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Objective: Neoadjuvant chemotherapy (NAC) in hormone-positive operable breast cancer supports breast-conserving surgery,
axillary dissection, and survival. However, the pathological complete response (pCR) rates to NAC in hormone-positive breast cancer
remain low. Identifying the predictive parameters for pathological response prior to NAC is crucial. In this study, we investigated
clinical, pathological, inflammatory, and metabolic parameters that could predict NAC response and survival.

Material and Methods: A retrospective study was conducted on 120 patients with hormone-positive breast cancer. Clinical and
pathological stages of patients who underwent surgery following NAC were used to calculate the CPS score (clinical stage score +
pathological stage score). The Kruskal Wallis test was employed to compare clinical, pathological, and laboratory parameters with the
CPS score. The Bonferroni test was applied for post-hoc analysis. Categorical variables were compared using the Pearson Chi-Square
test or Fisher’s exact test.

Results: There was no statistically significant association between the CPS score and age (p=0.106), estrogen receptor positivity
(p=0.331), grade (p=0.100), Ki67 (p=0.247), and chemotherapy received (p=0.720). While pCR was statistically significant in
univariate analysis (p=0.001), it did not reach statistical significance in the multivariate model (p=0.258). Axillary pathological
response (ypN) had a statistically significant correlation with the CPS score (p=0.003). There was no statistically significant
association between the CPS score and leukocyte, lymphocyte, neutrophil, or platelet counts, glucose levels, NLR, PNI, or SII values
(p > 0.05).

Conclusion: ypN was associated with the CPS score in predicting survival following NAC in hormone-positive breast cancer. No
statistically significant association was observed between inflammatory or metabolic parameters and the CPS score. Further validation
in larger studies is warranted.
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Introduction

Breast cancer (BC) is the most common cancer among women worldwide. According to WHO data for 2020, the annual
incidence of BC is 2.28 million cases, with 685,000 deaths reported per year. Surgical intervention, chemotherapy, and
radiotherapy are available treatment options for BC. Neoadjuvant chemotherapy (NAC) in BC increases the rate of
breast-conserving surgery, provides insight into tumor response to chemotherapy and biology, and improves survival
rates. NAC has become the standard of care in patients with locally advanced and inoperable BC.'

The goal of NAC is to achieve pathological complete response (pCR). However, response rates to NAC in hormone-
positive BC are remain relatively low, with pCR rates ranging from 1—15%.° While pCR is strongly associated with disease-
free survival (DFS) and overall survival (OS) in HER2-positive and triple-negative BC, it is not strongly associated with
DFS and OS in hormone-positive BC. Ongoing studies are investigating various parameters including pathological
response classifications (residual cancer burden [RCB], Miller-Payne system) and CPS (clinical stage score + pathological
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stage score) score, estrogen receptor (ER) positivity, grade, Ki67, lymph node ratio, and other parameters to predict DFS
and 0S.”'°

The CPS score, which combines clinical and pathological staging, has been shown to correlate with both DFS and OS
in hormone-positive breast cancer treated with NAC. Subsequently, the CPS+EG score was developed by incorporating
ER positivity and tumor grade into the original CPS model. Post-operative Ki67 has also been associated with
survival.'" 13

Immune status within the tumor microenvironment influences not only the efficacy of immunotherapy, but also the
response to other anti-cancer agents and overall survival.'* The information regarding the immune status of the tumor
microenvironment in hormone-positive BC is unclear, and it is generally considered to be heterogeneous tumor
microenvironment. Conversely, NAC’s relationship with the immune microenvironment has been shown in HER2 and
triple-negative BC with tumor-infiltrating lymphocytes.'>'®

The importance of inflammatory and hematological parameters has been demonstrated in the treatment of metastatic
breast cancer with cyclin-dependent kinase 4/6 inhibitors (CDK4/61). A low c-reactive protein (CRP)/lymphocyte ratio
has been associated with longer progression-free survival (PFS).!” However, the importance of inflammatory and
hematological parameters in the treatment of locally advanced breast cancer with NAC, and their relationship with the
survival score CPS, remains unclear.

