


Supplementary Table S1: CyTOF antibody panel. Antibodies and corresponding immune-cell markers used for the CyTOF analysis, adapted from the Key Resources Table reported by Balog et al.
	Antigen
	Clone
	Metal

	CD45
	HI30
	89Y (+ Cd barcodes)

	CD196 (CCR6)
	G034E3
	141Pr

	CD134 (OX40)
	ACT35
	142Nd

	CD123
	6H6
	143Nd

	CD19
	HIB19
	144Nd

	CD4
	RPA-T4
	145Nd

	CD8a
	RPA-T8
	146Nd

	CD11c
	Bu15
	147Sm

	CD16
	3G8
	148Nd

	CD45RO
	UCHL1
	149Sm

	CD45RA
	HI100
	150Nd

	CD161
	HP-3G10
	151Eu

	CD194 (CCR4)
	L291H4
	152Sm

	CD25
	BC96
	153Eu

	CD27
	O323
	154Sm

	CD57
	HNK-1
	155Gd

	CD183 (CXCR3)
	G025H7
	156Gd

	CD185 (CXCR5)
	J252D4
	158Gd

	CD366 (Tim-3)
	F38-2E2
	159Tb

	CD28
	CD28.2
	160Gd

	CD38
	HB-7
	161Dy

	CD95 (FAS)
	DX2
	162Dy

	CD56
	NCAM16.2
	163Dy

	TCRgd
	B1
	164Dy

	CD223 (LAG-3)
	11C3C65
	165Ho

	CD294
	BM16
	166Er

	CD197 (CCR7)
	G043H7
	167Er

	CD14
	63D3
	168Er

	CD3
	UCHT1
	170Er

	CD20
	2H7
	171Yb

	CD66b
	G10F5
	172Yb

	HLA-DR
	LN3
	173Yb

	IgD
	IA6-2
	174Yb

	CD279 (PD-1)
	EH12.2H7
	175Lu

	CD127
	A019D5
	176Yb



Supplementary Table S2: Hierarchical rules for immune-cell lineage assignment based on cluster-level marker expression. Lineage labels were assigned to FlowSOM/ConsensusClusterPlus metaclusters using median arcsinh-transformed marker expression (cofactor = 5). The rules were applied sequentially in the fixed priority order shown, such that each metacluster received a single lineage label. The marker thresholds represent pragmatic, dataset-specific cut-points used to distinguish relatively high and low lineage-marker expression and are not intended as universal or clinical cut-offs. Within-lineage subcluster numbering was based on the median expression of the defining marker (CD8a, CD4, CD19, or CD14, as appropriate), with _1 denoting the cluster with the highest expression.
	Priority
	Rule (median arcsinh)
	Assigned lineage

	1
	CD19 > 0.5
	B cells

	2
	CD14 > 0.6
	CD14+ monocytes

	3
	CD11c > 0.5 and CD14 < 0.5
	CD11c+ cDC

	4
	CD3 > 0.4 and CD8a ≥ CD4
	CD8+ T cells

	5
	CD3 > 0.4 and CD4 ≥ CD8a
	CD4+ T cells

	6
	TCRgd > 0.3
	TCRgd+ T cells

	7
	CD3 > 0.4 (otherwise)
	T (other)

	8
	HLA-DR > 0.5
	HLA-DR+

	9
	Remaining
	other




Supplementary Table S3: Anti-Human antibodies used for flow cytometry analysis. This table lists the fluorochrome-conjugated anti-human antibodies used for multicolor flow cytometry to identify and characterize peripheral blood immune cell populations.
	Laser
	Fluorochrome
	Antibody
	Clone
	Catalogue 
	Company

	Blue laser
(488nm)
	PE-Texas Red
	CD45
	HI30
	MHCD4517
	Invitrogen

	
	
	Mouse 
IgG1 Isotype Control
	
	MG117

	Invitrogen

	
	PE-Cy7
	CD14
	61D3
	25-0149-42
	eBioscience

	
	
