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Summary
Background Randomized trials have shown that axillary clearance (AC) can safely be omitted in patients with sentinel
lymph node-positive breast cancer. At the same time, de-escalation of chemotherapy in postmenopausal patients with
ER+HER2− breast cancer may depend on detailed axillary nodal stage. The aim of this pre-specified secondary
analysis of the SENOMAC trial was to investigate whether the choice of axillary staging affected the proportion of
patients receiving adjuvant chemotherapy, and recurrence-free survival (RFS).

Methods Proportion receiving adjuvant chemotherapy was calculated according to AC or sentinel lymph node biopsy
(SLNB) only, menopausal status, and region of inclusion, for 2168 patients with clinically node-negative ER+HER2−
breast cancer and 1–2 sentinel lymph node macrometastases included in the SENOMAC trial.

Findings In premenopausal patients, 514 out of 615 patients (83.6%) received adjuvant chemotherapy with no sig-
nificant difference between randomization arms. In postmenopausal patients, the proportion receiving chemotherapy
varied considerably by region and country (36.0–82.4%). In Denmark, where 194 out of 539 postmenopausal patients
(36.0%) received adjuvant chemotherapy, rates differed significantly between the AC and the SLNB only arm (41.3%
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vs 31.4%, p = 0.019). After a median follow-up of 44.88 months for Danish postmenopausal patients, no significant
difference was seen in 5-year RFS, which was 91% (85.6%–96.6%) for the SLNB only and 90.9% (86.3%–95.6%) for
the AC arm (p = 0.42).

Interpretation When omitting axillary clearance, and thus reducing the risk of long-term arm morbidity, potential
under-treatment of postmenopausal patients with ER+HER2− breast cancer may require the development of new
predictive and imaging tools.

Funding Swedish Research Council, Swedish Cancer Society, Nordic Cancer Union, Swedish Breast Cancer
Association.

Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in context

Evidence before this study
We searched PubMed on 12th of December 2023 and again
on 4th of March 2024 for English-language studies
presenting results from randomized trials investigating
omission of axillary clearance (AC) in patients with breast
cancer with axillary lymph node macrometastases. Trial
names were then searched for studies presenting data on the
impact of omitting AC on adjuvant systemic treatment. Only
three studies were identified: the AMAROS trial, the
OTOASOR trial and the TAXIS trial. None of these studies
found a significant difference in proportion of patients
receiving adjuvant systemic treatment according to axillary
treatment, but no subgroup analyses were done according to
menopausal status and breast cancer subtype.

Added value of this study
The present analysis is the first to report on differences in
chemotherapy rates in ER+HER2− breast cancer after omission
of AC, taking menopausal status and country of inclusion into

account. We did show that omission of AC leads to lower
rates of chemotherapy administration in postmenopausal
patients in European countries where detailed nodal stage is
part of the treatment decision algorithm for adjuvant
chemotherapy.

Implications of all the available evidence
The prognostic significance of potential adjuvant systemic
undertreatment when omitting AC needs to be investigated
once longer follow-up is available, and the need for
chemotherapy in postmenopausal patients with ER+HER2−
breast cancer should be critically evaluated. When omitting
AC, predictive and imaging tools are needed to facilitate
selection for adjuvant chemotherapy. Future studies on
omitting axillary surgery should include results on the impact
on adjuvant treatment to forego the risk of undertreatment,
when concurrently de-escalating treatment in surgery and
oncology.
Introduction
Axillary nodal status is one of the most important
prognostic factors in breast cancer and guides decisions
for adjuvant systemic treatment. In patients with
ER+HER2− breast cancer, de-escalation of adjuvant
chemotherapy has received increasing attention during
recent years. The benefit from adjuvant chemotherapy
in patients with 1–3 positive lymph nodes has been
questioned by the RxPONDER trial and the MINDACT
trial.1,2 Based on these results, the St Gallen, ESMO, and
ASCO guidelines no longer recommend the routine use
of adjuvant chemotherapy in postmenopausal patients
with ER+HER2− breast cancer and 1–3 lymph node
metastases and a low genomic risk signature.3–5 This is,
however, not the case if four or more lymph node me-
tastases (pN2-3) are identified. As a consequence, adju-
vant chemotherapy can potentially be omitted in up to
60% of postmenopausal patients with ER+HER2− breast
cancer.6 National and regional guidelines have gradually
implemented this de-escalation. In Denmark, genomic
risk signatures are not routinely performed for further
risk stratification of postmenopausal patients with
ER+HER2−, pN1 breast cancer. Instead, the Danish
developed Prognostic Score Index is used. It is based on
clinical and pathological risk factors, of which one is the
number of positive nodes.

