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Purpose: Pathological complete response (pCR) of axillary lymph
node (LN) is frequently achieved in patients with clinically node-
positive breast cancer after neoadjuvant chemotherapy (NAC).
Treatment of the axilla after NAC is not well established and the
value of sentinel LN biopsy following NAC remains unclear. This
study investigated the predictive value of axillary response fol-
lowing NAC and evaluated the predictive value of a model based
on axillary response. Methods: Data prospectively collected on
201 patients with clinically node-positive breast cancer who
were treated with NAC and underwent axillary LN dissection
(ALND) were retrieved. A model predictive of axillary pCR was
developed based on clinicopathologic variables. The overall predic-
tive ability between models was compared by receiver operating
characteristic (ROC) curve analysis. Results: Of 201 patients who
underwent ALND after NAC, 68 (33.8%) achieved axillary pCR.
Multivariate analysis using axillary LN pCR after NAC as the

dependent variable showed that higher histologic grade (p=
0.031; odds ratio [OR], 2.537; 95% confidence interval [Cl],
1.087-5.925) and tumor response rate >47.1% (p=0.001; OR,
3.212; 95% Cl, 1.584-6.515) were significantly associated with
an increased probability of achieving axillary pCR. The area under
the ROC curve for estimating axillary pCR was significantly
higher in the model that included tumor response rate than in the
model that excluded this rate (0.732 vs. 0.649, p=0.022).
Conclusion: Tumor response rate was the most significant inde-
pendent predictor of axillary pCR in response to NAC. The mod-
el that included tumor response rate was a significantly better
predictor of axillary pCR than the model that excluded tumor re-
sponse rate.
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INTRODUCTION

Neoadjuvant chemotherapy (NAC) is currently regarded as
the standard and primary treatment for patients with locally
advanced breast cancer [1,2]. Axillary lymph node (LN) status
is an important prognostic factor in breast cancer patients, be-
ing associated with the risk of locoregional recurrence and
metastasis and guiding locoregional and systemic treatment
decisions. NAC reduces breast tumor burden, increasing the
ability to perform breast conservation and axillary conserva-
tion surgery [3-6]. Another advantage of NAC is that long-
term prognosis, including locoregional and survival out-
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comes, is improved in patients who achieve pathologic com-
plete response (pCR) in the breast and axilla [7,8], with nodal
PCR being a more important prognostic factor than breast
pCR [7,9]. NAC can convert 40% to 75% of patients present-
ing with clinical axillary LN-positive disease to node-negative
status [8,10]. In addition, axillary LN dissection (ALND) can
be omitted for patients who achieve axillary pCR, avoiding
postoperative complications such as lymphedema, arm pain,
and reduced arm movement [11,12]. Identifying patients who
do not require ALND requires a noninvasive method, ap-
proximating the accuracy of ALND, to evaluate axillary LN
response to NAC. To date, clinically node-positive patients
have undergone ALND, regardless of nodal response, after
NAC.

Other clinical trials have tested the suitability of sentinel LN
biopsy (SLNB) after NAC for patients with clinically node-
positive breast cancer. SLNB, however, has a relatively low true
positive rate, ranging from 80% to 90%, while also having a
relatively high false negative rate, up to 30% when only one
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sentinel LN was removed [10,13]. Few previous studies have
evaluated methods to improve the ability of axillary LN status
to predict axillary pCR, and to improve the accuracy of SLNB
in patients with clinically node-positive breast cancer after
NAC. Therefore, additional tools may prove helpful in esti-
mating axillary nodal response to NAC in patients with clini-
cal node-positive breast cancer, and in identifying which pa-
tients who do not require ALND. Models have been designed
to predict the probabilities or risks of clinical outcomes, there-
by assisting clinicians and patients in determining how to
manage breast cancer [14,15]. These models have limitations,
however, because they did not evaluate tumor response after
NAC, but because they were not validated using data from an
institution not involved in model development. This study
evaluated factors predictive of axillary pCR and compared the
model based on our data, which approximates the accuracy of
axillary LN status, to identify patients with clinically node-
positive breast cancer who achieved axillary pCR after NAC.

