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Background: For clinical lymph node positive (cN+) breast cancer, the false negative rate of sentinel lymph 
node biopsy (SLNB) after neoadjuvant chemotherapy (NAC) is high. Prediction of axillary response after 
NAC may provide a better way of patient selection. Our study was designed to evaluate factors associated 
with axillary pathologic complete response (ypN0) after NAC, and to assess the accuracy of the published 
Olga Kantor predictive model.
Methods: A total of 406 patients with cN+ breast cancer were enrolled in this study. All patients had 
received full courses of NAC before undergoing axillary lymph node dissection (ALND). Univariate analyses 
and multivariate analysis were performed to explore independent predictors of ypN0. Then the Olga Kantor 
model were validated by the data of patients enrolled. The Olga Kantor model is not ideal because the 
pathological breast tumor response was not available before surgery, the clinical breast tumor response was 
assessed in our study as a modification. The accuracy of the validation and modification of Olga Kantor 
model were assessed by the area under receiver operating characteristic (ROC) curve (AUC).
Results: Age (P=0.004), molecular subtype (P=0.000), tumor grade (P=0.006), clinical tumor response 
(P=0.000) and Ki-67 (P=0.009) were correlated with ypN0. Age, molecular subtype and the clinical tumor 
response were independent predictors of ypN0 (P<0.05). In validation and modification model, the AUC 
values were 0.795 and 0.789, respectively, there were no significant differences between the two models 
(P=0.536). For model score ≤3, 4–7 and ≥8 in the modification model, the ypN0 rate were 3.9% (2/51), 
22.5% (59/262) and 67.7% (63/93), respectively. 
Conclusions: The Olga Kantor predictive model had high accuracy predicting ypN0 after NAC. Our 
modification model achieved the same predictive efficiency but is more feasible for clinical practice. Patients 
with higher scores were more likely to achieve ypN0, so SLNB might be a better way than ALND. However, 
more patient data and multicenter cohort trials are needed to verify the study.
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Introduction

Sentinel lymph node biopsy (SLNB) has replaced axillary 
lymph node dissection (ALND) as the standard surgery for 
patients with clinically node-negative (cN0) breast cancer. 
This procedure can significantly reduce the incidence of 
upper limb lymphedema, paresthesia, and dyskinesia (1,2). 
In recent years, SLNB has also been suggested for clinically 
node-positive (cN+) patients who become clinically 
node-negative (ycN0) after neoadjuvant chemotherapy  
(NAC) (3). The Sentina and ACOSOG 1071 trials showed 
that the false-negative rate (FNR) could be reduced to 
less than 10% if SLNB was performed under certain 
circumstances, including using double tracers and detecting 
at least 3 sentinel lymph nodes (SLNs) (4,5). Based on 
these trials, SLNB after NAC has been incorporated into 
the National Comprehensive Cancer Network (NCCN) 
guidelines and St. Gallen International Expert Consensus 
(6,7). However, the overall FNR is still high in clinical 
practice, and ALND remains a standard option for these 
patients. False-negative patients with residual disease 
may receive inadequate treatment. Therefore, optimal 
patient selection is of great importance not only to avoid 
unnecessary ALND but also to guide adjuvant treatment 
after surgery. More appropriate candidates for SLNB 
should be patients who achieve axillary pathologic complete 
response (ypN0) upon completing NAC. Given these 
concerns, Olga Kantor et al. developed a model to predict 
which patients have the maximum likelihood of achieving 
ypN0. The areas under the receiver operating characteristic 
(ROC) curves of the testing and validation cohorts in this 
study were 0.781 and 0.788, respectively (8). The purpose 
of our study was to explore the independent predictors 
of ypN0 and to verify the accuracy of the Olga Kantor 
predictive model. We present the following article in 
accordance with the TRIPOD reporting checklist (available 
at https://dx.doi.org/10.21037/tcr-20-3454).

