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1. ONLINE SUPPLEMENTARY TEXT 1 - SEARCH STRATEGY 

 

1.1. Search strategy for bDMARDs 

Medline (Ovid) 

1. exp arthritis, rheumatoid/    

2. ((rheumatoid or reumatoid or rheumat$ or reumat$) adj3 (arthrit$ or artrit$ or diseas$ or 

condition$ or nodule$)).tw.    

3. (felty$ adj2 syndrome).tw.    

4. (caplan$ adj2 syndrome).tw.    

5. or/1-4    

6. exp biological therapy/    

7. exp antibodies, monoclonal/    

8. exp monokines/    

9. exp receptors, interleukin-1/    

10. exp receptors, interleukin-6/    

11. exp immunoglobulin g/    

12. exp immunoconjugates/    

13. exp polyethylene glycols/    

14. exp immunoglobulin fab fragments/    

15. exp t-lymphocytes/    

16. biologic$.tw.    

17. bDMARD$.tw.    

18. biosimilar$.tw.    

19. infliximab.tw.    

20. remicade.tw.    

21. adalimumab.tw.    

22. humira.tw.    

23. trudexa.tw.    

24. abatacept.tw.    

25. orencia.tw.    

26. anakinra.tw.    

27. kineret.tw.    

28. Certolizumab.tw.    

29. cimzia.tw.    

30. Etanercept.tw.    

31. enbrel.tw.    

32. Golimumab.tw.    

33. simponi.tw.    

34. rituximab.tw.    

35. rituxan.tw.    

36. mabthera.tw.    

37. Tocilizumab.tw.    

38. actemra.tw.    
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39. RoActemra.tw.    

40. Ofatumumab.tw.    

41. Arzerra.tw.    

42. Sarilumab.tw.    

43. Sirukumab.tw.    

44. Ocrelizumab.tw.    

45. Tabalumab.tw.    

46. Olokizumab.tw.    

47. Clazakizumab.tw.    

48. Pateclizumab.tw.    

49. Ixekizumab.tw.    

50. Taltz.tw.    

51. Brodalumab.tw.    

52. Siliq.tw.    

53. Guselkumab.tw.    

54. Ustekinumab.tw.    

55. Stelara.tw.    

56. mavrilimumab.tw.    

57. or/6-56    

58. 5 and 57    

59. (safe or safety).tw.    

60. side effect$.tw.    

61. ((adverse or undesirable or harms$ or serious or toxic) adj3 (effect$ or reaction$ or event$ or 

outcome$)).tw.    

62. exp product surveillance, postmarketing/    

63. exp adverse drug reaction reporting systems/    

64. clinical trials, phase /    

65. Clinical Trials, Phase III/    

66. exp poisoning/    

67. exp substance-related disorders/    

68. exp drug toxicity/    

69. exp abnormalities, drug induced/    

70. exp drug monitoring/    

71. exp drug hypersensitity/    

72. (toxicity or complication$ or noxious or tolerability).tw.    

73. exp Postoperate Complications/    

74. exp Intraoperate Complications/    

75. exp Health Services Accessibility/    

76. Healthcare Disparities/    

77. exp Socioeconomic Factors/    

78. (inequalit$ or equalit$ or equit$ or availabili$ or afford$ or access$).tw.    

79. or/59-78    

80. 58 and 79 

81. (animals not (humans and animals)).sh.  
82. 80 not 81 

83. limit 82; yr="2016 -Current"  
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EMBASE (EMBASE.com) 

#1.  'rheumatoid arthritis'/exp   

#2.  ((rheumatoid OR reumatoid OR rheumat* OR reumat*) NEAR/3 (arthrit* OR artrit* OR diseas* 

