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Abstract

Purpose To evaluate the potential prognostic value of two peripheral immune biomarkers—neutrophil-to-lymphocyte ratio
(NLR) and systemic immune-inflammation index (SII)—in breast cancer patients treated with neoadjuvant chemotherapy,
and to assess their association with pathological complete response (pCR) and other predictive factors. In addition, to deter-
mine whether prognostic or predictive differences exist between baseline and post-neoadjuvant values of these biomarkers.
Methods We analyzed 801 women with early breast cancer treated with neoadjuvant chemotherapy, evaluating clinical and
pathological data, survival outcomes, NLR (continuous and categorical) and SII.

Results Baseline NLR was significantly higher in younger patients, in those with positive pathological nodes, and in the
HER?2 +/HR — subtype, while baseline SII was elevated in the triple-negative subtype. Post-neoadjuvant chemotherapy
(post-NCT) NLR and SII showed only weak associations with estrogen receptor expression, yet both were independently
associated with pCR (post-NCT NLR: OR=0.91; 95% CI: 0.84-0.98; p=0.02; post-NCT SII: OR =0.65; 95% CI: 0.47-0.89;
p=0.008). Neither biomarker showed a significant impact on overall or progression-free survival.

Conclusion Post-treatment NLR and SII may reflect chemotherapy-induced immune changes and are associated with patho-
logical complete response, but their additional predictive value is uncertain, and no prognostic impact was observed.

Keywords Early breast cancer - Neutrophil-to-lumphocyte ratio - Systemic immune inflammation index - Complete
pathological response - Prognosis
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postoperative management. Pathological complete response
(pCR) is a strong surrogate marker for recurrence risk, dis-
ease-free survival (DFS), and overall survival (OS), par-
ticularly in aggressive subtypes such as HER2 +BC and
TNBC. However, despite achieving pCR, recurrence occurs
in up to 30-40% of cases within five years. Therefore, the
identification of additional prognostic factors is essential to
distinguish patients at increased risk of relapse, even after
PCR is achieved [6]. The immune system plays a key role
in tumor immunosurveillance, so numerous immunological
parameters, such as tumor-infiltrating lymphocytes (TILs),
are under investigation [6, 7].

In the absence of a single optimal biomarker, easily meas-
urable and dynamic indicators such as peripheral blood
immune biomarkers have garnered growing interest. Among
these, the neutrophil-to-lymphocyte ratio (NLR) is one of
the most widely evaluated in BC. While previous studies
associate high NLR values with increased BC related mor-
tality and shorter DFS as an independent prognostic factor
[8-19], others have failed to confirm these associations for
either DFS [20, 21] or OS [12, 18] in contemporary cohorts.
Similarly, correlations between NLR and tumor size or nodal
status remain inconsistent [22, 23].

The predictive utility of NLR for achieving pCR fol-
lowing NCT has also yielded conflicting findings. Again,
some studies support its role [15], while other works did
not find any association [19, 20, 24]. Consequently, newer
composite indices such as the SII have been proposed as
more integrative markers of systemic inflammation. SII
incorporates platelet counts into its formula, calculated
as (platelets X neutrophils)/lymphocytes [25-27]. In BC
patients treated with NCT, low baseline SII values have been
associated with longer DFS and OS [28, 29], whereas high
SII values have been linked to adverse prognostic factors,
including increased risk of axillary nodal involvement [30].

Emerging evidence also suggests that chemotherapy-
induced immune modulation may alter peripheral biomarker
profiles during NCT, potentially contributing to the het-
erogeneity observed across studies. This has led to grow-
ing interest in post-treatment biomarker measurements as
potentially more reliable prognostic and predictive indica-
tors. Several studies have highlighted the value of tracking
these indices dynamically, reporting that lower post-NCT
SII values are associated with a higher likelihood of achiev-
ing pCR [31-34]. However, most studies on the SII are in
Eastern populations [35-38], which may not fully represent
the prognostic behavior of this index in Western populations
[39, 40].

In relation to these findings, the absolute lymphocyte
count (ALC) has also been proposed as a clinically mean-
ingful peripheral immune biomarker. Beyond its independ-
ent prognostic relevance, ALC is an integral component of
both the neutrophil-to-lymphocyte ratio (NLR = absolute
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neutrophil count [ANC]/ALC) and the systemic immune-
inflammation index (SII=[ANC X platelets]/ALC). Accord-
ingly, lower ALC values will mathematically translate into
higher NLR and SII values, which have been interpreted as
surrogates of systemic inflammation and a more immuno-
suppressed host environment. In breast cancer, baseline lym-
phopenia (ALC < 1000/uL) has been associated with poorer
prognosis across multiple settings, and higher pre-treatment
ALC has been linked to a greater likelihood of pCR, particu-
larly in TNBC and HER2-positive disease [41-43]. From
a prognostic perspective, lymphopenia has been associated
with worse OS and higher recurrence risk after neoadjuvant
treatment, including in patients achieving pCR and in those
with residual disease [44, 45].

In this study, we evaluated a Western cohort of patients
with localized BC treated with NCT. Our objectives were to
assess the prognostic value of post-NCT biomarker values,
determine their predictive value for pCR, and explore their
associations with clinical and tumor-related variables.

Material and methods
Cohort assembly, diagnosis, and treatment

This study analyzed a prospective observational cohort from
two academic centers, comprising 801 women diagnosed
with early-stage breast cancer between 2009 and 2019, all of
whom were treated with NCT followed by surgery. Of these,
454 (56.7%) patients were treated at University Hospital
Morales Meseguer and 347 (43.3%) at University Hospital
Virgen de la Arrixaca.

Eligibility criteria included female sex, histologically
confirmed stage I-III breast cancer, and the availability of
both pre-treatment (baseline) and post-NCT complete blood
counts. Peripheral biomarker assessment required blood
tests conducted prior to the initiation of NCT and within
two weeks before surgery.