At the same time as de-escalation of chemotherapy is
implemented, efforts to de-escalate axillary staging sur-
gery are ongoing, with the important aim to spare pa-
tients the risk of potentially life-long arm morbidity.7,8

Several randomized trials have shown that axillary
clearance (AC) can be safely omitted in sentinel lymph
node (SLN)-positive breast cancer.9,10 This was recently
confirmed by the randomized SENOMAC trial
including patients with 1–2 SLN macrometastases ran-
domized to completion AC or sentinel lymph node
www.thelancet.com Vol 47 December, 2024
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biopsy (SLNB) only.11 However, when omitting AC in
these patients, the total number of positive axillary
lymph nodes and thus the exact nodal stage is unknown.
Therefore, the selection of patients to adjuvant chemo-
therapy may be hampered. The consequence of AC
omission and its potential impact on survival outcomes
has not been sufficiently investigated.

The aim of this pre-specified secondary analysis of
the SENOMAC trial was to investigate whether the
choice of axillary staging affected the proportion of
patients receiving adjuvant chemotherapy, and
recurrence-free survival (RFS). In addition, the nodal
stage of patients with and without AC was compared.
Methods
Patients with clinically node-negative ER+HER2− breast
cancer, who had been included in the randomized
SENOMAC trial and received primary surgery, were
selected for this analysis.12 The SENOMAC trial was
initiated in 2015 and randomly assigned patients with
1–2 macrometastases on SLNB to AC or its omission. In
Denmark, a protocol amendment allowed radiotherapy
to the axilla level I in patients randomized to SLNB only.
A quality assessment of radiotherapy did show that
axillary level I received a high dose coverage even when
not intentionally included in the target.13 Enrolment
closed after the randomization of 2766 patients in
December 2021. The per-protocol population included
2540 patients randomized in Sweden (N = 1553),
Denmark (N = 804), Germany (N = 87), Greece (N = 52),
and Italy (N = 46). The indication for adjuvant chemo-
therapy was not described in the protocol but was given
according to local or national guidelines. Patients
offered neoadjuvant treatment were excluded from this
analysis.

The primary endpoint of this analysis was the pro-
portion of patients receiving adjuvant chemotherapy in
each randomization arm. As secondary endpoints, the
mean number of positive lymph nodes as well as the
proportion of patients identified as having pN2-3 disease
per randomization arm were calculated. Finally, 5-year
RFS was compared between randomization arms for
Danish postmenopausal patients. The definition of RFS
followed the updated Standardized Definitions for Effi-
cacy End Points (STEEP) criteria and included invasive
in-breast, locoregional or distant recurrence as well as
death from breast cancer, non-breast cancer and un-
known causes.14

Guidelines for adjuvant chemotherapy differ be-
tween countries and regions and depend on meno-
pausal status. Accordingly, analyses were stratified for
pre- and postmenopausal status and for different
countries and regions within countries. Since meno-
pausal status was not registered in the SENOMAC trial,
the type of adjuvant endocrine treatment was chosen as
a surrogate variable for menopausal status, where users
www.thelancet.com Vol 47 December, 2024
of aromatase inhibitors (AI) were defined as post-
menopausal and users of Tamoxifen or AI in combi-
nation with a GnRH agonist as premenopausal. In
addition, a sensitivity analysis was made using age ≤50
years vs >50 years as a surrogate variable for meno-
pausal status.

