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Abstract
Background: For N+ breast cancer patients treated with neoadjuvant 
therapy, the response to the treatment, especially the probability of 
axillary pathological complete response (apCR), can guide the choice 
of subsequent surgical strategy.  Method: 50 N+ breast cancer patients 
were treated with neoadjuvant therapy, with the response to neoadjuvant 
therapy guiding subsequent surgical modalities. Logistic regression was 
used to calculate the coefficients of the significant predictors for axillary 
pathologic complete response (apCR), and a nomogram was developed 
based on the logistic model and internally validated. 

Results: 4 variables were found to be related to the probability of apCR: 
pathological grade and molecular subtype (HER2+), neu-trophil-to-
lymphocyte ratio (NLR), and monocyte-to-lymphocyte ratio (MLR). 
The nomogram based predictive cooperating pathological features and 
hematological test results can be used to predict apCR in N+ breast 
cancer patients who had received neoadjuvant chemotherapy (NAC). The 
receiver operating characteristic (ROC) curve for the nomogram model 
is 0.929 [95% confi-dence interval (CI): 0.859–0.998], indicating a good 
discrimination.

Conclusion: A comprehen-sive predictive model using clinical data is a 
useful tool to predict the probability of apCR in N+ breast cancer patients 
receiving NAC.

Keywords: Breast cancer; Neoadjuvant therapy; Axillary lymph node; 
Axillary pathologic complete response; Nomogram.

Introduction
In recent years, the incidence of breast cancer has increased by 0.5% per 

year [1]. In addition, female breast cancer (11.7%) is the most commonly 
diagnosed cancer, over-taking lung cancer (11.4%), according to data 
from Global Cancer Statistics 2020 [2]. With the help of the integrated 
multidisciplinary comprehensive model of diagnosis and care, breast cancer 
treatment has obviously favourable clinical effects, and the 5-year overall 
survival (OS) rate can reach 80%. The current research direction is mainly to 
improve the quality of life of patients without affecting their survival. Neo-
adjuvant chemotherapy can result in significant down staging among breast 
cancer patients [3]. The effect of the treatment can also help the clinicians 
to determine the postoperative adjuvant therapy plan. Consequently, it is 
increasingly applied to patients with axillary lymph node metastasis and 
some HER-2 positive or (triple negative breast cancer) TNBC patients, 
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especially those with high tumor burden who are HER-2 
positive or TNBC patients. For patients who were confirmed 
to have N+ nodes at initial diagnosis, axillary lymph node 
dissection is still the standard operation scheme after neo-
adjuvant treat-ment, especially in patients with cN2-3. 
However, complications (e.g. lymphedema, numbness of 
upper limbs, and limited joint activity) often occur after 
axillary lymph node dissection (ALND) ,which seriously 
affects the quality of life of patients. For pa-tients with 
cN1 and axillary pathologic complete response (apCR) 
after neoadjuvant therapy , there is no uniform standard for 
whether the subsequent axillary cavity can be exempted 
from ALND or axillary radiation therapy after neoadjuvant 
therapy.Due to the false negative rate (FNR) of SLNB, the 
Z1071 study [4] and SENTINA study [5] found that the false 
negative rate was significantly reduced when using combined 
tracer to detect at least 3 sentinel lymph nodes .Presently, a 
maximum FNR of 10% is considered acceptable in studies 
of early breast cancer [6]. NSABP B32 trial [7] found that 
patients with negative sentinel lymph nodes, even if they had 
a 9.8% axillary false-negative rate, did not affect survival. 
The FNR of sentinel biopsy further significantly decreased 
in patients who were more likely to achieve complete lymph 
node pathological remission after neo-adjuvant therapy. If 
clinicians can accurately predict the lymph node remission 
status after the neo-adjuvant therapy in advance, the 
axillary lymph node dissection can be avoided if the initial 
N+ patients turn negative after the neo-adjuvant therapy.
Histopathological grade and molecular subtype (HER2 status) 
have been proved to be able to predict apCR after neoadjuvant 
therapy [8]. Nowadays, new immunotherapy techniques and 
drugs continue to be developed rapidly. At the same time, 
biomarkers of immune inflamma-tion, such as neutrophils, 
monocytes and lymphocytes, are also widely studied, as they 
were simple, convenient and cheap immune inflammatory 
indicators. For instance, there is some evidence indicating 
that neutrophil-to-lymphocyte ratio (NLR) and monocyte-
to-lymphocyte ratio (MLR) have prognostic value in various 
solid tumors [9, 10]. However, few previous studies explored 
whether these indicators can be applied to predicting lymph 
node status after neoadjuvant therapy. This study is aimed 
at exploring the predictive value of some common clinical 
indicators and hematological indicators for lymph node status 
after neoadjuvant therapy.