OR condition* OR nodule*)):ab,ti 

#3.  (felty* NEAR/2 syndrome):ab,ti                              

#4.  (caplan* NEAR/2 syndrome):ab,ti                             

#5.  #1 OR #2 OR #3 OR #4                                     

#6.  'biological therapy'/exp                               

#7.  biologic*:ab,ti OR biosimilar*:ab,ti OR bdmard*:ab,ti 

#8.  'monoclonal antibody'/exp                               

#9.  'infliximab':ab,ti                                       

#10. remicade:ab,ti                                              

#11. adalimumab:ab,ti                                          

#12. humira:ab,ti                                                 

#13. trudexa:ab,ti                                                 

#14. abatacept:ab,ti                                           

#15. orencia:ab,ti                                                

#16. anakinra:ab,  

#17. kineret:ab,ti                                               

#18. certolizumab:ab,ti                                        

#19. cimzia:ab,ti                                                 

#20. 'etanercept'/de                                          

#21. etanercept:ab,ti                                          

#22. enbrel:ab,ti                                                

#23. golimumab:ab,ti                                           

#24. simponi:ab,ti                                                

#25. rituximab:ab,ti                                          

#26. rituxan:ab,ti                                               

#27. mabthera:ab,ti                                              

#28. tocilizumab:ab,ti                                         

#29. actemra:ab,ti                                                

#30. roactemra:ab,ti                                              

#31. secukinumab:ab,ti                                           

#32. cosentyx:ab,ti                                                

#33. ustekinumab:ab,ti                                         

#34. stelara:ab,ti                                                

#35. brodalumab:ab,ti                                             

#36. ixekizumab:ab,ti                                            

#37. ofatumumab:ab,ti                                            

#38. arzerra:ab,ti                                                

#39. sarilumab:ab,ti                                             

#40. sirukumab:ab,ti                                             

#41. ocrelizumab:ab,ti                                           

#42. tabalumab:ab,ti                                              

#43. olokizumab:ab,ti                                             

#44. clazakizumab:ab,ti                                           

#45. pateclizumab:ab,ti                                            
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#46. ixekizumab:ti,ab                                            

#47. taltz:ab,ti                                                  

#48. brodalumab:ab,ti                                           

#49. brodalumab:ab,ti                                          

#50. guselkumab:ab,ti                                           

#51. ustekinumab:ab,ti                                       

#52. stelara:ab,ti                                                

#53. mavrilimumab:ab,ti                                          

#54. #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 

OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR 

#31 OR #32 OR #33 OR #34 OR #35 OR #36 OR #37 OR #38 OR #39 OR #40 OR #41 OR #42 OR #43 

OR #44 OR #45 OR #46 OR #47 OR #48 OR #49 OR #50 OR #51 OR #52 OR #53 

#55. #5 AND #54                                               

#56. 'adverse drug reaction'/lnk OR 'complication'/lnk OR 'side effect'/lnk 

#57. safe:ab,ti OR safety:ab,ti                            

#58. 'side effect':ab,ti OR 'side effects':ab,ti             

#59. ((adverse OR undesirable OR harms* OR serious OR toxic) NEAR/3 (effect* OR reaction* OR 

event* OR outcome*)):ab,ti 

#60. 'postmarketing surveillance'/exp                        

#61. 'phase 4 clinical trial (topic)'/de                       

#62. 'intoxication'/exp                                     

#63. 'drug toxicity'/exp                                     

#64. 'congenital malformation'/exp                           

#65. 'drug monitoring'/de                                     

#66. 'drug hypersensitity'/exp                              

#67. toxicity:ab,ti OR complication*:ab,ti OR noxious:ab,ti OR tolerability:ab,ti 

#68. 'postoperate complication'/exp                        

#69. 'peroperate complication'/de                           

#70. 'health care disparity'/exp                              

#71. 'socioeconomics'/exp                                    

#72. inequalit*:ab,ti OR equalit*:ab,ti OR equit*:ab,ti OR availabili*:ab,ti OR afford*:ab,ti OR 

access*:ab,ti 

#73. #56 OR #57 OR #58 OR #59 OR #60 OR #61 OR #62 OR #63 OR #64 OR #65 OR #66 OR #67 OR 

#68 OR #69 OR #70 OR #71 OR #72 

#74. #55 AND #73 

#75. #74 AND ([article]/lim OR [articlein press]/lim) AND [humans]/lim 

#76. #75 AND (2016:py OR 2017:py OR 2018:py OR 2019:py) 

