Supplementary Materials

Platelet-derived extracellular vesicles and post-ablation survival in hepatocellular

carcinoma: a prospective cohort study

Thomas J. Vogl'#, Ibrahim Biideyri*>*, Wenyi Gu*#, Elsie Oppermann?, Lisa Ysermann*,
Dhruvajyoti Roy?, Nicola S. Pollmann?, Nour-Eldin Nour-Eldin'®, Katrin Eichler!,
Benjamin Struecker?, Michael Praktiknjo3, Kerstin Menck’, Jonel Trebicka3, Andreas
Pascher?, Ruchi Bansal?, Wolf O. Bechstein, Markus S. Zimmermann?®', Mazen A.

Juratli>*

"Department of Diagnostic and Interventional Radiology, Frankfurt University Hospital,
Goethe University, Frankfurt 60590, Germany.

’Department of General, Visceral and Transplant Surgery, University Hospital Miinster,
Miinster 48149, Germany.

SDepartment of Gastroenterology, Hepatology, Endocrinology and Infectiology, University
Hospital Miinster, Miinster 48149, Germany.

*Department of General, Visceral-, Transplant- and Thorax Surgery, Frankfurt University
Hospital, Goethe University, Frankfurt 60590, Germany.

Department of Pathology, University of Texas Medical Branch, Galveston, TX 77555,
United States.

SDepartment of Diagnostic and Interventional Radiology, Cairo University Hospital, Cairo
University, Cairo 11956, Egypt.

"Department of Medicine A, Hematology, Oncology, and Pneumology, University Hospital
Miinster, Miinster 48149, Germany.

$Clinic for General and Visceral Surgery, Schon Klinik Neustadt, Neustadt in Holstein 23730,
Germany.

*These authors contributed equally to this work.

"These authors contributed equally as senior authors.

Correspondence to: Dr. Mazen A. Juratli, Department of General, Visceral and Transplant
Surgery, University Hospital Miinster, Miinster 48149, Germany. E-mail:

mazen.juratli@ukmuenster.de



Supplementary Figures and Tables

Inclusion criteria:

* Age 218 years
Patients screened for MWA of liver malignancy « No active HBV / HCV infection
* Negative HIV status
* Written informed consent
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Supplementary Figure 1. Patient flow diagram of the prospective single-center cohort study (n = 53, 38 HCC
and 15 NHCC) showing screening, enrolment, paired plasma sampling pre- and 1 h post-MWA, multi-analyte
profiling (37-marker MACSPlex EV immunophenotyping, Th1/Th2/Th17 cytokines, CD4/CDS8 T-cell subsets),
and MRI follow-up every 3 months (median 1.9 years).
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Supplementary Figure 2. NTA of EVs showing particle concentration and size distribution in resuspension buffer

(PBS filtered through a 0.02 pm filter) and in pre- and post-MWA plasma samples from the HCC and NHCC

groups.
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Supplementary Figure 3. Western blot analysis of the exosomal markers CD63 (25-60 kDa) and CD9 (22, 24,

35 kDa) in pre- and post-MWA plasma samples from the HCC and NHCC groups. Primary antibodies: CD63,
clone EIW3T (Cell Signaling, #52090S) and CD9, clone D3H4P (Cell Signaling, #13403S).
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Supplementary Figure 4. Pre-MWA levels of EV-associated tetraspanins CD9, CD63 and CD81 on

plasma-derived EVs in HCC and NHCC groups, shown as median fluorescence intensity.
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Supplementary Figure 5. Pre-MWA levels of tumor cell-associated markers (CD24, CD29, CD44, CD133,
CD146, MCSP) on plasma-derived EVs in HCC and NHCC groups, shown as median fluorescence intensity (*
indicates nominal significance, unadjusted p<0.05). The reported p-values are nominal and did not remain

significant after Bonferroni correction across the marker panel, and the findings are exploratory.
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Supplementary Figure 6. Pre-MWA levels of immune cell-associated markers (CD4, CDS§, CD9, CD11c¢, CD19,
CD20, CD25, CD40, CD56, CD86, CD209) on plasma-derived EVs in HCC and NHCC groups, shown as median
fluorescence intensity (* indicates nominal significance, unadjusted p<0.05). The reported p-values are nominal

and did not remain significant after Bonferroni correction across the marker panel, and the findings are exploratory.
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Supplementary Figure 7. (A) CD4, (B) CD9, and (C) CD86 levels on plasma-derived EVs in the NHCC (n = 15)
and HCC (n = 38) groups, shown pre- and post-MWA as box plots (median and IQR) with paired individual values