Diagnosis and treatment followed standard clinical
practice during the study period [46]. Chemotherapy regi-
mens were classified as second-generation (e.g., doxoru-
bicin—cyclophosphamide or docetaxel-cyclophosphamide)
or third-generation (sequential or concurrent administration
of anthracyclines and taxanes).

Primary endpoints included the NLR, SII, disease free
survival, and overall survival, as defined below. The pCR
was defined as the absence of residual invasive tumor in
breast and axillary nodes (ypTO0/ypTis ypNO).

The study was approved by the Clinical Research and
Trials Committee of University Hospital Morales Meseguer
(Internal code: EST08/21) and conducted in accordance with
the ethical principles of the Declaration of Helsinki.
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Neutrophil-to-lymphocyte ratio (NLR)
and systemic immune-inflammation index
(SII) calculation

Routine hematological parameters were retrieved from
laboratory databases, using the most recent complete blood
counts obtained before NCT initiation and before surgery
(after completion of NCT), with a maximum interval of two
weeks. NLR was calculated as the ratio between the absolute
neutrophil count and the absolute lymphocyte count, both
at baseline and post-NCT. The SII was computed using the
same blood count samples, applying the formula: (platelet
count X neutrophil count)/lymphocyte count.

Sample size and power estimation

Assuming a 90% censoring rate and a two-sided alpha of
0.05, the study (n=801) had 80% power to detect a hazard
ratio (HR) > 2.0 for overall survival between two equal-
sized groups (1:1). Biomarker distributions (NLR and
SII) were analyzed as both continuous and dichotomous
variables, with median values used as cut-off points for
dichotomization.

Statistical analysis

Descriptive statistics for categorical variables were pre-
sented as proportions. The Shapiro-Wilk test was used to
assess normality of continuous variables. Normally distrib-
uted variables were reported as means + standard devia-
tions (SD), while non-normally distributed variables were
expressed as medians and interquartile ranges (IQR).

Proportions and ordinal variables were compared using
Pearson’s  ? test. Differences in means were assessed using
the Student’s t-test (for parametric data) or the Mann—Whit-
ney U test (for non-parametric data). Associations between
biomarkers and ordinal variables (e.g., tumor subtype)
were evaluated with the Kruskal-Wallis test. Correlations
between biomarkers (NLR and SII) and continuous varia-
bles (e.g., Ki-67, estrogen/progesterone receptor expression)
were examined using Spearman’s rho; rho values < 0.20
were considered non-significant. The association between
pCR and NLR and SII (both as continuous variables) was
assessed with multivariate logistic regression models adjust-
ing for potential confounders.

DFS was defined as the time from the first NCT cycle
to the first occurrence of invasive locoregional or distant
relapse or breast cancer-related death. Distant recurrence
free interval (DRFI) was defined as the time from the first

NCT cycle to the first occurrence of distant recurrence or
breast cancer—related death; patients experiencing locore-
gional recurrence without documented prior distant recur-
rence were censored at the date of locoregional recurrence.
OS was defined as the time from treatment initiation to
death from any cause. Survival analyses were performed
using Kaplan—Meier curves and compared with log-rank
tests. Median follow-up was estimated via the inverse
Kaplan—Meier method.

The prognostic impact of clinical and biological variables
was assessed using univariate and multivariate Cox propor-
tional hazards models. Variables included in the multivari-
ate models were selected based on theoretical plausibility
and previous literature. Treatment-related variables were
included to ensure model validity across treatment condi-
tions. Biomarkers were modeled as continuous variables.
To avoid multicollinearity, variables with strong correlations
(Ir1>0.5) or statistically significant associations (p < 0.05)
were excluded.

All p-values were two-sided, with statistical significance
set at p<0.05. Analyses were conducted using R version
4.2.3 and RStudio (version 2023.03.0).

Results
Patient characteristics and treatment

A total of 801 women with early-stage breast cancer were
included in the study. Baseline patient and tumor charac-
teristics are summarized in Table 1. The median age at
diagnosis was 49 years (IQR: 42-59). The most frequent
tumor subtypes were HR +/HER2 — (46.6%) and HR +/
HER2 +(23.7%), followed by TNBC (16.9%) and HER2 +/
HR - (12.7%).

Regarding clinical staging, most tumors were classified
as cT2 (2-5 cm), accounting for 55.2% of cases. Clinical
lymph node involvement was present in 62% of patients
(cN1:34.2%, cN2-3: 28.2%).

Third-generation chemotherapy regimens (sequential or
concurrent anthracycline-taxane combinations) were used
in the majority of patients (80.8%). Residual tumor stage
after NCT was ypTO in 28.2%, ypT1 in 36%, and ypT2—4
in 28.4%. Pathological nodal status post-NCT was ypNO in
50.8%, with 19.5% showing ypN1 involvement and 15.2%
ypN2-3. The overall pCR rate after NCT was 31.1%.

CT chemotherapy. 2nd generation C7, taxane or anthra-
cycline-based regimens (7C docetaxel-cyclophosphamide,
AC doxorubicin-cyclophosphamide), 3rd generation CT
sequential/concurrent anthracyclines and taxanes, (TAC doc-
etaxel, doxorubicin, cyclophosphamide, weekly Paclitaxel-
Doxorubicin/cyclophosphamide), ER Estrogen receptor, PR
Progesterone receptor, NA not available.
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Table 1 Baseline patient and tumor characteristics

Total cohort (n=801)

Hospital

Hospital 1 454 (56.7%)
Hospital 2 347 (43.3%)
Age

Median [Q1, Q3]

Menopausal status

49.0 [42.0, 59.0]

