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im Friihstadium und a priori klinisch-okkulten Lymphknoten-
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ABSTRACT

Background Among patients with breast cancer undergoing
neoadjuvant chemotherapy (NACT), the association between
pathological complete remission (pCR) in the breast and clin-
ical/pathological parameters is well established, whereas the
association between these parameters and residual axillary in-
volvement after NACT remains unclear.

Methods Patients with clinically occult nodal metastases (i.e.
negative by clinical assessment but positive by SLNB prior to
NACT, i.e. Arm B of the SENTINA trial) were included in the
presented analysis. All patients received a second sentinel
lymph node biopsy (SLNB) and axillary dissection after NACT.
Univariate and multivariate analyses were carried out to eval-
uate the association between clinical/pathological parameters
and axillary involvement after NACT.

Results Arm B of the SENTINA study contained 360 patients,
318 of which were evaluable for this analysis. After NACT, 71/
318 (22.3%) patients had involved SLNs or non-SLNs after
NACT. Overall, 71/318 (22.3%) patients achieved a pCR in
the breast. Associations of extranodal spread, lack of multifo-
cality and pCR in the breast with residual axillary burden were
statistically significant. In a descriptive analysis including all
patients with clinically negative axilla before NACT in the SEN-
TINA trial 1.2% of triple negative (TN) patients and 0.5% of
HER/2 positive patients had residual axillary disease in case of
a breast pCR.

Conclusions Patients in the SENTINA trial with clinically neg-
ative axilla and involved SLNs still carried a significant risk of
nodal metastases after NACT. However, the risk of residual ax-
illary burden was particularly low in TN and HER/2 positive tu-
mors in case of a breast pCR.

ZUSAMMENFASSUNG

Hintergrund Der Zusammenhang zwischen pathologischer
Komplettremission (pCR) der Brust und klinischen/pathologi-
schen Parametern ist bei Brustkrebspatientinnen, die sich
einer neoadjuvanten Chemotherapie (NAC) unterziehen, be-
kannt. Noch nicht geklart ist aber der Zusammenhang zwi-
schen diesen Parametern und der residualen axilldren Lymph-
knotenlast nach NAC.

Methoden In dieser Studie wurden Patientinnen mit klinisch-
okkulten Lymphknotenmetastasen (d.h. klinisch-negativ,
aber SLN-positiv vor NAC; d.h. aus dem Arm B der SENTINA-
Studie) aufgenommen. Bei allen Patientinnen wurde eine
zweite Sentinel-Lymphknoten-Biopsie (SLNB) sowie eine axil-
lare Lymphknotendissektion nach der NAC durchgefiihrt. Es
wurden univariate und multivariate Analysen durchgefiihrt,
um den Zusammenhang zwischen klinischen/pathologischen
Parametern und axillirem Lymphknotenbefall nach NAC zu
bestimmen.

Ergebnisse Es wurden 360 Patientinnen aus dem Arm B der
SENTINA-Studie in diese Studie aufgenommen, die Daten von
318 dieser Patientinnen wurden analysiert. Nach der NAC
wurde bei 71/318 (22,3%) Patientinnen ein Befall der SLN
oder Non-SLN festgestellt. Bei insgesamt 71/318 (22,3 %) Pa-
tientinnen konnte eine pCR der Brust erreicht werden. Der Zu-
sammemhang zwischen extranodaler Ausbreitung, fehlender
Multifokalitdt sowie pCR der Brust und der residualen axilldren
Lymphknotenlast war statistisch signifikant. Bei der deskripti-
ven Analyse aller Patientinnen mit klinisch-negativen axillaren
Lymphknoten vor NAC in der SENTINA-Studie hatten 1,2% der
triple-negativen (TN) Patientinnen und 0,5 % der HER/2-positi-
ven Patientinnen eine residuale axillare Tumorlast trotz pCR
der Brust.

Schlussfolgerungen Patientinnen der SENTINA-Studie mit
klinisch-negativen axilliren Lymphknoten und Sentinel-
Lymphknoten-Befall haben ein signifikantes Risiko fiir nodale
Metastasen nach NAC. Allerdings ist das Risiko einer residua-
len axillaren Tumorlast besonders gering bei Frauen mit pa-
thologischer Komplettremission der Brust und triple-negati-
ven oder HER/2-positiven Tumoren.

