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Purpose: Many patients with cytology proven node-positive breast cancer receive a neoadjuvant chemotherapy (NAC)
treatment. We developed a nomogram to predict the breast and axillary pathologic complete responses (pCR] in patients
with a cytologically proven axillary node positive breast cancer with NAC.

Methods: We selected 995 patients who were diagnosed with an invasive breast cancer and axillary lymph nodes
metastasis, and who were treated with NAC followed by a curative surgery at the Samsung Medical Center between
January 2007 and December 2014. The baseline patient and tumor characteristics, chemotherapy regimen, and tumor and
nodal responses were thoroughly analyzed and reviewed. A nomogram was developed using a binary logistic regression
model with a cross validation.

Results: Axillary pCR was achieved in 47.3% and breast pCR was achieved in 24.3% of the patients after NAC. In this case,
the both pCR was associated with an initial clinical tumor stage, negative progesterone receptor status, positive human
epidermal growth factor receptor 2 status, and clinical radiologic nodal responses. A nomogram was developed based on
the clinical and statistically significant predictors. It had good discrimination performance (area under the curve [AUC],
0.868; 95% confidence interval, 0.84-0.89) and calibration fit as noted in that case. The cross validation had an average AUC
0.853 (0.837-0.849).

Conclusion: Our nomogram might help to predict breast and axillary pCRs after NAC in patients with an initially node-
positive breast cancer. Minimal surgery might be acceptable in patients for whom the nomogram indicates a high
probability of achieving pCRs.

[Ann Surg Treat Res 2019;96(4):169-176]
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INTRODUCTION

The use of neoadjuvant chemotherapy (NAC) is increasingly
used for patients with operable breast cancer to allow for the
use of more minimal surgery [1,2]. To avoid axillary lymph

node dissection (ALND) or mastectomy, it is preferable to
have a sentinel lymph node (SLN) surgical procedure or breast
conserving surgery (BCS), which results in fewer instances of
problems and lower morbidity [1,3-5].

It should be noted that although about 30% patients had
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no residual disease in the axilla after NAC, ALND has been
recommended for most patients with a biopsy proven node-
positive breast cancer regardless of their response to NAC
treatment [6,7]. In this case, some evidence has suggested that
the nodal stage after NAC reflects the prognosis more accurately
than the initial axillary status [8]. Therefore, the ALND may not
be needed for patients with a complete response (CR). These
patients are able to avoid postoperative morbidities such as
lymphedema, arm pain, and reduced arm movement [9,10].

If we can predict which patients will develop axillary
pathologic complete response (pCR), we can prevent ALND and
if we can predict the breast pCR, we can prevent mastectomy.
Additionally, both axillary and breast pCRs after a course of
NAC are associated with improved oncologic survival [11].
Therefore we investigated the factors that predicted both pCRs
and established a nomogram calculating the probability of both
pCRs in patients who received NAC.

METHODS

This study is a registered medical record review based on a
prospectively collected database. We selected 995 patients who
were diagnosed with an invasive breast cancer and axillary
lymph nodes metastasis by ultrasound of axilla, and who were
treated with NAC followed by curative surgery at Samsung
Medical Center between the timeframe of January 2006 and
December 2015. Patients were eligible if they met the following
criteria: (1) diagnosed with an enlarged axillary lymph node
(LN) by the use of a breast ultrasonography and by fine needle
aspiration cytology upon an initial examination, (2) completed
all cycles of the planned-dosage NAC, and (3) who had
undergone a radical excision of a primary tumor and SLNB or
ALND. Likewise, patients with bilateral breast cancer, previous
ipsilateral axillary surgery, inflammatory breast cancer, or
distant metastasis were excluded from the study.

Most patients (95.1%) received anthracycline- and/or taxane-
based regimens. These regimens included anthracycline plus
cyclophosphamide, followed by anthracycline-based, taxane-
based, or trastuzumab regimens. The adjuvant radiotherapy was
performed with tangential fields in all patients following by a
BCS.