Premenopausal 447 (55.8%)
Postmenopausal 351 (43.8%)
NA 3(0.4%)
Subtype

HR +/HER2- 373 (46.6%)
HR +/HER2 + 190 (23.7%)
HER2 +/HR- 102 (12.7%)
TNBC 135 (16.9%)
NA 1(0.1%)
Ki67

Median [Q1, Q3] 35.0 [21.0, 60.0]
NA 35 (4.4%)
cT

cT1 61 (7.6%)
cT2-4 712 (88.9%)
NA 28 (3.5%)
cN

cNO 259 (32.3%)
cN1 274 (34.2%)
cN2-3 226 (28.2%)
NA 42 (5.3%)
ypT

ypTO 226 (28.2%)
ypT1 288 (36%)
ypT2-4 229 (28.4%)
ypTis 42 (5.2%)
NA 16 (2.2%)
ypN

ypNO 407 (50.8%)
ypN1 156 (19.5%)
ypN2-3 122 (15.2%)
ypN1mi 41 (5.1%)
ypNx 38 (4.7%)
NA 37 (4.6%)
pCR

No 552 (68.9%)
Yes 249 (31.1%)
CT

2nd generation CT 154 (19.2%)
3rd generation CT 647 (80.8%)
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Peripheral blood immune biomarkers (NLR,
Sll): distribution

Peripheral immune biomarkers were analyzed as continuous
variables. The median post-NCT neutrophil-to-lymphocyte
ratio was 2.37 (IQR: 1.64-3.33), while the median baseline
NLR was 1.94 (IQR: 1.51-2.74). A weak but statistically
significant correlation was observed between baseline and
post-NCT NLR (Spearman’s p=0.26; p<0.001).

Similarly, the median post-NCT SII was 0.61 (IQR:
0.39-0.89), compared to a baseline median of 0.47 (IQR:
0.33-0.71). A comparable correlation was observed
between baseline and post-treatment SII (Spearman’s
p=0.25; p<0.001). As expected, pre- and post-NCT NLR
values showed strong positive correlations with their cor-
responding SII values (Spearman’s p=0.80; p <0.001)
(Supplementary Table 1).

The median post-NCT ALC was 1,275 cells/uL (IQR:
900-1,689), compared with a baseline median of 1,930
cells/uL (IQR: 1,525-2,400). The proportion of patients
with lymphopenia (ALC < 1,000 cells/uL) increased from
4.6% at baseline to 34.9% post-NCT. Baseline and post-
NCT ALC were weakly but significantly correlated (Spear-
man’s p=0.35; p<0.001). Given the way these indices are
calculated, baseline and post-NCT ALC showed moderate
inverse correlations with the corresponding NLR values
(Spearman’s p=—0.56 and —0.54, respectively; p <0.001)
and SII values (Spearman’s p=—0.45 and —0.40, respec-
tively; p<0.001).

Peripheral blood immune biomarkers
(NLR, Sll): association with clinical
and pathological variables

Baseline NLR values were significantly higher in younger
and premenopausal patients (p=0.01 and p<0.001,
respectively), as well as in those without positive patho-
logical nodes (p=0.02) and in the HER2 4+/HR — subtype
(Kruskal-Wallis X2 =11.4; p=0.04) (Supplementary
Table 1 and 2, and Fig. 1). Regarding baseline SII, it was sig-
nificantly elevated in patients with triple-negative breast can-
cer (Kruskal-Wallis X2 =76; p=0.02), and a weak negative
correlation were observed with estrogen receptor (p=-0.12;
p<0.001) and progesterone receptor (p=-0.10; p=0.004)
expression (Supplementary Table 1 and 2).

Post-NCT NLR demonstrated a weak positive cor-
relation with estrogen receptor (ER) expression (Spear-
man’s p=0.12; p=0.001) and was significantly higher
in the HR +/HER2 — subtype (Kruskal-Wallis X2 =14.8;
p=0.01) (Supplementary Table 3 and 4, and Figure S1).
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Association of NLR and Sl with pathological
complete response

A multivariate logistic regression model was used to assess
the predictive value of post-NCT NLR and SII for pCR, as
continuous variables, adjusting for potential confounders.
In the adjusted model, both biomarkers were independently
associated with pCR: post-NCT NLR (OR=0.91; 95% CI:
0.84-0.98; p=0.02) and post-NCT SII (OR =0.65; 95% CI:
0.47-0.89; p=0.008) (Tables 2 and Table 3).

In contrast, no significant associations were found
between baseline NLR or SII and pCR (baseline NLR:
OR=0.98; 95% CI: 0.86—1.12; baseline SII: OR=0.93;
95% CI: 0.61-1.42). Likewise, ALC was not significantly
associated with pCR at baseline or post-NCT. Results were
also non-significant when ALC was dichotomized using a
cutoff of < 1,000 cells/uL (baseline lymphopenia: OR =0.44;
95% CI, 0.13-1.50; post-NCT lymphopenia: OR=0.81; 95%
CI, 0.52-1.26).

Additional variables significantly associated with pCR
included higher Ki-67 and PR negativity (Table 2 and
Table 3).

Association of NLR and Sll with survival
outcomes

In the subgroup of 454 patients from Hospital 1 with long-
term follow-up available, the association of post-NCT bio-
markers with OS, DRFI and DFS was assessed. Biomarkers

were analyzed both as continuous variables (Cox regression)
and dichotomized using median values (log-rank test).

After a median follow-up of 7.71 years (IQR: 7.33-8.08),
post-NCT NLR was not associated with OS, DRFI, or
DES in the overall cohort (continuous/dichotomized: OS
p=0.70/0.69; DRFI p=0.63/0.73; DFS p=0.67/0.66)
(Fig. 3). Similarly, post-NCT SII showed no association
with OS, DRFI, or DFS (continuous/dichotomized: OS
p=0.90/0.78; DRFI p=0.80/0.96; DFS p=0.70/0.64)
(Fig. 4). Post-NCT ALC and lymphopenia were also not
associated with OS, DRFI, or DFS (ALC: OS p=0.93;
DRFI p=0.59; DFS p=0.52; lymphopenia: OS p=0.83;
DRFI p=0.12; DFS p=0.14). Among patients achieving
PCR, post-NCT SII remained non-significant for OS and
DFS in both continuous and dichotomized analyses (OS
p=0.30/0.20; DFS p=0.80/0.80).