Background

It is a historical paradigm that axillary lymph node involvement is
not only a strong prognostic factor in early breast cancer [1] but
also plays an important role in decision making regarding system-
ic therapy [2,3]. However, the necessity of axillary surgery in
every case of early breast cancer has been questioned in the re-
cent past. On one hand the therapeutic value of the removal of
involved lymph nodes is no longer generally accepted [4], on the
other hand decisions for and against chemotherapy may be
guided by biological factors such as multigene assays not only in
node negative cases [5,6] but also in node positive early breast
cancer [7]. In the setting of primary surgery it has been shown
that during breast conserving surgery in combination with breast
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irradiation patients with one or two involved sentinel lymph nodes
(SLN) do not benefit from axillary dissection [8]. The INSEMA trial
randomized patients treated with primary surgery to undergo
sentinel lymph node biopsy (SLNB) or not, thereby advancing the
concept of de-escalation of axillary intervention even further.
However, results are still pending [9].

In the context of neoadjuvant chemotherapy (NACT) the feasi-
bility of SLNB in selected patients has been demonstrated in pro-
spective clinical trials [10-12]. However, even de-escalated axil-
lary surgery such as SLNB may result in a significant deterioration
of quality of life in 23% of patients and a rate of lymphedema in
more than 8% of patients even in a short-term follow-up of 3 years
[13].
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» Fig. 1 Design of the SENTINA trial (from [10]).

Patients with a low risk of residual axillary involvement after
NACT could benefit from the omission of axillary intervention, if
they could be identified prior to surgery. The association between
pathological complete response (pCR) after NACT in the breast
and clinical/pathological parameters is well established [14],
whereas the role of these parameters in the prediction of residual
axillary involvement after NACT is less clear. However, first signals
are promising that in the future we may be able to identify a sub-
set of patients not needing axillary surgery at all [15-17]. We
used data from Arm B of the SENTINA trial [10] to analyze the as-
sociation between clinical/pathological parameters and residual
axillary lymph node involvement after NACT. It is important to
recognize that by SLNB prior to NACT, a fraction of nodal disease
is removed. Therefore, reponse rates of the SLN metastasis to
NACT cannot be assessed. Consequently, our analysis allows us
to assess the association between clinical/pathological parame-
ters and rates of residual axillary burden (which may be assessed if
a fraction of nodal disease has been removed previously) rather
than true SLN conversion (which would require all lymph nodes to
remain in situ until after NACT).

Methods

The SENTINA trial

The SENTINA clinical trial is a 4-arm prospective multicenter co-
hort study designed to provide reliable data for the feasibility
and accuracy of a standardized SLNB procedure in different set-
tings prior to and after primary systemic therapy. 1737 patients
from 104 institutions were categorized into four treatment arms
according to the result of clinical axillary staging (including ultra-
sound examination) before and after chemotherapy. The methods
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and results of the SENTINA trial have been reported previously
[10]. The trial design is shown in » Fig. 1.

Patients with clinically occult nodal metastases (Arm B of the
SENTINA trial) were included in the presented analysis. Clinically
occult nodal metastases were defined as axillary nodes that were
negative by clinical assessment (i.e. palpation and ultrasound) but
found to contain nodal metastases upon SLNB prior to NACT. All
patients received SLNB before and a second SLNB and axillary dis-
section after NACT. For the descriptive analysis we included pa-
tients from Arm A of the SENTINA trial who presented with a clin-
ically node negative axilla and showed no involvement of SLNs pri-
or to NACT. These patients received no further axillary surgery
after NACT.

The SENTINA trial was approved by the ethics committee of the
University of Frankfurt.