Materials and Methods
Inclusion and Exclusion Criteria

This retrospective cohort study was carried out in women 
who were diagnosed with breast invasive ductal carcinoma 
at Sun Yat-sen Memorial hospital between 2021 and 2022. 
The demographic and clinicopathological data of breast 
cancer patients, such as name, age, personal medical history, 
and information related to diagnosis and treatment of breast 

cancer, were manually collected from the patient records of 
Sun Yat-sen Memorial Hospital. All patients had undergone 
thorough radiological examinations prior to neo-adjuvant 
treatment. If enlarged lymph nodes were clinically detected 
with the help of medical image, e.g. MRI, B ultrasound, CT 
images, and cytological examination of lymph node puncture 
would be recommended. According to the guidelines and 
specifications for diagnosis and treatment of breast cancer of 
Chinese Society of Clinical Oncology (CSCO) [11], women 
will be considered as menopausal if they meet any of the 
following criteria:

1)  Bilateral oophorectomy;

2)  Age ≥ 60 years, or age <60 years and 

a) with amenorrhea occurring naturally after 12 or more 
months in the absence of chemotherapy, tamoxifen, and 
toremifene, or ovarian suppression and follicle stimulating 
hormone (FSH) and estradiol meeting the postmenopausal 
criteria, or

b) With taking tamoxifen or toremifene, and FSH and 
plasma estradiol levels of two consecutive measurements 
meeting post-menopausal criteria.

Before neoadjuvant treatment, the clinical T/N/M stage 
was obtained on the radiologic imaging according to the eighth 
edition AJCC cancer staging manual [12]. Histopathological 
grading was obtained from postoperative specimens after 
neoadjuvant therapy in accordance with the World Health 
Organisation (WHO) classification guide of breast tumors 
[13]. The pathologic information, including tumor histology, 
ER, PR, Ki67%, and HER2 was obtained on the extracted 
biopsies from the site of tumor under ultrasound guidance 
before the neoadjuvant treatment based on American Society 
of Clinical Oncology/College of American Pathologists 
(ASCO/CAP) guidelines updated version [14, 15]. More 
specifically, samples with 1% to 100% immunohistochemistry 
(IHC) staining of tumor nuclei positive for ER or progesterone 
receptor (PgR) are interpreted as positive. HER-2 positive 
samples should meet the following criteria:

1) IHC result is 3+, or

2) IHC result is 2+, 

and a) HER2/CEP17 ratio ≥ 2.0 and HER2 gene copy 
number ≥ 4.0, or,

b) HER2/CEP17 ratio<2.0 and HER2 gene copy number 
≥ 6.0.

The standard of apCR was that no lymph node metastasis 
was detected in the pathological results after neoadjuvant 
therapy. Hematological indicators include neutrophil count, 
lymphocyte count, and monocyte count were also collected 
before the first course of neoadjuvant therapy. Subsequently, 
NLR, and MLR were calculated.
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Patients must have met all of the following inclusion 
criteria to be eligible for participation in this study.

1) N Stage: N1/N2/N3 (axillary lymph node metastasis).

2) Treatment: standard neoadjuvant therapy, and surgery 
after the completion of full course of neoadjuvant therapy. 
Neoadjuvant therapy comprised chemotherapy and targeted 
therapy. Common chemotherapy drugs included paclitaxel 
and anthracyclines. Tumor-targeted therapy used one or both 
of the following drugs: trastuzumab and patuozumab.

All patients who 1) had no lymph node metastasis, 
2) had pathologically negative lymph nodes, 3) had 
distant metastases; 4) had not completed a full course of 
chemotherapy, 5) had not received neoadjuvant treatment, 6) 
had distant metastasis (M1) prior to neoadjuvant treatment, 
7) had inflammatory breast cancer, or 8) had preoperative 
axillary surgery or radiotherapy were excluded. In addition, 
the patients whose metastases were detected, operation time 
was delayed, or postoperative lymph node status, preoperative 
hematological indicators, or other clinical data were not 
clearly recorded were also eliminated. The end point used in 
this study was whether axillary lymph nodes were completely 
relieved after neoadjuvant therapy.