Methods

Patient data

The patient data were generated from clinical and 
pathologic data available at Shandong Cancer Hospital 
from April 2015 to May 2019, and 406 patients were 
included in this retrospective study. All recruited patients 
had been diagnosed with pathological invasive breast cancer 
through core-needle biopsy (core needle size: 12–14 G, 
3–5 tissue strips), and their axillary lymph nodes had been 

proven positive by either fine-needle aspiration or core-
needle biopsy. In addition, all patients had finished full 
courses of NAC with anthracyclines and/or taxane before 
routine breast surgery (including breast-conserving surgery, 
mastectomy, and breast reconstruction) and standard 
ALND. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the Ethics Committee of Shandong 
Cancer Hospital (No. SDTHEC 20110324), and individual 
consent for this retrospective analysis was waived. Patient 
data, such as patient demographics, tumor size, stage, 
molecular subtype, and clinical and pathological breast 
tumor response, were recorded. Hormone receptor (HR) 
positivity was defined as either estrogen or progesterone 
receptor ≥1% in tumor tissue. Her-2 positivity was 
defined as immunohistochemistry or fluorescence in situ 
hybridization (FISH) detection positivity. The standard 
ALND required that a minimum of 10 lymph nodes be 
dissected and examined on pathology. The clinical breast 
tumor response was evaluated by MRI tumor size before 
and after NAC, while pathological tumor response was 
assessed by comparing the preoperative imaging size with 
the postoperative pathological size. The breast tumor 
response could be divided into 3 subgroups according to 
RECIST version 1.1 (9): both progressive disease (PD) 
and stable disease (SD) in RECIST were considered no 
response, partial response (PR) was considered partial tumor 
response, and complete response (CR) was considered 
complete tumor response. Pathologic complete response 
(pCR) refers to no residual tumor cells (including isolated 
tumor cells) in the primary breast and axillary lymph node 
specimens by pathological examination.

Validation of the ypN0 predictive model

Univariate analysis was used to determine the factors 
associated with ypN0 after NAC, and then the significant 
factors were included in a multivariate analysis to explore 
independent predictors of ypN0. The data of all 406 
included patients were then input into the Olga Kantor 
predictive model for validation, the model score was 
calculated for each patient according to Table 1, and the 
predictive efficiency was assessed. However, considering 
that the Olga Kantor model is not ideal because the 
pathological breast tumor response was not available at the 
time of surgical decision-making, the actual clinical breast 
tumor response was assessed in our study by a surrogate 
by comparing the MRI breast tumor size before and after 
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NAC as a modification. The model score and the predictive 
efficiency of the modification model were also analyzed (8).

Statistical analysis

Statistical analysis was performed by using SPSS 22.0 
(IBM Company, Armonk, NY). Chi square (v2) tests 
were performed to examine univariate factors associated 
with ypN0, and the significant factors were then included 
in multivariate logistic regression to determine the 
independent predictive factors for ypN0 after NAC. The 
model score was calculated for each patient, and model 

accuracy was tested by the area under the curve (AUC). 
The Z test was performed to analyze the difference in AUC 
between the validation and modification models. The ypN0 
rate was analyzed according to model score. P<0.05 was 
considered statistically significant.

Results

Clinical data

From April 2015 to May 2019, 406 patients with cN+ breast 
cancer were enrolled in this study. All patients had received 
full courses of NAC before undergoing ALND, and there 
were no missing data for the enrolled patients. The median 
age was 56 years (28–70 years). Of these patients, 124 
(30.5%) had a complete pathologic nodal response after full 
courses of NAC.

Analysis of ypN0 predictors

Data from patients who achieved ypN0 were compared to 
those with residual positive nodes (ypN+). In 406 patients, 
age (P=0.004), molecular subtype (P=0.000), tumor grade 
(P=0.006), clinical tumor response (P=0.000) and Ki-67 
(P=0.009) were correlated with ypN0 after NAC (Table 2). 
Then, the related factors were entered into a multivariate 
regression, which indicated that age (OR =7.457, 95% CI: 
2.545–21.852), molecular subtype (OR =1.373, 95% CI: 
1.167–1.616) and clinical tumor response (OR =3.254, 95% 
CI: 2.462–4.301) were independent predictors of ypN0 
(P<0.05) (Table 3).

