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Table S1. Excluded cancers with insufficient SNPs

Cancer GWAS ID Year Cases Controls
Discov Stomach Benign neoplasm: Stomach finn-b-CD2_BENIGN_STOMACH 2021 1252 217,540
ery cancer Malignant neoplasm of stomach finn-b-C3_STOMACH_EXALLC 2021 633 174,006
Pancreatic Pancreatic cancer ieu-a-822 2009 1896 1939

cancer Pancreas benign neoplasm finn-b-CD2_BENIGN_PANCREAS _EXALLC 2021 163 180,666
Oesophagus Malignant neoplasm of oesophagus finn-b-C3_OESOPHAGUS 2021 144 218,648
cancer Benign neoplasm: Oesophagus finn-b-CD2_BENIGN_OESOPHAGUS 2021 232 218,560
Malignant neoplasm of kidney, except renal pelvis ukb-b-1316 2018 1114 461,896
Kidney Malignant neoplasm of kidney, except renal pelvis C3_KIDNEY_NOTILIERI-R-LPELVIS_EXALLC 2021 971 174,006
cancer Benign neoplasm: Kidney finn-b-CD2_BENIGN_KIDNEY_EXALLC 2021 381 180,506

. . . finn-b-
Malignant neoplasm of kidney, except renal pelvis C3_KIDNEY NOTRENALPELVIS EXALLC 2021 971 217,821
Secondary malignant neoplasm of liver ukb-b-16713 2018 1139 461,871
Liver & bile duct cancer ieu-b-4915 2021 350 372,016
Liver Liver cell carcinoma ieu-b-4953 2021 168 372,016
cancer Benign neoplasm: Liver finn-b-CD2_BENIGN_LIVER 2021 232 218,560
Benign neoplasm: Liver/bile ducts finn-b-CD2_BENIGN_LIVE_BILE 2021 264 218,528

Malignant neoplasm of liver and intrahepatic bile finn-b-
’ P ducts P C3_LIVER_INTRAHEPATIC_BILE_DUCTS 2021 304 218,488
Biliary tract  V1agnant ”eOp'aSg]l gflgge:rng unspecified parts finn-b-C3_BILIARY TRACT 2021 109 218,683

cancer Gallbladder cancer ieu-a-1057 2012 41 866

Head and neck cancer ieu-b-4912 2021 1106 372,016

Head and Benign lipomatous neoplasm of skin and finn-b-
neck cancer 2021 915 217,877

subcutaneous tissue of head, face and neck

CD2 BENIGN LIPO_SKIN_ HEADFACENECK
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Brain cancer
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Benign neoplasm: Brain, supratentorial
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Figure S1A. The effect of each SNP in overall cancer on COVID-19 severity.
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Figure S1B. The effect of each SNP in lung cancer on COVID-19 severity.
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Figure S1C. The effect of each SNP in squamous cell lung cancer on COVID-19

severity.
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Figure S1D. The effect of each SNP in breast cancer on COVID-19 severity.
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Figure S1E. The effect of each SNP in ER+ breast cancer on COVID-19 severity.
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Figure S1F. The effect of each SNP in ER- breast cancer on COVID-19 severity.
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Figure S1G. The effect of each SNP in endometrial cancer on COVID-19 severity.
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Figure S1H. The effect of each SNP in prostate cancer on COVID-19 severity.
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Figure S1I. The effect of each SNP in thyroid cancer on COVID-19 severity.
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Figure S1J. The effect of each SNP in ovarian cancer on COVID-19 severity.
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Figure S1K. The effect of each SNP in melanoma on COVID-19 severity.
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Figure S1L. The effect of each SNP in small bowel cancer on COVID-19 severity.
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Figure S1IM. The effect of each SNP in colorectal cancer on COVID-19 severity.
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Figure S1N. The effect of each SNP in oropharyngeal cancer on COVID-19 severity.



rs4713570 -

All- MR Egger -

All - Inverse variance weighted - -

1 | 1
-50 0 50
MR effect size for
‘Lymphomas || id:ukb-d-C_LYMPHOMA® an "COVID-19 severity’