For the most part, the clinical response to treatment was
evaluated by a breast magnetic resonance imaging (MRI) or
a breast ultrasonography. In case of discordance between
ultrasonography and MRI, we used the results of the MRL
Clinical CR of the breast was defined as a disappearance of
all of the tumor deposits on a MRI or breast ultrasonography.
We used RECIST (response evaluation criteria in solid tumor)
criteria for clinical response evaluation. The quantification of
response by using the categories of CR, partial response (PR),
stable disease, and progressive disease (PD) served as a gross

estimate of the chemosensitivity. And clinical nodal response
was divided the categories to breast MRI or breast sonography
into disappeared, decreased or no changed/increased.

A sentinel node biopsy was performed with technetium-
99m sulfur colloid diluted in normal saline solution and/or
vital blue dye (0.8% indigo carmine). The site and timing of
the agent administration were at the physician's discretion:
the radiolabeled colloid was injected 2 to 6 hours before the
scheduled surgery, and/or 5 mL of 0.8% indigo carmine was
injected periareolarly, and the breast was massaged for 5
minutes. For the sulfur-colloid injection, a handheld gamma
detection probe was used to scan the axilla transcutaneously,
and was used to identify the most radioactive area. All
radioactive and/or blue LNs and palpable LNs were excised and
submitted as SLNs.

We measured, froze, and serially sectioned the excised SLNs
transversely into 16 or 24 slices. After pathological evaluation
of the sections, we fixed the remaining tissue in 10% formalin,
embedded it in paraffin blocks, and finally prepared the
hematoxylin and eosin (H&E)-stained sections. We designated
metastatic foci of 0.2 mm to 2 mm as micrometastases, and
metastatic clusters smaller than 0.2 mm were considered
isolated tumor cells, whether detected by the H&E or by the
use of immunohistochemistry. All of the patients underwent
a breast and axillary surgery within 6 weeks of completing the
NAC. The type of breast surgery was selected according to the
preferences of the surgeon and the patient.

We built a nomogram based on a binary logistic regression
model with the significant and predefined predictors. The
model was then used to predict the probabilities of the
individual patients achieving both axillary and breast pCRs
to NAC. The performance of the model was quantified
with respect to significant factors related to discrimination
and calibration. The intolerant abilities of the model were
assessed by measuring the area under the receiver-operating
characteristics curve. In this case, the calibration is the
agreement between the frequencies of the observed outcomes,
and the probabilities predicted by the model. The calibration
plot was evaluated using the Hosmer-Lemeshow goodness-of-
fit test and visualized by accompanying plots. A nomogram
was developed using a binary logistic regression model with a
cross validation model. The cross validation has a 5-fold cross-
validation model with a random split analysis in a cohort of
patients. The differences were assumed to be significant when
the P-value was less than 0.05. This study was approved by the
Institutional Review Board of Samsung Medical Center, Seoul,
Korea (approval number: 2017-09-051). Informed consent was
waived because of the low risk posed by this investigation.
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RESULTS treatment characteristics of the patients included in this study
are listed in Table 1. The axillary pCR was achieved in 47.3%

In this study, the median age at the time of surgery was  (n = 472) of the patients who underwent axillary surgery
45.8 years in age. The demographic, clinicopathological, and  after NAC. The breast pCR was achieved in 24.3% (n = 242) of

Table 1. Baseline patient and tumor characteristic of 995 patients treated with neoadjuvant chemotherapy

