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Background: To investigate the association of axillary pathologic complete response (pCR) rate among 
breast cancer patients with pCR after neoadjuvant chemotherapy (NCT). 
Methods: The retrospective clinical data of 1,903 patients who were treated with NCT between March, 
2010 and December, 2018, were collected from one Chinese database and analyzed. The correlations 
between clinicopathological characteristics and breast pCR with axillary pCR were calculated by χ2 test. 
Binary logistic regression analysis was used for multivariate analysis. The relative risk of positive axillary 
nodes after NCT in patients with and without breast pCR was analyzed using a Cochran-Mantel-Haenszel 
(CMH) test stratified by initial N stage and tumor subtype. 
Results: The rate of axillary pCR was increased in the cases with initial cN0, Ki67 high expression, 
HR+HER2+/HR-HER2+/TN subtypes, and breast pCR. After NCT, the relative risk of nodal disease 
burden was 4.81 in patients without breast pCR compared with patients with breast pCR. The relative risk 
of positive nodal status in patients with cN0, cN1, cN2, and cN3 disease without vs. with breast pCR was 
6.45, 4.88, 5.69 and 6.24, respectively. The relative risk of positive nodal status in patients with HR+HER2−, 
HR+HER2+, HR−HER2+, and TN disease was 4.02, 4.50, 3.82 and 4.18, respectively. Of cN0 patients with 
breast pCR, only 4 out of 44 (9%) with HER2-positive disease had 1 or 2 axillary lymph node metastases at 
final surgical pathology compared to 30 out of 98 (31%) of those without breast pCR. There was no evidence 
of positive nodal residue among all 21 patients (100%) with TN disease compared to 65% (36 of 55) of 
patients without breast pCR. 
Conclusions: Nodal status is strongly correlated with breast pCR after NCT. Patients with initial cN0/1 
TN/HER2 positive disease who achieve breast pCR at surgery have a low risk of nodal metastasis. These 
results suggest that the failure rate of missing positive lymph nodes among those patients was very low and 
that it is safe for such patients to undergo sentinel lymph node biopsy (SLNB) after NCT. This study also 
provides a theoretical basis for clinical trials focused on the avoidance of axillary surgery in selected patients.
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Introduction

Neoadjuvant chemotherapy (NCT) with or without 
targeted therapy has been widely recognized and applied 
in the treatment of locally advanced, triple negative (TN), 
and human epidermal growth factor receptor 2 (HER2)-
positive breast cancer. In locally advanced (inoperable) 
patients, NCT is frequently used to downstage patients from 
inoperable to operable before surgery or to increase the rate 
of breast-conserving surgery. Owing to the improvement 
of molecular typing-guided NCT and the development of 
targeted therapeutic drugs, the rate of pathologic complete 
response (pCR) has increased continuously in recent years, 
especially among patients with TN and HER2-positive breast 
cancer. Patients who attain pCR have improved event free 
survival (HR 0.48, 95% CI: 0.43–0.54) and overall survival 
(HR 0.36, 95% CI: 0.31–0.42) than those with residual 
invasive cancer. The association between pCR and long-
term outcomes was strongest in patients with TN breast 
cancer and in those with HER2-positive, hormone receptor 
negative tumors who received trastuzumab therapy (1).  
PCR can not only serve as an alternative indicator of long-
term survival, but it can also inform the downstaging 
treatment strategy for the local control of breast cancer. 
After NCT, some patients were down staged from 
positive axillary lymph node (cN1) to clinically negative 
(cN0). Although with some controversy, it was believed 
that sentinel node biopsy(SLNB), as opposed to axillary 
dissection, to be adequate if at least three or more negative 
sentinel nodes were detected and examined (2).

Recently, the surgical modalities used to manage 
breast cancer have changed considerably. In the past, for 
example, mastectomies were mostly performed after NCT; 
however, some patients now receive breast-conserving 
surgery instead. However, the treatment strategy for the 
axilla requires a different approach. For certain patients 
with initial cN0/1 status, a large number of studies have 
supported the application of SLNB to avoid unnecessary 
axillary lymph node dissection (ALND). Owing to its low 
detection rate (DR) and high false negative rate (FNR), 

however, the clinical application of SLNB is limited (3). In 
some breast tumor centers, ALND is performed in most 
patients, regardless of the response of the lymph nodes to 
chemotherapy. This unnecessarily deprives many patients 
who have no residual disease in the axilla of their axillary 
lymph nodes, and increases the risk of complications such as 
lymphedema, upper limb numbness, and limited shoulder 
movement. 