In studies investigating the relationship between FPG and NAC response among metabolic parameters, high fasting
plasma glucose (FPG) was associated with lower NAC responses.'® NAC response has also been linked to other
components of metabolic syndrome in these studies, which included all subtypes of breast cancer.'’

Clinical studies, including genetic research such as PAMS50 and immunohistochemical parameters, are ongoing to
avoid unnecessary chemotherapy and to predict response to NAC.?

Despite the success of staging and scoring systems in predicting survival, the relationship between simple and easily
accessible metabolic and inflammatory parameters and pathological response prior to NAC remains unclear. In this study,
we aimed to investigate the relationship of clinical, pathological, and biochemical parameters that may predict the CPS

score associated with survival rates in hormone-positive BC.

Materials and Methods

We included 120 patients with locally advanced or inoperable hormone-positive BC, who were given treatment with
NAC followed by surgery between April 2011 and December 2022. Inclusion criteria were as follows: (1) histologically
confirmed invasive breast cancer, (2) ER positivity (>1%), (3) local and locally advanced disease, (4) neoadjuvant
chemotherapy, (5) surgery.

Exclusion criteria were as follows: (1) distant metastasis, (2) HER2-positive, (3) chronic inflammatory diseases, (4)
hematological and other malignancies, (5) missing data.

Demographic data including age, sex, and Eastern Cooperative Oncology Group (ECOG) performance scores of 0, 1,
2, 3, and 4, Ki67, grade, ER positivity rate, pCR, post-operative lymph node positivity (ypN), chemotherapy regimens
received, and CPS scores were obtained from patient files. The CPS score was calculated by summing the clinical and
pathological stage scores as shown in Table 1.

The patients’ leukocyte, neutrophil, lymphocyte, red blood cell distribution width (RDW), platelet, lactate dehydro-
genase (LDH), albumin, CRP, CEA, CA15-3 and FPG values were obtained from the hospitals information system.
Blood samples were collected prior to the initiation of NAC.

The SII was calculated as platelet count (P) x neutrophil count (N)/lymphocyte count (L). NLR was calculated as the
ratio of neutrophil count to lymphocyte count, and PNI was calculated using the formula: (10x albumin [g/L] + (0.005 x
total lymphocyte count).

Cutoff values for neutrophil count, lymphocyte count, RDW/lymphocyte ratio, glucose/CRP ratio, glucose/LDH ratio,
glucose/lymphocyte ratio, CRP/lymphocyte ratio, albumin, CEA, CA15-3, SII, NLR, and PNI were calculated using
ROC curve analysis. Approval was obtained from the Ethics Committee of Atatiirk University Faculty of Medicine
(2024/16). All procedures were conducted in accordance with the Declaration of Helsinki.
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Table | CPS Score Table

Clinical Stage Score
| 0
A 0
1B |
A |
1B 2
nc 2

Pathologic stage

0 0
| 0
A |
1IB |
A |
B |
mnc 2

Note: Clinical stage score+patholo-
gic stage score = CPS score.

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics for Windows Version 25.0 (Statistical Package for the
Social Sciences, IBM Corp., Armonk, NY, USA). Descriptive statistics are presented as n and % for categorical variables,
and as Median and Interquartile Range (IQR) for continuous variables. Normality was assessed using the Kolmogorov—
Smirnov test, which indicated p<0.05. Therefore, the Kruskal-Wallis test was used to compare laboratory values between
CPS score groups, with the Bonferroni test employed for post-hoc analysis. Categorical variables were compared using
the Pearson Chi-Square test or Fisher’s exact test. Variables associated at p<(.10 in univariate analysis or deemed
clinically relevant (pCR, ypN) were entered into a multivariable logistic regression model. This model was used for
explanatory purposes, with the aim of identifying independent associations with higher CPS scores rather than to predict
individual outcomes. To minimize the risk of overfitting, we ensured that the number of events per variable (EPV)
exceeded 10 whenever possible, and limited the final model to the two most relevant variables (pCR and ypN). A p-value
of <0.05 was considered statistically significant.

