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Abstract

Objective: To avoid surgical over-treatment of the axilla in patients with lymph node
(LN) conversion following neoadjuvant chemotherapy (NAC), high-performing axilla
staging procedures are needed. This study is designed to develop a convenient
modality to predict the axillary response to NAC in breast cancer patients.

Methods: In this retrospective study, a total of 1046 patients with breast cancer who
received NAC followed by axillary lymph node dissection (ALND) between 2015 and
2021 were identified from a maintained database. The training set included 607 breast
cancer patients with biopsy proven positive LNs at initial diagnosis, and receiving
NAC followed by ALND. Clinicopathologic and ultrasound (US) characteristics were
analyzed, and a nomogram was generated to predict the probability of axillary LNs
residual metastasis. The predictive performances of models were assessed using
multivariate logistic regression and receiver operator characteristic curve (ROC)
analyses. The nomogram integrating clinicopathological and US characteristics was
validated with an external cohort of 242 patients.

Results: In this study, 49.75% and 32.23% patients achieved axillary pathological
complete response (pCR) after NAC in the training and external validation sets,
respectively. Multivariate analysis indicated that expression of estrogen receptor (ER),
human epidermal growth factor receptor 2 (HER2), Ki-67 score, and clinical nodal
stage were independently significant factors for predicting the nodal response to NAC.
Location and radiological response of primary tumors, cortical thickness and shape of
LNs on US were also significantly associated with nodal pCR. The area under the
ROC curve (AUC), estimating the ability of clinicopathologic model to determine
axillary status after NAC, was 0.72 and that of US model was 0.81 in the training
cohort. AUCs of the nomogram based on clinicopathologic and US characteristics for
the training and validation sets were 0.86 and 0.82, respectively.

Conclusions: Nomogram incorporating routine clinicopathologic and US
characteristics can predict nodal pCR in node-positive breast cancer patients receiving
NAC and may be a feasible modality to aid clinicians in treatment decisions.
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Background

Neoadjuvant chemotherapy (NAC) followed by surgery is the recommended
treatment for patients with node-positive breast cancer [1]. Breast cancer patients with
pathological complete response (pCR) of the lymph node (LN) after NAC have
improved prognosis outcomes [2]. Over the past decades, patients with pathologically
confirmed nodal involvement have undergone axillary lymph node dissection (ALND)
following NAC regardless of the nodal response. However, only 50–60% of breast
cancer patients with initially node-positive disease who received NAC, presented
residual axillary nodal disease [3]. Moreover, extensive axillary surgery may lead to
considerable morbidity such as lymphedema, arm pain, and decreased range of
motion [4]. Thus, over the last decades, the management of axilla disease following
NAC in patients with node-positive breast cancer has become gradually less radical
and invasive [5,6].

There is an ongoing discussion of alternative treatment strategies to ALND for
patients with nodal pCR following NAC. Several prospective, multicenter studies
have investigated the SLNB performance for axilla LNs evaluation after NAC in
patients with biopsy-proven node-positive breast cancer. This showed the
unacceptable FNR of 12.6-14.1% [3,7] with various detection rates [8]. In addition,
several groups have been working on ways to remove the clipped LNs using targeted
axillary dissection [9-11]. From the surgery perspective, accurate prediction of axillary
pCR is of utmost interest to enable the omission of ALND.

Unfortunately, even if patients with excellent response to chemotherapy may be
potential candidates for procedures instead of ALND, it is still not clear how the
status of axillary LNs should be determined, with several institutes depending on
clinical examination only and others using additional imaging means like ultrasound
(US) [12-13]. Several studies have developed clinicopathologic models for predicting
nodal response to NAC with AUC of 0.65 - 0.79 [14,15]. However, US has been a
preferred choice for axilla assessment in breast cancer patients due to its practicality,
accessibility, dynamic observation, and lack of radiation [16-18]. According to the
current guidelines, the most appropriate imaging modality in the assessment of
residual disease in axillary LNs after NAC is US [19]. However, its moderate
sensitivity and low specificity make conventional US alone insufficient to determine
axillary status after NAC and guiding clinicians in treatment decisions [16]. Overall,
how LNs status is assessed after NAC for breast cancer remains undefined.
High-performing assessment for axillary LNs after NAC is warranted to minimize the
surgical overtreatment of the axilla in breast cancer patients.

This study was designed to assess clinicopathologic and imaging predictors of nodal
response to NAC for patients with pathologically confirmed node-positive breast
cancer at initial diagnosis. We also aimed to develop a nomogram predicting the
likelihood of the conversion of axillary LNs that might aid clinicians in treatment
decisions.