Figure S10. The effect of each SNP in lymphoma on COVID-19 severity.
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Figure S1P. The effect of each SNP in cervix cancer on COVID-19 severity.
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Figure S2A. The effect of each SNP in overall cancer on COVID-19 hospitalization.
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Figure S2B. The effect of each SNP in lung cancer on COVID-19 hospitalization.
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Figure S2C. The effect of each SNP in squamous cell lung cancer on COVID-19

hospitalization.
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Figure S2D. The effect of each SNP in breast cancer on COVID-19 hospitalization.
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Figure S2E. The effect of each SNP in ER+ breast cancer on COVID-19
hospitalization.
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Figure S2F. The effect of each SNP in ER- breast cancer on COVID-19
hospitalization.
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Figure S2G. The effect of each SNP in endometrial cancer on COVID-19
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Figure S2H. The effect of each SNP in prostate cancer on COVID-19 hospitalization.
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Figure S2I. The effect of each SNP in thyroid cancer on COVID-19 hospitalization.
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Figure S2J. The effect of each SNP in ovarian cancer on COVID-19 hospitalization.
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Figure S2K. The effect of each SNP in melanoma on COVID-19 hospitalization.
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Figure S2L. The effect of each SNP in small bowel cancer on COVID-19
hospitalization.
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Figure S2M. The effect of each SNP in colorectal cancer on COVID-19
hospitalization.
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Figure S2N. The effect of each SNP in oropharyngeal cancer on COVID-19
hospitalization.
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Figure S20. The effect of each SNP in lymphoma on COVID-19 hospitalization.
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Figure S2P. The effect of each SNP in cervix cancer on COVID-19 hospitalization.
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Figure S3A. The effect of each SNP in overall cancer on COVID-19 susceptibility.
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Figure S3B. The effect of each SNP in lung cancer on COVID-19 susceptibility.
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Figure S3C. The effect of each SNP in squamous cell lung cancer on COVID-19

susceptibility.
Fe figeaga : :
o =5=
il =
zééiggé =
; gég : ———
e s%z ==
it ——F
Eﬁzgggéggg —— ¢
b ==
£ /
bt —
Fééi ?ééé ——
; gégég ——
i QEzEgi ——
il o —

o =
o —¢ —
i ——
g =
F;?gg ?ﬁgi ———
a —=
M1 EEE 3 :
Bkt :

All- Inverse varianbs WhipRess - . =

' ' ! !
-1.5 -1.0 -0.5 0.0 0.5 1.0

MR effect size for
‘Breast cancer (Combined Oncearray, iCOGS, GWAS meta analysis) || id.ieu-a-1128" on "COVID-19 susceptibil

Figure S3D. The effect of each SNP in breast cancer on COVID-19 susceptibility.
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Figure S3E. The effect of each SNP in ER+ breast cancer on COVID-19
susceptibility.
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Figure S3F. The effect of each SNP in ER- breast cancer on COVID-19
susceptibility.
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Figure S3G. The effect of each SNP in endometrial cancer on COVID-19
susceptibility.
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Figure S3H. The effect of each SNP in prostate cancer on COVID-19 susceptibility.
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Figure S3I. The effect of each SNP in thyroid cancer on COVID-19 susceptibility.
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Figure S3J. The effect of each SNP in ovarian cancer on COVID-19 susceptibility.
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Figure S3K. The effect of each SNP in melanoma on COVID-19 susceptibility.
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Figure S3L. The effect of each SNP in small bowel cancer on COVID-19
susceptibility.
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Figure S3M. The effect of each SNP in colorectal cancer on COVID-19

susceptibility.
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Figure S3N. The effect of each SNP in oropharyngeal cancer on COVID-19
susceptibility.
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Figure S30. The effect of each SNP in lymphoma on COVID-19 susceptibility.
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Figure S3P. The effect of each SNP in cervix cancer on COVID-19 susceptibility.
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Figure S4A. The leave-one-out sensitivity analysis of the causal effect of overall
cancer on COVID-19 severity.
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Figure S4B. The leave-one-out sensitivity analysis of the causal effect of lung cancer
on COVID-19 severity.



