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Background: With the improvement of the efficacy of neoadjuvant therapy (NAT) that is guided by 
molecular subtypes, the rate of pathologically node-negative disease after NAT (ypN0) is increasing for 
HER2 positive (HER2+) and triple-negative (TN) breast cancer patients. The necessity of axillary surgery 
for patients with high ypN0 has been questioned. This study aimed to identify patients among HER2+ and 
TN breast cancer with low risk for axillary metastases after NAT, and, perhaps, they are suitable for selective 
elimination of axillary surgery staging.
Methods: From January 2010 to August 2018, 865 breast cancer patients who underwent NAT were 
included in this retrospective clinical study, and 184 patients (21.3%，184/865) suffered from TN and HER2+ 
breast cancer and received full-course NAT. The correlation among clinicopathological characteristics of 
HER2+ and TN breast cancer and ypN0 were analyzed. 
Results: Among the 184 HER2+ and TN breast cancer patients, tumor staging, lymph node staging and 
Ki-67 before NAT, clinically node-negative disease after NAT (ycN0), and breast radiologic and pathologic 
complete response (bpCR) were correlated with ypN0 (P<0.05). Lymph node staging before NAT (OR 
=0.363, P<0.001), ycN0 (OR =4.995, P<0.001) and bpCR (OR =11.285, P<0.001) were the independent 
effects of ypN0. The ypN0 rate after NAT in cN0/1 patients with bpCR and ycN0 (97.6%, 40/41) was 
significantly higher than that in cN2/3 patients (62.5%, 10/16) (P<0.001). Among the 37 patients with initial 
nodal ultrasonography showing cN0 disease, 17 of 17 (100.0%) with and 18 of 20 (90.0%) without bpCR had 
no evidence of residual nodal disease (P=0.178). Among the 42 patients with cN1 to ycN0, 23 of 24 (95.8%) 
with and 10 of 18 (55.6%) without bpCR had no evidence of residual nodal disease (P<0.001). Patients 
without bpCR had a relative risk for nodal residual metastases of 10.560 (95% CI: 2.720–41.003; P<0.001) 
compared with those with bpCR in cN1 group. 
Conclusions: In terms of HER2+ and TN breast cancer patients, clinical lymph node staging before NAT, 
ycN0 and bpCR were the independent predictors of ypN0. bpCR was highly correlated with nodal status 
after NAT. The risk of axillary lymph nodes residual metastases after NAT in the patients of bpCR with cN0 
and cN1 to ycN0 was less than 5%, thus making it possible to selectively avoid axillary surgery.
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Introduction

Neoadjuvant therapy (NAT) is the standard therapy for 
locally advanced breast cancer (LABC) and some stage II to 
III triple-negative (TN) and HER2 positive (HER2+) breast 
cancer patients as well. NAT can not only make inoperable 
breast cancer operability, but also achieve breast-conserving 
surgery (BCS) for patients who are willing to conserve 
breast, and play a role in drug sensitivity test in vivo (1). 
With the improvement of the efficacy of NAT that is guided 
by the molecular subtypes, pathologic complete response 
(pCR) increased, from the initial pCR rate of 9–13% in the 
era of anthracyclines to 19–26% with the addition of taxane 
chemotherapy and as high as 60–70% with the addition of 
trastuzumab and pertuzumab in HER2+ disease (1-4). pCR 
after NAT is considered as a prognostic factor for long-term 
survival benefit, and it is significantly associated with tumor 
molecular subtypes (5). HER2+ and TN breast cancer have 
higher pCR rate than luminal type (6,7). For 70–80% of 
patients with TN and HER2+ breast cancer, axillary lymph 
nodes (ALNs) are negative after NAT (ypN0) (8-10).

From initial LABC to early breast cancer (EBC), NAT 
indications got better over the past decade (11). NAT 
allows the opportunity to evaluate the in vivo efficacy of 
chemotherapy on the primary breast tumor. NAT is now 
increasingly used in smaller breast tumors (T1/T2) and 
TN/HER2+ breast cancer based on this reason, which are 
linked to the higher pCR (12). In the presence of residual 
disease after NAT, survival is higher with residual disease 
in the breast only compared with residual disease in the 
nodes only and the lowest with residual disease in both. 
Patients achieving axillary pCR (apCR) have higher 10-year 
recurrence-free survival and overall survival (83% and 85%, 
respectively) than those with any residual nodal disease 
(58% and 55%, respectively) (13,14). Knowing that pCR 
rate is higher in HER2+ and TN breast cancer compared 
with luminal type and apCR in these breast cancer patients 
purporting an improved survival, an important emerging 
question is whether surgery can be eliminated for patients 
who obtain apCR after NAT. This study aimed to identify 
patients among HER2+ and TN breast cancer with low risk 
for axillary metastases after NAT, and, perhaps, they are 
suitable for selective elimination of axillary surgery staging. 

