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Abstract
Background Endocrine therapy with aromatase inhibitors (AIs) is the cornerstone of adjuvant systemic treatment for post-
menopausal patients with hormone receptor-positive breast cancer. It has become clear that hormone receptor-positive breast 
cancer carries a consistent risk of relapse up to 15 years after diagnosis. Extended duration of adjuvant AIs therapy after 
completing initial standard adjuvant AIs-containing therapy may prevent late recurrence and death. We performed a meta-
analysis to assess the real impact of the extended adjuvant therapy with AIs.
Methods A literature-based meta-analysis of the randomized controlled trials (RCTs) was undertaken. Relevant publica-
tions from PubMed, Embase, Cochrane Library, and abstracts from American Society of Clinical Oncology (ASCO) and 
San Antonio Breast Cancer (SABCS) symposia were searched. The endpoints were disease-free survival (DFS), overall 
survival (OS), local recurrence, distant recurrence, contralateral breast cancer, non-breast cancer-related death, and toxicity.
Results Eight trials comprising 15,966 patients met the inclusion criteria. The pooled analysis revealed a significant improve-
ment in DFS (RR = 0.79; 95% CI 0.68–0.91), distant recurrence (RR = 0.75; 95% CI 0.58–0.96), and contralateral breast 
cancer (RR = 0.53; 95% CI 0.40–0.70) in the extended AIs group. While there was not significant improvement in OS (RR 
= 1.00, 95% CI 0.99–1.01), non-breast cancer-related death (RR = 1.16, 95% CI 0.96–1.41), and local recurrence (RR = 
0.82; 95% CI 0.64–1.06), the subgroup analysis showed that the patient with tumor size > 2 cm (HR = 0.74, RD = − 0.31, P 
= 0.05 vs. HR = 0.85, RD = − 0.16, P = 0.20), node positive status (HR = 0.77, RD = − 0.27, P = < 0.0001 vs. HR = 0.89, 
RD = −0.12, P = 0.19) and previous chemotherapy use (HR = 0.75, RD = − 0.29, P = 0.003 vs. HR = 0.91, RD = −0.10, 
P = 0.44) would get a greater DFS benefit with extended AIs. Longer treatment with AIs was associated with an increased 
risk ratio of bone pain (RR = 1.26, RD = 0.04, P = 0.003), bone fractures (RR = 1.59, RD = 0.02, P = 0.002), osteoporosis 
(RR = 1.53, RD = 0.07, P = 0.005), myalgia (RR = 1.26, RD = 0.04, P = 0.02), and treatment discontinuation for adverse 
events (RR = 1.51, RD = 0.06, P = 0.0009).
Conclusion After initial standard AIs-containing adjuvant therapy, extended AIs therapy could further bring a DFS benefit 
for postmenopausal patients with early breast cancer, especially in the patients with high-risk characteristics.
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Abbreviations
RCTs  Randomized controlled trials
ASCO  American Society of Clinical Oncology
SABCS  San Antonio Breast Cancer
RR  Risk ratio
HR  Hazard ratio
RD  Risk difference
CI  Confidence intervals
ER  Estrogen receptor
PR  Progesterone receptor
N±  Node positive or negative
DFS  Disease-free survival
OS  Overall survival
LR  Local recurrence
DR  Distant recurrence
CBC  Contralateral breast cancer
NBCD  Non-breast cancer-related death
TAM  Tamoxifen
ANA  Anastozole
LET  Letrozole
AIs  Aromatase inhibitors
OFS  Ovarian function suppression
AG  Aminoglutethimide
COMB  Combination
mo  Month
plac  Placebo

Background

Hormonal therapy is the cornerstone of adjuvant systemic 
treatment for patients with hormone receptor-positive breast 
cancer. Possible therapies include tamoxifen, aromatase 
inhibitors (AIs) or, in pre-menopausal patients, ovarian func-
tion suppression (OFS) achieved by surgery (oophorectomy) 
or by GnRH agonists [1]. Multiple large clinical trials have 
showed that 5 years of adjuvant endocrine therapy substan-
tially reduces the risks of locoregional and distant recur-
rence, contralateral breast cancer, death from breast cancer, 
and death from any cause [2–4].