Optimizing patient selection is one approach to solving 
the dilemma posed by SLNB after NCT. The main reason 
for the controversy about SLNB after NCT is the concern 
about the missed detection of metastatic lymph nodes. If 
the patients have no residual tumor in the lymph nodes, 
there is no risk of missed detection. Therefore, patients 
with low risk of residual axillary lymph nodes after NCT 
can be selected for SLNB. Some studies have reported the 
predictive factors of axillary lymph node status after NCT. 
Kantor et al. developed a predictive model based on data 
from the National Cancer Database (NCDB) to identify 
the individuals who were most likely to obtain axillary 
pCR after NCT among patients with initial node-positive 
disease (4). They concluded that age, molecular subtype, 
histological grade, histological type, and initial node stage 
were all significant independent predictors of post-NCT 
axillary pCR in adjusted analysis. However, few reports have 
evaluated the correlation of pCR in the breast and axillary 
lymph nodes. Moreover, due to the high rate of pCR after 
NCT in some subtypes, the necessity for patients with 
breast pCR to undergo surgery is also questionable. Several 
studies have attempted to avoid breast surgery in selective 
patients after NCT (5). But there is no report on the results 
based on the Asian population database. Therefore, the 
question arises as to whether SLNB can be avoided for 
patients in certain subtypes in Asian patients.

The present study aimed to identify patients who are 
suitable for SLNB after NCT safely by comparing the 
difference in risk of axillary node metastasis in patients with 
and without breast pCR in Asian patients. Furthermore, 
it also provides a theoretical basis for future research 
on avoiding axillary surgery after NCT. We present the 
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following article in accordance with the STROBE reporting 
checklist (available at http://dx.doi.org/10.21037/atm-20-
5172).

Methods

The data in this study were obtained from the Chinese 
Society of Clinical Oncology (CSCO) Breast Cancer 
Database Collaboration Group. The CSCO database 
contains anonymized breast cancer cases from nine hospitals 
representing all regions of China. We identified all patients 
with primary breast cancer who had received preoperative 
chemotherapy between March, 2010, and December, 2018. 
The collected data included sex, age at diagnosis, menstrual 
status, location of primary breast tumor, initial clinical 
(cTNM) stage, estrogen receptor (ER) status, progesterone 
receptor (PR) status, HER2 status, Ki-67 status, surgical 
mode, and postoperative breast and axillary pathology. 

The inclusion criteria were as follows: (I) invasive 
breast cancer confirmed by core needle biopsy before 
chemotherapy. (II) cTNM stage according to the 7th 
edition of American Joint Cancer Commission (AJCC) 
cTNM staging before treatment with NCT available. Initial 
T stage was determined by physical examination. The 
axillary nodal status was determined by physical examination 
and ultrasound. If no suspicious enlarged lymph nodes were 
found during physical examination, the patient was defined 
as clinically node negative (cN0). If suspicious lymph 

nodes detected by ultrasound were confirmed without 
tumor metastasis by additional core needle biopsy or fine-
needle aspiration cytology, the patient was also defined as 
cN0. (III) ER, PR, HER2, and Ki67 were detected before 
chemotherapy. (IV) The patient received chemotherapy 
before the operation. (V) After the completion of NCT, the 
patient underwent breast and axillary surgery according to 
the local treatment standards. (VI) Postoperative pathology 
of breast and axillary lymph nodes available. Patients 
meeting any of the following criteria were excluded from 
the study: (I) male; (II) bilateral breast cancer; (III) distant 
metastasis (M1); (IV) supraclavicular or internal mammary 
lymph node metastasis; (V) inflammatory breast cancer; (VI) 
cancer in pregnancy; (VII) stage 0 or ductal carcinoma in 
situ (DCIS) at diagnosis; (VIII) primary breast or axillary 
tumor resected before chemotherapy; (IX) simultaneous 
loss of ER, PR, and HER2; (X) absence of postoperative 
breast and lymph node pathology; or (XI) no operation. A 
total of 3,247 patients were collected. After screening, 1,903 
patients were deemed to be eligible and included in the final 
analysis (Figure 1).

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013).  Data were 
obtained after this study had been approved by the Ethical 
Review Committee of the Affiliated Cancer Hospital of 
Zhengzhou University (No. 2019001). As this study was 
retrospectively designed, informed consent was waived by 
the Affiliated Cancer Hospital of Zhengzhou University. 

Figure 1 Patient flow diagram.

Preoperative chemotherapy, n=3,247
(2010–2018)

NCT, n=1,903
(2010–2018)

