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Background: Data on effectiveness and optimal use of neoadjuvant endocrine therapy (NET) in clinically
biopsy-proven node-positive breast cancer is lacking. This study examined the incidence of axillary
pathological complete response (pCR) on NET in clinically biopsy-proven node-positive breast cancer
patients. Secondary, patient and tumour characteristics, as well as the optimal duration of NET in relation
to the occurrence of axillary pCR were investigated.
Material and methods: Patients diagnosed with primary hormone receptor positive, HER2 negative breast
cancer between 2014 and 2019, with at least one positive axillary lymph node (pathologically proven),
treated with NET were selected from the Netherlands Cancer Registry. The incidence of axillary pCR in
combination with patient, tumour and treatment characteristics was analysed.
Results: In a population of 561 patients, an axillary pCR of 7.3% on NET was observed. Median length of
treatment was 8.1 months in the patients without vs. 8.8 months in those with axillary pCR, with no
statistically significant difference. A p-value <0.30 was found for age, histologic type, clinical tumour
status, hormone receptor status and the type of NET in univariable analysis. After multivariable logistic
regression analyses, none of these variables were independently associated with the likelihood of an
axillary pCR.
Conclusion: The rate of axillary pCR after NET in HR þ HER2-clinically biopsy-proven node-positive
breast cancer patients is low. Factors independently associated with the likelihood of an axillary pCR
could not be identified. More research is warranted regarding optimizing the duration of NET and the
prognostic value of residual disease in the axilla after NET.
© 2021 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical

Oncology. All rights reserved.
Introduction

Historically, primary endocrine treatment (PET) is used in pa-
tients with hormone receptor positive (HRþ) breast cancer who are
.
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considered too frail for surgery. In addition, neoadjuvant endocrine
treatment (NET) is used in patients with locally advanced
HR þ human epidermal growth factor receptor-2 negative (HER2-)
breast cancer, who are unfit for neoadjuvant chemotherapy (NAC),
but fit for surgery, to facilitate breast conserving surgery (BCS). The
threshold to administer chemotherapy in HR þ HER2-breast cancer
is rising, mainly as a result of the introduction of genetic profiling
[1e3]. In patients with HR þ HER2-tumours with clinically node-
opean Society of Surgical Oncology. All rights reserved.
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positive breast cancer and a favourable genetic profile, chemo-
therapy can be safely avoided [4]. This development makes NET an
attractive alternative approach for a substantial number of patients.
Nonetheless, recent data show that its use continues to be mar-
ginal, with only 2.3% of patients with HR þ stage II and III breast
cancer receiving NET [5]. It is known that 3e4 months of NET en-
ables the use of BCS in 50% of the patients in whom a mastectomy
was considered first, at the cost of a progression rate of 6.5% of the
primary tumour during NET [6]. By extending treatment duration
up to 12months, BCS becomes feasible in up to 87.5% of the patients
at the cost of 10% of these patients, who experience local progres-
sion [6]. In line with these figures, also pCR rates of the breast
tumour also rise from 2.5% after 4 months of treatment up to 17.5%
after 12 months of treatment [6].

Apart from the focus of NET on reducing the size of the primary
tumour to facilitate the use of BCS, there could be a role of NET in
minimizing the extent of axillary surgery. The ongoing trend of
minimizing the extent of axillary surgery in primary clinically
node-positive breast cancer patients has been investigated for NAC
in many trials studying alternative surgical approaches of the
axillary lymph nodes after NAC. Such approaches are sentinel
lymph node biopsy (SLNB) after NAC [7,8], the performance of the
Marking the Axilla with a Radioactive Iodine seed (MARI) proced-
ure [9], a target axillary dissection (TAD) [10] or a combination of
multiple techniques [11]. All these studies resulted in omitting an
axillary lymph node dissection (ALND) in many patients receiving
NAC, but mainly in those with triple negative and HER2 positive
breast cancers. In patients with HR þ HER2-tumours the incidence
of axillary pCR after NAC is reported to be around 7.4e15%, thereby
leaving little room for the omittance of an ALND [12e14].