Discussion

The immune profile of patients with cancer differs substan-
tially from that of healthy individuals, often characterized
by a baseline immunosuppressive and pro-tumor phenotype
[47]. Consequently, increasing attention is being paid to
the assessment of immune biomarkers in cancer patients,
including post-treatment values as potential predictors of
response. In this work, we have evaluated the association
between post-NCT NLR, ALC and SII values and both pCR
and survival in early and locally advanced breast cancer.
Among circulating immune biomarkers, the NLR
has been one of the most extensively investigated in BC.

Table 2 Multivariate logistic

. . ; Beta OR (95% CI) p value
regression model including
post-NCT NLR for pathological  Bseline NLR 0.98 0.86-1.12 0.80
complete response Post-NCT NLR 0.91 0.84-0.98 0.02
Ki-67 1.01 1.01-1.02 <0.001
Lymph node involvement (cN +) 0.78 0.55-1.12 0.177
Postmenopausal status 0.87 0.61-1.23 0.43
Progesterone receptor positive (PgR +) 0.26 0.18-0.37 <0.001
Anthracycline- and taxane-based chemotherapy 1.24 0.79-1.94 0.346
Table 3' Multivari.ate logistic Beta OR (95% CT) p value
regression model including
post-NCT SII for pathological Baseline SII 0.93 0.61—1.42 0.738
complete response Post-NCT SII 0.65 0.47-0.89 0.008
Ki-67 1.01 1.01-1.02 <0.001
Lymph node involvement (cN +) 0.77 0.54-1.09 0.149
Postmenopausal status 0.875 0.62-1.24 0.451
Progesterone receptor positive (PgR +) 0.26 0.18-0.37 <0.001
Anthracycline- and taxane-based chemotherapy 1.23 0.78-1.93 0.370
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However, results remain inconsistent regarding its predic-
tive value for pCR and its association with survival out-
comes [8-24]. Attempts to refine peripheral biomarkers by
incorporating additional parameters — such as the systemic
immune-inflammation index, which includes platelet counts
[25, 26]—have also yielded heterogeneous findings. As a
result, neither NLR nor SII have been incorporated into rou-
tine clinical practice. Notably, recent studies have suggested
that biomarker levels measured after NCT may provide
more reliable prognostic and predictive information than
baseline values [31-34]. Building on this hypothesis, our
study focused on the association between post-NCT NLR
and SII values and both pCR and survival outcomes, as well
as their potential correlations with established clinicopatho-
logical variables. Consistent with prior reports [33, 34], we
observed that lower post-NCT values of NRL and, mainly,
of SII, were significantly associated with higher pCR rates

(OR 0.91 and 0.65, respectively). In contrast, no such asso-
ciation was found for baseline values. However, previous
studies investigating the potential association between these
two baseline peripheral biomarkers have reported a linear
correlation between them, as well as a significant association
of their values with overall survival. In those studies, the SII
demonstrated superior prognostic capacity compared to the
NLR, as reflected by a higher area under the curve (AUC)
in ROC analyses [26, 27].

Moreover, considerable heterogeneity exists in the cut-
off values used across studies, with thresholds for high
NLR ranging from 1.9 to 4.0 [9]; further complicating data
interpretation. Several confounding factors may contribute
to baseline variability in these indices—including systemic
inflammation, infection, comorbidities, steroid use, and
other unmeasured host-related factors [9]. Our findings sup-
port the hypothesis that post-treatment biomarker levels are
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likely less influenced by baseline variability, because they
may be influenced by the antitumor therapy received and the
subsequent biological response, reflecting treatment-induced
immune modulation and its relationship with response.

Despite the relatively long median follow-up period of
7.7 years, neither post-NCT NLR, ALC nor SII were associ-
ated with DFS, DFRI or OS, even in the subgroup of patients
achieving pCR. Although limited in number, previous stud-
ies have reported conflicting results regarding the association
between post-treatment biomarker levels and long-term out-
comes [31-34]. These inconsistencies underscore the need
for standardized methodologies and extended longitudinal
analyses, as well as the pursuit of more refined biomarkers,
such as circulating immune cell populations, cytokine levels,
or other molecules involved in immune regulation.

In terms of correlations with other prognostic features,
although the two biomarkers (NLR, SII) were strongly cor-
related with each other, their associations with tumor charac-
teristics and treatment response displayed distinct patterns.
The results suggest that baseline NLR, in line with earlier
findings [9], is associated with adverse prognostic factors (it
was higher in younger, premenopausal women and in those
with lymph node involvement). In this sense, it appears to
reflect the baseline inflammatory status without providing
additional prognostic value beyond those clinical features.
In contrast, baseline SII seems to be more closely related
to tumor biology (it was most elevated in patients with tri-
ple-negative breast cancer) rather than with tumor stage or
burden. Other studies have reported variable associations
between SII and clinicopathological parameters, including
Ki-67 and nodal involvement, further underscoring the need
for continued investigation [31].

Post-NCT NLR showed a weak association with ER
expression, particularly within the HR +/HER2- subtype.
This observation should be interpreted cautiously, as this
subtype was the most prevalent in our cohort. Previous stud-
ies have similarly reported limited associations between
NLR and tumor subtype [11, 13, 15]. Post-NCT SII also
demonstrated a weak positive correlation with the HR +/
HER?2- subtype. Given that this is the most common and
prognostically favorable BC subtype, the clinical relevance
of this association remains uncertain.

