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Background: Prognostic impact of lymph node micro-metastases (pN1mi) has been discordantly reported in the
literature. The need to clarify this point for decision-making regarding adjuvant therapy, particularly for patients
with endocrine receptor (ER)-positive status and HER2-negative tumors, is further reinforced by the generalization
of gene expression signatures using pN status in their recommendation algorithm.
Patients and methods: We retrospectively analyzed 13 773 patients treated for ER-positive breast cancer in 13 French
cancer centers from 1999 to 2014. Five categories of axillary lymph node (LN) status were defined: negative LN (pN0i�),
isolated tumor cells [pN0(iþ)], pN1mi, and pN1 divided into single (pN1 ¼ 1) and multiple (pN1 > 1) macro-metastases
(>2 mm). The effect of LN micro-metastases on outcomes was investigated both in the entire cohort of patients and in
clinically relevant subgroups according to tumor subtypes. Propensity-score-based matching was used to balance
differences in known prognostic variables associated with pN status.
Results: As determined by sentinel LN biopsy, 9427 patients were pN0 (68.4%), 546 pN0(iþ) (4.0%), 1446 pN1mi
(10.5%) and 2354 pN1 with macro-metastases (17.1%). With a median follow-up of 61.25 months, pN1 status, but
not pN1mi, significantly impacted overall survival (OS), disease-free survival (DFS), metastasis-free survival (MFS),
and breast-cancer-specific survival. In the subgroup of patients with known tumor subtype, pN1 ¼ 1, as pN1 > 1,
but not pN1mi, had a significant prognostic impact on OS. DFS and MFS were only impacted by pN1 > 1. Similar
results were observed in the subgroup of patients with luminal A-like tumors (n ¼ 7101). In the matched
population analysis, pN1macro, but not pN1mi, had a statistically significant negative impact on MFS and OS.
Conclusion: LN micro-metastases have no detectable prognostic impact and should not be considered as a determining
factor in indicating adjuvant chemotherapy. The evaluation of the risk of recurrence using second-generation signatures
should be calculated considering micro-metastases as pN0.
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INTRODUCTION

The most commonly accepted prognostic factors for pro-
posing adjuvant therapy in early breast cancer (BC)
include patient age, tumor size, axillary lymph node (LN)
status, and tumor pathology, including grade, endocrine
receptors (ER) status, HER2 status, lympho-vascular inva-
sion (LVI), and proliferation assays such as the Ki67 la-
beling index.1-3

At the 16th St. Gallen International Breast Cancer Con-
ference, the panel specifically acknowledged the potential
impact of adjuvant therapy on the risk of BC recurrence or
https://doi.org/10.1016/j.esmoop.2021.100151 1
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overall survival (OS) and highlighted the importance of
prognostic factors in prescribing individualized treatments
with regard to the magnitude of expected clinical benefit.1

Sentinel LN biopsy (SLNB) practice, followed by serial
sectioning of the sentinel node (SN) and immunohisto-
chemical (IHC) analysis, resulted in increased detection of
occult nodes metastases compared with axillary LN dissec-
tion (ALND) that is usually associated with a single hema-
toxylin- and eosin-stained (HES) section. The prognostic
value of micro-metastases has been discordantly reported
in the literature according to the periods of inclusions, the
technique used for micro-metastases identification (SLNB or
ALND), the cohort sizes, and different adjustments in
multivariate analysis.4-32 The detection rates of micro-
metastases were up to 8%-10%32-34 of patients with early
BC and SLNB, representing 10%-25% of patients with posi-
tive SN.33-37 IHC analysis increased the SN involvement rate
from 9% to 47% when compared with HES only.37,38 How-
ever, different rates of LN involvement according to
molecular-like tumor subtypes were reported with lower
rates in triple-negative BC and higher rates in HER2-positive
BC.33,39-41 The lack of consensus on the importance of
micro-metastasis when deciding upon adjuvant chemo-
therapy (AC) was further emphasized by the recent and
increasing utilization of gene expression signature assay
results in making adjuvant decisions, particularly for pa-
tients with ER-positive and HER2-negative tumors.42-48

To investigate the impact of LN micro-metastases on
patient outcomes, we retrospectively analyzed a large, na-
tional, multicenter cohort of 13 773 patients with SLNB for
their independent prognostic impact. Analyses were carried
out on the entire population of patients with ER-positive
BC, in subgroups of clinical interest according to tumor
subtypes, and in a propensity-score-matched population to
balance numeric differences in known prognostic variables.