Despite the success of adjuvant endocrine therapy, still 
50 % of all recurrences occur after the first 5 years [5]. In 
recent decades, multiple clinical trials have tested the role 
of extending adjuvant endocrine therapies in patients with 
hormone receptor-positive disease. Extended adjuvant endo-
crine therapy with either tamoxifen or AIs after 5 years of 
initial tamoxifen treatment has been shown to improve the 
disease-free survival (DFS) in early-stage breast cancer 
[6–9].

However, the EBCTCG meta-analysis has shown that 
the adjuvant therapy containing AIs in the first 5 years of 
adjuvant therapy was superior to tamoxifen monotherapy 
[4]. Nowadays AIs are one of the most commonly used 

treatments in adjuvant endocrine therapy for postmenopausal 
women with breast cancer [10–12], which has achieved good 
therapeutic effects. Thus, whether it is necessary to adopt 
extended adjuvant AIs therapy after completing AIs-con-
taining therapy is not clear. The MA.17R is the first study to 
examine the role of extended AIs therapy for up to 10 years. 
After a median follow-up of 6.3 years, the study showed a 
significant reduction in DFS in favor of letrozole (HR 0.66, 
P = 0.01). These results provide support for consideration of 
extended AIs therapy in all women who have tolerated stand-
ard adjuvant AIs-containing therapy. However, the NSABP 
B-42 trial showed that letrozole therapy did not significantly 
prolong DFS in patients who had remained free of breast 
cancer after completing 5 years of AIs-containing therapy.

In view of the variability in results in trials of extended 
adjuvant AIs therapy, the true benefit of this treatment 

Fig. 1  Flow chart of the literature selection process of included stud-
ies
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strategy is unknown. Here, we report a meta-analysis of 
randomized trials to assess the differences in efficacy and 
toxicity of the extended adjuvant AIs therapy after complet-
ing the initial standard AIs-containing therapy.

Methods

A systematic literature review of the published RCTs was 
performed and the meta-analysis was conducted in accord-
ance with the Preferred Reporting for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines. This meta-anal-
ysis did not require any review of protocols or registration.

Data sources and search strategy

PubMed, Embase, and Cochrane Library were used to iden-
tify all eligible trials. Keywords used were: “breast cancer”, 
“endocrine therapy”, “extended or continued or prolonged”, 
“aromatase inhibitor”. Furthermore, we searched abstracts 
and presentations reported from annual meetings of the 
American Society of Clinical Oncology (ASCO) or the San 
Antonio Breast Cancer Symposium (SABCS) to collect rel-
evant unpublished studies. Lastly, all review articles and the 
cross referenced manuscripts from retrieved articles were 
screened for relevant studies.

Inclusion criteria

We included all the RCTs which met the following criteria: 
RCT’s that were published in English, patients of any age 
with hormone receptor-positive early or locally advanced 
breast cancer, RCT’s which investigated the outcomes of 
extended adjuvant AIs-containing therapy in postmenopau-
sal women who had remained free of breast cancer after 
completing AIs-containing therapy, assessed the DFS, OS, 

local recurrence, distant recurrence, contralateral breast can-
cer, non-breast cancer-related death, and toxicity. There was 
no time restriction on publication dates.

Exclusion criteria

Studies, which were not RCTs, case series, reviews, letters, 
editorials, non-peer reviewed studies, and duplicates were 
excluded from the analysis.

Data extraction

Articles were retrieved from databases using mentioned 
keywords. Selection of articles was done in 3 steps. The 
Endnote X7 Resources Management Software was used to 
organize, study titles and abstracts, and identify duplicates. 
After removing duplicates, the titles of all articles reviewed 
and articles that didn’t match with inclusion criteria were 
removed. For the next step, the abstract and the full-text of 
the articles were studied and checked based on inclusion 
criteria and study objectives. The study selection and quality 
assessment were done by two researchers independently, and 
in case of disagreement the subject was referred to a third 
person. Information extracted from the articles was sum-
marized in the extraction form.

Risk of bias assessment

Review Manager 5.3 from the Cochrane Collaboration 
was used to assess the risk of bias in individual studies. 
Uniform criteria were recommended by the Cochrane Col-
laboration, which included six items: selection bias, per-
formance bias, detection bias, attrition bias, reporting bias, 
and other potential bias as previously used were applied in 
our meta-analysis.