 

Cochrane Library 

#1 MeSH descriptor: [Arthritis, Rheumatoid] explode all trees  

#2 ((rheumatoid or reumatoid or rheumat* or reumat*) near/3 (arthrit* or artrit* or diseas* or 

condition* or nodule*)):ti,ab  

#3 (felty* near/2 syndrome):ti,ab  

#4 (caplan* near/j2 syndrome):ti,ab  

#5 #1 or #2 or #3 or #4 

#6 MeSH descriptor: [Biological Therapy] explode all trees  

#7 MeSH descriptor: [Antibodies, Monoclonal] explode all trees  

#8 MeSH descriptor: [Monokines] explode all trees  

#9 MeSH descriptor: [Receptors, Interleukin-1] explode all trees  
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#10 MeSH descriptor: [Receptors, Interleukin-6] explode all trees  

#11 MeSH descriptor: [Immunoglobulin G] explode all trees  

#12 MeSH descriptor: [Immunoconjugates] explode all trees  

#13 MeSH descriptor: [Polyethylene Glycols] explode all trees  

#14 MeSH descriptor: [Immunoglobulin Fab Fragments] explode all trees 

#15 MeSH descriptor: [T-Lymphocytes] explode all trees  

#16 biologic*:ti,ab  

#17 biosimilar*:ti,ab  

#18 infliximab:ti,ab  

#19 remicade:ti,ab  

#20 adalimumab:ti,ab  

#21 humira:ti,ab  

#22 trudexa:ti,ab  

#23 abatacept:ti,ab  

#24 orencia:ti,ab  

#25 anakinra:ti,ab  

#26 kineret:ti,ab  

#27 Certolizumab:ti,ab  

#28 cimzia:ti,ab  

#29 Etanercept:ti,ab  

#30 enbrel:ti,ab  

#31 Golimumab:ti,ab  

#32 simponi:ti,ab  

#33 rituximab:ti,ab  

#34 rituxan:ti,ab  

#35 mabthera:ti,ab  

#36 Tocilizumab:ti,ab  

#37 actemra:ti,ab  

#38 RoActemra:ti,ab  

#39 Ofatumumab:ti,ab  

#40 Arzerra:ti,ab  

#41 Sarilumab:ti,ab  

#42 Sirukumab:ti,ab  

#43 Ocrelizumab:ti,ab  

#44 Tabalumab:ti,ab  

#45 Olokizumab:ti,ab  

#46 Clazakizumab:ti,ab  

#47 Pateclizumab:ti,ab  

#48 Ixekizumab:ti,ab  

#49 Taltz:ti,ab  

#50 Brodalumab:ti,ab  

#51 Siliq:ti,ab  

#52 Guselkumab:ti,ab  

#53 Ustekinumab:ti,ab  

#54 Stelara:ti,ab 

#55 mavrilimumab:ti,ab  

#56 #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 

OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR 
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#31 OR #32 OR #33 OR #34 OR #35 OR #36 OR #37 OR #38 OR #39 OR #40 OR #41 OR #42 OR #43 

OR #44 OR #45 OR #46 OR #47 OR #48 OR #49 OR #50 OR #51 OR #52 OR #53 OR #54 OR #5  

#57 #5 AND #56 with Cochrane Library publication date Between Jan 2016 and Dec 2018 

 

1.2. Search strategy for sDMARDs 

Medline (Ovid) 

1. exp arthritis, rheumatoid/  

2. ((rheumatoid or reumatoid or rheumat$ or reumat$) adj3 (arthrit$ or artrit$ or diseas$ or 

condition$ or nodule$)).tw.  

3. (felty$ adj2 syndrome).tw.  