(paired Wilcoxon signed-rank test on median fluorescence values, nominal p-values).
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Supplementary Figure 8. (A) CD4, (B) CD9, and (C) CD44 levels on plasma-derived EVs in the HCC group, in
non-cirrhotic (n = 5) and cirrhotic (n = 33) patients, shown pre- and post-MWA as box plots (median and IQR)

with paired individual values (paired Wilcoxon signed-rank test on median fluorescence values, nominal p-values).
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Supplementary Figure 9. (A) CD20, (B) CD56, and (C) CD209 levels on plasma-derived EVs in the HCC group,
in patients without (n = 33) and with (n = 5) tumor recurrence, shown pre- and post-MWA as box plots (median

and IQR) with paired individual values (paired t-test on mean fluorescence values, nominal p-values).
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Supplementary Figure 10. CD9 levels on plasma-derived EVs in the HCC group, in patients without (n = 33)

and with (n = 5) tumor recurrence, shown pre- and post-MWA as box plots (median and IQR) with paired

individual values (paired Wilcoxon signed-rank test on median fluorescence values, nominal p-values).
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Supplementary Figure 11. Pre-MWA cytokine levels (IL-2, IL-4, IL-6, IL-10, TNF-a, IFN-y, IL-17A) in plasma

of the HCC and NHCC groups, shown as box plots (median and IQR) with individual values (Mann-Whitney U

test, nominal p-values). Concentrations are given in pg/mL. Cytokine measurements were available for 15 HCC



and 15 NHCC patients before MWA and for 14 HCC and 15 NHCC patients after MWA, and the number of

samples per group is given in each panel.
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Supplementary Figure 12. Pre- and post-MWA cytokine levels (IL-2, IL-4, IL-6, IL-10, TNF-a, IFN-y, IL-17A)

in plasma of the HCC group (n = 14 patients with paired samples), shown pre- and post-MWA as box plots (median

and IQR) with paired individual values (paired Wilcoxon signed-rank test, nominal p-values). Concentrations are

given in pg/mL.
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Supplementary Figure 13. Pre- and post-MWA cytokine levels (IL-2, IL-4, IL-6, IL-10, TNF-a, IFN-y, IL-17A)
in plasma of the NHCC group (n = 14 to 15 patients with paired samples, as given in each panel), shown pre- and
post-MWA as box plots (median and IQR) with paired individual values (paired Wilcoxon signed-rank test,
nominal p-values). Concentrations are given in pg/mL. Reported p-values are nominal (unadjusted), and the

differences did not remain significant after Bonferroni correction across the cytokine panel.
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Supplementary Figure 14. CD4/CD8 T-cell ratio determined by flow cytometry of whole blood pre- and post-
MWA in the NHCC (n = 13) and HCC (n = 37) groups, shown as box plots (median and IQR) with paired
individual values and analyzed using the Wilcoxon signed-rank test. p-values for the pre- versus post-MWA
changes are given above the panels, with p<0.05 considered nominally significant. As the CD4/CD8 ratio was the

single analyte compared, no multiplicity correction was applied, and the findings are interpreted as exploratory.



Supplementary Table 1. Pre- and post-MWA levels of EV surface antigens on plasma-derived EVs in NHCC

and HCC groups, shown as median values with IQR

NHCC HCC p-
Pre-MWA Value
Median (IQR), MFI Median (IQR), MFI
CD8 10.0 (-4.5 -33.5) 27.0 (15.0 —42.0) 0.024*
CD105 54.0 (30.0 —98.0) 111.5 (45.0 - 197.0) 0.036*
CD209 29.0 (5.5-49.5) 57.0 (20.0 —246.0) 0.02*
CD9 229.0 (160.5 — 666.5) 704.5 (262.0 — 1999.0) 0.033*
CD40 45.0(19.0 - 89.5) 152.5(37.0 - 336.0) 0.022*
CDS81 14.0 (1.5-26.5) 33.0 (16.0 — 56.0) 0.005*
CD24 50.0 (42.5-93.0) 113.5(72.0 — 290.0) 0.004*
CD86 19.0 (7.5-30.0) 38.0 (22.0 — 144.0) 0.003*
CD44 80.0 (39.5 - 132.0) 150.5 (68.0 —331.0) 0.029*
CD133 3.0 (-9.5-20.5) 24.0 (6.0 — 133.0) 0.009*
CD142 32.0 (17.0 - 54.5) 59.5 (40.0 - 110.0) 0.007*
CD20 -3.0(-9.5-5.5) 22.0 (0.0 — 166.0) 0.005*
NHCC HCC p-
Post-MWA Value
Median (IQR), MFI Median (IQR), MFI
CD19 -4.0 (-8.0 - 12.0) 8.5 (-7.0-209.0) 0.047*
CD2 -8.0 (-20.0-9.5) 7.0 (-7.0-17.0) 0.021%*
CD1c -26.0 (-34.0 —-19.5) -15.5(-23.0-3.0) 0.021*
CD25 9.0 (-7.5-20.5) 36.5 (10.0 —252.0) 0.008*
CD49e 1.0 (-14.5-13.0) 18.0 (6.0 — 35.0) 0.017*
CD209 26.0 (8.0 —35.0) 47.5(21.0 - 250.0) 0.025*
CD9 278.0 (161.5 - 557.5) 754.5 (267.0 — 1683.0) 0.041*
CD81 22.0(9.5-35.5) 34.0 (23.0 - 55.0) 0.027*