METHODS

Patient population

A total of 2,619 patients underwent surgery for malignant
breast cancer at the Seoul St. Mary’s Hospital, The Catholic
University of Korea from January 2010 to December 2015.
Data were prospectively collected from all patients and re-
viewed retrospectively. Of the 2,619 patients, 260 had clinical

2,619 Patients who operated
in our hospital
(2010.01-2015.12)

.

260 Patients who underwent
NAC in our hospital
(2010.01-2015.12)

59 Patients excluded
43 Cytologically negative

> axillary LN metastasis
\ 4 6 Another chemotherapy
201 Patients cytologically 10 Discontinue NAC
positive axillary LN
metastasis
. . 133 Non-axillary
68 Axillary pathologic pathologic
complete response
complete response

Figure 1. Study profile. Two hundred one patients with cytologically
positive axillary lymph node (LN) metastasis confirmed by core needle
biopsy who received neoadjuvant chemotherapy (NAC) were enrolled in
this study.
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stage IT or III primary breast cancer and underwent NAC fol-
lowed by radical surgery (Figure 1). Core needle biopsy speci-
mens of all primary tumors and axillary LNs were obtained
before NAC. All patients had undergone breast magnetic res-
onance imaging (MRI) before and during NAC, with the last
MRI performed prior to undergoing surgery. Of these 260 pa-
tients, 59 were excluded, including 43 without cytologically
proven axillary LN metastasis, six who received another che-
motherapy regimen, and 10 who discontinued NAC before
completion. The remaining 201 patients were confirmed as
having axillary LN metastasis and underwent radical opera-
tion of the primary tumor with concurrent ALND. All the pa-
tients received sequential chemotherapy or combination che-
motherapy, consisting of anthracycline and taxane.

This study protocol was approved by the Institutional Re-
view Board of Seoul St. Mary’s Hospital (KC 16RISI0859),
which waived the requirement for informed consent because
of the retrospective design of the study.

Definition of tumor response rate and clinical response

Tumor and axillary LN response rates were evaluated on
breast MRI by two experienced radiologists based on visual
assessments and calculations. The tumor response rate was
calculated as the percentage of tumors and axillary LNs show-
ing reductions in size according to the Response Evaluation
Criteria in Solid Tumors 1.1 criteria [16,17]. The longest tu-
mor diameter and a short axis axillary LN diameter greater
than 1.5 cm were defined as the target lesion. Breast MRI re-
sults before NAC (baseline) and after NAC (before surgery)
were compared. Individual lesion diameters are calculated as
the sum of the diameters of all lesions. Clinical response was
classified as complete response (CR), partial response, stable
disease, or progressive disease (PD). CR was defined as the
disappearance of all target lesions and partial response as a
>30% reduction in the sum of the longest diameters of target
lesions, relative to the sum of the diameters at baseline. PD
was defined as a >20% increase in the sum of the longest di-
ameters of target lesions, relative to the smallest sum in the
study as reference; and stable disease was not defined as inter-
mediary between partial response and PD [16,17].

Pathological diagnosis

Axillary LN status was evaluated by core needle biopsy be-
fore NAC. Biopsy samples were assayed for expression of es-
trogen receptor (ER), progesterone receptor (PR), human epi-
dermal growth factor receptor 2 (HER2), and Ki-67, and their
histologic grade was evaluated. Positive ER and PR status was
defined as an Allred score >3 or nuclear staining > 1%. HER2
status was determined by immunohistochemistry (IHC) or
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fluorescence in situ hybridization (FISH), with positive HER2
status defined as an IHC score of 3+ or 2+ with HER2 gene
amplification confirmed by FISH. The amplification ratio was
defined as the HER2 gene locus copy number relative to chro-
mosome 17 centromere copy number, with an amplification
ratio >2.0 considered positive. Ki-67 was dichotomized by
the percentage of cells expressing Ki-67 (< 14% and >14%).
Breast cancers into the four different subtypes: luminal A
(ER+ or PR+, HER2-, and Ki-67 <14%); luminal B ([ER+ or
PR+, HER2-, and Ki-67 >14%] or [ER+ or PR+ and
HER2+]); HER2 (ER- and PR- and HER2+); and triple-nega-
tive breast cancer (ER- and PR- and HER2-). All THC results
were interpreted by a single pathologist. Responses of the pri-
mary breast tumor and axillary LNs to NAC were recorded.
Axillary pCR was defined as the complete absence of previ-
ously visible micrometastases and macrometastases (>0.2
mm) in axillary LNs following NAC.

