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Background: The platelet to lymphocyte ratio(PLR) is widely recognized as an
important biomarker of systemic inflammation and has been associated with
treatment responses in breast cancer (BC) patients undergoing neoadjuvant
therapy. However, existing evidence remains inconsistent. This meta-analysis
aims to systematically investigate the prognostic value of PLR in BC patients
receiving neoadjuvant chemotherapy (NACT).

Methods: A broad and systematic search of the literature was carried out using
PubMed, Embase, Web of Science, and the Cochrane Library, covering all available
records from the inception of each database through April 7, 2025. Study selection
was guided by a set of predetermined inclusion and exclusion parameters. Primary
outcomes included overall survival (OS), disease-free survival (DFS), and pathological
complete response (pCR), assessed through hazard ratios (HRs) or odds ratios (ORs)
with corresponding 95% confidence intervals (Cls).

Results: Twenty-four studies involving 7,557 BC patients receiving NACT were
included. Elevated PLR was significantly associated with reduced pCR rates (HR =
1.51; 95% Cl: 1.24-1.84; p < 0.0001; I> = 70%), shorter OS (HR = 1.64; 95% Cl:
1.27-2.11; p = 0.0002; 1 = 0%), and decreased DFS (HR = 2.29; 95% Cl: 1.54—
3.39; p < 0.0001; I> = 44%). Subgroup analyses indicated that PLR's prognostic
value varied by timing of PLR measurement, geographic location, and PLR
cutoff values.

Conclusions: Elevated PLR is significantly correlated with poorer clinical
outcomes in BC patients undergoing NACT, suggesting its potential as a
predictive biomarker for treatment efficacy. However, due to methodological
limitations of the included studies, further prospective investigations are required
to confirm these findings across diverse populations.

Systematic review registration: https://www.crd.york.ac.uk/prospero/,
identifier CRD420251064051.

platelet to lymphocyte ratio (PLR), breast cancer, NACT, prognostic value of survival,
meta-analysis
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1 Introduction

Breast cancer constitutes the globe’s second most frequently
diagnosed malignancy, as reported in the 2022 Global Cancer
Statistics compiled by the World Health Organization’s
International Agency for Research on Cancer. Breast cancer is
responsible for an estimated 2.297 million newly diagnosed cases
each year, maintaining its status as the leading cancer type affecting
women globally. In China alone, the yearly incidence is projected to
be around 357,000 cases. This figure accounts for 15.6% of all newly
diagnosed malignancies among women (1). With the continuous
advancement of therapeutic approaches, such as surgical
intervention, radiotherapy, chemotherapy, endocrine therapy,
immunotherapy, and targeted therapy—the survival outcomes for
patients with BC have improved substantially (2). At the point of
initial diagnosis, an estimated 5% to 15% of individuals are found to
have breast cancer that has progressed to a locally advanced stage.
For this subgroup, the five-year survival rate remains low, estimated
at only around 29% (3). NACT is currently recognized as a standard
therapeutic approach for the management of locally advanced
breast cancer. It is widely regarded as both an effective and
evidence based treatment strategy (4). The main goals of NACT
are multifaceted. These include reducing the overall tumor burden,
downstaging axillary lymph node involvement, and increasing the
feasibility of surgical resection. Additionally, NACT aims to
enhance the chances of achieving successful breast-conserving
surgery (5). Achieving a pCR is regarded as the most desirable
outcome of neoadjuvant therapy, serving as a surrogate indicator of
improved long-term prognosis. Nonetheless, current research has
highlighted significant discrepancies in pCR rates among the
various molecular subtypes of breast cancer. Notably, individuals
diagnosed with HER2-positive breast cancer tend to achieve a
pathological complete response in approximately 30% of cases
following treatment with NACT. For patients diagnosed with
triple-negative breast cancer, the documented rates of
pathological complete response vary between 30% and 50%.
Conversely, individuals with tumors that are positive for estrogen
receptor (ER) expression but lack HER2 amplification tend to have
markedly reduced pathological complete response rates, generally
falling below 10% (6, 7). These observed differences in treatment
response may be explained by distinct molecular alterations within
the tumor microenvironment. Various elements, including the
density of stromal tumor-infiltrating lymphocytes (TILs), the
expression of cyclin-dependent kinases, and the activity of non-
coding RNA transcripts, have been shown to influence how breast
cancer patients respond to NACT (8). However, these predictive
factors are often difficult to obtain in clinical settings. Thus, there is
a pressing need for a cost-effective, practical, and easily accessible
method to predict the response to NACT.