Fig. 2  Treatment strategies of 
included studies
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Statistical analyses

The differences between the two groups were estimated by 
the pooled RR and HR along with 95% CIs. The summary 
RR or HR estimates were conducted using a random or fixed 
effect model. Subgroup analyses were performed to detect 
the influence of stratification factors and other baseline char-
acteristics. Statistical heterogeneity was estimated by the I2 
statistic as follows: I2 < 30% meant “low heterogeneity”; 
I2 between 30 and 50% denoted “moderate heterogeneity”; 
I2 > 50% represented “substantial heterogeneity.” A fixed 
effect model was used if the heterogeneity was low or mod-
erate. Otherwise, the random effect model was reported after 
exploring the cause of heterogeneity. All calculations were 
performed by Review Manager Version 5.3 software (The 
Cochrane Collaboration, Oxford, UK). All tests mentioned 
below were 2-tailed and a P value of < .05 was considered 
to be statistically significant for all analyses.

Results

According to the search strategy established by us, 708 
records were retrieved totally from PubMed, Embase, and 
Cochrane Library. After removing the duplicates and irrel-
evant records, 74 full-text articles were available for the 
meta-analysis. However, 66 studies were excluded after 
full-text article assessment, leaving a total of 8 RCTs that 
contained sufficient details or met the inclusion criteria 
(Fig. 1) [13–20]. The majority of the included studies 
evaluated the effects of further extension of adjuvant AIs 
therapy which had completed the AIs-containing therapy, 
and detailed treatment strategies were shown in Fig. 2. All 
studies’ characteristics have been summarized in Tables 1.

Disease‑free survival (DFS) and overall survival (OS)

All 8 RCTs enrolling 15,966 postmenopausal patients were 
available for the analysis of DFS at the end of the observa-
tion period. The random effects model was used because 
there were high heterogeneities (I2 = 68%, P = 0.003) 
between these data. The pooled data showed that extended 
endocrine therapy with AIs improved DFS when compared 
to control (RR = 0.79; 95% CI 0.68–0.91; Fig. 3).

Data for OS were available in 7 trials, and OS was simi-
lar in the two groups. The fixed effects model was used for 
the analysis of the OS data due to the presence of low het-
erogeneity (I2 = 0%) between the trials. The pooled analy-
sis revealed that extended AIs therapy did not decrease the 
risk of death from any cause (RR = 1.00, 95% CI 0.99–1.01; 
Fig. 4a), as well as non-breast cancer-related death (RR 
= 1.16, 95% CI 0.96–1.41; I2 = 0%, fixed effects model 
Fig. 4b). Regarding local recurrence, we also found that 
extended therapy did not significantly improve the local 
recurrence (RR = 0.82; 95% CI 0.64–1.06; I2 = 42 %, fixed 
effects model Fig. 4c), while the distant recurrence and 
contralateral breast cancer were increased with extended 
endocrine therapy, and the RR of distant recurrence and 
contralateral breast cancer was 0.75 (95% CI 0.58–0.96; 
I2 = 58%, random effects model Fig. 4d) and 0.53 (95% CI 
0.40–0.70; I2 = 0%, fixed effects model Fig. 4e).

Subgroup analysis

Several subgroups analyses were performed, however, with 
only fewer number of studies reporting effects of size in the 
subgroups. Table 2 shows that the benefits of extended AIs 
therapy for postmenopausal women with breast cancer in 
reducing recurrence were associated with tumors that are 
> 2 cm (HR = 0.74, RD = − 0.31, P = 0.05 vs. HR = 0.85, 
RD = − 0.16, P = 0.20), node positive status (HR = 0.77, RD 
= − 0.27, P = < 0.0001 vs. HR = 0.89, RD = − 0.12, P = 

Fig. 3  Forest plots of RR for DFS in patients treated with extended adjuvant AIs-containing therapy versus placebo
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0.19) and previous chemotherapy use (HR = 0.75, RD = 
− 0.29, P = 0.003 vs. HR = 0.91, RD = − 0.10, P = 0.44). 
However, the benefits of extended AIs therapy were statisti-
cally significant regardless of whether the initial endocrine 
therapy includes tamoxifen (HR = 0.82, RD = − 0.20, P 
= 0.01 vs. HR = 0.81, RD = − 0.21, P = 0.0002). Fur-
thermore, the reduction in the risk of recurrence achieved 
with extended AIs therapy for postmenopausal women with 
breast cancer was demonstrated regardless of whether previ-
ous AIs had been used for 5 years (HR = 0.81, RD = − 0.22, 
P = 0.02 vs. HR = 0.78, RD = − 0.25, P = 0.01).