Clinical/pathological parameters

Residual axillary disease was defined as the second SLN and/or ax-
illary non-SLNs carrying metastases after NACT. Clinical/patholog-
ical parameters analyzed were tumor diameter before and after
NACT measured by ultrasound, morphology, grade, multifocality,
lymphovascular invasion, hemangiosis, extranodal spread, ER pos-
itivity (defined as 2 1% positive cells by immunohistochemistry),
PR positivity (defined as =1% positive cells), HR positivity (ER
and/or PR positivity), HER2/neu status (HER2/neu positive defined
as 3+ by immunohistochemistry (IHC) or 2+ by IHC and positive by
in-situ hybridization; HER2/neu negative defined as 0 or 1+ by IHC
or 2+ and negative by in-situ hybridization), triple negative status
(defined as ER and PR < 1% positive cells and HER2/neu negative
as defined above), age in years and pCR in the breast. No central
testing of histopathological/immunohistochemical parameters
was performed.
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» Table 1 Distribution between clinical/pathological parameters and breast pCR/residual axillary involvement.

pCR breast
(n=318) Yes (n=71)
Tumor diameter before NACT 25.62 (11-62)
(ultrasound) in mm (n=67)
Tumor diameter after NACT 8.31(0-26)
(ultrasound) in mm (n=48)
Morphology Invasive ductal 61 (85.9%)
Invasive lobular 4(5.6%)
Invasive ductal/ 0(0%)
lobular
Others 6(8.5%)
Grade Low (1) 2(3.1%)
Intermediate (2) 18(28.1%)
High (3) 44 (68.8%)
Multifocality Yes 16 (23.9%)
No 51(76.1%)
LI No 56 (90.3%)
Yes 6(9.7%)
Hemangiosis No 60(97.3%)
Yes 2(2.7%)
Extranodal spread Yes 5(7.9%)
No 58(92.1%)
ER positive Yes 33(47.1%)
No 37(52.9%)
PR positive Yes 22 (31.9%)
No 47 (68.1%)
HER2 positive Yes 11(15.9%)
No 58 (84.1%)
Triple negative Yes 24 (34.3%)
No 46(65.7%)
Age in years 47.79 (29.6-
79.1) (n=71)
pCR breast Yes NA
No NA
SLN/non SLN involved Yes 8(11.3%)
after NACT No 63 (88.7%)

Statistical analysis

Exploratory univariate logistic regression analyses were carried
out to evaluate the association between clinical/pathological pa-
rameters and residual axillary involvement after NACT. Factors
with a significant association with residual axillary involvement in
the univariate analysis were included in a multivariate logistic re-
gression analysis. Due to the exploratory nature of the analyses, a
significance level of a=0.05 was set for all analyses without ad-
justment for multiple testing. To test for the quality of our dataset
we also analyzed the association between clinical/pathological pa-
rameters and pCR in the breast. Calculations were performed us-
ing R version 3.5.2 (The R Foundation) [18].
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Involved SLN and|or non-SLN

after NACT
No (n=247) Yes (n=71) No (n=247)
31.1(9.7-183) 29.84(9.7-93) 29.87(9.9-183)
(n=231)
15.7 (0-57) 14.66 (0-48) 14.16 (0-57)
(n=209)

198 (80.2%) 53(74.7%) 206 (83.4%)
39(15.8%) 16 (22.5%) 27(10.9%)
3(1.2%) 0(0%) 3(1.2%)

7(2.8%) 2(2.8%) 11 (4.5%)
5(6.5%) 6(9%) 11(48"/)
142 (61.5%) 39(58.2%) 21 (53.1%)
74 (32%) 22 (32.8%) 96 (42.1%)
52(22%) 23(35.4%) 45 (18.9%)
184 (78%) 42 (64.6%) 193 (81.1%)
176 (76.2%) 45 (69.2%) 187 (82%)
55(23.8%) 20(30.8%) 41 (18%)
223(97.4%) 63 (98.4%) 220 (96.9%)
6(2.6%) 1(1.6%) 7(3.1%)
26(11.6%) 13(19.7%) 8(8.1%)
199 (88.4%) 53(80.3%) 204 (91.9%)
203 (83.9%) 56 (80%) 180 (74.4%)
39(16.1%) 14 (20%) 62 (25.6%)
186 (77.5%) 46 (67.7%) 162 (67.2%)
54(22.5%) 22(32.3%) 79 (32.8%)
76 (31.4%) 11(15.9%) 76 (31.4%)
166 (68.6%) 58 (84.1%) 166 (68.6%)
25(10.3%) 0(14.3%) 39(16.1%)
217 (89.7%) 60 (85.7%) 203 (83.9%)
50.49 (26.6— 48.96 50.15
78.5) (n=247) (27.6-79.1) (26.6-78.5)
NA 8(11.3%) 63 (25.5%)
NA 63 (88.7%) 184 (74.5%)
63 (25.5%) NA NA
184 (74.5%) NA NA