Excluded:
1.	 M1, n=116
2.	 No postoperative breast and/or axillary 

pathological results, n=519
3.	 Breast or axillary tumor was resected 

before chemotherapy, n=215
4.	 Supraclavicular or internal mammary LN 

metastasis, n=283
5.	 Bilateral breast cancer, n=81
6.	 Inflammatory breast cancer, n=21
7.	 Cancer in pregnancy, n=6
8.	 Stage 0 or ductal carcinoma in situ (DCIS) 

at diagnosis, n=52
9.	 Unoperated, n=36
10.	 Male, n=15
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The status of ER, PR, HER2, and Ki67 was evaluated 
by immunohistochemistry (IHC) (6). ER/PR positive (+): 
≥1% of tumor cells with nuclear staining. ER+ or PR+ were 
collapsed into a single hormone receptor positive (HR+). 
HER2 positive was determined according to the American 
Society of Clinical Oncology (ASCO) guidelines (7). An 
IHC score of 3+ was considered positive, as was a 2+ IHC 
score with the results of fluorescence in situ hybridization 
(FISH) overruled. Ki67 expression was classified as low 
(<30%) or high (>30%) according to the ratio of nuclear 
positive cells to all tumor cells in 10 high-power visual 
fields. The representative IHC and FISH images of ER, 
PR, HER2 and Ki67 were shown in the Figure S1. The 
patients were divided into four subtypes according to HR 
and HER2 status: HR+HER2−, HR+HER2+, HR−HER2+, 
and HR−HER2− (TN). PCR was defined as the absence of 
tumor cells in the breast (breast pCR) or the axillary lymph 
nodes (axillary pCR) after NCT (1).

Statistical analyses

Statistical analyses were performed with GraphPad Software 
5.0 and Statistical Package for the Social Sciences software 
(SPSS, version 23, IBM, Armonk, NY, USA). Categorical 
variables were compared using the χ2 test. Binary logistic 
regression analysis was used for multivariate analysis. 
Relative risk (RR) for positive axillary nodes after NCT in 
patients with and without breast pCR were analyzed with a 
Cochran-Mantel-Haenszel (CMH) test stratified by initial 
N stage and tumor subtype. A two-sided P value of <0.05 
was considered to be statistically significant.

Results

Patient characteristics

A total of 1,903 female breast cancer patients (age: median, 
46, range, 20–77 years) who received NCT and subsequent 
surgical resection between March, 2010, and December, 
2018. Two-thirds (65%) of the patients were premenopausal 
at diagnosis. At presentation, 1,252 patients (67%) had 
cT1/2 disease and 1,151 (61%) had cN0/1 disease. The 
distribution across the approximated molecular subtypes was 
43% (817) HR+HER2−, 22% (420) HR+HER2+, 17% (310) 
HR-HER2+, and 18% (335) TN breast cancer. The average 
number of axillary lymph nodes was 15.4 (average positive, 
2.7) at surgery following NCT. Axillary pCR and breast 
pCR were achieved by 45% (852) and 25% (469) of patients, 

respectively. Of the patients who achieved breast pCR, 
340 (72%) also achieved axillary pCR (Table 1, Figure 2A).  
A higher rate of axillary pCR was observed among patients 
with HER2+ (56%) and TN (56%) disease than among 
those with HR+HER2− (30%) disease. The HER2+ 
group was stratified according to HR− and HR+ status, 
and a slightly higher rate of axillary pCR was seen in the 
HR−HER2+ subgroup compared with the HR+HER2+ 
subgroup (61% vs. 52%).

Correlations between axillary pCR and clinicopathological 
characteristics

Univariable analysis showed that the clinicopathological 
features associated with a higher probability of achieving 
axillary pCR were initial cN0 stage, Ki67 high expression, 
HER2+/TN subtypes, and breast pCR. Multivariable 
analysis after adjusting for confounders revealed that the 
probability of showing axillary pCR was still increased in 
patients with cN0 stage, Ki67 high expression (OR 1.58, 
95% CI: 1.20–2.08, P<0.01), HR+HER2+ (OR 2.27, 95% 
CI: 1.70–3.03, P<0.01)/HR−HER2+ (OR 3.09, 95% CI: 
2.21–4.33, P<0.01)/TN(OR 2.12, 95% CI: 1.50–3.00, 
P<0.01) subtypes, and breast pCR (OR 4.38, 95% CI: 3.34–
5.73, P<0.01) (Table 1, Figure 2B).

Association between axillary pCR and breast pCR

The rate of axillary pCR was significantly higher in 
patients with breast pCR than in those without (73% vs. 
36%, P<0.05). Table 2 shows the relative risk of residual 
axillary nodal metastases, as stratified by clinical N stage 
and biological subtype. Relative risk ratio analyses showed 
that after NCT, the relative risk of nodal disease burden 
in patients without breast pCR was 4.81 (95% CI: 3.82–
6.06, P<0.01) compared with patients with breast pCR. 
At presentation, patients without breast pCR across all 
groups had a higher risk of having positive axillary nodes 
after NCT. The relative risk of positive nodal status in 
patients with cN0, cN1, cN2, and cN3 disease without 
versus with breast pCR was 6.45 (95% CI: 3.12–13.32, 
P<0.01), 4.88 (95% CI: 3.38–7.04, P<0.01), 5.69 (95% CI: 
3.74–8.66, P<0.01), and 6.24 (95% CI 3.23–12.03, P<0.01), 
respectively. A significant increase in relative risk was also 
observed between patients within each tumor subtype who 
presented without vs. with breast pCR. The relative risk 
in patients with HR+HER2−, HR+HER2+, HR−HER2+, 
and TN disease was 4.02 (95% CI: 2.70–6.00, P<0.01), 4.50 