Toxicity

7 out of 8 trials reported toxicity and adverse events. Table 3 
summarizes the common adverse events reported in the 
included trials. Our meta-analysis showed as was expected 
that  extension was associated with an increase of risk of 
bone pain (RR = 1.26, RD = 0.04, P = 0.003, I2 = 12%), 
bone fractures (RR = 1.59, RD = 0.02, P = 0.002, I2 = 
56 %), osteoporosis (RR = 1.53, RD = 0.07, P = 0.005, 
I2 = 91%), and myalgia (RR = 1.26, RD = 0.04, P = 0.02, 
I2 = 57%). In contrast, we did not observe a statistically 
significant increase in the RR of cardiovascular events (RR 
= 1.07, RD = 0, P = 0.41, I2 = 12%) and hypertension (RR 
= 0.99, RD = 0, P = 0.92, I2 = 32%) with longer durations 
of AIs. It was evident that bone pain, arthralgia, myalgia, 
osteoporosis, and fracture were higher in the extended AIs 
therapy group, while the cardiovascular adverse events did 
not increase significantly. Discontinuation of treatment for 
adverse events was reported in five studies [14, 16, 17, 19, 
20]. Pooled data showed that longer duration of therapy with 
AIs was associated with a 51% increased RR for therapy 
discontinuation for adverse events compared with placebo 
or no treatment (RR = 1.51, RD = 0.06, P = 0.0009, I2 = 
72%) (Table 3).

Risk of bias in included RCT studies

Full details about the risk of bias in RCT studies were shown 
in Fig. 5. For allocation concealment, the risk of bias was 
unclear in 3 RCTs with an allocation scheme that was not 
mentioned in the trials; in 1 study the risk of bias was low, 
whereas in the other 5 studies the risk of bias was high. For 
the performance bias, the risk of bias was unclear in 3 RCT 
studies and high in another one. For the detection bias, the 
risk was unclear in 1 study.

Due to the small number of trials that were included 
(< 10), no publication bias or sensitivity analysis was 
performed.

Discussion

The study shows that hormone receptor-positive early breast 
cancer recurrences continued to occur steadily throughout 
the study period from 5 to 20 years after 5 years of adjuvant 
endocrine therapy. Due to good therapeutic result and long-
term toxicity of endocrine therapy of AIs, extending endo-
crine therapy is not routinely recommended for all patients 
[21, 22]. Multiple studies have assessed the hypothesis that 
extending the duration of endocrine therapy will result in  
reduction of breast cancer recurrences. Data are currently 
available from studies which included treatment initially 
with AIs-containing therapy for postmenopausal women 
with early breast cancer and randomized them either to 
ongoing AIs or placebo. Results of these studies have been 
mixed leading to an uncertainty regarding the benefit of 
extended adjuvant endocrine therapy.

The debates concerning extended adjuvant AIs ther-
apy is obvious. The trials such as MA.17R, AERAS, and 
ABCSG 6a have shown a significant advantage deriving 
from extended endocrine therapy with AIs beyond ini-
tial AIs-containing therapy, particularly in the group of 
patients with higher risk of recurrence [23]. However, such 
improvement has not been confirmed in more recent stud-
ies. For example, NSABP B42, DATA, LATER, ABCSG 
16, and IDEAL trials all failed to show an improvement 
in DFS and OS. Here, we report on a published data 
meta-analysis of eight randomized trials, showing that 
extended adjuvant therapy using AIs following initial 
AIs-containing therapy (tamoxifen, AIs or switching) in 
postmenopausal women provided better outcomes in terms 
of recurrence rate. In particular, DFS, distant recurrence 
and contralateral breast cancer with extended therapy were 
significantly better in early hormone-positive breast can-
cer. However, those benefits did not translate to survival 
benefit. Above all, the recurrence of contralateral breast 
cancer was significantly decreased in patients treated with 
extended AIs therapy. It could be argued that the extended 
adjuvant endocrine therapy with AIs after initial adjuvant 
AIs-containing therapy was a secondary prevention rather 
than the actual adjuvant therapy, preventing relapse of the 
earlier breast cancer. This preventive effect has already 
been shown in multiple clinical trials in healthy women 
without breast cancer using AIs [24–27].

