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Supplementary  Figure S2: Sensitivity analysis for cancers in RA patients with csDMARDs. Overall cancer 
(A), renal cancer (B), bladder cancer (C), cervical cancer (D), cancer of vulva and vagina (E), cancer of testis 
(F), prostate cancer (G), ovarian cancer (H), breast cancer (I), cancer of uterus corpus (J), leukemia (K), 
lymphoma (L), multiple myeloma (M), non Hodgkin's lymphoma (N), Hodgkin's lymphoma (O), colorec-
tal cancer(P), pancreas cancer(Q), oesophageal cancer (R), liver cancer (S), gastric cancer (T), melanoma 
(U), non-melanoma skin cancer (V), squamous cell carcinoma (W), cancer of soft tissues (X), lung cancer 
(Y).
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Supplementary  Figure S3: Sensitivity analysis for cancers in RA patients with bDMARDs. renal cancer (A), 
bladder cancer (B), cervical cancer (C), prostate cancer (D), ovarian cancer (E), breast cancer  (F), cancer 
of uterus corpus (G), lymphoma (H), non-Hodgkin's lymphoma (I), Hodgkin's lymphoma (J), colorectal 
cancer(K), pancreas cancer(L), non-melanoma skin cancer (M), basal cell carcinoma (N), squamous cell 
carcinoma (O), brain and CNS cancer (P), oral cancer (Q), lung cancer (R).
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Supplementary Figure S4. Overall cancer risk stratified by region. csDMARDs(A), bDMARDs(B).
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Supplementary Figure S4. Overall cancer risk stratified by age. csDMARDS, 55 year old as cut-off point(C), csDMARDS, 60 
year old as cut-off point(D), bDMARDS, 55 year old as cut-off point(E).
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Supplementary  Figure S5: Sensitivity analysis for cancers in RA patients with csDMARDs. Overall 
cancer (A), renal cancer (B), bladder cancer (C), cervical cancer (D), cancer of vulva and vagina (E), 
cancer of testis (F), prostate cancer (G), ovarian cancer (H), breast cancer (I), cancer of uterus corpus (J), 
leukemia (K), lymphoma (L), multiple myeloma (M), non Hodgkin's lymphoma (N), Hodgkin's lympho-
ma (O), colorectal cancer(P), pancreas cancer(Q),oesophageal cancer (R), liver cancer (S), gastric cancer 
(T), melanoma (U), non-melanoma skin cancer (V), squamous cell carcinoma (W), cancer of soft tissues 
(X), lung cancer (Y).
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Supplementary Figure S6: Sensitivity analysis for cancers in RA patients with bDMARDs. Overall cancer(A), 
renal cancer(B), prostate cancer(C), ovarian cancer(D), breast cancer(E), cancer of uterus corpus(F), lym-
phoma(G), non-Hodgkin's lymphoma(H), Hodgkin's lymphoma(I), colorectal cancer(J), pancreas can-
cer(K), non-melanoma skin cancer(L), basal cell carcinoma(M), squamous cell carcinoma(N), brain and CNS 
cancer(O), oral cancer(P), lung cancer(Q).
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Supplementary  Figure S7: Sensitivity analysis for cancers in RA patients with csDMARDs. Overall cancer (A), 
renal cancer (B), cancer of urethra (C), bladder cancer (D), cervical cancer (E), cancer of vulva and vagina (F), 
cancer of testis (G), prostate cancer (H), ovarian cancer (I), breast cancer (J), cancer of uterus corpus (K), leuke-
mia (L), lymphoma (M), multiple myeloma (N), non-Hodgkin's lymphoma (O), Hodgkin's lymphoma (P), 
colorectal cancer (Q), cancer of small intestine (R), pancreas cancer (S), oesophageal cancer (T), liver cancer 
(U), gastric cancer (V), gallbladder cancer (W), melanoma (X), non-melanoma skin cancer (Y), basal cell carci-
noma (Z), squamous cell carcinoma (AA), brain and CNS cancer (AB), oral cancer (AC), head and neck cancer 
(AD), cancer of soft tissues (AE), cancer of bones and joints (AF), lung cancer (AG), cancer of larynx (AH).
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Supplementary  Figure S8: Sensitivity analysis for cancers in RA patients with bDMARDs. Overall cancer (A), renal cancer (B), 
cancer of urethra (C), bladder cancer (D), cervical cancer (E), cancer of vulva and vagina (F), prostate cancer (G), prostate 
cancer (H), ovarian cancer (I), breast cancer (J), cancer of uterus corpus (K), leukemia, lymphoma (L), multiple myeloma (M), 
non-Hodgkin's lymphoma (N), Hodgkin's lymphoma (O), colorectal cancer (P), pancreas cancer (Q), oesophageal cancer 
(R), liver cancer (S), gastric cancer (T), cancer of bile duct (U), anus cancer (V), melanoma (W), non-melanoma skin cancer 
(X), basal cell carcinoma (Y), squamous cell carcinoma (Z), thyroid cancer (AA), brain and CNS cancer (AB), oral cancer 
(AC), lung cancer (AD).



