
Annals of Clinical and Analytical Medicine | 163

Annals of Clinical and Analytical Medicine
Original Research

Ömer Faruk Kuzu1, Çağlar Köseoğlu2  

1 Department of Medical Oncology, Cankiri State Hospital, Çankırı, Turkey
2 Department of Medical Oncology, Gaziantep City Hospital, Gaziantep, Turkey

Inflammation/nutrition indices and pCR

Inflammatory and nutritional indices predict pCR in HER2+ breast cancer: 
retrospective cohort study

DOI: 10.4328/ACAM.23040   Received: 23/12/2025   Accepted: 23/01/2026   Published Online: 24/01/2026   Printed: 01/02/2026   Ann Clin Anal Med 2026;17(2):163-167	
Corresponding Author: Ömer Faruk Kuzu, Department of Medical Oncology, Cankiri State Hospital, Çankırı, Turkey.
E-mail: drfarukkuzu@gmail.com   P: +90 539 404 82 34 
Corresponding Author ORCID ID: https://orcid.org/0000-0003-3197-7861
Other Authors ORCID ID: Çağlar Köseoğlu, https://orcid.org/0000-0001-6870-1004
This study was approved by the Ethics Committee of Gaziantep City Hospital (Date: 2023-12-17, No: 350/2025)

Abstract
Aim: Systemic inflammation and nutritional status may influence response to neoadjuvant therapy in HER2-positive breast cancer, yet simple low-cost 
predictors of pathologic complete response (pCR) are limited. We evaluated NLR, LMR, SII, and PNI as baseline predictors of pCR.
Materials and Methods: This retrospective single-center study included 70 HER2-positive patients treated with anthracycline/taxane-based neoadjuvant 
chemotherapy plus dual anti-HER2 therapy, followed by surgery. Pretreatment blood counts and albumin were used to calculate NLR, LMR, SII, and PNI. 
ROC analyses estimated discrimination and optimal cut-offs; associations with pCR were tested, and multivariable logistic regression assessed independent 
predictors.
Results: pCR occurred in 60.0% of patients. PNI showed the highest discriminatory ability with a borderline association with pCR, and LMR showed a similar 
non-significant trend. NLR and SII performed poorly and were not associated with pCR. None of the indices remained independently predictive in multivariable 
logistic regression.
Discussion: In this relatively homogeneous cohort receiving contemporary dual HER2 blockade, inflammation-ratio markers (NLR/SII) may be less informative, 
potentially because effective targeted therapy attenuates the influence of baseline systemic inflammation on response. By contrast, PNI—integrating 
lymphocyte status and nutritional reserve—showed the most consistent signal and may better capture host factors related to immune competence and 
treatment tolerance that contribute to pCR. However, the retrospective design and limited sample size restrict inference; validation in larger prospective 
cohorts is warranted.
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Introduction
Breast cancer is the most commonly diagnosed malignancy 
among women worldwide and remains a leading cause 
of cancer-related mortality. It accounts for approximately 
30% of newly diagnosed cancers and 15% of cancer-
related deaths in women [1]. Current international guidelines 
recommend a multimodal treatment approach—including 
surgery, chemotherapy, targeted therapy, endocrine therapy, 
radiotherapy, and immunotherapy—tailored according to 
tumor biology and disease stage [1]. Among these strategies, 
neoadjuvant chemotherapy has gained increasing importance, 
particularly in patients with axillary lymph node involvement. 
Administered prior to surgery, neoadjuvant therapy offers 
several advantages, such as tumor downstaging, increasing 
breast-conserving surgery rates, and potentially reducing 
distant metastasis risk. However, not all breast cancer patients 
achieve a pathological complete response (pCR) after receiving 
neoadjuvant chemotherapy [1]. Pathological complete response 
is defined as the absence of invasive tumor in both the breast 
and axillary lymph nodes, although carcinoma in situ may be 
present [2]. 
Achieving a pCR is recognized as a strong surrogate marker for 
favorable long-term outcomes, especially in HER2-positive and 
triple-negative breast cancer (TNBC) subtypes [3,4]. Conversely, 
patients who fail to achieve pCR exhibit worse prognosis and 
a higher likelihood of recurrence [5]. In addition to intrinsic 
tumor characteristics, an expanding body of evidence suggests 
that host-related systemic inflammation and nutritional status 
play a pivotal role in modulating tumor progression, treatment 
response, and survival [6,7]. The tumor microenvironment, 
composed of diverse inflammatory cells and mediators, 
has emerged as a key determinant of cancer behavior [8]. 
Circulating immune and inflammatory cells—including 
neutrophils, lymphocytes, monocytes, and platelets—reflect 
systemic immune status and have been linked to prognosis in 
various malignancies. Several hematological indices derived 
from these parameters have been proposed as accessible and 
cost-effective biomarkers of cancer-related inflammation. 
Among them, the systemic immune-inflammation index (SII), 
calculated from platelet, neutrophil, and lymphocyte counts, 
has been identified as an adverse prognostic factor across 
multiple tumor types [9]. Similarly, the prognostic nutritional 
index (PNI), calculated using serum albumin and lymphocyte 
count, has shown prognostic value across multiple cancer types, 
with lower PNI values consistently associated with poorer 
survival outcomes [10-12]. Other well-studied inflammatory 
markers include the neutrophil-to-lymphocyte ratio (NLR) and 
the platelet-to-lymphocyte ratio (PLR), both of which have 
been reported as prognostic indicators in various malignancies 
[13,14]. The lymphocyte-to-monocyte ratio (LMR), another 
index of systemic inflammation, has been associated with 
prognosis in diffuse large B-cell lymphoma, colorectal cancer, 
esophageal carcinoma, and lung cancer [15-18]. Moreover, 
systemic inflammation and host immune status may influence 
the response to chemotherapy, suggesting that inflammatory 
and nutritional biomarkers could potentially predict pCR 
following neoadjuvant therapy [19,20].

