Breast Cancer: Targets and Therapy Dove

ORIGINAL RESEARCH

Predictive Value of Pretreatment Neutrophil to
Albumin Ratio in Response to Neoadjuvant
Chemotherapy of Breast Cancer

Yu-Xiang Deng(®'*, Yu-Jie Zhao®*, Qiao-Hong Nong?, Hong-Mei Qiu', Qiao-Li Guo', Hui Hu'

'Department of Thyroid and Breast Surgery, Peking University Shenzhen Hospital, Shenzhen Peking University-The Hong Kong University of Science
and Technology Medical Center, Shenzhen, 518000, People’s Republic of China; 2Department of Radiotherapy, Peking University Shenzhen Hospital,
Shenzhen Peking University-The Hong Kong University of Science and Technology Medical Center, Shenzhen, 518000, People’s Republic of China;
3Department of Oncology, Peking University Shenzhen Hospital, Shenzhen Peking University-The Hong Kong University of Science and Technology
Medical Center, Shenzhen, 518000, People’s Republic of China

*These authors contributed equally to this work

Correspondence: Hui Hu, Department of Thyroid and Breast Surgery, Peking University Shenzhen Hospital, 1120 Lianhua Road, Shenzhen, 518000,
People’s Republic of China, Tel +86-755-83923333, Email Sapphiretjmu@|63.com

Background: The immune system appears to play a crucial role in how breast cancer responds to chemotherapy. In this study, we
investigated a peripheral marker of immune and inflammation named the neutrophil to albumin ratio (NAR) to explore its potential
relationship with pathological complete response (pCR) in locally advanced breast cancer patients who underwent neoadjuvant
chemotherapy (NAC).

Methods: We conducted a retrospective analysis of 212 consecutive breast cancer patients who received NAC. The NAR was
calculated by examining the complete blood cell count and albumin level in peripheral blood before starting NAC. Through ROC
curve analysis, we determined the optimal cutoff value for NAR as 0.0877. We used Pearson’s chi-square test or Fisher’s exact test to
evaluate the relationship between NAR and pCR, as well as other clinical and pathological characteristics. Logistic regression models
were employed for univariate and multivariate analyses.

Results: The results of both univariate and multivariate logistic regression analyses showed that NAR was associated with tumor
pathological regression. The NAR high group had a higher pCR rate compared to the NAR low group (OR 3.127 [95% CI 1.545—
6.328]; p = 0.002).

Conclusion: According to this study, it was observed that patients with breast cancer who had high levels of NAR were more likely to
achieve pCR when undergoing NAC.
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Introduction

Breast cancer is the most common type of cancer among adult women worldwide, accounting for 31% of all female
cancers globally. It also has the highest incidence rate among all tumors.' Currently, neoadjuvant chemotherapy (NAC) is
widely used as the standard treatment for locally advanced and inflammatory breast cancer. The goal of NAC is to reduce
the stage of cancer and increase the likelihood of breast-conserving surgery. Additionally, it can provide insights into an
individual’s sensitivity to cancer treatment.” It has been suggested that achieving a pathological complete response (pCR)
after NAC can be a favorable indicator for disease-free survival (DFS) and overall survival (OS), especially for patients
with more aggressive subtypes such as triple-negative or human epidermal growth factor receptor 2 (HER2)-positive
breast cancer.”* Breast cancer patients exhibit significant variability in their response to NAC due to the heterogeneity of