Model construction and evaluation of performance

The predictive accuracy of models estimating residual nodal
metastasis in patients with clinically node positive breast can-
cer after NAC was determined by receiver operating charac-
teristic (ROC) curve analysis. To develop a new model, the
dataset was analyzed by univariate and multivariate logistic
regression analysis. This new model was subsequently used to
predict the likelihood of patients achieving axillary pCR to
NAC. Construction of this new model included factors such
as independent predictors (p<0.05) in the multivariate logis-
tic regression model, as well as clinically significant predictors
from other studies, as well as statistically relevant factors. The
discriminatory performance of each model, defined as its abil-
ity to distinguish among patients with different responses or
events, was assessed by measuring the area under ROC curves
(AUC). The statistical differences among different AUCs were
also investigated.

Statistical analysis

Differences in continuous variables between groups of pa-
tients who did and did not achieve axillary pCR were assessed
by the t-test or Wilcoxon rank sum test, and differences in
categorical variables were analyzed by the chi-square test or
Fisher exact test. Categorical variables are presented as num-
ber (%) or mean + standard deviation (SD), and continuous
variables as median (interquartile range). Simple and multi-
variate logistic regression models were calculated and used to
analyze the relationship between covariates, as determined by
odds ratio (OR) and 95% confidence interval (CI). The pre-
dictive performance of each model was presented as sensitivi-
ty, specificity, positive predictive value (PPV), and negative
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predictive value (NPV), with differences between models cal-
culated by comparing AUCs. All statistical analyses were per-
formed using SAS version 9.4 (SAS Institute Inc., Cary, USA),
with a p-value less than 0.05 considered statistically signifi-
cant.

RESULTS

Patient characteristics

To investigate whether each factor was predictive of axillary
LN pCR in response to NAC, the patients were assigned to
groups that did and did not achieve LN pCR (Table 1). Of the
201 women investigated, 68 (33.8%) achieved axillary LN
pCR, whereas 133 (66.2%) had residual axillary disease after
NAC. Patients who achieved axillary pCR tended to be
younger (<50 years). Tumors with higher histologic grade
and higher Ki-67 expression were significantly more common
in patients who did than did not achieve axillary pCR. In con-
trast, negative ER and PR status, positive HER2 status, and tu-
mors with early clinical and nodal stage did not differ signifi-
cantly in the two groups.

Clinical response to neoadjuvant chemotherapy

Mean tumor diameters before and after NAC were 4.58 +
2.24 cm and 1.92+1.89 cm, respectively, whereas mean axil-
lary LN diameters before and after NAC were 1.85+0.85 cm
and 0.77+0.50 cm, respectively (Tables 1 and 2). Tumor and
axillary LN sizes throughout treatment were significantly
smaller in patients who did than did not achieve axillary pCR.
The clinical CR rate was significantly higher in patients who
did than did not achieve axillary pCR (16.2% vs. 3.8%, p=
0.004).

The mean overall tumor response rate was significantly
higher in patients who did than did not achieve axillary pCR
(57.9% +26.5% vs. 42.3% +22.2%, p<0.001). The median tu-
mor response rate for all 201 patients was 47.1% (-10.1%-
100%). Using the median as the cutoff value, we found that
tumor response rate was significantly higher in patients who
did than did not achieve axillary pCR (70.6% [48/68] vs.
38.4% [51/133], p<0.001) (Table 2).

