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ARTICLE INFO ABSTRACT
Keywords: Background: Controversy exists regarding the optimal duration of the extended adjuvant endocrine treatment
Early breast cancer (ET) in patients with early-stage breast-cancer (eBC).

Extended adjuvant endocrine therapy
Disease nodal status
meta-analysis

We performed a systematic review and trial-level meta-analysis of all randomized clinical trials (RCTSs)
comparing a “limited-extended” adjuvant ET (defined as more than 5 but less than 7.5 years of treatment overall)
versus a “full-extended” adjuvant ET (defined as more than 7.5 years of treatment overall) in eBC.

Methods: To be eligible, RCTs had to i) compare a “limited-extended” adjuvant ET versus a “full-extended”
adjuvant ET in patients with eBC; and ii) report disease-free survival (DFS) hazard ratio (HR) according to the
disease nodal-status [i.e., nodal-negative (N-ve) versus nodal-positive (N + ve)].

The primary endpoint was to assess the difference in efficacy of full-versus limited-extended ET, measured in
terms of the difference in DFS log-HR, according to the disease nodal-status. Secondary endpoint was the dif-
ference in efficacy of full-versus limited-extended ET according to tumor size (i.e., pT1 vs pT2/3/4), histological
grade (i.e., G1/G2 vs G3), patients’ age (i.e., <60 vs > 60 years) and previous type of ET (i.e., aromatase in-
hibitors vs tamoxifen vs switch strategy).

Results: Three phase III RCTs fulfilled the inclusion criteria. A total of 6689 patients were included in the analysis,
of which 3506 (53%) had N + ve disease.

The full-extended ET provided no DFS-benefit as compared with the limited-extended ET in patients with N-ve
disease (pooled DFS-HR = 1.04, 95%CI: 0.89 to 1.22; 2= 18%).

Conversely, in patients with N + ve disease the full-extended ET significantly improved DFS, with a pooled DFS-
HR of 0.85 (95%CI: 0.74 to 0.97; I? = 0%).

There was a significant interaction between the disease nodal-status and the efficacy of the full-versus limited-
extended ET (p-heterogeneity = 0.048).
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The full-extended ET provided no significant DFS-benefit as compared with the limited-extended ET in all the

other subgroups analyzed.

Conclusions: Patients with eBC and N + ve disease can obtain a significant DFS-benefit from the full-extended as
compared with the limited-extended adjuvant ET.

1. Introduction

Endocrine therapy (ET) represents the most effective adjuvant
treatment for patients with endocrine responsive early-stage breast
cancer (BC) [1].

Even after decades of using adjuvant ET as the cornerstone of early-
stage BC systemic care and after many trials were conducted, contro-
versy still exists regarding the optimal duration of adjuvant ET [1].

Robust evidence showed that after 5 years of adjuvant endocrine
therapy, BC recurrences continued to occur steadily throughout the
subsequent decades. The late risk of BC recurrence is mainly affected by
nodal stage, and at less extent also by T-stage, histological grade, and
patients’ age (Table S1) [2].

Several randomized clinical trials (RCTs) showed significantly
improved disease-free survival (DFS) for patients treated with ET
extended to 10 years as compared with standard 5 years of treatment
[3-6].

This holds true when 10 versus 5 years of tamoxifen was compared (i.
e., ATLAS and aTTom trials), when 5 years of tamoxifen followed by 5
years of aromatase inhibitor (AI) was compared with 5 years of
tamoxifen (i.e., MA17 trial), and when 5 years of extended Al followed 5
years of upfront AI or tamoxifen for <3 years then switched to an Al for
the remainder of 5 years (i.e., NSABP-42 trial) [3-6].

Another group of RCTs tested the hypothesis that a “full-extended”
adjuvant ET (i.e., more than 7.5 years of treatment overall) provided no
further benefit as compared with a “limited-extended” ET (i.e., more
than 5 but less than 7.5 years of treatment overall) [7-9].