In NET fewer trials on omitting extensive surgery have been
performed. Even so, a recent systematic review of the literature
showed that the incidence of axillary pCR after NET is around
10e14.5%, which seems to be slightly higher than in NAC [15].
However, in this review no information was available on the
duration of NET. Another publication based on data from the Na-
tional Cancer Database (NCDB, United States of America) reported
that patients with clinically node-positive (pN1) breast cancer
undergoing NET instead of NACwere less likely to undergo an ALND
[5]. Probably, selection bias has accounted for these lower odds.
Hence, the optimal management of patients with clinically node-
positive, HR þ HER2-breast cancer treated with NET is unknown.

Therefore, in this study we examined the incidence of axillary
pCR on NET in clinically biopsy-proven node-positive breast cancer
patients. Secondly, patient and tumour characteristics, as well as
the optimal duration of NET in relation to the occurrence of axillary
pCR were investigated.

Material and methods

Patients

Data were obtained from the Netherlands Cancer Registry
(NCR), which is managed by the Netherlands Comprehensive
Cancer Organization (IKNL). The NCR collects data of all patients
diagnosed with breast cancer in the Netherlands. Trained data
collection registrars extract data from patients’ records. Since this is
a retrospective, anonymous study, there was no need for informed
consent. For this study, all patients diagnosed with primary inva-
sive breast cancer of no specific type (NST) or lobular breast cancer
in the period between 2014 and 2019, with at least one positive
axillary lymph node (pathological proven by ultrasound guided fine
needle aspiration cytology or core biopsy), with a HRþHER2-status
and treated by NET were included. Patients receiving NET for less
than 4 weeks and male patients were excluded. Until 2017, TNM/
1929
AJCC tumour staging 7th edition was used and from 2018, the 8th
edition.

Treatment

Patients were treated according to the Dutch breast cancer
guidelines. In short, regarding endocrine treatment regimens,
premenopausal patients were treated with tamoxifen 20 mg once
daily in combination with a GnRH analogue. Postmenopausal pa-
tients were treated either with tamoxifen 20 mg once daily or an
aromatases inhibitor. The guideline did not provide any suggestions
for duration of NET, nor for frequency and technique of choice for
treatment evaluation during NET. Type and extent of breast and
axillary surgery was based on the preference of the treating
physician and/or patient. Four different axillary surgical strategies
were used after NET: 1. ALND 2. SLNB. 3 MARI. 4. Combination of
both SLNB and MARI.

Pathology

Core biopsies and surgical specimens were evaluated according
to the Dutch breast cancer guidelines [16]. The initial core biopsy of
the primary tumour was evaluated using standard haematoxylin
and eosin staining, immunohistochemistry and/or fluorescence or
chromogenic in situ hybridization for histological subtype, oes-
trogen and progesterone receptor status (positive if � 10%), and
HER2 status. In this study, pCR of the breast was defined as the
absence of in situ and invasive tumour cells in the resection spec-
imen. Axillary pCR was defined as no or only isolated tumour cells
in one or more axillary lymph nodes after NET. Hence, residual
micrometastasis were regarded as no axillary pCR.

Statistical analyses

Descriptive analyses, using chi-square crosstabs, were used to
report on the incidence of axillary pCR in combination with
different patient, tumour and treatment characteristics.

To perform univariable and multivariable analyses, different
variables were constructed from the NCR. Patients were divided
into three age groups (<50, 50e75, and >75 years), and were
classified as pre- or post-menopausal. Peri-menopausal patients
were regarded as pre-menopausal. Tumours were graded according
to the Bloom and Richardson scoring system. In order to investigate
the role of the duration of NET on axillary pCR, patients were
divided into three groups; 29e180 days, 181e270 days and >270
days. Univariable and multivariable logistic regression analyses
were performed to determine the association between the cova-
riates and the probability to achieve axillary pCR. For the multi-
variable analyses, stepwise regression with backwards selection
was used to identify the covariates that were independently asso-
ciated with pCR of variables. Only the covariates with p-value <0.30
in the univariable analysis were included in multivariable regres-
sion equation. Data analyses were performed using SPSS version 25
(SPSS Inc., Chicago, IL, USA).