Predictors of axillary lymph node pathologic complete
response

Table 3 shows univariate and multivariate analyses of fac-
tors possible predictive of achieving axillary LN pCR. Univari-
ate logistic regression analysis showed that patients with a
high tumor response rate (>47.1%) were more likely to
achieve axillary pCR than patients with a lower tumor re-
sponse rate (OR, 3.859; 95% CI, 2.059-7.230). Higher histo-
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Table 1. Comparison of patient clinicopathologic characteristics be-
tween the axillary LN pCR and non-axillary LN pCR before NAC
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Table 2. Comparison of patient clinicopathologic response between the
axillary LN pCR and non-axillary LN pCR after NAC

Axilary LN-pCR Axilary LN-pCR
Baseline characteristic No (n=133) Yes (n=68) p-value Variable No(n=133) Yes(n=68) p-vaue
No. (%) No. (%) No. (%) No. (%)

Age (yr)* 4911+£949  47.57+9.64 0.283 Pathologic tumor stage <0.001
<50 64 (48.1) 42 (61.8) 0.067 T0 or Tis 10(7.5) 26 (38.2)
>50 69 (561.9) 26 (38.2) T 46 (34.6) 27 (39.7)

Menopausal 0.666 T2 58 (43.6) 13 (19.1)
Premenopausal 74 (55.6) 40 (58.8) T3orT4 19(14.9 229
Postmenopausal 59 (44.4) 28 (41.2) Pathologic nodal stage <0.001

Breast operation 0.071 NO 0 68 (100)

Wide excision 47 (35.3) 33 (48.5) N1 72 (54.1) 0
Mastectomy 86 (64.7) 35 (51.5) N2 (86 0
Clinical tumor stage 0.922 NS ) ) 23(17.3) 0
1 1005) 669 Primary tumor size after NAC (cm)* 2.64+2.02  1.92+1.89 0.004
) ) Axillary LN size after NAC (cm)* 0.96+0.53 0.77+0.50 0.031
T2 66 (49.6) 31 (45.6) o
3 59 (39,1 o8 (419 Clinical response 0.004
(39) (@12) Stable or partal 128(962)  57(838)
T 508 3(44) Complete 5(38) 11(16.2)

Clinical nodal stage 0.571 Tumor response rate (%)° 4234222 5794265 <0001
NT 85(63.9) 45(66.2) 2471 51(384)  48(706)  <0.001
N2 35(26.3) 14(20.6) <474 82(61.7)  20(29.4)

N3 13(9.8) 9(13.2) — ] ) )

Primary tumor size (cm)* 4435233 4584294 0.463 p-value of S|gn|f|cant difference between Recurrence, by chi-square, Fisher
) ) ) exact and Wilcoxon rank sum test.

Avillary LN size (cm) 1.82+0.95 1.85+0.85 0.851 LN =lymph node; pCR=pathologic complete response; NAC =neocadjuvant

Histologic type 0.628 chemotherapy.

IDC 125 (94.0) 66 (97.1) “Mean +SD.
IL.C 6(4.5) 2(2.9)
Other 2(1.5) 0 logic grade, higher Ki-67 score, clinical response, and axillary

Histologic grade 0.002 LN size after NAC were found to be significantly predictive
Grade 1or2 99 (r4.4) 36 (52.9) of pCR. Multivariate analyses using axillary LN pCR after

% Y g y P
EF(jrade 8 34259 3247.1) 0,086 NAC as a dependent variable showed that higher histologic
' - . . 0, _ .
Negative 46 (345 3 (47.1) grade (p=0.031; OR, 2.537; 95% CI, 1.087-5.925) and higher
Positive 87 (65.4) 36 (52.9) (247.1%) tumor response rate (p=0.001; OR, 3.212; 95% CI,

PR 0.151 1.584-6.515) were significantly associated with an increased
Negative 72 (54.1) 44 (64.7) probability of achieving axillary pCR. In contrast, older pa-
Positive 61 (45.9) 24.(35.3) tients were less likely than younger patients to achieve axillary

HER2 0.917 pCR (p=0.018; OR, 0.433; 95% CI, 0.217-0.865). ER status,
ll;legl?tlve jj gg?) gg Egzg HER?2 status, Ki-67 score and axillary LN size after NAC were

osttive . . . . . .

Ki67 0.051 not significantly associated with axillary LN pCR.