We presented the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/gs-20-573).

Methods

Patients

We retrospectively included 865 breast cancer patients 
who underwent NAT in our hospital from January 2010 
and August 2018, and 184 patients (21.3%, 184/865) 
were TN and HER2+ breast cancer among them. All 
patients received full-course anthracycline- and/or taxane-
based neoadjuvant chemotherapy regimen before surgery. 
HER2+ patients were given anti-HER2 targeted therapy 
(trastuzumab) before and after surgery. The specific 
chemotherapy regimen was displayed as follows: 70 patients 
used AC/EC-P/T regimen, 81 patients applied AC/EC-
PH/TH regimen, 8 patients adopted TCH regimen, and 25 
patients utilized TAC regimen. The study was conducted 
in accordance with the Declaration of Helsinki (as revised 
in 2013). The study was approved by Shandong Cancer 
Hospital Affiliated to Shandong First Medical University 
Ethics Committee (No. SDTHEC20090223) and individual 
consent for this retrospective analysis was waived.

Intervention or procedures

The high expression of Ki-67 was defined as the average 
ratio of nuclear positive cells to total tumor cells in 10 
high power fields, with more than 20%. Before NAT, all 
patients obtained complete radiologic assessments. Clinically 
abnormal ALNs got fine needle aspiration (FNA) before 
NAT. cN0 was defined as no abnormal ALNs that are 
found in clinical or radiologic examination. In addition, 
abnormal ALNs that are discovered in clinical or radiologic 
examination, but FNA negative could still be defined as cN0. 

Breast radiologic complete response (brCR) was defined 
as no residual disease observed in breast on MRI after NAT, 
and clinically node-negative disease after NAT (ycN0) was 
defined as no abnormal ALNs in clinical and radiologic 
examination. Breast pCR (bpCR) referred to no invasive 
carcinoma in the breast (ypT0/is), and ypN0 marked no 
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breast malignant cells in ALNs or sentinel lymph nodes 
(SLNs). Patients, including those with inflammatory breast 
cancer, distant metastases, disease progression during NAT, 
receiving radiotherapy and axillary surgery before surgery, 
were excluded. 

Measures

Axillary surgical management was based on local surgeons 
and the ALNs status after NAT. All patients experiencing 
sentinel lymph node biopsy (SLNB) accepted dual tracer 
injection of radiolabeled colloid and blue dye. Under 
ultrasonographic guidance 3–18 h before surgery, 99mTc-SC 
(1.0–1.2 mL) was injected intra-parenchymally. Blue dye 
(2–4 mL) was injected subcutaneously around the tumor  
10 minutes before surgery. 

Statistical analysis 

The data was analyzed with SPSS 26.0 software package. 
Independent-sample t-test was carried out for continuous 
variables, and Fisher exact test or Pearson χ2 test was 
conducted for categorical variables. Univariate logistic 
regression analysis was performed to assess the strength of 
the correlation between predictive variable and ypN0 after 
NAT, and a multivariate logistic regression analysis was 
conducted to identify independent effects of these univariate 
predictive variables (Take P<0.05).

Results

The median age of these breast cancer patients was 47 
[27–70], and the total pCR rate after NAT was 35.3% 
(65/184). In the choice of breast surgery, 82.6% (152/184) 
of breast cancer patients received mastectomy, the rest of 
patients (17.4%, 32/184) were provided BCS. A total of 
25 patients (13.6%) received SLNB, 74 patients (40.2%) 
received SLNB and then switched to axillary lymph node 
dissection (ALND), and 85 patients (46.2%) who given 
ALND directly. The clinicopathologic characteristics of 
these patients are illustrated in Table 1.