4. (caplan$ adj2 syndrome).tw.  

5. or/1-4  

6. Antirheumatic Agents/  

7. Antirheumatic$.tw.  

8. (dmard$ or sdmard$).tw.  

9. Methotrexate/  

10. Methotrexate.tw.  

11. (Abitrexate or amet?opterine or Abitrexate or A Met?opterine$ or Antifolan or Emt?exate or 

Enthexate or Farmitrexate or Folex or Ledertrexate or Methoblastin or Methohexate or Methotrate 

or Methylaminopterin or Metotrexat$ or mtx or Novatrex or Rheumatrex).tw.  

12. exp Isoxazoles/  

13. isoxazole$.tw.  

14. leflunomide$.tw.  

15. (Afiancen or Arabloc or Arava or Artrilab or Artrimod or Filartros or Inmunoartro or Lefluar or 

Leflucross or Lefno or Lefra or Lefumide or Lisifen or Molagar or Repso or Rumalef).tw.  

16. Sulfasalazine/  

17. sulfasalazine.tw.  

18. (Salazosulfapyridine or sulfasalazine or Sulfosalazine or Sulfasal#zine or Salazopyridin$ or 

asulfidine or azulf#dine).tw.  

19. Hydroxychloroquine/  

20. Hydroxychloro$.tw.  

21. (Axokineor or Dolquine or Ercoquin or Evoquin or HCQS or HQT or Hydrocad or Hydroquin or 

Ilinol or Immard or Metirel or Narbon or Oxcq or Oxiklorin or Oxy-Q or Plaquen?l or Polirreuminor 

or Quensyl or Reuquinol).tw.  

22. exp Gold Compounds/  

23. exp Organogold Compounds/  

24. gold.tw.  

25. exp Chloroquine/  

26. chloroquine$.tw.  

27. (aralen or arechine or arequin or chingamin or chlorochin or khingamin or naquine or 

oxychloroquine or oxychlorochin or plaquinol or plaquinil or quensy or anoclor or arthrabas or 

avloclor or cidanchin or clopirim or collagenan or daraclor or daramal or dichinalex or difosquin or 

diroquine or genocin or heliopar or klorokin or malarex or malaviron or mirquin or naquine or novo-

chloroquine or novochloroquine or paluken or palux or pharmaquinine or plasmoquine or promal 

or p-roquine or resoquin$ or savarine or syncoquin or weimerquin).tw.  

28. Azathioprine/  

29. azathioprine.tw.  
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30. (Aseroprim or Aseroprin or Azaallen or Azadus or Azafalk or Azafor or Azafrine or Azaglax or 

Azahexal or Aza?mun$ or Azamedac or Azap or Azap?in$ or Azapress or Aza-Q or Azarek or Azasan 

or Azathiodura or Azathiodura or Azathioregio or Azatrilem or Azimune or Azop?in$ or Azoran or 

Berkaprine or Colinsan or Glaxoprin or Immunoprin or Imuger or Imunen or Imuprin$ or Imuran or 

Imure?or Imuzat or Oprisine or Satedon or Thioprine or Tiosalprin or Transimune or Zaprine or 

Zytrim).tw.  

31. exp Cyclosporins/  

32. c?closporin$.tw.  

33. (neoral or gengraf or restasis or sandimmun$ or sangcya).tw.  

34. exp Penicillamine/  

35. Penicillamine.tw.  

36. (Adalkenor or Artamin or Atamir or Byanodine or Cilamin or Cuprenil or Cuprimine or Cupripen 

or Depen or Distamin$ or D-Penamine or Gerodyl or Kelatin$ or Mercaptyl or Metalcaptase or 

Pendramine or Rhumantin or Sufortan$ or Trisorcin or Trolovol).tw.  

37. exp Cyclophosphamide/  

38. (cyclophosph$ or cytophosphan or Cytoxan or sendoxan or endoxan or neosar or nsc-26271 or 

procytox or b-518 or ifosfamide or isophosphamide or iphosphamide or isofosfamide or holoxan or 

nsc-109$ or asta z 4942 or cfx or phosphoramide mustard$).tw.  