Statistical Analysis
Because the relationship between a variable and an 

outcome is not linear in general, this analysis transformed 
continuous variables  (e.g. Age, Ki67, MLR and NLR) into 
categorical variables. The optimal cut-off was determined 
using Yoden’s index: maximum [sensitivity – (1-specificity)]. 
Then, differences in categorial variables between apCR or 
non-apCR groups were assessed using Pearson’s chi-square 
test and Fisher’s exact test when having expected number less 
than 1. Factors included in the model were selected based 
on the results of univariate descriptive statistical analysis. 
Multivariable logistic regression analysis with bi-directional 
stepwise method was done to detect the presence of possible 
predictors of apCR status. The odds ratios from multivariable 
logistic regression models were used to evaluate relative 
risks. The variables showing significance in the multivariable 
regression analysis were used to develop a nomogram-based 
model for predicting apCR status after neoadjuvant treatment 
in breast cancer patients without distant metastasis (M0). 
The area under the curve (AUC) of ROC is a discrimination 
measure which represents the ability of the model to assign 
higher probability of apCR patients than non-apCR patients 
[16]. The yield values were from 0.5 (no predictive power) 
to 1.0 (perfect prediction). A calibration plot represents the 
degree of agreement between the observed and predicted 
apCR. A calibration curve on the 45° diagonal line indicates 
perfect agreement. In addition, the false-negative means 
that achieving apCR patients are treated as non-apCR 
patients. The false-positive means that a non-apCR patient is 

considered to have achieved apCR. So, false-negative is less 
harmful than the false-positive. In decision curve analysis 
(DCA), the relative value of benefits of using the predictive 
model, the all model (all of the patients achieved apCR 
after neoadjuvant therapy), and the none model (none of the 
patients achieved apCR after neoadjuvant therapy) to predict 
outcomes against different threshold probability was plotted. 
A low-risk threshold probability might indicate that patients 
achieved non-apCR, so receiving follow-up treatment. In 
addition, calibration curve, receiver ROC curve, and decision 
curve analysis (DCA) based on 1,000 bootstrap samples 
were also plotted for the purpose of internally validating. All 
statistical analyzes were performed using R version 4.2.1 (R 
Foundation for Statistical Computing, Vienna, Austria). A 
p-value < 0.05 was considered statistically significant. 95% 
confidence interval (CI) was adopted for odds ratio (OR) 
and AUC. An AUC value > 0.7 is considered to have good 
discrimination.

Results
Univariate Descriptive Statistical Analysis

A total of 50 participants who met the Inclusion and 
Exclusion Criteria were included in this study. Demographic 
and clinical characteristics of the study population according 
to apCR status are shown in Table 1. The whole population’s 
mean age was 45.94 [SD 10.03] years old. apCR was 
achieved in 26 of 50 (52%). There are significant differences 
in pathological grade, HER2 status, NLR and LNR between 
apCR group and non-apCR group.

For further exploration for these variables as possible 
independent predictors of apCR status in breast cancer 
patients without distant metastasis (M0) who have received 
neoadjuvant treatment, multiple binary logistic regression 
with bi-directional stepwise method was done. In the final 
model, pathological grade, HER2 status, NLR, and LNR 
remained significantly associated with apCR status.

Multivariable Regression Analysis
Fit a multiple logistic regression model using the 

variables which show difference significance between non-
apCR and apCR groups. The results are shown in Table 2. 
Higher pathological grade (0.061 [95% CI: 0.005–0.444]) 
and positive HER2 status (0.065 [95% CI: 0.006–0.412]) was 
associated with higher probability of achieving apCR. Higher 
NLR (22.451 [95% CI: 2.237–454.068]) or MLR (8.569 
[95% CI: 1.215–88.915]) is more un-likely to achieve apCR.

Nomogram-Based Prediction Model
Multivariate logistic regression coefficients were then 

used to generate a nomo-gram-based predictive model. A 
nomogram is a tool that provides graphical illustration of all 
predictors in the model and enables the user to easily compute 
the probability of an individual outcome [17].
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Characteristics
Overall apCR Non-apCR

p value
(n = 50) (n = 26) (n =24)

Age Mean ± SD 45.94 ± 10.03 46.81 ± 11.05 45.00 ± 8.94

< 31.5 4 (8%) 3 (11.54%) 1 (4.17%) 0.661

≥ 31.5 46 (92%) 23 (88.46%) 23 (95.83%)

Menopausal No 22 (44%) 12 (46.15%) 10 (41.67%) 0.749

Yes 28 (56%) 14 (53.85%) 14 (58.33%)

Pathological classification 01-Feb 20 (40%) 6 (23.08%) 14 (58.33%) 0.011

3 30 (60%) 20 (76.92%) 10 (41.67%)

