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Purpose: Previous studies have reported that neutrophil-to-lymphocyte ratio
(NLR) at pre-treatment was predictive for overall survival (OS) and pathologic
complete response (pCR) in breast cancer (BC) patients receiving neoadjuvant
chemotherapy (NAC). This study aims to explore the predictive role of both
pre- and post-NLR for OS as well as longitudinal NLR kinetics towards pCR in
BC patients undergoing NAC.

Methods: We retrospectively included 501 BC patients who received NAC from
2009 to 2018. NLR at pre-, mid (every two cycles of NAC)-, and post-treatment
were collected. Overall, 421 patients were included in the survival analysis.
These patients were randomly divided into a training cohort (n = 224) and a
validation cohort (n = 197). A multivariable Cox model was built using all
significant factors in the multivariable analysis from the training cohort. The
performance of the model was verified in the validation cohort by the
concordance index (C-index). Longitudinal analysis for pCR prediction of
NLR was performed using a mixed-effects regression model among 176
patients who finished eight cycles of NAC.

Results: The median follow-up time was 43.2 months for 421 patients. In the
training cohort, multivariable analysis revealed that ER status, clinical node
stage, pCR, pre-NLR, and post-NLR (all p < 0.05) were independent predictors
of OS. The OS nomogram was established based on these parameters. The C-
indexes of the nomogram were 0.764 and 0.605 in the training and validation
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cohorts, respectively. In the longitudinal analysis, patients who failed to achieve
pCR experienced an augment of NLR during NAC while NLR remained stable
among patients with pCR. Pre-NLR tended to be significantly associated with
OS in patients of HER2 overexpressing and TNBC subtypes (all p < 0.05), but not
in Luminal A and Luminal B subtypes.

Conclusions: This study demonstrated the prognostic value of both pre-NLR
and post-NLR on clinical outcomes in BC patients receiving NAC. A novel
nomogram was established to predict OS. Non-pCR patients developed
increased NLRs during NAC. Routine assessment of NLR may be a simple

and affordable tool to predict prognosis for BC patients receiving NAC.

KEYWORDS

neutrophil-to-lymphocyte ratio, neoadjuvant chemotherapy, overall survival,
pathologic complete response, nomogram, breast cancer

Introduction

Breast cancer (BC) is the most common cancer and the
leading cause of cancer-related death among women. It
surpassed lung cancer as the leading cause of global cancer
incidence in 2020. There are about 2.3 million newly diagnosed
female BC cases each year, accounting for almost one in four
cancer cases and one in six cancer deaths among women (1).
Currently, neoadjuvant chemotherapy (NAC) serves as the
standard therapy for locally advanced BC and is widely
applied in the clinical setting. It works to downsize large
tumors, causing the downstaging of cancer and increasing
the rate of breast-conserving surgery if the BC cell is
sensitive to NAC. At the same time, it can provide insight
into a patient’s individual sensitivity to cancer therapies (2).
Previous studies have demonstrated that patients with
pathologic complete response (pCR) after NAC achieved
longer overall survival (OS) compared to those without pCR
after NAC (3, 4).

Recently, emerging evidence shows that the host’s systemic
inflammatory response plays an important role in cancer
development and progression (5-7). Some studies have found
that change in the body’s inflammatory system can be indirectly
reflected by the level of several immune-associated
hematological indicators such as the neutrophil-to-lymphocyte

Abbreviations: NLR, neutrophil-to-lymphocyte ratio; OS, overall survival;
pCR, pathologic complete response; BC, breast cancer; NAC, neoadjuvant
chemotherapy; PR, progesterone receptor; ER, estrogen receptor; HER2,
human epidermal growth factor receptor 2; NCCN, National
Comprehensive Cancer Network; AJCC, American Joint Committee on
Cancer; ROC, receiver operating characteristic; PEG-rhG-CSF, polyethylene