Materials and methods



Study population

Patients with breast cancer who received NAC followed by ALND between 2015 and
2021 at the Sun Yat-Sen University Cancer Center (SYSUCC; n=783) and Fujian
Medical University Cancer Hospital (FMUCH; n=263) were identified from our
maintained database. 197 patients were excluded because of (i) no nodal metastases
confirmed by needle biopsy before treatment (n=98), (ii) distant metastasis (13), (iii)
history of previous axillary surgery (n=16), (iv) recurrence (n=18) and (v) no US
examination for breast and axilla before NAC (n=23) or surgery (n=29). As a result, a
total of 849 cases including 607 cases at the SYSUCC and 242 cases at the FMUCH
were included in this study. The ethics committee of the institutional review board
approved the study design and protocol. The requirement of informed consent was
waived due to its retrospective nature.

US examination and image analysis

About 2-3 weeks after the last course of NAC, patients underwent pre-operative US
examination for the breast and axilla. The US examinations were performed with a
7.0-12.0 linear array transducer [Siemens S2000 (Siemens Medical Solutions,
Mountain View, CA, USA), GE Logiq 9, GE Logiq S8 (Healthcare, Milwaukee, WI,
USA) or Philips iU 22 (Philips Healthcare, Bothell, WA, USA)]. During the US
examination before surgery, US features of the breast lesions based on BI-RADS
lexicon and axillary LNs were recorded by radiologists with at least 3 years of
experience in breast US and with the knowledge of US images at initial staging. For
the evaluation of US characteristics of breast tumors and axillary LNs in this study,
two board-certified radiologists retrospectively reviewed US images to reach a
consensus. First, the location of breast tumors on US was recorded. Second, the
largest diameters of breast tumors on US before NAC and surgery were recorded and
the radiological response to NAC was determined according to RECIST 1.1[20]. In
case of multifocality, we only evaluated the largest tumor as index. Finally, for US
features of axillary LNs, the long diameter (mm), the short diameter (mm), the ratio of
long/short diameter, the cortical thickness (≤3 mm or >3 mm), the shape (oval, round
or irregular), the margin condition (clear or obscure), and the fatty hilum and
microcalcification status were recorded [21-23].

Pathological evaluation

The pre-NAC pathological diagnosis of breast tumors and axillary LNs was
determined using US-guided core needle biopsy. The hormonal receptor (HR)
expressions including estrogen receptor (ER) and progesterone receptor (PR), human
epidermal growth factor receptor 2 (HER2) and Ki-67 were detected by
immunohistochemistry (IHC) and fluorescence in situ hybridization (FISH) [24]. After
NAC, all patients underwent mastectomy or breast-conserving surgery accompanied
by ALND. LNs were stained with hematoxylin and eosin (HE) to observe malignant
cells and to confirm the presence or absence of metastasis. Pathological complete
response (pCR) was defined as the absence of residual metastasis in all LNs of a case.
All pathological results were determined in consensus by two board-certified



pathologists.

Data collection

Clinical and pathology reports have been reviewed to record the clinicopathologic
characteristics of all cases, including age, menopausal status, IHC characteristics of
breast tumor, breast tumor stage, nodal stage, and pathological status of axillary LNs
postoperatively. Tumor and nodal staging were performed at initial diagnosis using
the criteria of the 8th American Joint Committee on Cancer [25]. US characteristics of
breast tumor have been recorded retrospectively including the location of breast tumor,
the largest diameters of breast tumors before NAC and surgery as assessed by US, and
the radiological response to NAC. For US characteristics of axillary LNs, the long
diameter, the short diameter, the ratio of long/short diameter, the cortical thickness,
the shape, the margin condition, and the fatty hilum and microcalcification status were
also recorded.

Statistical analysis

Data have been summarized using standard descriptive statistics and frequency
tabulation. Univariate assessment was performed using a logistic regression model.
Multivariate logistic regression analysis was further performed to identify
independent predictors of axillary response to NAC. Statistically significant
characteristics in the multivariate logistic regression stepwise analysis have been used
to create the clinicopathologic model and US model, respectively. A combined model
was subsequently developed by integrating the clinicopathologic and US
characteristics. Receiver operator characteristic (ROC) curve analysis was performed
to assess the predictive performance of these models. The area under the ROC curve
(AUC) was calculated to quantify the ability to rank patients by risk. The predictive
value of each model was also represented by the sensitivity and specificity.
Multivariate logistic regression analysis was used to generate a nomogram to predict
the nodal response to NAC in node-positive breast cancer patients. Variables with p <
0.05 on multivariable analysis were included in the nomogram. Finally, the
nomogram was validated with the external cohort. A calibration curve was generated
to show the association between the observed outcome frequencies and the predicted
probabilities by categorizing patients on the basis of their predictive probability of
residual metastasis of axillary LNs. All statistical analyses were performed using R
version 3.2.0 software (Foundation for Statistical Computing, Vienna, Austria).

