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Abstract

Background: Inflammatory blood biomarkers (IBMs), including neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR), monocyte-to-lymphocyte ratio (MLR), lymphocyte-to-monocyte ratio
(LMR), systemic inflammation response index (SIRI), pan-immune-inflammation value (PIV), and systemic
inflammation index (SII), have been proposed as prognostic and predictive markers in cancer. This study
evaluated their predictive value for pathological complete response (pCR), disease-free survival (DFS), overall
survival (OS), and neoadjuvant chemotherapy (NACT)-related toxicities in early and locally advanced breast
cancer (BC).Methods: A retrospective analysis was conducted on 284 BC patients receiving NACT. Associations
between IBMs, treatment response, survival outcomes, and chemotherapy-related toxicities were analyzed.
Results: -IBMs were significantly associated with chemotherapy-related toxicities. Neutrophils, lymphocytes,
monocytes, NLR, SII, SIRI, and PIV (all p < 0.001) strongly predicted febrile neutropenia, along with doublet
anti-HER2 therapy (p =0.032). Predictors of neutropenia included neutrophil, monocyte, NLR, MLR, LMR, SII,
SIRI, PIV (p < 0.05), HER2-positive status, and doublet anti-HER2 therapy. -Subgroup analyses showed IBM
predictive performance varied by subtype. NLR predicted DFS in HER2+ patients (AUC = 0.839, p = 0.010);
neutrophil count was linked to peripheral neuropathy in HR+/HER2— patients (p = 0.042). PLR and LMR
showed excellent discrimination for febrile neutropenia in TNBC (AUCs > 0.92). In TNBC, MLR, SIRI, and
PIV showed moderate-to-high discrimination for OS (AUCs 0.71-0.74). Neutrophil (p =0.0058) and lymphocyte
(p =0.0248) levels were associated with pCR in HER2+ patients. HR+ subtypes showed limited IBM predictive
value. Conclusion: IBMs demonstrated strong predictive value for chemotherapy-related toxicities and showed
subtype-specific relevance for survival and treatment response. These findings support the integration of molecular
stratification to enhance the predictive utility of IBMs in breast cancer, highlighting their clinical potential in
anticipating and managing treatment-related adverse events and guiding personalized supportive care strategies.
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Introduction

The great majority of female cancer diagnoses and  within 100,000 in Egypt, resulting in it becoming the
deaths occur from breast cancer (BC) [1]. most prevalent cancer among females [2]. While BC
It is predicted to cause over 46,000 new cases by  incidence has increased, mortality has declined in recent
2050 and has an age-standardized prevalence of 48.8  decades due to improved early diagnosis and neoadjuvant
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chemotherapy (NACT). NACT is being used more and
more in early BC, especially in HER2-positive and
triple-negative cases, to assess tumor chemosensitivity in
vivo and to facilitate breast-conserving surgery (BCS) [3].

Since comparable prognoses can occur across
different TNM stages or subtypes, the predictive
accuracy of tumor size, TNM staging, Ki67 expression,
receptor status (ER, PR, HER2), and molecular subtypes
(luminal, HER2-positive, triple-negative) in relation to
BC prognosis is inadequate [3].

Additional immunological and histological markers
are prognostic but are limited by high costs and time
requirements, whereas routine peripheral blood tests offer
a simple, cost-effective alternative [4].

Inflammation promotes tumor growth, blood vessel
formation, metastasis, and resistance to chemotherapy;
It is the seventh hallmark. The number of white blood
cells indicate systemic or localized inflammation,
and inflammatory blood markers (IBMs), including
lymphocyte (L), neutrophil (N), monocyte (M), and platelet
(P) counts, as well as ratios such as platelet-to-lymphocyte
ratio (PLR), neutrophil-to-lymphocyte ratio (NLR),
monocyte-to-lymphocyte ratio (MLR), lymphocyte-to-
monocyte ratio (LMR), systemic immune-inflammation
index (SII), systemic inflammation response index
(SIRI), and Pan-Immune-Inflammation-Value (PIV), are
potential prognostic and predictive factors in BC and
other cancers [5]. Investigating IBMs as potential markers
of pathological complete response (pCR) and survival
patients suffering from early-stage or locally advanced BC
who were treated with NACT has yielded contradictory
findings [6-8].

This study aimed to evaluate whether IBMs predict
pCR and are prognostic for disease-free survival (DFS)
and overall survival (OS) in patients with early and locally
advanced BC undergoing NACT, and also to assess their
predictive value for NACT-related toxicities.

Materials and Methods

Patients

This retrospective study included patients with early or
locally advanced breast cancer who received neoadjuvant
chemotherapy at our institution between January 2017
and December 2021. Participation was restricted to
women whose core needle biopsy confirmed the presence
of non-metastatic BC, who had finished neoadjuvant
chemotherapy, and who had full blood count data
available at baseline. Patients were excluded if baseline
blood analyses were unavailable or if they had systemic
inflammatory or autoimmune diseases, chronic conditions,
secondary malignancies, pregnancy, or long-term use of
steroids, NSAIDs, or immunomodulators. Consecutive
sampling was employed, whereby all eligible patients
who met the inclusion criteria during the predefined study
period were included.

Treatments
All patients received neoadjuvant chemotherapy
regimens that included either anthracycline or taxane,

Tawfik H. T. Abdelmalak, et al: Prognostic and Predictive Role of Inflammatory Blood Markers in Early and Locally

or both sequentially. For 12 months, patients who tested
positive for HER2 were given trastuzumab (£ pertuzumab)
together with taxane, and then they were given adjuvant
trastuzumab (= pertuzumab) or TDM1. Patients who
tested positive for hormone receptors were given adjuvant
endocrine treatment for a minimum of five years. Adjuvant
radiotherapy adhered to ESMO guidelines [9].