The correlation between ypN0 and clinicopathological 
characteristics

The rate of ypN0 in TN and HER2+ breast cancer patients 
was 57.1% (108/184). A univariate analysis revealed that 

tumor staging, lymph node staging and Ki-67 before NAT, 
ycN0, brCR and bpCR after NAT were correlated with 
ypN0 (P<0.05), while menopausal status, pathological types 
and tumor molecular subtypes were not associated with 
ypN0 (O>0.05, Table 1). By multivariate logistic regression 
analysis, clinical lymph node staging before NAT (OR 
=0.363, P<0.001), ycN0 (OR =4.995, P<0.001) and bpCR 
(OR =11.285, P<0.001) were the independent effects of 
ypN0 after NAT (P<0.001) (Table 2). As for patients with 
HER2+ breast cancer, hormone receptor status did not 
affect ypN0 after NAT (P=0.150). The univariate analysis 
of combining clinical lymph node staging before NAT, 
ycN0 and bpCR proved that the ypN0 rate after NAT in 
cN0/1 patients with bpCR and ycN0 (97.6%, 40/41) was 
significantly higher than that in cN2/3 patients (62.5%, 
10/16) (P<0.001). 

The correlation between bpCR and pathological ALNs 
status after NAT in cN0/1 patients 

Among 37 patients with initial nodal ultrasonography 
showing cN0 disease, the ypN0 and bpCR rates after NAT 
were 94.6% (35/37) and 45.9% (17/37), respectively. The 
ypN0 rate in cN0/1 patients with ycN0 but not bpCR and 
with ycN0 unselected for bpCR were 73.6% (28/38) and 
86% (68/79), respectively. The ypN0 rates of patients with 
bpCR and non-bpCR after NAT were 100% (17/17) and 
90% (18/20), respectively (P=0.178) (Figure 1).

Among 42 patients with cN1 to ycN0, the bpCR and 
ypN0 rates after NAT were 57.1% (24/42) and 78.6% 
(33/42), respectively. The ypN0 rates of patients with bpCR 
and non-bpCR after NAT were 95.8% (23/24) and 55.6% 
(10/18), respectively (P<0.001). Among 40 patients with 
cN1 to ycN1, the bpCR and ypN0 rates after NAT were 
20.0% (8/40) and 35.0% (14/40), respectively. The ypN0 
rates of patients with bpCR and non-bpCR after NAT 
were 87.5% (7/8) and 21.9% (7/32), respectively (P<0.001) 
(Figure 1). In 32 cN1 patients with bpCR after NAT, only 2 
patients were found to have ALNs residual metastasis after 
NAT: 1 patient had 1 positive ALN, 1 patient had 2 positive 
ALNs, and no patients had more than 3 positive ALNs on 
the final pathologic review (Table 3). With the application 
of relative risk (RR) ratios to compare cN1 breast cancer 
patients with and without a bpCR, patients without bpCR 
had RR for final positive ALNs pathologic findings of 
10.560 (95% CI: 2.720–41.003; P<0.001) compared with 
patients with bpCR.
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Table 1 The correlation between ypN0 after NAT and clinicopathological characteristics

Characteristics All patients (n=184) ypN0 (n=105) % P

Menopausal status 0.256

Menopause 67 35 52.2

No menopause 117 70 59.8

Pathological types 0.354

Ductal 156 87 55.8

Other 28 18 64.3

Ki-67 0.004

Low expression 34 13 38.2

High expression 150 92 61.3

Molecular subtypes 0.805

HER2+ 89 53 59.6

HR+ 52 28 53.8

HR- 37 25 67.6

TN 95 52 54.7

Clinical tumor staging 0.009

cT1 18 12 66.7

cT2 89 56 62.9

cT3 34 19 55.9

cT4 43 18 41.9

Clinical lymph node staging <0.001

cN0 37 35 94.6

cN1 82 47 57.3

cN2 31 12 38.7

cN3 34 11 32.4

Radiologic response of the primary tumor on MRI 0.020

brCR 72 48 66.7

Non-brCR 48 23 47.9

Missing 64 34 53.1

Radiologic response of the lymph nodes <0.001

ycN0 95 77 81.1

Non-ycN0 89 28 31.5

Pathologic response of the primary tumor <0.001

bpCR (ypT0/is) 79 65 82.2

Non-bpCR 105 40 38.1

NAT, neoadjuvant therapy; ypN0, pathologically node-negative disease after NAT; HR, hormone receptor; brCR, breast radiologic complete 
response; ycN0, clinically node-negative disease after NAT; bpCR, breast pathologic complete response; N, number; HER2+, human 
epidermal growth factor receptor 2 positive; TN, triple-negative; MRI, magnetic resonance imaging.
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Table 3 Pathologic ALNs status in cN1 patients with and without a bpCR after NAT

Number of positive  
ALNs after NAT

Non-bpCR bpCR
RR (95% CI) P

HER2+ TN HER2+ and TN HER2+ TN HER2+ and TN

0 9 8 17 15 15 30 10.560 (2.720–41.003) <0.001

1 6 5 11 0 1 1

2 5 4 9 0 1 1

≥3 5 8 13 0 0 0

NAT, neoadjuvant therapy; ALNs, axillary lymph nodes; bpCR, breast pathologic complete response; RR, relative risk; HER2+, human 
epidermal growth factor receptor 2 positive; TN, triple-negative; CI, confidence interval.