PATIENTS AND METHODS

Patient selection

Medical records of early BC patients treated from January
1999 to December 2014 were retrieved from clinical data-
bases of 13 different comprehensive cancer centers in
France for retrospective analysis (ClinicalTrials.gov
NCT02869607). Patient and tumor characteristics, treat-
ments, periods, and clinical outcomes were collected. Out
of an initial cohort of 23 134 patients, 13 773 were included
in the present study based on histologically proven invasive
BC, stage cT0, cT1, or cT2 (TNM breast cancer 8th edition)
pathological tumor size �5 cm, clinically negative axillary
lymph node (LN), positive ER status (estrogen and/or pro-
gesterone staining >10% of cells by IHC in line with the
French guidelines), and evaluation of LN status determined
by SLNB with or without completion of ALND. Patients with
HER2-negative tumors and HER2-unknown status were
included. Exclusion criteria were the use of systemic neo-
adjuvant therapies, failure to identify SN, clinically positive
axillary LN, and known HER2-positivity. Among 10 826 ER-
positive patients with known HER2 status, 719 patients
2 https://doi.org/10.1016/j.esmoop.2021.100151
with HER2 positivity were excluded, corresponding with a
HER2-positive tumor rate of 6.64% (719/10 826). Conse-
quently, estimates of HER2-positive status among the 3666
patients with unknown HER2 status was 243.

All procedures carried out in this study involving human
participants were done in accordance with the French
ethical standards and with the 2008 Helsinki declaration.

All included patients provided written informed consent
before surgery, including the use of their data for research.

Pathology

Involvement of SN was diagnosed by serial sections with
standard HES. If all the serial sections were negative, an
additional IHC analysis was carried out. Five categories of
LN status were defined: negative lymph node (pN0i�),
isolated tumor cells [�0.2 mm: pN0(iþ)], micro-metastases
(pN1mi, >0.2-2 mm), and macro-metastases (>2 mm),
divided into single (pN1 ¼ 1) and multiple (pN1 > 1) macro-
metastases. There was no central review. The method used
for the detection of SN was a combined technique or iso-
topic only detection during the last years. Two tumor sub-
types were defined as surrogates for molecular subtypes
based on tumor grade and ER and HER2 status (patients
with unknown HER2 status were consequently excluded):
luminal A-like (ERþ/HER2-/grade 1 or 2 [SBR grading]) and
luminal B-like (ERþ/HER2-/grade 3 [SBR grading]).49

Statistics

The associations between categorical values were evaluated
via c2 tests. Multivariate survival analyses [overall survival
(OS), disease-free survival (DFS), metastasis-free survival
(MFS), and breast-cancer-specific survival (BCSS)] were
carried out using the Cox proportional hazard regression
model adjusted for variables significantly associated with
final pN status (pathologic results of SLNB and ALND when it
was carried out), in the entire population and in the sub-
group of patients with known tumor subtypes with
distinction between pN0, pN0(iþ), pN1mi, pN1 and then
with distinction between pN0, pN0(iþ), pN1mi, pN1 ¼ 1,
and pN1 > 1 (Supplementary Figure S1, available at https://
doi.org/10.1016/j.esmoop.2021.100151). We conducted
the same analysis according to SN status regardless of ALND
when it was carried out in the sub-population of patients
without AC, in all patients with positive ER status, and in the
subgroup of patients with known tumor subtype with
distinction between pN0, pN0(iþ), and pN1mi. To balance
differences in known prognostic variables associated with
pN status, we generated 1 : 1 : 1 matched cohorts of the
three following groups: pN0(i�), pN1mi, and pN1macro.
Coefficients of a logistic regression adjusted by age, SLNB/
ALND, LVI, tumor size, type of breast surgery, endocrine
therapy, AC, and tumor grade were used to compute a
propensity score for each pN0 and pN1macro patient first
(population 1), and for matched population 1 and pN1mi
second. Optimal 1 : 1 matching using Mahalanobis distance
was carried out with a caliper of 0.2 for population 1, and
then 2 : 1 matching for matched population 1 and pN1mi
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Table 1. Characteristics of patients according to pN status