T stage cT1 7 (14%) 5 (19.23%) 2 (8.33%) 0.243

Ct2 32 (64%) 18 (69.23%) 14 (58.33%)

cT3 6 (12%) 2 (7.69%) 4 (16.67%)

cT4 5 (10%) 1 (3.85%) 4 (16.67%)

N stage cN1 30 (60%) 15 (57.69%) 15 (62.5%) 0.387

cN2 15 (30%) 7 (26.92%) 8 (33.33%)

cN3 5 (10%) 4 (15.38%) 1 (4.17%)

ER status Negative 20 (40%) 10 (38.46%) 10 (41.67%) 0.817

Positive 30 (60%) 16 (61.54%) 14 (58.33%)

HER2 status (molecular subtype) Negative 29 (58%) 9 (34.62%) 20 (83.33%) < 0.001

Positive 21 (42%) 17 (65.38%) 4 (16.67%)

Ki67 < 87.5 44 (88%) 24 (92.31%) 20 (83.33%) 0.589

≥ 87.5 6 (12%) 2 (7.69%) 4 (16.67%)

NLR < 2.535 34 (68%) 23 (88.46%) 11 (45.83%) 0.001

≥ 2.535 16 (32%) 3 (11.54%) 13 (54.17%)

MLR < 0.254 30 (60%) 22 (84.62%) 8 (33.33%) < 0.001

≥ 0.254 20 (40%) 4 (15.38%) 16 (66.67%)

Table 1: Baseline characteristics of patients

LNLR: neutrophil-to-lymphocyte ratio; MLR: monocyte-to-lymphocyte ratio.

Characteristics β OR [95%CI] p value

Pathological grade 01-Feb 1.000

3 -2.790 0.061 [0.005–0.444]

HER2 status (molecular subtype) Negative 1.000 0.013

Positive -2.727 0.065 [0.006–0.412]

NLR < 2.535 1.000 0.010

≥ 2.535 3.111 22.451 [2.237–454.068]

MLR < 0.254 1.000 0.019

≥ 0.254 2.148 8.569 [1.215–88.915]

Table 2: Results of multivariate logistic regression
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The output probability of apCR for an individual patient 
using the nomogram (Figure 1) is calculated as follows: 
obtain scores for all variable values, add all scores, and draw 
a bottom line to the probability axis (the bottom axis) to 
obtain the probability of event using the total score axis.

Validation of Nomogram-Based Prediction Model
The receiver operating characteristic (ROC) curve for the 

nomogram model is shown in Figure 2a with AUC (area under 
the curve) of 0.929 [95% CI: 0.859–0.998].  Then, the AUC 

of the ROC (Figure 2b) was also calculated by generating 
1000 smoothed bootstrap replications. The AUC value is 
0.933 [95% CI: 0.816–0.973]. The results confirms that the 
nomogram has good ability discriminate between non-apCR 
and apCR patients.

Calibration curves can show the goodness of a fitting 
model in an absolute sense. In Figure 3a, there is only small 
departure between the calibration curve and the diagonal line 
denoting perfect calibration over the interval. Although the 

Figure 1: Nomogram for predicting axillary pathologic complete response (apCR) after neoadju-vant therapy in breast cancer patients without 
distant metastasis. Calculate the probability of apCR for an individual patient using the nomogram: obtain scores for all variable values, add all 
scores, and draw a bottom line to the probability axis (the bottom axis) to obtain the probability of event using the total score axis.

Figure 2: Receiver operating characteristic (ROC) curve of the nomogram. (a) ROC curve without bootstrapping (AUC [area under the ROC 
curve] = 0.929 [95% CI: 0.859–0.998]); (b) Smoothed ROC with 1000-time bootstrapping (AUC = 0.933 [95% CI: 0.816–0.973]).
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calibration curve of the original model has been plotted, the 
bias-corrected curve with resampling validation is the more 
valid representation. The mean of the model’s calibration 
metric was computed across the 1000 simulation replicates 
using the bootstrap method, and the plot also shows the good 
agreement of the nomogram (Figure 3b).

Furthermore, the decision curve analysis (DCA) plot 
shown in Figure 4 using 1000 bootstrap samples, depending 
on comparing the net benefit of the nomogram model with 
that of a strategy of "ALL" (the grey line) and "NONE"  
(the black line parallel to the x axis at net benefit of zero), the 
nomogram model can be considered as the best model.