Results
Of the patients included in the study, 28 (23.3%) were under 40 years of age, 65 (54.2%) were between 40-58, and 27
(22.5%) were over 58 years. Two (1.6%) patients were male.

As shown in Table 2, a statistically significant difference was observed between CPS score groups and the variables
pCR (p=0.001) and ypN (p<0.001) in univariate analyses. Lower CPS scores were associated with increased survival,
and improved nodal response was linked to lower CPS scores and longer survival times. However, no statistically
significant differences were found between CPS score groups and age (p=0.106), ECOG (p=0.149), ER positivity
(p=0.331), grade (p=0.100), Ki67 (p=0.247), and chemotherapy received (p=0.720).
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Table 2 Data on Sociodemographic and Clinical Characteristics (n=120)

Variables Total CPS Score P

0 | 2 3

Age, n (%)

<40 28(233) | 7(438) | 6(188) | 13(25 |2(l0) 0.106*
40-58 65 (542) | 7(438) | 18(56.3) | 24 (462) | 16 (80)
>58 27 (225) | 2(125) | 8 (25) 15 (28.8) | 2 (10)

ECOG, n (%)

0 44 (367) | 9(563) | 15(469) | 16 (30.8) | 4 (20) 0.149°
I 72 (60.0) | 7 (43.8) | 17 (53.1) | 33 (635) | I5 (75)
2 4(33) 0 (0) 0 (0) 3 (5.8) I (5)

ER positivity, n (%)

1-10 12(102) |2(125) | 5(156) | 5(98) 0 (0) 0331°
11-99 106 (89.8) | 14 (87.5) | 27 (84.4) | 46 (90.2) | 19 (100)

Grade, n (%)

56 (77.8) | 7(87.5) | 16 (94.1) | 23 (65.7) | 10 (83.3) | 0.100°
3 16 (222) | 1 (125 | 1(59) 12 343) | 2 (16.7)

Ki67, n (%)

<15 22(202) | 2(133) | 10(333) | 8(167) |2(125) | 0247°
>15 87 (79.8) | 13 (86.7) | 20 (66.7) | 40 (833) | 14 (87.5)

PCR, n (%)

pCR 19 (158) | 4 (25) Il (344) | 4(77) | 0(0) 0.001°
Non-pCR 101 (842) | 12(75) | 21 (65.6) | 48 (92.3) | 20 (100)

yPN, n (%)

NO 48 (400) | 12(75) | 21 (656) | 12(23.1) | 3 (15) <0.001*
NI 41 (342) | 20125 | 8(25 26 (50) | 5(25)
N2 21 (17.5) | 0(0) 3 (9.4) 1325 | 5(25)
N3 10@83) |2(125 |[0() 1 (10) 7 (35)

CT received, n (%)

4AC 55(487) | 9(563) | 12(40) | 24(50) | 10 (52.6) | 0.720°
4AC+Taxane | 58 (513) | 7(438) | 18(60) | 24(50) | 9 (47.4)

Notes: a: Fisher’s Exact test, b: Pearson Chi-Square test, P<0.05 is bolded to indicate statistical significance.
Abbreviations: AC, Anthracycline and cyclophosphamide; ER, Estrogen receptor; CT, Chemotherapy; ypN,
Nodal response post-neoadjuvant; pCR, Pathologic complete remission.

As shown in Table 3, there were no statistically significant differences between the CPS score groups in terms of SII
(p=0.981), NLR (p=0.988), and PNI (p=0.839) values. Lymphocyte count (p=0.766), FPG (p=0.187), and CRP (p=0.707)
showed no statistically significant differences among CPS score groups.