Our study has several strengths, including a relatively
large sample size and a follow-up period comparable to
that of similar studies (typically ranging from 250 to 2,000
patients). Moreover, this study was conducted on a cohort of
Western patients, a population that has been largely under-
represented in previously published studies, which may
imply potential predictive and prognostic differences in the
value of these biomarkers compared to prior research, most
of which was conducted in East Asian populations [35—40].
However, some limitations must be acknowledged. First,
our cohort included patients with early-stage disease, a
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population generally characterized by favorable outcomes,
which may limit the ability to detect significant survival dif-
ferences (although it is precisely where prognostic strati-
fication is most relevant). Second, biomarker values were
assessed only at baseline and after NCT completion, without
intermediate time points. Recent studies have proposed that
dynamic changes in immune indices during treatment—such
as the difference between post- and pre-NCT values—may
provide more informative prognostic insights [33], there-
fore early dynamic changes in these biomarkers may poten-
tially be useful for tailoring treatment duration; however,
this hypothesis requires validation in future studies. While
we explored this approach in preliminary analyses, results
were inconclusive and are not presented here. Additionally,
several potential confounders that can influence immune
parameters—such as infections, steroid exposure, or use
of granulocyte colony-stimulating factors—were not uni-
formly recorded, despite attempts to standardize treatment
protocols.

Taken together, our results could indicate the existence of
an association between pCR to specific changes in periph-
eral immunity, which could be associated with the prog-
nostic impact of pCR either by the eradication of disease
preventing the emergence of resistance or by a surrogacy
association with the sensitivity of micrometastatic disease to
treatment. Future studies with larger cohorts, longer follow-
up, and serial immune monitoring are warranted to further
clarify the prognostic and predictive value of these biomark-
ers and facilitate their integration into clinical practice.

Conclusions

In this study, we evaluated the prognostic and predictive
value of two peripheral immune biomarkers—NLR and
SII—in patients with early-stage breast cancer treated
with neoadjuvant chemotherapy. Our findings support the
association of post-treatment values of NLR and SII with
pathological complete response, while no association was
observed with long-term survival outcomes. These results
suggest that immune biomarkers measured after treatment
may better reflect tumor-immune dynamics and response to
therapy than baseline values. The lack of post-NCT NLR
and SII impact on prognosis warrants further research in
well-characterized cohorts with longitudinal sampling to
improve the understanding of post-treatment immune bal-
ance. Our results also suggest that the post-treatment setting
might be particularly appropriate in the search of circulating
biomarkers with potential clinical applicability in personal-
izing neoadjuvant treatment strategies.



Breast Cancer Research and Treatment (2026) 216:26

Page90of11 26

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10549-026-07928-2.

Acknowledgements We are particularly grateful for the generous con-
tribution of the patients.

Author contributions Concept, M.E.G.G., PM.R., F.A.d.L.P., A PM.,
and E.G.-T.; Data curation, M.E.G.G., N.B.B., F.A.d.1.P., A P.M., and
E.G.-T.; Formal analysis, M.E.G.G, N.B.B, F.A.d.1.P., and E.G.-T.
Funding acquisition, F.A.d.1.P. and E.G.-M.; Investigation, M.E.G.G.,
PM.R. CM.S.PdL.N.B.B., PSH, M\ AM.H.,A.G.P., CM.H.,
P.dM.B. E.G.G., E.G.-M., FA.d.l.P.,, APM., and E.G.-T.; Method-
ology, M.E.G.G., F.A.d.1.P,, A PM,, and E.G.-T.; Project administra-
tion, F.A.d.1.P., A.P.M., and E.G.-T.; Supervision, F.A.d.LLP., APM.,
and E.G.-T.; Writing—original draft, M.E.G.G, F.A.d.L.P. and E.G.-T;
Writing—review and editing, M.E.G.G., PM.R., CM.S.P.d.L.,N.B.B.,
PS.H., M\(AM.H., A.G.P., CM.H., P.dM.B. E.G.G., E.G.-M.,
F.A.d.LLP.,, A.PM.,, and E.G.-T.; All authors have read and agreed to
the published version of the manuscript.

Funding Open Access funding provided thanks to the CRUE-CSIC
agreement with Springer Nature. This work was partially funded by
two research-funding initiatives: “Calasparra se mueve”, inspired by
women from Calasparra (Murcia), Spain, and “Pulseras solidarias”,
Cieza (Murcia), Spain. The sponsors have in no way been involved in
the study design, data collection, and analysis, decision to publish, or
preparation of the manuscript.

Data availability The data that support the findings of this study are
available from the corresponding author upon reasonable request.

Declarations

Competing interests The authors declare no competing interests.

Ethical approval

All procedures performed in this study involving patients were in ac-
cordance with the ethical standards of the institutional research com-
mittee and with the Declaration of Helsinki. The study was approved
by the hospital Institutional Review Board (Comisién de Ensayos e
Investigacion Clinica, Hospital Morales Meseguer; reference numbers:
EST-08/21).