Study Rationale
Despite advancements in neoadjuvant systemic therapy, 
predicting which patients will achieve pCR remains a major 
unmet need in HER2-positive breast cancer. Although molecular 
subtype is a major determinant of treatment sensitivity, tumor-
independent host factors—particularly systemic inflammation 
and nutritional status—may significantly influence treatment 
responsiveness. Inflammatory and nutritional indices such 
as NLR, LMR, SII, and PNI are inexpensive, non-invasive, and 
routinely measured in clinical practice, making them promising 
candidates for response prediction. However, existing evidence 
for their predictive value in HER2-positive breast cancer is 
inconsistent, partly due to heterogeneous study populations. 
Therefore, a focused investigation within a homogeneous 
HER2-positive cohort is warranted to clarify their potential 
clinical utility.
Study Objectives
The primary objective of this study was to evaluate the 
predictive performance of pre-treatment NLR, LMR, SII, and 
PNI in determining pCR following neoadjuvant systemic therapy 
in patients with HER2-positive breast cancer. The specific aims 
were to: assess the discriminatory ability of each biomarker 
using receiver operating characteristic (ROC) analysis; 
determine optimal cut-off values using the Youden Index; 
examine the association between dichotomized biomarker 
levels and pCR using univariate statistical testing; and evaluate 
the independent predictive contribution of each marker through 
multivariate logistic regression [1-4]. These analyses sought 
to determine whether readily obtainable inflammatory and 
nutritional biomarkers could support clinical decision-making 
by identifying patients more likely to benefit from neoadjuvant 
therapy.

Materials and Methods
This retrospective, single-center study included 70 patients with 
HER2-positive breast cancer who received neoadjuvant systemic 
therapy followed by definitive surgery. Clinical, pathological, 
and laboratory data were obtained from institutional electronic 
medical records. Patients with complete baseline hematologic 
parameters required to calculate NLR, LMR, SII, and PNI were 
included; cases with missing laboratory values were excluded. All 
patients received anthracycline- and taxane-based neoadjuvant 
chemotherapy combined with dual anti-HER2 therapy per 
institutional practice. Pathologic complete response (pCR) was 
defined as the absence of residual invasive carcinoma in the 
breast and axillary lymph nodes (ypT0/Tis ypN0), as assessed 
by an experienced breast pathologist.
Baseline complete blood count parameters and serum albumin 
levels were collected prior to treatment initiation. NLR, LMR, 
SII, and PNI were calculated using standard formulas from pre-
treatment values only. Continuous variables are presented as 
median (IQR) and categorical variables as n (%); normality was 
assessed with the Shapiro–Wilk test. ROC analyses evaluated 
discriminatory performance for pCR (AUC, 95% CI), and optimal 
cut-offs were derived using the Youden index and are shown in 
Table 1; biomarkers were dichotomized accordingly. Associations 
with pCR were tested using chi-square or Fisher’s exact test 
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and reported as ORs (95% CI). Multivariable logistic regression, 
including NLR, LMR, SII, and PNI, assessed the independent 
predictive value. Two-sided p < 0.05 was considered significant; 
analyses were performed in SPSS v27.0
Ethical Approval
This study was approved by the Ethics Committee of Gaziantep 
City Hospital (Date: 2023-12-17, No: 350/2025). 