Supplementary Table S1. Tumor Mutational Burden values and their natural logarithms of directly matched malignancies.

Site Median
TMB

ln Median
TMB

Thyroid 1.8 0.59
Leukemia 1.8 0.59
Kidney 2.7 0.99
Testis 2.7 0.99
Liver 3.1 1.13
Breast 3.2 1.16
Prostate 3.3 1.19
Multiple Myeloma 3.3 1.19
Gallbladder 3.6 1.28
Cervix 4.5 1.50
Esophagus 5.0 1.61
Stomach 5.0 1.61
Anus 5.4 1.69
Bladder 6.6 1.89
Melanoma 13.5 2.60
Squamous Cell Carcinoma 45.2 3.81
Basal Cell Carcinoma 47.3 3.86
Head and Neck 5.0 1.61
Uterus Endometrial 4.5 1.50

TMB=Tumor Mutational Burden; ln=natural logarithm
All Median TMB values were extracted from the study of Chalmers et al.[1].

1. Chalmers ZR, Connelly CF, Fabrizio D, et al. Analysis of 100,000 human cancer genomes reveals the landscape of tumor
mutational burden. Genome medicine. 2017 Apr 19;9(1):34.



Supplementary Table S2. Tumor Mutational Burden values and their natural logarithms of non-directly matched
malignancies.

Disease Type Averaged Median
TMB

Median
TMB

ln Averaged
Median TMB

Lung Cancer 6.60 1.89
lung large cell carcinoma 12.2
lung small cell undifferentiated carcinoma 9.9
lung large cell neuroendocrine carcinoma 9.9
lung squamous cell carcinoma 9.0
lung non-small cell lung carcinoma 8.1
lung sarcomatoid carcinoma 7.2
lung adenocarcinoma 6.3
lung adenosquamous carcinoma 5.4
lung atypical carcinoid 1.8
soft tissue rhabdomyosarcoma alveolar 1.7
lung adenoid cystic carcinoma 1.3
Non-Hodgkin's Lymphoma 7.20 1.97
lymph node lymphoma diffuse large B cell 10.0
lymph node lymphoma follicular lymphoma 8.3
lymph node lymphoma mantle cell 3.3

Brain/Central Nervous System 2.00 0.69
brain gliosarcoma 3.6
brain glioblastoma 2.7
brain oligodendroglioma 2.7
brain ependymoma 1.8
brain meningioma 1.8
brain medulloblastoma 1.8
brain oligoastrocytoma 1.8
brain astrocytoma 1.8
brain anaplastic astrocytoma 1.8
brain astrocytoma pilocytic 0.9
Skin 25.10 3.22
skin basal cell carcinoma 47.3
skin squamous cell carcinoma 45.2
skin merkel cell carcinoma 4.3
skin adnexal carcinoma 3.6
Colorectum 4.40 1.49
colon adenocarcinoma 4.5
colon neuroendocrine carcinoma 3.7
rectum squamous cell carcinoma 5.9
rectum adenocarcinoma 3.6
Pancreas 2.40 0.88
pancreas acinar cell carcinoma 2.7
pancreas neuroendocrine carcinoma 2.7
pancreas ductal adenocarcinoma 1.8
Ovary 3.03 1.11
ovary epithelial carcinoma 3.6
ovary carcinosarcoma 3.6



ovary high grade serous carcinoma 3.6

ovary endometrioid adenocarcinoma 3.6
ovary serous carcinoma 2.7
ovary mucinous carcinoma 2.7
ovary clear cell carcinoma 2.7
ovary granulosa cell tumor 1.8
Small Intestine 3.05 1.16
small intestine adenocarcinoma 4.5
small intestine gist 1.8
small intestine carcinoid 0.9

Soft Tissue 2.80 1.03
soft tissue malignant peripheral nerve sheath tumor 2.5
soft tissue sarcoma undifferentiated 2.5
soft tissue angiosarcoma 3.3
Urethra 6.30 1.84
kidney urothelial carcinoma 5.4
bladder urothelial (transitional cell) carcinoma 7.2
ureter urothelial carcinoma 5.4
unknown primary urothelial carcinoma 7.2
TMB=Tumor Mutational Burden; ln=natural logarithm
AveragedMedian TMBs in bold were calculated by averaging theMedian TMBs of the subtypes of the malignancies from the study
of Chalmers et al.[1].