Low 60 (45.1) 20 (29.4)
High 73 (54.9) 48 (70.6) Assessment of the prediction model

Subtype 0.374 Previous studies have shown that axillary pCR was associat-
Luminal A 48(36.1) 15(22.1) ed with younger age, high histologic grade, high levels of Ki-
Lurninal B 38 (28.6) 23(33.8) 67 expression, ER-negativity, and HER2-positivity [14,15]. We
HER? 24(18.0) 14(209) constructed a basic model based on these results and statisti-
TNBC 23(17.3) 16 (23.5)

p-value of significant difference between Recurrence, by chi-square, Fisher
exact, Student t-test or Wilcoxon rank sum test.

LN=Ilymph node; pCR=pathologic complete response; NAC =neoadjuvant
chemotherapy; IDC=invasive ductal carcinoma; ILC=invasive lobular carci-
noma; ER=estrogen receptor; PR =progesterone receptor; HER2 =human
epidermal growth factor receptor 2; TNBC = triple-negative breast cancer.
*Mean+SD.
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cally significant variables in our study, including age, ER-sta-
tus, HER2-status, histologic grade, and Ki-67 expression, to
determine whether this model could predict the probability of
our patients achieving axillary pCR. We eliminated the nega-
tive effect of our small-size population, which was shown to
result in a wide CL. We then attempted to develop a new mod-
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Table 3. Univariate and multivariate logistic regression analysis of variable factors for predicting axillary LN pCR

Variable OR (95% Cl) p-value Adjusted OR (95% Cl) p-value
Age (yn) 0.068 0.018
<50 Reference Reference
>50 0.574 (0.316-1.042) 0.433 (0.217-0.865)
ER 0.087 0.817
Negative Reference Reference
Positive 0.595 (0.328-1.079) 0.899 (0.365-2.212)
HER2 0.663 0.809
Negative Reference Reference
Positive 0.849 (0.407-1.772) 1.136 (0.404-3.190)
Ki-67 0.033 0.641
Low Reference Reference
High 1.972 (1.057-3.679) 1.207 (0.548-2.654)
Histologic grade 0.0038 0.031
Grade 1 or 2 Reference Reference
Grade 3 2.588 (1.399-4.788) 2.537 (1.087-5.925)
Clinical response 0.005 0.088
Stable or partial Reference Reference
Complete 4.940 (1.641-14.875) 3.030 (0.849-10.813)
Axillary LN size after NAC (cm) 0.467 (0.250-0.873) 0.017 0.719 (0.350-1.474) 0.368
Tumor response rate (%) <0.001 0.001
>47.1 Reference Reference
<471 3.859 (2.059-7.230) 3.212 (1.584-6.515)

Statistics were carried out using logistic regression analysis.

LN =Ilymph node; pCR=pathologic complete response; OR=o0dds ratio; Cl=confidence interval; ER=estrogen receptor; HER2 =human epidermal growth factor

receptor 2; NAC =neoadjuvant chemotherapy.

Table 4. Summary of the difference of prediction performance between the models

Axillary LN-pCR No.

Model  Predicted result Observed result Sensitivity (95% Cl) Specificity (95% Cl) PPV (95% Cl) NPV (95% Cl)
Negative  Positive

1 Negative 121 49 0.279 (0.173-0.386) 0.910 (0.861-0.959) 0.613 (0.441-0.784) 0.712 (0.644-0.780)
Positive 12 19

2 Negative 116 40 0.412 (0.295-0.529) 0.872 (0.815-0.929) 0.622 (0.481-0.764) 0.744 (0.675-0.812)
Positive 17 28

3 Negative 120 45 0.338 (0.226-0.451) 0.902 (0.852-0.953) 0.639 (0.482-0.796) 0.727 (0.659-0.795)
Positive 13 23

4 Negative 110 39 0.427 (0.309-0.544) 0.827 (0.763-0.891) 0.558 (0.423-0.693) 0.738 (0.668-0.809)
Positive 23 29

Model 1: age, estrogen receptor status, human epidermal growth factor receptor 2 status, histologic grade, Ki-67; Model 2: Model 1-+clinical response; Model 3:
Model 1+axillary lymph node size after neoadjuvant chemotherapy (cm); Model 4: Model 1+tumor response rate.
LN =lymph node; pCR = pathologic complete response; Cl = confidence interval; PPV =positive predictive value; NPV =negative predictive value.