Endpoints

The lack of invasive cancer in the breast and axillary
nodes, with or without in situ ductal carcinoma (ypT0/
is ypNO), was considered a pCR. [10]. We calculated
DFS as the time it took from biopsy to either a local,
loco-regional, distant, or progression-related relapse or
death. Time from biopsy to death, regardless of cause,
was referred to as OS [11]. Toxicities (neutropenia, febrile
neutropenia, peripheral neuropathy) were assessed using
CTCAE version 5.0 [12]. Lacking standard IBM cutoffs,
thresholds were tested using ROC curves and medians.
IBMs included: NLR: neutrophil count / lymphocyte
count [13]. PLR: platelet count / lymphocyte count [13].
MLR: monocyte count / lymphocyte count [13]. LMR:
lymphocyte count / monocyte count [13]. SII: N x P/ L
[14]. Systemic inflammation response index (SIRI): N x
M/L[15]. PIV:NxM x P/L[13].

Statistical Analysis

The data was analyzed using SPSS version 27. coding,
and analysis. For the continuous variables, means were
utilized as descriptive statistics, medians, and ranges,
while the categorical variables were described using
percentages and frequencies. The Mann-Whitney U test or
Student’s t-test were used for continuous variables in the
baseline characteristics comparison, while for categorical
variables, Fisher’s exact or chi-square test were employed.
For Kaplan-Meier methods estimated DFS and OS, with
log-rank tests comparing groups. ROC curves determined
optimal IBM thresholds. A 95% confidence interval
and 5% error margin were applied, with significance at
P<0.05.

Ethical Considerations

The study was reviewed and approved by the Research
Ethics Committee of the Faculty of Medicine, Ain Shams
University. Given its retrospective, non-interventional
design based on routinely collected clinical data, the
requirement for informed consent was waived. All patient
data were anonymized to ensure confidentiality, and data
handling procedures complied with institutional privacy
policies and ethical standards.

Results

Patients’ Characteristics

A total of 284 patients were included. At diagnosis,
the median age was 48 years, and 41.2% of the patients
were postmenopausal. Clinical stage cT2 was the most
common (47.2%), and clinical lymph node invasion was
observed in 83.1% of cases. Histological grade two illness
was observed in 78.2% of patients, while invasive ductal
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carcinoma was present in 95.4% of patients. Hormone
receptor-positive/HER2-negative BC was the most
common subtype (54.23%). Since no major comorbidities
were reported, all patients were fit to undergo neoadjuvant
chemotherapy. Prior to beginning treatment median values
for lymphocyte, neutrophil, platelet, and monocyte counts,
as well as NLR, PLR, MLR, LMR, SII, SIRI, and PIV,
are summarized in Table 1.

Predictive Factors for pCR

Sixty-three patients (22.18%) reached pCR.
Chemotherapy regimens (P = 0.006), anti her2 regimens
(especially with doublet anti her2) (P <0.001), her2 status
(P<0.001) and molecular subtype (her2 +ve) (P <0.001)
were correlated with pCR. When analyzing IBM using
the ROC curve and median of variables, none of the
IBM showed significant correlation with pCR. Also, no
significant correlation with other variables were found
such as age, tumor pathology and grade, clinical T stage,
nodal status, hormonal status, and inflammatory breast
cancer (IBC).

Prognostic Factors for DFS

DFS was assessed across the entire study cohort, with
a median DFS of 40 months (range: 9-89 months). At
final follow-up, 72 patients (25.35%) had experienced
disease relapse, including 18 (6.35%) with locoregional
recurrence and 54 (19%) with distant metastases.

Type of pathology (invasive lobular carcinoma (ILC),
invasive mucinous carcinoma, poorly differentiated
carcinoma, and invasive medullary cancer (p=0.01).
Molecular subtype (triple -ve and her2 +ve) (p =0.024),
higher cT stage (p= 0.018) and not reaching pCR (p
<0.001) were all correlated with a higher risk of relapse.
The ROC curve and median of the variables showed no
significant correlation between any of the IBM and DFS.
Also, no significant correlation with other variables were
found such as age, tumor grade, her 2 status, nodal status,
IBC, chemotherapy and anti her2 regimens.

Prognostic Factors for OS

An assessment of OS was conducted for the entire
study population. The median OS was 43 months (range
13 — 89 months). At the final follow-up assessment, 50
patients (17.61%) had died. Of these, 39 patients (13.7%)
died due to BC, 4 patients (1.41%) due to intercurrent
illnesses, and the cause of death was unknown for 7
patients (2.5%).

Higher ¢ T stage (p= 0.037) and not reaching
PCR (p <0.001) were all correlated with a poor survival.
There was no statistically significant relationship between
any of the IBM and OS when ROC curve and median of
variables were used. Also, no significant correlation with
other variables were found such as age, tumor pathology
and grade, her 2 status, nodal status, IBC, molecular
subtypes, chemotherapy and anti her2 regimens.