Insufficient number of SNPs

Figure S4C. The leave-one-out sensitivity analysis of the causal effect of squamous
cell lung cancer on COVID-19 severity.
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Figure S4D. The leave-one-out sensitivity analysis of the causal effect of breast
cancer on COVID-19 severity.
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Figure S4E. The leave-one-out sensitivity analysis of the causal effect of ER+ breast
cancer on COVID-19 severity.
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Figure S4F. The leave-one-out sensitivity analysis of the causal effect of ER- breast
cancer on COVID-19 severity.
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Figure S4G. The leave-one-out sensitivity analysis of the causal effect of endometrial
cancer on COVID-19 severity.
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Figure S4H. The leave-one-out sensitivity analysis of the causal effect of prostate
cancer on COVID-19 severity.
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Figure S41I. The leave-one-out sensitivity analysis of the causal effect of thyroid
cancer on COVID-19 severity.
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Figure S4J. The leave-one-out sensitivity analysis of the causal effect of ovarian
cancer on COVID-19 severity.
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Figure S4K. The leave-one-out sensitivity analysis of the causal effect of melanoma
on COVID-19 severity.
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Figure S4L. The leave-one-out sensitivity analysis of the causal effect of small bowel
cancer on COVID-19 severity.



re72745180 -

All=

1 1 1 |
-15 -10 5 0

MR leave-one-out sensitivity analysis for
"‘Colorectal cancer || idieu-b-4%55" on "COVID-19 severity”

-

10

Figure S4M. The leave-one-out sensitivity analysis of the causal effect of colorectal
cancer on COVID-19 severity.

Insufficient number of SNPs

Figure S4N. The leave-one-out sensitivity analysis of the causal effect of
oropharyngeal cancer on COVID-19 severity.



Insufficient number of SNPs

Figure S40. The leave-one-out sensitivity analysis of the causal effect of lymphoma
on COVID-19 severity.
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Figure S4P. The leave-one-out sensitivity analysis of the causal effect of cervix
cancer on COVID-19 severity.
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Figure SSA. The leave-one-out sensitivity analysis of the causal effect of overall
cancer on COVID-19 hospitalization.
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Figure S5B. The leave-one-out sensitivity analysis of the causal effect of lung cancer
on COVID-19 hospitalization.
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Figure S5C. The leave-one-out sensitivity analysis of the causal effect of squamous
cell lung cancer on COVID-19 hospitalization.
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Figure SSD. The leave-one-out sensitivity analysis of the causal effect of breast
cancer on COVID-19 hospitalization.
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Figure SSE. The leave-one-out sensitivity analysis of the causal effect of ER+ breast
cancer on COVID-19 hospitalization.
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Figure SSF. The leave-one-out sensitivity analysis of the causal effect of ER- breast
cancer on COVID-19 hospitalization.
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Figure S5G. The leave-one-out sensitivity analysis of the causal effect of endometrial
cancer on COVID-19 hospitalization.
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Figure S5H. The leave-one-out sensitivity analysis of the causal effect of prostate
cancer on COVID-19 hospitalization.
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Figure S5I. The leave-one-out sensitivity analysis of the causal effect of thyroid
cancer on COVID-19 hospitalization.
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Figure S5J. The leave-one-out sensitivity analysis of the causal effect of ovarian
cancer on COVID-19 hospitalization.
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Figure SSK. The leave-one-out sensitivity analysis of the causal effect of melanoma
on COVID-19 hospitalization.

Insufficient number of SNPs

Figure SSL. The leave-one-out sensitivity analysis of the causal effect of small bowel
cancer on COVID-19 hospitalization.
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Figure SSL. The leave-one-out sensitivity analysis of the causal effect of colorectal
cancer on COVID-19 hospitalization.

Insufficient number of SNPs

Figure S5N. The leave-one-out sensitivity analysis of the causal effect of
oropharyngeal cancer on COVID-19 hospitalization.



Insufficient number of SNPs

Figure S50. The leave-one-out sensitivity analysis of the causal effect of lymphoma
on COVID-19 hospitalization.

Insufficient number of SNPs

Figure S5P. The leave-one-out sensitivity analysis of the causal effect of cervix
cancer on COVID-19 hospitalization.
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Figure S6A. The leave-one-out sensitivity analysis of the causal effect of overall
cancer on COVID-19 susceptibility.
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Figure S6B. The leave-one-out sensitivity analysis of the causal effect of lung cancer
on COVID-19 susceptibility.