el, based on the independent predictors of axillary pCR shown
in our multivariate logistic regression analysis. To determine
whether a model that included tumor response rate would af-
fect the axillary nodal response to NAC, we developed a mod-
el dichotomizing tumor response rate as >47.1% or <47.1%.
We found that the model that included tumor response rate
had a sensitivity of 42.7%, a specificity of 82.7%, a PPV of
55.8%, and an NPV of 73.8% in predicting axillary pCR (Table
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4). The ROC plots in Figure 2 showed that the model that in-
cluded tumor response rate had an AUC of 0.732 (95% CI,
0.661-0.804), with better discriminatory ability than other
models (p=0.022; 95% CI, 0.012-0.154) (Table 5, Figure 2).
We found that, compared with other predictive factors includ-
ing clinical response and axillary LN size after NAC, the tu-
mor response rate was the most important predictor and en-
hanced the performance of our model.
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ROC curves for comparisons
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Figure 2. Receiver operating characteristics curve (ROC) of the each
models to predict axillary pathologic complete response. The area un-
der the ROC curve is 0.732, 95% confidence interval (0.661-0.804) in
model 4.

DISCUSSION

Multivariate analysis of our patients showed that lower age
(<50 years), higher histologic grade, and higher tumor re-
sponse rate (>47.1%) were significant independent predictors
of an increased likelihood of achieving axillary pCR. Of these
factors, tumor response rate was one of the most reliable and
should be included in models predicting axillary response.
Other models for predicting axillary LN pCR have included
factors unrelated to nodal status and did not include tumor
response rate after NAC [14,15]. Our model, which included
tumor response rate, was a better predictor of the probability
of achieving axillary LN pCR. A comparison of models that
did and did not include tumor response rate found that the
model that included response rate, as evaluated by breast
MRI, had a significantly improved predicted accuracy, with
an AUC of 0.732 (95% CI, 0.661-0.804) and significantly bet-
ter predictive power than other models (p=0.022; 95% CI,
0.012-0.154).

NAC has become a standard treatment in patients with
clinically node positive breast cancer, resulting in an axillary
response [18,19] and the conversion of 40% to 75% of patients
from node-positive to node-negative status [8,10]. Patients
who achieved axillary pCR had better 5-year overall (93% vs.
72%) and relapse-free (87% vs. 60%) survival rates than pa-
tients with residual nodal disease [8]. However, current guide-
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Table 5. Comparison difference of AUC each models
Model AUC Standard error 95% Cl
Model 1 0.649 0.042 0.568-0.731
Model 2 0.692 0.041 0.612-0.771
Model 3 0.682 0.041 0.602-0.761
Model 4 0.732 0.037 0.661-0.804
o sz igenezen Difference AUC 95% Cl p-value
models
Model 1 vs. Model 2 0.042 -0.008 to 0.092 0.097
Model 1 vs. Model 3 0.032 -0.021 to 0.086 0.243

Model 1 vs. Model 4 0.083 0.01210 0.154 0.022

The difference of prediction performance between the models were presented
the ROC curve (AUC) between the models.

Model 1: age, estrogen receptor status, human epidermal growth factor re-
ceptor 2 status, histologic grade, Ki-67; Model 2: Model 1+clinical response;
Model 3: Model 1+axillary lymph node size after neoadjuvant chemotherapy
(cm); Model 4: Model 1-+tumor response rate.

AUC =area under receiver operating characteristic (ROC) curves; Cl=
confidence interval.

lines for the standard management of patients who achieve
CR have not been adjusted accordingly, despite high nodal
PCR rates [20]. Most patients with axillary LN metastases be-
fore NAC undergo ALND, which has been associated with
complication such as lymphedema, arm pain, and reduced
arm movement due to shoulder dysfunction [11,12,21,22].