glycol recombinant human granulocyte colony-stimulating factor.
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ratio (NLR) (7). NLR is the ratio of the absolute neutrophil to
lymphocyte count from whole blood. Neutrophils are renowned
for their role in tumor proliferation and metastasis by releasing
inflammatory mediators such as vascular endothelial growth
factor, matrix metalloproteinase-9, and interleukin-8 (8-10).
Lymphocytes are effective immune surveillance indicators,
playing a key role in the cellular immunity of the body.
Lymphocytes can secrete cytokines to regulate tumor
immunity, which aid in immune memory and the direct
killing of tumor cells. They can also suppress the proliferation
and migration of tumor cells (11, 12). Therefore, elevated NLR
indicates relatively high neutrophil counts and low lymphocyte
counts, which may serve as an indirect reflection of impaired
immunity or the burst of systematic inflammation.

NLR had been identified as an easily available biomarker in
kinds of medical conditions. For example, it was reported to be
an independent risk factor for COVID-19 patients (13) and
determine the clinical efficacy of corticosteroid therapy among
them (14). It could predict bacteremia in emergency care
condition, which was better than conventional infection
markers (15). NLR could also be an outcome prediction of
acute intracerebral hemorrhage (16) and predict early
neurological deterioration after endovascular treatment in
patients with ischemic stroke (17). Some studies have also
found that NLR was associated with OS among various types
of cancers including colorectal cancer, lung cancer, and
esophageal squamous cell carcinoma (18-21). NLR was also
reported to highly predict an individual’s chemosensitivity
among bladder and urothelial cancer patients (22, 23).
Furthermore, several studies have found that elevated pre-
treatment NLR is associated with poor survival in early triple-
negative BC patients (24) and progesterone receptor (PR)/
estrogen receptor (ER) positive + human epidermal growth
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factor receptor 2 (HER2) negative BC patients (25), predicting
poor response to NAC (26).

Previous studies primarily focused on the prognostic value of
pre-treatment static NLR without measuring its change during
NAC (27-30). In addition, no practical survival model
containing NLR has been established for BC patients in these
studies. It is important to note that the tumor immune
environment changes constantly during treatment. Therefore,
a dynamic evaluation of NLR may be more accurate in
predicting patients’ response rates toward NAC and OS. This
study aims to evaluate the prognostic significance of NLR at both
pre- and post-treatment as well as the role of longitudinal NLR
kinetics on predicting early response to NAC in BC patients.

Methods
Study population

A total of 501 female BC patients following NAC were
retrospectively identified from 2009 to 2018 using the
inpatient databases from Hospital A (Figure 1). The following
eligibility criteria were used to select the study population: (1)
definitive diagnosis of invasive BC by core needle biopsy; (2)
stage II-1IL; and (3) four to eight cycles of NAC before surgery.
The exclusion criteria included the following: (1) absence of
complete blood count test; (2) prophylactic use of polyethylene

883 female primary breast cancer patients who were
diagnosed and received NAC in our hospital

167 receiving less than 4

cycles of NAC

Atotal of 716 breast cancer patients receiving 4-8 cycles of
NAC

21 inflammatory breast cancer

17 combined with secondary primary
cancer

13 pregnancy-related breast cancer

5 bilateral breast cancer

7 treated without surgery

653 breast cancer patients who completed NAC and
surgery

87 lack of laboratory date
54 prophylactic use of PEG-thG-CSF
6 coronary heart discase

4 acute gastroenteritis

1 systemic lupus erythematosus

Remaining 501 breast cancer patients
eligible eventually enrolled

80 lost to
follow-up

325 reciving 4-7
cycles of NAC

421 patients eligible for

i 176 paticats recciving §
survival analysis

eyeles of NAC

Longitudinal analysis by
mixed-cffect regression model

Validation cohort
(n=197)

Training cohort
(0=224)

FIGURE 1

Flow diagram of the study population. NAC, neoadjuvant
chemotherapy, PEG-rhG-CSF, pegylated recombinant human
granulocyte colony-stimulating factor.
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glycol recombinant human granulocyte colony-stimulating
factor (PEG-rhG-CSF); (3) inflammatory or pregnancy-related
BC; (4) bilateral BC or coexistence with other malignancies; (5)
coexistence with autoimmune disease; and (6) coexistence with
active infection such as acute gastroenteritis, appendicitis,
or cholecystitis.