pN0 pN0(iD) pN1mi pN1macro Chi2

Nb % Nb % Nb % Nb % P value

9427 68.4 546 4.0 1446 10.5 2354 17.1 <0.0001
HER2 status
Negative 6967 73.9 329 60.3 970 67.1 1841 78.2
Unknown 2460 26.1 217 39.7 476 32.9 513 21.8

Age, years
�40 354 3.8 39 7.1 92 6.4 163 6.9 <0.0001
40.1-50 1797 19.1 121 22.2 351 24.3 629 26.7
50.1-74.9 6470 68.7 355 65.0 912 63.1 1403 59.6
�75 801 8.5 31 5.7 91 6.3 159 6.8

Histology
Ductal 7098 75.3 399 73.1 1186 82.0 1827 77.6 <0.0001
Lobular 1362 14.4 103 18.9 143 9.9 378 16.1
Mixed 153 1.6 20 3.7 22 1.5 76 3.2
Others 814 8.6 24 4.4 95 6.6 73 3.1

SLNB/ALND
SLNB 8463 89.8 132 24.2 244 16.9 107 4.5 <0.0001
SLNBþALND 964 10.2 414 75.8 1202 83.1 2247 95.5

LVI
No 7382 78.3 354 64.8 960 66.4 1238 52.6 <0.0001
Yes 827 8.8 176 32.2 372 25.7 803 34.1
Unknown 1218 12.9 16 2.9 114 7.9 313 13.3

Periods
<2005 3843 40.8 267 48.9 583 40.3 955 40.6 0.002
�2005 5584 59.2 279 51.1 863 59.7 1398 59.4

Localization T
Outer 4530 48.1 305 55.9 759 52.5 1269 53.9 <0.0001
Inner 2230 23.7 160 29.3 308 21.3 471 20.0
Unknown 2667 28.3 81 14.8 379 26.2 614 26.1

RNI
No 6785 86.9 277 57.1 616 48.2 322 15.6 <0.0001
Yes 1027 13.1 208 42.9 661 51.8 1738 84.4

T size, mm
�5 871 9.4 21 3.9 48 3.3 52 2.2 <0.0001
5.1-10 3395 36.5 123 22.8 309 21.5 304 13.0
10.1-19.9 3590 38.6 222 41.1 663 46.2 894 38.4
20-50 1362 14.7 159 29.4 370 25.8 944 40.5
>50 76 0.8 15 2.8 45 3.1 136 5.8

Surgery breast
BCS 8227 87.3 444 81.3 1216 84.1 1704 72.4 <0.0001
Mastectomy 913 9.7 91 16.7 201 13.9 599 25.4
Unknown 287 3.0 11 2.0 29 2.0 51 2.2

Subtypes
Luminal A-like 6423 91.8 291 83.6 905 87.6 1409 83.5 <0.0001
Lum B Her2- like 576 8.2 57 16.4 128 12.4 279 16.5

Final pN
pN0 919 92.9 0 0 0 0 0 0 <0.0001
pN0(iþ) 0 0 414 90.6 0 0 0 0
pN1mi 0 0 0 0 1203 90.8 0 0
pN1macro 70 7.1 43 9.4 122 9.2 1965 0

Endocrine therapy
No 1228 13.0 31 5.7 55 3.8 57 2.4 <0.0001
Yes 8199 87.0 515 94.3 1391 96.2 2297 97.6

Chemotherapy
No 7947 84.3 352 64.5 704 48.7 382 16.2 <0.0001
Yes 1459 15.5 191 35.0 721 49.9 1893 80.4
Neo-adjuvant 18 0.2 2 0.4 19 1.3 75 3.2
Unknown 3 0.0 1 0.2 2 0.1 4 0.2