Systemic inflammatory responses are widely recognized as key
contributors to the progression of BC (9). Research has shown that
systemic inflammatory indicators, most notably the platelet to
lymphocyte ratio(PLR), are linked to clinical outcomes and
therapeutic efficacy in various types of cancer (9-11). As a readily
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obtainable and cost-effective blood-based marker, an elevated PLR
has been associated with poorer prognostic outcomes in breast
cancer and may act as an indicator of diminished responsiveness to
NACT (12). In a single-center study by Li et al, 215 breast cancer
patients who received NACT followed by surgery were enrolled.
After a ten-year follow-up, a higher pre-NACT PLR was found to be
predictive of reduced OS (13). In another multicenter study, 63
breast cancer patients who underwent NACT between 2018 and
2024 were retrospectively analyzed by Fiste et al. A higher pre-
NACT PLR was found to be predictive of a lower pCR (14). Despite
emerging evidence, the utility of PLR as a predictive biomarker for
tailoring neoadjuvant therapeutic approaches in breast cancer
remains insufficiently defined and warrants further
comprehensive investigation. While earlier meta-analyses have
validated the prognostic relevance of PLR in forecasting OS, DES,
and pCR among breast cancer patients receiving NACT, further
investigation is still warranted (12), they included only studies
published before 2022. Subsequently, a considerable volume of
additional clinical research has emerged in the literature, yet their
findings remain inconclusive. Accordingly, this meta-analysis
incorporates an additional nine studies published between 2022
and 2025 (13-21). In light of the ongoing discrepancies among
recent findings, the present analysis seeks to extend prior research
by incorporating up-to-date evidence to more comprehensively
assess the prognostic significance of PLR in breast cancer patients
undergoing NACT.

2 Materials and methods
2.1 Literature search

This meta-analysis was performed in alignment with the
methodological framework detailed in the 2020 update of the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines (22). Moreover, the research
protocol was submitted in advance and formally recorded in the
International Prospective Register of Systematic Reviews
(PROSPERO), bearing the registration ID CRD420251064051.

Two researchers (ZQZ and CD) independently formulated the
search methodology used in this study. Both investigators identified
and selected relevant subject headings and keywords to conduct a
comprehensive literature search across PubMed, Embase, Web of
Science, and the Cochrane Library, covering publications from
database inception to April 7, 2025. The search terms included
“Blood Platelet,” “Platelets,” “Platelet,
“Thrombocyte,” “Lymphocyte,” “Lymphoid Cells,

» o«

Thrombocytes,”

» «

Lymphoid

» o« »  «

Cell,” “Breast Neoplasm,” “Breast Tumor,” “Breast Cancer,”

» o«

“Breast Malignant Neoplasm,” “Mammary Cancers,”

» o«

“Neoadjuvant Therapies,” “Neoadjuvant Chemotherapy

» o« » o«

Treatments,” “Neoadjuvant Systemic Therapy,” “Neoadjuvant
Radiation,” and “Neoadjuvant Radiation Treatments.” A
comprehensive description of the search methodology can be

found in S1.
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2.2 Study selection

Eligibility for study inclusion was determined according to the
following predefined criteria (1): pathological confirmation of
breast cancer (2); receipt of neoadjuvant therapy (3); evaluation
of the prognostic value of PLR concerning OS, DFS, or pCR (4);
availability or calculability of HRs, ORs, and corresponding 95% Cls
(5); classification into elevated and reduced PLR cohorts based on
explicitly stated threshold values; and (6) full-text availability.

Exclusion criteria included (1): secondary literature and
non-primary sources, including review articles, editorial
commentaries, conference summaries, individual case studies,
and correspondence pieces (2); studies that did not provide
adequate information to calculate HRs or corresponding 95%
ClIs (3); studies not reporting relevant survival outcomes; and (4)
duplicate or overlapping publications.