Treatments

All patients were diagnosed pathologically. PR and ER were
defined as positive when the immunohistochemistry test indicated
positive invasive tumor nuclei >1%. HER2 positivity was defined by
either a score of 3+ from immunohistochemistry or positive HER2
amplification by fluorescence in situ hybridization. Patients were
treated according to the National Comprehensive Cancer Network
(NCCN) guidelines. In this study, all patients accepted full or at least
half courses of NAC. Full-course chemotherapy was defined as six
to eight cycles of NAC (four cycles of anthracyclines +
cyclophosphamide followed by four cycles of taxanes or six cycles
of docetaxel + anthracyclines + cyclophosphamide). Half-course
chemotherapy was defined as four cycles of NAC (four
cycles of anthracyclines + cyclophosphamide or four cycles of
taxanes + cyclophosphamide). Trastuzumab was administered to
patients whose tumors were HER2-positive during a 1-year
treatment period.

Data collection

The Ethics Commiittee of Hospital A and Institute approved this
research study. Patient information including clinicopathological
data, treatment characteristics, and NLRs was collected from the
electronic medical records of Hospital A. Clinicopathological factors
included age, menopausal status, histologic type, hormonal status,
HER? status, Ki-67 status, clinical tumor stage, clinical lymph node
status, and clinical tumor stage assessed by the American Joint
Committee on Cancer (AJCC) version 7 staging system for BC.
Treatment variables included the regimen of NAC, number of NAC
cycles, and targeted therapy regimen. The calculated NLRs of
peripheral vein blood were collected at the following time points:
pre-NLR (within 3 days before the initiation of any treatment
modality), mid-NLR (every two cycles during NAC), and post-
NLR (completed chemotherapy and within 3 days before surgery).
NLR was calculated by dividing the absolute neutrophil count by the
absolute lymphocyte count.

Statistical analysis
OS was defined as the time from the date of disease diagnosis

to the date of death due to any cause or the date of the last follow-
up for those alive. The “surv_cutpoint” function of the R package
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“Survminer” was applied for determining the optimal cutoff value
of NLR, which can best dichotomize patients according to
prognostic difference. Survival curves were generated by the
Kaplan-Meier method and compared using the log-rank test.
Patients were randomly divided into the training cohort (n =
224) and the validation cohort (n = 197) for model establishment
and validation. Differences in patient characteristics and
clinicopathological factors between the training and validation
cohorts were determined by the Chi-squared test for categorical
variables and T-test for continuous measurements. Initially, the
univariate proportional hazard Cox analysis was used to assess
significant predictors of OS. The variables with p-values < 0.150 in
the univariate analysis were entered into the multivariable
analysis. The variables with p-values < 0.050 in the multivariable
analysis were incorporated into the nomogram. The above
statistical evaluation was performed using the Stata/MP 15.1
(Stata Corp LP, College Station, TX). The nomogram was
established and validated by “R” version 3.4.3 (http://www.r-
project.org /) to predict survival rates at specific time points (3-
and 5-year survivals). The performance of the nomogram model
was evaluated by discrimination (C-index) and calibration curves.
In addition, the nomogram model was verified again by the
validation cohort.

The pCR was defined as no invasive carcinoma in the breast
tissue and no residual tumor in regional lymph nodes (ypT0/
ypNO). A mixed-effects regression model was used to conduct
longitudinal analysis of NLR. The value of NLR was transformed
to a normal distribution to better perform the regression
analysis. Transformed NLR was defined as In (NLR+0.26)
using a zero-skewness log transformation in Stata/MP 15.1
(Stata Corp LP, College Station, TX). The mixed-effects
regression model was performed by “R” version 3.4.3. All tests
were two-sided and a p-value < 0.05 was considered
statistically significant.

