Supplemental material to: Systemic Immune Reprogramming After Tumor Resection: Perioperative Changes in Chemokines and Immune Checkpoint Markers in Oral Squamous Cell Carcinoma

Table S1: Clinicopathological characteristics of the investigated cohort.

	Characteristics
	Tumor group N (%)
	Control group N (%) 

	No. of patients
	62
	30

	Sex

	Male 
	33 (53.2)
	21 (70.0)

	Female
	29 (46.8)
	9 (30.0)

	Age

	Median 
	71
	65

	Range
	45-90
	38-87

	Tumor localization

	Floor of the mouth
	10 (16.1)
	

	Tongue
	12 (19.4)
	

	Lower jaw
	19 (30.6)
	

	Upper jaw
	9 (14.5)
	

	Buccal mucosa
	6 (9.7)
	

	Palate
	3 (4.8)
	

	Lip
	3 (4.8)
	

	Tumor stage 

	T1
	18 (29.0)
	

	T2
	13 (21.0)
	

	T3
	10 (16.1)
	

	T4a
	21 (33.9)
	

	Nodal stage

	N0
	45 (72.6)
	

	N1
	3 (4.8)
	

	N2a
	4 (6.5)
	

	N2b
	4 (6.5)
	

	N2c
	1 (1.6)
	

	N3b
	4 (6.5)
	

	Nx
	1 (1.6)
	

	Histological grading

	G1
	17 (27.4)
	

	G2
	23 (37.1)
	

	G3
	14 (22.6)
	

	Gx
	8 (12.9)
	

	Lymphovascular invasion

	L0
	47 (75.8)
	

	L1
	4 (6.5)
	

	Lx
	11 (17.7)
	

	Vascular invasion

	V0
	49 (79.0)
	

	V1
	3 (4.8)
	

	Vx
	10 (16.1)
	

	Perineural invasion

	Pn0
	42 (67.7) 
	

	Pn1
	10 (16.1)
	

	Pnx
	10 (16.1)
	

	Resection margin 

	R0
	62 (100.0)
	

	R1
	0 (0.0)
	




Table S2. Perioperative dynamics of circulating inflammatory chemokines in patients with oral squamous cell carcinoma (OSCC) compared with healthy controls.
	
	IL-8

	IP-10

	Eotaxin

	TARC

	MCP-1

	MIP-1

	MIG

	ENA-78

	MIP-3

	GRO

	I-TAC

	MIP-1


	Tumor Baseline
	793.67 (601.81- 1087.97)
	865.15 (750.23- 948.37)
	1020.98 (813.49- 1194.73)
	977.31 (802.35- 1269.71)
	1721.55 (1454.08- 1962.54)
	606.41 (468.52- 906.29)
	1291.51 (965.95- 1684.09)
	1035.4 (850.43- 1321.29)
	169.49 (112.01- 226.30)
	609.63 (510.43- 752.57)
	237.09 (194.19- 315.79) 
	197.43 (152.52- 239.49)

	Tumor 1 week p.op.
	475.52 (137.47- 854.28) 
	251.09 (169.97- 386.50) 
	373.01 (336.47- 450.11)
	633.54 (414.78- 889.19)
	7262.39 (5270.48- 11552.69)
	258.12 (90.81- 614.19) 
	470.49 (296.95- 1293.72)
	831.90 (511.47- 1105.04)
	55.73 (16.68- 80.60) 
	426.58 (227.61- 554.94) 
	119.09 (76.21- 150.80)
	93.44 (81.37- 108.04)

	p-value1 Baseline vs. week 1
	0.017
	<0.001*
	<0.001*
	0.008
	<0.001*
	<0.001*
	<0.001*
	0.110
	<0.001*
	<0.001*
	<0.001*
	<0.001*