5
tumors.
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There is growing evidence suggesting a connection between inflammation and the development of cancer, with the
host’s systemic inflammatory response playing a crucial role in cancer progression.®® Many studies are currently
underway to understand the role of the peripheral immune system in breast cancer, particularly in response to NAC.
Some hematological and nutritional parameters, such as the neutrophil to lymphocyte ratio (NLR), prognostic
nutrition index (PNI), and systemic immune-inflammation index (SII), have been developed to predict the develop-
ment of breast cancer.””'" Additionally, albumin, the primary protein found in human serum, serves as an indicator of
a patient’s nutritional status. Numerous studies have established a correlation between serum albumin levels and
survival rates in various types of cancer, including breast cancer, gastric cancer, and colorectal cancer.'>'* The
neutrophil to albumin ratio (NAR), introduced by Bernard et al is a new biomarker that reflects both systemic
inflammation and nutritional status.'” It is calculated by dividing the absolute neutrophil count by the serum albumin
concentration. This unique index related to cancer-associated inflammation combines information on the body’s
inflammatory responses and nutritional status. Research has shown that this biomarker can predict the degree of
malignancy and prognosis of patients with lung cancer and oral cancer.'®!” Additionally, NAR considers both pre-
treatment markers of inflammation and malnutrition. In a retrospective study, NAR was found to be useful in
predicting relapse-free survival in patients with gastrointestinal stromal tumors.'® Moreover, NAR can independently
predict a complete pathological response in patients who have undergone neoadjuvant chemoradiotherapy for rectal
cancer.'” However, there is a lack of reliable data on the potential use of this biomarker in predicting pCR in breast
cancer patients undergoing NAC. In this study, we investigated whether the baseline NAR could identify breast cancer
patients who are more likely to achieve pCR after NAC, and whether the predictive value of this biomarker is
independent of other clinical factors.

Methods

Patient Enrollment

A total of 212 female breast cancer patients who underwent NAC were identified retrospectively from November 2019 to
June 2023 using the inpatient databases from Peking University Shenzhen Hospital. The enrollment criteria were as
follows: (1) confirmed diagnosis of breast adenocarcinoma through pathology; (2) patients who received NAC at our
hospital and completed radical resection for breast cancer; (3) initially diagnosed with T3—4 or N+ disease; (4) patients
undergoing standard adjuvant chemotherapy treatment. The exclusion criteria were as follows: (1) bilateral breast cancer;
(2) presence of metastatic disease before or during preoperative treatment, or any other active malignancies; (3)
incomplete case information. Tumor stage was classified according to the 2010 AJCC staging system. The current
study was conducted in accordance with the ethical standards of the World Medical Association Declaration of Helsinki.
Institutional Review Board approval was obtained from independent ethics committees at Peking University Shenzhen
Hospital, with a waiver of informed consent as this research was retrospective and did not involve accessing any
identifying patient data.

Data Collection

NAR is calculated based on laboratory test results from peripheral blood samples obtained within 7 days before the
first cycle of NAC. All blood cell assessments were performed centrally in our institutional laboratory following
standardized operative procedures. The NAR was calculated as the neutrophil count divided by the albumin (g/L)
level. Breast cancer biopsies and surgical specimens were processed for immunohistochemistry (IHC). Tumors were
considered estrogen receptor (ER) or progesterone receptor (PR) positive if more than 1% of cells showed nuclear
receptor staining. Ki-67 was used as a cutoff point of 14% to distinguish between luminal A and luminal B tumors.
The nuclear grade was assessed according to the Nottingham grading system. HER2 positivity was defined
according to the ASCO/CAP guidelines.?® Tumor molecular subtypes were classified as Luminal A, Luminal B,
HER2-enriched/ hormone receptor (HR)-positive, HER2-enriched/HR-Negative, and Triple-negative, as previously
described.
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Patient Treatments

Primary tumors were staged according to the eighth edition of the breast cancer UICC-TNM staging system. Ultrasound,
molybdenum target, and MRI were used to assess the tumor condition before NAC. The decision to use NAC was made
based on the NCCN guideline and patients’ tolerance to chemotherapy. The NAC regimen consists of anthracycline and
taxane based chemotherapy, with HER2-positive patients receiving anti-HER2 therapy. The NAC regimens adhered to
standard clinical practices and were divided into two groups: (1) regimens based on anthracyclines and taxanes used in
the HER2 negative group, such as the AC-T regimen, and (2) chemotherapy and anti-HER2 regimens used in the HER2
positive group, including TCbHP, THP, and AC-THP regimens. Specific dosing instructions for each regimen can be
found in Supplementary Table 1. Surgical treatment was performed within 3—4 weeks after the completion of the

prescribed cycle of NAC.