Validation and modification of the Olga Kantor predictive 
model

The data of all 406 patients were input into the Olga Kantor 
predictive model for validation. Then, a modification was 
made by using the clinical tumor response as a substitute 
for the pathological tumor response. The model scores for 
enrolled patients in the validation and modification models 
were determined (Table 4). In both models, an increasing 
score was correlated with a stepwise increase in the ypN0 
rate. The overall trend of ypN0 percentage in our study is 
shown in Figure 1. The AUC values of the validation and 
modification models were 0.795 and 0.789, respectively 
(Figure 2) and were not significantly different (P=0.536). In 
the modification model, the ypN0 rate for patients with a 
model score no greater than 3 was 3.9% (2/51), the rate for 

Table 1 Model score calculation in Olga Kantor model

Variable Assigned point score

Age (year)

≥50 1

<50 1.5

Molecular subtype

HR+/HER2− 1

HR−/HER2− 3

HR+/HER2+ 4

HR−/HER2+ 5

Tumor grade

Grade1/2 1

Grade 3 1.5

Tumor histology

Lobular/mixed 1

Ductal 1.5

cN stage

cN2/N3 1

cN1 1.5

Breast tumor response

No response 0

Partial tumor response 2

Complete tumor response 4

Total* 5–15

*, The model was adjusted to a 1–10 numeric scale by 
subtracting 5 from the total score. Reprinted by permission 
from Springer Nature Customer Service Centre GmbH, Springer 
Nature, Annals of Surgical Oncology (8). 
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Table 2 Univariate analysis of ypN0

Variable Total (n) ypN0 (n) ypN+ (n) P value

No. of patients 406 124 282

Age (year) 0.004

≥50 198 47 151

<50 208 77 131

Menopause 0.136

Yes 183 49 134

No 223 75 148

Molecular subtype 0.000

HR+/HER2− 194 35 159

HR−/HER2− 54 26 28

HR+/HER2+ 85 31 54

HR−/HER2+ 73 32 41

Ki-67 0.009

<14% 62 10 52

≥14% 344 114 230

Tumor grade 0.002

G1/2 265 67 198

G3 141 57 84

Tumor histology 0.517

Lobular/mixed 35 9 26

Ductal 371 115 256

Clinical N stage 0.684

cN1 195 59 136

cN2 101 34 67

cN3 110 31 79

Clinical T stage 0.318

cT1 42 13 29

cT2 192 61 131

cT3 67 24 43

cT4 105 26 79

Clinical breast tumor response 0.000

No response 48 1 47

Partial tumor response 269 57 212

Complete tumor response 89 66 23

Pathological breast tumor response 0.000

No response 49 2 47

Partial tumor response 286 59 227

Complete tumor response 71 63 8
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Table 3 Multivariate logistic regression analysis of ypN0

Variable B SE P value OR value 95% CI

Age 2.009 0.549 0.000 7.457 2.545–21.852

Molecular subtype 0.317 0.083 0.000 1.373 1.167–1.616

Ki-67 0.626 0.424 0.140 1.870 0.814–4.297

Tumor grade −0.021 0.565 0.970 0.979 0.324–2.962

Clinical breast tumor response 1.180 0.142 0.000 3.254 2.462–4.301

Constant −7.606 1.106 0.000 0.000 –

B, partial regression coefficient; SE, standard error; OR, odds ratio; 95% CI, 95% confidence interval. 

Table 4 Model score for patients in validation/modification model

Total score Model score
ypN0 (n) ypN0 (%)

Validation Modification Validation Modification

5–5.5 1 0/2 0/5 0.0% 0.0%

6–6.5 2 1/25 0/18 4.0% 0.0%

7–7.5 3 1/31 2/28 3.2% 7.1%

8–8.5 4 16/122 17/121 13.1% 14.0%

9–9.5 5 4/15 3/17 26.7% 17.6%

10–10.5 6 21/57 21/64 36.8% 32.8%

11–11.5 7 23/68 18/60 33.8% 30.0%

12–12.5 8 27/48 27/47 56.3% 57.4%

13–13.5 9 16/20 21/26 80.0% 80.8%

14–15 10 15/18 15/20 83.3% 75.0%

patients with a model score of 4–7 was 22.5% (59/262), and 
the rate was 67.7% (63/93) when the model score was ≥8.