In our meta-analysis, those events which were associ-
ated with substantial morbidity and mortality or commonly 
reported in trials would be chosen. The addition of AIs 
after initial adjuvant AIs-containing therapy is generally 

Fig. 4  Forest plots of RR for a OS, b Non-breast cancer-related 
death, c local recurrence, d distant recurrence and e contralateral 
breast cancer in patients treated with extended adjuvant AIs-contain-
ing therapy versus placebo

◂
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Table 2  Subgroup analysis for DFS

Subgroups analysis Included studies Individual studies HR/RD (95%CI) Subgroups effects HR/RD (95%CI) P

Recurrence versus tumor status
 T1 AERAS 0.60 (0.35,1.03)/− 0.51 (− 1.06, 0.03) 0.85 (0.66,1.09)/− 0.16 (− 0.41, 0.09) 0.20

DATA 0.91 (0.60,1.38)/− 0.09 (− 0.51, 0.32)
IDEAL 0.95 (0.65,1.39)/− 0.05 (− 0.43, 0.33)

 T2 and T3/4 AERAS 0.52 (0.32,0.85)/− 0.65 (− 1.15, − 0.16) 0.74 (0.54,1.00)/− 0.31 (− 0.61, − 0.00) 0.05
DATA 0.72 (0.52,1.00)/− 0.33 (− 0.66, − 0.00)
IDEAL 0.94 (0.68,1.29)/− 0.06 (− 0.38, 0.26)

Recurrence versus nodal status
 pN positive ABCSG6a 0.61 (0.34, 1.10)/− 0.49 (− 1.08, 0.09) 0.77 (0.67, 0.87)/− 0.27 (− 0.40, − 0.14) < 0.0001

AERAS 0.51 (0.34, 0.76)/− 0.67 (− 1.08, − 0.27)
DATA 0.75 (0.56, 1.00)/− 0.29 (− 0.58, 0.00)
IDEAL 0.82 (0.65, 1.04)/− 0.20 (− 0.43, 0.03)
NSABP B-42 0.85 (0.68, 1.06)/− 0.16 (− 0.38, 0.06)

 pN negative ABCSG6a 0.61 (0.31, 1.19)/− 0.49 (− 1.16, 0.17) 0.89 (0.75, 1.06)/− 0.12 (− 0.29, 0.06) 0.19
AERAS 0.69 (0.35, 1.35)/− 0.37 (− 1.04, 0.30)
DATA 0.94 (0.59, 1.50)/− 0.06 (− 0.53, 0.40)
IDEAL 1.41 (0.86, 2.31)/0.34 (− 0.15, 0.84)
NSABP B-42 0.86 (0.69, 1.07)/− 0.15 (− 0.37, 0.07)

Recurrence versus histological grade
 Grade 1 and 2 ABCSG6a 0.59 (0.36, 0.97)/− 0.53 (− 1.03, − 0.03) 0.80 (0.66, 0.98)/− 0.22 (− 0.42, − 0.02) 0.03

DATA 0.81 (0.59, 1.11)/− 0.21 (− 0.52, 0.10)
IDEAL 0.89 (0.65, 1.21)/− 0.12 (− 0.42, 0.19)

 Grade 3 ABCSG6a 0.73 (0.29, 1.84)/− 0.31 (− 1.24, 0.61) 0.93 (0.69, 1.24)/− 0.08 (− 0.37, 0.21) 0.61
DATA 0.80 (0.51, 1.26)/− 0.22 (− 0.68, 0.23)
IDEAL 1.10 (0.73, 1.66)/0.10 (− 0.32, 0.51)