Updated results of all these RCTs seem to support such hypothesis in
the intention to treat (ITT) populations [7-9]. Subgroup analyses of the
SALSA (ABCSG-16) trial and the IDEAL (BOOG 2006-05) trial failed to
show significant benefit from the full-extended adjuvant ET for indi-
vidual subgroups, but a non-significant trend for potential benefit from
the full-extended ET was evident in all trials for patients with higher
basal risk of disease relapse, identified by positive nodal disease [8,9]. In
the DATA trial, patients with positive nodal status had significant DFS
benefit from the full-extended adjuvant ET when compared to limited
extended strategy, provided that their tumor was also positive for both
hormone receptors [7].

We performed a systematic review and trial-level meta-analysis of
RCTs to explore the hypothesis that the lack of significant interaction
between the disease nodal-status and the efficacy of the full-versus
limited-extended ET reported in each individual trial was due to a
limited statistical power. Furthermore, we also explored the efficacy of
the full-versus limited-extended ET according to the other clinical-
pathological factors affecting the risk of late BC-recurrence.

2. Methods
2.1. Search strategy and selection criteria

We followed PRISMA guidelines for this systematic review and meta-
analysis.

We searched PubMed, MEDLINE, Embase, and Scopus for random-
ized controlled trials published from the inception of each database to
September 15, 2022.

Two investigators (FC and LP) independently searched the databases.
The search terms were “Extended Adjuvant endocrine therapy”, “Early
Breast Cancer”, “Randomized clinical trials”.

We also reviewed abstracts and presentations from all major
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conference proceedings, including the American Society of Clinical
Oncology and the European Society for Medical Oncology, up to
September 15, 2022.

To be eligible, randomized trials had to: i) compare a “limited
extended” adjuvant ET (defined as more than 5 but less than 7.5 years of
treatment overall) versus a “full extended” adjuvant ET (defined as more
than 7.5 years of treatment overall) in patients with early-stage BC, and
ii) report DFS hazard ratio (HR) according to the nodal status of disease
(i.e., negative versus positive).

Two investigators (FC and LP) independently reviewed the list of
retrieved articles to choose potentially relevant articles, and disagree-
ments were discussed and resolved with the consensus of all
investigators.

Two reviewers (FC and EP) independently extracted data from the
studies and all discrepancies were resolved by consensus with all
investigators.

2.2. Data analysis

From each included trial, we extracted the study name, first author
and year of publication, study design and blinding, study phase, median
follow-up time, number of patients, age at randomization, tumor size,
histological grade, HER2 status, histology, nodal status of disease, prior
endocrine treatment, type of ET and duration for each treatment arm,
HR for DFS in overall population, and HR for DFS according to nodal
status of disease, age at randomization, tumor size, histological grade,
prior endocrine treatment. We included only the most recent and com-
plete report of controlled trials when duplicate publications were
identified.

We assessed the methodological quality of studies (to ascertain risk
of bias) using the five-point Jadad ranking system [10]. This system
assesses the quality of randomization and double-blinding, and the flow
of patients (withdrawals and dropouts). A controlled trial could receive
a Jadad score of between 0 (poor methodological quality) and 5 (optimal
methodological quality).

The primary endpoint was to assess the difference in treatment arms
efficacy (i.e., full-versus limited-extended ET), measured in terms of the
difference in DFS log-HR, according to disease nodal status.

As secondary endpoint, we explored differences in treatment arms
efficacy according to tumor size (i.e., pT1 vs pT2/3/4), histological
grade (i.e., G1/G2 vs G3) and patients’ age (i.e., <60 vs > 60 years).

Additionally, since in the SALSA and IDEAL trials patients could be
treated in the first 5 years of treatment with Als or tamoxifen or switch
strategy, we assessed the difference in treatment arms efficacy according
to the type of previous endocrine therapy received by patients (the
DATA trial was excluded from this last analysis since all patients only
received tamoxifen in the first 5 years) [7-9].

We extracted the HRs for disease relapse or death for the full-
extended versus limited-extended ET arm, and their 95% CIs from
each study, overall and separately for patients of each stratum of the
subgroup analyzed. HRs and confidence intervals (CIs) were translated
into log-HRs and the corresponding variances. We calculated the pooled
HRs of DFS using fixed-effects model. Weights were taken equal to the
inverse of the reported within-study variance. We did the Q-test to assess
the between-study heterogeneity, and calculated the I? statistic, which
expresses the percentage of the total observed variability due to study
heterogeneity. We assessed the heterogeneity between the strata esti-
mates using a z-test.