Discussion
Originally a means to downstage patients with inoperable 

locally advanced breast cancer, neoadjuvant therapy is now 
integral to comprehensive cancer treatment [18]. In 2021, the 
American Society of Clinical Oncology ASCO Consensus on 
Neo-adjuvant Therapy recommended that for patients with 
high-risk HER2-positive or triple-negative breast cancer 
(TNBC) should be administered neoadjuvant therapy prior 
to surgery, as an effective response to neoadjuvant therapy 
can result in downstaging of a tumor, hence enhancing tumor 
respectability, increasing the possibility of breast conversing, 
and reducing postoperative complications [19]. Neoadjuvant 
therapy for breast cancer includes neoadjuvant chemotherapy, 
neoadjuvant targeted therapy and neoadjuvant endocrine 
therapy. “Guidelines for Diagnosis and Treatment of Breast 
Cancer in China (2021 Edition)” released by Chinese Anti-
Cancer Association, Committee of Breast Cancer Society 
(CACA-CBCS) divide patients with breast cancer into 
the group that treatment is a "must" (patients in need of 
downstaging) and the group that treatment is an "elective 
option" (patients who show signs of in-vivo drug sensitivity) 
[20]. Recently, in the realm of precision medicine, prospective 

(a) (b)

Figure 3: Calibration curve of the nomogram. (a) Calibration curve without bootstrapping; (b) Calibration curve with 1000-time 
bootstrapping.

Figure 4: Decision curve analysis (DCA) plot using 1000-time 
bootstrap sampling. ALL: all of the patients achieved apCR after 
neoadjuvant therapy. NONE: none of the patients achieved apCR 
after neoadjuvant therapy.
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clinical trials have been performed to evaluate the best-
matched neoadjuvant treatment in accordance with the breast 
cancer patients’ molecular subtypes (HER2 status) [21]. For 
the patients who are suitable for neoadjuvant treatment, new 
chemotherapy drugs, targeted and immuno-therapy drugs 
are added to upgrade the standard of care without decrease 
in pathological complete response (pCR) rate. In patients 
who are not suitable for chemotherapy, degraded treatment 
strategy can be employed to protect patients from the toxic 
side effects of chemotherapy drugs. Since chemotherapy after 
surgery is not the best strategy to maximize the survival of 
patients, drug sensitivity results will be obtained according to 
residual lesions after neoadjuvant treatment, and subsequent 
intensive treatment will be adopted. On the other hand, some 
scholars claimed that whether surgery should be the first 
step in treating patients with early-stage breast cancer is an 
issue worth discussing [22]. Of course, there are still a small 
number (< 5%) of patients with disease progression or even 
loss of surgery opportunities in the process of neo-adjuvant 
treatment. Therefore, it is recommended that patients should 
carry out close efficacy evaluation, including clinical physical 
examination and imaging evaluation, so as to monitor the 
treatment response. Presently, there is less evidence showing 
that hematological indicators can be used to monitor the effect 
of neoadjuvant therapy. Studies have shown that patients who 
achieve pCR after neoadjuvant therapy have a better long-
term outcome [23]. The 5-year survival rate of patients who 
reached apCR after neo-adjuvant treatment was significantly 
improved. For patients who did not achieve apCR after 
neo-adjuvant therapy, the number of residual tumor cells in 
different patients' lesions was also different, and the prognosis 
was not completely the same. 

With a 90% successful identification rate (SIR) and 
8% FNR, sentinel lymph node mapping and biopsy after 
neoadjuvant therapy for early-stage breast cancer patients is 
a credible tool for planning treatment in this population as an 
alternative to completion ALND [24]. In the meanwhile, pre-
treatment SLNB provides accurate axillary staging, identifying 
lymph node-negative patients who may avoid ALND [25]. 
Based on the re-sults of fine needle aspiration cytology 
(FNAC) combined with IHC staining, the rate of lymph 
node clearance can be lowered in the patients with negative 
sentinel lymph nodes. For initial axillary lymph node positive 
patients, lymph node negative patients after neoadjuvant 
therapy meet the following conditions: 1) cT1-3N1, 2) lymph 
node metastasis confirmed by dual tracer imaging; 3) positive 
sentinel lymph node (SLN)≥ 3; 4) place a marker clip on 
axillary lymph nodes with positive puncture biopsy before 
neoadjuvant chemotherapy and detect them during operation. 
After fully communicating with breast cancer patient, ALND 
can be avoided [11]. Adjuvant radiotherapy is recommended 
for axillary group I and II after operation. For patients with 
initial cN2-3, ALND is still recommended because the lymph 