Recurrence versus receptors status
 ER and PR positive ABCSG6a 0.32 (0.18, 0.56)/− 1.14 (− 1.71, − 0.57) 0.70 (0.48, 1.03)/− 0.35 (− 0.74, 0.03) 0.07

AERAS 0.84 (0.57, 1.25)/− 0.17 (− 0.57, 0.22)
DATA 0.70 (0.53, 0.92)/− 0.36 (− 0.63, − 0.08)
IDEAL 1.03 (0.79, 1.34)/0.03 (− 0.23, 0.29)

 ER or PR positive ABCSG6a 2.93 (1.18, 7.29)/1.08 (0.16, 1.99) 0.91 (0.45, 1.86)/− 0.09 (− 0.80, 0.62) 0.80
AERAS 0.38 (0.19, 0.77)/− 0.97 (− 1.67, − 0.27)
DATA 1.18 (0.71, 1.96)/0.17 (− 0.34, 0.67)
IDEAL 0.63 (0.37, 1.07)/− 0.46 (− 0.99, 0.07)

Recurrence versus chemotherapy use
 Yes AERAS 0.53 (0.32, 0.88)/− 0.63 (− 1.14, − 0.13) 0.75 (0.62, 0.91)/− 0.29 (− 0.49, − 0.10) 0.003

DATA 0.68 (0.50, 0.93)/− 0.39 (− 0.70, − 0.07)
IDEAL 0.90 (0.68, 1.20)/− 0.11 (− 0.39, 0.18)

 No AERAS 0.58 (0.33, 1.02)/− 0.54 (− 1.11, 0.02) 0.91 (0.71, 1.16)/− 0.10 (− 0.34, 0.15) 0.44
DATA 1.08 (0.71, 1.64)/0.08 (− 0.34, 0.50)
IDEAL 0.96 (0.67, 1.38)/− 0.04 (− 0.41, 0.32)

Recurrence versus previous TAM use
 TAM-AI AERAS 0.60 (0.18, 1.99)/− 0.51 (− 1.71, 0.69) 0.82 (0.70, 0.96)/− 0.20 (− 0.35, − 0.04) 0.01

DATA 0.79 (0.62, 1.01)/− 0.24 (− 0.48, 0.01)
IDEAL 0.97 (0.73, 1.29)/− 0.03 (− 0.32, 0.26)
NSABP B-42 0.75 (0.57, 0.99)/− 0.29 (− 0.56, − 0.01)

 AI AERAS 0.55 (0.39, 0.78)/− 0.60 (− 0.94, − 0.25) 0.81 (0.69, 0.94)/− 0.21 (− 0.37, − 0.06) 0.0002
IDEAL 0.80 (0.53, 1.21)/− 0.22 (− 0.64, 0.19)
NSABP B-42 0.91 (0.75, 1.10)/− 0.09 (− 0.29, 0.10)

Recurrence versus previous AI duration
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characterized by an increase in the adverse effects typical 
of this class of drugs, such as osteoporosis, bone pain, bone 
fractures, hypertension, cardiovascular events, arthralgias, 
myalgias and so on. The adverse events of endocrine therapy 
might increase due to the extended therapy. As expected, 
extended AIs therapy was associated with an increased RR 
of death without recurrence in our meta-analysis, although 
this was not statistically significant (1.16, P = 0.13).

Our exploratory subgroup analyses showed that tumor 
size (≥ T2), node positive status, previous chemotherapy 
use, and histological grade 1 and 2 status were independ-
ent predictors of DFS. Due to the inclusion of data from 
the ABCSG6a trial, histological grade 1 and 2 became an 
independent risk factor. However, we cannot draw firm con-
clusions according to the data of ABCSG Trial 6a. Because 
in this trial, aminoglutethimide which was used as an initial 
adjuvant AIs-containing therapy was no longer commonly 
used in the adjuvant setting now. Our results also showed 
that, although initial adjuvant AIs therapy was adequate 
for 5 years, extended use of AIs could get more benefits of 
DFS. Meanwhile, the potential therapeutic toxicity indicates 
that extended endocrine therapy was not a feasible option 
for all patients. A balance between toxicities and benefits 
must be carefully performed in cases of extended duration 
of therapy. Gene-expression profiles might help to iden-
tify patients who were at sufficient risk of developing late 

recurrences to increase efficacy and compliance [28–31]. 
Patients with high-risk characteristics might benefit from 
extended therapy.