Results
Patient characteristics

Among the 501 BC patients enrolled in the study, 421
patients were eligible for survival analysis. The median age of
these 421 patients was 49 years old and 91.2% of patients had
invasive ductal carcinoma. Most patients were ER positive
(61.8%), HER2 negative (65.1%), and Ki-67 = 15% (76%).
There were 34, 241, 63, and 79 patients at stage T1, T2, T3,
and T4, respectively. Meanwhile, 58, 208, 87, and 68 patients
were at clinical NO, N1, N2, and N3, respectively. Among 421
patients, 233 patients (55.3%) received >6 cycles of NAC. Setting
OS as the state variable, the receiver operating characteristic
(ROC) curve analysis was used to confirm optimal cut points for
pre-NLR and post-NLR in this analysis. The cutoff values of pre-
NLR and post-NLR were consequently determined as 2.2 and
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2.7, respectively. Patients’ baseline characteristics in the training
cohort were comparable to those in the validation cohort
(Table 1). The median follow-up time was 43.2 months (2.9-
114.7 months).

The predictive value of NLR in different
BC subtypes

Four BC subtypes were determined according to the ER/PR/
HER2 status: ER+/HER2— or PR+/HER2- (Luminal A), ER+/
HER2+ or PR+/HER2+ (Luminal B), ER-/PR—/HER2+ (HER2
overexpressing), and ER-/PR—/HER2- [triple-negative breast
cancer (TNBC)]. The distribution of the Luminal A, Luminal B,
HER2 overexpressing, and TNBC subtypes were 47.5%, 18.8%,
16.9%, and 16.9%, respectively. By univariate and multivariable
proportional hazard Cox analysis, the variable of pre-NLR tended
to be significantly associated with OS in patients of HER2
overexpressing and TNBC subtypes (all p < 0.05), but not in
Luminal A and Luminal B subtypes. Post-NLR only made sense in
patients with HER2 overexpressing (p = 0.016).

Univariate analysis in the
training cohort

In the training cohort, the results of univariate analysis
showed that ER status, HER2 status, clinical node stage, pCR,
pre-NLR, and post-NLR were significantly associated with OS
(all p < 0.05) (Table 2). The 5-year OS in the low and high pre-
NLR patients were 88.2% and 65.9%, respectively (p = 0.003,
Figure 2). The 5-year OS in the low and high post-NLR patients
were 86.0% and 68.6%, respectively (p = 0.007, Figure 2).

Multivariable analysis and nomogram
development

For model building, clinical variables with p-values < 0.150
in the univariate analysis including ER status, PR status, HER2
status, clinical node stage, pCR, pre-NLR, and post-NLR were
selected as candidate variables for the multivariable Cox model.
Finally, five variables including ER status, clinical node stage,
PCR, pre-NLR, and post-NLR (all p < 0.05) were selected into
the survival model in the multivariable analysis Table 2). The
nomogram predicting 3- and 5-year survival is shown in
Figure 2. The C-indexes of the nomogram in the training and
validation cohorts were 0.764 (95% CI 0.692-0.836) and 0.605
(95% CI 0.541-0.669), respectively. The calibration plots of the
nomogram showed good agreement between the prediction by
nomogram and actual observation in both the training (Figure 3)
and validation (Figure 3) cohorts for 3- and 5-year OS.
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TABLE 1 Comparison of patient characteristics between training and validation cohort.

Variables All patients Training cohort Validation cohort

N = 421 N =224 N =197

Age (years), n (%)

<49 221 (52.5) 117 (52.2) 104 (52.8) 0.909

>49 200 (47.5) 107 (47.8) 93 (47.2)

Menopause, n (%)

Yes 180 (42.8) 97 (43.3) 83 (42.1) 0.808
No 241 (57.2) 127 (56.7) 114 (57.9)

Histology, n (%)

Ductal 384 (91.2) 204 (91.1) 180 (91.4) 0.914

Lobular/Others 37 (8.8) 20 (8.9) 17 (8.6)

ER status, n (%)

Positive 260 (61.8) 137 (61.2) 123 (62.4) 0.788

Negative 161 (38.2) 87 (38.8) 74 (37.6)

PR status, n (%)

