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A B S T R A C T

Background: Current standard of care for patients with HR+/HER2− early breast cancer (EBC) includes adjuvant 
endocrine therapy with an aromatase inhibitor (AI) or tamoxifen (TAM). We present a trial-level meta-analysis 
on efficacy of AI vs TAM in patients with HR+/HER2− EBC.
Methods: A systematic literature review was conducted using key medical literature databases (eg, PubMed; 
inception to October 2023) and data from conferences (to December 2023). Phase 3 randomized controlled trials 
(RCTs) that had ≥80 % of patients with HR+/HER2− EBC (or available subgroup data) and reported a disease- 
free survival (DFS) hazard ratio for AI vs TAM were included in the meta-analysis, regardless of menopausal 
status and ovarian function suppression (OFS) use. The generic invariance method was used to calculate a pooled 
effect estimate of DFS hazard ratios and 95 % CIs. A base-case analysis (all RCTs) and scenario analyses for NSAI- 
only, premenopausal, and postmenopausal RCTs were conducted.
Results: Five RCTs were identified for inclusion in the meta-analysis. In the base-case analysis, DFS significantly 
favored AI ± OFS vs TAM ± OFS (pooled hazard ratio, 0.68; 95 % CI, 0.61–0.76; P < .0001). Results from 
scenario analyses were consistent with the base case; NSAI-only (pooled hazard ratio, 0.68; 95 % CI, 0.59–0.78; 
P < .0001), premenopausal (pooled hazard ratio, 0.65; 95 % CI, 0.56–0.76; P < .0001), and postmenopausal 
(pooled hazard ratio, 0.72; 95 % CI, 0.61–0.86; P = .001) RCTs favored AI ± OFS over TAM ± OFS.
Conclusions: This trial-level meta-analysis demonstrated a significant DFS benefit with AI vs TAM for patients 
with HR+/HER2− EBC, which was more pronounced in premenopausal women.

1. Introduction

Hormone receptor–positive, human epidermal growth factor 

receptor 2–negative (HR+/HER2− ) breast cancer is the most common 
subtype of early breast cancer (EBC) [1]. Standard of care for patients 
with HR+/HER2− EBC includes at least 5 years of adjuvant endocrine 

Abbreviations: AI, aromatase inhibitor; DFS, disease-free survival; EBC, early breast cancer; ET, endocrine therapy; FEM, fixed effect model; HER2, human 
epidermal growth factor receptor 2; HR, hormone receptor; iDFS, invasive disease-free survival; NSAI, nonsteroidal aromatase inhibitor; OFS, ovarian function 
suppression; RCT, randomized controlled trial; REM, randomized effects model; TAM, tamoxifen.
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therapy (ET) [1,2]. Historically, tamoxifen (TAM) was the first ET 
widely used for adjuvant therapy; subsequent introduction and approval 
of aromatase inhibitors (AIs) such as anastrozole, letrozole, and 
exemestane eventually led to treatment guidelines recommending an AI 
or TAM for postmenopausal patients and an AI + ovarian function 
suppression (OFS) or TAM ± OFS for premenopausal patients with 
HR+/HER2− EBC.

The choice of an AI or TAM for adjuvant ET depends on factors such 
as risk of recurrence, disease features, menopausal status, and patient 
preference. Real-world studies have shown varying treatment patterns 
between the two classes depending on region, with AI generally 
constituting the majority of ET initiations [3–6]. There are also varia
tions in treatment patterns of AIs and TAM depending on menopausal 
status, with a higher proportion of premenopausal patients being treated 
with TAM. However, there is a trend of increasing AI use in premeno
pausal patients over time, as well as an increased use of OFS, particularly 
among patients with higher risk of recurrence [7].

The choice of AI vs TAM has been informed by clinical trials 
comparing the efficacy of the two classes in patients with HR + EBC. In 
postmenopausal patients with HR+ disease, an AI was associated with 
lower rates of recurrence compared with TAM [8]. Among premeno
pausal patients, clinical trials have suggested that an AI + OFS was more 
beneficial than TAM + OFS or TAM alone [9,10]. Additionally, 
meta-analyses using patient-level data across randomized clinical trials 
(RCTs) in patients with HR+ EBC have supported AIs as more effective 
than TAM for reducing recurrences in postmenopausal patients [11]. 
Among premenopausal patients, a similar meta-analysis demonstrated 
that an AI + OFS was more effective than TAM + OFS in reducing the 
risk of recurrence [12]. These meta-analyses included all patients with 
HR+ EBC regardless of HER2 status and therefore included those with 
HER2+ and HER2− disease [11,12]. Here, we present a trial-level 
meta-analysis of AI ± OFS vs TAM ± OFS focusing specifically on pa
tients with HR+/HER2− EBC.