Discussion

NAC is the standard treatment for patients with locally 
advanced breast cancer. A response of the tumor to 
chemotherapy increases the chance of breast-conserving 
surgery (10). Pathological complete response (pCR) after 
NAC is considered a sign of long-term survival benefit. 
The survival rate of patients who achieve pCR after 
NAC is significantly higher than that of patients with 
residual positive disease (11). Approximately 40–75% of 
patients with cN+ disease achieve axillary pCR after NAC  
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Figure 1 Percentage of ALND in validation and modification 
model. Adapted by permission from Springer Nature Customer 
Service Centre GmbH, Springer Nature, Annals of Surgical 
Oncology (8).
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(12-14). In these patients, regular surgery for ALND would 
be an overtreatment that has no clear benefit but prolongs 
hospital stay and increases the incidence of morbidities 
(such as lymphedema). However, the axillary response 
to chemotherapy can only be evaluated through imaging 
examinations before surgery. Therefore, the ideal candidate 
for SLNB after NAC is a cN+ patient who becomes 
clinically node-negative after NAC, the feasibility of which 
has been proven by the Sentina and ACOSOG 1071 trials 

(4,5). However, the FNR of SLNB after NAC remains 
too high for widespread acceptance, which indicates that 
improvement is needed for the further application of SLNB 
in clinical practice. The SLNB technique could be improved 
by implanting markers in positive nodes before NAC, using 
double tracers and detecting ≥3 SLNs in surgery. However, 
more important are changes in patient selection to increase 
sensitivity. More appropriate candidates are patients 
who are more likely to develop ypN0 upon completing 
NAC. Given these concerns, several studies have explored 
predictive models of ypN0 after NAC for better patient 
selection (8,15-17). Kantor et al. retrospectively analyzed 
data from 19,115 patients. Age, molecular subtype, tumor 
grade, tumor histology, cN stage, and pathologic tumor 
response were all significant independent predictors of 
ypN0 after NAC. The AUC values of the testing cohort 
(n=13,396) and validation cohort (n=5,719) in this predictive 
model were 0.781 and 0.788, respectively (8). The study 
showed that patients with higher scores were more likely to 

achieve ypN0 and therefore were more suitable candidates 
for SLNB than ALND. Compared with other models, the 
Olga Kantor model has the advantage of a larger cohort 
and higher predictive accuracy. Therefore, this model was 
chosen for validation in our study.

In the Olga Kantor predictive model, all patient data 
were derived from the National Cancer Data Base NCDB 
database (18), which does not collect data on clinical 
tumor size after NAC; thus, the breast tumor response was 
assessed by comparing the clinical tumor size before NAC 
with the pathological tumor size after surgery. This model 
is conspicuously not applicable in clinical practice because 
pathological results are generally unavailable at the time 
of surgical decision-making. Therefore, we attempted to 
demonstrate that this model is also applicable when the real 
clinical tumor response is taken into account so that the 
axillary status can be predicted preoperatively. If the model 
is also accurate with the clinical tumor response, it may be 
possible to finally implement the model in clinical practice. 
Nevertheless, using the actual clinical response could 
produce a distinct predictive model that generates more 
accurate predictions. Since our sample size is too small, the 
data are far from sufficient to build a new model. Future 
studies might focus on developing new models more in line 
with clinical practice.

In our study, when we analyzed factors related to ypN0, 
we also used the clinical tumor response as the standard 
for evaluating the tumor response to NAC. We verified 
that age, molecular subtype, and breast tumor response 
were independent predictors of ypN0. However, tumor 
grade, tumor histology and clinical N stage, which were 
also independent predictors in the Olga Kantor model, did 
not show statistical significance in our study. This might 
be because the sample size of our study was much smaller 
(n=350) than that of the Olga Kantor model (n=19,115); 
there might also be an influence of regional differences. 
Moreover, the difference might be due to the method of 
assessing tumor response, as the influence coefficient of the 
pathological tumor response might be more significant than 
that of the clinical tumor response.