As shown in Table 4, multivariate logistic regression analysis evaluating the effects of various clinical variables on
CPS score 2-3, the probability of having CPS score 2-3 appeared to be increased in patients without pCR, although this
difference was not statistically significant (OR: 2.20, 95% CI: 0.56-8.69, p=0.258). In terms of lymph node status (ypN),
the probability of having CPS 2-3 was significantly increased in patients with stage N1 versus stage NO (OR: 5.26, 95%
CI: 1.80-15.33, p=0.002). Similarly, the probability of having CPS 2-3 was significantly higher in N2 (OR: 8.51, 95%
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Table 3 Analysis of Clinical, Haematological and Biochemical Variables in Relation to the CPS Score

Variables Total N=120 CPS Score Median (IQR) P Post-hoc
0 N=16 I N=32 2 N=52 3 N=20
Leucocyte 7.69 (2.38) 7.64 (2.17) 7.73 (2.62) 7.80 (2.05) 748 (1.62) 0.779 | -
Lymphocyte 2.13 (0.83) 2.26 (0.51) 2.05 (0.96) 2.18 (0.74) 1.98 (0.91) 0.766 | -
Neutrophil 4.65 (1.80) 451 (1.65) 4.57 (1.74) 4.69 (1.73) 4.68 (1.61) 0.834 | -
RDW 13.4 (1.35) 13.4 (1.85) 13.35 (1.53) 13.2 (1.40) 13.5 (1.10) 0.305 | -
PLT 286.0 (85.00) 269.0 (161.50) | 288.0 (82.00) 279.0 (76.00) 294.0 (49.00) 0.884 | -
Glucose 96.4 (17.53) 92.0 (16.00) 98.5 (14.50) 98.65 (22.50) 91.3 (10.00) 0.187 | -
Albumin 4.275 (0.41) 4.24 (0.47) 4.32 (0.38) 4.27 (0.38) 4.29 (0.47) 0.834 | -
CEA 1.55 (1.34) 1.55 (1.61) 1.31 (1.19) 1.58 (1.30) 1.32 (1.48) 0.592 | -
CAIS53 18.1 (14.20) 13.7 (10.50) 17.15 (17.40) 17.8 (13.75) 19.4 (14.25) 0.198 | -
LDH 216.0 (51.75) 215.0 (60.00) 216.0 (47.00) 217.0 (56.50) 217.0 (50.05) 0.696 | -
CRP 3.215 (5.38) 3.13 (2.35) 3.2 (6.85) 3.1 (451) 4.24 (5.79) 0.707 | -
RDW/Lymphocyte 6.33 (2.35) 6.88 (2.32) 6.65 (2.17) 6.01 (2.27) 7.02 (2.94) 0.277 | -
Glucose/CRP 31.51 (37.60) 34.06 (3891) 29.3 (88.33) 35.67 (25.95) 19.38 (23.20) 0.664 | -
CRP/Lymphocyte 1.575 (3.06) 1.43 (1.80) 2.03 (3.28) 1.355 (2.26) 1.81 (5.29) 0.870 | -
Glucose/LDH 0.45 (0.13) 0.45 (0.11) 0.47 (0.16) 0.46 (0.15) 0.42 (0.09) 0.136 | -
Glucose/Lymphocyte | 44.99 (24.95) 44.25 (19.61) 50.6 (32.84) 43.69 (20.08) 43.43 (20.52) 0.938 | -
Sl 636.06 (359.68) | 711.3 (486.35) | 607.16 (395.57) | 636.06 (280.41) | 617.12 (375.31) | 0.98I | -
NLR 2.25 (1.04) 2.0 (1.25) 2.075 (1.04) 2.26 (0.92) 2.32 (1.05) 0.988 | -
PNI 42.765 (4.04) 42.41 (4.65) 43.265 (3.79) 42.71 (3.78) 4291 (4.75) 0.839 | -

Note: Kruskal-Wallis test, Post-hoc: Bonferroni test, p<0.05 statistically significant.
Abbreviations: NLR, Neutrophil/lymphocyte ratio; SlI, Systemic inflammatory index; PNI, Prognostic nutritional index; CRP, C-reactive protein.