Results

Patients

A total of 561 patients were identified with HR þ HER2-clinical
nodal positive breast cancer who received NET followed by surgery
between 2014 and 2019. Table 1 shows the clinicopathologic fea-
tures of the patients included. Median age at diagnosis was 69 years
(range 25e92) and mean age was 65.6 years Seventy-eight percent
of the patients were postmenopausal and 47% had a cT2 tumour. All



Table 1
Patient characteristic of breast cancer patients diagnosed between 2014 and 2019 in the Netherlands (n ¼ 561).

Total (N) % Axillary pCR (N) % P-value

Age years 0.14
<50 92 16.4 6 6.5
50-75 320 57.0 29 9.1
>75 149 26.6 6 4.0

Menopausal status 0.44
Pre 111 19.8 6 5.4
Post 440 78.4 33 7.5
Missing 10 1.8 2 20.0

Histologic subtype 0.14
NST 475 84.7 38 8.0
Lobular 86 15.3 3 3.5

Clinical tumor status 0.27
cT1 126 22.5 13 10.3
cT2 266 47.4 19 7.1
cT3 96 17.1 7 7.3
cT4 73 13.0 2 2.7

Clinical nodal status 0.74
cN1 539 96.1 39 7.2
cN2 22 3.9 2 9.1

Multifocality 0.86
Unifocal 408 72.7 31 7.6
Multifocal 151 26.9 10 6.6
Missing 2 0.4 0 0.0

Receptor status 0.15
ER þ PR þ HER2 - 454 80.9 29 6.4
ER þ PR - HER2 - 106 18.9 11 10.4
Missing 1 0.2 1 100

Grade 0.52
1 85 15.2 7 8.2
2 329 58.6 20 6.1
3 74 13.2 7 9.5

Missing 73 13.0 7 9.6
DCIS 0.66

Not present 337 60.1 27 8.0
Present 201 35.8 14 7.0
Missing 3 0.5 e

Screen detected 0.86
No 441 78.6 33 7.5
Yes 100 17.8 8 8.0
Missing 20 3.6 e 0.0

Type NET 0.18
Tamoxifen (þ/-GnRH) 205 36.5 19 9.3
Aromatase inhibitor 356 63.5 22 6.2

Duration NET days 0.82
29-180 102 18.2 6 5.9
181-270 280 49.9 21 7.5
>270 179 31.9 14 7.8

NST ¼ No specific type. ER ¼ estrogen receptor, PR ¼ progesterone receptor, HER2 ¼ human epidermal growth factor receptor 2, DCIS ¼ ductal carcinoma in situ,
NET ¼ neoadjuvant endocrine therapy.
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tumours were ER positive, and 81% were also PR positive. Clinical
nodal status was cN1 in 96.1% and cN2 in 3.9% of the patients.
Multifocality of the breast tumour was present in 26.9%, and a DCIS
component in 35.8% of the patients with an invasive tumour.
Table 2
ypT status with corresponding ypN status.

ypN0 ypN1 ypN2 ypN3 Total

ypT0 14 (46.7%) 11 (33.7%) 5 (19.6%) e 30
ypT1 25 (10.4%) 189 (78.4%) 19 (7.9%) 8 (3.3%) 241
ypT2 2 (0.9%) 143 (64.7%) 51 (23.1%) 25 (11.3%) 221
ypT3 e 25 (55.6%) 14 (31.1%) 6 (13.3%) 45
ypT4 e 11 (45.8%) 10 (41.7%) 3 (12.5%) 24
Total 41 (7.3%) 379(67.6%) 99 (17.6%) 42 (7.5%) 561
Treatment results