Positive 227 (53.9) 116 (51.8) 111 (56.3) 0.349

Negative 194 (46.1) 108 (48.2) 86 (43.7)
HER2 status, n (%)
Negative 274 (65.1) 148 (64.7) 126 (64) 0.869

Positive 147 (34.9) 79 (35.3) 71 (36)

Ki-67, n (%)

<15% 101 (24) 51 (23) 50 (25.4) 0.565

=>15% 320 (76) 171 (77) 147 (74.6)

Clinical tumor stage, n (%)

Tl 34 (8.1) 15 (6.7) 19 (9.6) 0.670
T2 241 (57.2) 131 (60.3) 110 (55.8)
T3 63 (14.9) 33 (14.7) 30 (15.2)
cT4 79 (18.8) 41 (18.3) 38 (19.3)

Clinical lymph node stage, n (%)

eNoO 58 (13.8) 27 (12.1) 31 (15.7) 0.499
N1 208 (49.4) 108 (48.2) 100 (50.8)
N2 87 (20.7) 49 (21.9) 38 (19.3)
N3 68 (16.1) 40 (17.9) 28 (14.2)

Clinical stage (AJCC 7th), n (%)

Stage II 198 (47) 102 (45.5) 96 (48.7) 0.512

Stage III 223 (53) 122 (54.5) 101 (51.3)

(Continued)
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TABLE 1 Continued

Variables All patients

Training cohort

10.3389/fonc.2022.1065606

Validation cohort

N = 421

Cycles of chemotherapy, n (%)

N =224

N =197

<6 198 (47) 107 (47.8) 91 (46.2) 0.747
>6 223 (53) 117 (52.2) 106 (53.8)

Pre-NLR
<22 242 (33.7) 127 (56.7) 115 (58.4) 0.728
>2.2 179 (66.3) 97 (43.3) 82 (41.6)

Post-NLR
2.7 222 (52.7) 118 (52.7) 104 (52.8) 0.981
>2.7 199 (47.3) 106 (47.3) 93 (47.2)

ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor; AJCC, American Joint Committee on Cancer; NLR, neutrophﬂfto—lymphocyte ratio.

Mixed-effects regression analysis of NLR
during NAC

Of the 501 patients enrolled, 176 patients received eight
cycles of NAC. These patients were eligible for longitudinal
analysis of NLR by mixed-effects regression analysis. We applied
the mixed-effects regression model to predict NLR by response
category (Figure 4). The results showed that patients with non-
PCR on NAC had an increasing NLR trend over time while NLR
remained unchanged in the group of pCR patients. Compared
with the pCR group, non-pCR patients had an average of +0.032
change in transformed NLR every two cycles of NAC (std error =
0.014, p = 0.024).