Titles and abstracts were independently reviewed by two
authors (ZQZ and CD), who also evaluated the full texts of
potentially eligible for inclusion in the analysis. Any discrepancies
were addressed and resolved through consensus-based discussion.

2.3 Data extraction

Two reviewers (ZQZ and CD) independently carried out the
process of data extraction. Any conflicts in interpretation were
addressed collaboratively through collective discussion, with all
contributing authors participating to reach a unified agreement. The
collected data encompassed various study characteristics, including
first author’s name, publication year, study location, design, sample
size, patient demographics, duration of study, treatment approach,
TNM stage, PLR cutoff values, timing of PLR measurement, and
reported HRs or ORs with 95% ClIs for OS, DFS, and pCR.

2.4 Quality assessment

Study quality was assessed using the Newcastle-Ottawa Scale
(NOS), which validates methodological rigor across three key
domains: cohort selection, cohort comparability, and the
determination of outcomes. The highest possible rating that can
be assigned using the Newcastle-Ottawa Scale is 9 points (23).

2.5 Statistical analysis

Pooled HRs or ORs with corresponding 95% Cls were calculated
to assess the prognostic significance of PLR in breast cancer patients
undergoing NACT. Statistical heterogeneity was evaluated using
Cochran’s Q test and Higgins’ I* statistic (24), with significant
heterogeneity defined as I* >50% or P < 0.1. All analyses utilized a
random-effects model to account for between-study variability. To
test the stability of the aggregated outcomes, sensitivity analyses were
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performed. Additionally, subgroup analyses were carried out to
identify possible heterogeneity sources and verify findings related
specifically to OS, DFS and pCR. A separate random-effects model
was applied to each subgroup to obtain subgroup-specific hazard
ratios and odds ratios. Publication bias was visually assessed through
funnel plots and statistically evaluated using Egger’s regression test,
considering a p <0.05 indicative of significant bias. All statistical
procedures were executed using STATA version 15.0 and Review
Manager (Rev Man) version 5.4. The strength of evidence for each
outcome was appraised following the Grading of Recommendations,
Assessment, Development, and Evaluation (GRADE) framework,
with results categorized into one of four tiers: high, moderate, low,
or very low (25).

3 Results
3.1 Study characteristics

An initial total of 246 records were retrieved from database
searches. Following the elimination of 105 duplicate entries, 141
distinct studies were retained for further evaluation. Screening titles
and abstracts resulted in excluding 30 articles. Detailed assessment
of the full texts from the remaining 111 studies led to the exclusion
of 87 articles, primarily due to inadequate data for survival analysis.
In the end, 24 studies satisfied the inclusion criteria and were
incorporated into the meta-analysis, encompassing a combined
cohort of 7,557 individuals diagnosed with breast cancer.
Participant enrollment across individual studies ranged from a
minimum of 55 to a maximum of 1,994 individuals, as illustrated
in Figure 1.

From the 24 studies published between 2016 and 2025, a total of
26 distinct comparison cohorts were derived for analysis. Of these,
18 comparison groups were conducted in Asia (9, 13, 15, 18-21,
26-35), 5 in Europe (16, 17, 36-38), and the remaining 3 were
multicenter studies (14, 39). Among them, 25 comparison groups
were retrospective in design (9, 13-21, 26, 27, 29-39), while the
remaining 1 was prospective (28). All identified comparison cohorts
were reported in English-language publications, with study
durations spanning from 1996 to 2024. Two comparison groups
did not report the study period (16, 38). The median age across
these comparison groups ranged from 36 to 56.6 years. All patients
received NACT, including 11 groups that received NACT alone, 14
groups that received NACT followed by surgery, and 1 group that
received NACT combined with anti-HER2 therapy. For analytical
purposes, patients were stratified into two cohorts based on PLR
levels: those with elevated PLR and those with lower PLR values.
Regarding PLR measurement, 22 comparison groups assessed PLR
before NACT, while 4 evaluated PLR after NACT. Based on PLR
assessment, 8 groups investigated its prognostic impact on OS, 9 on
DFS, and 13 on pCR. Table 1 presents a comprehensive overview of
the key characteristics associated with each included
comparison group.
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FIGURE 1

Flow chart of literature screening.

3.2 Study quality

All 26 comparison groups had NOS scores ranging from 6 to 9
(Supplementary Table S2).