Tamoxifen was administered in 205 (37%) patients and an aro-
matase inhibitor in 356 (63%) patients. The median duration of NET
was 8.0 months with a range of 1e35 months. In 263 patients
(46.8%) BCS was performed. Of all patients, 173 (30.8%) underwent
an immediate ALND. An SLNB was performed in 139 (24.8%) pa-
tients and a MARI procedure in 141 (25.1%) patients. In 108 (19.3%)
patients a combination of MARI and SLNB was performed: in 50
(46.3%) of these patients both the MARI procedure and the SLNB
showed residual disease, while in 33 (30.5%) patients the MARI was
positive and SLNBwas negative. The combination of a positive SLNB
1930
and negative MARI occurred in 14 (13.0%) patients. In 11 (10.2%)
patients both MARI and SLNB were negative. A completion ALND
was performed in 47 out of the 388 (12.1%) patients.
Breast and axillary pCR

Axillary pCR occurred in 41 patients (7.3%), while breast pCR
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occurred in 30 of the 651 patients (5.4%). In only 2.5% patients (14/
561) both breast and axillary pCR were achieved (Table 2). Residual
ypN1, ypN2 and ypN3 were diagnosed in 67.6%, 17.6 and 7.5% of the
patients, respectively. Patients with cN1 were upstaged after NET
and surgery in 23.6%, with ypN2 in 16.7% and ypN3 in 6.9% (Table 3).
There was no statistically significant difference between the non-
axillary pCR group versus the axillary pCR group regarding the
duration of NET; 8.1 months vs. 8.8 months, respectively (p ¼ 0.26).
Factors associated with axillary pCR

In the univariable analyses, none of the variables showed a
statistically significant association with likelihood of an axillary
pCR (Table 4). A p-value <0.30 was found for age, histologic type,
clinical tumour status, receptor status and the type of NET and
these variables were included in the multivariable logistic regres-
sion model. After stepwise regression with backwards selection
none of these variables were independently associated with the
likelihood of an axillary pCR. Table 4 shows the odds ratios and the
p-values for the variables included in the full model.
Discussion

This nationwide population-based study reported an axillary
pCR of 7.3% after NET in clinically node-positive HRþ, HER2 - breast
cancer patients in a population of 561 patients. Whether this rate is
comparable to the axillary pCR rate of 7.4e15% after NAC in this
subgroup of breast cancer patients remains unknown. This rate
after NAC depends mainly on the PR status and tumour grade
[12e14]. Selection bias will definitely play a role in whether a pa-
tient received NET rather than NAC. Therefore, a head to head
comparison is impossible.

Nonetheless, the rate of 7.3% as reported in the current study is
lower than to the axillary pCR rate of 10% after NET reported by
Stafford based on data from the National Cancer Database (NCDB)
[15]. An explanation can be found in a different definition of a
clinical node-positive patient. In the current study, all clinical node-
positive patients were biopsy-proven, which was not mandatory in
the NCDB, in which the clinical nodal status at diagnosis was pri-
marily based on physical examination. Probably, a part of the
clinical node-positive patients was incorrectly diagnosed as node-
positive, resulting in a higher axillary pCR rate.

In the current studywewere unable to identify factors that were
independently associated with axillary pCR. In contrast, Stafford
et al. reported a better axillary response in poorly differentiated
tumours, and in patients with more favourable pretreatment nodal
status [15]. We found a similar trend for both factors, but we were
unable to demonstrate statistical significance, because of a type II
error due to the lower numbers (561) in our study compared to the
study by Stafford et al. (4580) and the relatively weak association.
In the study by Stafford et al. axillary pCR is reported in 17.3% of the
patients with poorly differentiated tumours compared to 14.7% in
well-differentiated tumours.

Regarding histological subtype, both Stafford et al. and Mon-
tagna et al. reported that lobular carcinomas have a lower axillary
pCR rate compared to ductal carcinomas, which is in line with our
Table 3
cN status with corresponding ypN status.