As demonstrated by our Kaplan-Mire curve (Figure 1),
there is a tendency for low PIV to slightly predict better
survival outcomes (DFS (p=0.317) and OS (p=0.195) and
low SIRI to slightly predict better OS (p=0.283), but these
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Table 1. Patients’ characteristics

N=284
Age (years) 48 (25-77)
Menopausal Pre 167 (58.8)
status (%)
Post 117 (41.2)
Pathology IDC 271 (95.42)
type (%)
ILC 10 (3.52)
Other 3 (1.06)
Grade 1 4(1.41)
(%)
2 222 (78.17)
3 58 (20.42)
Hormonal Negative 45 (15.85)
status (%)
Positive 239 (84.15)
Her2 Negative 175 (61.62)
status (%)
Positive 109 (38.38)
Molecular HR + ve, her2 -ve 154 (54.23)
subtype (%)
HR + ve, her2 + ve 86 (30.28)
her +ve 23 (8.1)
triple -ve 21(7.39)
cT (%) T1 3 (1.06)
T2 134 (47.18)
T3 58(20.42)
T4 89 (31.34)
Inflammatory Negative 267 (94.01)
breast cancer
(IBC) (%)
Positive 17 (5.99)
cN (%) NO 48 (16.9)
N1 205 (72.18)
N2 19 (6.69)
N3 12 (4.23)
Nodal Negative 48 (16.9)
status (%)
Positive 236 (83.1)
Baseline Neutrophil (10°/ul) 4(1.19-13)
biology
Lymphocyte (10°/ul) 2.31(0.73-6.2)
Monocyte (10%/ul) 0.53 (0.07-2)
Platelet (10°/ul) 300 (122-664)
NLR 1.74 (0.37-10)
PLR 131.67 (42.1-457.5)
MLR 0.23 (0.02-1)
LMR 4.34 (1-45)
SII 509.13 (128.15-2999.38)
SIRI 0.94 (0.08-13)
PIV 278.1 (17.18-3536)

Data is presented as median (IQR) or frequency (%). IDC: invasive
ductal carcinoma, ILC: invasive lobular carcinoma, other: invasive
medullary carcinoma, invasive mucinous carcinoma, and poorly
differentiated carcinoma, HR: hormone receptor, cT: clinical tumor
size, cN: clinical node involvement, NLR: neutrophil-to-lymphocyte
ratio, PLR: platelet-to-lymphocyte ratio, MLR: monocyte to
lymphocyte ratio, LMR: lymphocyte-to-monocyte ratio, SII: systemic
immune-inflammation index, SIRI: systemic inflammation response
index, PIV: pan-immune-inflammation-value.
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tendencies are not statistically significant.

Predictive Factors for Febrile Neutropenia

Twenty-seven (27) patients (9.51%) developed
febrile neutropenia during neo-adjuvant chemotherapy.
Neutrophil (AUC=0.88, 95% CI=0.836 to 0.915,
p<0.001), lymphocyte (AUC=0.679, 95% CI=0.621 to
0.733, p=0.001), monocyte (AUC=0.71, 95% CI=0.653
to 0.762, p<0.001), NLR (AUC=0.746, 95% CI=0.691
to 0.796, p<0.001), SII (AUC=0.765, 95% CI=0.712
to 0.813, P<0.001), SIRI (AUC=0.82, 95% CI=0.770
to 0.863, P<0.001), PIV (AUC=0.812, 95% CI=0.762
to 0.856, P<0.001) were found as predictive factors
for febrile neutropenia using ROC curve. Cut off for
Neutrophils (<2.31), lymphocyte (<1.98), monocyte
(<0.46), NLR (<1.31), SII (<293.75), SIRI (<0.71),
PIV (<215.77) using ROC curve to divide patients to
2 groups high and low that revealed patients in low
groups, these inflammatory markers were predictive for
febrile neutropenia. Also, by using median of variables,
NLR (p<0.001), SII (P<0.001), SIRI (P<0.001), PIV
(P<0.001) were predictive for febrile neutropenia. Anti
her2 regimen (especially with doublet antiher2) (p=0.032)
was predictive for febrile neutropenia. However, no
other variables were significant predictive for febrile
neutropenia (Table 2 and 4).

Predictive Factors for neutropenia

One hundred forty-five patients (51.06%) developed
neutropenia during neo-adjuvant chemotherapy. The most
common neutropenia grades are grades 2 and 3 (55
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patients (19.37%) for each grade), then grade 4 (26
patients (9.15%), and last grade 1(9 patients (3.17%).
Neutrophil (AUC=0.638, 95% CI=0.579 to 0.694,
p<0.001), monocyte (AUC=0.599, 95% CI =0.540 to
0.657, p=0.003), NLR (AUC=0.601, 95% CI=0.542 to
0.659, p=0.002), MLR (AUC=0.570, 95% CI=0.510
to 0.628, P=0.04), LMR (AUC=0.570, 95% CI=0.510
to 0.629, P=0.04), SII (AUC=0.602, 95% CI=0.543 to
0.660, P=0.002), SIRI (AUC=0.638, 95% CI= 0.579
to 0.694, P<0.001), PIV (AUC=0.625, 95% CI=0.566
to 0.682, P<0.001) were found as predictive factors for
neutropenia using ROC curve. Cut off for Neutrophil
(<3.34), monocyte (<0.47), NLR (£2.29), MLR (<0.28),
LMR (>3.55), SII (<468.13), SIRI (<0.87), PIV (<230.49)
using ROC curve to divide patients to 2 groups high
and low that revealed patients in low groups except
for LMR the high group, those inflammatory markers
were predictive for neutropenia. Also, by using median
of variables, NLR (p=0.003), MLR (P=0.041), LMR
(P=0.041), SII (P=0.003), SIRI (P<0.001), PIV (P<0.001)
were predictive

for neutropenia. Her status (her2 +ve) (p=0.017),
molecular subtype (her2+ ve) (p=0.018), anti her2
regimen (especially with double anti her2) (p= 0.007)
were predictive for neutropenia. But no other variables
were significant predictive for neutropenia (Table 3 and 4).