1. Chalmers ZR, Connelly CF, Fabrizio D, et al. Analysis of 100,000 human cancer genomes reveals the landscape of tumor
mutational burden. Genome medicine. 2017 Apr 19;9(1):34.



Supplementary Table S3.Demographic details of the included studies.

Study Region Included 
Population Age Characteristics Drug Drug detail Reported

Malignancies Male(%) Participant 
Characteristics NOS Scores

Geborek,P.
2005 (25) Sweden 757

csDMARDs  64 (52–78)   
bDMARDs 56 (53–78) Multiple

Methotrexate
Sulfasalazine
Ciclosporin

Antimalarial drugs
Injectable gold

Auranofin
Cyclophosphamide

TNF-I

Multiple csDMARDs  27
bDMARDs 24

The South 
Swedish 
Arthritis 
Treatment Group 
(SSATG) register 
(1999-2002)

9

Dreyer,Lene.
2015 (15) Denmark 3,347 csDMARDs  61.2 (15–92)

bDMARDs 54.3 (15–87) Multiple

Adalimumab 46%
Etanercept 44%
Infliximab 48%

TNF-I

Multiple csDMARDs  26
bDMARDs 27

Danish Cancer 
Registry 
(2000-2008)

9

Dreyer,Lene.
2017 (26) Denmark 282 65.5 (38–85) bDMARDs

Infliximab
Etanercept

Adalimumab
Golimumab

Certolizumab
Rituximab
Abatacept

Tocilizumab

Multiple 31.5
DANBIO 
Registry 
(2000-2011)

8

Mercer,Louise K.
2011 (27) UK 15,510

csDMARDs  60 (12)
bDMARDs 56 (12) Multiple

Etanercept
Infliximab

Adalimumab
Skin cancer csDMARDs  28

bDMARDs 24

British 
Society for 
Rheumatology Biologics 
Register (2001-2008)

9

Ekström,Karin.
2003 (28) Sweden 76,527 NA csDMARDs — Multiple 29

Swedish nationwide a
nd population-based 
registers (1964–1999)

8

Wolfe,Frederick.
2007 (29) USA 13,001 58.5 (13.1) Multiple

Prednisone 45.6%
Methotrexate 56.9%
Leflunomide 18.7%
Sulfasalazine 9.4%

Hydroxychloroquine 25.2%
Infliximab 19.9%
Etanercept 7.6%

Adalimumab 0.4%
Anakinra 0.3%

Multiple 22

US National 
Data Bank 
for Rheumatic 
Diseases (NDB) 
(1998-2005)

9

Raaschou,Pauline.
2015 (30) Sweden 111,469

                csDMARDs       bDMARDs
     SCC     60.9 (14.7)      55.2 (13.3)
     BCC    61.6 (14.7)      55.3 (13.6)

Multiple

Adalimumab
Certolizumab pegol

Etanercept
Golimumab
Infliximab

Skin cancer
(SCC,BCC)

    csDMARDs   bDMARDs 
 SCC    24.6      28.5 
 BCC    25.2      28.5

Sweden national 
administrative 
and clinical register 
(1998-2012)

9

Askling,J.
2005 (31) Sweden 57,227

           csDMARDs       bDMARDs
16–44       8.8%            22.8%
45–74      56.3%            71.8%
 >75        34.9%             5.4%

Multiple TNF-I Multiple csDMARDs  28.6
bDMARDs 25.5

The Swedish 
Inpatient Register 
(1990-2003) 
Swedish national 
registries 
(1999-2003)

9



Pallavicini,
Francesca Bobbio.
2010 (32)

Italy 1,064 55.84 bDMARDs
Etanercept 22.7% 

Adalimumab 28.5% 
Infliximab 48.8%

Multiple 16.8
The American 
Rheumatism 
Association (1987)

9

Abásolo,Lydia.
2008 (33) Spain 789 61 (13) csDMARDs

Methotrexate
Azathioprine
Chlorambucil

Cyclophosphamide

Multiple 28

The EMECAR cohort 
(Estudio de la 
Morbilidad y 
Ex-presión Clínica de la 
Artritis Reumatoide)
(1999-2005)