3.3 Meta-analysis results

3.3.1 PLR and OS

To examine the relationship between PLR and OS, eight
comparison cohorts comprising a total of 1,656 patients were
evaluated. Six studies evaluated PLR before NACT, while two
studies measured PLR afterward. Overall, elevated PLR
significantly correlated with reduced OS (HR = 1.64; 95% CI:
1.27-2.11; p = 0.0002). Subgroup analyses indicated significant
prognostic value for pre-NACT PLR (HR = 1.70; 95% CIL: 1.29-
2.25; p = 0.0002; Figure 2A), whereas post-NACT PLR showed no
significant association (HR = 1.34; 95% CI: 0.71-2.52; p = 0.36).
Further stratification by median age demonstrated significant
associations in both age groups: 250 years (HR = 1.65; 95% CI:
1.07-2.55; p = 0.02) and <50 years (HR = 1.63; 95% CI: 1.19-2.23; p
= 0.002). Geographic subgroup analyses showed elevated PLR
significantly predicted poorer OS in Asian (HR = 1.68; 95% CI:
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Reports excluded(n = 87):
The outcome cannot be extracted , Lack of

available outcome indicators

1.23-2.30; p = 0.001) and European populations (HR = 1.82; 95%
CI: 1.06-3.12; p = 0.03), but not in multicenter groups (HR = 1.14;
95% CI: 0.54-2.43; p = 0.73). Analysis by PLR cutoff values revealed
significant prognostic value at thresholds >150 (HR = 1.67; 95% CI:
1.24-2.24; p = 0.0007), whereas lower thresholds did not yield
significant results (HR = 1.56; 95% CI: 0.94-2.57; p = 0.08). Detailed
results are summarized in Table 2.

3.3.2 PLR and DFS

PLR data pertaining to disease-free survival (DFS) were available
in nine studies; eight of these evaluated PLR levels prior to NACT,
while one study assessed PLR following NACT. An increased PLR
demonstrated a strong inverse association with disease-free survival
(DEFS), with a pooled hazard ratio of 2.29 (95% CIL: 1.54-3.39; p <
0.0001; Figure 2B). Subgroup analyses revealed significant
associations only for pre-NACT PLR (HR = 2.31; 95% CIL: 1.49-
3.56; p = 0.0002), not post-NACT PLR (HR = 2.32; 95% CI: 0.75-
7.18; p = 0.14). Significant prognostic value was found across median
age groups (=50 years: HR = 2.58; 95% CI: 1.51-4.41; p = 0.0005; <50
years: HR = 1.84; 95% CI: 1.11-3.04; p = 0.02). Subgroup analysis
based on geographic region demonstrated a statistically significant
association within Asian populations (HR = 3.45; 95% CI: 2.08-5.73;
p < 0.00001), whereas no meaningful correlation was observed in
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TABLE 1 Basic characteristics of the included literature.