Predictive Factors for peripheral neuropathy

One hundred seventeen patients (41.2%) developed
peripheral neuropathy during neo-adjuvant chemotherapy.
The most common neuropathy grade was grade 2 (48
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Figure 1. Kaplan-Meier Survival Curves Showing Correlation between Prognostic Indices and Survival Outcomes.
(A) PIV and Disease-Free Survival (DES), (B) PIV and Overall Survival (OS), and (C) SIRI and Overall Survival
(OS).Each plot includes clearly labeled axes (Time of follow up (months) on x-axis and Survival Probability on
y-axis), distinct curve labels (e.g., High vs. Low index groups).
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Table 2. Correlations between Febrile Neutropenia and Tumor Characteristics, Treatment Variables, and IBM

Febrile neutropenia (%) P
No Yes
Pathology type IDC 245 (90.41) 26 (9.59) 1
ILC 9 (90) 1(10)
Other 3 (100) 0(0)
Grade 1 3(75) 1(25) 0.26
2 203 (91.44) 19 (8.56)
3 51(87.93) 7(12.07)
Her2 status Negative 160 (91.95) 14 (8.05) 0.291
Positive 97 (88.18) 13 (11.82)
Molecular subtype HR + ve , her2 -ve 142 (92.21) 12 (7.79) 0.632
HR + ve, her2 + ve 76 (88.37) 10 (11.63)
her +ve 20 (86.96) 3(13.04)
triple -ve 19 (90.48) 2(9.52)
cT T1 3 (100) 0(0) 0.526
T2 118 (88.06) 16 (11.94)
T3 55(94.83) 3(5.17)
T4 81 (91.01) 8(8.99)
IBC Negative 241 (90.26) 26 (9.74) 1
Positive 16 (94.12) 1(5.88)
cN NoO 43 (89.58) 5(10.42) 0.952
N1 185 (90.24) 20 (9.76)
N2 18 (94.74) 1(5.26)
N3 11 (91.67) 1(8.33)
Chemotherapy Anthracycline based 3 (100) 0(0) 0.779
Taxanes based 17 (89.47) 2(10.53)
Anthracycline + taxanes based 237 (90.46) 25(9.54)
Antiher2 No 193 (93.24) 14 (6.76) 0.032*
Trastuzumab (single) 52 (83.87) 10 (16.13)
Trastuzumab + pertuzumab (doublet) 12 (80) 3 (20)
IBM by median
NLR <1.74 120 (84.5) 22 (15.5) <0.001*
>1.74 137 (96.5) 5(3.5)
PLR <131.67 133 (93.66) 9 (6.34) 0.117
>131.67 124 (87.32) 18 (12.68)
MLR <0.23 125 (88) 17 (12) 0.189
>0.23 132 (93) 10 (7)
LMR <4.34 132 (93) 10 (7) 0.189
>4.34 125 (88) 17 (12)
SII <509.13 121 (85.2) 21 (14.8) <0.001*
>509.13 136 (95.8) 6(4.2)
SIRI <0.94 118 (83) 24 (17) <0.001*
>0.94 139 (98) 3(2)
PIV <278.1 118 (83) 24 (17) <0.001*
>278.1 139 (98) 3(2)
IBM by ROC
Neutrophil <2.31 10 (31.25) 22 (68.75) <0.001*
>2.31 247 (98) 5(2)
Lymphocyte <1.98 72 (82) 16 (18) 0.001*
>1.98 185 (94.4) 11 (5.6)
Monocyte <0.46 86 (82) 19 (18) <0.001*
>0.46 171 (95.5) 8 (4.5)
NLR <1.31 56 (76.7) 17 (23.3) <0.001*
>1.31 201 (95.3) 10 (4.7)

Asian Pacific Journal of Cancer Biology* Vol 10 Issue 4 869



apjcb.waocp.com

Table 2 Continued.
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Febrile neutropenia (%) P
Yes No
IBM by ROC

SII <293.75 27 (74.3) 15(35.7) <0.001*
>293.75 230 (95) 12 (5)

SIRI <0.71 76 (76.77) 23(23.23) <0.001*
>0.71 181 (97.8) 4(2.2)

PIV <215.77 87 (79.1) 23(20.9) <0.001*
>215.77 170 (97.7) 4(2.3)

Data is presented as frequency (%). * Significant P value <0.05. IDC: invasive ductal carcinoma, ILC: invasive lobular carcinoma, other:
invasive medullary carcinoma, invasive mucinous carcinoma, and poorly differentiated carcinoma, HR: hormone receptor, cT: clinical tumor size,
cN: clinical node involvement, IBC: Inflammatory breast cancer, IBM: inflammatory blood markers, ROC: receiver operating characteristic curves,
NLR: neutrophil-to-lymphocyte ratio, PLR: platelet-to-lymphocyte ratio, MLR: monocyte to lymphocyte ratio, LMR: lymphocyte-to-monocyte
ratio, SII: systemic immune-inflammation index, SIRI: systemic inflammation response index, PIV: pan-immune-inflammation-value.

patients (16.9%), then grade 1 (47 patients (16.55%),
and last grade 3 (22 patients (7.75%). DM (p=0.009),
pathology type (IDC) (p=0.03) and anti her2 regimen
(especially with single anti her2) (p= 0.032) were
predictive for peripheral neuropathy. None of the IBM
were predictive for peripheral neuropathy using ROC
curve and median of variables. Also, no other variables
were significant predictive for peripheral neuropathy such
as age, tumor grade, her 2 status, molecular subtypes,
nodal status, clinical T stage, IBC, molecular subtypes
chemotherapy regimens.