	Tumor 2 weeks p.op.
	323.34 (128.73-620.12)
	243.91 (220.91-361.43) 
	403.80 (379.69-487.45)
	466.89 (351.04-666.09) 
	9186.72 (5143.10-15696.85)
	294.37 (119.53-411.40) 
	588.57 (434.24-961.52)
	1091.89 (685.87-1763.82-)
	52.95 (20.38-79.57)
	420.87 (292.94-551.78)
	125.80 (100.07-183.13)
	87.79 (78.98-101.50) 

	p-value1 Baseline vs. week 2
	<0.001*
	<0.001*
	<0.001*
	<0.001*
	<0.001*
	<0.001*
	<0.001*
	0.953
	<0.001*
	<0.001*
	<0.001*
	<0.001*

	p-value1 Week 1 vs. week 2
	0.423
	0.926
	0.010
	0.381
	0.199
	0.809
	0.323
	0.160
	0.752
	0.616
	0.402
	0.616

	Healthy control
	806.47 (622.24- 1037.32)
	944.92 (840.82- 1085.09)
	1057.99 (897.54- 1183.63)
	1084.78 (843.03-1242.70)
	1640.36 (1168.48- 1737.00)
	764.35 (583.55- 1293.28) 
	1296.63 (879.76- 1449.66)
	1039.16 (871.17- 1299.53)
	211.80 (132.39- 403.93) 
	639.39 (493.43- 762.21)
	268.07 (225.26- 322.24)
	211.69 (182.27- 258.07)

	p-value2
	0.797
	0.021*
	0.439
	0.320
	0.012*
	0.215
	0.297
	0.950
	0.106
	0.841
	0.332
	0.492



1 Wilcoxon test
2 Mann Whitney U test
Values are presented as median (IQR). Comparisons were performed using the Mann–Whitney U test or Wilcoxon test. P-values < 0.05 were considered statistically significant. Statistically significant differences are marked with an asterisk.


Table S3. Perioperative dynamics of circulating soluble immune checkpoint markers in patients with oral squamous cell carcinoma (OSCC) compared with healthy controls.
	
	sCD25
	4-1BB

	B7.2

	TGF-β1

	CTLA-4

	PD-L1

	PD-1

	TIM-3

	LAG-3

	Galectin-9


	Tumor Baseline
	4564.24 (3610.39- 5149.46)
	1751.27 (1549.54- 2555.95)
	1945.37 (1675.34- 2259.92)
	1134.46 (870.74- 1522.63)
	171.87 (139.27- 223.07)
	862.31 (596.03- 1307.32)
	660.28 (592.88- 1005.85)
	14284.20 (8430.58- 20356.94)
	24074.30 (20113.60- 30455.40) 
	107636.70 (96533.20- 123886.20)



	Tumor 1 week p.op.
	3933.47 (2743.96- 5468.92)
	1092.52 (622.96- 1587.69)
	1161.73 (962.17- 1425.48) 
	444.07 (231.32- 887.39) 
	72.71 (48.62- 113.64)
	400.36 (198.39- 679.46) 
	307.30 (189.65- 589.42)
	6949.15 (4079.12- 13613.58) 
	9033.80 (6415.30- 17779.55) 
	91960.50 (76007.80- 113959.55)

	p-value1 Baseline vs. week 1
	0.239
	<0.001*
	0.001*
	0.001*
	0.001*
	0.014
	0.001*
	0.039
	0.001*
	0.048

	Tumor 2 weeks p.op.
	4045.98 (3246.54-5514.63)
	1352.30 (660.47-1852.07) 
	1164.93 (1003.04-1533.10)
	704.76 (364.23-1102.66)
	78.84 (54.89-118.86)
	490.24 (291.29-1044.70)
	397.61 (297.18-533.04)
	7894.83 (4892.15-13044.18)
	11533.50 (8106.92-18706.45) 
	102307.75 (81043.50-119887.85)

	p-value1 Baseline vs. week 2
	0.780
	0.004
	<0.001*
	0.077
	<0.001*
	0.008
	<0.001*
	0.047
	<0.001*
	0.361

	p-value1 Week 1 vs. week 2
	0.287
	0.491
	0.491
	0.368
	0.800
	1.000
	0.780
	0.985
	0.515
	0.491