Discussion

In this retrospective study including a total of 501 patients
who received NAC, we observed that (1) both the pre- and post-
NLR were significantly associated with OS; (2) besides the NLRs,
three clinical characteristics (ER status, clinical node stage, and
pCR) were also identified as independent prognostic factors for
BC patients; (3) a predictive nomogram model for OS including
all significant factors showed reasonable discriminations and
calibrations; (4) longitudinal analysis of NLR revealed an
increasing NLR trend over time for patients with non-pCR on
NAC compared to unchanged NLR for patients with pCR; and
(5) the predictive value of NLR varies in different BC subtypes.
pre-NLR could predict the survival of patients in HER2
overexpressing and TNBC subtypes, but not in Luminal A and
Luminal B subtypes. Post-NLR only made sense in patients with
HER2 overexpressing. Overall, this study demonstrated the
prognostic role of NLRs and its strong relationship with pCR
for BC patients receiving NAC.
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Recently, elevated NLR was reported to be associated with
poor survival in patients diagnosed with several types of cancer
(18-21). The prognostic value of pre-NLR on survival had been
evaluated in several studies, which showed inconsistent results in
BC patients (29, 31-34). Some studies found that the prognostic
value of pre-NLR depended on the phenotype of BC. A large-
scale study involving 1,519 BC patients indicated that patients
with higher NLR had worse OS in the presence of triple-negative
BC as well as HER2-overexpressing BC (33). Other studies also
found an association between NLR and survival in patients with
HER2-positive BC (34) and HER2—negative BC (35). However,
not all studies had similar conclusions. Alejandra et al. found
that pre-NLR was not an independent prognostic predictor for
metastatic breast cancer (MBC) (36). This inconsistency might
be due to the late clinical stage of BC and the small sample size of
the study. The results of our study, which included a large
sample size, support the prognostic value of pre-NLR in locally
advanced BC patients receiving NAC. Similar to previous
studies, we also found that the prognostic value of pre-NLR
might depend on the subtypes of BC. The pre-NLR might
predict the survival of patients in HER2 overexpressing and
TNBC subtypes better. Moreover, our results demonstrated that
high NLR after NAC treatment could also be an independent
predictor for OS. The prognostic value of post-NLR had been
identified by previous investigations in other carcinomas such as
non-small cell lung cancer (37) and head-neck cancer (38).
Compared with pre-NLR, we believe that post-NLR may
indicate the changed tumor immune environment after NAC.
As mentioned above, elevated NLR indicates relatively low
lymphocyte counts and high neutrophil counts. Previous
studies had also demonstrated that post-treatment lymphocyte
depletion and opportunistic infections are associated with
reduced survival in cancer patients (39), which may explain
the mechanism of why high post-NLR in BC patients is
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TABLE 2 Univariate and multivariable analyses of OS in the training cohort using the Cox model.

Variables Univariate analysis Multivariable analysis

95% Cl 95% Cl

Age (years)

<49 1.000 (ref))
>49 1.580 0.873-2.981 0.158
Menopause
Yes 1.000 (ref.)
No 1.151 0.603-2.198 0.670
Histology
Ductal 1.000 (ref.)
Lobular/Others 0.727 0.175-3.027 0.662
ER status
Positive 1.000 (ref.) 1.000 (ref.)
Negative 2.461 1.278-4.737 0.007 3.480 1.333-9.080 0.011
PR status
Positive 1.000 (ref.) 1.000 (ref.)
Negative 1.696 0.889-3.235 0.109 0.672 0.262-1.719 0.407

HER2 status

Negative 1.000 (ref.) 1.000 (ref.)

Positive 2.056 1.091-3.873 0.026 1.568 0.796-3.089 0.193
Ki-67

<15% 1.000 (ref.)

>15% 1.621 0.711-3.699 0.251

Clinical tumor stage

cT1 1.000 (ref.)

cT2-4 1.301 0.313-5.402 0.717

Clinical node stage

cNO-2 1.000 (ref.) 1.000 (ref.)

cN3 2.540 1.252-5.152 0.010 2.108 1.020-4.356 0.044

Cycles of chemotherapy

<6 1.000 (ref.)

26 1.066 0.563-2.019 0.844
pCR

No 1.000 (ref.) 1.000 (ref.)

Yes 0.134 0.018-0.977 0.047 0.119 0.016-0.887 0.038
Pre-NLR

<22 1.000 (ref.) 1.000 (ref.)

(Continued)
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TABLE 2 Continued

10.3389/fonc.2022.1065606

Variables Univariate analysis Multivariable analysis
95% Cl 95% Cl

>2.2 ‘ 2.609 1.356-5.020 ‘ 0.004 ‘ 1.962 ‘ 1.002-3.842 ‘ 0.049
Post-NLR

<2.7 ‘ 1.000 (ref.) ‘ ‘ 1.000 (ref.) ‘ ‘

>2.7 ‘ 2.385 1.246-4.567 0.009 ‘ 2.133 ‘ 1.088-4.182 ‘ 0.027
95% CI, 95% confidence interval; HR, hazard ratio; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor; pCR, pathologic complete
response; NLR, neutrophil-to-lymphocyte ratio. Meaningful values are highlighted in bold.

associated with poor prognosis. More prospective clinical studies
are needed to further illustrate the prognostic value of post-NLR
and validate this relation.