	Mouse
IgG1κ Isotype Control
	
	25-4714-80
	eBioscience

	
	FITC
	CD86
	BU63
	MA1-10295
	Invitrogen

	
	PE
	CD206
	685641
	MA5-23594
	Invitrogen

	
	PerCP
	CD80
	MEM-233
	MA1-10289
	Invitrogen

	Violet laser
(405nm)
	DAPI/ BV421
	CD68
	BV421
	564943
	BD horizon™

	Red laser
(647nm)
	APC-Cy7
	CD16
	3G8
	MA5-38690
	Invitrogen

	
	APC
	CD163
	GHI/61
	A15723
	Molecular    Probes





Supplementary Table S4: Categorical variables were compared using Fisher's exact test, and continuous variables were reported as median (range) and compared using the Mann–Whitney U test in GraphPad Prism software version 8.4.3. Patients with missing data (ND) were excluded from the respective calculations. Differences between groups are reported as exact p-values, with median differences and 95% confidence intervals provided for continuous variables where applicable. No correction for multiple comparisons was applied because the analysis was exploratory and the sample size was small; therefore, the p-values should be considered descriptive and not interpreted as confirmatory evidence. A p-value of ≤ 0.05 was considered statistically significant. Given the small sample size, all results should be interpreted as exploratory. 

	[bookmark: OLE_LINK1]Variable
	Category
	NACT
  (n=5)
	Surgery
  (n=6)
	OR
	95% CI
	p-value

	Demographics
	
	
	
	
	
	

	Marital status
	Married
	2 
	1 
	3.33
	0.20-54.53
	0.5455

	
	Unmarried
	3 
	5 
	
	
	

	Parity
	Yes
	2 
	1
	3.33
	0.20-54.53
	0.5455

	
	No
	3 
	5 
	
	
	

	Clinical history
	
	
	
	
	
	

	Chronic medical history
	Yes
	1 
	4 
	0.13
	0.01-2.00
	0.242

	
	No
	4 
	2 
	
	
	

	Hypertension
	Yes
	0 
	2 
	0.2
	0.01-5.80
	0.4545

	
	No
	5 
	4 
	
	
	

	Diabetes mellitus
	Yes
	0 
	2 
	0.2
	0.01-5.80
	0.4545

	
	No
ND
	4 
1
	3 
1
	
	
	

	Family history
	
	
	
	
	
	

	Non-breast cancer
	Yes
	1 
	0 
	3
	0.08-112.3
	0.4545

	
	No
	4 
	6 
	
	
	

	Breast cancer
	Yes
	1 
	1 
	1.25
	0.27-60.33
	1.000

	
	No
	4
	5 
	
	
	

	Tumor characteristics
	
	
	
	
	
	

	Breast involved
	Left
	4 
	3 
	4
	0.27-60.33
	0.545

	
	Right
	
	1
	
	
	

	
	Contralateral
	0 
	1
	
	
	

	
	Right Multicentric
	0 
	1 
	
	
	

	Cancer type
	IDC
	5 
	4 
	5
	0.17-144.86
	0.455

	
	DCIS
	0 
	1 
	
	
	

	
	IDC + DCIS
	0 
	1 
	
	
	

	Grade
	Grade 2
Grade 3
	1
4
	1
5
	1.25
	0.06-26.87
	1.000


	ER 
	Positive
	4
	6
	0.33
	0.01-12.48
	0.455

	
	Negative
	1
	0
	
	
	

	PR 
	Positive
	4
	6
	0.33
	0.01-12.48
	0.455

	
	Negative
	1
	0
	
	
	

	HER 2 
	Positive
	1
	1
	1.22
	0.09-16.2
	1

	
	Negative
	2
	4
	
	
	

	
	Equivocal
	2
	1
	
	
	

	Ki-67
	Proliferation (%)
	20-80
	15-45
	
	
	

	TNM (Tumor size)
	T2
	3
	5
	0.6
	0.03-13.55
	1.000

	
	T3
	1
	1
	
	
	

	TNM (Node Status)
	Low (N0+N1)
	3
	3
	3
	0.19-48
	0.300

	
	High (N2+N3)
	1
	3
	
	
	

	
	ND
	1
	
	
	
	




Supplementary Table S5: Comparison of baseline hematological parameters between breast cancer patients undergoing neoadjuvant chemotherapy (NACT) and those undergoing primary surgery. Continuous variables are expressed as mean ± standard deviation. 

	Variable
	NACT (mean ± SD)
	Surgery (mean ± SD)
	P-value

	WBC
	6.68 ± 2.23
	7.17 ± 1.40
	0.522

	HB
	12.82 ± 1.99
	11.95 ± 1.44
	0.429

	PLT
	342.20 ± 47.58
	327.00 ± 33.24
	0.931
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