Since few patients were included in Germany, Italy,
and Greece, only patients from Sweden and Denmark
were included in subanalyses on the proportion of pa-
tients offered chemotherapy in the randomization arms.

Statistical analysis
Continuous variables are described with means, stan-
dard deviations (SD), median, minimum, and
maximum values. Categorical variables are summarized
with frequencies and percentages of each category.

Unadjusted comparison between randomization
arms, AC vs SLNB only, for the primary and secondary
outcomes were performed in all patients and subse-
quently stratified by menopausal status. A further
stratification focused on differences between countries
and regions and was limited to patients enrolled in
Sweden and Denmark. Group differences were assessed
with t-tests for continuous variables and Chi-square-
tests or Fisher’s exact tests (in small sub-groups) for
categorical variables. Group differences for number of
removed lymph nodes, number of positive nodes and
duration of chemotherapy were assessed with the Mann
Whitney test. RFS was defined as time from randomi-
zation to first invasive recurrence (contralateral breast
cancer not included) or death. Follow-up time was
censored at the last event-free visit. The RFS proportion
was estimated with the Kaplan–Meier method and
group differences were evaluated with the log-rank test.
A significance level of 0.05 was used in all statistical
tests. All statistical analyses were performed using R
version 4.2.2.

Role of the funding source
Financial support for work related to the SENOMAC
trial has been obtained from the Swedish Research
Council (grant numbers 2015-00760 and 2021-02128),
the Swedish Cancer Society (grant numbers CAN 2015/
437 and 22 2061 Pj), the Nordic Cancer Union (grant
numbers R217-A13260 and R241-A14982), and the
Swedish Breast Cancer Association. The funding parties
had no part in the design, performance, analysis, or
reporting of the trial.
Results
Out of 2168 patients selected from the SENOMAC trial
for the present analysis, 1010 had AC and 1158 SLNB
only (Fig. 1). Patient, tumor, and treatment character-
istics are shown in Table 1. In the AC arm, a signifi-
cantly higher mean number of lymph nodes was
removed (15.45 vs 2.31, p < 0.001) and accordingly, the
3
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Fig. 1: CONSORT diagram over inclusion of SENOMAC trial patients into the present analysis.
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mean number of lymph node metastases was signifi-
cantly higher (2.34 vs 1.29, p < 0.001). As final nodal
stage, 13.7% of patients had pN2-3 status after
completion AC, but only 0.6% in the SLNB only arm
(p < 0.001), where nodal metastases exceeding the
permitted 1–2 macrometastases were found on
randomly excised lymph nodes which did not fulfill the
criteria for a sentinel lymph node. According to type of
endocrine treatment, 1492 patients (68.8%) were
considered as postmenopausal and 615 (28.4%) as pre-
menopausal. Information on type of endocrine treat-
ment was missing in 61 patients (2.8%).
In total, 59.8% of patients received adjuvant
chemotherapy. No statistically significant difference in
the proportion of patients treated by adjuvant chemo-
therapy was found between randomization arms (AC:
61.7% vs SLNB: 58.1%, p = 0.09). The median duration
of chemotherapy was 16 weeks, with no significant
difference between randomization arms in pre- and
postmenopausal patients.

In premenopausal patients, the proportion given
adjuvant chemotherapy was 83.6% with no statistical
difference between randomization arms, neither for all
SENOMAC patients nor for the cohort restricted to
www.thelancet.com Vol 47 December, 2024
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Completion AC SLNB only Total p-value

Total number of patients, N 1010 1158 2168

Total number of lymph nodes removed <0.001

Mean (SD) 15.45 (7.08) 2.31 (1.51) 8.43 (8.22)

Median [min–max] 14.00 [1.00–51.00] 2.00 [1.00–15.00] 4.00 [1.00–51.00]

Number of positive lymph nodes <0.001

Mean (SD) 2.34 (3.09) 1.29 (0.54) 1.78 (2.21)