	Healthy control
	3872.27 (3376.57- 4412.74) 
	1971.58 (1643.75- 2895.97)
	2370.78 (1961.42- 2825.69)
	1219.74 (831.40- 1857.94)
	199.60 (167.40- 268.47)
	1021.06 (708.86- 1289.53)
	807.29 (656.27- 1078.39)
	11810.82 (8711.26- 15905.99)
	26094.80 (21276.20- 35097.10)
	100298.30 (94708.80- 112512.80)

	p-value2
	0.047*
	0.523
	0.056
	0.945
	0.186
	0.321
	0.428
	0.357
	0.349
	0.122




1 Wilcoxon test
2 Mann Whitney U test
Values are presented as median (IQR). Comparisons were performed using the Mann–Whitney U test or Wilcoxon test. P-values < 0.05 were considered statistically significant. Statistically significant differences are marked with an asterisk.
Table S4. Spearman correlations among inflammatory chemokines in serum, soluble immune checkpoint markers and between inflammatory chemokines and immune checkpoint markers, respectively.
 
	Correlations
	Marker 1
	Marker 2
	Spearman r
	p-value

	
Inflammatory chemokines
	IL-8
	MCP-1
	-0.430
	<0.001*

	
	IL-8
	GROα
	0.530
	<0.001*

	
	IL-8
	ENA-78
	0.267
	<0.001*

	
	MCP-1
	MIP-1α
	-0.451
	<0.001*

	
	MCP-1
	MIP-1β
	-0.655
	<0.001*

	
	IP-10
	MIG
	0.654
	<0.001*

	
	TARC
	Eotaxin
	0.594
	<0.001*

	
	
	
	
	

	
Immune checkpoint markers
	PD-1
	TIM-3
	0.274
	<0.001*

	
	PD-1
	LAG-3
	0.685
	<0.001*

	
	TIM-3
	Galectin-9
	0.516
	<0.001*

	
	PD-L1
	CTLA-4
	0.616
	<0.001*

	
	sCD25
	PD-1
	0.273
	0.003*

	
	
	
	
	

	Inflammatory chemokines and immune checkpoint markers
	MCP-1
	PD-L1
	-0.389
	<0.001*

	
	MCP-1
	TGF-β1
	-0.458
	<0.001*

	
	IL-8
	PD-1
	0.367
	<0.001*

	
	IL-8
	TIM-3
	0.228
	0.004*

	
	IP-10
	PD-1
	0.531
	<0.001*



P-values < 0.05 were considered statistically significant. Statistically significant differences are marked with an asterisk.

Table S5. Correlations between biomarker scores.

	Score 1
	Score 2
	Spearman r
	p-value

	Myeloid score
	Exhaustion score
	0.396
	<0.001*

	Myeloid score
	Immunosuppression score
	0.393
	<0.001*

	Exhaustion score
	Immunosuppression score
	0.954
	<0.001*



P-values < 0.05 were considered statistically significant. Statistically significant differences are marked with an asterisk.


Table S6. Associations between circulating biomarkers and clinicopathological parameters in patients with oral squamous cell carcinoma.

	Biomarker
	Age1
	Sex2
	T stage1
	N stage1
	UICC stage1

	IP-10

	r=0.240
p=0.077
	U=1233
p=0.002*
	r=-0.024
p=0.863
	r=-0.121
p=0.380
	r=-0.097
p=0.482

	MIP-1β
	r=0.122
p=0.345
	U=1165
p=0.516
	r=-0.076
p=0.556
	r=0.054
p=0.678
	r=-0.044
p=0.734

	LAG-3
	r=0.057
p=0.657
	U=1334
p=0.052
	r=0.082
p=0.527
	r=0.103
p=0.428
	r=0.094
p=0.467

	PD-1
	r=0.002
p=0.990
	U=1278
p=0.130
	r=-0.030
p=0.817
	r=-0.036
p=0.781
	r=-0.036
p=0.779

	Th1 recruitment score
	r=0.303
p=0.026*
	U=1121
p=0.008*
	r=0.083
p=0.550
	r=-0.022
p=0.875
	r=0.036
p=0.797

	Immune exhaustion score
	r=0.108
p=0.402
	U=1413
p=0.011*
	r=0.093
p=0.472
	r=0.038
p=0.770
	r=0.082
p=0.528


1 = Spearman, 2 = Mann Whitney U test

Associations between circulating biomarkers and clinicopathological parameters in patients with oral squamous cell carcinoma (OSCC). Continuous variables (age, T stage, N stage, UICC stage) were analyzed using Spearman’s rank correlation (r), while group comparisons (sex and dichotomized stages) were performed using the Mann-Whitney U test (U). P-values < 0.05 were considered statistically significant. Statistically significant differences are marked with an asterisk.