Results
The cohort had a median age of 53 years (IQR 43.0–63.25) 
and was predominantly composed of invasive ductal carcinoma 
(90.0%). Most patients presented with stage II disease, and 
55.7% were postmenopausal. ER and PR positivity were 
observed in 58.6% and 44.3%, respectively, and HER2 IHC 3+ 
was present in 87.1%. Tumors were mainly grade 2 (52.9%), 
and nearly all patients received AC-based dual anti-HER2 
neoadjuvant therapy (97.1%). Overall, pCR was achieved in 
60.0% of patients (Supplementary Table S1). ROC Analysis of 
Inflammatory and Nutritional Indices
ROC analyses were performed to assess the discriminatory 
abilities of NLR, LMR, SII, and PNI for predicting pCR. NLR 
demonstrated poor discriminative performance, with an AUC 
of 0.427 (SE: 0.072; p = 0.303; 95% CI: 0.286–0.568). The 
optimal cut-off value (1.37) yielded a high sensitivity of 81.0%, 
but a low specificity of 14.3%, and the negative Youden Index 
indicated no meaningful predictive capacity. LMR showed 
modest discrimination, with an AUC of 0.598 (SE: 0.069; p = 
0.168; 95% CI: 0.462–0.734). The Youden-derived cut-off of 
3.36 provided 76.2% sensitivity and 39.3% specificity. SII 
exhibited poor predictive ability, with an AUC of 0.447 (SE: 
0.074; p = 0.457; 95% CI: 0.303–0.592) and an optimal cut-
off of 353, corresponding to 81.0% sensitivity and 25.0% 
specificity. Among all indices, PNI demonstrated the highest 
accuracy, with an AUC of 0.635 (SE: 0.068; p = 0.057; 95% CI: 

0.503–0.768). The optimal cut-off value for PNI (52.4) yielded 
81.0% sensitivity and 39.3% specificity, representing the 
strongest—though still moderate—discriminatory performance 
(Supplementary Figure S1).
Association Between Cut-Off–Based Groups and pCR
Dichotomization of indices using ROC-derived thresholds 
revealed that PNI demonstrated the most notable association 
with pCR. Patients with PNI ≥ 52.4 achieved pCR more 
frequently than those below the cut-off (81.0% vs. 19.0%), and 
although this difference approached statistical significance, 
it did not meet the conventional threshold (χ² = 3.480, p = 
0.062; OR = 2.75). LMR showed a positive but nonsignificant 
trend, with higher pCR rates observed in patients with LMR ≥ 
3.36 (76.2% vs. 23.8%; χ² = 1.916, p = 0.166; OR = 2.07). SII 
and NLR demonstrated no significant associations with pCR. 
For SII, pCR occurred in 81.0% of patients with SII ≥ 353 and 
19.0% of those below the threshold (χ² = 0.354, p = 0.552; 
OR = 1.42). NLR showed the weakest relationship, with pCR 
occurring at similar frequencies in both categories (χ² = 0.268, 
p = 0.605), and high NLR was associated with a nonsignificant 
29% reduction in pCR likelihood (OR = 0.71). Overall, among 
all indices, PNI showed the strongest predictive trend, followed 
by LMR, whereas SII and NLR did not demonstrate meaningful 
discriminatory value (Supplementary Figure S2, Table 1).
Multivariate Logistic Regression Analysis
A multivariate logistic regression model including SII, PNI, 
LMR, and NLR was constructed to evaluate their independent 
predictive value for pCR. None of the biomarkers emerged as 
a statistically significant independent predictor. SII showed a 
nonsignificant inverse association (B = −0.844, OR = 0.430, 95% 
CI: 0.088–2.098; p = 0.297). PNI demonstrated a nonsignificant 
reduction in pCR likelihood (B = −0.741, OR = 0.477, 95% CI: 
0.146–1.557; p = 0.220). LMR showed a similarly nonsignificant 
trend (B = −0.562, OR = 0.570, 95% CI: 0.173–1.884; p = 0.357). 
NLR displayed a nonsignificant positive association with pCR 
(B = 0.535, OR = 1.708, 95% CI: 0.288–10.106; p = 0.555). 
None of the 95% confidence intervals excluded unity, indicating 
the absence of independent discriminatory capacity. These 
findings collectively suggest that none of the evaluated indices 
independently predicts pCR when adjusted for each other (Table 
2).