Subgroup Analysis

To evaluate whether the associations between IBMs
and clinical endpoints varied by molecular subtype,
we conducted subgroup analyses across HR+/HER2—,
HR+/HER2+, HER2+, and triple-negative breast cancer
(TNBC) groups.

pCR

Statistically significant differences were observed only
in the HER2+ subgroup, where neutrophil (p = 0.0058) and
lymphocyte (p = 0.0248) levels were associated with pCR
status. However, ROC curve analysis revealed limited
discriminative ability for both markers (AUC = 0.154 for
neutrophil and AUC = 0.219 for lymphocyte), indicating
that while these markers differ significantly between pCR
groups, their standalone predictive performance is limited.
No other markers reached statistical significance in the
remaining subtypes.

DFS

In HER2+ patients, NLR was the most predictive
marker (AUC = 0.839, p = 0.010), while SII showed
good sensitivity and specificity, though without statistical
significance. In TNBC, monocyte count, and PIV
demonstrated moderate discrimination (AUCs =0.695 and
0.673, respectively), but were not statistically significant.
In HR+ subtypes, most markers yielded modest AUCs
with no significant associations.

oS
Among HR+/HER2- patients, neutrophil count
showed a trend toward significance (p =0.079) and, along

with SIRI and PIV, demonstrated moderate predictive
performance (AUC =~ 0.60-0.61), though none reached
statistical significance. TNBC patients exhibited the
strongest IBM-based discrimination, with MLR, SIRI, and
PIV achieving AUCs between 0.71 and 0.74, reflecting
balanced sensitivity, specificity, and positive predictive
value, yet without statistical significance. In HER2+
patients, NLR, SIRI, and PIV also showed favorable
AUCs (= 0.64-0.74) and high negative predictive value.
Conversely, HR+/HER2+ patients demonstrated limited
IBM discrimination (AUCs < 0.55), with no meaningful
associations.

Febrile Neutropenia

In the HR+/HER2— group, neutrophil, NLR,
SII, SIRI, and PIV showed statistically significant
differences (p < 0.001), although their AUCs (ranging
from 0.084 to 0.202) indicated poor discrimination,
limiting their clinical utility. In HR+/HER2+ patients,
lymphocyte (p = 0.005), monocyte (p < 0.001), and
NLR (p = 0.034) were significant, but their AUCs
(0.141 to 0.292) also reflected limited predictive value.
PLR and LMR demonstrated moderate discrimination
(AUCs = 0.625 and 0.580, respectively), though not
statistically significant. In HER2+ patients, monocyte (AUC
=0.833,p=0.075) and platelet (AUC =0.800,p=0.115)
showed strong discrimination but did not reach statistical
significance. TNBC patients showed the most promising
results, with PLR (AUC = 0.974, p = 0.019) and
LMR (AUC =0.921, p=0.057) demonstrating excellent
predictive performance, with high sensitivity and negative
predictive value.

Neutropenia

In HR+/HER2—- patients, neutrophil and monocyte
counts, along with SIRI and PIV, were significantly
associated with neutropenia (p < 0.01), though their
discriminative ability was limited (AUCs < 0.40).
In HR+/HER2+ patients, neutrophil and monocyte levels
remained significant (p < 0.05), albeit with similarly low
AUCs. LMR showed the highest AUC (0.604) without
statistical significance, suggesting moderate predictive
value. Among HER2+ patients, NLR and neutrophil
counts yielded the strongest AUCs (> 0.56), but none
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Table 3. Correlations between Neutropenia and Tumor Characteristics, Treatment Variables, and IBM
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Neutropenia (%) P
No Yes
Pathology type IDC 135 (49.82) 136 (50.18) 0.161
ILC 2 (20) 8 (80)
Other 2 (66.67) 1(33.33)
Grade 1 2 (50) 2 (50) 0.956
2 108 (48.65) 114 (51.35)
3 29 (50) 29 (50)
Her?2 status Negative 95 (54.6) 79 (45.4) 0.017*
Positive 44 (40) 66 (60)
Molecular subtype HR + ve, her2 -ve 84 (54.55) 70 (45.45) 0.018*
HR + ve, her2+ve 38 (44.19) 48 (55.81)
her +ve 5(21.74) 18 (78.26)
triple -ve 12 (57.14) 9 (42.86)
cT T1 2 (66.67) 1(33.33) 0.135
T2 67 (50) 67 (50)
T3 34 (58.62) 24 (41.38)
T4 36 (40.45) 53 (59.55)
IBC Negative 132 (49.44) 135 (50.56) 0.509
Positive 7(41.18) 10 (58.82)
cN NO 21 (43.75) 27 (56.25) 0.56
N1 100 (48.78) 105 (51.22)
N2 12 (63.16) 7 (36.84)
N3 6 (50) 6 (50)
Chemotherapy Anthracycline based 2 (66.67) 1(33.33) 0.142
Taxanes based 13 (68.42) 6 (31.58)
Anthracycline + taxanes based 124 (47.33) 138 (52.67)
Antiher2 No 112 (54.11) 95 (45.89) 0.007*
Trastuzumab (single) 24 (38.71) 38 (61.29)
Trastuzumab + pertuzumab (doublet) 3 (20) 12 (80)
IBM by median
NLR <1.74 62 (43.66) 80 (56.34) 0.003*
>1.74 77 (54.2) 65 (45.8)
PLR <131.67 73 (51.4) 69 (48.6) 0.699
>131.67 66 (46.5) 76 (53.5)
MLR <0.23 65 (45.8) 77 (54.2) 0.041*
>0.23 74 (52.1) 68 (47.9)
LMR <4.34 74 (52.1) 68 (47.9) 0.041*
>4.34 65 (45.8) 77 (54.2)
SIT <509.13 62 (43.66) 80 (56.34) 0.003*
>509.13 77 (54.2) 65 (45.8)
SIRI <0.94 55(38.7) 87 (61.3) <0.001*
>0.94 84 (59.2) 58 (40.8)
PIV <278.1 56 (39.4) 86 (60.6) <0.001*
>278.1 83 (58.5) 59 (41.5)
IBM by ROC
Neutrophil <3.34 24 (28.24) 61 (71.76) <0.001*
>3.34 115 (57.8) 84 (42.2)
Monocyte <0.47 43 (38.4) 69 (61.6) 0.003*
>0.47 96 (55.8) 76 (44.2)
NLR <2.29 92 (43.6) 119 (56.4) 0.0028*
>2.29 47 (64.4) 26 (35.6)
MLR <0.28 86 (43.9) 110 (56.1) 0.04*
>0.28 53 (60.2) 35(39.8)
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Neutropenia P
No Yes
IBM by ROC
LMR <3.55 51(59.3) 35 (40.7) 0.04*
>3.55 88 (44.4) 110 (55.6)
SII <468.13 46 (38.3) 74 (61.7) 0.002*
>468.13 93 (56.7) 71 (43.3)
SIRI <0.87 42 (33.9) 82 (66.1) <0.001*
>0.87 97 (60.6) 63 (39.4)
PIV <230.49 39 (34.5) 74 (65.5) <0.001*
>230.49 100 (58.5) 71 (41.5)