Median [min–max] 1.00 [1.00–42.00] 1.00 [1.00–5.00] 1.00 [1.00–42.00]

Nodal stage, N (%) <0.001

pN1 872 (86.3) 1151 (99.4) 2023 (93.3)

pN2 108 (10.7) 7 (0.6) 115 (5.3)

pN3 30 (3.0) 0 (0.0) 30 (1.4)

Breast surgery performed, N (%) 0.491

Breast-conserving surgery 665 (65.8) 745 (64.3) 1410 (65.0)

Mastectomy 345 (34.2) 413 (35.7) 758 (35.0)

Adjuvant endocrine treatment, N (%) 0.680

No 6 (1.6) 24 (2.1) 40 (1.8)

Yes 986 (97.6) 1126 (97.2) 2112 (97.4)

Drop-out prior to FU1 7 (0.7) 7 (0.6) 14 (0.6)

Missing 1 (0.1) 1 (0.1) 2 (0.1)

Adjuvant radiotherapy, N (%) 0.555

None 53 (5.2) 46 (4.0) 99 (4.6)

Nodal field only 8 (0.8) 12 (1.0) 20 (0.9)

Breast or chest wall only 59 (5.8) 78 (6.7) 137 (6.3)

Breast and nodal fields 881 (87.2) 1012 (87.4) 1893 (87.3)

Drop-out prior to FU1 7 (0.7) 7 (0.6) 14 (0.6)

Missing 2 (0.2) 3 (0.3) 5 (0.2)

Adjuvant chemotherapy, N (%) 0.092

Yes 623 (61.7) 673 (58.1) 1296 (59.8)

No 379 (37.5) 477 (41.2) 856 (39.5)

Missing 8 (0.8) 8 (0.7) 16 (0.7)

Duration of chemotherapy, weeksa 0.815

Mean (SD) 16.34 (4.10) 16.42 (3.87) 16.38 (3.98)

Median [min–max] 17.37 [0.00–30.40] 17.37 [0.00–52.11] 17.37 [0.00–52.11]

Missing (%) 23 (3.7) 26 (3.9) 49 (3.8)

Country of inclusion, N (%) 0.781

Sweden 612 (60.6) 694 (59.9) 1306 (60.2)

Denmark 323 (32.0) 381 (32.9) 704 (32.5)

Germany 30 (3.0) 41 ((3.5) 71 (3.3)

Italy 22 (2.2) 19 (1.6) 41 (1.9)

Greece 23 (2.3) 23 (2.0) 46 (2.1)

Age 0.914

Mean (SD) 61.15 (11.47) 61.09 (12.01) 61.12 (11.76)

Median[min–max] 61.00 [34.00–90.00] 61.00 [20.00–94.00] 61.00 [20.00–94.00]

Menopausal status, N (%) 0.302

Premenopausal 278 (27.5) 337 (29.1) 615 (28.4)

Postmenopausal 713 (70.6) 779 (67.3) 1492 (68.8)

Missing 19 (1.9) 42 (3.6) 61 (2.8)

Age 0.405

Age ≤50 years, N (%) 208 (20.6) 260 (22.5) 468 (21.6)

Age > 50 years, N (%) 802 (79.4) 898 (77.5) 1700 (78.4)

Histological tumor type, N (%) 0.248

Ductal 765 (75.7) 843 (72.8) 1608 (74.2)

Lobular 212 (21.0) 267 (23.1) 479 (22.1)

Other 33 (3.3) 48 (4.1) 81 (3.7)

(Table 1 continues on next page)
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Completion AC SLNB only Total p-value

(Continued from previous page)

Multifocality, N (%) 0.256

Yes 262 (25.9) 327 (28.2) 589 (27.2)

No 746 (73.9) 830 (71.7) 1576 (72.7)

Missing 2 (0.2) 1 (0.1) 3 (0.1)

Tumor size, mm 0.298

Mean (SD) 23.92 (16.81) 24.65 (15.68) 24.31 (16.21)

Median [min–max] 19.00 [1.10–155.00] 20.00 [1.70–155.00] 20.00 [1.10–155.00]