Evaluation of Pathological Response

After completing neoadjuvant chemotherapy, the decision to perform breast-conserving surgery or total mastectomy was
based on the patient’s condition of breast cancer. If separated tumor cells were found in the sentinel lymph nodes,
a complete axillary lymph node dissection would be performed. Each surgical specimen was reviewed by experienced
pathologists to determine the extent of tumor regression. Pathological complete response was defined as the complete
absence of invasive breast cancer in both the breast and axillary lymph nodes in the surgical specimen following NAC
(ypTO/ypTis, ypNO). Noninvasive breast residuals (ductal carcinoma-in-situ) were allowed.*'

Statistical Analysis

Statistical analyses were performed using SPSS 20.0 software (IBM, Chicago, IL, USA), GraphPad Prism 7 software
(GraphPad Software, Inc, San Diego, CA, USA). The receiver operating curve (ROC) analysis was applied to calculate
the area under the ROC curve (AUC), which was used to determine the optimal cutoff value of NAR. The curve is drawn
with true positive rate (sensitivity) as the ordinate, false positive rate (1-specificity) as the abscissa, and Youden index
(sensitivity + specificity —1). The maximum value was defined as the optimal cut-off value. Comparison between groups
was performed using x* test or Fisher’s test. The logistic regression model was used for univariate analysis, and the
variables with p value less than 0.05 in univariate analysis were subjected to multivariate analysis. Odds Ratio (OR) was
reported with the corresponding 95% confidence intervals (95% CI). p < 0.05 was considered statistically significant.

Results

Characteristics and Distribution of the Study Population
Table 1 presents the clinicopathologic characteristics of the 212 patients included in this study. The median age of all
patients was 46 years old (range 26—68), and the median tumor size was 34 mm (range 9-96). At the time of diagnosis,

Table | Clinicopathologic Features of Patients Involved in This Study

Characteristics Total n=212 (%)
Age (years) <50 143 (67.5)
>50 69 (32.5)
cT stage | 12 (5.7)
2 158 (74.5)
3 30 (14.2)
4 12 (5.7)
cN stage 0 42 (19.8)
| 123 (58.0)
2 6 (2.8)
3 41 (19.3)
(Continued)
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Table | (Continued).

Characteristics

Total n=212 (%)

Hormone Receptor (HR)

HER2

Ki-67

Molecular subtype

Chemotherapy regimen

pCR

Positive

Negative

Positive

Negative

<14%

>14%

Luminal A

Luminal B

HER?2 enriched (HR+)
HER?2 enriched (HR-)
Triple Negative
Anthracycline and Taxane

Chemo + Trastuzumab +Pertuzumab

Yes
No

151 (71.2)
61 (28.8)
92 (43.4)
120 (56.6)
12 (5.7)
200 (94.3)
9 (4.2)
85 (40.1)
57 (26.9)
35 (16.5)
26 (12.3)
121 (57.1)
91 (42.9)
62 (29.2)
150 (70.8)

the majority of cases (74.5%) had a T stage of cT2, and 58.0% had an N stage of cN1. Among these patients, 71.2% were
determined to be HR-positive, 56.6% were HER2-negative, and 94.3% exhibited Ki-67 > 14%.

Relationship Between Baseline Characteristics and NAR

The optimal cutoff value for the NAR was determined to be 0.0877, which corresponded to the maximum sensitivity and
specificity (0.742 and 0.547, respectively) of the NAR in predicting pCR, as indicated by ROC analysis. The Youden index
was calculated to be 0.289 (Figure 1). Based on the optimal cutoff values, patients were divided into a low NAR group
(NAR <0.0877) and a high NAR group (NAR > 0.0877). Analysis of NAR levels in relation to various clinicopathological
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Figure | Receiver operating characteristic curve for determination of the cut-off value for the NAR in patients with breast cancer with NAC.
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Table 2 Relationships Between NAR and Patient Characteristics