To better understand patient outcomes and to identify pa-
tients who can omit ALND, it is necessary to improve the ac-
curacy of axillary nodal status based on SLNB. SLNB has been
used to predict pCR of axillary LNs after NAC in patients with
breast cancer and cytologically confirmed nodal metastasis.
Accurate identification of the SLNB in patients likely to
achieve nodal pCR, who may benefit from axilla-conserving
surgery, is difficult. Cytologic node-positive breast cancer pa-
tients who underwent SLNB after NAC and achieved nodal
conversion were found to have a false negative rate as high as
20% if one SLN was removed, with the number of harvested
SLNs determined by the false negative rate of SLNB after NAC
[13]. The accurate determination of axillary nodal status may
be improved by the detection of two or more SLNs, by using a
dual-tracer for mapping, by using IHC for pathologic evalua-
tion, and by ensuring the removal of the axillary LN initially
identified as being a nodal metastasis by marking with a clip
[23]. Therefore, in developing a model with improved perfor-
mance, we added noninvasive predicting factors such as tu-
mor response rate. Although clinical responses may be pre-
dictive of axillary pCR in response to NAC, many patients do
not achieve clinical CR, with most patients who receive NAC
achieving partial response. Therefore, clinical response is pre-
dictive of axillary pCR in few patients. Because partial re-
sponse is defined as a >30% reduction in tumor size, clinical
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partial response results in various tumor response rates. Be-
cause we found that tumor response rate was associated with
axillary pCR and may be predictive in additional patients, we
incorporated tumor response rate into our model. We also
showed that tumor response could be easily determined by
measuring tumor diameter and axillary LN diameter on
breast MRI. Radiologic results have shown diagnostic value in
evaluating axillary LN metastases after NAC, with combina-
tions that included MRI showing greater sensitivity in detect-
ing positive axillary LN metastases [24]. Breast MRI is includ-
ed in the standard workup of patients undergoing NAC in our
institution, with tumor response rate determined by measur-
ing tumor and axillary LN diameter on breast MRI before and
after NAC. Tumor response rate is an easily measured clinico-
pathologic variable, allowing simple and rapid prediction of
axillary pCR. This parameter can be used in making treat-
ment decisions and in clinical trials [25]. Patients with a high-
er tumor response rate are more likely to achieve axillary LN
PCR. SLNBs negative for metastases indicate that ALND can
be safely omitted, thereby avoiding the postoperative compli-
cations of this procedure.

Our study had several advantages compared with previous
studies predicting axillary pCR after NAC in patients with cy-
tologically proven nodal metastasis [14,15,26]. Most impor-
tantly, these previous studies did not include tumor and nodal
response rates to NAC. Tumor response rate offers several ad-
vantages compared with alternative methods for assessing ax-
illary pCR after NAC. First, in contrast to SLNB, the predic-
tion of axillary pCR based on tumor response rate is non-in-
vasive, reducing associated morbidity. Second, because breast
MRI is included in standard initial workup of patients with
breast cancer before, tumor response rate can be readily cal-
culated by comparing MRI results before and after NAC.
Moreover, this procedure is covered by the national health in-
surance in Korea, eliminating the need for additional proce-
dures, such as diagnostic tests and surgical procedures. Third,
core needle biopsy was used to confirm all patients with axil-
lary LN metastases before NAC, making our results more ac-
curate than those of previous studies.

Our study also had several limitations. First, it was retro-
spective in design, involving a limited number of patients at a
single institution. The study results were not validated exter-
nally, and median tumor response rate may have limited the
generalizability of our findings. Second, our study included
only patients who underwent NAC, followed by radical sur-
gery including ALND. The false negative rate of SLNB is an
important indicator of cytologically confirmed nodal metas-
tasis. We did not compare the pathological status of the SLN
to the remainder of LNs in the axilla following ALND. Third,
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the patients with HER2-positive tumors did not include those
who received NAC that included trastuzumab. Assessments
of tumor response rates to NAC using combinations of radio-
logic measurements are required, as are well-controlled, pro-
spective studies in large numbers of patients.

In conclusion, this study evaluated the ability of various fac-
tors to predict axillary LN pCR in breast cancer patients treat-
ed with NAC and compared models based on these predic-
tors. Tumor response rate was the most important predictor
of axillary LN pCR in response to NAC. Use of models that
include tumor response rates may avoid the need for unneces-
sary axillary LN dissection.
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