Table S7. Diagnostic performance of circulating biomarkers and composite scores for distinguishing OSCC patients from healthy controls assessed by receiver operating characteristic (ROC) curve analysis.

	
	Biomarker
	AUC
	p-value
	95% CI

	




Inflammatory chemokines
	IL-8
	0.689
	<0.001*
	0.607-0.770

	
	IP-10
	0.756
	<0.001*
	0.677-0.835

	
	Eotaxin
	0.783
	<0.001*
	0.711-0.855

	
	TARC
	0.712
	<0.001*
	0.632-0.792

	
	MCP-1
	0.288
	<0.001*
	0.203-0.374

	
	MIP-1α
	0.688
	<0.001*
	0.607-0.770

	
	MIG
	0.731
	<0.001*
	0.653-0.808

	
	ENA-78
	0.559
	0.193
	0.470-0.649

	
	MIP-3α
	0.734
	<0.001*
	0.655-0.812

	
	GROα
	0.690
	<0.001*
	0.609-0.772

	
	I-TAC
	0.738
	<0.001*
	0.662-0.815

	
	MIP-1β
	0.788
	<0.001*
	0.717-0.859

	
	
	
	
	

	



Immune Checkpoints
	sCD25
	0.579
	0.086
	0.489-0.669

	
	4-1BB
	0.673
	<0.001*
	0.591-0.756

	
	B7.2
	0.712
	<0.001*
	0.631-0.792

	
	TGF-β1
	0.699
	<0.001*
	0.616-0.781

	
	CTLA-4
	0.709
	<0.001*
	0.628-0.791

	
	PD-L1
	0.645
	0.001*
	0.558-0.732

	
	PD-1
	0.695
	<0.001*
	0.613-0.776

	
	TIM-3
	0.646
	0.002*
	0.555-0.736

	
	LAG-3
	0.732
	<0.001*
	0.654-0.809

	
	Galectin-9
	0.631
	0.003*
	0.543-0.718

	
	
	
	
	

	Scores
	Th1 recruitment (IP-10, MIG, I-TAC)
	0.754
	<0.001*
	0.675-0.833

	
	Immune exhaustion (PD-1, TIM-3, LAG-3) 
	0.748
	<0.001*
	0.670-0.826

	
	Immune checkpoint (PD-1, PD-L1, CTLA-4, TIM-3, LAG-3)
	0.733
	<0.001*
	0.653-0.814

	
	Myeloid score (MCP-1, MIP-1α, MIP-1β)
	0.631
	0.004*
	0.542-0.720

	
	Immunosuppression (tumor immune escape) 1 (PD-L1, TGF-β1)
	0.708
	<0.001*
	0.627-0.790

	
	Immunosuppression (T-cell exhaustion dominant) 2 (PD-1, TIM-3, Galectin-9)
	0.746
	<0.001*
	0.668-0.823



Diagnostic performance was assessed using receiver operating characteristic (ROC) curve analysis. Results are presented as area under the curve (AUC) with 95% confidence intervals (CIs). Composite scores were calculated from z-score-normalized biomarker concentrations of the markers indicated in parentheses. P-values < 0.05 were considered statistically significant. Statistically significant results are marked with an asterisk.

Table S8. Multivariable logistic regression analysis of biomarker scores for discrimination between oral squamous cell carcinoma patients and healthy controls.

	Variable
	OR (95% CI)
	p-value

	Th1 recruitment score
	1.891 (1.213-2.948)
	0.005*

	Immune exhaustion score
	0.905 (0.688-1.190)
	0.473

	Age
	0.88 (0.839-0.941)
	<0.001*

	Sex
	0.623 (0.169-2.298)
	0.478



Multivariable logistic regression analysis of log10-transformed biomarkers for discrimination between OSCC patients and healthy controls, adjusted for age and sex. Results are presented as odds ratios (ORs) with 95% confidence intervals (CIs). A p-value < 0.05 was considered statistically significant. Statistically significant differences are marked with an asterisk.