Characteristics NAR (n=212)
<0.0877 (n=98), n (%) | >0.0877 (n=114), n (%) | p value

Age (years) <50 73 (51.0) 70 (49.0) 0.043
>50 25 (36.2) 44 (63.8)

cT stage 1-2 81 (47.6) 89 (52.4) 0.404
34 17 (40.5) 25 (59.5)

cN stage 0 24 (57.1) 18 (42.9) 0.113
1-3 74 (43.5) 96 (56.5)

Hormone Receptor (HR) | Negative 27 (44.3) 34 (55.7) 0.715
Positive 71 (47.0) 80 (53.0)

HER2 Negative 65 (54.2) 55 (45.8) 0.008
Positive 33 (35.9) 59 (64.1)

Ki-67 <14% 9 (64.3) 5(35.7) 0.161
>14% 89 (44.9) 109 (55.1)

Chemotherapy regimen Anthracycline and Taxane 65 (53.7) 56 (46.3) 0.012
Chemo + Anti HER2 33 (36.3) 58 (63.7)

features revealed that patients over 50 years old (p = 0.043), those with positive HER2 status (p = 0.008) and chemotherapy

regimen including anti-HER2 (p =0.012) were more likely to belong to the high NAR group (Table 2). A total of 62 patients
(29.2%) achieved pCR. The majority of these patients were HR negative (p = 0.001), HER2 positive (p < 0.001), and
received a combination of chemotherapy and targeted therapy (p < 0.001). Additionally, these patients had higher NAR

levels (p <0.001) (Table 3). In Figure 2, it is evident that the NAR values in the pCR group were notably higher compared to

the non-pCR group (p = 0.011).

NAR Predicting pCR
As shown in Table 4, univariate logistic regression analysis indicated that HR status (OR 0.342 [95% CI 0.182—0.644]; p<0.001),
HER?2 status (OR 5.194 [95% CI 2.720-9.919]; p <0.001), chemotherapy regimen (OR 5.357 [95% CI 2.803-10.240]; p <0.001)
and NAR levels (OR 3.467 [95% CI 1.804—6.664]; p < 0.001) were associated with pCR. Multivariate analysis of predictive

Table 3 Relationships Between pCR and Patient Characteristics

Non pCR (n=150), n (%) | pCR (n=62), n (%) | p value
Age (years) <50 103 (72.0) 40 (28.0) 0.557
>50 47 (68.1) 22 (31.9)
cT stage 1-2 125 (73.5) 45 (26.5) 0.074
34 25 (59.5) 17 (40.5)
cN stage 0 26 (61.9) 16 (38.1) 0.159
1-3 124 (72.9) 46 (27.1)
Hormone Receptor (HR) | Negative 33 (54.1) 28 (45.9) 0.001
Positive 117 (77.5) 34 (22.5)
HER2 Negative 102 (85.0) 18 (15.0) <0.001
Positive 48 (52.2) 44 (47.8)
Ki-67 <14% 12 (85.7) 2 (143) 0.175
>14% 138 (69.7) 60 (30.3)
Chemotherapy regimen Anthracycline and Taxane 103 (85.1) 18 (14.9) <0.001
Chemo + Anti HER2 47 (51.6) 44 (48.4)
NAR <0.0877 82 (83.7) 16 (16.3) <0.001
>0.0877 68 (59.6) 46 (40.4)
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Figure 2 NAR values for non-pCR vs patients with pCR. Dashed lines represent the median, while dotted lines indicate the interquartile range.
factors for pCR demonstrated significant positive correlations with negative HR status (OR 0.396 [95% CI 0.196-0.799];

p = 0.010), chemotherapy regimen including anti-HER2 (OR 4.326 [95% CI 2.198-8.515]; p < 0.001) and high NAR levels
(OR 3.127 [95% CI 1.545-6.328]; p = 0.002). Both univariate and multivariate logistic regression analyses revealed that NAR