node is negative after neo-adjuvant treatment. Clinicians 
can predict which patients will respond better to treatment 
according to the disease characteristics of patients, and may 
select the patients most likely to achieve apCR through 
sentinel lymph node biopsy after neo-adjuvant treatment. 
As shown in Tabel 2, the multivariate logistic regression-
based prediction model demonstrates that patients with low 
pathological grade 3, HER-2+, NLR, and LMR are more 
likely to achieve apCR. The patients included in this study 
were N+, and N was not found to be an influ-encing factor , 
result similar to the Olga kantor model [26]. Although N is 
an important factor affecting the survival of patients, it is not 
related to whether or not the apCR can be achieved, which 
is different from what we think. This may be related to the 
low number of patients included in cN2-3. The later the N 
stage, the more likely it is that the disease will progress after 
neoadjuvant therapy, or because of disease factors, there is no 
regular reexamination, resulting in the exclusion of this part 
of patient data. Because the current controversy is more about 
patients with cN1, we hope to include more patients with cN1 
for group analysis in the future.

T stage is also not an influencing factor. Clinically, there 
is no mass after minimally invasive atherectomy, and it is not 
possible to accurately assess the neoadjuvant T stage at this 
time. We compared the size of the surgical pathological mass 
with the size of the initial imaging mass after neoadjuvant 
and found that T was not the influencing factor. In fact, the 
most accurate is the imaging comparison before and after the 
neoadjuvary.Subgroup analysis of the Olga kantor model 
showed that HR+/HER2- patients had the lowest apCR rate. 
This study found that ER was not an influencing factor. 
Considering the small sample size of this study, only HR 
status was considered, and HER2-positive patients were not 
excluded. We should subsequently include more patients and 
analyze results with different HR status for the same HER2 
status.This is where we need to improve. Finally, only 6 
patients had a Ki67 of 87% or greater, and the  result was 
negative. When Ki67 ≥ 14%, it is associated with apCR [27]. 
Previous studies have shown that HER-2 positive patients 
tend to achieve patho-logical complete remission after neo-
adjuvant therapy. In 2014, Cortazar et al. [28] carried out the 
CTNeoBC pooled analysis including 11,955 neo-adjuvant 
therapy patients in 12 international multi-medical centers, and 
the results showed that HER-2 positive pCR was significantly 
related to event-free survival (EFS), and OS. For HER-2 
positive type, various clinical research data emerge endlessly, 
hoping to improve pCR rate and survival. The NOAH trial 
[29] indicated that the addictive application of neoadjuvant 
and adjuvant trastuzumab to neoadjuvant chemotherapy 
should be considered for female patients with HER2-positive 
locally advanced or inflammatory breast cancer to improve 
survival, and clinical and pathological tumor responses. 
The NOAH study preliminarily explored the combination 
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of neoadjuvant chemotherapy and targeted therapy, and the 
addition of trastuzumab can significantly improve the pCR 
rate. The phase II NeoSphere trial supports the approval of 
pertuzumab for use in combination with trastuzumab and 
docetaxel as neoadjuvant treatment for patients with HER2+ 
early breast cancer. This study reported lower pCR rates 
in hormone-receptor (HR)+ tumors as compared to HR- 
cases, but this did not reflected in OS analyzes [30]. The 
NeoALTTO20 and the CHER-LOB studies demonstrated 
significantly increased pCR rates using dual HER2-blockade 
in comparation with trastuzumab [31, 32]. For the triple 
negative breast cancer (TNBC) subtype, in the non-pCR 
post-neoadjuvant subgroup, standard therapy with adjuvant 
capecitabine (Create-X trial) was proved to improve OS [33]. 
In KATHERINE study, improved invasive DFS was shown 
for molecularly identified HER2+ breast cancer after a switch 
to PNACT with trastuzumab emtansine (T-DM1) [34]. As 
such, the personalised targeted post-neoadjuvant treatment 
based on pCR status will be administered in addi-tion to the 
standard of care according to the CREATEX trial and T-DM1 
according to the KATHERINE trial [35]. 