Besides pre-NLR and post-NLR, three clinicopathological
characteristics (clinical N0-2 stage, pCR, and ER-positive)
predicted improved OS, which were consistent with previous

studies (3, 40, 41). Clinical N0-2 stage indicated earlier stage,
which is definitively associated with better survival outcomes (40).
Patients with pCR typically do not have any residual invasive
cancers, which also represents a better therapeutic result of NAC
(41). ER-positive BC is a more favorable phenotype because
patients usually have the opportunity to be treated with
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endocrine therapy. In our study, a novel nomogram model was
established to predict the OS of BC patients treated with NAC
based on the pre- and post-NLRs along with these three
clinicopathological characteristics. Nomogram models are
widely utilized in cancer prognosis due to their ability to
transform statistical results into a visual quantitative assessment
of the risk of an event, typically death or recurrence. Currently,
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FIGURE 4

Predictive NLR over time according to response status. The plot of
the mixed-effects model to predict NLR by response status (pCR
and non-pCR) over time. NLR, neutrophil-to-lymphocyte ratio;
pCR, pathologic complete response.
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there are only a few nomogram models for DFS in BC patients
receiving NAC (42, 43). Our nomogram model involved a
relatively larger sample size compared to those of previous
studies. This nomogram is the first OS model construction to
incorporate NLR along with clinicopathological factors for BC
patients treated with NAC. Both the training and validation
cohorts showed great discrimination power (C-index, 0.764 and
0.605) when NLR was included. Nomogram as a simple graphical
prediction model can be a good way to show the influence of each
significant variable in one prediction model. We believe that this
model can be applied as an assessment tool and therapeutic
guidance for BC using the easily accessible parameters once
validated by more patient cohorts in future studies.

In our study, there were 176 patients who completed eight
cycles of NAC that were available for longitudinal analysis of NLR
by mixed-effects regression analysis. The whole blood count
information of this cohort at five time points (pre-treatment
and treatment after the 2nd, 4th, 6th, and 8th cycles of NAC)
were analyzed. The results showed that delta-NLR was
significantly associated with the individual’s response to
chemotherapy. We found that NLR in patients with pCR were
stable, while patients with non-pCR showed an increase of NLR
during NAC. Accordingly, dynamic monitoring of NLR during
NAC among BC patients may be helpful for identifying patients
who can benefit from NAC. A significant increase of NLR is a
signal of the impaired immune system during the process of
treatment, which may be used as an early indicator of the NAC
resistance before image detection in the clinic. Due to the complex
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nature of carcinoma, the progression according to time has always
been changing. Therefore, the persistent estimation of NLR can
provide additive values for early evaluation of NAC. A routine
blood test is widely used as a traditional examination test in most
cancer patients, especially in the process of NAC. Several studies
have reported the prognostic value of delta-NLR and pCR among
BC patients (44, 45). Based on these results, we propose that NLR
might be an easy and inexpensive tool predicting the response to
NAC in BC patients. However, these findings still need to be
validated by large prospective trials in the future.

Despite the novelty and potential of our study, there are
some limitations that must be addressed. Firstly, this is a single-
center study. Although we have a large cohort of 501 patients, an
additional external validation would make the results more
generalizable. NLR may be influenced by many other factors.
As aresult, we excluded the influence of infection and steroid use
in our study to minimize confounding factors. The retrospective
nature of this study should warrant future prospective studies to
validate these results. Nevertheless, we believe that the predictive
trend of NLR will not change significantly even in other
prospective studies.

Conclusions

This study revealed the prognostic value of pre-NLR and
post-NLR for OS in BC patients treated with NAC. A novel
nomogram containing pre-NLR, post-NLR, clinical N stage, ER
status, and pCR was established to predict the 3- and 5-year OS
of BC patients, which can be used in patient consultations,
assessment of prognosis, and further treatment strategies. The
predictive value of NLR varies in different BC subtypes, which
should be noted in clinical application. Longitudinal analysis of
NLR revealed an increasing NLR trend for non-pCR patients
compared to unchanged NLR for pCR patients during NAC.
Routine assessment of this parameter may be an easy and
affordable tool for predicting prognosis of BC.
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