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Supplementary Figure 1. Gating strategy for flow cytometry assay
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Gating 1: first gating on a plot of forward scatter (CD45") and side scatter (SSC-A) to detect the absolute value of
lymphocytes; Gating 2: second gating on plot a forward scatter (CD3 ") and side scatter (SSC-A) to detect the absolute
value of T lymphocytes and then gated on the CD8" and CD4" to detect the absolute values of T helper cells and T
cytotoxic cells; Gating 3: third gating on a plot of forward scatter (CD19") and side scatter (SSC-A) to detect the
absolute value of B lymphocytes and then gated on the CD16"CD56" and CD19" to detect the absolute values of NK

cells.



Supplementary Figure 2. Patients’ flow diagram

357 patients received the first and second dose
of MRNA-BNT162b2 vaccine

155 patients were excluted

- 94 completed active treatment 26 months
- 25 were referred to palliative care
> - 17 refused for other reasons

- 13 deceased due to disease progression

- 5 were lost to follow-up
- 1 had COVID-19 infection

56 patients were newly recruited

202 patients were eligible for the third dose
of MRNA-BNT162b2 vaccine

mRNA-BNT162b2 vaccine

258 patients received the third dose of

258 patients were tested for antibody
response before the third dose of vaccine

5 patients were not tested for antibody
response after the third dose of vaccine
- 3 refused for other reasons

- 2 were lost to follow-up

253 patients were tested for antibody
response after the third dose of vaccine

2 patients refused
immunophenotyping

256 patients completed immunophenotyping
before the third dose of vaccine

after the third dose of vaccine
- 3 refused for other reasons
- 2 were lost to follow-up

5 patients did not complete immunophenotyping

251 patients completed immunophenotyping
after the third dose of vaccine




Supplementary Figure 3. Dynamic changes in peripheral lymphocyte subpopulation counts by type of active treatment.

Peripheral lymphocyte subset count, cellsil (log) Peripheral lymphocyte subset count, cellsfiL (log)

Peripheral lymphocyte subset count, cellsfiL (log)

4= 4=
T helper cells T cytotoxic cells B cells NK cells T helper cells T cytotoxic cells B cells NK cells
P=0.97 P=0.40 P=0.42 P=0.19 Em"' P=0.079 P=0.65 P=0.73 P=0.14
I r 1 r 1 I 1 i’ I 1 r 1 r 1 I 1
g
E ]
3
2
8 [
] g
2+ “% 2 !
2
g
Q
|
E
A
1+ = 11
@
s
5
a
0 T T T T T T T T 0 T T T T T T T T
Timepoint-1 Timepoint-2 Timepoint-1 Timepoint-2 Timepoint-1 Timepoint-2 Timepoint-1 Timepoint-2 Timepoint-1 Timepoint-2 Timepoint-1 Timepoint-2 Timepoint-1 Timepoint-2 Timepoint-1 Timepoint-2
49 C 49D
T helper cells T cytotoxic cells B cells NK cells T helper cells T cytotoxic cells B cells NK cells
P=0.75 P=0.005 P=0.99 P=0.006 § P=0.91 P=0.26 P=0.09 P=0.17
r 1 r 1 r 1 r 1 = T 1 r 1 r 1 r 1
=t
—_ g
3 g 3
5
2
8
@
8
2 2 29
o
&
8
=
E
=3
1 e = 14
3
=
5
a
0 T T T T T T T T 0 T T T T T T T T
Timep 1 Timepoint-2 Timepoint-1 Timep: 2 Timepoint-1 Timepoint-2 Timepoint-1 Timepoint-2 Timepoint-1 Timepoint-2 Timepoint-1 Timepoint-2 Timepoint-1 Timepoint-2 Timepoint-1 Timepoint-2
4 E 4= F
T helper cells T cytotoxic cells B cells NK cells T helper cells T cytotoxic cells B cells NK cells
P=0.70 P=0.65 P=0.91 P=0.55 ? P=0.046 P=0.042 P=0.56 P=0.025
I r 1 r 1 I 1 i r 1 r 1 r 1 I 1
F
i % ]
8
% Er
5
2 .
8
g
2 ‘g 2
£ -
g
=]
-
3
1 =14
]
&
5
a
0

T T T T T T T T
Timepoint-1 Timepoint-2 Timepoint-1 Timepoint-2 Timepoint-1 Timepoint-2 Timepoint-1 Timepoint-2

T T T T T T T T
Timepoint-1 Timepoint-2 Timepoint-1 Timepoint-2 Timepoint-1 Timepoint-2 Timepoint-1 Timepoint-2

(A) Active surveillance. (B) Targeted therapies. (C) Cytotoxic chemotherapy. (D) Immune checkpoint inhibitors. (E)

Hormonal therapies. (F) Cytotoxic chemotherapy and biological agents. Bars represent median values with 95%

confidence intervals. Differences between groups were assessed using the Wilcoxon signed-rank test. A two-sided P

value of <0.05 was considered statistically significant. Log, logarithmic; T helper cells, CD3+CD4+ cells; T cytotoxic
cell, CD3+CD8+; B cells, CD19+; NK, Natural killer, CD16+CD56+. Timepoint-1 denotes assessment before the third

dose of tozinameran; Timepoint-2 denotes assessment four weeks after the third dose of tozinameran.