Data is presented as frequency (%). * Significant P value <0.05. IDC: invasive ductal carcinoma, ILC: invasive lobular carcinoma, other: invasive
medullary carcinoma, invasive mucinous carcinoma, and poorly differentiated carcinoma, HR: hormone receptor, cT: clinical tumor size, cN:
clinical node involvement, IBC: Inflammatory breast cancer, IBM: inflammatory blood markers, ROC: receiver operating characteristic curves,
NLR: neutrophil-to-lymphocyte ratio, PLR: platelet-to-lymphocyte ratio, MLR: monocyte to lymphocyte ratio, LMR: lymphocyte-to-monocyte
ratio, SII: systemic immune-inflammation index, SIRI: systemic inflammation response index, PIV: pan-immune-inflammation-value.

reached significance. In TNBC, platelet count and LMR
exhibited the highest predictive accuracy (AUCs= 0.708
and 0.648, respectively), with balanced sensitivity and
specificity, yet without statistical significance.

Peripheral Neuropathy

In the HR+/HER2— group, neutrophil count was
significantly higher in affected patients (p = 0.042) and
showed moderate predictive accuracy (AUC = 0.597).
In TNBC, platelet count demonstrated the strongest
performance (AUC = 0.750, p = 0.060), suggesting
potential clinical relevance. Although no markers
reached statistical significance in HR+/HER2+ or HER2+
subtypes, PLR and SII exhibited relatively higher AUCs
(> 0.68), indicating subtype-specific trends.

Discussion

Neoadjuvant systemic therapy for breast cancer has
evolved significantly, with expanding indications creating
an urgent need to identify patients most likely to benefit.
The immune-inflammatory system plays a critical role in
tumor progression, and peripheral IBMs offer a practical
means of assessing this balance. Neutrophils promote
tumor invasion through mediators like MMP-9, neutrophil
elastase, and IL-8 [16], while monocytes contribute
to angiogenesis and immune evasion [17]. Platelets
support tumor growth and dissemination [18], whereas
lymphocytes are central to anti-tumor immunity [19].

IBMs derived from these cell types reflect the interplay
between inflammation and host immunity. However,
conflicting results across studies and within individual
indices have created uncertainty about the most reliable
marker [20-24]. Our cohort, representative of typical
NACT candidates mostly node-positive, cT2, or advanced-
stage cases included all molecular subtypes to allow a
comprehensive evaluation. While some studies support the
predictive value of IBMs for pCR, survival, and toxicity,
others do not, reflecting the ongoing debate in the field.

In the overall cohort, IBMs did not show statistically
significant associations with pCR or survival outcomes.
However, subgroup analyses revealed distinct patterns of

IBM performance across molecular subtypes, suggesting
that their prognostic and predictive utility may be context-
dependent and influenced by underlying tumour biology.

NLR has been extensively investigated as a potential
predictor of treatment response and survival in breast
cancer patients undergoing neoadjuvant NACT. Although
some studies have reported a positive association between
lower preoperative levels and higher pCR rates [25], others
have failed to confirm this relationship [22, 23]. Zhou et
al.’s meta-analysis found that lower NLR was significantly
associated with improved DFS, OS, and pCR [26], while
Xue et al. reported that although higher NLR predicted
worse pCR, it had no significant impact on DFS or OS
[27]. In our study, NLR did not correlate significantly with
either pCR or survival in the full cohort, but significantly
predicted DFS in HER2+ patients, highlighting its
subtype-specific relevance.

PLR has emerged as another commonly studied
marker, though findings remain inconsistent. While
high PLR has been associated with poorer survival and
lower pCR rates in several large-scale studies [28, 29],
other research has reported contradictory findings. For
example, Jin et al. observed a higher pCR rate in patients
with elevated PLR [30], and Ma et al. noted lower PLR
in the pCR group, though without a significant link to OS
[31, 32]. Our results align with those of Jiang et al., who
found no significant association between PLR and pCR,
DFS, or OS in NACT-treated breast cancer patients in the
overall cohort [33]. However, PLR demonstrated excellent
discrimination for febrile neutropenia in TNBC patients,
suggesting strong predictive utility in this subgroup.