: Treatment Timing of No. of Mean/
Population : . : Outcomes
method detection patients median age
. . Retrospective Before neoadjuvant
Li 2024 (13) 2011-2023 China NACT and surgery NACT and surgery 215 36 I-1I1 130.7 OS/PCR
cohort therapy
Chen 2024 (18) 2012-2023 China Retrospective ' ypp5 positive NACT and anti- Before neoadjuvant -, 48 LIV NA PCR
cohort HER?2 therapy therapy
Graziano Retrospective Early or locally Before neoadjuvant
1999-2018 Ttal NACT 373 50 -1V 104.5 PCR
2019 (36) 999 2y cohort advanced BC ¢ therapy ¢
Ret; i Aft j
Dan 2023 (21) 2012-2017 China etrospective |\ or NACT ter neoadjuvant 257 50 LTI NA PCR
cohort therapy
Van Berckel Ret ti Aft djuvant
an Berckeiacr 1996-2016 Multicenter etrospective Inflammatory BC NACT and surgery er neoacjuvan 125 56.6 111 171 OS/DFS
2021 (39) cohort therapy
Van Berckel Ret: ti Bef djuvant
an Bereketaer 1996-2016 Multicenter etrospective Inflammatory BC NACT and surgery elore neoadjuvan 125 56.6 111 163 OS/DFS
2021 (39) cohort therapy
. Retrospective Before neoadjuvant
Song 2022 (26) 2016-2018 China NACT and surgery NACT and surgery 144 50.4 (46.2-54.6) 1-111 158.4 DFS
cohort therapy
Ret: ti Bef dj t
Fiste 2024 (14) 2018-2024 Multicenter | TOSPEYE VAT NACT clore neoadjuvan 63 526 LTI NA PCR
cohort therapy
. Retrospective Before neoadjuvant
Corbeau 2020 (27) = 2005-2013 China NACT NACT 280 50.3 NA 150 oS
cohort therapy
Prospective Before neoadjuvant
Alan 2020 (28) 2015-2019 Turkey Locally advanced BC NACT 55 48.5 1I-11T 2253 PCR
cohort therapy
Ret ti Bef djuvant
Sahin 2021 (9) 2008-2019 Turkey CUospective ' NacCT NACT elore neoadjuvan 743 48 L1 131.8 PCR
cohort therapy
. Retrospective Before neoadjuvant
Ma 2021 (29) 2017-2018 China NACT and surgery NACT and surgery 203 46.6 (37.2-56.0) II-111 135 DFS
cohort therapy
Al di Ret ti Bef¢ djuvant
Jarrou 2010-2014 Africa COSPEAVE | flammatory BC NACT clore neoadjavant —gp 49 (37-61) NA 178 OS/DFS
2021 (37) cohort therapy
. Retrospective Before neoadjuvant
Ma 2023 (19) 2019-2022 China NACT and surgery NACT and surgery 112 51.0 (42.5-59.4) NA 161.5 PCR
cohort therapy
Retrospective Before neoadjuvant
Asano 2016 (30) 2007-2013 Japan NACT and surgery NACT and surgery 177 56 TTA/IIIA 150 DFs
cohort therapy
Retrospective Before neoadjuvant
Kusama 2023 (20) = 2013-2019 Turkey TNBC NACT and surgery 266 52.5 NA 180 PCR
cohort therapy
(Continued)
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TABLE 1 Continued

Author

Population

Treatment
method

Timing of
detection

No. of
patients

Mean/
median age

TNM
stage

Outcomes

NA refers to no available data.

Ret: ti Bef dj t
Wang 2024 (17)  2013-2022 American CUHOSPECUVE " NACT and surgery | NACT and surgery elore necacjuvan 1994 50 LI 103.6 PCR
cohort therapy
Ret: ti Aft dj t
Acikgoz 2022 (31) | 2014-2019 Turkey CUOSpECtive 1 ocally advanced BC | NACT er neoadjuvan 139 45 11111 1817 PCR
cohort therapy
. . Retrospective Before neoadjuvant
Jiang 2022 (32) 2012-2016 China NACT and surgery NACT and surgery 280 49 1I-11T 155 oS
cohort therapy
Ret; ti Aft dj t
Jiang 2022 (32) 2012-2016 China CUOSPECHVE | NACT and surgery | NACT and surgery er neoadjuvan 280 49 11111 148 0s
cohort therapy
Ret ti Bef dj t
Jin 2022 (33) 2014-2019 China Ctrospective ' NacCT NACT clore neoadjuvan 67 50 NA 106.3 PCR
cohort therapy
Ret ti Bef dj t
Truffi 2022 (38)  NA Ttaly Clrospective | NACT and surgery | NACT and surgery clore neoadjavant 517 52 (41-63) NA 152.5 DFS
cohort therapy
. Retrospective Before neoadjuvant
Faur 2025 (16) NA Romania NACT NACT 142 50 NA 120.5 PCR
cohort therapy
h i Bef j
Kim 2019 (34) 2009-2017 Sout Retrospective 1 o NACT efore neoadjuvant o 51.1 (41.6-60.6) NA 1434 DFS
Korea cohort therapy
. . Retrospective Before neoadjuvant
Jiang 2020 (35) 2014-2018 China NACT and surgery NACT and surgery 249 51 NA 88.2 (¢S
cohort therapy
. Retrospective Before neoadjuvant
Zhu 2025 (15) 2015-2022 China TNBC NACT and surgery 100 52 NA 152.1 DFS
cohort therapy
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FIGURE 2

(A) Forest plots for the association between PLR and OS; (B) Forest plots for the association between PLR and DFS; (C) Forest plots for the

association between PLR and pCR.