The validation of the Olga Kantor predictive model 
showed that the AUC was 0.795, indicating high accuracy 
of this model in our center. For the modification model, 
the AUC was 0.789. No significant difference in AUC was 
observed between the two models (P=0.536). Therefore, the 
modification model has the same predictive efficiency but is 
more in line with clinical practice.

Our study also attempted to address some other 
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Figure 2 ROC curves for validation and modification model. The 
AUC values of the validation and modification models were 0.795 
and 0.789 (P=0.536).
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limitations of the Olga Kantor predictive model. First, we 
only selected patients who had completed full courses of 
anthracyclines and taxane-based neoadjuvant chemotherapy, 
whereas for the Olga Kantor predictive model, patients 
were recruited regardless of the specific chemotherapy 
regimens and number of cycles of therapy, which might 
lead to lower predictive effectiveness. Second, we analyzed 
several factors that were not included in the Olga Kantor 
predictive model, including Ki-67 and menstrual status, 
and found that none were independent predictors of ypN0  
(Table 3).

The prediction of ypN0 after NAC can provide 
suggestions for selecting patients suitable for SLNB after 
NAC. In our modification model, the ypN0 rate in patients 
with a model score ≤3 was 3.9% (2/51). For this group of 
patients, ALND might be a more appropriate selection. The 
ypN0 rate in patients with model scores of 4–7 was 22.5% 
(59/262). For these patients, SLNB might be feasible, 
particularly if markers are placed in the positive node 
before NAC, double tracers are used and more than two 
SLNs are detected to reduce the FNR. The ypN0 rate in 
patients with a model score ≥8 was 67.7% (63/93). In these 
patients, the FNR of SLNB may be low enough to allow 
SLNB to be performed directly; thus, SLNB might be a 
better choice than ALND. It is worth noting that the ypN0 
rate in patients who achieved a total score of 15 was 100% 
(2/2). We expect that these patients can even avoid axillary 
surgery. The SOUND (19) and ASICS clinical trials have 
begun studying the possibility of avoiding axillary surgery 
in early breast cancer patients with negative preoperative 
axillary assessment (cN0). The results of these two trials 
may lay the foundation for avoiding axillary surgery in cN+ 
patients. However, only 2 patients in our study achieved a 
total score of 15, and this sample size is too small to provide 
valuable evidence for guiding axillary surgery options.

Our study also has several limitations. First, because 
the cohort of our study was small (<500 patients), 
recommendations cannot be made based on the results 
of our study, and we can only give suggestions on which 
axillary surgery might be more appropriate according to 
the model score. There have been no reports of the long-
term outcomes of cN+ patients treated with NAC who 
did not undergo ALND. Therefore, whether oncologic 
safety is guaranteed when ALND is omitted is unknown, 
and further study is required to prove the clinical safety of 
omitting ALND. Second, the real clinical tumor response 
in this study was assessed by comparing the MRI tumor 
size before and after NAC. However, not all institutions 

routinely perform MRI before and after NAC. Ultrasound 
can be a replacement, but its accuracy is limited. As a 
method of avoiding ALND, targeted axillary dissection 
(TAD), which includes sentinel lymph node dissection 
and selective localization and removal of clipped nodes, 
has also been researched in recent years (20,21). A recent 
review comparing the accuracy of SLNB, MRI and TAD 
found that TAD was the most accurate (22). The proposed 
predictive model for ypN0 after NAC can be used in TAD 
to further reduce the FNR.

Conclusions

The predictive model for ypN0 after NAC for cN+ patients 
can provide reasonable patient selection for SLNB. We 
validated the high accuracy of the Olga Kantor model, 
and our modification model achieved the same predictive 
accuracy but is more suitable for clinical practice. Patients 
with higher scores were more likely to achieve ypN0 
and therefore are more suitable candidates for SLNB 
than ALND. However, related research on this topic is 
insufficient, and more patient data and multicenter cohort 
trials are needed to verify these conclusions.
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