Histological grade, N (%) 0.490

Grade 1 206 (20.4) 239 (20.6) 445 (20.5)

Grade 2 647 (64.1) 719 (62.1) 1366 (63.0)

Grade 3 152 (15.0) 195 (16.8) 347 (16.0)

Missing 5 (0.5) 5 (0.4) 10 (0.5)

Profileration, Ki67 (%) 0.773

Mean (SD) 22.01 (15.14) 22.20 (14.71) 22.11 (14.91)

Median [min–max] 20.00 [1.00–90.00] 20.00 [1.00–92.00] 20.00 [1.00–92.00]

Missing, no (%) 12 (1.2) 11 (1.0) 23 (1.1)

Abbreviations: ER: estrogen receptor, AC: axillary clearance, SLNB: sentinel lymph node biopsy, FU1: 1 year follow-up. aIn patients treated with chemotherapy.

Table 1: Patient, tumour, and treatment characteristics among patients with ER+HER2− breast cancer included in the SENOMAC trial according to
randomized assignment.
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those enrolled in Denmark or Sweden (Table 2). In
postmenopausal patients, 50.6% received adjuvant
chemotherapy, with a higher proportion in the AC arm
(52.9% vs 48.5%). This difference was, however, not
statistically significant (p = 0.09).

A large variation was observed in the proportion of
postmenopausal patients receiving chemotherapy per
country (p < 0.001) with the lowest proportion in
Denmark (36.0%) and the highest in Greece (64.3%).
Premenopausal patients (N = 615

Completion AC SLNB only

Total number of patients, N 278 337

Total number of lymph nodes removed

Mean (SD) 14.94 (6.97) 2.55 (1.75)

Median [Min-Max] 14.00 [1.00–51.00] 2.00 [1.00–1

Number of positive lymph nodes

Mean (SD) 2.45 (3.51) 1.29 (0.53)

Median [Min-Max] 2.00 [1.00–37.00] 1.00 [1.00–4

Adjuvant chemotherapy, N (%)

Yes 238 (85.6) 276 (81.9)

No 39 (14.0) 60 (17.8%)

Missing 1 (0.4) 1 (0.3%)

Duration of chemotherapya (weeks)

Mean (SD) 16.62 (3.78) 16.67 (3.50)

Median [Min-Max] 17.37 [0.00–26.06] 17.37 [0.00–3

Missing, N (%) 12 (5.0) 10 (3.6)

Abbreviations: ER: estrogen receptor, AC: axillary clearance, SLNB: sentinel lymph node

Table 2: Nodal status and proportion receiving chemotherapy among patient
to randomized assignment and menopausal status according to type of end
The proportion treated by chemotherapy was 43.9% in
Germany, 36.4% in Italy, and 60.0% in Sweden. Sig-
nificant regional variations were observed in Sweden
(43.4%–82.4%, p < 0.001) but without any difference
between randomization arms (p = 0.65). Differences in
proportion of patients offered chemotherapy according
to randomization arm in different regions in Sweden
are shown in the Supplementary Table S2a. In contrast,
only 36.0% of postmenopausal patients included in
) Postmenopausal patients (N = 1492)

p-value Completion AC SLNB only p-value

713 779

<0.001 <0.001

15.59 (7.06) 2.21 (1.37)

5.00] 14.00 [1.00–50.00] 2.00 [1.00–12.00]

<0.001 <0.001

2.30 (2.92) 1.29 (0.54)

.00] 1.00 [1.00–42.00] 1.00 [1.00–5.00]

0.248 0.0923

337 (52.9) 378 (48.5)

334 (46.8) 401 (51.5)

2 (0.3%) 0 (0)

0.885 0.642

16.20 (4.13) 16.27 (4.01)

0.40] 17.37 [0.00–30.40] 17.37 [0.00–52.11]

11 (2.9) 14 (3.7)

biopsy. aIn patients treated with chemotherapy.

s with ER+HER2− breast cancer included in the SENOMAC trial according
ocrine treatment.
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Denmark received adjuvant chemotherapy, with signif-
icantly more patients having chemotherapy in the AC
arm than the SLNB only arm (41.3% vs 31.4%,
p = 0.019).

