reported at a rate 
of approximately 70% in the Japanese Breast Cancer Society 
registry (51). Therefore, adjuvant endocrine treatment 
strategies for ER-positive/HER2-negative breast cancer are 
very important. The balance of evidence-based information 
and patients’ preferences needs to be considered. This 
review article provides important information to guide the 
daily medical care of breast cancer patients.
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