ypN0 ypN1 ypN2 ypN3 Total

cN1 39 (7.2%) 373 (69.2%) 90 (16.7%) 37 (6.9%) 539
cN2 2 (9.1%) 6 (27.3%) 9 (40.9%) 5 (22.7%) 22
Total 41 (7.3%) 379(67.6%) 99 (17.6%) 42 (7.5%) 561
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current study [15,17]. It is difficult to understand this phenomenon.
Montagna et al. already identified this as an unexpected finding by
stating that “lobular carcinomas have a common luminal-A
phenotype, thereby making them the perfect theoretical candi-
dates to omit NAC and indicate NET” [17,18]. It may be partly
explained by the findings of Truin et al., whom reported no dif-
ference in levels of ER and PR expression between invasive ductal
and lobular carcinomas [19]. Thornton et al. already reported a
higher axillary pCR rate in nodal positive lobular carcinomas
treated with NAC compared to NET (13.4% vs 8.1%) in their cohort
study [20]. Ultimately, genetic profiling should be used to identify
patients with node-positive invasive lobular carcinoma who will
benefit from NAC instead of NET in order to achieve axillary
downstaging. Nowadays evidence is available showing the inde-
pendent prognostic value of the outcome of these tests in lobular
carcinomas [21e23].

Regarding the duration of NET, a median duration of 8 months
was reported in the current study, compared to 4.6 months in the
study of Montagna et al. [17]. In their study, axillary pCR was re-
ported in 4 of the 38 (11%) pathologically proven node-positive
patients, compared to 7.4% in the current study. In our study as
well as in the study of Montagna et al., a non-statistically significant
difference between the duration of NET and the occurrence of pCR
was observed (8.8 vs. 8.1 and 6.5 vs. 4.0 months, respectively).
Although not statistically significant, the figures suggest that longer
treatment may results in a better response, in line with previous
studies reporting further reduction in size of the breast tumour by
prolonging NET [6]. However, it cannot be ignored that with longer
duration of NET, there will probably also be more patients with
disease progression [6]. At the moment, there is no evidence
available regarding the relation between duration of treatment
with NET and the risk of axillary progression of the disease.

In patients with an axillary pCR following NAC or NET, an ALND
or adjuvant radiotherapy to the lymph nodes appears to be over-
treatment, which is currently investigated in the NSABP B-51/RTOG
1304 trial [24]. The optimal adjuvant treatment of cN þ patients
with residual disease in the axilla is also a matter of debate, espe-
cially in patients with HR þ HER2-grade 1e2 breast cancer. In this
subgroup, the occurrence of ypT0/ypN0 after NAC is not associated
with event-free survival [25]. Whether there is an association be-
tween the degree of regression after NET and survival is unclear.
Available evidence suggests that outcomes after NET mirror those
of upfront surgery in patients with residual isolated tumour cells,
micrometastasis or limited macrometastases (1e2 positive nodes).
Probably, this subgroup of tumours is sensitive to the adjuvant
endocrine treatment which is given for at least 5 years. In contrast,
patients with 3 or more residual macrometastases indeed have
been shown to have a worse overall survival [26]. This probably
creates opportunities to minimize axillary treatment in clinically
node-positive HR þ HER-patients treated with NET with minimal
residual disease in the axilla [26]. For example, the ongoing TAXIS
trial is comparing completion ALND to axillary radiotherapy in
patients with residual disease in their axillary nodes after NAC or
NET, as identified by targeted axillary surgery [27].

To safely minimize axillary treatment in clinically node-positive
breast cancer patients, the question is how to restage the axillary
lymph nodes after NET. Imaging alone has proven to be insufficient
[28,29]. In patients treated with NAC, there is an ongoing debate
about the preferred technique to stage the axilla, similar to the
situation for patients treated with NET. This lack of consensus is
also observed in the current study, in which 30.8% of the patients
were treated with an immediate ALND, 24.8% underwent an SLNB,
25.1% a MARI procedure, and 19.3% a combination of MARI and
SLNB. The addition of SLNB to MARI resulted in the detection of
residual axillary disease in an additional 13% of the patients. This is



Table 4
Univariable and multivariable logistic regression analyses for occurrence of axillary pCR.