When using age ≤50 vs > 50 years as surrogate
variable for menopausal status, 90% of patients with age
<50 received adjuvant chemotherapy with no difference
between randomization arms. In patients with age ≥50,
51.6% received adjuvant chemotherapy; 54.9% in the
AC arm and 48.8% in the SLNB only arm. This differ-
ence was statistically significant (p = 0.0151). In Sweden,
61.1% of patients with age ≥50 had adjuvant chemo-
therapy, with no significant difference between
randomization arms while in Denmark, only 37.1%
received adjuvant chemotherapy, with significantly
more patients in the AC arm compared to the SLNB arm
(44.4% vs 30.4%, p < 0.001) (Supplementary Table S2b).

Considering the observed difference in chemotherapy
rates in postmenopausal patients in Denmark, we
compared 5-year RFS for the two randomization arms in
this subgroup (N = 539). After a median follow-up of
44.88 months (45.97 in the AC arm and 43.01 in the
SLNB only arm), no significant difference was seen, with
a 5-year RFS on 91.0% (85.6%–96.6%) in the SLNB only
arm and 90.9% (86.3%–95.6%) in the AC arm (p = 0.42)
(Fig. 2). No locoregional recurrences were seen in post-
menopausal Danish patients in the study period.
Discussion
In this pre-specified secondary analysis of patients with
ER+HER2− breast cancer included in the randomized
Fig. 2: Recurrence-free survival for Danish postmenopausal patients w
cording to randomized assignment; completion AC vs SLNB only.

www.thelancet.com Vol 47 December, 2024
SENOMAC trial,12 no significant difference in the
overall proportion of patients receiving adjuvant
chemotherapy was found despite significantly more
positive lymph nodes identified in the AC arm. In
Denmark, however, a significantly lower proportion of
postmenopausal patients received adjuvant chemo-
therapy if completion AC had been omitted, without
detectable deterioration of 5-year RFS.

The impact of de-escalated axillary surgery on adju-
vant chemotherapy rates has been investigated in sec-
ondary analyses of previous randomized trials. The
AMAROS trial randomized patients with metastases on
SLNB to completion AC or axillary radiotherapy.9 In a
subgroup analysis on 566 randomized patients con-
ducted after the enrollment of the first 2000 patients,
12% of patients in the AC arm had pN2-3 disease and
none in the axillary radiotherapy arm. There was no
significant difference in the proportion of patients who
were treated with adjuvant chemotherapy; 58% in the
AC arm vs 61% in the axillary radiotherapy arm.15

Likewise, the per-protocol population of the OTOA-
SOR trial included 474 patients with metastasis on
SLNB, who were randomized to either completion AC
or axillary radiotherapy.16 Fifty-four out of 244 patients
(22%) in the AC arm had pN2-3 disease. While a larger
proportion of patients was treated by chemotherapy in
the AC arm than the axillary radiotherapy arm (78% vs
69%; p = 0.020), a subgroup analysis found that this was
associated with a higher percentage of premenopausal
patients and larger tumors in the AC arm and not
related to nodal stage. None of the two trials found any
differences in axillary recurrence and survival. No
ith ER+HER2− breast cancer included in the SENOMAC trial ac-

7
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subgroup analysis was done according to menopausal
status in these studies.