39. Mycophenolic Acid/  

40. mycophenolate.tw.  

41. (Arzip or Baxmune or CellCept or Cellmune or Celprot or Ceptolate or Imulate or Imuxgen or 

Lanfetil or Limfocept or Metocris or Micocept or MMF or Mofecept or Mofetyl or Mofilet or 

Mofimutral or Mometil or Mophecen or Munotras or Myaccord or Mycept or Myclausenor or 

Mycofenor or Mycolat or Mycoldosa or Mycophen or Myfenax Myfetil or Mygref or Myotec or 

Mysept or Presumin or Refrat or Renocell or Supresta or Tevacept or Trixin).tw.  

42. exp Chlorambucil/  

43. chlorambucil.tw.  

44. (Amboclorin or Clokeran or Leukeran or Linfolysin or Lympholysin).tw.  

45. Minocycline/  

46. minocyclin$.tw.  

47. (Acneclin or Akamin or Aknemin or Akne-Puren or Aknereduct or Aknin-Mino or Aknin-N or 

Aknoral or Aknosan or Apominolin or Arestinor or Auramin or Blemix or Borymycin or Cipancin or 

Cyclimycin or Dentomycin$ or durakne or Dynacin or Enca or Icht-Oralor or Klinoc or Klinomycin or 

Klinotab or Lederderm or Logryx or Meibi or Mestacine or Micromycin or Minac 50 or Minakne or 

Minaxen or Mino-50 or Minocin or Minoclin or Minodene or Minoderm or Minogalen or Minolis or 

Minomax or Minomycin or Minoplus or Minosil or Minostad or Minotab$ or Minotekor or Minotrex 

or Minotyrol or Mino-Wolff or Minox or Mynocine or Myrac or Oracyclin or Parocline or Periocline 

or Peritrol or Ranmino or Romin or Seboclear or Sebomin or Sebren or Skid or Skinocyclin or Solodyn 

or Spicline or Triomin or Udima or Vectrin or Yelnac or Zacnan).tw.  

48. Pyrroles/  

49. tofacitinib.tw.  

50. Xeljanz.tw.  

51. baricitinib.tw.  

52. peficitinib.tw.  

53. filgotinib.tw.  

54. upadacitinib.tw.  

55. fostamatinib.tw.  

56. exp Glucocorticoids/  

57. glucocorticoid$.tw.  
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58. (Beclomethasone or Betamethasone or Budesonide or Clobetasol or Desoximetasone or 

Dexamethasone or Diflucortolone or Flumethasone or Fluocinonide or Fluocortolone or 

Fluorometholone or Fluprednisolone or Flurandrenolone or Melengestrol Acetate or 

Methylprednisolone or Paramethasone or Prednisolone or Prednisone or Triamcinolone).tw.  

59. or/6-58  

60. 5 and 59  

61. (safe or safety).tw.  

62. side effect$.tw.  

63. ((adverse or undesirable or harms$ or serious or toxic) adj3 (effect$ or reaction$ or event$ or 

outcome$)).tw.  

64. exp product surveillance, postmarketing/  

65. exp adverse drug reaction reporting systems/  

66. clinical trials, phase /  

67. Clinical Trials, Phase III/  

68. exp poisoning/  

69. exp substance-related disorders/  

70. exp drug toxicity/  

71. exp abnormalities, drug induced/  

72. exp drug monitoring/  

73. exp drug hypersensitity/  

74. (toxicity or complication$ or noxious or tolerability).tw.  

75. exp Postoperate Complications/  

76. exp Intraoperate Complications/  

77. exp Health Services Accessibility/  

78. Healthcare Disparities/  

79. exp Socioeconomic Factors/  

80. (inequalit$ or equalit$ or equit$ or availabili$ or afford$ or access$).tw.  