Table 4 Multivariate Logistic Regression

Results of Various Clinical Variables on

CPS Score 2-3

Variables OR (95% CI) P
pCR

pCR ref 0.258
Non-pCR 2.20 (0.56-8.69)

ypN 0.003
NO ref

NI 5.26 (1.80-15.33) 0.002
N2 851 (2.02-35.91) 0.004
N3 7.64 (1.25-46.46) 0.027

Notes: —2 Log likelihood=123,56, R?=0.315. P<0.05 is

bolded to indicate statistical significance.

Abbreviations: ypN, Nodal response post-neoadjuvant;
pCR, Pathologic complete remission.

CI: 2.02-35.91, p=0.004) and N3 stages (OR: 7.64, 95% CI: 1.25-46.46, p=0.027). The explanatory power of the model
was R?=0.315, and the —2 Log Likelihood value was 123.56. These results show that the strongest predictor of CPS score

2-3 is advanced lymph node involvement (ypNO-N3).
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Discussion

The CPS score was developed to improve survival prediction by combining clinical and pathological staging, as the
response to NAC in hormone-positive BC is limited and the pathological response is not strongly correlated with survival
rates.” Given the modest impact of NAC, research has focused on enhancing the predictive power of CPS to by
incorporating additional clinical and pathological indicators to improve the prediction of survival and to avoid unneces-
sary chemotherapy. The stronger correlation between survival and the CPS score led us to investigate hematologic,
clinical, inflammatory, and metabolic parameters that might be associated with the CPS score.

Breast cancer before the age 40 is known as high-risk disease. Despite the use of various age cut-off values in studies
evaluating the relationship between age and NAC response in hormone-positive breast cancer, no statistically significant
results were found.'” Similarly, in our study, age (p=0.106) was not statistically significant.

ER positivity low (%1-10) patient group is known to behave like triple-negative and have better NAC responses.*’ In
our study, there was no statistically significant relationship between the ER low group (p=0.331) and CPS scoring. This
may be attributed to the small number of patients in the ER-low group (n=12) and the fact that the CPS score
incorporates clinical stage in addition to pathological response.

In the study by Asano et al, a significant difference in pathological response to NAC was found in terms of grade.
Grade 1, 2, and 3 tumors were compared, and better pathological response was obtained in grade 3 tumors.! In our study,
due to the small number of pCR patients (n=19), CPS score was compared with grade, and no statistically significant
relationship was found. The majority of our patients being grade 2 may have contributed to the lack of statistical
significance.

Joo et al reported that Ki67 was significantly associated with pCR following NAC, without distinguishing BC
subtypes.'! Asano et al found a statistically significant relationship between Ki67 cut-off value of 14 and pathological
response in hormone-positive subtype, but not with survival. Sheri et al did not find post-NAC Ki67 values prognostic in
hormone-positive BC.""'* In our study, due to the small number of patients achieving pCR (n=19), no statistically
significant association was found between Ki67 and CPS score.

Pathological complete response (pCR) rates following NAC are higher in triple-negative and HER2-positive disease,
and lower in hormone-positive disease. In our study, the pCR rate was 15.8%, which is consistent with the literature.
Numerous studies in the literature have explored different classification systems for assessing pathological responses in
NAC, including residual cancer burden (RCB), Miller-Payne, TILs (tumor infiltrating lymphocytes), post-NAC Ki67,
post-NAC grade, and their combinations. The correlation between these classification systems and survival remains
limited in hormone-positive breast cancer. Given the stronger correlation between CPS score and survival, our study
found that pCR was statistically significant in terms of CPS score in univariate analysis (p=0.001), but not in multivariate
logistic regression analysis (p=0.258).