2. Materials and methods

2.1. Systematic literature review

Trials for the meta-analysis were identified through a systematic 
literature review that was consistent with PRISMA criteria (Supple
mentary Methods and Supplementary Fig. 1). Key medical literature 
databases (eg, Embase, Medline [via PubMed], Cochrane) were searched 
from their inception to October 2023, and data from key conferences 
were searched to December 2023. Key inclusion criteria were random
ized clinical or noninterventional trials studying HR+/HER2− EBC in 
patients ≥18 years of age and published in English. Studies were 
required to have ≥80 % of patients with HR+/HER2− EBC. If the trials 
had <80 % of patients with HR+/HER2− EBC, separate data for this 
subgroup was required. Studies were included regardless of patients’ 
menopausal status or OFS use. Titles and abstracts of studies from the 
search were reviewed, followed by full text screening for inclusion in the 
analysis. Studies were screened by two independent reviewers, and any 
discrepancy between reviewers was resolved by a third independent 
reviewer.

2.2. Meta-analyses

For the meta-analysis, only phase 3 RCTs identified through the 
systematic literature review that compared an AI vs TAM and reported a 
disease-free survival (DFS) hazard ratio were included. RCTs were 
analyzed, and data categories were extracted, including DFS hazard 
ratio, treatment arms, menopausal status, median follow-up, and length 
of treatment. The generic invariance method was used to obtain a pooled 
effect-estimate hazard ratio and its 95 % CI for DFS, which was calcu
lated as a weighted average of the intervention effects estimated in each 
individual trial. A fixed effect model (FEM) and randomized effect model 

(REM) were used to estimate the effect size. I2 was used to assess het
erogeneity in the trials, and a funnel plot was used to assess publication 
bias in the effect size.

A base case analysis was performed that included all studies meeting 
inclusion criteria for the meta-analysis. Additional scenario analyses 
included RCTs that investigated premenopausal women only, post
menopausal women only, and nonsteroidal aromatase inhibitors 
(NSAIs) only in order to assess potential differences due to class of AI. An 
additional sensitivity analysis was performed to test the consistency of 
outcomes when data from an individual RCT of interest (pooled SOFT 
and TEXT trial data, since individual TEXT data were not available) were 
added to all existing studies in the base case and to those that investi
gated only premenopausal women. This sensitivity analysis was carried 
out to assess whether the results were consistent with those in which 
data from TEXT were excluded (and SOFT individual data were 
included).

3. Results

3.1. Systematic literature review

A total of 136 reports were returned by the initial systematic liter
ature search, from which five RCTs (SOFT, HOBOE, BIG 1–98, N-SAS 
BC03, and NCT01352091) were identified for inclusion in the meta- 
analysis (Table 1). The HOBOE trial included two arms of AI (letro
zole + OFS; or zoledronic acid + letrozole + OFS) vs TAM + OFS, and 
each arm of AI was compared individually. In the NCT01352091 trial, 
patients started on 2–3 years of TAM before being randomized to 
anastrozole + goserelin or TAM (for a total treatment duration of 5 
years). Of note, the TEXT trial was not included in the meta-analysis 
because available published data from TEXT were pooled with data 
from SOFT; thus, TEXT did not qualify for inclusion in the systematic 
literature review. A sensitivity analysis that included the pooled TEXT 
and SOFT data was performed to analyze any impact. A funnel plot of 
the five RCTs included in the meta-analysis did not show any publication 
bias for effect size (Supplemental Fig. 2).

Among the five RCTs, three focused on patients with premenopausal 
disease, while two studied those with postmenopausal disease (Table 1). 
NSAI (in four RCTs) was the most common AI comparator to TAM. The 
five trials included data from a total of 7138 patients. Median follow-up 
time for all RCTs ranged between 2.8 and 12 years: SOFT (12 years), 
HOBOE (8.6 years for both AI comparisons), BIG 1–98 (8.1 years), N-SAS 
BC03 (3.5 years), and NCT01352091 (2.8 years). Additional study de
tails and risk of bias assessment are presented in Supplemental Table 1
and Supplemental Table 2.