When the original publication reported multiple HRs for a specific
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subgroup (e.g., separate HRs for G1 and G2 within the G1/G2 subgroup),
we applied a two-stage meta-analytic approach. Initially, a fixed-effects
model was utilized to combine the multiple estimates into a single
pooled estimate, and subsequently, this estimate was included in the

between-study meta-analysis.

A
Study Intervention (N. pts)
DATA
827 833
Tjan—-Heijnen VCG, 2022
IDEAL (BOOG 2006-05)
913 908
Blok EJ, 2018
SALSA (ABCSG-16)
1605 1603
Gnant M, 2021
Pooled estimate

B

Study Intervention (N. pts)

DATA 266 282
Tjan-Heijnen VCG, 2022 561 551
IDEAL (BOOG 2006-05) 235 237
Blok EJ, 2018 669 665
SALSA (ABCSG-16) 1081 1065
Gnant M, 2021 524 536

Pooled estimate in pNO patients
Pooled estimate in pN+ patients
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All reported p-values are two-sided. All analyses were performed
using R software (version 3.4.0).

Control (N. pts) HR-DFS (95% ClI)

0.86 [0.72-1.01]

0.92[0.74-1.16]

0.99 [0.85-1.15]

0.93[0.84-1.03]

Control (N. pts) HR-DFS (95% CI)

0.89 [0.65-1.22]
0.84 [0.69-1.03]

1.41[0.86-2.30]
0.82 [0.64-1.06]

1.06 [0.87-1.29]
0.89[0.70-1.13]

1.04 [0.89-1.22]
0.85 [0.74-0.97]

[ pNO
H pN+

B

<

“-"""""ﬁ“““"_“
L

0.5 1.0 2.0
HR-DFS
Full extended ET better Limited extended ET better
(intervention) (control)
e
' o

A\
\ T

p heterogeneity: 0.048

0.5 1.0 20
HR-DFS

Full extended ET better
(intervention)

Limited extended ET better
(control)

Fig. 1. Efficacy of full versus limited extended adjuvant endocrine treatment (ET), in the ITT population (panel A) and by status of lymph nodes disease (panel B).
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3. Results

Three phase III RCTs fulfilled the inclusion criteria: DATA, IDEAL
(BOOG 2006-05), and SALSA (ABCSG-16) trials [7-9].

Supp. Fig. 1 shows the study design of the three RCTs included in the
analysis. The total duration of ET in the limited extended arm ranged
from up to 6 years in the DATA trial to 7.5 years in the IDEAL trial. The
total duration of ET in the full extended arm ranged from up to 9 years in
the DATA trial to 10 years in the SALSA and IDEAL trials. In all trials,
after randomization patients received an Al in both the limited and full
extended ET arms. The disease nodal status was a stratification factor in
all trials (Table 1).

The median follow-up of the studies, from patients’ randomization,
ranged from 50 to 118 months.

Risk of bias assessment through the Jadad score is reported in the
Supp. Table 2: no trial received a low-quality score [10].

A total of 6689 patients, all post-menopausal women, were included
in the analysis (Table 1). Forty-seven percent of patients (N = 3166) had
nodal negative (N-ve) disease, while 3506 (52%) had nodal positive (N
+ ve) disease [2953 (84%) had pN1 disease and only 553 (16%) pN2 or
pN3 disease].

Table 1
Main characteristics of RCTs included in the analysis.
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The full-extended ET provided no DFS-benefit as compared with the
limited-extended ET considering the entire ITT patients’ population: the
pooled DFS-HR was 0.93 (95% CI: 0.84 to 1.03; ? = 0%; Fig. 1A).

Similar result was obtained in the subgroup of patients with N-ve
disease, where the pooled DFS-HR was 1.04 (95% CIL: 0.89 to 1.22; 2=
18%; Fig. 1B).

On the contrary, in all the three RCTs, the subgroup of patients with
N + ve disease had reduced relative risk of relapse or death with the full-
extended ET as compared with the limited-extended ET, with a pooled
DFS-HR of 0.85 (95% CI: 0.74 to 0.97; Fig. 1B). Notably, there was no
inter-study heterogeneity across single-study estimates (I> = 0%).