European cohorts (HR = 1.49; 95% CI: 0.84-2.63; p = 0.17) or in
studies conducted across multiple centers (HR = 1.72; 95% CI: 0.89—
3.33; p = 0.11). PLR cutoff analysis showed significance at 2150 (HR =
2.30; 95% CI: 1.49-3.54; p = 0.0002) but not at lower cutofts (HR =
2.72;95% CI: 0.54-13.67; p = 0.22). Results are presented in Table 2.

3.3.3 PLR and pCR

Thirteen studies (5,170 patients) assessed PLR’s relationship
with pCR, showing significantly lower pCR rates associated with
elevated PLR (HR = 1.51; 95% CI: 1.24-1.84; p < 0.0001; Figure 2C).
Pre-NACT PLR significantly correlated with reduced pCR (HR =
1.41; 95% CI: 1.19-1.67; p < 0.0001), while post-NACT PLR showed
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no significant effect (HR = 4.38; 95% CI: 0.50-38.75; p = 0.18).
Subgroup analyses by median age confirmed significant associations
across both age groups (250 years: HR = 1.44; 95% CI: 1.18-1.74;
p = 0.0002; <50 years: HR = 2.14; 95% CI: 1.06-4.32; p = 0.03). PLR
significantly predicted lower pCR rates in Asian (HR = 1.77; 95%
CI: 1.23-2.55; p = 0.002) and European groups (HR = 1.49; 95% CI:
1.33-1.66; p < 0.00001), but not in multicenter groups (HR = 1.08;
95% CI: 0.96-1.22; p = 0.20). High PLR cutoff values (>150)
significantly correlated with lower pCR rates (HR = 3.78; 95% CI:
1.20-11.87; p = 0.02), whereas lower cutofts did not yield significant
results (HR = 1.50; 95% CIL: 1.36-1.66; p < 0.00001). Results are
detailed in Table 2.
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TABLE 2 Pooled HRs/ORs for OS, DFS and pCR in subgroup analyses.

oS DFS PCR

Subgroup

HR [95%CI] P value HR [95%ClI] P value OR [95%Cl] P value
Total 1.64 [1.27, 2.11] 0.0002 0% 2.29 [1.54, 3.39] <0.0001 44% | 13 1.51 [1.24, 1.84] <0.0001 70%
Timing of detection
Before
neoadjuvant therapy 1.70 [1.29, 2.25] 0.0002 0% 2.31 [1.49, 3.56] 0.0002 51% 11 1.41 [1.19, 1.67] <0.0001 62%
After neoadjuvant therapy 1.34 [0.71, 2.52] 0.36 0% 2.32 [0.75, 7.18] 0.14 NA 2 4.38 [0.50, 38.75] 0.18 89%
Mean/median age
>50y 1.65 [1.07, 2.55] 0.02 0% 2.58 [1.51, 4.41] 0.0005 56% | 8 1.44 [1.18, 1.74] 0.0002 69%
<50y 1.63 [1.19, 2.23] 0.002 0% 1.84 [1.11, 3.04] 0.02 0% 5 2.14 [1.06, 4.32] 0.03 77%
Region
Asia 1.68 [1.23, 2.30] 0.001 0% 3.45 [2.08, 5.73] <0.00001 19% 9 1.77 [1.23, 2.55] 0.002 62%
Europe 1.82 [1.06, 3.12] 0.03 NA 1.49 [0.84, 2.63] 0.17 2% 3 1.49 [1.33, 1.66] <0.00001 62%
multicenter 1.14 [0.54, 2.43] 0.73 0% 1.72 [0.89, 3.33] 0.11 0% 1 1.08 [0.96, 1.22] 0.2 NA
PLR cut-off
>150 1.67 [1.24, 2.24] 0.0007 0% 2.30 [1.49, 3.54] 0.0002 51% | 4 3.78 [1.20, 11.87] 0.02 64%
<150 1.56 [0.94, 2.57] 0.08 0% 2.72 [0.54, 13.67] 0.22 49% 6 1.50 [1.36, 1.66] <0.00001 0%

NA refers to no available data.
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3.4 Sensitivity analysis

To evaluate the reliability of the results related to PLR levels
measured before NACT, a sensitivity analysis was performed. The
stepwise removal of individual studies from the analysis had
minimal impact on the overall pooled estimates, which
consistently fell within the bounds of the original confidence
intervals. The findings suggest that no individual comparison
group exerted an undue influence on the results for OS
(Figure 3A), DES (Figure 3B), or pCR (Figure 3C), thereby
supporting the consistency and robustness of the overall analysis.