Annals of Translational Medicine, Vol 8, No 16 August 2020 Page 5 of 12

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2020;8(16):992 | http://dx.doi.org/10.21037/atm-20-5172

Table 1 Baseline patient characteristics and corresponding axillary pCR rates (%)

Characteristics Total
Axillary pCR

P1 OR 95% CI P2

No Yes

Age

≤40 324 166 [51] 158 [49]

>40 1,485 839 [56] 646 [44] 0.08 0.85 0.64–1.12 0.24 

Menopausal

Premenopausal 1,224 669 [55] 555 [45]

Postmenopausal 649 370 [57] 279 [43] 0.33

Location

Upper outer 788 416 [53] 372 [47]

Lower outer 180 104 [58] 76 [42] 0.76 0.53–1.11 0.15 

Lower inner 93 49 [53] 44 [47] 1.04 0.64–1.70 0.87 

Upper inner 326 172 [53] 154 [47] 1.11 0.83–1.48 0.50 

Central 134 87 [65] 47 [35] 0.09 0.68 0.44–1.04 0.07 

T stage

T1 122 66 [54] 56 [46]

T2 1,130 603 [53] 527 [47]

T3 447 261 [58] 186 [42]

T4 180 110 [61] 70 [39] 0.11

N stage

N0 406 148 [36] 258 [64]

N1 745 415 [56] 330 [44] 0.28 0.20–0.39 <0.01

N2 524 348 [66] 176 [34] 0.17 0.12–0.24 <0.01

N3 216 133 [62] 83 [38] <0.01 0.20 0.13–0.31 <0.01

Ki67

Low 477 317 [66] 160 [34]

High 1,229 620 [50] 609 [50] <0.01 1.58 1.20–2.08 <0.01

Subtype

HR+HER2− 817 570 [70] 247 [30]

HR+HER2+ 420 203 [48] 217 [52] 2.27 1.70–3.03 <0.01

HR−HER2+ 310 120 [39] 190 [61] 3.09 2.21–4.33 <0.01

TNBC 335 146 [44] 189 [56] <0.01 2.12 1.50–3.00 <0.01

Breast pCR

No 1,434 922 [64] 512 [36]

Yes 469 129 [28] 340 [72] <0.01 4.38 3.34–5.73 <0.01

Total 1,903 1,051 [55] 852 [45]

P1, χ2 test; P2, logistic regression analysis; pCR, pathologic complete response; HER2, human epidermal growth factor receptor 2; HR,  
hormone receptor; +, positive; −, negative.
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(95% CI: 2.79–7.25, P<0.01), 3.82 (95% CI: 2.20–6.62, 
P<0.01), and 4.18 (95% CI: 2.52–6.93, P<0.01) respectively 
(Table 2).

Because of the low rate of axillary pCR after NCT in 
patients with cN2/3 (34% and 38%) disease, only the 
patients with initial cN0 and cN1 status within each tumor 
subtype were included in subsequent evaluation. Of the 
patients who had cN0 disease at presentation, 64% had an 
axillary pCR overall. Of those, the nodal negative rate was 
higher in patients with breast pCR than without (89% vs. 
57%, P<0.01). This trend was also demonstrated in each 
molecular subtype. The nodal negative rate in patients with 
HR+HER2−, HR+HER2+, HR−HER2+ and TN disease 
was 75% vs. 46% (P=0.01), 91% vs. 66% (P<0.01), 91% vs. 
73% (P<0.01), and 100% vs. 65% (P<0.01), respectively. In 
patients with cN1 disease, 44% had axillary pCR overall. Of 
these patients, the nodal negative rate was also significantly 
higher for HR+HER2− (68%), HR+HER2+ (75%), HR−
HER2+ (74%), and TN (76%) patients with breast pCR 
compared with those with residual breast disease (26%, 
38%, 53%, and 44%, respectively) (Table 3).

Table 4 shows further analysis of the number of residual 
positive lymph nodes at final pathology. In the case of cN0 
patients with breast pCR, only 4 out of 44 (9%) with HER2+ 
disease had 1 or 2 axillary lymph node metastases at final 
surgical pathology compared with 30 of 98 (31%) patients 
without breast pCR. Among the 4 patients, 3 had 1 positive 
lymph node and 1 had 2 positive lymph nodes. No evidence 
of positive nodal residue was found in the 21 patients 