LMR has been proposed as a marker of host immune
competence. Ma et al. reported that lower LMR was
associated with worse DFS despite higher pCR rates
[22], while Dong et al. found that high LMR was linked
to better pCR outcomes, though this was not confirmed
in multivariate analysis [15]. In our cohort, LMR did
not show a significant correlation with pCR or survival
outcomes overall, but demonstrated excellent predictive
accuracy for febrile neutropenia in TNBC, reinforcing its
potential utility in toxicity risk stratification.

MLR has gained attention for its role in reflecting
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Table 4. Key Cut-off Values for IBMs Used in Toxicity Prediction

Using ROC
Febrile neutropenia Neutropenia
Neutrophil 2.31 Neutrophil 3.34
Lymphocyte 1.98 Monocyte 0.47
Monocyte 0.46 NLR 2.29
NLR 1.31 MLR 0.28
SII 293.75 LMR 3.55
SIRI 0.71 SII 468.13
PIV 215.77 SIRI 0.87
PIV 230.49
Using median
MLR 0.23
LMR 4.34
NLR 1.74
N 509.13
SIRI 0.94
PIV 278.1

ROC-derived cut-offs and Median values were used for toxicity prediction analyses. IBMs: inflammatory blood markers, ROC: receiver operating
characteristic curves, NLR: neutrophil-to-lymphocyte ratio, PLR: platelet-to-lymphocyte ratio, MLR: monocyte to lymphocyte ratio, LMR:
lymphocyte-to-monocyte ratio, SII: systemic immune-inflammation index, SIRI: systemic inflammation response index, PIV: pan-immune-

inflammation-value.

immune suppression and tumor promoting inflammation.
Some studies have linked low MLR to improved pCR and
longer OS [32], and others have associated high MLR
with better distant metastasis-free survival (DMFES) [8].
In our study, MLR did not show significant associations
in the full cohort, but demonstrated moderate to high
discrimination for OS in TNBC, though not statistically
significant.

SII offers a composite measure of systemic
inflammation. The meta-analysis of 1,555 patients found
no significant correlation between SII and pCR, with
high heterogeneity across studies [6]. In contrast, Gu et
al. reported lower SII levels in patients achieving pCR,
and higher SII was linked to increased risk of metastasis
and recurrence after five years [34]. Similarly, patients
with low SII showed longer DFS and OS in other studies
[35]. Our analysis did not find any significant association
between SII and pCR or survival in the full cohort, though
SII showed predictive value for febrile neutropenia and
neutropenia across subtypes.

SIRI has recently gained traction as a prognostic
indicator. A meta-analysis of 2,997 breast cancer patients
linked high SIRI to poorer OS but not DFS [36], while
Chen et al. reported better OS and DFS in patients with
low SIRI [37]. Dong et al. also observed higher pCR
rates in the low SIRI group [15]. However, a separate
meta-analysis found the association with pCR was not
statistically significant due to high heterogeneity [6]. Zhou
et al. further associated high SIRI with shorter OS, DFS,
and PFS in solid tumors [38]. In our study, SIRI did not
correlate with pCR or survival in the overall cohort, but
showed moderate discrimination for OS in TNBC and
predictive value for hematologic toxicities.

PIV represents a comprehensive index incorporating

multiple immune cell types. A retrospective study of 743
NACT-treated patients found that low PIV was associated
with better chemotherapy response and significantly
longer DFS and OS [39].Similarly, patients with low
PIV were more likely to achieve pCR [32]. In our study,
PIV showed no significant association with pCR or
survival outcomes in the overall cohort, but demonstrated
predictive value for febrile neutropenia and neutropenia,
with statistically significant associations in the overall
cohort and selected subtypes. It also showed moderate
discrimination for OS in TNBC.

Several studies have compared IBMs to identify the
most reliable prognostic and predictive markers. Truffi
et al. found that higher MLR was linked to better 5-year
DMEFS but not to NLR, PLR, or PIV, and no correlation
was observed between MLR and pCR [8].Bagherian et al.
reported that elevated SIRI and SII were linked to lower
PCR rates and higher recurrence, though not OS, while
PLR and HER?2 status were associated with DFS [40].
PIV was found to outperform NLR, MLR, and PLR in
predicting pCR and survival [21, 32], and higher levels of
NLR, PLR, SII, and PIV were linked to worse OS and DFS
[41]. In HER2-positive patients, low SIRI predicted better
pCR, DFS, and OS, while no associations were found
for ALC, NLR, PLR, or LMR and pCR [42]. Panigoro et
al. reported that while NLR was associated with 1-year
mortality, neither NLR, LMR, nor PLR were linked to
NACT response [43], whereas Wang et al. found that
elevated NLR and PLR were associated with higher pCR
rates[44]. Another study identified NLR but not PLR or
LMR as an independent predictor of pCR [24]. In contrast,
Karhan et al. found no predictive value for SII or PIV in
TNBC, and median values of NLR, PLR, and LMR were
similar regardless of pCR status [45].
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Finding pCR following NACT is an important part
of creating a personalized treatment plan, and it has
been associated with better DFS and OS in other studies
[46, 47], which is in line with what we found. Neutrophil
and lymphocyte counts were significantly associated with
pCR in HER2+ patients, although ROC analysis revealed
limited predictive ability.

Beyond their proposed prognostic role, our findings
highlight the potential clinical utility of IBMs in predicting
chemotherapy-related toxicities. Specifically, NLR, SII,
SIRI, and PIV were significantly associated with febrile
neutropenia, while NLR, MLR, LMR, SII, SIRI, and
PIV were predictive of neutropenia. These associations
suggest that IBMs may serve as accessible, cost-effective
tools, particularly in resource-limited settings, for early
identification of patients at increased risk of hematologic
toxicity. This could enable timely implementation of
supportive care strategies such as dose modifications,
prophylactic G-CSF administration, or closer monitoring.