81. or/61-80  

82. 60 and 81 

83. (animals not (humans and animals)).sh 

84. 82 not 83 

85. limit 84; yr="2016 -Current   

 

EMBASE (EMBASE.com) 

#1.  'rheumatoid arthritis'/exp 

#2.  ((rheumatoid OR reumatoid OR rheumat* OR reumat*) NEAR/3 (arthrit* OR artrit* OR diseas* 

OR condition* OR nodule*)):ab,ti 

#3.  (felty* NEAR/2 syndrome):ab,ti                              

#4.  (caplan* NEAR/2 syndrome):ab,ti                             

#5.  #1 OR #2 OR #3 OR #4                                     

#6.  'disease modifying antirheumatic drug'/de              

#7.  antirheumatic*:ab,ti                                    

#8.  dmard*:ab,ti OR sdmard*:ti,ab                       

#9.  'disease modifying antirheumatic':ab,ti OR 'disease modifying antirheumatics':ab,ti 

#10. 'methotrexate'/de                                   

#11. methotrexate:ab,ti                                    

#12. ametopterine:ab,ti OR amethopterine:ab,ti OR abitrexate:ab,ti OR 'a metopterine':ab,ti OR 'a  
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methopterine':ab,ti OR antifolan:ab,ti OR emtexate:ab,ti OR emtrexate:ab,ti OR enthexate:ab,ti OR 

farmitrexate:ab,ti OR folex:ab,ti OR ledertrexate:ab,ti OR methoblastin:ab,ti OR methohexate:ab,ti 

OR methotrate:ab,ti OR methylaminopterin:ab,ti OR metotrexat*:ab,ti OR mtx:ab,ti OR 

novatrex:ab,ti  OR rheumatrex:ab,ti 

#13. 'isoxazole derate'/exp                             

#14. isoxazole*:ab,ti                                      

#15. afiancen:ab,ti OR arabloc:ab,ti OR arava:ab,ti OR artrilab:ab,ti OR artrimod:ab,ti OR 

filartros:ab,ti   OR inmunoartro:ab,ti OR lefluar:ab,ti OR leflucross:ab,ti OR lefno:ab,ti OR lefra:ab,ti 

OR lefumide:ab,ti OR lisifen:ab,ti OR molagar:ab,ti OR repso:ab,ti OR rumalef:ab,ti 

#16. 'salazosulfapyridine'/de                                 

#17. sulfasalazine:ab,ti                                       

#18. salazosulfapyridine:ab,ti OR sulfasalazine:ab,ti OR sulfosalazine:ab,ti OR sulfasazine:ab,ti OR  

sulfasizine:ab,ti OR salazopyridin*:ab,ti OR asulfidine:ab,ti OR azulfadine:ab,ti OR azulfidine:ab,ti 

#19. 'hydroxychloroquine'/de                                

#20. hydroxychloro*:ab,ti                                      

#21. axokineor:ab,ti OR dolquine:ab,ti OR ercoquin:ab,ti OR evoquin:ab,ti OR hcqs:ab,ti OR hqt:ab,ti 

OR hydrocad:ab,ti OR hydroquin:ab,ti OR ilinol:ab,ti OR immard:ab,ti OR metirel:ab,ti OR 

narbon:ab,ti OR oxcq:ab,ti OR oxiklorin:ab,ti OR 'oxy q':ab,ti OR plaquenil:ab,ti OR 

polirreuminor:ab,ti OR quensyl:ab,ti OR reuquinol:ab,ti 

#22. 'gold therapy'/de                                           

#23. gold:ab,ti                                              

#24. 'chloroquine'/de                                         

#25. chloroquine*:ab,ti                                       

#26. aralen:ab,ti OR arechine:ab,ti OR arequin:ab,ti OR chingamin:ab,ti OR chlorochin:ab,ti OR 

khingamin:ab,ti OR oxychloroquine:ab,ti OR oxychlorochin:ab,ti OR plaquinol:ab,ti OR  