Informed consent Written informed consent was obtained from all
patients included in the study.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Breast Cancer Facts & Figures 2022-2024
2. Publications | Redecan. https://redecan.org/en/publications/23/
breast-cancer-in-spain. Accessed 20 Oct 2025
3. Loibl S, André F, Bachelot T et al (2024) Early breast cancer:
ESMO clinical practice guideline for diagnosis, treatment and
follow-up. Ann Oncol 35:159-182. https://doi.org/10.1016/].
annonc.2023.11.016
4. Ayalade la Pefia F, Antolin Novoa S, Gavila Gregori J et al (2023)
SEOM-GEICAM-SOLTI clinical guidelines for early-stage breast
cancer (2022). Clin Transl Oncol 25:2647-2664. https://doi.org/
10.1007/s12094-023-03215-4
5. Colomer R, Saura C, Sanchez-Rovira P et al (2019) Neoadjuvant
management of early breast cancer: a clinical and investigational
position statement. Oncologist 24:603—611. https://doi.org/10.
1634/theoncologist.2018-0228
6. Gao Z-H, Li C-X, Liu M, Jiang J-Y (2020) Predictive and prog-
nostic role of tumour-infiltrating lymphocytes in breast cancer
patients with different molecular subtypes: a meta-analysis. BMC
Cancer 20:1150. https://doi.org/10.1186/s12885-020-07654-y
7. Dieci MV, Miglietta F, Guarneri V (2021) Immune infiltrates
in breast cancer: recent updates and clinical implications. Cells
10:223. https://doi.org/10.3390/cells 10020223
8. Cupp MA, Cariolou M, Tzoulaki I et al (2020) Neutrophil to
lymphocyte ratio and cancer prognosis: an umbrella review of
systematic reviews and meta-analyses of observational studies.
BMC Med 18:360. https://doi.org/10.1186/s12916-020-01817-1
9. Neutrophil-lymphocyte index as prognostic factor for overall sur-
vival and disease-free survival in breast cancer patients | Revista
de Senologia y Patologia Mamaria - Journal of Senology and
Breast Disease. https://www.elsevier.es/es-revista-revista-senol
ogia-patologia-mamaria--131-articulo-neutrophil-lymphocyte-
index-as-prognostic-factor-S0214158220300992. Accessed 20
Oct 2025
10. Mazouz A, Adil N, Chakib N et al (2015) P161 prognostic value
of pretreatment neutrophil-lymphocyte ratio in metastatic breast
cancer. Breast 24:S80. https://doi.org/10.1016/S0960-9776(15)
70202-X
11. (2023) P245Neutrophil to lymphocyte ratio predicts lymph node
metastasis in triple negative breast cancer. - Amrita Vishwa Vid-
yapeetham. https://www.amrita.edu/publication/neutrophil-to-
lymphocyte-ratio-predicts-lymph-node-metastasis-in-triple-negat
ive-breast-cancer/. Accessed 20 Oct 2025
12. Hong J, Mao Y, Chen X et al (2016) Elevated preoperative neu-
trophil-to-lymphocyte ratio predicts poor disease-free survival in
Chinese women with breast cancer. Tumour Biol 37:4135-4142.
https://doi.org/10.1007/s13277-015-4233-1
13. Bozkurt O, Karaca H, Berk V et al (2015) Predicting the role
of the pretreatment neutrophil to lymphocyte ratio in the sur-
vival of early triple-negative breast cancer patients. ] BUON
20:1432-1439
14. Azab B, Bhatt VR, Phookan J et al (2012) Usefulness of the neu-
trophil-to-lymphocyte ratio in predicting short- and long-term
mortality in breast cancer patients. Ann Surg Oncol 19:217-224.
https://doi.org/10.1245/s10434-011-1814-0
15. Asano Y, Kashiwagi S, Onoda N et al (2016) Predictive value of
neutrophil/lymphocyte ratio for efficacy of preoperative chemo-
therapy in triple-negative breast cancer. Ann Surg Oncol 23:1104—
1110. https://doi.org/10.1245/s10434-015-4934-0
16. Noh H, Eomm M, Han A (2013) Usefulness of pretreatment neu-
trophil to lymphocyte ratio in predicting disease-specific survival
in breast cancer patients. J Breast Cancer 16:55-59. https://doi.
org/10.4048/jbc.2013.16.1.55

@ Springer


https://doi.org/10.1007/s10549-026-07928-2
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://redecan.org/en/publications/23/breast-cancer-in-spain
https://redecan.org/en/publications/23/breast-cancer-in-spain
https://doi.org/10.1016/j.annonc.2023.11.016
https://doi.org/10.1016/j.annonc.2023.11.016
https://doi.org/10.1007/s12094-023-03215-4
https://doi.org/10.1007/s12094-023-03215-4
https://doi.org/10.1634/theoncologist.2018-0228
https://doi.org/10.1634/theoncologist.2018-0228
https://doi.org/10.1186/s12885-020-07654-y
https://doi.org/10.3390/cells10020223
https://doi.org/10.1186/s12916-020-01817-1
https://www.elsevier.es/es-revista-revista-senologia-patologia-mamaria--131-articulo-neutrophil-lymphocyte-index-as-prognostic-factor-S0214158220300992
https://www.elsevier.es/es-revista-revista-senologia-patologia-mamaria--131-articulo-neutrophil-lymphocyte-index-as-prognostic-factor-S0214158220300992
https://www.elsevier.es/es-revista-revista-senologia-patologia-mamaria--131-articulo-neutrophil-lymphocyte-index-as-prognostic-factor-S0214158220300992
https://doi.org/10.1016/S0960-9776(15)70202-X
https://doi.org/10.1016/S0960-9776(15)70202-X
https://www.amrita.edu/publication/neutrophil-to-lymphocyte-ratio-predicts-lymph-node-metastasis-in-triple-negative-breast-cancer/
https://www.amrita.edu/publication/neutrophil-to-lymphocyte-ratio-predicts-lymph-node-metastasis-in-triple-negative-breast-cancer/
https://www.amrita.edu/publication/neutrophil-to-lymphocyte-ratio-predicts-lymph-node-metastasis-in-triple-negative-breast-cancer/
https://doi.org/10.1007/s13277-015-4233-1
https://doi.org/10.1245/s10434-011-1814-0
https://doi.org/10.1245/s10434-015-4934-0
https://doi.org/10.4048/jbc.2013.16.1.55
https://doi.org/10.4048/jbc.2013.16.1.55

26

Page 10 of 11

Breast Cancer Research and Treatment (2026) 216:26

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Chen J, Deng Q, Pan Y et al (2015) Prognostic value of neu-
trophil-to-lymphocyte ratio in breast cancer. FEBS Open Bio
5:502-507. https://doi.org/10.1016/j.fob.2015.05.003
Krenn-Pilko S, Langsenlehner U, Stojakovic T et al (2016) The
elevated preoperative derived neutrophil-to-lymphocyte ratio pre-
dicts poor clinical outcome in breast cancer patients. Tumour Biol
37:361-368. https://doi.org/10.1007/s13277-015-3805-4

Marin Hernandez C, Piflero Madrona A, Gil Vazquez PJ et al
(2018) Usefulness of lymphocyte-to-monocyte, neutrophil-to-
monocyte and neutrophil-to-lymphocyte ratios as prognostic
markers in breast cancer patients treated with neoadjuvant chemo-
therapy. Clin Transl Oncol 20:476-483. https://doi.org/10.1007/
$12094-017-1732-0