8

Solomon,Daniel H.
2014 (34) USA 3,761

             csDMARDs       bDMARDs
 <45          12.9%           15.3% 
45-64        49.8%           58.9%
 >65          37.2%           25.7%

TNF-bDMARDs I Multiple csDMARDs  24.2
bDMARDs 22.0

The CORRONA registry 
(2001-2010) 9

Calip,Gregory S.
2018 (35) USA 947 csDMARDs  59 (52–69)

bDMARDs 55 (50–61) Multiple

methotrexate
hydroxychloroquine

sulfasalazine
leflunomide
etanercept
NSAIDs

NHL csDMARDs  31.4
bDMARDs 37.5

The Truven 
Health MarketScan 
Research Database
 (2010-2014)

8

Amari,Wassila.
2011 (36) USA 19,200 62.9 (12.3) Multiple

Methotrexate 57.2%
Leflunomide 15.7%

Hydroxychloroquine 48.4%
Sulfasalazine 28.8%

Infliximab 4.5%
Adalimumab 8.8%
Etanercept 14.5%

NMSC 90.7

Department of 
Veterans’ Affairs (VA)
 national administrative 
databases (1998-2008)

8

Waljee,Akbar K.
2019 (37) Denmark 1,219 NA bDMARDs

Adalimumab
Certolizumab pegol

Etanercept
Golimumab
Infliximab

Multiple NA

The Danish 
National Patient 
Registry and the 
Danish Cancer Registry
(1999-2016)

9

Lim,Xin Rong.
2019 (38) Singapore 1,117 NA csDMARDs — Multiple 20.4

The Tan Tock 
Seng Hospital 
(TTSH) RA Registry 
(2001-2013)

9

Wu,Chun Ying.
2014 (39) China 22,130 csDMARDs  53.89 (13.09)

bDMARDs 53.88 (13.08) Multiple

Methotrexate (48.9) (93.2)
Sulfasalazine  (48.2）(74.0)

Hydroxychloroquine (62.0) (79.4)
Glucocorticosteroids  (72.7） (90.4)

Multiple 86.2

The Taiwan National 
Health Insurance 
Research Database 
(1997-2011)

9

 JapaHarigai,Masayoshi.
2016 (40) n 14440 57 bDMARDs

Etanercept 53.3%
Fliximab 45.8%

Tocilizuma 20.4%
Adalimumab 15.8%

Abatacept 6.4%
Golimumab 1.4%

Multiple 19.9

the SafEty of biologics 
in Clinical Use 
in Japanese patients 
with RhEumatoid arthritis 
(SECURE) (2013)

9



 USSetoguchi,Soko.
2006 (41) A 8,458 csDMARDs  73.4 (6.2)

bDMARDs 71.4 ± 5.4 Multiple Methotrexate 86.4%
bDMARD 13.6% Multiple csDMARDs  26.9

bDMARDs 24.7

Medicare beneficiaries 
enrolled in the 
Pharmaceutical 
Assistance Contract 
for the Elderly 
in Pennsylvania 
(1994-2004) 
Medicare beneficiaries 
enrolled in the 
Pharmaceutical Assistance 
to the Aged and 
Disabled program 
or Medicaid in New Jersey 
(1994-2004)
All residents of 
British Columbia, 
Canada (1996-2003)

8

 AustraliBuchbinder,Rachell.
2008 (42) a 458

 <40    15%
40–49  17%
50–59  28%
60–69  25%
 >70    15%

csDMARDs Methotrexate Multiple 33

a cohort of 
all patients 
attending the 
community-based 
private practices 
of 6 rheumatologists
 in Melbourne, Australia
(1986-1998)

9

Mercer,Louise K.
2013 (17) UK 3,771

 <55    31%
55-64   31%
65-74   29%
 >75    12%

csDMARDs — — 28

the British 
Society for Rheumatology 
Biologics Register 
(2002-2009)

9

Cordtz,René.
 Denmar2016 (43) k 11,677 csDMARDs  59.2 (48.6-68.7)

bDMARDs 56.0 (46.3-64.5) Multiple — Multiple 0

the national 
Danish DANBIO 
registry 
(2000-2011)

9

 SwedeAskling,J.
2005 (44) n 4,160

16–44   22.8%
45–74   71.8%
 ＞75    5.4%

bDMARDs Etanercept
Infliximab adalimumab

Haematopoietic Malignancies
(Malignant 
lymphoma,
Plasma cell 
neoplasms,
Leukaemia)

25.2

the Swedish Nationwide 
and population 
based health and 
census registers 
(1999-2003)

9