The emergence of targeted drugs in breast cancer has 
improved the survival prog-nosis of HER-2 patients and the 
effect of neoadjuvant therapy. However, the HER-2 positive 
patients have different responses to the neo-adjuvant therapy. 
Therefore, some studies further analyzed whether the high 
HER2/CEP17 ratio indicates that the neo-adjuvant targeted 
therapy is better. In a clinical trial conducted in South Korea, 
pCR status was found to be highly associated with HER2/
CEP17 ratio in neoadjuvant an-ti-HER2 dual blockade [36]. 
A retrospective review in the National Cancer Database 
(NCDB) breast cancer patient cohort indicated higher HER2/
CEP17 ratio is an effective of predictor of pCR to neoadjuvant 
chemotherapy [37]. HER2, a member of the ErbB family of 
transmembrane receptor tyrosine kinases [38], is encoded 
by the gene ERBB2 [39]. HER2+ subtype is characterized 
by the absence of estrogen and progesterone receptors and 
overexpression of HER2 receptor, and ac-counts for 15–
20% of all breast cancers. HER2+ subtype patients tend to 
have higher likelihood of achieving pCR after neoadjuvant 
treatment. HER2+breast cancer patients who achieved pCR 
after new adjuvant treatment have more obvious benefits. 
Further-more, achieving pCR was associated with better 
survival [40]. It is estimated that patients with lower HER2 
expression occupy 45%–55% of all the breast cancers [41]. 
In many previous studies [34], HER2-targeted therapy 
has shown very few benefits in patients with HER2-low 
breast cancer [35]. Trastuzumab deruxtecan (T-DXd), also 
known as DS-8201 or DESTINY-Breast 03 (DB 03), is an 
antibody-drug conjugate (ADC) consisted of an anti-HER2 
antibody and cytotoxic topoisomerase I inhibitor [42]. 
T-DXd is a combination of a high drug antibody ratio (DAR) 
of eight molecules per antibody, plasma-stable linker that 

is selectively cleaved by tumor lysosomal proteases, and 
membrane-permeable payload. It is able to diffuse out into 
neighboring cells, thereby addressing tumor heterogeneity 
with a ‘‘bystander’’ effect, hence leading to impressive 
response rates in various HER2-expressing cancers including 
breast, lung, and gastric tumors [43]. In phase 3 trial of the 
drug involving patients with HER2-low metastatic breast 
cancer, T-DXd resulted in significantly longer progression-
free and overall sur-vival than the clinicians’ choice of 
chemotherapy [44]. In the past, compared with current 
therapies such as endocrine therapy and chemotherapy, non–
HER2-amplified breast cancer has extremely low chance of 
obtaining a pCR. It is hoped that applying this HER2-targeted 
ADC, which has shown many favourable benefits for breast 
cancer pa-tients with HER2-low, will also show beneficial 
results in the neoadjuvant setting [45].

It is widely known that many types of cancers are engendered 
from infection, chronic irritation, and inflammation. 
Furthermore, the tumor microenvironment, which is full 
of inflammatory cells, plays an indispensable role in the 
neoplastic process, pro-moting proliferation, survival and 
migration of tumor cells [46]. In recent years, more and more 
efforts have been made to fight against tumors in accordance 
the bodily internal immune system. As a simple, objective 
and cheap laboratory indicator, inflammatory immune related 
indicators have also been gradually applied to predict pCR. 
In general, lower lymphopenia indicators means that anti-
tumor immune system is less activated and the treatment 
efficancy is better [47, 48]. Because the comparison before 
and after treatment of primary tumors is simple in clinical 
practice, most of the inflammatory immune related indicators 
predict primary tumors. There are few studies demonstrating 
correlation between clinical information and pCR. This study 
highlights the predictive efficacy of some immunity-related 
indicators as biomarkers for apCR status after neo-adjuvant 
therapy in breast cancer patients without distant metastasis. 
CD8+ T cells are considered as the key immune cells for 
killing cancer [49]. In addi-tion, neutrophils are important cells 
involved in inflammation, and chronic inflammation is one of 
the characteristics of tumor microenvironment. Neutrophils 
infiltrating tumors can produce a wide range of chemokines, 
which play an important role in tumor progression, 
metastasis, angiogenesis and immunosuppression [50-52]. 
Chemokines, such as CSF1, secreted by tumor cells will 
summon monocytes from peripheral blood circulation to 
the tumor microenvironment, and then differentiate into 
tumor-associated macrophages (TAM). TAM can be divided 
into two main phenotypes: the classical M1 macrophages 
and alternatively activated macrophages M2. In the breast 
malignant tumor, the main type is M2. TAM can promote 
tumor progression and immunosuppression through many 
ways. TAM can promote the proliferation of tumor cells by 
secreting EGF, PDGF, etc. Through the release of MMP2, 
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MMP9 and other tumor cell transfer factors to participate in 
tumor invasion and metastasis; By generating IL10, PGE2, 
TGF β. They are involved in the immune escape of tumor 
cells; It participates in the growth of tumor micro-vessels and 
lymphatic vessels by expressing VEGF. The study of Vitale 
et al. (2019) [53] depicted the impact of TAM metabolism on 
their ability to influence tumor growth, often as an outcome 
of altered immunomodulation. The increase of tumor-related 
inflammatory mediators produced by tumor cells, such as 
tumor necrosis factor (TNF)- α, interleukin (IL)-3, and IL-6, 
may lead to the elevation of neutrophils and tumor-related 
macrophages, and the decrease of lymphocytes. The levels of 
NLR and MLR will also increase accordingly. Therefore, low 
NLR and MLR indicates better efficacy and longer survival. 
In two rather recent meta-analyzes, a high NLR was shown to 
predict poor OS and disease free survival (DFS) among BC 
patients [54,55]. In the study of Tiainen et al. (2021) [56], 
the authors found that Trastuzumab was especially beneficial 
for those HER2+ breast cancer patients with a high baseline 
NLR or MLR, while the prognosis of the HER2+ patients 
with a low baseline NLR or MLR was better if they received 
adjuvant trastuzumab treatment. Multivariate logistic 
regression analysis performed by us showed that decreased 
level of NLR and MLR is associated with higher apCR rate 
after neoadjuvant therapy. This means that NLR and MLR 
can be used as independent predictors of apCR in breast 
cancer patients without distant metastasis after neoadjuvant 
therapy.