Garcia-Torralba E, Pérez Ramos M, Ivars Rubio A et al (2024)
Deconstructing neutrophil to lymphocyte ratio (NLR) in early
breast cancer: lack of prognostic utility and biological correlates
across tumor subtypes. Breast Cancer Res Treat 205:475-485.
https://doi.org/10.1007/s10549-024-07286-x

Sifén MDR, Marcolini N, Barber MJ et al (2022) Lack of prognos-
tic value of pretreatment neutrophil-to-lymphocyte ratio in early
breast cancer. Breast Care 17:546-553. https://doi.org/10.1159/
000525287

Pistelli M, De Lisa M, Ballatore Z et al (2015) Pre-treatment neu-
trophil to lymphocyte ratio may be a useful tool in predicting sur-
vival in early triple negative breast cancer patients. BMC Cancer
15:195. https://doi.org/10.1186/s12885-015-1204-2

Guthrie GJK, Charles KA, Roxburgh CSD et al (2013) The sys-
temic inflammation-based neutrophil-lymphocyte ratio: experi-
ence in patients with cancer. Crit Rev Oncol Hematol 88:218-230.
https://doi.org/10.1016/j.critrevonc.2013.03.010

Corbeau I, Jacot W, Guiu S (2020) Neutrophil to lymphocyte ratio
as prognostic and predictive factor in breast cancer patients: a sys-
tematic review. Cancers (Basel) 12:958. https://doi.org/10.3390/
cancers12040958

Xie J, Guo Z, Zhu Y et al (2023) Peripheral blood inflamma-
tory indexes in breast cancer: a review. Medicine (Baltimore)
102:e36315. https://doi.org/10.1097/MD.0000000000036315
Jiang C, Lu Y, Zhang S, Huang Y (2020) Systemic immune-
inflammation index is superior to neutrophil to lymphocyte ratio
in prognostic assessment of breast cancer patients undergoing neo-
adjuvant chemotherapy. Biomed Res Int 2020:7961568. https://
doi.org/10.1155/2020/7961568

Hua X, Long Z-Q, Zhang Y-L et al (2020) Prognostic value of pre-
operative systemic immune-inflammation index in breast cancer:
a propensity score-matching study. Front Oncol 10:580. https://
doi.org/10.3389/fonc.2020.00580

Chen L, Kong X, Wang Z et al (2020) Pre-treatment systemic
immune-inflammation index is a useful prognostic indicator in
patients with breast cancer undergoing neoadjuvant chemotherapy.
J Cell Mol Med 24:2993-3021. https://doi.org/10.1111/jcmm.
14934

Li W, Ma G, Deng Y et al (2021) Systemic immune-inflammation
index is a prognostic factor for breast cancer patients after curative
resection. Front Oncol 11:570208. https://doi.org/10.3389/fonc.
2021.570208

Tong L, Wang S, Zhang R et al (2023) High levels of SII and PIV
are the risk factors of axillary lymph node metastases in breast
cancer: a retrospective study. Int J Gen Med 16:2211-2218.
https://doi.org/10.2147/1IGM.S411592

Kim J-Y, Jung EJ, Kim J-M et al (2020) Dynamic changes of
neutrophil-to-lymphocyte ratio and platelet-to-lymphocyte ratio
predicts breast cancer prognosis. BMC Cancer 20:1206. https://
doi.org/10.1186/512885-020-07700-9

Choi H, Noh H, Cho I-J et al (2020) Changes in neutrophil to
lymphocyte ratio (NLR) during neoadjuvant treatment correlated

Springer

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

with patients’ survival. Breast Cancer 27:871-879. https://doi.org/
10.1007/s12282-020-01083-2

Dan J, Tan J, Huang J et al (2020) The dynamic change of neu-
trophil to lymphocyte ratio is predictive of pathological com-
plete response after neoadjuvant chemotherapy in breast cancer
patients. Breast Cancer 27:982-988. https://doi.org/10.1007/
$12282-020-01096-x

Wang H, Huang Z, Xu B et al (2024) The predictive value of
systemic immune-inflammatory markers before and after treat-
ment for pathological complete response in patients undergoing
neoadjuvant therapy for breast cancer: a retrospective study of
1994 patients. Clin Transl Oncol 26:1467-1479. https://doi.org/
10.1007/s12094-023-03371-7

Zhou Y, Guo X, Shen L et al (2023) Predictive significance of
systemic immune-inflammation index in patients with breast can-
cer: a retrospective cohort study. Onco Targets Ther 16:939-960.
https://doi.org/10.2147/0TT.S434193

Gu Q, Zhao J, Liu Y et al (2023) Association between the sys-
temic immune-inflammation index and the efficacy of neoadjuvant
chemotherapy, prognosis in HER2 positive breast cancer-a retro-
spective cohort study. Gland Surg 12:609-618. https://doi.org/10.
21037/gs-23-55

Pang J, Ding N, Yin N, Xiao Z (2024) Systemic immune-inflam-
mation index as a prognostic marker in HER2-positive breast can-
cer patients undergoing trastuzumab therapy. Sci Rep 14:6578.
https://doi.org/10.1038/s41598-024-57343-0

Zhu M, Chen L, Kong X et al (2022) The systemic immune-
inflammation index is an independent predictor of survival in
breast cancer patients. Cancer Manag Res 14:775-820. https://
doi.org/10.2147/CMAR.S346406

LiY, Yu M, Yang M, Yang J (2025) The association of systemic
immune-inflammation index with incident breast cancer and all-
cause mortality: evidence from a large population-based study.
Front Immunol 16:1528690. https://doi.org/10.3389/fimmu.2025.
1528690