Grade
1 4276 45.4 146 26.7 571 39.5 676 28.7 <0.0001
2 4253 45.1 316 57.9 689 47.6 1282 54.5
3 769 8.2 79 14.5 172 11.9 384 16.3
Unknown 129 1.4 5 0.9 14 1.0 12 0.6

Radiotherapy and mastectomy
No 526 56.4 33 34.0 48 21.5 34 6.2 <0.0001
Yes 407 43.6 64 66.0 175 78.5 510 93.8

ALND, axillary lymph node dissection; BCS, breast conservative surgery; LVI, Lympho-vascular invasion; Nb, number; RNI, regional nodal irradiation; T, tumor; SLNB, sentinel lymph
node biopsy.
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Table 2. Characteristics of patients according to pN status in the propensity-score-matched cohort

pN0(iL) pN1mi pN1macro Chi2

Nb % Nb % Nb % P value

409 32 449 35 436 34
Age, years
�40 18 4.4 24 5.3 20 4.6 0.982
40.1-50 86 21.0 96 21.4 93 21.3
50.1-74.9 260 63.6 284 63.3 282 64.7
�75 45 11.0 45 10.0 41 9.4

SLNB/ALND
SLNB 69 16.9 77 17.1 73 16.7 0.987
SLNB þ ALND 340 83.1 372 82.9 363 83.3

LVI
No 327 80.0 353 78.6 348 79.8 0.866
Yes 82 20.0 96 21.4 88 20.2

Tumor size, mm
�5 12 2.9 14 3.1 17 3.9 0.357
5.1-10 69 16.9 69 15.4 67 15.4
10.1-19.9 157 38.4 165 36.7 134 30.7
20-50 146 35.7 177 39.4 188 43.1
>50 25 6.1 24 5.3 30 6.9

Surgery breast
BCS 311 76.0 339 75.5 323 74.1 0.791
Mastectomy 98 24.0 110 24.5 113 25.9

Endocrine therapy
No 17 4.2 22 4.9 15 3.4 0.555
Yes 392 95.8 427 95.1 421 96.6

Chemotherapy
No 197 48.2 219 48.8 197 45.2 0.523
Yes 212 51.8 230 51.2 239 54.8

Grade
1 133 32.5 148 33.0 141 32.3 0.975
2 216 52.8 232 51.7 234 53.7
3 60 14.7 69 15.4 61 14.0

ALND, axillary lymph node dissection; BCS, breast conservative surgery; LVI, Lympho-vascular invasion; Nb, number; SLNB, sentinel lymph node biopsy.

ESMO Open G. Houvenaeghel et al.
patients.50-52 Final matched pN0(i�), pN1mi, and pN1macro
cohorts resulted in 409, 449, and 436 patients, respectively.
The impact of pN status on DFS, MFS, OS, and BCSS was
assessed on this matched population by log-rank tests
stratified on the pairs.53 Statistical significance was set as
P � 0.05. Analyses were carried out with SPSS version 16.0
(SPSS Inc., Chicago, Illinois) and R version 3.6.3 (R Foun-
dation for Statistical Computing, Vienna, Austria).

RESULTS

Patient population and association of LN status with other
clinico-pathological features

Among 13 773 patients with pN status determined by SLNB
alone or SLNB with completion ALND (cALND), 9427 (68.4%)
were pN0, 546 (4.0%) pN0(iþ), 1446 (10.5%) pN1mi, and
2354 (17.1%) pN1 with macro-metastases (Table 1). For
4736 patients with cALND and pathologic results of ALND
known, we observed macro-metastases at cALND in 70
(7.1%) patients of 989 pN0sn, 43 (9.4%) patients of 457
pN0(iþ)sn, and in 122 (9.2%) patients of 1325 pN1mi-sn (P
< 0.0001).