Discussion
In this retrospective study of 70 patients with HER2-positive 
breast cancer treated with standardized dual anti-HER2 
neoadjuvant systemic therapy, we assessed whether pre-
treatment inflammatory and nutritional indices (NLR, LMR, 
SII, and PNI) could predict pathological pCR. Among these 
biomarkers, PNI exhibited the strongest association with 
treatment response, demonstrating the highest discriminatory 
accuracy (AUC = 0.635) and a notable trend toward predicting 
pCR, although statistical significance was not reached. LMR 
showed a similar but weaker directional trend, whereas SII 
and NLR displayed poor discriminative performance and no 
meaningful correlation with pCR. These findings suggest that, 
in contrast to classical systemic inflammation-based markers, 
baseline nutritional and immunologic status may have greater 
relevance in shaping response to neoadjuvant therapy in HER2-

Table 2. Multivariate logistic regression analysis for predicting 
pathological complete response (pCR)

Table 1. Association between inflammatory/nutritional indices 
and pathological complete response (pCR)

Marker Cut-off pCR Yes (n)
pCR No 

(n)
p-value

Odds Ratio 
(OR)

PNI
≥ 52.4 34 17

0.062 2.75
< 52.4 8 11

LMR
≥ 3.36 32 17

0.166 2.7
< 3.36 10 11

SII
≥ 353 34 21

0.552 1.42
< 353 8 7

NLR
≥ 1.37 34 24

0.605 0.71
< 1.37 8 4

Variable B SE Wald df
p

value
OR 

(Exp(B))
95% CI 
for OR

SII (≥ 353) −0.844 0.809 1.090 1 0.297 0.430 0.088 – 2.098

PNI (≥ 52.4) −0.741 0.604 1.505 1 0.220 0.477 0.146 – 1.557

LMR (≥ 3.36) −0.562 0.610 0.849 1 0.357 0.570 0.173 – 1.884

NLR (≥ 1.37) 0.535 0.907 0.348 1 0.555 1.708 0.288 – 10.106

Constant 0.726 0.937 0.600 1 0.439 2.066 —
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positive disease. Given that neoadjuvant chemotherapy—
combined with targeted anti-HER2 therapy—has become 
a cornerstone of modern breast cancer management, yet 
does not uniformly result in complete eradication of invasive 
disease, the identification of reliable and accessible predictors 
remains clinically crucial for optimizing treatment strategies 
and improving patient outcomes. Moreover, previous studies 
have highlighted the important interplay between nutritional 
status and tumor progression [21-23]. Further supporting the 
potential value of PNI as a biologically plausible predictor of 
treatment efficacy.
Malnutrition has been shown to adversely affect survival, 
treatment tolerance, and postoperative recovery in cancer 
patients, underscoring the importance of evaluating nutritional 
status prior to therapy. PNI, derived from serum albumin 
and peripheral lymphocyte counts, serves as an accessible 
tool for assessing long-term nutritional and immunological 
conditions [24,25]. In our study, PNI demonstrated the strongest 
discriminatory ability among all investigated biomarkers 
and exhibited a clear positive trend toward predicting pCR, 
supporting previous evidence linking nutritional-immune 
competence with improved treatment outcomes. In contrast, 
systemic inflammatory processes are known to contribute to 
tumor initiation, progression, and therapeutic resistance [26]. 
Classical inflammation-based indices, such as NLR and LMR, 
did not demonstrate significant predictive value in our HER2-
positive cohort. In contrast, SII—a more recently developed 
systemic immune-inflammation index reflecting the combined 
influence of neutrophils, platelets, and lymphocytes has been 
reported to predict survival in several carcinomas [9,26-28]. 
However, its performance in our cohort was similarly limited. 
These discrepancies may reflect subtype-specific differences, 
as prior research—such as the study by Chung et al.—showed 
that dynamic changes in NLR and PLR predicted neoadjuvant 
chemotherapy response in TNBC, and they even developed a 
nomogram integrating hematologic markers and imaging 
features to estimate pCR likelihood [29]. The underlying biological 
rationale is supported by the functions of circulating immune 