Insufficient number of SNPs

Figure S6C. The leave-one-out sensitivity analysis of the causal effect of squamous
cell lung cancer on COVID-19 susceptibility.
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Figure S6D. The leave-one-out sensitivity analysis of the causal effect of breast
cancer on COVID-19 susceptibility.
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Figure S6E. The leave-one-out sensitivity analysis of the causal effect of ER+ breast
cancer on COVID-19 susceptibility.
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Figure S6F. The leave-one-out sensitivity analysis of the causal effect of ER- breast
cancer on COVID-19 susceptibility.
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Figure S6G. The leave-one-out sensitivity analysis of the causal effect of endometrial
cancer on COVID-19 susceptibility.
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Figure S6H. The leave-one-out sensitivity analysis of the causal effect of prostate
cancer on COVID-19 susceptibility.
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Figure S6I. The leave-one-out sensitivity analysis of the causal effect of thyroid
cancer on COVID-19 susceptibility.
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Figure S6J. The leave-one-out sensitivity analysis of the causal effect of ovarian
cancer on COVID-19 susceptibility.
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Figure S6K. The leave-one-out sensitivity analysis of the causal effect of melanoma
on COVID-19 susceptibility.
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Figure S6L. The leave-one-out sensitivity analysis of the causal effect of small bowel
cancer on COVID-19 susceptibility.
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Figure S6M. The leave-one-out sensitivity analysis of the causal effect of colorectal
cancer on COVID-19 susceptibility.

Insufficient number of SNPs

Figure S6N. The leave-one-out sensitivity analysis of the causal effect of
oropharyngeal cancer on COVID-19 susceptibility.



Insufficient number of SNPs

Figure S60. The leave-one-out sensitivity analysis of the causal effect of lymphoma
on COVID-19 susceptibility.

Insufficient number of SNPs

Figure S6P. The leave-one-out sensitivity analysis of the causal effect of cervix
cancer on COVID-19 susceptibility.



Table S3. Causal effects of cancers on COVID-19 severity estimated by multivariable Mendelian randomization.

Variable adjustment BMI Education attainment Intelligence Income Smoking Alcohol consumption

Cancer SNP B SE _p SNP B SE _p SNP B SE _p SNP B SE _p SNP B SE _p SNP B SE __p

Overall cancer - - - - 2 2.13 259 041 4 291 303 034 4 071 330 083 4 276 369 045 - - - -
Lung cancer 2003 007 070 4 008 006 018 5 003 007 061 5 004 006 051 5 005 009 05 4  -003 011 077
Sq“““:;‘r'lsczj“ lung 1 001 006 080 1 001 007 087 1 003 010 075 1 006 012 062 30 -005 011 062 20 004 012 072
Breast cancer 37 011 007 012 73 002 006 067 87 005 005 038 100 004 005 043 97 005 005 038 96 005 005 034
ER+ Breastcancer 28 008 008 027 51 0003 005 096 60 -001 005 079 70  -002 005 075 71 001 005 083 69 -0003 005 096
ER- Breast cancer 8 002 007 074 20 -003 007 069 23 002 007 082 24 00l 006 08 24 003 006 067 25 005 007 04l
Endometrial cancer 2014 009 011 5 006 010 054 9 011 010 026 10 006 008 046 10 00l 010 08 90 010 010 035
Prostate cancer 30 003 006 058 64 0001 004 098 70 0001 005 098 8  -00 004 075 8 001 005 08 8 oo 005 100
Thyroid cancer 127 goop 0002 055 196 oo 0002 069 221 oo 0002 082 239 oo 0002 0.66 237 oo 0002 076 234 oo 0002 0.67
Ovarian cancer 4 012 009 015 6  -002 010 021 7  -0008 009 093 9 010 010 029 9 007 012 057 70 006 010 057
Melanoma 1 145 661 083 5  -082 602 08 6  -034 746 096 6 141 829 087 6  -284 951 077 6  -314 916 073
Small bowel cancer - - - - 1 799 3957 084 4 6615 4554 015 4 3528 4953 048 5 8650 4510 006 4 8211 5335 0.12
Colorectal cancer 2 247 508 063 6 237 470 061 6  -571 551 030 7 240 531 065 7 025 491 096 6 277 563 062
Or"';:zZ'r‘gea' - - - - I 2085 2275 036 2 2541 2814 037 1 3970 5900 050 2 -43.71 4489 033 2 -53.00 4449 023
Lymphoma - - - - - - - - 1 478 1651 077 1 1800 2095 039 1 731 2807 079 1 265 2310 091
Cervix cancer - - - - - - - - 2 2089 1239 009 2 -1947 1443 0.8 2 -1755 1579 027 2 2441 1557 0.12




Table S4. Causal effects of cancers on COVID-19 hospitalization estimated by multivariable Mendelian randomization.