In univariate analysis, axillary LN status was significantly
associated with all clinical and pathological characteristics
analyzed when considering the entire cohort (Table 1). No
association between clinico-pathological features and axil-
lary LN status remains statistically significant after matching
4 https://doi.org/10.1016/j.esmoop.2021.100151
(Table 2). Clinico-pathological features distributions before
and after matching are represented in Supplementary
Figure S2, available at https://doi.org/10.1016/j.esmoop.
2021.100151.

Prognostic impact of axillary LN status on DFS, MFS, and
OS in the entire population (13 773 patients): univariate
analysis

Median follow-up was 61.25 months [95% confidence in-
terval (CI) 62.1-63.3], 58.9 months (95% CI 58.5-59.8) for
pN0, 66.0 months (95% CI 68.1-74.0) for pN0(iþ), 66.8
months (95% CI 68.6-72.4) for pN1mi, and 67.8 months
(95% CI 70.2-73.4) for pN1. OS and DFS were significantly
different according to axillary LN status, age, LVI, tumor size,
grade, HER2 status, type of breast surgery, tumor subtypes,
endocrine therapy, chemotherapy, and regional nodal irra-
diation (RNI). All these factors had significant prognostic
impact, as well as tumor histology and periods
(Supplementary Table S1, available at https://doi.org/10.
1016/j.esmoop.2021.100151). Five-year OS were 97.7%,
97.9%, 97.6%, and 95.5% for pN0, pN0(iþ), pN1mi, and pN1,
respectively (Supplementary Table S2, available at https://
doi.org/10.1016/j.esmoop.2021.100151). Five-year DFS are
reported in Supplementary Table S2 and Supplementary
Figure S3, available at https://doi.org/10.1016/j.esmoop.
2021.100151. The maximal potential difference that these
Volume 6 - Issue 3 - 2021
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Table 3. Survival results (overall survival, disease-free survival,
metastasis-free survival and breast cancer-specific survival): Cox model
adjusted on significant univariate criteria for all patients and for patients
with tumor subtypes known, according to pN status [pN0, pN0(iD),
pN1mi, pN1macro]

All patients All patients

HR P value 95% CI

Overall survival
Positive ER
pN0 1
pN0(iþ) 0.872 0.595 0.527-1.444
pN1mi 0.930 0.665 0.670-1.292
pN1a 1.828 <0.0001 1.368-2.442

Subtypes
pN0 1
pN0(iþ) 1.089 0.788 0.585-2.026
pN1mi 0.999 0.994 0.674-1.479
pN1a 1.973 <0.0001 1.391-2.798

Disease-free survival
Positive ER
pN0 1
pN0(iþ) 1.102 0.524 0.817-1.487
pN1mi 0.936 0.551 0.751-1.165
pN1a 1.408 0.001 1.148-1.726

Subtypes
pN0 1
pN0(iþ) 1.328 0.133 0.918-1.921
pN1mi 0.960 0.759 0.739-1.246
pN1a 1.505 0.001 1.178-1.921

Metastasis-free survival
Positive ER
pN0 1
pN0(iþ) 0.728 0.250 0.423-1.251
pN1mi 0.851 0.371 0.598-1.212
pN1a 1.443 0.016 1.071-1.943

Subtypes
pN0 1
pN0(iþ) 0.847 0.635 0.426-1.685
pN1mi 0.905 0.633 0.601-1.363
pN1a 1.509 0.021 1.064-2.140

Breast-cancer-specific survival
Positive ER
pN0 1
pN0(iþ) 0.848 0.663 0.404-1.779
pN1mi 1.122 0.372 0.787-1.897
pN1a 1.960 0.001 1.328-2.893

Subtypes
pN0 1
pN0(iþ) 0.893 0.829 0.321-2.489
pN1mi 1.355 0.255 0.803-2.288
pN1a 2.216 0.001 1.382-3.554

Significant values are indicated in bold.