(100%) with TN disease, compared to 65% (36 of 55)  
patients without breast pCR at surgery. Of the patients with 
cN0 disease who achieved breast pCR, patients with ≥3 
positive lymph nodes were found only in the HR+HER2− 
group (15%, 3 of 20; overall 4%), compared to rates ranging 
from 9% to 30% across all subtypes of patients without 
breast pCR (overall 23%). Ninety patients (43%) with cN1 
and HER2-positive disease were found to have obtained 
breast pCR. Of them, 23 did not achieve axillary pCR (23 
of 90, 26%). Among these 23 patients, 12 had 1, 5 had 2, 
and 6 had ≥3 positive lymph nodes. Overall, we found no 
significant difference in the rate of axillary pCR between 
the HER2-positive (67 of 90, 74%) and TN (31 of 41, 76%) 
groups who achieved breast pCR. For patients with cN1 
disease, the rate of residual disease in ≥3 nodes ranged from 
6% to 15% (overall 10%) and 25% to 40% (overall 34%) in 
patients with and without breast pCR, respectively (Table 4).

Discussion

Over the past decade, improvements in the efficacy of 
chemotherapy and HER2-targeted therapies have led to 
an increase in the pCR rate of breast cancer. The response 
rate has been found to be slightly higher in the lymph 
nodes than in the breast, with a reported axillary pCR rate 
of 22–44% (8). Typically manifested in TN and HER2-
positive disease, the rate of axillary pCR has reached as 
high as 40% to 74% (9). Patients who obtain axillary pCR 
also have reported a significantly higher survival rate than 

Figure 2 PCR in axillary and breast. (A) Association of the incidence rate of axillary pCR in patients who achieved breast pCR. (B) Breast 
pCR and axillary pCR outcomes after NCT among patients with different breast cancer subtypes (%). pCR, pathologic complete response; 
NCT, neoadjuvant chemotherapy. 
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Table 2 Relative risk of positive axillary nodes after NCT in patients with and without breast pCR (%)

Characteristics Breast pCR Total
Axillary pCR

RR 95% CI P
No Yes

N0 No 321 139 [43] 182 [57]

Yes 85 9 [11] 76 [89] 6.45 3.12–13.32 <0.01

N1 No 560 364 [65] 196 [35]

Yes 185 51 [28] 134 [72] 4.88 3.38–7.04 <0.01

N2 No 386 297 [77] 89 [23]

Yes 138 51 [37] 87 [63] 5.69 3.74–8.66 <0.01

N3 No 157 115 [73] 42 [27]

Yes 59 18 [31] 41 [69] 6.24 3.23–12.03 <0.01

Total No 1,424 915 [64] 509 [36]

Yes 467 129 [28] 338 [72] 4.71 3.74–5.93 <0.01

HR+HER2− No 696 519 [75] 177 [25]

Yes 121 51 [42] 70 [58] 4.02 2.70–6.00 <0.01

HR+HER2+ No 298 174 [58] 124 [42]

Yes 122 29 [24] 93 [76] 4.50 2.79–7.25 <0.01

HR−HER2+ No 204 99 [49] 105 [51]

Yes 106 21 [20] 85 [80] 3.82 2.20–6.62 <0.01

TNBC No 216 119 [55] 97 [45]

Yes 119 27 [23] 92 [77] 4.18 2.52–6.93 <0.01

Total No 1,414 911 [64] 503 [36]

Yes 468 128 [27] 340 [73] 4.81 3.82–6.06 <0.01

Adjusted RRN =5.49, 95% CI: 4.31–6.99, P<0.01; adjusted RRSubtype =4.13, 95% CI: 3.26–5.24, P<0.01; pCR, pathologic complete  
response; RR, relative risk; HER2, human epidermal growth factor receptor 2; HR, hormone receptor; +, positive; −, negative.

Table 3 Axillary pCR outcome after NCT for cN0 and cN1 between the different breast cancer subtypes (%)

Subtype

N0 N1

Breast pCR
P

Overall Breast pCR
P

Overall

No Yes pCR P No Yes pCR P

HR+HER2– 75/163 [46] 15/20 [75] 0.01 90/183 [49] 71/270 [26] 36/53 [68] <0.01 107/323 [33]

HR+HER2+ 33/50 [66] 20/22 [91] 0.03 53/72 [74] <0.01 51/136 [38] 36/48 [75] <0.01 87/184 [47] 0.36

HR−HER2+ 35/48 [73] 20/22 [91] 0.09 55/70 [79] <0.01 38/72 [53] 31/42 [74] 0.03 69/114 [61] <0.01

TNBC 36/55 [65] 21/21 [100] <0.01 57/76 [75] <0.01 32/73 [44] 31/41 [76] <0.01 63/114 [55] 0.01

Total 179/316 [57] 76/85 [89] <0.01 255/401 [64] 192/551 [35] 134/184 [73] <0.01 326/735 [44]