We further examined the relationship between IBMs
and chemotherapy-induced peripheral neuropathy. No
significant associations were observed in the overall
cohort, which is consistent with findings by Yamanouchi
et al., who reported no predictive value for NLR, PLR, or
MLR in relation to peripheral neuropathy [48]. However,
in our subgroup analysis neutrophil count was significantly
associated with neuropathy in HR+/HER2— patients,
suggesting subtype-specific relevance. Our results
regarding febrile neutropenia align with those of Corbeau
et al., who identified NLR but not PLR as a predictor
of febrile neutropenia [5].Other studies have reported
inconsistent findings, with some failing to demonstrate
significant associations between various IBMs and
chemotherapy-related toxicities [5, 48-50]. Notably,
our cut-off values for predicting febrile neutropenia and
neutropenia were higher than those reported by Corbeau
et al. [S] and Ray-Coquard et al. [51], likely due to
differences in methodology, laboratory standards, and
population-specific inflammatory responses, as observed
in studies from Asian cohorts [14]. These differences
contribute to variability in cut-off values and limit the
generalizability and clinical applicability of IBMs.

In this study, we evaluated seven IBMs to identify
potential prognostic and predictive indicators in breast
cancer. However, no statistically significant associations
were observed between these biomarkers and pCR or
survival outcomes in the overall cohort. Several factors
may account for this lack of correlation. The limited
sample size, combined with the intrinsic heterogeneity
of breast cancer which encompasses diverse molecular
subtypes and subtype-specific therapeutic regimens likely
contributed to the observed variability. Additionally,
inconsistencies in biomarker cut-off definitions, whether
derived from ROC curves, median-based thresholds, or
previously published criteria, complicate cross-study
comparisons. Variations in laboratory reference ranges
and ethnic diversity further complicate interpretation and
generalizability. Although most studies measured IBMs
within a similar timeframe, subtle differences in timing
relative to diagnosis or treatment initiation may influence
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biomarker expression levels. Moreover, differences
in treatment protocols and supportive care practices
across institutions may impact clinical outcomes. These
methodological and clinical discrepancies likely explain
the divergence between our findings and those reported
in prior meta-analyses.

Subgroup analyses, however, revealed that the
predictive performance of IBMs varied substantially by
molecular subtype, suggesting that their prognostic and
predictive utility may be context-dependent and influenced
by underlying tumour biology. To our knowledge, few
studies have systematically explored IBM predictive
performance across molecular subtypes in breast cancer,
highlighting the importance of molecular stratification
in enhancing the interpretability and clinical relevance
of IBM-based models. Although several associations did
not reach statistical significance, observed trends warrant
further investigation in subtype-specific contexts.

This study is limited by its retrospective, single-centre
design, which may introduce selection bias and limit
control over confounding variables. The small sample size,
disease heterogeneity, and variation in subtype-specific
treatments may introduce additional heterogeneity
within subgroups, reducing statistical power and
complicating the interpretation of IBM associations.
Additionally, variability in baseline CBC testing could
affect the consistency of IBM measurements. Despite these
limitations, IBMs demonstrated promising predictive
value for chemotherapy-related toxicities, particularly
neutropenia and febrile neutropenia. These findings
may inform risk-adapted supportive care strategies in
clinical practice, underscoring the need for standardized
methodologies and larger, stratified cohorts to validate
IBM utility across diverse clinical settings.

In conclusion, to the best of our knowledge, this is
the first comprehensive Egyptian study to investigate the
association between multiple IBMs and diverse clinical
outcomes in breast cancer patients receiving neoadjuvant
chemotherapy, using a unified analytical framework. By
offering region-specific insights, it contributes novel data
to the global understanding of immune-inflammatory
dynamics in breast cancer. These markers reflect the
intricate interplay between systemic inflammation and host
immunity, both increasingly recognized as key modulators
of tumor progression and therapeutic response.

Although IBMs did not demonstrate prognostic
significance for OS, DFS, or predictive value for pCR
or chemotherapy-induced peripheral neuropathy in
the overall cohort, several markers showed promise in
predicting hematologic toxicities. Specifically, NLR, SII,
SIRI, and PIV were significantly associated with febrile
neutropenia, while NLR, MLR, LMR, SII, SIRI, and PIV
were predictive of neutropenia.

Importantly, subgroup analyses revealed notable
variation in the predictive performance of IBMs across
molecular subtypes. NLR significantly predicted DFS
in HER2+ patients, while PLR and LMR demonstrated
excellent discrimination for febrile neutropenia in TNBC.
Neutrophil and lymphocyte counts were associated
with pCR in HER2+ patients, and neutrophil count was
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linked to peripheral neuropathy in HR+/HER2— patients.
In contrast, HR+ subtypes exhibited limited predictive
value across endpoints. These findings underscore the
subtype-specific relevance of IBMs and support the
development of molecularly stratified risk models to
enhance predictive precision and clinical applicability.

Achieving pCR was strongly correlated with improved
DFS and OS, reinforcing its role as a robust prognostic
indicator.

The ability to identify patients at increased risk for
hematologic toxicity using accessible, cost-effective blood-
based markers may enhance clinical decision-making,
particularly in resource-limited settings. These findings
highlight the potential utility of IBMs as adjunctive tools
for toxicity risk stratification and personalized treatment
planning in breast cancer. However, validation through
future prospective, multicenter studies with larger and
more homogeneous cohorts is essential to confirm these
associations. Integrating IBMs with clinical and molecular
predictors may further improve individualized risk
assessment and support their incorporation into routine
oncologic practice.
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