Supplementary Figure 4. Dynamic changes in peripheral lymphocyte subpopulation counts by corticosteroid treatment.
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(A) No immunosuppressive corticosteroid therapy. (B) Immunosuppressive corticosteroid therapy with >10 mg
prednisone equivalent daily for at least 7 days in the 28 days preceding the third dose of tozinameran. Bars represent
median values with 95% confidence intervals. Differences between groups were assessed using the Wilcoxon signed-
rank test. A two-sided P value of <0.05 was considered statistically significant. Log, logarithmic; T helper cells,
CD3+CD4+ cells; T cytotoxic cell, CD3+CDS8+; B cells, CD19+; NK, Natural killer, CD16+CD56+. Timepoint-1
denotes assessment before the third dose of tozinameran; Timepoint-2 denotes assessment four weeks after the third

dose of tozinameran.



Supplementary Figure 5. Correlation between antibody titers and lymphocyte subpopulation counts in patients on active
surveillance
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(A) T helper cell (CD3+CD4+) counts before the third dose of tozinameran. (B) B cell (CD19+) counts before the third
dose of tozinameran. (C) T helper cell counts after the third dose of tozinameran. (D) B cell counts after the third dose
of tozinameran. Correlation was assessed with the Spearman’s test; a two-sided P value <0.05 was considered
statistically significant. RBD-S1, receptor-binding domain (RBD) of the SARS-CoV-2 Spike protein (S1); AU,
Arbitrary Unit; log, logarithmic values.



Supplementary Figure 6. Correlation between antibody titers and lymphocyte subpopulation counts in patients receiving
targeted therapies
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(A) T helper cell (CD3+CD4+) counts before the third dose of tozinameran. (B) B cell (CD19+) counts before the third
dose of tozinameran. (C) T helper cell counts after the third dose of tozinameran. (D) B cell counts after the third dose
of tozinameran. Correlation was assessed with the Spearman’s test; a two-sided P value <0.05 was considered
statistically significant. RBD-S1, receptor-binding domain (RBD) of the SARS-CoV-2 Spike protein (S1); AU,
Arbitrary Unit; log, logarithmic values.



Supplementary Figure 7. Correlation between antibody titers and lymphocyte subpopulation counts in patients receiving

cytotoxic chemotherapy
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(A) T helper cell (CD3+CD4+) counts before the third dose of tozinameran. (B) B cell (CD19+) counts before the third

dose of tozinameran. (C) T helper cell counts after the third dose of tozinameran. (D) B cell counts after the third dose

of tozinameran. Correlation was assessed with the Spearman’s test; a two-sided P value <0.05 was considered

statistically significant. RBD-S1, receptor-binding domain (RBD) of the SARS-CoV-2 Spike protein (S1); AU,

Arbitrary Unit; log, logarithmic values.



Supplementary Figure 8. Correlation between antibody titers and lymphocyte subpopulation counts in patients receiving

immune checkpoint inhibitors
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(A) T helper cell (CD3+CD4+) counts before the third dose of tozinameran. (B) B cell (CD19+) counts before the third

dose of tozinameran. (C) T helper cell counts after the third dose of tozinameran. (D) B cell counts after the third dose

of tozinameran. Correlation was assessed with the Spearman’s test; a two-sided P value <0.05 was considered

statistically significant. RBD-S1, receptor-binding domain (RBD) of the SARS-CoV-2 Spike protein (S1); AU,

Arbitrary Unit; log, logarithmic values.



Supplementary Figure 9. Correlation between antibody titers and lymphocyte subpopulation counts in patients receiving

hormonal therapies
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(A) T helper cell (CD3+CD4+) counts before the third dose of tozinameran. (B) B cell (CD19+) counts before the third
dose of tozinameran. (C) T helper cell counts after the third dose of tozinameran. (D) B cell counts after the third dose
of tozinameran. Correlation was assessed with the Spearman’s test; a two-sided P value <0.05 was considered
statistically significant. RBD-S1, receptor-binding domain (RBD) of the SARS-CoV-2 Spike protein (S1); AU,
Arbitrary Unit; log, logarithmic values.