Descriptive analysis

To provide an estimate of residual lymph node involvement after
NACT in the whole cohort of patients with clinically node negative
disease we performed a strictly descriptive analysis of arms A and
B of the SENTINA study, describing the distribution of involved
lymph nodes by tumor biology. Arms A and B of the study (includ-
ing all patients with clinically node negative disease at initial pre-
sentation) were analyzed regarding involvement of SLNs before
NACT, arm B (including patients with involved SLNBs before
NACT) was analyzed regarding lymph node involvement after
NACT.

Geburtsh Frauenheilk 2020; 80: 1229-1236 | © 2020. The author(s).



» Table 2 Multivariate analysis of parameters associated with residual axillary disease after NACT.

0Odds ratio

Morphology

= invasive ductal 1.23
= invasive lobular 1.02
= others 1.62
No multifocality 3.02
LvI 1.61
Extranodal spread 3.48
HER2 negative 0.7
pCR breast 1.97

Results

Study population

Arm B of the SENTINA study included 360 patients, 318 of these
were evaluable for this analysis, 42 patients were excluded be-
cause not all parameters were available. After NACT 71/318
(22.3%) patients had involved SLNs or non-SLNs after NACT; 71/
318 (22.3%) achieved a pCR in the breast. Although the numbers
are identical, it has to be mentioned that these were not the same
patients.

Association between pCR in the breast
and clinical/pathological parameters

In the univariate analysis we observed a significant association be-
tween pCR in the breast and ER status (p<0.0001), PR status
(p<0.0001), HER2 status (p =0.005), triple negative (TN) status
(p<0.0001), tumor size before (p=0.009) and after (p <0.0001)
NACT, lymphovascular invasion (p=0.019) lobular morphology
(p=0.043) and axillary involvement after NACT (p =0.014).

Association between residual axillary disease
and clinical/pathological parameters

Regarding residual axillary burden only the associations with lob-
ular morphology (p =0.018), lymphovascular invasion (p =0.027),
extranodal spread (p =0.01), multifocality (p=0.006), HER2 sta-
tus (p=0.014) and pCR in the breast (p = 0.014) were statistically
significant in univariate analysis. The distribution of clinical/path-
ological parameters regarding breast pCR and residual axillary dis-
ease is summarized in » Table 1 descriptively.

Multivariate analysis of parameters associated
with residual axillary disease

The clinical/pathological factors demonstrating a statistically sig-
nificant association with residual axillary burden were included in
a multivariate logistic regression analysis. Only the associations
with extranodal spread (odds ratio [OR] 3.48; p=0.02), lack of
multifocality (OR 3.02; p<0.001) and pCR in the breast (OR
1.97, p =0.05) remained statistically significant in the multivariate
analysis. The results of the multivariate analysis are illustrated in
» Table 2.
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p-value 0Odds ratio 95 % confidence intervall
0.765 0.32-4.73
0.984 0.23-4.54
0.74 0.09-27.6
<0.001 1.68-5.43
0.12 0.88-2.92
0.02 1.59-7.59
0.25 0.38-1.28
0.05 1.01-3.87

Descriptive analysis of involved axillary lymph nodes
before and after NACT

The analysis of involved SLNs before NACT included patients from
arm A and arm B of the SENTINA trial. 926 of the 1022 patients in
arms A and B were evaluable for this analysis. Patients were divid-
ed into four subgroups: hormone receptor positive and HER2/neu
negative (luminal; 47.6%), hormone receptor negative and HER2/
neu positive (HER2; 8.2%), triple negative (TN, 27.9%) and hor-
mone receptor positive and HER2/neu positive (TP; 16.3%).

39.7% of the luminal, 28.9% of the HER2, 19% of the TN and
47% of the TP tumors had involved SLN before NACT (» Fig. 2).
The analysis of involved axillary lymph nodes (SLN and non-SLN)
after NACT included the 318 patients of arm B who were evalu-
able for this analysis as described above. 27.6% of the luminal,
8.7% of the HER2, 20% of the TN and 14.3% of the TP tumors
had involved axillary lymph nodes after NACT (> Fig. 3).