There was a significant interaction between the disease nodal status
and the efficacy of the full-versus limited-extended ET (p-heterogeneity
= 0.048; Fig. 1B).

On the contrary, the full-extended ET provided no significant DFS-
benefit as compared with the limited-extended ET in all the other sub-
groups analyzed, including patients with younger age (Fig. 2A), higher
T-stage (Fig. 2B) or histological grade tumors (Fig. 2C).

Finally, also the analysis of the IDEAL and SALSA trials including
patients treated with either Al or tamoxifen or switch strategy in the first
5 years of treatment, showed no significant heterogeneity of results

Trial name

DATA [Tjan-Heijnen VCG] (N = 1660)

IDEAL (BOOG 2006-05) [Blok EJ] (N = 1821)

SALSA (ABCSG-16) [Gnant M] (N = 3208)

Treatment arms

Limited extended arm

Full extended arm

Patients characteristics
Age at randomization

3 years of anastrozole (N = 833)
6 years of anastrozole (N = 827)

<60 years 971 (58%)" 510 (28%)°
>60 years 689 (42%)" 1311 (72%)°
Tumor size

pT1 759 (46%) n.a.
pT2/3/4 899 (54%) n.a.
pTx/Unknown 2 (<1%) n.a.
Histological grade

G1/G2 1142 (69%) 1060 (58%)
G3 467 (28%) 566 (31%)
Gx/Unknown 51 (3%) 195 (11%)
HER2 status

Negative 1493 (90%) 678 (37%)
Positive 40 (2%) 159 (9%)
Unknown 127 (8%) 984 (54%)
Histology

Lobular 294 (18%) 296 (16%)
Other 1366 (82%) 1524 (84%)
Unknown - 1 (<1%)
Nodal status

pNO 548 (33%) 472 (26%)
pN1 891 (54%) 1074 (59%)
N2/N3 221 (13%) 260 (14%)
Unknown - 15 (1%)
Prior endocrine treatment

AL - 524 (29%)
TAM 1660 (100%) 222 (12%)
TAM + Al - 1075 (59%)
Stratification Factors

Tumor stage No No

Node status Yes Yes

Age at randomization No No
Histological grade No No

Others receptor status;

HER2 status; tamoxifen duration.

2.5 years of letrozole (N = 908)
5 years of letrozole (N = 913)

primary adjuvant endocrine treatment and chemotherapy;
time after completion of treatment.

2 years of anastrozole (N = 1603)
5 years of anastrozole (N = 1605)

1022 (32%)
2186 (68%)

2335 (73%)
860 (27%)
13 (<1%)

2523 (79%)
609 (19%)
76 (2%)

n.a.
n.a.
n.a.

n.a.
n.a.
n.a.

2146 (67%)
988 (31%)
72 (2%)

2 (<1%)

235 (7%)
1635 (51%)
1338 (42%)

Yes

Yes

No

No

primary adjuvant endocrine and chemotherapy;
receptor status;

previous trial participation;

geographic region.

Abbreviations: n.a., not available; Al, aromatase inhibitor; TAM, tamoxifen.
# <60 years.
> 60 years.
¢ 55 years.
455 years.
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A) Age at randomization

Study Intervention (N. pts) ~ Control (N. pts) HR-DFS (95% CI) 1
DATA 483 488 0.830.64-1.08] =]
Tjan-Heijnen VCG, 2022 344 345 0.91[0.73-1.15) L
IDEAL (BOOG 2006-05) 260 250 0.950.56-1.63]
Blok EJ, 2018 653 658 084 [0.65-1.09] m
SALSA (ABCSG-16) 401 401 1.10(0.82-1.47] g
Gnant M, 2021 1204 1202 0.96 [0.80-1.15] n
Pooled estimate in patients <=60 years 0.94 [0.78-1.13] >

Pooled estimate in patients >60 years ~ 0.92 [0.81-1.04]