G. Houvenaeghel et al. ESMO Open
analyses have the power to identify between pN0 and
pN1mi status was 1.7% and hazard ratio (HR) of 2.0 with a
power �85%.
Prognostic impact of axillary LN status on DFS, MFS, OS,
and BCSS: multivariate analysis

In the entire population as well as in the subgroup of pa-
tients with known tumor subtype, with distinction between
pN0, pN0(iþ), pN1mi, pN1, only pN1, but not pN0(iþ) or
pN1mi, were independent prognostic factors for OS, DFS,
MFS, and BCSS (Table 3). The other independent prognostic
factors in the entire population are reported in
Volume 6 - Issue 3 - 2021
Supplementary Table S3, available at https://doi.org/10.
1016/j.esmoop.2021.100151.

In the entire population, with distinction between pN0,
pN0(iþ), pN1mi, pN1 ¼ 1 (1008 patients), and pN1 > 1
(1173 patients), both pN1 ¼ 1 and pN1 > 1 status were
independent prognostic factors for OS and DFS. Only pN1 >
1 status significantly impacted MFS (Supplementary
Table S4, available at https://doi.org/10.1016/j.esmoop.
2021.100151). In the subgroup of patients with known tu-
mor subtype, an independent adverse prognostic effect was
observed in OS in patients with pN1 ¼ 1 and pN1 > 1. Only
pN1 > 1 status significantly impacted DFS and MFS
(Supplementary Table S4, available at https://doi.org/10.
1016/j.esmoop.2021.100151, Figure 1).

In the population with luminal A-like tumors (grade 1-2,
n ¼ 8547), significant results were observed for OS for
patients with pN1 ¼ 1 and pN1 > 1 status, for DFS in pa-
tients with pN1 > 1 status, and also in patients with
pN0(iþ) status and for MFS and BCSS in patients with pN1
> 1 status (Supplementary Table S5 and Figure S4, available
at https://doi.org/10.1016/j.esmoop.2021.100151). Other
independent prognostic factors in the population with
luminal A-like tumors are reported in Supplementary
Table S6, available at https://doi.org/10.1016/j.esmoop.
2021.100151. For 1040 luminal B-like tumors, including
128 pN1mi, significant results were observed for OS, DFS,
and MFS for patients with pN1 status, but not for pN1mi
status (Supplementary Table S7, available at https://doi.
org/10.1016/j.esmoop.2021.100151).

Results of analysis according to SN status whatever ALND
pathologic results were similar without significant survival
impact of pN1mi(sn) (data not shown).

Results in the population without AC with pN0, pN0(iþ),
and pN1mi adjusted on ER status (n ¼ 7305) and adjusted
on tumor subtypes (n ¼ 5154) did not show any significant
survival impact (OS, DFS, MFS) for pN1mi status in com-
parison with pN0 (Supplementary Table S8, available at
https://doi.org/10.1016/j.esmoop.2021.100151). A signifi-
cant BCSS difference was observed for pN1mi, only for the
model applied on all patients according to ER status,
without difference in the model adjusted on tumor
subtypes.
Prognostic impact of axillary LN status on OS, DFS, MFS,
and BCSS in the matched population

In the final pN0(i�) (n ¼ 409), pN1mi (n ¼ 449), and
pN1macro (n ¼ 436) matched cohorts, log-rank tests
stratified on the pairs revealed the statistically significant
impact of pN1macro compared with pN1mi on OS, MFS,
and BCSS, but not DFS (Figure 2 and Supplementary
Table S9, available at https://doi.org/10.1016/j.esmoop.
2021.100151). When considering pN0(i�) as the reference
category, the trends in the HRs of pN1mi versus pN1macro
were strictly opposite: 0.62 (95% CI 0.32-1.18) versus 1.48
(95% CI 0.87-2.52), 0.97 (95% CI 0.61-1.53) versus 1.45 (95%
CI 0.94-2.23), 0.64 (95% CI 0.38-1.08) versus 1.65 (95% CI
https://doi.org/10.1016/j.esmoop.2021.100151 5
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Figure 1. Survival results adjusted on tumor subtypes with distinction between pN0, pN0(iD), pN1mi, 1pN1, and more than 1pN1.
(A) Overall survival. (B) Disease-free survival. (C) Metastasis-free survival.
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1.07-2.54), and 0.59 (95% CI 0.24-1.44) versus 1.93 (95% CI
0.95-3.91) for OS, DFS, MFS, and BCSS, respectively.
DISCUSSION

In this large retrospective cohort of patients with SLNB
and ER-positive tumors, only macro-metastatic LN
involvement, including pN1 ¼ 1 and pN1 > 1, but not
pN1mi, had a significant and independent pejorative
prognostic impact on survival outcomes. However, the
maximal potential difference that these analyses have the
power to identify between pN0 and pN1mi status was
1.7% and HR 2.0.