Variable pCR (n = 205) Non-pCR (n = 790) Total (n = 995) P-value
Age (yr) 0.623
<35 31(17.9) 142 (82.1) 173
>35, <55 148 (21.3) 548 (78.7) 696
>55 26 (20.6) 100 (79.4) 126
Body mass index (kg/m’) 0.757
<25 137 (20.3) 537 (79.7) 674
>25 68 (21.2) 253 (78.8) 321
Clinical tumor stage <0.001
cTl1 38 (36.2) 4 (63.8) 105
cT2 114 (22.3) 398 (77.7) 512
cT3 45 (14.0) 277 (86.0) 322
cT4 8(14.3) 8 (85.7) 56
Clinical nodal stage 0.900
cNI1 165 (20.4) 644 (79.6) 809
cN2 37 (21.3) 137 (78.7) 174
cN3 3(25.0) 9 (75.0) 12
Estrogen receptor <0.001
Positive 56 (11.7) 421 (88.3) 477
Negative 149 (28.8) 369 (71.2) 518
Progesterone receptor <0.001
Positive 29 (8.3) 322 (91.7) 351
Negative 176 (27.3) 468 (72.7) 644
HER2 <0.001
Positive 95 (29.5) 227 (70.5) 322
Negative 110 (16.3) 563 (83.7) 673
Ki-67 proliferation index (%) <0.001
Low (<20) 40(9.2) 396 (90.8) 436
High (>20) 165 (29.6) 394 (70.4) 558
Nuclear grade (n = 866) 0.145
Low 3(4.4) 65 (95.6) 68
Intermediate 35 (12.3) 250 (87.7) 285
High 64 (12.5) 449 (87.5) 513
Clinical tumor response <0.001
Complete response 170 (81.0) 0(19.0) 210
Partial response 35(8.3) 385 (91.7) 420
Stable disease 0 (0.0) 307 (100.0) 307
Progressive disease 0(0.0) 8 (100.0) 58
Clinical node response <0.001
Disappeared 94 (54.7) 78 (45.3) 172
Decreased 108 (18.9) 279 (72.1) 387
No response or Increased 3(0.7) 433 (99.3) 436
NAC regimen 0.064
Anthracycline and taxane 140 (21.4) 515 (78.6) 655
Anthracycline, no taxane 20 (14.4) 139 (85.6) 159
Taxane, no anthracycline 3(15.8) 6 (84.2) 19
Transtuzumab containg regimen 31(33.3) 2 (66.7) 93
Others 11(15.9) 8 (84.1) 69

Values are presented as number (%).
pCR, pathologic complete response; HER2, human epidermal growth factor receptor 2; NAC, neoadjuvant chemotherapy.
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the patients who underwent breast surgery. Generally speaking,
both breast and axillary pCRs were achieved in 20.5% (n = 204)
of the patients who underwent surgery. The patients with both
pCRs tended to be estrogen receptor (ER) negative, progesterone
receptor (PR) negative, human epidermal growth factor receptor
2 (HER2) positive, with high Ki-67, good tumor response, good
nodal response and early clinical tumor stage as compared with
the patients with a non-pCR.

The both pCRs were associated with an initial clinical tumor
stage, negative ER status, negative PR status, positive HER2
status, high Ki-67 (Ki-67 > 20) and clinical radiologic nodal
responses in a univariate analysis. The multivariate logistic
regression analysis showed that the both pCRs were associated
with initial clinical tumor stage, negative PR status, positive
HER?2 status, and clinical radiologic nodal responses (Table 2).

We made a nomogram based on the clinically and statistically

significant variables noted in this study. The significant
variables that can be assessed in preoperative evaluations in
the multivariate analysis were the noted years of a clinical
tumor stage (cT1, cT2, ¢T3, or cT4), PR status (negative or
positive), HER2 status (negative or positive), and the clinical
radiologic nodal stage (disappeared, decreased or no changed/
increased) (Table 3). In this case, Fig, 1 illustrates the nomogram
to calculate the probability of achieving both pCR. The total
nomogram score is calculated by summing up the scores for
each of the variables. In that instance, the total score can
then be used to assign a probability of achieving both pCRs to
individual patients using the scale.