3.2. Meta-analyses: base case and scenario analyses

In the base case and scenario analyses, I2 = 0 indicated no hetero
geneity. Therefore, the outcomes of FEM and REM analyses were iden
tical. Analysis of the base case (all five RCTs) demonstrated that DFS 
significantly favored AI ± OFS compared with TAM ± OFS, with a 
pooled hazard ratio of 0.68; 95 % CI, 0.61–0.76; P < .0001 (Fig. 1A). 
This result corresponds to a 32 % reduction in risk of recurrence or 
death. Scenario analysis that included only the studies that specifically 
evaluated NSAI (HOBOE, BIG 1–98, N-SAS BC03, and NCT01352091) 
was consistent with the base case, with DFS significantly favoring NSAI 
± OFS over TAM ± OFS (pooled hazard ratio, 0.68; 95 % CI, 0.59–0.78; 
P < .0001) (Fig. 1B).

Among the studies that included only premenopausal women (SOFT, 
HOBOE, and NCT01352091), DFS significantly favored AI + OFS vs 
TAM ± OFS (pooled hazard ratio, 0.65; 95 % CI, 0.56–0.76; P < .0001) 
(Fig. 1C). A DFS benefit was also observed with AI vs TAM among 
studies that included only postmenopausal patients (BIG 1–98 and N- 
SAS BC03), with a pooled hazard ratio of 0.72; 95 % CI, 0.61–0.86; P =
.001 (Fig. 1D).
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3.3. Sensitivity analyses

When data from the TEXT trial were included (pooled with data from 
the SOFT trial) with all base case studies, the results remained consis
tent, favoring AI ± OFS. Similar results were observed for both fixed 
effects (pooled hazard ratio, 0.74; 95 % CI, 0.67–0.81) and random ef
fects models (pooled hazard ratio, 0.72; 95 % CI, 0.64–0.82), with a 
heterogeneity of I2 = 2 % (Table 2). This was also observed when TEXT 
was included in the scenario analysis of studies that included only pre
menopausal patients (for both fixed and random effects models: pooled 
hazard ratio, 0.77; 95 % CI, 0.69–0.85); heterogeneity I2 = 0.

4. Discussion

The results of this trial-level meta-analysis demonstrated that, in the 
base case analysis (all five RCTs), AI ± OFS was associated with signif
icantly improved DFS compared with TAM ± OFS, resulting in a 32 % 
reduction in risk of recurrence or death. These results were consistent in 
all scenario analyses conducted.

The results of our meta-analysis are consistent with several prior 
analyses. One prior meta-analysis of postmenopausal patients with 
endocrine receptor-positive EBC used individual patient data (from 
31,920 patients) from nine RCTs and demonstrated that AI reduced 
recurrence by approximately 30 % compared with TAM (rate ratio, 0.70; 
95 % CI, 0.64–0.77) [13]. A subsequent analysis of premenopausal pa
tients included 7030 patients from four trials and demonstrated a 
significantly lower risk of recurrence with AI + OFS vs TAM + OFS (rate 
ratio for years 0–4, 0.68, 95 % CI, 0.55–0.85; P < .0001) [12]. Finally, in 
a recent real-world analysis of 2507 patients from a database of US ac
ademic and community oncology clinics (ConcertAI), most patients with 
stage II or III HR+/HER2− EBC were treated with NSAI ± OFS (74 %) vs 
TAM ± OFS (26 %) [14]. Using adapted invasive DFS (iDFS; based on 
STEEP criteria) as the endpoint, this analysis demonstrated an approx
imately 17 % reduction in relative risk of an iDFS event with NSAI ±
OFS vs TAM ± OFS (hazard ratio, 0.83; 95 % CI, 0.69–0.98).

In our analysis, a greater benefit with AI over TAM was observed in 
premenopausal patients (AI + OFS vs TAM ± OFS) compared with 
postmenopausal patients (AI alone vs TAM alone). A number of RCTs 
(eg, SOFT/TEXT, ASTRRA, and STO-5) have shown the benefit of OFS in 
premenopausal patients, particularly those with high-risk HR+/HER2−
EBC [15]. However, use of OFS in these patients is not consistent; recent 
clinical trials in patients with high-risk HR+/HER2− EBC included a 
substantial number of premenopausal patients who did not receive OFS 
with the ET partner [16].