Results

Patient characteristics

The characteristics of the training and validation cohorts are summarized in Table 1.
and Table 2. The axillary pCR rates were 49.75% (302/607) in the training set and
32.23% (78/242) in the external validation set, respectively. At the SYSUCC, we
found a significantly higher pCR rate of axillary LN (302 patients, 49.75%) than that
of breast tumor (173 patients, 25.2%). The axilla response to NAC was also
significantly superior to breast in the external validation cohort (pCR, 32.23% vs.



22.31%), as shown in Table 2. Kappa values between the NAC response of breast and
axilla were 0.42 and 0.26 in the training and external validation cohort, respectively.

Univariate analyses

Table 3 summarizes the univariate analyses for the training cohort to identify
predictive characteristics of axillary pCR. Except for the menopausal status, clinical
tumor stage and size of breast tumor on US before NAC, clinicopathologic and US
characteristics had statistical significance for predicting nodal response to NAC. The
odds of nodal residual metastasis were significantly improved for cases with:
advanced age, high nodal stage, tumors with ER+, PR+, HER2-, low Ki-67 score,
tumor on the lateral part of the breast, multifocal disease, large breast tumor after
NAC, poor response to NAC on US, and LN with large size, small ratio of long/short
diameter, oval or irregular shape, absence of fatty hilum, ill-defined margin and
presence of microcalcification on US.

Clinicopathologic model

Significant clinicopathologic characteristics in the univariate analysis were
incorporated into multivariate logistic regression analysis. Multivariate analysis
revealed that clinical nodal stage, expression of ER, HER2 and Ki-6 were
independently significant factors for predicting the nodal response to NAC, as shown
in the Appendix A. The final model equation was then designed to calculate
patient-specific probabilities of having residual nodal metastasis after NAC. AUC for
the ability of clinicopathologic characteristics to determine axillary status after NAC
was 0.72, with a sensitivity of 73.13% and a specificity of 62.83% in the training
cohort, while AUC was 0.68 with a sensitivity of 74.50% and a specificity of 53.15%
in the validation cohort.

US model

Location and radiological response of breast tumors, cortical thickness, and shape of
LNs on US were significantly associated with the pathological response of LNs to
NAC in the multivariate analysis, as presented in Appendix B. A US model was
constructed with independent US predictors. The AUC for the ability of US
characteristics including primary tumors and axillary LNs features to determine
axillary status after NAC was 0.81, with a sensitivity of 74.38% and a specificity of
78.44% in the training cohort. While in the validation cohort, AUC was 0.76 with a
sensitivity of 68.46% and a specificity of 74.77%.

Combination model

The aforementioned factors including clinicopathologic and US characteristics were
included in the multivariate analysis and combined models, as shown in Table 4. The
clinical nodal stage before treatment, expression of ER, HER2 and Ki-67, the location
and radiological response of breast tumor, cortical thickness, and shape of LNs on US
were significantly associated with nodal response to NAC in the multivariate analysis.



A combined model was developed by integrating all independent predictors for nodal
restaging after NAC. AUC of the combined model for predicting nodal status after
NAC was 0.86 with a sensitivity of 85.94% and a specificity of 76.58% at the
SYSUCC, as shown in Table 5. Appendix C summarizes pCR and non-pCR rates of
breast or axillary node after NAC at the SYSUCC. And Appendix D shows the
predictive performance of the combined model in the different subtypes. The highest
nodal pCR (55 patients, 71.43%) were found in the HR- HER2- subtype (77 patients).
The greatest performance of the combined model for predicting nodal response to
NAC was achieved in the HR- HER2- subtype, as shown in Fig 1. In the HR- HER2-
subtype, AUC of the combined mode for predicting nodal status after NAC was 0.97
with a sensitivity of 95.45% and a specificity of 94.55%. Table 6 shows the
performance of the combined model for predicting nodal status after NAC in the
external validation cohort. AUC of the combined model was 0.82 with a sensitivity of
81.88% and a specificity of 62.16% in the validation cohort.