A nomogram was developed based on the clinical and
statistically significant predictors. It had good discrimination
performance (AUC, 0.868; 95% CI, 0.845-0.891) and calibration
fit. The calibration plot showed a good and satisfactory

Table 2. Univariate and multivariate analysis for both pathologic complete response

Univariate Multivariate
Variable
OR 95% ClI P-value OR 95% ClI P-value
Clinical tumor stage <0.001 0.009
cT1 1.000 - 1.000 -
cT2 0.505 0.322-0.791 0.303 0.136-0.676
cT3 0.286 0.172-0.476 0.220 0.090-0.535
cT4 0.294 0.126-.0686 0.286 0.081-1.012
Estrogen receptor <0.001 0.915
Positive 1.000 - 1.000 -
Negative 3.036 2.166-4.254 0.964 0.493-1.887
Progesterone receptor <0.001 0.007
Positive 1.000 - 1.000 -
Negative 4.176 2.750-6.340 2.945 1.333-6.507
HER2 <0.001 <0.001
Positive 2.142 1.563-2.934 3.957 2.352-6.658
Negative 1.000 - 1.000 -
Kie7 <0.001 0.488
Low 1.000 - 1.000 -
High 4.130 2.845-5.996 1.209 0.707-2.069
Nuclear grade 0.174
Low 1.000 -
Intermediate 3.033 0.904-10.175
High 3.088 0.943-10.118
Clinical tumor response 0.908
Complete response 1.000 -
Partial response 1.301 0.348-4.860
Stable disease <0.001 <0.001->999.999
Progressive disease <0.001 <0.001->999.999
Clinical node response <0.001 <0.001
Disappeared 1.000 - 1.000 -
Decreased 0.321 0.221-0.467 0.258 0.154-0.433
No response or increased 0.006 0.002-0.019 0.003 0.001-0.026

OR, odds ratio; Cl, confidence interval; HER2, human epidermal growth factor receptor 2.
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Table 3. Model development of risk point

Variable Point

Clinical T stage

cT1 37

cT2 25

cT3 12

cT4 0
PR

Positive 0

Negative 35
HER2

Positive 21

Negative 0
Clinical node response

Disappeared 100

Decreased 50

No response or Increased 0

PR, progesterone receptor; HER2, human epidermal growth factor receptor 2.
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agreement between the predicted and observed probabilities
according to an administered Hosmer-Lemeshow test (Fig.
2). We had 5-fold cross-validation model with a random split
analysis in a cohort of patients and Cross validation who had an
average of AUC 0.853 (0.837-0.869) (Fig. 3).

DISCUSSION

Predicting pCR after NAC in patients with breast cancer
and cytologically proven nodal metastasis is important for

02 0304050607 0.8

human epidermal growth factor
receptor 2.

understanding and improving the patient outcomes as well
as for identifying patients in whom ALND and mastectomy
might be omitted as a treatment option. We performed a
registered medical record review based on a prospectively
collected database and made a prediction model based on
the clinicopathologic characteristics of a tumor to estimate
the probability of achieving breast and axillary pCR. We used
a 5-fold cross-validation model in a cohort of patients. We
assigned the largest value of the Youden index as the cutoff and
the nomogram score was 97 points. In this cutoff, sensitivity

Annals of Surgical Treatment and Research 173



174

Annals of Surgical Treatment and Research 2019;96(4):169-176

A ROC curve for model
~ Area under the curve = 0.8680
1.00 A
0.75 A
>
=
% 0.50 -
c
[0
n
0.25 A
0 -
0 0.25 0.50 0.75 1.00
1-Specificity

B

0.8 7
> 0.6
=
@©
o)
O 0.4 A
o
E
- Apparent
< 0.2 A —— Bias-corrected

---- |deal
01 .
0 0.2 0.4 0.6 0.8

Predicted probability

B = 1,000 repetitions, boot Mean absolute error = 0.032 n = 995

Fig. 2. The receiver-operating characteristics (ROC) curve and the calibration plot of the nomogram in the training set. (A) ROC
curve with area under the curve = 0.868 (95% confidence interval, 0.845-0.891). (B) Calibration plot of the nomogram.
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Fig. 3. The receiver-operating characteristics (ROC) curve of the nomogram in the cross-validation set. (A) ROC curve with area
under the curve = 0.853 (95% confidence interval, 0.837-0.869). (B) Calibration plot of the nomogram.

was 91.2%, specificity was 67.2%, positive predictive value was
41.9%, negative predictive value was 96.7% and accuracy was
72.2%. The generated data demonstrated that the incidence of
a low clinical T stage, negative PR, positive HER2 and clinical
radiologic node response were all significant independent
predictors of ypT0/ypNO on an adjusted analysis.