pCR, pathologic complete response; HER2, human epidermal growth factor receptor 2; HR, hormone receptor; +, positive; −, negative.
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those with residual nodal disease (9). Consistent with 
previous studies, this population-based study included 
patients in China who received NCT and showed that the 
rate of axillary pCR was 45%. Breast pCR was achieved 
by 25% of patients, 72% of whom obtained axillary pCR. 
A higher rate of axillary pCR were seen in aggressive TN 
and HER2-positive tumors compared with HR+HER2− 
disease. Many recent studies have reported the predictive 
factors of axillary pCR after NCT. For example, a single-
institution study from the University of Texas MD 
Anderson Cancer Center (MDACC) showed that patients 
who achieved axillary pCR were more likely to have TN 
and HER2-positive disease, high-grade tumor, lower 
clinical and pathologic T stage, and pCR in the breast (9). 
We confirmed that lower clinical N stage, TN and HER2-
positive disease, high expression of Ki67, and breast pCR 
were all significant independent predictors of axillary pCR 
in adjusted analysis. Our findings were also consistent with 
those of a study from South Korea (10).

Further analysis of the correlation between pCR in the 
breast and axilla showed that breast pCR obtained after 
NCT was strongly correlated with axillary pCR, especially 
in the HER2-positive and TN subtypes. The rate of axillary 
pCR in patients with no residual tumor in the breast was 
significantly higher than that in patients with residual 
tumors (73% vs. 36% P<0.05). The relative risk of axillary 

lymph node metastasis after NCT in patients with residual 
breast tumors was 4.81 (95% CI: 3.82–6.06, P<0.01) times 
higher than that in patients without. 

The local treatment of initial cN2 and cN3 patients after 
NCT should be approached cautiously and conservatively. 
In our report, the nodal disease burden was high, with 
axillary pCR achieved only in 34% and 38% of these 
patients. Also, because the NCCN and other guidelines 
suggest that those patients should receive ALND and 
following radiotherapy (11), we will mainly discuss N0 and 
N1 patients below.

The overall rate of axillary pCR in the cN0 and cN1 
patients in our study was 64% and 44%, respectively. 
Compared with the breast pCR group, the relative risk of 
axillary metastasis in the non-breast pCR group was 6.45 
(43% vs. 11%, 95% CI: 3.12–13.32, P<0.01) and 4.88 times 
higher (65% vs. 27% CI: 3.38–7.04, P<0.01) (Table 2).  
These results are consistent with those of a prospective 
single-institution study from MDACC, which included 
527 consecutive patients with HER2-positive and TN (T1/
T2 and N0/N1) cancer, and aimed to evaluate the risk of 
axillary metastases in patients who achieve breast pCR after 
NCT (12). They found that patients without breast pCR 
had a relative risk of positive lymph nodes of 7.4 compared 
with those with breast pCR. Among 116 of 290 (40.4%) 
patients with TN or HER2-positive disease and initial 

Table 4 Number of pathologic nodal residual tumors according to breast pCR and subtype (%)

Characteristics
Breast pCR

Total
No breast pCR

Total
0 1 2 ≥3 0 1 2 ≥3

N0

HR+HER2− 15 [75] 2 [10] 0 [0] 3 [15] 20 74 [45] 23 [14] 17[10] 49 [30] 163

HR+HER2+ 20 [91] 2 [9] 0 [0] 0 [0] 22 33 [66] 5 [10] 1 [2] 11 [22] 50

HR−HER2+ 20 [91] 1 [5] 1 [5] 0 [0] 22 35 [73] 4 [8] 2 [4] 7 [15] 48

TNBC 21 [100] 0 [0] 0 [0] 0 [0] 21 36 [65] 6 [11] 8 [15] 5 [9] 55

Total 76 [89] 5 [6] 1 [1] 3 [4] 85 178 [56] 38 [12] 28 [9] 72 [23] 316

N1

HR+HER2− 36 [68] 3 [6] 6 [11] 8 [15] 53 71 [26] 60 [22] 32 [12] 107 [40] 270

HR+HER2+ 36 [75] 5 [10] 4 [8] 3 [6] 48 51 [38] 28 [21] 14 [10] 43 [31] 136

HR−HER2+ 31 [74] 7 [17] 1 [2] 3 [7] 42 39 [54] 10 [14] 5 [7] 18 [25] 72

TNBC 31 [76] 4 [10] 1 [2] 5 [12] 41 32 [44] 16 [22] 6 [8] 19 [26] 73

Total 134 [73] 19 [10] 12 [7] 19 [10] 184 193 [35] 114 [21] 57 [10] 187 [34] 551

pCR, pathologic complete response; HER2, human epidermal growth factor receptor 2; HR, hormone receptor; +, positive; −, negative.
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cN0 status and who obtained breast pCR, 100% had no 
lymph node metastases at surgery. In 237 cases with cN1, 
77 had breast pCR, of whom 69 achieved axillary pCR 
(89.6%). The relative risk of axillary metastasis in patients 
without vs. with breast pCR was 14.0 in cN0 and 5.3 in 
cN1 disease. Inconsistent with the MDACC report, we also 
included patients with initial cT3/T4 stage and patients 
with HR+HER2- disease. This may possibly account for 
the lower rate of axillary pCR and the high relative risk of 
axillary metastasis in patients without breast pCR in our 
study compared with those in the MDACC study. 