Variable adjustment BMI Education attainment Intelligence Income Smoking Alcohol consumption

Cancer SNP B SE p SNP B SE p SNP B SE p SNP B SE p SNP B SE p SNP B SE p
Overall cancer - - - - 2 4.01 1.63 0.01% 4 -2.63 198 0.18 4 2.85 262 028 4 -1.93 232 0.41 4 1.19 2.12 0.58
Lung cancer 2 0.03 0.05 051 3 0.04 0.04 0.32 4 0.05 0.05 031 4 0.03 0.05 0.5l 4 0.006 0.07 0.93 3 0 0605 0.07 099
Sq“““‘c‘;‘:lscgn lung 1 002 004 067 1 20.05 005 029 1 003 007 067 1 2005 009 055 3  -001 007 087 2 004 007 052
Breast cancer 37 0.02 0.05 0.61 72 0 02)01 0.04 1.00 86 0.01 0.04 0.76 99 0.01 0.04 074 97 0.001 0.04 0.78 96 0.01 0.03 071
ER+ Breast cancer 28 0.02 0.05  0.66 51 0.007 0.03 0.85 59 -0.03 0.04 033 69 -0.02 0.04 0.63 70 -0.02 0.03 0.46 68 -0.02 0.03  0.50
ER- Breast cancer 8 0.02 0.05 0.70 19 -0.05 0.04 0.30 22 -0.01 005 0.75 23 0.001 0.05 098 24 -0.01 0.04 0.81 25 0.005 0.04 091
Endometrial cancer 2 0.02 0.06  0.77 5 -0.007  0.06 091 9 0.09 0.06  0.18 10 0.07 0.06 0.20 10 0.04 0.06 0.54 9 0.07 0.06 024
Prostate cancer 30 0.07 0.04  0.07 64 0.05 0.03  0.046" 70 0.05 0.03 0.10 82 0.05 0.03  0.06 81 0.04 0.03 0.15 82 0.05 0.03  0.11
Thyroid cancer 127 0.0009 0.001 053 195 0.0003 0.001 0.83 221 0.0001 0.001 091 237 0.0002 0.001 086 235 0.0002 0.001 0.89 232 0.0002 0.001  0.86
Ovarian cancer 4 0.07 0.06 0.24 6 -0.02 0.06 0.74 7 -0.06 0.06 0.34 9 0.03 0.07  0.69 9 0.01 0.09 0.90 7 -0.007  0.01 0.89
Melanoma 1 -0.22 455 096 5 -3.03 3.75 0.42 6 -3.01 452  0.51 6 -0.22 6.02 097 6 -2.77 5.26 0.60 6 -2.51 4.71 0.59
Small bowel cancer - - - - - - - - 1 4531 3755 0.23 2 56.63  52.13 0.28 2 89.14  44.82 0.047% 1 3574 4577 043
Colorectal cancer 2 -2.11 350 0.55 6 0.21 3.15 0.95 6 1.06 3.66 0.77 7 1.51 464 074 7 1.27 3.52 0.72 6 -0.18 345 096

Oropharyngeal cancer - - - - - - - - - - - - - - - - - - - - - - - -

Lymphoma - - - - - - - - - - - - - - - - - - - - - - - -
Cervix cancer - - - - 2 -12.42 8.17  0.13 -10.65 1296 041 -16.78  11.00 0.13 2 -14.75 1041 0.16

# Potential association

<005,



Table S5. Causal effects of cancers on COVID-19 susceptibility estimated by multivariable Mendelian randomization.