Pre- and/or post-NAC lymph node positivity is known to affect the stage and prognosis of the disease. Considering
that primary surgical treatment of hormone-positive subtype, which constitutes 65-70% of BC, affects complications and
quality of life, axillary pathological complete response is important to avoid unnecessary axillary dissection. Hennessy
et al and Rouzier et al found that axillary response had prognostic significance, without differentiating hormone-positive
subtype.?'*? Symmans et al identified post-NAC lymph node positivity as a prognostic factor in hormone-positive BC.”
Similarly, in our study, post-NAC axillary pathological response (ypN) was associated with CPS score (p=0.003). These
results support the clinical significance and the potential role of ypN guiding adjuvant treatment decisions and may
contribute to the individualization of care and de-escalation of axillary surgery.

In the study by Lee et al, pathological complete response rates were found to be similar between patients receiving
anthracycline or anthracycline+taxane.”® Estévez et al found better clinical and pathological responses with anthracycline
“taxane versus anthracycline alone.>* In our study, there was no statistically significant difference in CPS score between
anthracycline+taxane and anthracycline alone.

Inflammation within the tumor microenvironment is known to influence both proliferation and survival. NLR, a well
recognized peripheral marker of inflammation, has been reported as a prognostic in many studies.”> 2 In the context of

NAC response in BC, several studies have identified NLR as predictive of pathological response and survival, while
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others found no association.”®>° In our study, there was not statistically significant association between CPS score and
NLR. This may be due to the heterogeneous nature of the tumor immune microenvironment in hormone-positive breast
cancer or to the complex relationship between the tumor microenvironment and inflammation.'®

Other systemic inflammation indicators, PNI and SII, have been found prognostic in some tumor types.>'~? In our
study, PNI and SII were not statistically significant association with CPS score in hormone-positive BC. This may be
attributed to the immunosuppressive nature of the tumor microenvironment in hormone-positive BC, as well as the
inclusion of early-stage patients.'®

High FPG is known to be significant in the prognosis and recurrence of breast cancer due to insulin resistance and
metabolic syndrome. Arici et al found high FPG to be associated with low pathological response to NAC.'®'” However,
there was no subtype differentiation. In our study, high FPG was not statistically significantly associated to the CPS score
in the hormone-positive subtype.

Given the limited number of pCR events and CPS score subgroups, it is possible that some non-significant
associations particularly for inflammatory and metabolic parameters may be due to insufficient statistical power rather
than true lack of effect.

Our study has several limitations. First, it was a single-center, retrospective analysis. Secondly, instead of directly
evaluating OS and DFS, we used the indirectly survival score CPS. The relatively small sample size and the low number
of events in key subgroups (such as pCR and CPS=0 groups) reduce the statistical power of our analysis and increase the
risk of Type II error (false negative results). Some meaningful associations may have therefore failed to reach statistical
significance. The wide confidence intervals observed for some variables (eg, the N3 group) indicate statistical instability,
likely due to the limited number of events, and these findings should be interpreted with caution. Our results should be
confirmed with multicenter, prospective studies involving larger patient groups.

Conclusion

This is the first study to compare inflammatory and metabolic parameters with the CPS survival score in hormone-
positive BC treated with NAC. Pathological responses to NAC in hormone-positive BC are not strongly associated with
survival. In our study, pCR was not a significant predictor in the multivariate analysis, whereas ypN was associated with
survival score (CPS). As metabolic and inflammatory parameters showed were not statistically significant association
with CPS score, further validation in larger studies is warranted. Considering the low response rates to NAC in hormone-
positive breast cancer, post-NAC ypN status may serve as a stronger prognostic value than pCR in clinical decision-
making.

Data Sharing Statement
The datasets used and/or analyzed during the current study are available from the corresponding author on reasonable
request.

Ethics Approval and Consent to Participate

Approval was obtained from the Ethics Committee of Atatiirk University Faculty of Medicine (2024/16). All procedures
were conducted in accordance with the principles of the Declaration of Helsinki. Given the retrospective design of the
study, the requirement for informed consent was waived by the Ethics Committee of Atatiirk University Faculty of
Medicine. In this retrospective study, data were anonymized and no patient identifiers were used.
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The authors declare no conflicts of interest in this work.
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