More recently, the TAXIS trial, randomizing patients
with biopsy-proven node-positive breast cancer to AC or
tailored axillary surgery (TAS) with subsequent axillary
radiotherapy, investigated the impact of de-escalating
axillary surgery on adjuvant chemotherapy rates in 296
patients with ER+HER2− disease and primary surgery.
Similar to the present study, significantly more lymph
node metastases were found in the AC arm which,
however, did not result in a larger proportion of patients
receiving adjuvant chemotherapy (TAS: 55.9% vs AC:
60.3%; adjusted odds ratio 0.72; 95% CI, 0.19–2.67).17

While this is in line with our results for all patients
with ER+HER2− breast cancer, no subgroup analysis
according to menopausal status was done, which could
have revealed unidentified differences. In addition, pa-
tients with clinically node-positive breast cancer such as
enrolled in the TAXIS trial should have a significantly
higher axillary nodal burden than patients with clinically
node-negative breast cancer such as enrolled in the
SENOMAC trial.18 Thus, results cannot be directly
compared.3 Consequently, the present analysis is the
first to report on differences in chemotherapy rates in
ER+HER2− breast cancer in specific, taking menopausal
status into account.

Based on results from the randomized MINDACT
trial 2and RxPONDER trial,19 the St Gallen guidelines
have since 2021 no longer recommended adjuvant
chemotherapy to postmenopausal patients with
ER+HER2− breast cancer with metastases to 1–3 lymph
nodes and an intermediate risk profile, while chemo-
therapy is still recommended to patients with four or
more lymph node metastases.3 Likewise, the current
ESMO guidelines do not recommend chemotherapy to
postmenopausal patients with ER+, HER2−, T1—T 2,
N1 disease with low-risk genomic score and/or lower-
risk features on traditional pathological analysis
including lower-grade histology and lower measures of
proliferation.4 Finally, the ASCO guidelines recommend
the use of Oncotype DX, MammaPrint, Breast Cancer
Index, or EndoPredict to guide adjuvant chemotherapy
in ER+HER2− postmenopausal patients with 1–3 posi-
tive nodes.5 Adherence to these guidelines has been
gradually introduced in national guidelines with varying
degree of de-escalation of chemotherapy. A Portuguese
study from 2023 tested 154 mostly postmenopausal
patients with ER+HER2− breast cancer with 1–3 positive
lymph nodes with the 21-gene recurrence score assay
and found that a low score allowed safe de-escalation of
adjuvant chemotherapy in 65% of the patients.6

In an attempt to de-escalate chemotherapy in post-
menopausal patients with ER+, HER2− breast cancer in
Denmark, the Danish Breast Cancer Group (DBCG)
introduced the Prognostic Score Index (PSI) in their
guidelines in 2013.20 The results are clearly reflected in
the lower chemotherapy rates when comparing with
e.g., rates in Sweden. The PSI replaced previously used
high-risk criteria for postmenopausal patients with
ER+HER2− breast cancer. The PSI is automatically
calculated in the DBCG database after entry of clinical
and pathological information and is based on age, type
of surgery (mastectomy or lumpectomy), indication for
radiotherapy, tumor size, histological type, ER positivity,
grade, lymphovascular invasion, and number of positive
lymph nodes. Patients with a low PSI are recommended
adjuvant endocrine treatment only while patients with a
high PSI are recommended adjuvant chemotherapy
prior to endocrine treatment. In 2017, genetic testing by
PAM50 was introduced for patients with an intermedi-
ate PSI to guide adjuvant chemotherapy decisions: Pa-
tients with a luminal B genomic profile are
recommended chemotherapy while those with a
luminal A genomic profile are recommended adjuvant
endocrine treatment only. Since the exact number of
positive lymph nodes is an integral part of the PSI score,
omission of AC would be expected to affect chemo-
therapy rates, as confirmed in the present analysis.

Since 2019, and thus during the enrolment phase in
the SENOMAC trial, Swedish guidelines recommend
chemotherapy for patients with a luminal B breast
cancer and a tumor size >10 mm or lymph node me-
tastases. If no more than 1–3 lymph node metastases
and no other risk factors are found, endocrine treatment
only is considered. Patients in an intermediate risk
group (grade 2 or intermediate Ki67) are recommended
gene expression analysis for risk stratification and
treatment guidance. In Sweden, different genetic tests
have been introduced after the completion of the
SENOMAC trial, including Oncotype DX, PAM50 and
Single Sample Predictor.21