Variable adjustment BMI Education attainment Intelligence Income Smoking Alcohol consumption
Cancer SN B SE__p SN B SE__p SN B SE__p SN B SE__p SNP__ B SE__p SNP___ SE__p

Overall cancer - - - - 2 065 080 041 4 023 106 083 4 08 117 046 4 043  L14 071 4 026 115 082
Lung cancer 2 0004 002 08 4 00l 002 049 5 0006 002 079 5 0004 002 08 5 0003 003 092 4  -0002 003 094
Sq“““‘c‘;‘:lscgn lung I 0001 002 09 1 0007 002 075 1 003 010 075 1 0002 004 097 3  -003 004 041 2 0002 004 097
Breast cancer 37 0001 002 09 73  -001 002 057 8  -001 002 051 100 -0.01 002 053 97 -001 002 048 96 -0.008 002 065
ER+ Breast cancer 28 -002 002 050 51 002 002 025 60 -003 002 020 70 -002 002 023 71  -003 002 015 69  -002 002 029
ER- Breast cancer § 0003 002 091 20 003 002 0I5 23  -004 003 015 24 003 002 027 24 -002 002 031 25 002 002 030
Endometrial cancer 2.0 0.008 003 078 5  -0.03 003 035 90 -001 003 076 10 00l 003 06l 10 0001 002 097 9 0004 003 089
Prostate cancer 30 0009 002 066 64 0008 00l 056 70 -0005 002 076 8  -0.004 00l 076 81  -0005 002 075 8  -0.002 002 088
Thyroid cancer 127 00002 0.0007 078 196  0.0008 00006 0.17 221 0.0007 00006 027 239 00007 00006 028 237 0.0006 00006 029 234 0.0006 0.0006 031
Ovarian cancer 4 003 003 031 6 003 003 030 7  -006 003 007 9 0002 005 097 9  -0005 006 093 7 003 003 032
Melanoma I -150 213 048 5 -060 183 074 6 044 234 08 6 09 262 071 6 074 257 077 6 060 249 081
Small bowel cancer - - - - - - - - 302872 1706 009 3 1002 2033 062 4 1939 1735 026 3 1935 1890 031
Colorectal cancer 2 189 165 025 6 048 162 077 6  -0.14 200 095 7 152 219 049 7 216 195 027 6 087 210  0.68
Oropharyngeal cancer - - - - I -596 723 041 2 219 946 08 1  -044 2013 098 2 -1691 1145 014 2 -1608 1173 017
Lymphoma - - - - - - - - I 073 552 089 I 265 752 072 1 -174 766 082 1 318 622 06l
Cervix cancer - - - - - - - 2 701 447 002 2 412 626 051 2 518 635 04l 2 555 604 036




Table S6. Verification of the causal effects of cancers on COVID-19 outcomes.

COVID-19 severity

COVID-19 hospitalization

COVID-19 susceptibility

Cancer GWAS ID Year Cases Controls
SNP B SE p SNP B SE p SNP B SE p
Lung cancer ukb-a-54 2017 190 336,969 5 4250 27.67 0.12 3 5483 3450 0.11 3 40.48 26.25 0.12
Breast cancer ukb-b-16890 2018 10,303 452,630 15 1.09 364 076 15 021 172 0.90 15 -0.27 113 0.81
Ovarian cancer ieu-b-4963 2021 1218 198,523 - - - - - - - - - - - -
Endometrial cancer ukb-b-13545 2018 1151 461,782 - - - - - - - - - -
Prostate cancer ieu-b-4809 2021 9132 173,493 27 -051 090 057 27 0.37 059 0.3 27 -0.20 031 052
Thyroid malignant finn-b-
neoplasm C3_THYROID_GLAND 2021 989 217,803 3 0.02 005 071 3 -0.03 003 034 3 0.01 0.02 045
finn-b-
Situ melanoma CD2_INSITU_MELANOM 2021 393 218,399 - - - - - - - - - - - -
A
Colorectal cancer finn-b-C3_COLORECTAL 2021 3022 215,770 - - - - - - - - - -
Oropharyngeal ieu-b-96 2016 1090 2928 ; - - ; ; ; - ; - - ; -
cancer
non-Hodgkin finn-b-
lymphoma CD2_NONHODGKIN_NAS 2021 533 218,259 i i i i i i i i i i i i
Cervix situ finn-b-
. CD2 INSITU CERVIX UT 2021 298 123,281 - - - - - - - - - -
carcinoma - o -
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