Descriptive analysis of subgroups of special interest

24 patients with a triple negative tumor achieved a pCR in the
breast (34.3%). Three of those 24 patients had involved lymph
nodes after NACT (12.5%). These 3 patients represent 1.2% of
the 258 triple negative patients included in arms A and B of the
SENTINA trial. 11 patients with a HER2/neu positive tumor
achieved a pCR in the breast. One of those 11 patients had in-
volved axillary lymph nodes after NACT (9.1%). This patient repre-
sented 0.5% of the 227 HER2/neu positive population included in
arms A and B of the SENTINA trial.

Discussion

In patients whose indication for chemotherapy is known already at
the time of diagnosis neoadjuvant therapy has become a standard
and is considered at least equally effective compared to adjuvant
chemotherapy. Influential guidelines as the German AGO recom-
mendations even classify neoadjuvant chemotherapy as superior
to adjuvant chemotherapy whenever chemotherapy is indicated
based on the information derived from the core biopsy. The neo-
adjuvant setting allows response-quided approaches as well as
postneodjuvant therapies in cases of residual tumor [19]. This
benefit is not limited to the primary tumor in the breast but is also
applicable to involved axillary lymph nodes. The rate of axillary
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» Fig. 2 Percentage of positive SLN before NACT (all patients with
clinically node negative disease at initial presentation (arms A and B).

downstaging after neoadjuvant chemotherapy has been reported
to be up to 64.7% in selected subtypes such as HER2/neu positive
cases [11]. It is generally accepted and has been repeatedly dem-
onstrated that achieving a pCR after neoadjuvant chemotherapy
is associated with an improved prognosis over all tumor biologies
[14]. Trials discriminating between the impact of breast pCR on
the one hand and node negative axillary status (ypNO0) after NACT
on the other hand have reported that the association between
ypNO and prognosis is stronger than the influence of breast pCR
[20].

It is important to acknowledge that during our analysis, only
patients with clinically and sonographically negative axillary
lymph nodes but involved SLN before NACT were included. This
cohort has not been included in previous analyses regarding axil-
lary downstaging and with unknown residual axillary burden after
SLNB. Since the definitions of complete pCR (ypT0 ypNO) are not
discriminating between patients with involved versus not involved
lymph nodes at initial presentation [21], our results provide in-
sight into a previously unreported group of patients and their
probability of achieving ypNO-status. The reliability of our dataset
was demonstrated by the expected associations between breast
pCR and clinical/pathological parameters. On the other hand the
reported association of pCR in the breast and ypNO was an ex-
pected result but does not help regarding prediction of a node
negative status after NACT because this parameter only becomes
accessible after the final pathological report of the breast speci-
men. For counseling patients prior to surgery after NACT only pa-
rameters known before surgery are useful.

22.3% of patients with clinically occult nodal metastases in our
analysis still have involved lymph nodes after NACT. Furthermore,
a fraction of axillary disease is removed through SLNB and rates of
clearance of a positive SLNB through NACT cannot be assessed by
our approach. Therefore, rates of residual axillary burden after

1234
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» Fig. 3 Percentage of positive axillary lymph nodes after NACT
(only patients with involved SLNs before NACT, arm B).