Univariable Multivariable

Odds ratio 95%CI P Odds ratio 95%CI P

Age years
<50 Ref. 0.16 Ref. 0.17
50-75 1.66 0.52e5.32 1.42 0.42e4.82
>75 2.38 0.96e5.85 2.28 0.91e5.69

Histologic subtype
NST Ref. 0.15 Ref. 0.16
Lobular 0.42 0.13e1.38 0.41 0.12e1.40

Clinical tumor status
1 Ref. 0.27 Ref. 0.35
2 2.05 0.85e4.95 1.87 0.75e4.63
3/4 1.37 0.60e3.10 1.18 0.51e2.75

Receptor status
ER þ PR þ HER2- Ref. 0.16 Ref. 0.13
ER þ PR - HER2- 0.59 0.28e1.22 0.56 0.27e1.19

Type NET
Tamoxifen (þ/� GnRH) Ref. 0.18 Ref. 0.10
Aromatase inhibitor 0.65 0.34e1.22 0.56 0.28e1.12

NST ¼ No specific type. ER ¼ estrogen receptor, PR ¼ progesterone receptor, HER2 ¼ human epidermal growth factor receptor 2, NET ¼ neoadjuvant endocrine therapy.
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in line with the reported results of the RISAS study, which reported
a false negative rate of only 3.5% and a negative predictive value of
93.6% for the combination of MARI and SLNB [30]. The use of the
combination of MARI and SLNB after NET seems to be the most
balanced procedure to achieve a most accurate restaging with
acceptable anticipated morbidity compared to ALND. Nonetheless,
the morbidity of the combination of MARI and SLNB compared to
MARI alone is under investigation in the Dutch MINIMAX study
[31].

Overall, there seems to be no difference between NAC and NET
in the occurrence of axillary pCR in patients with HR þ HER2-
tumours with clinically node-positive breast cancer [15,17]. How-
ever, selection bias could certainly have had an impact in those
studies. Extending the duration of NET seems to increase the
number of patients with axillary pCR, but the increase is marginal.
In order to facilitatemore axillary conserving treatment in clinically
node-positive HR þ HER2-negative breast cancer patients, the
addition of other agents such as cyclin-dependent kinase 4/6
(CDK4/6) or phosphatidylinositol 3-kinase (PI3K) inhibitors to
standard NET is an ongoing field of research. Results of recent
studies regarding achieving pCR are mixed. For example, the use of
the PI3K inhibitor taselisib in the LORELEI trial does not signifi-
cantly increase the pCR rate [32]. Furthermore, the addition of
palbociclib to letrozol in the PALLET trial showed a significant
reduction in proliferation measured by Ki-67 but showed no sig-
nificant improvement in clinical response rates after 14 weeks of
treatment [33]. Nonetheless, the addition of abemaciclib to adju-
vant endocrine therapy in themonarchE study showed a significant
invasive disease-free survival benefit to patients with high-risk,
HR þ HER2-breast cancer patients in the adjuvant setting [34]. At
the moment is it unclear whether abemaciclib in the neoadjuvant
setting would increase the axillary pCR rate. The ongoing NEOLBC
study will give more insights into tailoring neoadjuvant treatment
in stage II/III HR þ HER2-tumours [35] Thus, there is currently no
evidence a CDK4/6 or PI3K inhibitor should be used in the neo-
adjuvant setting in order to increase the rate of axillary pCR in
HR þ HER2-tumours in clinically node-positive breast cancer
patients.

This study has some limitations, including its retrospective na-
ture and selection bias (regarding selecting patients for NET rather
than NAC). Besides, not all patients underwent a completion ALND
after a negative SLNB, MARI or the combination of both. All these
procedures are known for false negative findings in 2e17% [36]. The
1932
real axillary pCR in the current study would, therefore, be lower
when all patients were treatedwith a completion ALND. Besides, no
informationwas available regarding tumour evaluation during NET,
which limited us in providing data on tumour progression during
NET. Furthermore, details on follow-up of the patients were not
available. Nonetheless, this study is unique regarding its sample
size compared to other series (although still limited, probalby
causing probably type II errors) and its information on duration of
neoadjuvant treatment. It reflects the current standard practice on
the use of NET in clinical node-positive HR þ HER2-breast cancer
patients in the Netherlands, which is still very limited, and provides
evidence on the short-term oncologic outcomes of this practice.
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