10



Supplementary Figure 10. Correlation between antibody titers and lymphocyte subpopulation counts in patients

receiving combinations of cytotoxic chemotherapy and biological agents
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of tozinameran. Correlation was assessed with the Spearman’s test; a two-sided P value <0.05 was considered

statistically significant. RBD-S1, receptor-binding domain (RBD) of the SARS-CoV-2 Spike protein (S1); AU,
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Supplementary Table 1. Multivariate analysis of peripheral lymphocyte counts by predefined clinical variables at timepoint-1.

Covariate T helper cell count (log) T cytotoxic cell count (log) B cell count (log) NK cell count (log)

Beta (95% CI) P value | Beta (95% CI) P value | Beta (95% CI) P value | Beta (95% CI) P value
Sex
- male vs female -0.02 (-0.09 to 0.03) 0.40 -0.03 (-0.11 to 0.04) 0.35 -0.02 (-0.12t0 0.07) | 0.62 0.02 (-0.05 to 0.09) 0.67
Age (years)
->55vs <55 0.05 (-0.02 to 0.12) 0.18 0.02 (-0.06 t0 0.11) 0.54 -0.01 (-0.11 t0 0.10) | 0.93 0.13 (0.04 t0 0.21) 0.002
ECOG PS
-0 - - - - - - - -
-1 0.03 (-0.03 to 0.10) 0.33 -0.04 (-0.12 to 0.03) 0.26 0.01 (-0.08 to 0.11) 0.78 0.01 (-0.06 to 0.08) 0.86
-2 -0.02 (-0.16 t0 0.12) | 0.76 0.01 (-0.14 t0 0.18) 0.83 0.05 (-0.15 to 0.25) 0.63 -0.06 (-0.22 t0 0.09) | 0.43
Treatment setting
- adjuvant or neoadjuvant® - - - - - - - -
- metastatic, first line -0.09 (-0.16 to -0.01) | 0.023 -0.09 (-0.18 to -0.01) 0.032 -0.08 (-0.20t0 0.02) | 0.13 -0.07 (-0.16 t0 0.01) | 0.10
- metastatic, second or later line -0.12 (-0.22 t0 -0.03) | 0.007 -0.10 (-0.20 to0 0.01) 0.06 0.02 (-0.13 t0 0.13) 0.97 0.02 (-0.07 to 0.13) 0.61
Corticosteroid therapy®
- yes vs no -0.21 (-0.29 t0 -0.13) | <0.001 | -0.03 (-0.12 to 0.06) 0.54 -0.14 (-0.26 t0 -0.02) | 0.017 -0.04 (-0.14t0 0.04) | 0.31
Type of active treatment
- active surveillance® - - - - - - - -
- cytotoxic chemotherapy -0.12 (-0.40 t0 0.15) | 0.38 -0.20 (-0.52 t0 0.12) 0.22 -0.15 (-0.56 t0 0.25) | 0.44 -0.10 (-0.41t0 0.21) | 0.52
- targeted therapy -0.01 (-0.28 t0 0.27) | 0.96 -0.05 (-0.37 to0 0.26) 0.74 -0.08 (-0.49 t0 0.32) | 0.68 0.02 (-0.29 to 0.33) 0.88
- immune checkpoint inhibitors -0.15(-0.44t0 0.13) | 0.28 -0.10 (-0.43 t0 0.22) 0.54 -0.23 (-0.65t0 0.18) | 0.28 -0.05 (-0.38 t0 0.26) | 0.72
- hormonal therapy -0.01 (-0.16 t0 0.15) | 0.97 0.01 (-0.15 t0 0.18) 0.86 0.28 (0.06 to 0.49) 0.01 0.05 (-0.12 t0 0.22) 0.57
- chemotherapy & biologics -0.10 (-0.39t0 0.18) | 0.48 -0.14 (-0.47 t0 0.18) 0.39 -0.10 (-0.52t0 0.31) | 0.64 -0.03 (-0.35t00.29) | 0.84
Time from last active treatment
- <28 days vs >28 days 0.09 (-0.19 t0 0.37) 0.53 0.07 (-0.25 to 0.39) 0.66 0.10 (-0.30 to 0.51) 0.61 -0.01 (-0.33t0 0.29) | 0.91
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Statistically significant P values are highlighted in bold. P values derived from parametric 2-sided Wald’s y2 test with Bonferroni (a =0.01) correction for multiple comparisons.
A two-sided P value of <0.05 was considered statistically significant. * Reference category. Log, logarithmic values; CI, confidence intervals; ECOG PS, Eastern Cooperative
Oncology Group Performance Status. Corticosteroid therapy indicates >10 mg prednisone equivalent daily for at least 7 days in the 28 days preceding the third dose of vaccine; T

helper cells, CD3+CD4+ cells; T cytotoxic cell, CD3+CD8+; B cells, CD19+; NK, Natural killer, CD16+CD56+; Timepoint-1 denotes assessment before the third dose of

tozinameran.
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