Table 4 Association of Patient/Tumor Characteristics to pCR in Univariate and Multivariate

Analysis
Variable Univariate Analysis Multivariate Analysis
OR (95% CI) p value OR (95% CI) p value
Age (years)
<50 I (Reference) -
>50 1.205 (0.646-2.250) 0.558
cT stage
TI-2 I (Reference) -
T3-4 1.889 (0.934-3.819) 0.077
cN stage
N+ | (Reference) -
NO 0.603 (0.297-1.225) 0.162
Hormone Receptor (HR)
Negative I (Reference) - I (Reference) -
Positive 0.342 (0.182-0.644) <0.001 | 0.396 (0.196-0.799) 0.010
HER2
Negative I (Reference) - - -
Positive 5.194 (2.720-9.919) <0.001 - 0.632
Ki-67
<14% | (Reference) -
>14% 2.609 (0.566—-12.015) 0.219
Chemotherapy regimen
Chemo only I (Reference) - I (Reference) -
Chemo + Anti HER2 5.357 (2.803-10.240) | <0.001 | 4.326 (2.198-8.515) | <0.00I
NAR
<0.0877 I (Reference) - | (Reference) -
>0.0877 3.467 (1.804-6.664) <0.001 | 3.127 (1.545-6.328) 0.002

Notes: P-value; in logistic regression analysis, variables found to be statistically significant (p < 0.05) in univariate
analysis were entered into a logistic regression multivariate model using a forward conditional method.

Abbreviations: OR, odds ratio; Cl, confidence interval.
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was associated with tumor pathological regression, with a higher pCR rate observed in the high NAR group compared to the low
NAR group.

Discussion

In recent years, there has been a rise in both the incidence and mortality rates of breast cancer in China. As a result, new
neoadjuvant treatment approaches have emerged with the goal of enhancing the overall tumor resection rate and
ultimately improving survival rates. It has become increasingly crucial to accurately predict the effectiveness of NAC
in advance, as this can significantly impact clinical decision-making. Inflammatory markers have been identified as the
most reliable indicators of the body’s immune function and nutritional status. Therefore, our study aimed to explore the
correlation between the inflammatory marker NAR and pCR in breast cancer patients. Additionally, we aimed to establish
an optimal cut-off value for assessing the outcome of NAC based on NAR levels. As found in this study, breast cancer
patients with high peripheral NAR levels at the beginning of NAC are more likely to achieve a pCR. We conducted
a retrospective analysis on 212 patients undergoing NAC to calculate the NAR in their peripheral blood. Through ROC
curve analysis, we established a cut-off value. Our study revealed that older patients (age > 50 years) and those in the
chemotherapy regimen including anti-HER2 subgroup were more prevalent in the high-NAR group. This suggests that
these patients may exhibit a stronger systemic inflammatory response, potentially leading to a higher likelihood of
achieving pCR after NAC. Both univariate and multivariate logistic regression analyses indicated a correlation between
NAR levels and tumor pathological regression. The high-NAR group (NAR > 0.0877) demonstrated a higher pCR rate
compared to the low-NAR group (NAR < 0.0877). This suggests that a higher pre-NAC NAR level is closely associated
with the pCR rate in breast cancer patients.

Researchers have been investigating different tumor and patient characteristics to pinpoint factors that can predict
pCR in various types of cancer.”*** It has been shown that certain chemotherapy drugs and oncolytic viruses can trigger
the release of antigens and pro-immunogenic factors, leading to immune activation and enhancing anti-cancer responses
through immunogenic cell death induction.** Blood cell counts and albumin, as markers of inflammation and immune
response, may provide additional information about the treatment response in cancer patients. Several studies have
suggested that biomarkers reflecting systemic immunoinflammatory responses can indicate the balance between inhibit-
ing and promoting tumor progression.”> Examples include the neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte
ratio, and lymphocyte-to-monocyte ratio, which have been utilized to forecast the prognosis of various cancers, including
breast cancer.”® A recently published study demonstrated that the immune-inflammatory index, which considers pre-
treatment peripheral blood platelet, neutrophil, and lymphocyte counts, can identify an elderly cancer patient population
with a poor prognosis.?’ Other research has highlighted the significance of albumin in assessing the body’s nutritional
status. Albumin also plays a role in antioxidative stress, enhancing microcirculation, and regulating systemic inflamma-
tory responses.”® In the advanced stages of malignant tumors, patients often experience decreased albumin levels due to
malnutrition and tumor consumption. Reduced albumin levels are frequently linked to compromised liver function and
immune deficiency, which can lead to tumor recurrence, metastasis, and ultimately, a poor prognosis. By combining
various biomarkers, a more precise characterization of patients’ peripheral immune phenotype can be achieved.?’