[0 <=60 years

W >60 years p heterogeneity: 0.804

—
05 1.0 20

HR-DFS
Full extended ET better  Limited extended ET better

C) Histological grade
Study Intervention (N. pts) ~ Control (N. pts) HR-DFS (95% Cl)
DATA 569 573 0.87[0.71-1.07] =
Tjan-Heijnen VCG, 2022 229 238 0.81[0.59-1.12] [
IDEAL (BOOG 2006-05) 524 536 0.89[0.66-1.21] a
Blok EJ, 2018 296 270 1.10(0.73-1.67] .
SALSA (ABCSG-16) 1262 1261 0.96 [0.81-1.14] =
Gnant M, 2021 313 296 1.13(0.80-1.61] Ll

Pooled estimate in G1/G2 patients  0.92 [0.81-1.03]

Pooled estimate in G3 patients 0.98 [0.80~1.20]

O 61162
WG3 P heterogeneity: 0.587

—
05 1.0 20

HR-DFS
Full extended ET better ~Limited extended ET better

Fig. 2. Efficacy of full versus limited extended adjuvant endocrine treatment (ET),

grade (panel C), and prior endocrine treatment (panel D).

according to the type of previous endocrine therapy in the ITT patients’
population (Fig. 2D).

4. Discussion

These results showed that the full-extended adjuvant ET provides no
significant benefit in unselected patients’ populations with endocrine
sensitive early-stage BC.

However, a more granular and adequately powered analysis revealed
that patients with N + ve early-stage BC, burdened with higher pre-
dicted risk of relapse, can significantly benefit from longer duration of
ET.

It should be noted that the observed pooled DFS benefit from the full-
extended adjuvant ET (i.e., 15% of reduction of the relative risk of dis-
ease relapse or death) is clinically limited. However, the N + ve sub-
group represents a heterogeneous group of patients, including those
with only 1 positive lymph node, who likely derive small benefit from
the full-extended ET, as well as patients with large nodal involvement,
who likely obtain a substantially larger benefit than the average value
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B) Tumor size

Study Intervention (N. pts)  Control (N. pts) HR-DFS (5% CI)

DATA 376 383 0.88 [0.67-1.15]

Tian-Heijnen VCG, 2022 0.84[0.67-1.05)

IDEAL (BOOG 2006-05) na. na. 0.95 [0.65-1.39]

Blok EJ, 2018 na na 0.94[0.69-1.27] L
SALSA (ABCSG-16) 1163 172 0.99[0.82-1.19] )
Gnant M, 2021 434 426 0.96 [0.74-1.25] .

Pooled estimate in pT1 patients 0.950.83-1.10]

Pooled estimate in pT2/3/4 patients ~ 0.90 [0.78-1.04]

OpTt
W pT2i3/4 p heterogeneity: 0.594

. |
05 10 20

HR-DFS
Full extended ET better Limited extended ET better

D) Prior endocrine treatment

Study Intervention (N. pts)  Control (N. pts) HR-DFS (95% Cl)

IDEAL (BOOG 2006-05) 263 261 0.80[0.53-1.21]

Blok EJ, 2018 13 109 1.06 [0.50-2.25]

538 097 [0.73-1.30]

SALSA (ABCSG-16) 118 17 0.69 [0.40-1.18] o
Gnant M, 2021 819 816 1.03[0.83-1.26] ")
668 670 1.021[0.80-1.30]

Pooled estimate in Al patients 0.76 (0.55-1.05]

Pooled estimate in TAM patients 1.03 [0.84-1.26]

Pooled estimate in TAM+Al patients 100 [0.83-1.20]

oAl
W TAM

O TAM+AI P heterogeneity: 0.267

1
05 10 20

HR-DFS
Full extended ET better Limited extended ET better

according to age at randomization (panel A), tumor size (panel B), histological

captured by our meta-analysis.

Furthermore, given the constant risk of relapse of endocrine
responsive BC and the long-lasting carry-over effects of the adjuvant
endocrine treatments, long-term follow-up substantially longer than
that reported in the trials analyzed would be needed to fully capture the
ultimate benefit of the prolonged versus shorter duration of ET [2,10].
Actually, ATLAS trial, which is the only RCT with a follow-up long
enough to address this issue (77% of patients were still being followed
up 15 years after diagnosis), showed a clear and progressive increase of
the amount of benefit from the extended ET in the second decade after
diagnosis, with no evidence of a rebound increase in the recurrence rate
when the extended ET ended [3].