These results differ from previous studies that have re-
ported different survival rates between micro-metastases
and pN0.5-23,31,32 In contrast, our results are consistent
with recent studies with no20,24,26-28,54 or only little22,29,30

significant survival impact of pN1mi. In the recent study
reported by Andersson et al.,30 including 123 patients with
SN micro-metastases with distinction of tumor subtypes, a
negative BCSS impact of pN1mi was shown. In agreement
with Andersson et al.,30 we share the point of view that a
Figure 2. Kaplan Meier estimates for propensity-score-matched population with d
(A) Overall survival. (B) Disease-free survival. (C) Metastasis-free survival.
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follow-up >7 years or 10 years is contributive since ER-
positive BC recurrences can be observed many years after
treatment.55 In our study, the number of pN1mi patients
still at risk after 7 years and 10 years of follow-up were 404
and 121, respectively, in comparison with 111 and 93 pa-
tients at risk at 6 years and 10 years, respectively in the
Andersson et al. study.30 We identified six main reasons
that could potentially explain the discordant results with
Andersson et al.: (i) more AC in our study, 51.25% (740/
1444) versus 24.4% (30/123), (ii) more endocrine therapy in
our study, 96.2% (1391/1446) versus 81.3% (100/123), (iii)
more radiotherapy in our study, 91.9% (11 825/12 864)
versus 71.5% (88/123), (iv) lower rate of mastectomies in
our study, 10.0% (913/9140) versus 24.4% (30/123), (v) a
multivariate model adjusted on more criteria which was
possible due to a large number of patients in our study, and
(vi) serial sectionings of SN were not carried out in the
Andersson et al. study, and only 3.7% of the patients had
micro-metastases (with a probably higher rate of large
micro-metastases) versus 10.5% in our study. Interestingly,
we did not observe any significant survival impact of pN1mi
istinction between pN0(iL), pN1mi, and pN1macro.
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in comparison with pN0 status for patients without AC. The
numerically worse outcome of pN0(iþ) may be in relation
to the short follow-up.

Contrary to the present work, no analysis of SN micro-
metastases impact according to tumor subtypes was car-
ried out in other series. In a previous research article, we
reported the negative survival impact of occult axillary LN
metastases for triple-negative tumors.56 Nevertheless, axil-
lary micro-metastases do not impact the indication of
adjuvant treatment with chemotherapy þ/� trastuzumab
in HER2-positive and triple-negative tumors with pathologic
size >2 cm, and even >5 mm or 10 mm.57,58 For patients
with HER2-positive tumors, the benefit of AC with trastu-
zumab has been reported, even for patients with pT1b
node-negative tumors. Consequently, SN micro-metastases
have no impact on AC indication in this situation.58 In
contrast, the impact of pN1mi on adjuvant chemotherapy
indication may be of particular interest for ERþ HER2- tu-
mors with grade 1-2 and/or with high proliferation index
(Ki67 > 20%). We did not capture proliferation index such
as Ki67 in our study, which may be of interest for the
distinction of ER-positive, HER2-negative, grade-2 tumors
between luminal A-like and luminal B-like HER2-negative
tumor subtypes.