3.5 Publication bias

Potential publication bias was evaluated through visual
inspection of funnel plots alongside statistical assessment using
Egger’s regression analysis. Egger’s regression analysis indicated no
statistically significant signs of publication bias for OS (p = 0.85),
DES (p = 0.146), or pCR (p = 0.053). Additionally, funnel plot
symmetry supported the absence of substantial publication bias for
OS (Figure 4A), DFS (Figure 4B), and pCR (Figure 4C).

3.6 GRADE approach

Using the GRADE methodology, the quality of evidence was
rated as low for OS, moderate for DFS, and very low for pCR.
Detailed GRADE assessments are summarized in Table 3.

4 Discussion

Inflammation plays a critical role in all stages of carcinogenesis,
tumor progression, and resistance to anticancer therapies (40).
Extensive evidence indicates that systemic inflammation is
associated with poor survival in cancer patients, thereby
supporting the clinical application of inflammatory markers as
prognostic indicators (41). As a commonly used indicator of
systemic inflammation, the PLR has been shown to be
significantly associated with survival outcomes in colorectal,
gastric, and hepatocellular cancers (42, 43). However, its
prognostic value in BC remains controversial. Xue et al. reported
that elevated PLR is associated with poorer OS, DFS, and pCR in BC
patients (12), whereas Yuce et al. found no significant association
between PLR and pCR (44).

Therefore, a meta-analysis involving 7,557 patients is conducted
to evaluate the prognostic value of the PLR in breast cancer patients
undergoing NACT. Our findings indicate that elevated PLR levels
are significantly associated with shorter OS, reduced DFS, and lower
PCR rates. In addition, sensitivity analyses further confirm the
stability of these results. Egger’s test also reveals no evidence of
publication bias. This finding is consistent with previous meta-
analyses, which have shown that high PLR is significantly associated
with lower pCR rates and poorer OS and DEFS in breast cancer
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patients receiving NACT. Therefore, our study, based on a larger
sample size, further validates these earlier findings and supports the
potential role of PLR as an important biomarker for predicting
treatment response to NACT in breast cancer patients.

In the subgroup analysis, PLR measured before NACT
demonstrates greater prognostic value, whereas post-NACT PLR
shows no significant association with breast cancer outcomes. Pre-
NACT PLR reflects the intrinsic inflammatory state of the tumor
microenvironment. Such chronic inflammation potentially
influences tumor aggressiveness directly through mechanisms
such as promoting angiogenesis and suppressing immune
surveillance, thereby maintaining stable prognostic efficacy (45).
Conversely, post-NACT PLR changes are influenced by
chemotherapy and confounding factors, reflecting acute
treatment-related stress responses, such as chemotherapy-induced
neutropenia. These acute alterations have limited relevance to long-
term prognosis, thus diminishing the predictive value of post-
treatment PLR (46, 47). Therefore, clinical practice should
prioritize pre-NACT PLR measurements for outcome prediction.
In our meta-analysis, subgroup analyses by geographic region reveal
no significant association between PLR and breast cancer prognosis
in European or multicenter groups. The lack of statistical
significance might result from the limited number of included
studies. Additionally, genetic heterogeneity in populations outside
Asia, such as differences between Northern and Southern European
genetic backgrounds, may influence inflammatory responses.
Furthermore, multicenter studies typically adhere to highly
standardized treatment protocols, potentially masking the effects
of PLR and generating false-negative results. Future international
multicenter studies with standardized PLR measurement
procedures are necessary to further validate the consistency of
PLR’s prognostic value across diverse populations. Subgroup
analysis based on PLR cutoff values indicates superior predictive
efficacy in NACT-treated breast cancer patients when the cutoff
value is 2150 compared to <150. This finding suggests that future
predictive models should ideally set PLR cutoft values at 150 or
higher, or adjust them comprehensively based on specific patient
characteristics such as tumor staging, treatment efficacy, therapeutic
response, and age. Our findings indicate that cutoff values might
contribute to heterogeneity observed in these analyses.