However,it is unclear why there is a lack of extended 
therapy effect of survival benefit. One reason might be that 
events not correlated with disease recurrence could overtake 
the ones related to breast cancer morbidity and mortality, 
thus masking the actual experimental treatment benefit. Nev-
ertheless, our results showed that extended use of AIs was 
not correlated with a numerical excess of deaths without 
breast cancer recurrence (RR = 1.16, P = 0.13). The other 
reason might be that, as we all know, endocrine therapy has 
a carryover effect with an absolute survival benefit which 
increases over time and becomes extremely significant in the 
second decade after diagnosis, when compared to the first 
5 years of follow-up [4, 9]. It becomes therefore clear that 
an adequate follow-up period is paramount in the attempt to 
evaluate the benefit of extended adjuvant endocrine treat-
ment. In this context, the carryover effect could have been 
lost as the follow-up period is too short.

Our work has some important limitations. First, this is 
a literature-based rather than an individual patient–based 
meta-analysis. Thus, proper subgroup analysis, including 
adjusting for baseline factors such as nodal and tumor size, 
previous chemotherapy use, the duration of initial adjuvant 
AIs therapy or other pathological features are not possible 
with the information available. Second, follow-up times are 
different among the trials, and in particular they are shorter 
for AIs. This limitation may not have captured some late 
deaths or relapses typically observed in this disease. Third, 
the heterogeneity of the outcome measures definitions across 
the trials, which could impact the final results. However, 
even in the presence of high heterogeneity between trials 
design characteristics, endocrine therapy duration and type, 
as well as differences in the outcome measures definition, 
our data suggest a general benefit of extended adjuvant 
therapy with AIs, in particular, in the patients with the high 
recurrence risk.

Table 2  (continued)

Subgroups analysis Included studies Individual studies HR/RD (95%CI) Subgroups effects HR/RD (95%CI) P

 ≥5 years AERAS 0.55 (0.39, 0.78)/− 0.60 (− 0.94, − 0.25) 0.81 (0.67, 0.97)/− 0.22 (− 0.40, − 0.03) 0.02

IDEAL 0.91 (0.72, 1.15)/− 0.09 (− 0.33, 0.14)

MA.17R 0.80 (0.63, 1.01)/− 0.22 (− 0.46, 0.01)

NSABP B-42 0.91 (0.75, 1.10)/− 0.09 (− 0.29, 0.10)
 <5 years AERAS 0.60 (0.18, 1.99)/− 0.51 (− 1.71, 0.69) 0.78 (0.64, 0.94)/− 0.25 (− 0.44, − 0.06) 0.01

DATA 0.79 (0.59, 1.05)/− 0.24 (− 0.52, 0.05)
IDEAL 1.06 (0.50, 2.25)/0.06 (− 0.69, 0.81)
NSABP B-42 0.75 (0.57, 0.99)/− 0.29 (− 0.56, − 0.01)

Table 3  Toxicity related major adverse events

Outcome RCTs RR RD P I2 (%)

Bone pain 3 1.26 0.04 0.003 12
Arthralgia 6 1.13 0.05 0.20 92
Myalgia 3 1.26 0.04 0.02 57
Osteoporosis 5 1.53 0.07 0.005 91
Fracture 7 1.59 0.02 0.002 56
Cardiovascular 4 1.07 0 0.41 12
Hypertension 3 0.99 0 0.92 32
Discontinuation 5 1.51 0.06 0.0009 72
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Conclusion

After initial AIs-containing adjuvant therapy, extended AIs 
therapy could further bring a DFS benefit for postmeno-
pausal patients with early breast cancer, especially in the 
patients with high-risk characteristics. And no matter how 
long the duration of initial AIs-containing adjuvant therapy 
and whether the initial endocrine therapy included tamox-
ifen, extended use of AIs would lead to a further reduction 
in DFS. Although extended AIs therapy might increase the 

therapeutic toxicity and discontinuation of therapy, there 
were no statistically significant excess of deaths without 
breast cancer recurrence among patients receiving longer 
durations of AIs.
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