CD146

CD86

CD326

CD142

CD20

36.0 (18.5 — 65.0)
27.0 (15.0 - 50.0)
34.0 (23.0 — 45.5)

25.0 (20.5 — 55.0)

1.0 (6.0 — 17.0)

93.0 (35.0 — 188.0)
57.0 (25.0 — 296.0)
49.5 (31.0 — 325.0)
54.5 (36.0 — 181.0)

31.0 (2.0 — 294.0)

0.021%*

0.035*

0.023*

0.014*

0.014*

Asterisks indicate nominal significance (unadjusted p<0.05). Note on multiplicity: the tabulated p-values are

nominal (unadjusted) two-sided values (Mann-Whitney U test), and asterisks denote nominal p < 0.05 without

correction for multiple testing. Because 37 EV surface markers were compared, the Bonferroni-adjusted

significance threshold is p <0.0014 (0.05/37). Under this conservative correction, the tabulated differences are not

statistically significant and are presented as exploratory, hypothesis-generating findings. Abbreviations: HCC,

hepatocellular carcinoma; NHCC, non-HCC group with hepatic metastasis other than HCC; IQR, interquartile

range; MFI, median fluorescence intensity; CD, cluster of differentiation.

Supplementary Table 2. Pre- and post-MWA cytokine levels (IL-2, IL-4, IL-6, IL-10, TNF-a, IFN-y, IL-17A)

in plasma of the NHCC and HCC groups, shown as median concentrations (pg/mL) with IQR and compared

using the Mann-Whitney U test

IL-2 pre-MWA

IL-4 pre-MWA

IL-6 pre-MWA

IL-10 pre-MWA

TNF-a pre-MWA

IFN-y pre-MWA

IL-17A pre-MWA

IL-2 post-MWA

IL-4 post-MWA

IL-6 post-MWA

IL-10 post-MWA

NHCC
Median (IQR), pg/mL
52(44-57),n=15
64(5.6-72),n=15
9.2(7.3-14.1),n=15
6.4(58-6.8),n=15
55(5.2-57),n=15
52(49-57),n=15
19.3(10.6 —-21.7),n=14
50(1.0-5.8),n=14
6.2(4.4-7.0),n=15
8.8(7.6-13.7),n=15

6.3(6.1-72),n=15

HCC
Median (IQR), pg/mL
4.4(0.0-55),n=15
0.0(0.0-52),n=15
17.6 (11.4 —24.8),n =15
6.4(6.1-7.0),n=15
54(4.7-59),n=15
6.0(5.5-6.3),n=15
114 (3.3-16.9),n=15
49(1.1-52),n=14
48(4.2-62),n=14
15.7(124-21.1),n=14

7.1(6.4—7.6),n=14

p-Value

0.198

0.019%*

0.034*

0.708

0.771

0.053

0.125

0.561

0.430

0.021*

0.230



TNF-a post-MWA
IFN-y post-MWA

IL-17A post-MWA

53 (4.8-5.6),n=15 5.8 (4.9-6.4),n= 14 0.274
55@4.6-57),n=15 57(54-62),n=14 0.148
7.6 (0.0 — 14.4), n = 15 18.2 (9.5 18.8),n= 14 0.085

Cytokine measurements were available for 15 HCC and 15 NHCC patients before MWA and for 14 HCC and 15

NHCC patients after MWA, and the number of measured samples (n) is given for each group. Asterisks indicate

nominal significance (unadjusted p<0.05). Note on multiplicity: the tabulated p-values are nominal (unadjusted)

two-sided values, and asterisks denote nominal p < 0.05. Because seven cytokines were compared, the Bonferroni-

adjusted significance threshold is p < 0.0071 (0.05/7). Under this correction, none of the tabulated differences

remain significant, and they are interpreted as exploratory. Abbreviations: HCC, hepatocellular carcinoma;

NHCC, non-HCC group with hepatic metastasis other than HCC; IQR, interquartile range; IL, interleukin; TNF,

tumor necrosis factor; IFN, interferon.

Supplementary Table 3. Pre- and post-MWA CD4/CDS8 ratios in NHCC (n = 13) and HCC (n = 37) groups,

shown as median ratios (dimensionless) with IQR

CD4/CD8 pre-MWA
CD4/CD8 post-MWA

A CD4/CD8

NHCC (n=13) HCC (n=37) p-Value

Median (IQR) Median (IQR)

1.2 (0.9-1.6) 20(1.3-22) 0.043*

1.0 (0.8-1.2) 1.5(1.1-1.9) 0.085
—0.1 (0.4 -0.0) —0.2 (0.4 —--0.1) 0.081

Asterisk indicates nominal significance (unadjusted p<0.05). Note: the tabulated p-values are nominal (unadjusted)

two-sided values. As the CD4/CDS ratio was the single analyte compared, no multiplicity correction was applied,

and the findings are interpreted as exploratory. Abbreviations: HCC, hepatocellular carcinoma; NHCC, non-HCC

group with hepatic metastasis other than HCC; IQR, interquartile range; CD, cluster of differentiation.
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