cells. Neutrophils may promote tumor progression through the 
secretion of inflammatory mediators, platelets can facilitate 
tumor immune evasion by shielding malignant cells from NK 
cell–mediated cytotoxicity, and lymphocytes play a central 
role in anti-tumor immunity and cancer immunosurveillance 
[30-33]. Monocytes and their derivatives, tumor-associated 
macrophages, further contribute to tumor proliferation, 
invasion, angiogenesis, and metastatic dissemination [34,35]. 
Although numerous studies have demonstrated prognostic 
or predictive value for NLR and LMR in breast cancer across 
different subtypes [36-37].
Taken together, these findings indicate that the predictive 
value of systemic inflammatory markers may be considerably 
attenuated in HER2-positive breast cancer, likely due to the 
dominant immunologic mechanisms uniquely activated by 
HER2-directed therapies. Trastuzumab and pertuzumab exert 
potent immunomodulatory effects—most notably antibody-
dependent cellular cytotoxicity—which depend more on 
functional effector lymphocytes and Fc-mediated immune 
activation than on baseline peripheral inflammatory ratios. 

This may partly explain why indices such as NLR, LMR, and SII, 
which reflect generalized systemic inflammation, performed 
poorly in our analysis despite evidence of their prognostic 
utility in other breast cancer subtypes. Conversely, the relatively 
stronger performance of PNI suggests that broader host 
factors—such as nutritional reserve, immune competence, and 
systemic resilience—may have greater relevance in influencing 
pathologic response under HER2-targeted regimens. Given 
that low albumin levels and lymphopenia reflect chronic 
inflammation, impaired immunity, and metabolic stress, PNI 
may capture a multidimensional biological profile that is more 
directly aligned with treatment responsiveness than isolated 
inflammatory cell ratios. These observations underscore the 
importance of considering subtype-specific tumor biology when 
interpreting inflammation-based biomarkers and highlight the 
need for larger, mechanistically oriented studies to elucidate 
how nutritional-immune status interacts with targeted therapy–
induced anti-tumor immunity in HER2-positive breast cancer.
Limitations
This retrospective, single-center study is subject to selection 
bias and limited generalizability. The small sample size (n = 
70) likely reduced statistical power—especially in multivariable 
analyses—resulting in wide confidence intervals and borderline 
findings. Lymphovascular / peritumoral vascular invasion data 
were largely missing, and indices were calculated from a 
single baseline laboratory measurement, which may not reflect 
dynamic treatment-related immune changes. Inflammation-
based markers can also be affected by infections, comorbidities, 
and medications, and subgroup heterogeneity within HER2-
positive disease (including hormone receptor co-expression) 
could not be fully explored.
Conclusion
In this retrospective HER2-positive breast cancer cohort 
treated with dual anti-HER2 neoadjuvant therapy, NLR and SII 
showed poor ability to predict pCR, while LMR demonstrated 
only modest performance. PNI yielded the most favorable—
though not statistically significant—signal, suggesting that 
baseline nutritional–immune reserve may be more informative 
than isolated inflammatory ratios in this setting. Therefore, 
inflammation-based indices should not be used alone for clinical 
decision-making; however, pretreatment PNI may serve as a 
practical adjunct for counseling and risk stratification, pending 
confirmation in larger prospective, multicenter cohorts. Future 
work should also clarify the biological link between nutritional–
immune status and response to HER2-targeted therapy, 
evaluate dynamic changes in these indices during treatment, 
and explore whether integrating PNI with immune- or tumor-
based biomarkers can improve predictive accuracy.
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