Nomogram based on combined clinicopathologic and US characteristics

The independently associated predictors, including clinicopathologic and US
characteristics, have been used to create the nomogram model aiming to predict the
likelihood of nodal residual disease after NAC (Fig 2). Calibration curves of the
nomogram model in the training and validation cohorts were plotted to assess the
consistency between the predicted probability of residual metastasis following NAC
and actual results (Fig 3). The bias curves for the training and validation sets are both
close to the ideal line, and substantial agreement can be observed between the
predictions and observations. The ROC curve also demonstrated a great performance
of the nomogram of the combined model for predicting the nodal response to NAC in
both the training and validation cohorts (Fig 4).

Discussion

Traditionally, ALND is indicated in patients with pathologically confirmed nodal
involvement prior to NAC, leading to considerable complications such as
lymphedema, arm pain, and restricted arm movement. Just as NAC can eradicate
disease in the breast, it also can eradicate nodal disease in breast cancer patients [26].
Many studies, including ours, have shown very high pCR rates of axillary LN [3,7,26].
Our study suggested a significantly higher pCR rate of axillary LN than that of breast
tumor at both institutes. And the less invasive approach of axillary surgery is
increasingly being considered for patients with nodal pCR [3,5-8]. Unfortunately,
accurate identification of these patients likely to have a nodal pCR has been difficult.

Among the clinicopathologic characteristics, we identified low nodal stage before
treatment, ER negativity, HER2 positivity and high Ki-67 score as factors associated
with nodal pCR in breast cancer patients receiving NAC. On the other hand, US was
also proved to play a significant role in the axilla management of breast cancer
patients receiving NAC [12,13,18]. In our study, none of the residual disease on the
lateral part of the breast, the excellent response of primary tumor on US, cortical



thickness of ≤ 3 mm and oval shape of axillary LNs were independent predictors for
nodal pCR. The cortical thickness of LNs was the strongest predictor [odds ratio (OR),
5.93; 95% confidence interval (CI), 4.11-8.57]. Furthermore, we developed a
nomogram integrating clinicopathologic and US predictors that estimate the
likelihood of axillary residual disease following NAC in breast cancer patients.

Our study showed that the nodal response to NAC varies according to the tumor
biology. ER negativity, HER2 positivity, high Ki-67 score were identified as
predictors of nodal pCR in breast cancer patients receiving NAC. These results are
consistent with studies reporting higher pCR rates of breast cancer among basal-like
and HER2+/ER- subtypes compared with luminal subtypes [26,27]. The
clinicopathologic model integrating the above mentioned characteristics and clinical
nodal stage can be developed prior to treatment and may be used as an adjunct to
clinical decision making. Specifically, the use of NAC often is driven to downstage
the primary breast tumor, increasing the chances of surgery or breast-conserving
surgery. Considering the omission of extensive axillary surgery in patients with nodal
disease eradicated by chemotherapy, NAC may be considered as a route to downstage
the axilla as well. Therefore, this clinicopathologic model may aid clinicians in
chemotherapy regimen decisions, as well as provide information to surgeons
regarding surgical management of the axilla after NAC. However, similar to previous
studies [14,15], our study proved that clinicopathologic model alone was not sufficient
to identify the remaining nodal metastasis in breast cancer patients receiving NAC.

While a large number of studies focused on the performance of US in the evaluation
of axillary LNs prior to treatment [28, 29], only a few studies have investigated the value
of axillary US following NAC [12,13,16-18] and not all of them reported performance data
[9,21]. In addition, prediction of axillary response to NAC on US depended on various
standards set by radiologists in the previous studies [16]. The lack of consensus on
scoring systems for abnormal LNs on US might be responsible for diverse sensitivity
and specificity of US for predicting axillary response to NAC, ranging from 37 to
100% and 37 to 92%, respectively [16]. Our study assessed the US characteristics of
both axillary LN and primary tumor, and then developed a US model using
multivariate logistic regression analysis. Among the US characteristics, the cortical
thickness of LN was the strongest predictor of axillary response to NAC. The tumour
cells drain into LN through the afferent lymphatic vessel, infiltrate into the marginal
sinuses, accumulate in the cortex of LN. In generally, therefore, the cortex of the
metastatic LNs is thicker than that of benign LNs on US. In addition to axillary LN,
US characteristics of primary tumor, including the location of breast tumor and tumor
response to NAC, also were significant independent predictors of axillary response to
NAC.