Cheng H-W, Wang T, Yu G-C et al (2024) Prognostic role of the
systemic immune-inflammation index and pan-immune inflamma-
tion value for outcomes of breast cancer: a systematic review and
meta-analysis. Eur Rev Med Pharmacol Sci 28:180-190. https://
doi.org/10.26355/eurrev_202401_34903

Eren T, Karacin C, Ucar G et al (2020) Correlation between
peripheral blood inflammatory indicators and pathologic complete
response to neoadjuvant chemotherapy in locally advanced breast
cancer patients. Medicine (Baltimore) 99:€20346. https://doi.org/
10.1097/MD.0000000000020346

Miyamoto N, Inoue H, Inui T et al (2023) Absolute lymphocyte
count changes during neoadjuvant chemotherapy are associated
with prognosis of human epidermal growth factor receptor 2-posi-
tive breast cancer patients. Clin Breast Cancer 23:¢68—e76. https://
doi.org/10.1016/j.clbc.2023.01.005

Afghahi A, Purington N, Han SS et al (2018) Higher absolute
lymphocyte counts predict lower mortality from early-stage triple-
negative breast cancer. Clin Cancer Res 24:2851-2858. https://
doi.org/10.1158/1078-0432.CCR-17-1323

Gutkin PM, Kozak MM, von Eyben R, Horst KC (2020) Lym-
phopenia and clinical outcomes in patients with residual nodal
disease after neoadjuvant chemotherapy for breast cancer. Can-
cer Causes Control 31:1021-1026. https://doi.org/10.1007/
$10552-020-01337-6

Denkert C, Loibl S, Noske A et al (2010) Tumor-associated lym-
phocytes as an independent predictor of response to neoadjuvant
chemotherapy in breast cancer. J Clin Oncol 28:105-113. https://
doi.org/10.1200/JC0O.2009.23.7370

Ayala de la Pefia F, Andrés R, Garcia-Saenz JA et al (2019) SEOM
clinical guidelines in early stage breast cancer (2018). Clin Transl
Oncol 21:18-30. https://doi.org/10.1007/s12094-018-1973-6


https://doi.org/10.1016/j.fob.2015.05.003
https://doi.org/10.1007/s13277-015-3805-4
https://doi.org/10.1007/s12094-017-1732-0
https://doi.org/10.1007/s12094-017-1732-0
https://doi.org/10.1007/s10549-024-07286-x
https://doi.org/10.1159/000525287
https://doi.org/10.1159/000525287
https://doi.org/10.1186/s12885-015-1204-2
https://doi.org/10.1016/j.critrevonc.2013.03.010
https://doi.org/10.3390/cancers12040958
https://doi.org/10.3390/cancers12040958
https://doi.org/10.1097/MD.0000000000036315
https://doi.org/10.1155/2020/7961568
https://doi.org/10.1155/2020/7961568
https://doi.org/10.3389/fonc.2020.00580
https://doi.org/10.3389/fonc.2020.00580
https://doi.org/10.1111/jcmm.14934
https://doi.org/10.1111/jcmm.14934
https://doi.org/10.3389/fonc.2021.570208
https://doi.org/10.3389/fonc.2021.570208
https://doi.org/10.2147/IJGM.S411592
https://doi.org/10.1186/s12885-020-07700-9
https://doi.org/10.1186/s12885-020-07700-9
https://doi.org/10.1007/s12282-020-01083-2
https://doi.org/10.1007/s12282-020-01083-2
https://doi.org/10.1007/s12282-020-01096-x
https://doi.org/10.1007/s12282-020-01096-x
https://doi.org/10.1007/s12094-023-03371-7
https://doi.org/10.1007/s12094-023-03371-7
https://doi.org/10.2147/OTT.S434193
https://doi.org/10.21037/gs-23-55
https://doi.org/10.21037/gs-23-55
https://doi.org/10.1038/s41598-024-57343-0
https://doi.org/10.2147/CMAR.S346406
https://doi.org/10.2147/CMAR.S346406
https://doi.org/10.3389/fimmu.2025.1528690
https://doi.org/10.3389/fimmu.2025.1528690
https://doi.org/10.26355/eurrev_202401_34903
https://doi.org/10.26355/eurrev_202401_34903
https://doi.org/10.1097/MD.0000000000020346
https://doi.org/10.1097/MD.0000000000020346
https://doi.org/10.1016/j.clbc.2023.01.005
https://doi.org/10.1016/j.clbc.2023.01.005
https://doi.org/10.1158/1078-0432.CCR-17-1323
https://doi.org/10.1158/1078-0432.CCR-17-1323
https://doi.org/10.1007/s10552-020-01337-6
https://doi.org/10.1007/s10552-020-01337-6
https://doi.org/10.1200/JCO.2009.23.7370
https://doi.org/10.1200/JCO.2009.23.7370
https://doi.org/10.1007/s12094-018-1973-6

Breast Cancer Research and Treatment (2026) 216:26 Page110f 11 26

47. Palazén Carrién N (2020) Caracterizacion del perfil inmunitario Publisher's Note Springer Nature remains neutral with regard to
en sangre periférica y en tejido de carcinoma de mama con tratam- jurisdictional claims in published maps and institutional affiliations.
iento neoadyuvante. Estudio de su potencial papel prondstico y
predictivo de respuesta

@ Springer



	Unlocking the predictive value of post-neoadjuvant immune biomarkers in breast cancer: neutrophil-to-lymphocyte ratio (NLR) and systemic immune-inflammation index (SII)
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Material and methods
	Cohort assembly, diagnosis, and treatment

	Neutrophil-to-lymphocyte ratio (NLR) and systemic immune-inflammation index (SII) calculation
	Sample size and power estimation
	Statistical analysis
	Results
	Patient characteristics and treatment

	Peripheral blood immune biomarkers (NLR, SII): distribution
	Peripheral blood immune biomarkers (NLR, SII): association with clinical and pathological variables
	Association of NLR and SII with pathological complete response
	Association of NLR and SII with survival outcomes
	Discussion
	Conclusions
	Acknowledgements 
	References