No association in breast and axillary pCRs was found with a
clinical tumor response in our study. This may indicate that it
is the degree of the initial tumor size, which predicts a known
biological response in the axilla and the breast. In our study, a
stable disease and a PD seemed to be a meaningless designation
for comparison, because there was no case of pCR, but it was
difficult to find the meaning in the analysis. Moreover, the

cases of CR and PR were more than 50% in the incidence of a
non-pCR. Interestingly to note, among 471 axilla pCR patients,
202 patients (42.9%) have breast and axilla pCRs. However,
among the 242 breast pCR patients, 202 patients (84.2%) have
breast and axilla pCRs. In line with this reasoning, only 40
patients (15.8%) indicative of breast pCR have nonaxilla pCR.
During our study period, it is noted that the trastuzumab
was not added to the NAC as a standard treatment in patients
with HER2 positive tumors. For the most part, the neoadjuvant
trastuzumab therapy was approved in late 2013 in Korea,
making it a relatively new treatment option for patients
requiring this treatment. Therefore, only 10.0% of the patients
in our study received trastuzumab with their NAC. In addition,
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the patients of the HER2 positive breast cancer had 29.5% (95
of 322) both pCR but these of HER2 negative breast cancer
had 16.3% (110 of 673) both pCR. The American College of
Surgeons Oncology Group Z1071 trial, which reflects current
chemotherapy approaches including the use of trastuzumab
for patients with HER2 positive tumors, showed differential
nodal responses based on the tumor biology. The overall
nodal pCR was 41.1%, but this varied from 21.1% in patients
with Hormone receptor (HR) positive/HER2 negative tumors,
to 49.4% in patients with a triple-negative breast cancer to
64.7% in patients with HER2 positive disease (P < 0.0001) [12].
Given these points, it was shown that recently a meta-analysis
showed that improvement in event-free survival for pCR vs non-
pCR was substantial: (HR, 0.37). This association was greater for
patients with a hormone receptor-negative disease (HR, 0.29)
than for those patients who had a hormone receptor-positive
disease (HR, 0.52) [13]. Although the biologic tumor subtype
was associated with pCR, we did not subsequently incorporate
the biologic tumor subtype into the nomogram. Because the
definition of biologic subtype varies somewhat among studies,
we chose to include the receptor status (ER, PR, and HER2) of
biologic subtype from the nomogram for simplicity purposes.
It is important to point out that our study corroborated these
findings, with a noted positive HER2 status that was strongly
predictive of a tumor and axillary response.

Many studies have evaluated nomograms for predicting the
axillary response to NAC in node positive patients with breast
cancer [14-17]. A recent study showed that patients with high
nuclear grade (odds ratio [OR], 13.4), HER2-positive (OR, 4.7),
ER- negative (OR, 3.5), or PR-negative (OR, 4.3) tumors were
more likely to achieve axillary pCR [14]. A study of 403 patients
with biopsy-confirmed axillary metastases who received
NAC, showed that patients who achieved a axillary pCR had
received a better 5-year overall survival (93 %) and disease-
free survival (87%) than those who had acquired the residual
axillary disease (72%, 60%) [7]. The axillary pCR is affected by
offering a better oncological outcome of the patients. However a
recent study demonstrated that the pCR defined as no residual
invasive cancer in the breast and axillary nodes with presence
or absence of in situ cancer (ypT0/is ypNO or ypI0 ypNO), served
to provide a better association with improved outcomes as
compared to eradication of an invasive tumor from the breast
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