Table 2 Multivariate logistic analysis of ypN0 related factors after NAT

Characteristics OR 95% CI P

Ki-67 1.643 0.689–3.866 0.255

Clinical tumor staging 0.789 0.550–1.133 0.200

Clinical lymph node staging 0.363 0.243–0.542 <0.001

brCR 1.389 0.872–2.212 0.166

ycN0 4.995 2.496–9.993 <0.001

bpCR 11.285  4.395–28.974 <0.001 

NAT, neoadjuvant therapy; ypN0, pathologically node-negative disease after NAT; brCR, breast radiologic complete response; ycN0, 
clinically node-negative disease after NAT; bpCR, breast pathologic complete response; OR, odds ratio; CI, confidence interval.

Figure 1 Correlation between bpCR and ypN0 after NAT in cN0/1 patients with HER2+ and TN. NAT, neoadjuvant therapy; bpCR, 
breast pathologic complete response; ypN0, pathologically node-negative disease after NAT; ypN+, pathologically node-positive disease 
after NAT; ycN0, clinically node-negative disease after NAT; cN1, initially clinically swollen axillary lymph nodes that can be pushed and 
metastasis confirmed by fine needle aspiration cytology; ycN1, clinically swollen axillary lymph nodes that can be pushed and metastasis 
confirmed by fine needle aspiration cytology after NAT. *, cN0 patients with disease progression during NAT were excluded.
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Discussion

From initial LABC to EBC, NAT indications got better 
over the past decade (11). With the improvement of the 
efficacy of NAT guided by the molecular subtypes, pCR 
rate increased, especially in TN and HER2+ breast cancer, 
the pCR rate can reach over 60% (10). pCR can not only 
be applied as a prognostic factor for long-term survival of 
breast cancer patients (5), but also affect the local regional 
de-escalation management for breast cancer (15,16). 
NAT not only de-escalates the primary breast tumors 
to increase the chances of breast-conserving, but also 
converts positive ALNs patients of approximately 40% to 
negative patients (17). In terms of patients with cN1 to 
ycN0, 53.6% of experts believed that, when more than 2 
SLNs were detected in the St.Gallen Expert Consensus 
(in 2017), it could guarantee the accuracy of SLNB after 
NAT (16). Z1071 test (18) and SENTINA test (19) 
confirmed that false negative rate (FNR) could be reduced 
to less than 10% by using a combined tracer and detecting 
more than 2 SLNs. NCCN Breast Cancer Clinical 
Practice Guidelines (in 2017) also recommend SLNB by 
adopting the above techniques (Class 2B evidence) (15).  
However,  the  compl ica t ions  o f  SLNB were  not 
negligible. Fleissig performed an 18-month randomized 
controlled trial (14). The results displayed that, although 
postoperative complications of SLNB were significantly 
reduced compared with ALND, 7% of patients had upper 
extremity edema and 8.7% complained of arm numbness. 
Our results exhibited that HER2+ and TN patients with 
cN0/1 to ycN0 and bpCR had the ypN0 rate of 97.6% 
(40/41) after NAT. For this part of patients, whether can 
we consider avoiding axillary surgery?

At present, the surgical therapy of breast cancer has 
entered into an era of continuous optimization of de-
escalation therapy, and even avoiding surgery. The ongoing 
INSEMA (NCT 02466737) and SOUND studies (NCT 
02167490) were designed to explore whether EBC patients 
with initial nodal ultrasonography showing cN0 disease 
could avoid SLNB, while ASICS study was designed to 
explore the feasibility of avoiding SLNB after NAT in cN0 
patients (20). The publication of these three studies may 
change the current clinical practice, and purport a new 
thought for cN0 breast cancer, so as to further achieve 
axillary de-escalation management (avoiding axillary 
surgery).