NLR and MLR are measures reflecting the balance 
between inflammation and im-munoreaction in cancer [57]. 
Furthermore, chronic inflammation and an inappropriate 
humoral immune response can contribute to tumorigenesis and 
malignant progression [58]. It is worth noting that molecular 
biology and signaling pathways in breast cancer are very 
important in tumor microenvironment. For example, IL-6 can 
make an extrinsic impact on tumor cells within the complex 
tumor microenvironment to sustain a pro-tumor condition by 
supporting cancer cell proliferation, angiogenesis and tumor 
evasion of immune surveillance [59]. On the other side, 
TGFβ signaling in the tumor microenvironment plays an 
important role in tumor initiation, progression, and metastasis 
by its capacity to regulate cross-talk between tumor cells and 
other components of the local environment [60]. Past studies 
revealed the causal relationship between inflammation, innate 
immunity and breast cancer and the therapeutic potential of 
targeting tumor microenvironment in breast cancer should be 
further analyzed. This study had several limitations. Firstly, 
this is a retrospective cohort study whereby the researchers 
designed the study, recruited subjects, and collected back-
ground information of the subjects after the outcome of 
interest had been developed, and the results of the study may be 
affected by biases during data collection. Secondly, the strict 

exclusion criteria resulted in a relatively small sample size. 
Although the sample size was limited, the internal validation 
of the nomogram-based predictive model was performed to 
confirm that it is a reliable tool for predicting apCR status 
after neo-adjuvant therapy in breast cancer patients without 
distant metastasis. When only a single set is available, and 
all data are used to develop model, it is allowed to use 
resampling for development and validation [61]. Thirdly, 
breast cancer is a type of highly heterogeneous disease, 
and tumor cell biology is completely different in different 
pathological types. Only the most common pathological type, 
invasive ductal carcinoma (IDC), was investigated in this 
study. About 8 in 10 invasive breast cancers are IDC [62]. 
In addition, there exist some other factors that may be related 
to the effect of new adjuvant therapy, such as the site of the 
primary tumor, BMI, BRCA mutation status, race, etc., and 
these should be further analyzed. Lastly, the developed model 
lacked external validation. Future research should perform 
accuracy assessments using an independent data set.

Conclusions
In conclusion, clinical variables including pathological 

grade, HER2 status, and some routine hematological 
indicators can be utilized to build a nomogram-based model 
for predicting the complete remission probability of axillary 
lymph nodes after neoad-juvant therapy. A nomogram is 
widely considered as a reliable and concise tool to aid in 
predict patients’ outcome and clinical decision. Based on 
the predicted results of the model, clinicians can determine 
different surgery strategies for axillary lymph nodes after 
neoadjuvant treatment. This is the result of our initial 
exploration. Because complications (e.g. lymphedema, 
numbness of upper limbs, and limited joint activity) often 
occur after axillary lymph node dissection ,which seriously 
affects the quality of life of patients, for patients with early-
stage breast cancer, ALND can be waived if it is judged 
that there is a high probability of achieving apCR. Also, it 
is necessary to inform the patients of the advantages and 
disadvantages in advance, and then make clinical decisions 
based on their requirements.
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