Combined analysis with molecular subtypes found that 
the proportion of axillary pCR in the breast pCR subgroup 
was significantly higher than in that without breast pCR 
across all subtypes. At presentation, if patients with TN 
and HER2-positive disease had breast pCR after NCT, the 
likelihood of no residual nodal disease was greater than 90% 
in those with initial cN0 status and around 75% in those 
with initial cN1 status. Consistent with the reports from 
the NCDB and UK databases (13,14), a relatively low rate 
of nodal disease was demonstrated in patients with initial 
cN0/1 and TN or HER2-positive disease who achieved 
breast pCR after NCT. Additionally, patients with T4 status 
were also included in our study, which was more consistent 
with the characteristics of real-world data.

Here, we will summarize two important clinical potential 
implications of our study. Our report shows that SLNB 
after NCT is safe for selected patients. Although SLNB 
has become the standard staging technique for initial cN0 
patients, there is currently no consensus on the optimal 
time (before or after chemotherapy) of SLNB for patients 
who receive NCT. The NCCN Breast Cancer Guidelines 
V1 and V2 (2017) recommended that, for patients with 
initial cN0 disease who undergo NCT, it was feasible to 
perform SLNB before or after chemotherapy; however, 
the V3 guidelines changed to recommend SLNB after 
chemotherapy (11). In the St. Gallen International Expert 
Consensus of Early Breast Cancer 2017, despite the panel 
strongly believing SLNB to be appropriate (95.7%) and 
favoring that biopsy be carried out after chemotherapy 
(60%), 20% of experts voted for SLNB before NCT, and 
16.7% believed that it could be carried out either before 
or after neoadjuvant treatment (2). The main reason for 
the differences in opinion was the concern about positive 
lymph nodes being missed. After deliberate consideration, 
we found that the failure rate of positive lymph nodes for 
the entire cohort was positively correlated with individual 
risk of axillary involvement and false negative rate (FNR) 

after NCT. Our study suggests that the proportions of 
initial cN0 patients with TN and HER2-positive disease 
with residual positive lymph nodes were 0% and 9%, 
respectively. Therefore, the probability of missing positive 
lymph nodes in those patients was much lower than 10%, 
which is a widely accepted cut-off value. 

There is more controversy surrounding the use of SLNB 
in patients who present with initial clinical positive lymph 
nodes and have a clinical response with downstaging to 
clinical negative lymph nodes. In previous retrospective 
studies, the rate of FNR ranged from 5% to 25% (15-17).  
The overall rate of FNR in the prospective studies 
SENTINA (18), ACOSOG Z1071 (19), and SN FNAC (20)  
was 14.2%, 12.6%, and 8.4%, respectively. The high FNR 
of SLNB after NCT can still be seen. The FNR can be 
reduced by improving the SLNB technique and using 
targeted axillary dissection (TAD), which includes marking 
positive lymph nodes with titanium clips or radioactive seeds 
before NCT and then locating and removing the marked 
nodes at surgery, using double tracers, and removing 
three or more sentinel lymph nodes (18,19,21). Further, 
we can optimize the selection of patients who are more 
suitable for SLNB after chemotherapy. Ideally, surgeons 
should be able to predict which patients will respond better 
to chemotherapy and are more likely to obtain axillary 
pCR after NCT, thus confidently minimizing the risk of 
missing positive lymph nodes. Our study suggests that 
the proportion of axillary residual metastatic lymph nodes 
was about 25% in patients who obtained breast pCR who 
had initial cN1 TN/HER2-positive disease before NCT. 
Of those patients, even assuming a high FNR of 30%, the 
failure rate of missing positive lymph nodes for the entire 
cohort would have been 7.5%, which is an acceptable value. 
We can conclude that only a small number of patients who 
had breast pCR with initial cN1 TN/HER2-positive disease 
could have ypN-positive disease, so it is safe to perform 
SLNB for those patients post NCT.