Our results show a large variation between countries
and regions in the proportion of ER+HER2− post-
menopausal patients who receive adjuvant chemo-
therapy, reflecting a gradual implementation of
de-escalating guidelines. In Denmark, the use of adju-
vant chemotherapy has been reduced considerably for
the postmenopausal group of patients. In the present
study, a further reduction was observed in the SLNB
arm, indicating that complete nodal stage is an impor-
tant factor in treatment decision for chemotherapy when
a de-escalating algorithm like the PSI score is used.
Thus, if the use of AC and its related high risk of late
sequelae is to be reduced, new tools for predicting the
axillary nodal stage and thus the benefit of chemo-
therapy in postmenopausal patients with ER+HER2−
breast cancer are needed.

The significantly lower number of positive lymph
nodes identified in the group of patients without AC
reflects an underdiagnosis of patients with pN2-3 dis-
ease by the preoperative evaluation mainly based on
ultrasound. According to the St Gallen, ESMO and,
ASCO guidelines,3–5 adjuvant chemotherapy is always
recommended in these patients regardless of
www.thelancet.com Vol 47 December, 2024
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menopausal status, and in some guidelines, like the
Danish, the recommendation is 8 cycles of chemo-
therapy, in contrast to only six cycles for post-
menopausal patients with pN1 disease and a high–risk
profile. We found no significant difference in the
duration of chemotherapy between randomization
arms, neither for premenopausal nor postmenopausal
patients. However, it is not known to what extent the
duration of chemotherapy is mirroring interruption of
treatment due to toxicity. Duration of chemotherapy was
only registered as month for start and end of treatment,
so the results should be interpreted with caution.

In addition to chemotherapy, also the selection of
patients who might benefit from adjuvant treatment
with the CDK4/6 inhibitor abemaciclib depends on
complete axillary nodal stage. Abemaciclib was not a
part of standard adjuvant treatment in Denmark and
Sweden in the period for inclusion in the SENOMAC
trial, and any consequences of undertreatment with
abemaciclib cannot thus not be investigated. The po-
tential consequences of performing a completion AC for
the identification of candidates for adjuvant abemaciclib,
however, have recently been described.22

The present analysis is limited by missing informa-
tion on precise menopausal status. The MINDACT trial
used 50 years of age as a cut-off for postmenopausal
status,2 but since the average age for menopause in the
Nordic countries is 52 years, the type of endocrine
treatment was considered a better surrogate for meno-
pausal status. A sensitivity analysis using 50 years of age
as a cut-off for menopausal status did not change the
main results. Another limitation is the multicenter
design since indications for adjuvant chemotherapy vary
both nationally and locally. Analyzing the complete data
set can thus mask an effect of omitting AC on adjuvant
chemotherapy, as shown when analyses were made for
Denmark and Sweden separately.

The lower proportion of postmenopausal patients
treated by adjuvant chemotherapy in the SLNB only arm
did so far not translate into a deterioration of 5-year
RFS, which could question the need for chemotherapy
in these patients. Median follow-up was, however, only
3.7 years resulting in few events and broad confidence
intervals indicating low precision of the estimates.
Considering that events occur gradually over the first
10–15 years in ER+HER2− breast cancer,23 longer
follow-up is needed to substantiate the results.

In conclusion, the lower proportion of patients with
lymph node metastases identified if AC was omitted did
affect the chemotherapy rates in postmenopausal pa-
tients. To avoid completion AC with its associated risk of
long-term arm morbidity,7 new tools for determining
chemotherapy indications are needed. More precise im-
aging procedures like MRI or Contrast-enhanced spectral
mammography may be useful for nodal staging. How-
ever, tumor biology might be a much better indicator for
the need for adjuvant chemotherapy than counting
www.thelancet.com Vol 47 December, 2024
positive nodes, calling for more genetic testing. Until
then, comprehensive patient information leading to
shared decision-making for omitting AC, which may lead
to less information on nodal stage and thus potential
undertreatment by chemotherapy, weighed against the
risk of arm morbidity from AC, could be the solution.
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