NACT may even be underestimated in our analysis. This under-
scores that general omission of any axillary surgery after neoadju-
vant chemotherapy in all cases of clinically node negative disease
at initial presentation is not an appropriate approach. Neverthe-
less we could demonstrate that patients with triple negative dis-
ease had the lowest risk for occult lymph node metastases at ini-
tial presentation in our analysis, followed by patients with HER2/
neu positive and hormone receptor negative tumors. Although
we could analyze these data only in a descriptive manner (due to
a low number of cases among those subgroups) our results do not
justify more intense local intervention among patients with ag-
gressive tumor biology. Although we found several statistically
significant associations with a ypNO status, we cannot identify a
subgroup for whom omission of axillary surgery after NACT can
be safely recommended. However, it was remarkable that pa-
tients with a lobular morphology had a numerically lower rate of
ypNO maybe indicating a previously postulated lower chemother-
apy benefit in lobular breast cancer [22]. Our finding of a numeri-
cally increased percentage of ypNO in HER2/neu positive patients
is in line with previous analyses, although in these analyses triple
negative disease was also associated with an increased rate of ax-
illary downstaging [11,23], an entity without significant associa-
tion with ypNO in our study. However, our descriptive analyses
are suggesting a remarkably low rate of residual axillary burden
after NACT in triple negative (1.2%) and HER2/neu positive pa-
tients (0.5%) in case of a breast pCR. A recently published analysis
of Arm C of the SENTINA study containing clinically node positive
patients also demonstrated tumor biology to be the strongest
predictor of nodal downstaging [16]. International guidelines rec-
ommend either axillary dissection, SLNB or targeted axillary dis-
section (TAD; the combination of SLNB and the removal of a
lymph node with biopsy-proven involvement prior to NACT) after
NACT as the optimal axillary management in patients with initially
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involved lymph nodes [19]. The ongoing AXSANA/EUBREAST-03
trial (ClinicalTrials.gov Identifier: NCT04373655) is evaluating dif-
ferent approaches in this setting in a multinational effort with re-
gard to disease free survival and quality of life. This prospective
trial will provide further data regarding the question if our findings
can be transferred to the clinically node positive situation.

Limitations of our study include the retrospective character of
the analysis, the exploratory statistical analysis and the rather
small patient cohort. Furthermore, we underscore that by SLN pri-
or to NACT, a fraction of nodal disease is removed and conversion
of the SLN metastasis by NACT cannot be assessed. Therefore, our
analysis allows us to assess the association between clinical/path-
ological parameters and rates of residual axillary burden rather
than true SLN conversion.

Finally, the rate of triple negative patients in our study popula-
tion was with 15% rather small for a cohort treated with neoadju-
vant chemotherapy whereas the HER2/neu positive rate was 27 %,
an expected rate in the neoadjuvant setting. This limitation may
be one of the factors explaining the lacking association between
triple negative disease and ypNO. Our descriptive analysis of arms
A and B of the SENTINA trial included 27.9% triple negative and
24.5% HER2/neu positive patients and revealed a remarkably low
rate of residual axillary burden in case of a breast pCR but has to
be interpreted very cautiously because of the descriptive charac-
ter of the analysis.

After the evolution of current guidelines, recommending SLNB
after NACT in patients with clinically node negative axillary lymph
nodes at first presentation [19], the setting as described in our
analysis, i.e. with SLNB before NACT, should have become an ex-
ception. However, we still believe our data may have an impact on
the development of further prospective clinical trials, as they allow
an estimate regarding the risk of axillary involvement after NACT in
cases of initially node negative disease. Studies as e.g. the EU-
BREAST-01 study (ClinicalTrials.gov Identifier: NCT04101851) will
answer the question if in selected tumor subtypes such as HER2/
neu positive and triple negative tumors axillary surgery can be
safely omitted after neoadjuvant chemotherapyin cases of clinical-
ly node negative breast cancer.

Conclusions

Our analysis demonstrates that patients enrolled in the SENTINA
trial with clinically negative axilla and a positive SLN prior to NACT
show positive axillary nodes in 22.3% of cases after NACT. We ac-
knowledge that we cannot draw a conclusion regarding the influ-
ence of NACT on SLN conversion, since the SLN was excised as part
of axillary staging prior to NACT. Although we found statistically
significant associations between pCR in the breast and numerous
clinical/pathological parameters, only the association between ex-
tranodal spread, lack of multifocality and pCR in the breast and re-
sidual axillary involvement after NACT were statistically signifi-
cant. We cannot clearly identify a subset of patients for whom ax-
illary surgery after NACT could be safely omitted if SLNs were pos-
itive before systemic therapy. In a descriptive analysis we found
only 1.2% of triple negative and 0.5% of HER2/neu positive pa-
tients to have residual axillary burden in case of a breast pCR.
Our data are well in line with recently presented data demonstrat-
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ing that the association between pCR in the breast and free axil-
lary nodes after NACT is particularly strong in patients with TN
and HER2 positive tumors. This question will be addressed in fu-
ture trials currently under development.
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