This study provides good theoretical support for future 
clinical trials focused on certain subgroups of patients for 
whom axillary surgery could be completely omitted after 
NCT. Although SLNB is a minimally invasive surgery 
staging technique for axillary lymph nodes compared 
with ALND, surgical trauma and complications still exist 
to a certain degree. At present, some clinical trials, such 
as the ongoing INSEMA study (NCT02466737) and 
the SOUND study (NCT02167490), are exploring the 
possibility of not using axillary surgery in the treatment of 
particular subsets of patients. These studies were designed 
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to determine whether the use of sentinel lymph node 
surgery could be avoided in patients with negative axillary 
nodes with ultrasound examination (22). They represent 
a new attempt for initial cN0 patients to further realize 
axillary downstaging surgery on the basis of SLNB instead 
of ALND. According to a retrospective analysis of the 
Netherlands Cancer Registry database, the rate of axillary 
pCR in patients with initial cN0 and breast pCR was 
97.7%. Axillary pCR was strongly correlated with breast 
cancer subtype in those patients, with an axillary pCR 
rate of 93.3%, 98.4%, 100%, and 98.5% in HR+HER2−, 
HR+HER2+, HR−HER2+, and TN disease, respectively (14).  
In this study, we observed that there were fewer initial cN0 
patients with nodal metastasis after NCT, with an axillary 
pCR rate of 89%, especially in patients with TN (100%) 
and HER2-positive (91%) disease. The findings of our 
study combined with those from previous research make 
avoiding axillary surgery possible and credible in certain 
patients after NCT, which will help to reduce postoperative 
complications, improve patients’ quality of life, and reduce 
medical costs.

As can be seen above, identifying breast pCR before 
surgery appears to be very important in guiding the 
procedure for axillary surgery given the previously 
shown significant correlation between breast and axillary 
pCR. Early conventional and functional breast imaging 
techniques, including ultrasound, mammography, MRI, 
and positron emission tomography (PET), are incapable 
of accurately distinguishing patients with residual breast 
disease from those without (23-25). However, imaging-
guided minimally invasive biopsy techniques might have 
the potential to overcome this impediment. MDACC 
reported a prospective single-institution study, which 
enrolled 40 patients with T1-3N0-3 TN or HER2-positive 
cancer who received NCT. Responsive patients underwent 
ultrasound or mammography-guided fine-needle aspiration 
and vacuum-assisted core biopsy of the initial breast tumor 
region before surgery. Combined fine-needle aspiration and 
vacuum-assisted core biopsy demonstrated an accuracy of 
98%, and a FNR of 5% in predicting residual tumors (26).  
Based on the continuous improvement in the rate of breast 
pCR and the great potential of imaging-guided minimally 
invasive biopsy in accurately identifying patients with breast 
pCR after NCT, the necessity of breast surgery for breast 
pCR patients has also been questioned. An increasing 
number of prospective clinical trials have focused on avoiding 
breast surgery in certain patients post NCT. At present, 
eliminating breast surgery as part of the treatment strategy 

is not the standard. However, the results of these trials, once 
reliable and available, may support the omission of breast 
surgery from the treatment of certain group of patients 
with breast pCR. In turn, our results could then be used to 
promote research on the elimination of axillary surgery from 
the treatment strategies of specific groups of patients (cN0/1 
TN or HER2-positive disease with breast pCR). 

The advantage of this study on the correlation between 
breast and axillary pCR among an Asian population is 
that a large number of patients were enrolled from the 
CSCO breast cancer database, which contains registered 
cases from 9 hospitals representing every region in China. 
Nevertheless, this research does have some limitations. 
Firstly, it is a retrospective study based on a database. 
The number of excluded patients as a consequence of 
missing data, such as unknown ER, PR, or HER2 status, 
postoperative pathological tumor and node stage, and the 
lack of detail about chemotherapy, could have affected the 
results. Secondly, some patients did not undergo imaging-
guided biopsy of lymph nodes which were negative in 
clinical physical examination but suspicious in imaging 
examination. This means that some initial cN1 patients 
were underestimated and identified as cN0, thus affecting 
the results. Thirdly, the pathological results came from the 
pathological laboratories of many centers, and there was 
a lack of unified certification in the central laboratories. 
However, these centers are the hospitals with the highest 
medical quality in China, and their pathology laboratories 
have also been uniformly certified by the Pathological 
Quality Control and Evaluation Center of the National 
Health Commission of the People’s Republic of China 
(PQCC). Therefore, the bias stemming from the results 
of different centers is minute and can be ignored. Despite 
the above limitations, this study is more consistent with 
and better represents real-world patients than some other 
studies. Moreover, the large sample size of our study also in 
part made up for its other shortcomings.

In conclusion, there is a strong correlation between 
breast pCR and axillary metastasis after NCT. Patients with 
initial cN0/1 TN/HER2-positive disease have low risk of 
nodal metastases if they achieve breast pCR at surgery. The 
failure rate of missing positive lymph nodes for the specific 
subset of patients (cN0/1 TN/HER2-positive disease with 
breast pCR) was very low and it is safe for those patients 
to undergo SLNB post NCT. Even in those patients with 
initial cN0 disease, the failure rate was much lower and 
acceptable, which makes avoiding the use of axillary surgery 
after NCT possible. This study also provides a theoretical 
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basis for the clinical trial focus on avoiding axillary surgery 
safely in selected patients.
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Supplementary

Figure S1 Immunohistochemical staining for ER, PR, HER2 Ki-67 and fluorescence in situ hybridization (FISH) for HER2 (100×).
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