Although the exact biological pathways through which PLR
influences breast cancer prognosis have yet to be fully elucidated,
PLR has nonetheless shown promise as a predictive marker of
responsiveness to NACT. PLR depends on platelet and lymphocyte
levels, serving respectively as pro-tumor and anti-tumor indicators
(21). Lymphocytes suppress breast cancer progression through
immune surveillance mechanisms, including mediating cytotoxic
apoptosis of tumor cells (48) and secreting anti-tumor factors such
as interferon-y (IFN-y) and tumor necrosis factor-o. (TNF-o) (49).
High levels of TILs not only improve patient prognosis but also
predict responses to NACT (50-53). Conversely, platelets accelerate
cancer progression through a triple pro-tumor mechanism. First,
platelets aggregate around tumor cells, forming a physical barrier
against blood shear stress and immune attacks (54). Second,
platelets secrete pro-angiogenic factors, such as vascular
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Sensitivity analysis of (A) OS, (B) DFS and (C) pCR.
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TABLE 3 GRADE rating of each outcome.
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endothelial growth factor (VEGF), promoting tumor
vascularization (55-57). Lastly, platelets trigger epithelial-
mesenchymal transition (EMT), facilitating metastasis and
hindering immune clearance (58). The disruption of lymphocyte-
platelet balance elevates PLR, ultimately signaling poor breast
cancer prognosis.

Although this meta-analysis offers a comprehensive summary
of existing data, several limitations merit careful consideration. To
begin with, most of the studies meeting the inclusion criteria for our
analysis were conducted at single institutions and were
predominantly based in Asian populations. Consequently, the
findings should be interpreted cautiously within this specific
geographic context. Generalization to patients in Europe, Africa,
the Americas, or other regions may be inappropriate without
further validation. Indeed, additional investigations are required
to verify the prognostic value of PLR among breast cancer patients
from non-Asian populations undergoing NACT. Secondly, the
majority of the included investigations adopt a retrospective study
design, as opposed to a prospective approach. Retrospective study
designs are intrinsically susceptible to confounding variables, which
may undermine both the accuracy and interpretability of the
findings. Furthermore, inconsistency in PLR cutoff values across
different studies poses another limitation. Some studies established
cutoff values based on previous literature rather than employing
ROC curve analyses. Even in studies utilizing ROC curve analysis,
variability in blood sampling protocols, baseline hematological
parameters, or timing of assessments may have resulted in
inconsistent cutoff thresholds. Such variability could introduce
selection bias into the meta-analysis. Therefore, future research
would benefit from establishing standardized and universally
accepted cutoff values for PLR to improve consistency and
comparability across studies.

While our meta-analysis confirms PLR’s prognostic value in
NACT-treated breast cancer, its biological interpretation warrants
caution. The term inflammation oversimplifies a multifactorial
process: elevated PLR may concurrently reflect platelet-mediated
pro-tumorigenic pathways (e.g., VEGF-driven angiogenesis, EMT
facilitation) and impaired lymphocyte-dependent immune
surveillance (59-63). This mechanistic complexity underscores
why PLR should not yet guide definitive clinical actions.

However, in the specific context of NACT, PLR offers practical
utility. As pCR strongly correlates with survival (64, 65), a readily
accessible biomarker predicting pCR failure (PLR 2150) could help
triage high-risk patients for advanced imaging or molecular
profiling. This is particularly relevant in resource-constrained
regions where genomic testing remains inaccessible. Future
studies should integrate PLR with established biomarkers to build
multimodal risk models rather than relying on isolated metrics.

5 Conclusion

Our meta-analysis demonstrates that elevated PLR significantly
correlates with worse outcomes in breast cancer patients
undergoing NACT, including reduced OS, shorter DES, and lower
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pCR rates. These findings suggest PLR as a potentially valuable
independent prognostic biomarker for informing clinical decisions
regarding neoadjuvant treatment strategies. However, considering
the limitations inherent in the included studies, further prospective
research across diverse ethnic and geographical populations is
necessary to validate these results.
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