Our study found that the combined model incorporating clinicopathologic and US
characteristics had a higher AUC for the prediction of nodal response to NAC
compared with the clinicopathologic model (training cohort, 0.86 vs. 0.72, p < 0.001;
validation cohort, 0.82 vs. 0.68, p < 0.001). The sensitivity of the combined model for
predicting nodal response to NAC (85.94% and 81.88% in the training cohort and



validation cohort, respectively) was higher than that of the clinicopathologic model
(73.13% and 74.50% in the training cohort and validation cohort, respectively),
suggesting that the combined model might benefit from US characteristics to reduce
FNR for the predictive ability. In the training cohort, the combined model showed a
FNR of 14.06%, comparable to that of SLNB [3,7]; furthermore, the FNR of the
combined model was 4.55% in the HR - HER2 - subtype which achieved the highest
nodal pCR of 71.43%. Our study used valuable pathological data through the core
needle biopsy of the breast tumor, a standard procedure before NAC. On the other
side, US is a routine examination in breast cancer patients before surgery at our
institute and it is recommended to assess the axillary LNs after NAC by the ACR.
Therefore, this combined model does not require additional procedures and serves as
a more convenient, lower-cost, less time-consuming, and non-invasive approach
compared to SLNB. Moreover, the specificity of the combined model to predict the
axillary status after NAC (76.58% and 62.16% in the training cohort and validation
cohort, respectively) was higher than that of the clinicopathologic model (62.83% and
53.15% in the training cohort and validation cohort, respectively). This suggests that
the combined model can be used to stratify more patients with nodal pCR. The
combined model with US restaging for axilla may help to screen out patients who are
eligible for SLNB and thereby avoid ALND [12,30,31].

In agreement with previous studies [14-17], our study suggested that the model
incorporating tumor clinicopathologic characteristics demonstrated moderate
performance in predicting nodal pCR while axillary US still limitedhas limitations in
the accurate assessment of the nodal response to NAC for breast cancer. Therefore, a
nomogram based on US and clinicopathologic characteristics was developed in this
study among which the variables are easily achieved without complicated processes.
Nomogram is a simple tool for decision-making that have been widely used to predict
medical outcomes by combining multiple risk factors. It obtained a good performance
with an AUC of 0.86 in the training cohort and 0.82 in the validation cohort.
Moreover, the FNR of this nomogram model was comparable to that of SLNB.
Regretfully, even with the combined model through integration of clinicopathologic
and US characteristics, the FNR was still dissatisfactory, and the specificity was also
moderate. Thus, this nomogram based on the combined model was not aimed to
substitute the SLNB but might be an adjunct to axillary management decisions. For
example, it might help reduce the FNRs of SLN surgery in a further study. As shown
in the previous studies axillary US after NAC was found to reduce the FNRs of SLNB
to 4~9.8% using a strategy where patients with normal LNs on US underwent SLNB
[12,13]. In addition, for patients with node-positive breast cancer who convert to
negative nodes following NAC, targeted axillary dissection may be considered as a
substitution for ALND [9-11]. The nomogram role in such scenario is expected to be
defined. We analyzed the value of clinicopathologic and US characteristics of primary
tumor and axillary LN, which are readily available in the routine practice, in
predicting nodal response to NAC. This study was based on a relatively large sample,
and the models in our study had the added advantage of the external validation. The
integration of clinicopathologic and US characteristics was proved to be superior to



clinicopathologic model in the prediction of axillary status after NAC, whose FNR
might be comparable to SLNB.

Our study has several limitations. The first is the unavoidable bias due to the
retrospective design. The selection of index axillary LNs on US might depend on the
radiologist experience. Second, this nomogram did not include the number of
suspicious axillary LNs on US which was not available in this retrospective study.
Third, the LNs assessed on US were not always those biopsied before NAC as no clip
was placed within the biopsied LNs.

Conclusion

In conclusion, US characteristics of primary tumor and axillary LN were
independently associated with axillary status post-NAC. The nomogram constructed
with readily available clinicopathologic features and US characteristics improved the
predictive capability. The nomogram can be used to predict the nodal response to
NAC in patients with pathologically node-positive breast cancer to aid clinicians in
treatment decisions.
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Figures

Figure 1

The receiver operating characteristic (ROC) curves of the combined model for determining axillary status
after NAC in the different subtypes



Figure 2

Nomogram for predicting axillary residual disease following NAC in breast cancer patients



Figure 3

Calibration curve of nomogram

Figure 4

The receiver operating characteristic (ROC) curve of the nomogram for determining axillary status after
NAC
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