Several studies have also examined the immune and inflammatory markers in response to NAC in breast cancer.*%'
In certain studies, peripheral indicators of immune and inflammatory balance have been linked to survival or treatment
response. However, despite the numerous published studies to date, there is still no clear evidence regarding the role of
peripheral systemic immunity. This is partly due to the lack of standardized cut-off values and the limited number of
patients included in the studies. Fridlender et al discovered that tumor-associated neutrophils from the early tumor stage
exhibited a pro-tumorigenic phenotype, acting as tumor-killing cells that produce high levels of hydrogen peroxide
(H,0,), tumor necrosis factor (TNF)-a, and NO in a mouse model.*> Additionally, there is evidence suggesting that
neutrophils can counteract tumor cells through the production of reactive oxygen species (ROS). Neutrophils containing
ROS have been found to strongly suppress IL-17-producing yd T cells, which are crucial for shaping the immune
suppressive microenvironment in various solid tumors.*>** In our research, we found that a high NAR level was often
linked to elevated neutrophil levels and decreased serum albumin levels. This correlation suggested a higher chance of

Breast Cancer: Targets and Therapy 2024:16 https: 399

Dove:


https://www.dovepress.com
https://www.dovepress.com

Deng et al Dove

achieving a pCR, which is consistent with current perspectives. Nevertheless, the precise mechanism underlying the
connection between NAR and chemotherapy response warrants further investigation.

By clarifying the relationship between the NAR and the outcomes of neoadjuvant therapy, doctors can better assess
the effectiveness of NAC and make necessary adjustments to treatment plans promptly. Since the NAR can be easily
obtained from preoperative laboratory tests, we suggest that it holds significant potential for application in routine clinical
practices and oncological research. Our study aimed to investigate the predictive value of NAR for pCR in 212 breast
cancer patients who were candidates for NAC. All blood cell counts were performed in our institution’s laboratory. To the
best of our knowledge, the NAR may indicate a link between inflammation and immune responses in peripheral blood,
assisting in determining the host’s inflammatory status.

We have shown that the NAR can independently pCR. To our knowledge, this is the first study to explore the clinical
significance of NAR in predicting treatment response in breast cancer patients undergoing NAC. However, there are
certain limitations to our study, including its retrospective nature and the relatively small number of patients included.
Additionally, this study was conducted in a single institution, which may limit the generalizability of the findings to other
patient cohorts. Therefore, it is important to confirm these findings in a larger subgroup of patients from multiple
institutions. One potential avenue for future research based on these findings is the exploration of combining anti-
inflammatory drugs with standard chemotherapy to shift NAR from an inflammatory phenotype to an immunogenic
phenotype, potentially improving the pCR rate.

Conclusion

Our research findings reveal that among 212 breast cancer patients undergoing NAC, older patients (age > 50 years) and
those who received a combination of chemotherapy and targeted therapy were more likely to exhibit high levels of NAR.
Moreover, a higher NAR was identified as an independent predictor of achieving pCR, suggesting that the NAR, as an
inflammation marker, can serve as an indicator of the immune and nutritional status of the body. It is essential to validate
and confirm the utility of NAR as a potential predictor of pCR in breast cancer patients by applying the Results of this
study to other patient cohorts.
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