MD Anderson Cancer Center (21) conducted a 
prospective cohort study on 527 HER2+ and TN breast 

cancer with T1-2N0-1M0 to predict ypN0 by bpCR and 
carried out a clinical study on avoiding axillary surgery. The 
results proved that 116 of 116 (100.0%) with and 164 of 174 
(94.3%) without bpCR had no evidence of residual ALNs 
disease among 290 breast cancer patients with cN0 (P<0.01), 
and 69 of 77 (89.6%) with and 68 of 160 (42.5%) without 
bpCR had no evidence of residual ALNs disease among 237 
breast cancer patients with cN1 (P<0.01). Patients without 
bpCR had RR for ALNs residual metastases of 5.30 (95% 
CI: 2.7–10.3, P<0.001) compared with those with bpCR 
in cN1 group. Based on the above studies, MD Anderson 
Cancer Center (22) retrospectively included 30821 patients 
with T1-2N0-1M0 breast cancer. The results illustrated 
that the risk of ALNs residual metastases of HER2+ and 
TN patients with cN0 after NAT was less than 2%, and 
axillary surgery could be considered to be avoided. Our 
results demonstrated that HER2+ and TN patients with 
cN0/1 to ycN0 and bpCR had ypN0 rate of 97.6% (40/41) 
after NAT, and the risk of ALNs residual metastases was 
low, thus making it possible to selectively eliminate axillary 
surgery staging after NAT, which was consistent with the 
results of Siso (23). Our results also illustrated that there 
were 2 cases of ALNs metastases in cN1 patients with 
bpCR after NAT, but no pathological findings of more than 
3 positive ALNs metastases, suggesting that the residual 
metastases load of ALNs in cN1 patients with bpCR after 
NAT was low, and axillary surgery still could be considered 
to be avoided.

Our research results proved that clinical lymph node 
staging before NAT, ycN0 and bpCR were the independent 
predictors of ypN0. Clinical lymph node staging before 
NAT and ycN0 were easier to be obtained in clinical 
work, but bpCR could only be learned through surgical 
pathology, which became the biggest obstacle to predicting 
ypN0 after NAT. As predictors of bpCR, tumor molecular 
subtypes, NAT regimens and breast radiologic examination 
were insufficient in accuracy. However, imaging-guided 
minimally invasive biopsy (MIB) had the potential to 
accurately predict bpCR (24,25). Heil (26) performed 
ultrasound-guided vacuum assisted biopsy (VAB) on 50 
patients who achieved brCR after NAT. In histologically 
representative VAB samples (n=38), the negative predictive 
value (NPV) and FNR of predicting bpCR were 94.4% 
(95% CI: 87.1–100.0%) and 4.8% (95% CI: 0.0–11.6%) 
that were consistent with the results made by MD 
Anderson Cancer Center study (27). Our central study 
(data not published, NCT03789851) enrolled 38 patients 
with radiologic complete and partial response after NAT. 
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The NPV and FNR of predicting bpCR by ultrasound-
guided multi-point core needle biopsy (CNB) were 84.2% 
and 14.3%, respectively. Among them, radioactive iodine 
seeds were placed around the marker clip before surgery 
in 26 patients, and then multi-point CNB was performed. 
The NPV and FNR of predicting bpCR were 92.3% and 
7.7%, respectively. If it can be proved that MIB is safe and 
efficient when predicting bpCR, patients with bpCR may 
avoid breast surgery. At the same time, it also overcomes 
the obstacle that bpCR can only be learned through surgical 
pathology, thus resulting in the elimination of axillary 
surgery for the HER2+ and TN patients with cN0/1 to 
ycN0 and bpCR that are confirmed by MIB. Although 
patients with occult lymph node metastases may miss 
the opportunity of additional radiotherapy and/or post-
neoadjuvant therapies for residual disease for patients who 
avoid axillary surgery, it can prevent as many patients as 
possible (>95%) from over-therapy of surgery. 

In HER2+ and TN patients, tumor staging, lymph 
node staging and Ki-67 before NAT, ycN0, brCR and 
bpCR after NAT were correlated with ypN0. Clinical 
lymph node staging before NAT, ycN0 and bpCR were 
the independent predictors of ypN0. bpCR was closely 
related to ALNs status after NAT. The risk of ALNs 
residual metastases after NAT in patients with cN0/1 
to ycN0 and bpCR was less than 5%, thereby making it 
possible to selectively eliminate axillary surgery staging, 
which would reduce postoperative complications, improve 
patient quality of life and reduce medical costs. If our 
research conclusions are extended to clinical work, large-
scale prospective clinical trials are still needed to study the 
overall survival rate and local recurrence rate of patients 
who avoid axillary surgery.
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