Our study does have some limitations. First, the DFS hazard ratio 
data were used as reported in each publication without further modifi
cation. Definitions of DFS may have differed between each study, 
possibly leading to some heterogeneity that was unaccounted for in the 
analysis, although I2 = 0 was consistently observed for the base case and 

scenario analyses. In one of the trials (NCT01352091), the study design 
was such that patients were treated with TAM for 2–3 years before being 
randomized to anastrozole + goserelin or TAM for a total ET treatment 
duration of 5 years; this design may have impacted the generalizability 
and interpretation of the analyses that included NCT01352091. Addi
tionally, while the SOFT trial included a TAM + OFS arm, no direct 
comparison was reported vs AI + OFS; therefore, this comparison (AI +
OFS vs TAM + OFS) in SOFT was not included in the meta-analysis. 
Additionally, the TEXT trial was not included in the base case analysis 
because all reported DFS data were pooled with data from SOFT, and 
individual trial data were not available. However, a sensitivity analysis 
demonstrated results that were consistent with the base case and sce
nario analyses. Also, we could not assess whether the DFS benefit 
extended to mortality. Although OS is considered the gold standard of 
oncology clinical trials, we could not conduct a similar meta-analysis 
with OS as the endpoint due to limited data. However, it should be 
noted that a previous correlation analysis of 14 RCTs showed DFS as a 
reliable surrogate endpoint for OS in adjuvant HR+/HER2− EBC trials 
[17]. It should be noted there are data in clinical trials studying TAM +
OFS vs AI + OFS that need consideration. In the SOFT trial, AI + OFS 
demonstrated reduction in risk of recurrence and mortality compared to 
TAM + OFS. However, analysis of patient subgroups seemed to suggest 
that the benefit of AI + OFS was greatest among patients with 
higher-risk disease. Decisions for AI + OFS or TAM + OFS would need to 
take into account factors like risk of recurrence and AE profiles of each 
treatment. TAM and AI (including combinations of AI with ovarian 
suppression) have different adverse event profiles that may impact 
choice of ET. A quality-of-life analysis among ET treatments was also not 
possible because differences in patient-reported outcome measures 
among the studies in the meta-analysis did not allow for such a com
parison. Menopausal status definitions were also not consistent across 
trials. Premenopausal patients were identified using levels of estradiol, 
follicle stimulating hormone, and luteinizing hormone with additional 
specified criteria or using date of last menstrual period (NCT01352091, 
SOFT, HOBOE, SOFT, and BIG 1–98 [for exclusion of patients from 
trial]). The N-SAS BC03 trial included postmenopausal patients based on 
age or previous surgery (hysterectomy or ovariectomy). The different 
methods for determining menopausal status may have resulted in het
erogeneity in outcomes and were not accounted for in our analysis.

5. Conclusion

Here, we report the results of a meta-analysis comparing AI ± OFS vs 
TAM ± OFS using disease-free survival data as published in 5 trials. OS 
was not included because of limited data in these trials. This meta- 
analysis demonstrated that AI ± OFS was associated with reduced risk 
of recurrence vs TAM ± OFS, including in the base case analysis, among 
NSAI-only treatments, and among both postmenopausal and premeno
pausal patients. These results were consistent with and support prior 

Table 1 
Trials identified by systematic literature search for inclusion in meta-analysis.

Trial Study Intervention Comparator Time of assessment, 
yearsa

Median follow-up, 
years

Menopausal 
status

SOFT Francis 2023 Exemestane + OFS (n = 1014) TAM (n = 1018) 12 12 Premenopausal
HOBOE Gravina 

2022
Letrozole + OFS (n = 356) TAM + OFS (n =

354)
8 8.6 Premenopausal

HOBOE Gravina 
2022

Zoledronic acid + letrozole + OFS (n =
355)

TAM + OFS (n =
354)

8 8.6 Premenopausal

BIG 1-98 Filho 2015 Letrozole (n = 1782) TAM (n = 1751) 4 8.1b Postmenopausal
N-SAS BC03 Aihara 2010 Anastrozole (n = 165) TAM (n = 164) 3 3.5 (42 months) Postmenopausal
NCT01352091 Li 2019 TAM → goserelin + anastrozole (n = 33)c TAM (n = 29) 5 2.8 (34 months) Premenopausal

OFS, ovarian function suppression; TAM, tamoxifen.
a After start of adjuvant ET.
b For the time point selected, median follow-up was 51 months, while 8.1 years is the overall follow-up of the study.
c The symbol → denotes treatment switching.
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analyses that showed AI is the more effective ET vs TAM for adjuvant 
treatment of HR+/HER2− EBC.
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