Our study is also the first one generating a 1 : 1 : 1
matched pN0(i�), pN1mi, and pN1macro cohort. This sta-
tistical technique attempts to control for confounding fac-
tors by matching individual patients from a pN status group
with a patient with the same clinico-pathological features in
the other two groups. Thus, patients in the 1 : 1 : 1
matching cohort no longer differed for clinical and patho-
logical characteristics (as described in Table 2 and illustrated
by Supplementary Figure S2, available at https://doi.org/
10.1016/j.esmoop.2021.100151), except for pN status,
allowing an estimate of its independent impact. Finding
corresponding matches in each cohort for all features
included in the model is not always possible and results in
the exclusion of many unmatched patients from the anal-
ysis, underlining the need to start with a large number of
patients. In our case, the matching process resulted in a
cohort of 1294 patients with consequent loss in statistical
power compared with the analyses carried out in the entire
population. Nevertheless, pN1macro, but not pN1mi, was
significantly associated with worse MFS. This point is critical
since most of the benefit expected from AC is the preven-
tion of ultimately lethal metastases.

St. Gallen consensus confirmed the important role of
adjuvant therapy in reducing recurrence and improving
survival. Subsequently, there is a need for precise prog-
nostic factors to further improve the specificity of treat-
ment with regard to the magnitude of clinical benefit.1 In
the present study, patients were treated at 13 centers and
adjuvant treatments may have differed. However, this
multicenter cohort reflects clinical reality out of clinical
trials. The decision to offer AC is most often made for pa-
tients with node-positive BC, while prognostic factors such
as tumor size, tumor grade, proliferation factors (Ki-67 in
particular), ER and HER2 status are used to identify a subset
Volume 6 - Issue 3 - 2021
of node-negative patients who are at lower risk of recur-
rence without additional therapy.4 For ER-positive HER2-
negative tumors, detection of occult metastases could
lead to a discussion about AC indication. SN isolated tumor
cells (SN-ITC) are usually not considered of negative prog-
nostic impact and treated as pN0(i�). Our result support
that micro-metastases do not negatively impact patient
outcomes. Therefore, the relevance of pN1mi on AC indi-
cation should be the same as pN0(i�) or pN0(iþ). Inter-
estingly, we did not observe a significant prognostic
difference between pN0(i�) and pN0(iþ) in contrast with
Anderson et al. study.31 This observation was also suggested
in a recent review from Tsuda12 and results of de Boer et al.
study for patients with ITC and micro-metastases in the
absence of AC.9,10

Moreover, the results of our national, multicenter study
demonstrated that the presence of micro-metastases was
not an independent significant prognostic factor on OS, DFS,
and MFS in the entire cohort, in patients according to tu-
mor subtypes, in luminal A-like tumors, and in a 1 : 1 : 1
matched population compared with N0(i�) on OS, DFS, and
BCSS. The apparent and counterintuitive positive effect of
pN1mi on MFS compared with pN0 patients, while sup-
porting the difference in these patients compared with
those with pN1macro involvement, should be interpreted
with caution, and may be, as mentioned, in relation to a
short follow-up.

In the predictive tool Oncotype DX, a first-generation
genomic test, pN1mi patients were classified at the same
level of pN0. However, second generation of gene expres-
sion signatures, such as EndoPredict or Prosigna, includes
tumor size and nodal status in the final recurrence risk score
for ER-positive HER2-negative tumors.47,48 These signatures
consider micro-metastases and macro-metastases as
equivalent factors and may consequently overestimate the
risk of recurrence for patients with micro-metastases.
Considering our results, which show no significant inde-
pendent impact of SN micro-metastases for ER-positive
tumors and ER-positive HER2-negative tumors, including
luminal A-like tumors, we strongly believe that the recur-
rence risk assessment for pN1mi tumors should no longer
be calculated as equivalent to pN1, but as pN0.

Finally, neo-adjuvant treatment was excluded and resid-
ual LN tumor as ypN1mi for patients initially cN1 probably
have a negative prognosis impact.
Conclusions

The results of our study, based on a large retrospective
multicenter cohort, demonstrated that the presence of LN
micro-metastases has no detectable prognostic impact on
ER-positive early BC. Consequently, LN micro-metastases
should not be considered a determining factor in indi-
cating AC, and the recurrence risk assessment using second-
generation signatures should be calculated considering
micro-metastases as pN0. However, this study adds to the
knowledge in this field but there will always some debate
and further prospective studies should continue to accrue
https://doi.org/10.1016/j.esmoop.2021.100151 7
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data with longer follow-up and with analysis of cohorts
within genomic testing.
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