On the contrary, all the other clinical-pathological factors analyzed,
including T-stage, histological grade and patients’ age, although previ-
ously associated with the risk of late BC-recurrence, seem to be not
useful to identify patients who benefit from the full-extended ET [2].
Similarly, although limited by the inclusion of only two trials, the results
of our analysis do not support the hypothesis that patients treated with
tamoxifen or switch strategy in the first five years after diagnosis are
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those who benefit the most from the full-extended ET.

The optimal duration of adjuvant treatment for patients with early-
stage BC is a complex issue that is understudied by a limited number
of small-sized RCTs, with inadequate power and follow-up to identify
patient subgroups who can benefit from prolonged treatments [1].

Our meta-analysis shed light on the relevance of taking into account
the disease nodal status when choosing between the limited-versus full-
extended adjuvant ET.

However, many other relevant questions remain unanswered.

For example, the majority of trials evaluating the efficacy of
extended adjuvant ET, including the three RTCs analyzed in our meta-
analysis, only included post-menopausal women. Thus, there is still
much uncertainty regarding the role and the optimal duration of
extended adjuvant ET for pre-menopausal patients, particularly for
those treated with 5 years of LH-RH plus exemestane [1].

Furthermore, an intriguing retrospective analysis of the DATA trial
suggested that beyond the patients’ risk of relapse, other biological
features of disease, such as the tumor expression levels of ER and PgR,
can be associated with the efficacy of the full versus limited extended
adjuvant ET [9].

Moreover, subgroup analyses according to tumor phenotype have
rarely been reported in RCTs testing extended adjuvant ET, despite the
fact that the tumor phenotype has been long recognized as being asso-
ciated with the distribution of the risk of disease relapse over time, with
lobular cancer having a very long-lasting risk of relapse [11].

In addition, a few tools based on clinicopathologic parameters (i.e.,
the CTS5) or on gene expression (i.e., 70-gene Mammaprint test or the
H/I ratio) could be helpful in individualizing the duration of extended
adjuvant ET [12-14].

In the IDEAL trial, patients with tumors characterized as low-risk by
Mammaprint test had a significant 9.8% reduction of the absolute risk of
distant relapse (DR) when treated with the full-extended ET as compared
with limited-extended groups (DR-HR 0.42, 95% CI 0.17-0.99), while
patients with high-risk tumors had no benefit [13].

Notably, the H/I ratio has been shown to be potentially useful to
calibrate the duration of the extended ET also in the subgroups of pa-
tients with nodal positive disease: in the IDEAL trial, patients with node-
positive disease and high H/I ratio had a significant absolute RFI-benefit
of 11% when treated with 10 versus 7.5 years of letrozole, while node-
positive patients with low H/I-ratio derived no benefit from 10 years of
treatment [14].

Finally, the recent results of the MonarchE and OlympiA trials
showed that 2 years of abemaciclib and 1 year of olaparib during the
first years of adjuvant ET improved patient outcomes [15,16]. It is un-
known how and if the addition of such new targeted therapies modifies
the efficacy of extended ET, as well as the duration of such extension (i.
e., full-versus limited-extension). Until specific evidence becomes
available, in our opinion, the duration of adjuvant endocrine therapy in
such new cohorts of patients treated with abemaciclib or olaparib,
should be tailored to the same factors used for the general patients
population.

Similarly, since there is no evidence available on the optimal dura-
tion of endocrine adjuvant therapy in patients who underwent neo-
adjuvant treatments, the duration of adjuvant endocrine therapy should
be tailored according to the clinical-pathological factors assessed before
neoadjuvant therapy.

A possible limitation of our analysis is its derivation from a trial-level
meta-analysis of subgroup analyses. However, two considerations
strongly support the reliability of our conclusions. First, the straight-
forward rationale for our finding is that higher absolute DFS-benefit of
longer ET is expected in patients with higher baseline risk of relapse.
Secondly, we observed a strong consistence of results across all analyzed
trials, which was confirmed by the lack of heterogeneity among single-
study estimates in the N + ve subgroup [1].

In conclusion, results from our trial-level meta-analysis add a rele-
vant piece of additional evidence regarding the optimal duration of
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adjuvant ET for early BC, showing that patients with nodal positive
disease can obtain a potentially meaningful DFS benefit from the full
extended as compared with limited extended.
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