plaquinil:ab,ti OR quensy:ab,ti OR anoclor:ab,ti OR arthrabas:ab,ti OR avloclor:ab,ti OR 

cidanchin:ab,ti   OR clopirim:ab,ti OR collagenan:ab,ti OR daraclor:ab,ti OR daramal:ab,ti OR 

dichinalex:ab,ti OR difosquin:ab,ti OR diroquine:ab,ti OR genocin:ab,ti OR heliopar:ab,ti OR 

klorokin:ab,ti OR malarex:ab,ti OR malaviron:ab,ti OR mirquin:ab,ti OR naquine:ab,ti OR 'novo 

chloroquine':ab,ti OR novochloroquine:ab,ti OR paluken:ab,ti OR palux:ab,ti OR 

pharmaquinine:ab,ti OR plasmoquine:ab,ti OR promal:ab,ti OR 'p roquine':ab,ti OR resoquin$:ab,ti 

OR savarine:ab,ti OR syncoquin:ab,ti OR weimerquin:ab,ti 

#27. 'azathioprine'/de                                        

#28. azathioprine:ab,ti                                       

#29. aseroprim:ab,ti OR aseroprin:ab,ti OR azaallen:ab,ti OR azadus:ab,ti OR azafalk:ab,ti OR 

azafor:ab,ti OR azafrine:ab,ti OR azaglax:ab,ti OR azahexal:ab,ti OR azamun*:ab,ti OR azaimun:ab,ti 

OR azamedac:ab,ti OR azap:ab,ti OR azapin*:ab,ti OR azaprine*:ab,ti OR azapress:ab,ti OR 'aza 

q':ab,ti OR azarek:ab,ti OR azasan:ab,ti OR azathiodura:ab,ti OR azathioregio:ab,ti OR azatrilem:ab,ti 

OR azimune:ab,ti OR azopin*:ab,ti OR azoran:ab,ti OR berkaprine:ab,ti OR colinsan:ab,ti OR 

glaxoprin:ab,ti OR immunproprin:ab,ti OR imuger:ab,ti OR imunen:ab,ti OR imuprin*:ab,ti OR 

imuran:ab,ti OR imure*:ab,ti OR imuzat:ab,ti OR oprisine:ab,ti OR satedon:ab,ti OR thioprine:ab,ti 

OR tiosalprin:ab,ti OR transimune:ab,ti OR zaprine:ab,ti OR zytrim:ab,ti 

#30. 'cyclosporin derate'/de                           

#31. cyclosporin*:ab,ti OR ciclosporin*:ab,ti                 

#32. neoral:ab,ti OR gengraf:ab,ti OR restasis:ab,ti OR sandimmun*:ab,ti OR sangcya:ab,ti 

#33. 'penicillamine'/de                                       

#35. 'cyclophosphamide'/de                                   

#34. adalkenor:ab,ti OR artamin:ab,ti OR atamir:ab,ti OR byanodine:ab,ti OR cilamin:ab,ti OR  

Supplementary material Ann Rheum Dis

 doi: 10.1136/annrheumdis-2019-216653–11.:10 2020;Ann Rheum Dis, et al. Sepriano A



11 

 

cuprenil:ab,ti OR cuprimine:ab,ti OR cupripen:ab,ti OR depen:ab,ti OR distamin*:ab,ti  OR 'd 

penamine':ab,ti OR gerodyl:ab,ti OR kelatin*:ab,ti OR mercaptyl:ab,ti OR metalcaptase:ab,ti OR 

pendramine:ab,ti OR rhumantin:ab,ti OR sufortan*:ab,ti OR trisorcin:ab,ti OR trolovol:ab,ti 

#37. 'mycophenolic acid'/de                                   

#36. cyclophosph*:ab,ti OR cytophosphan:ab,ti OR cytoxan:ab,ti OR sendoxan:ab,ti OR 

endoxan:ab,ti OR neosar:ab,ti OR 'nsc 26271':ab,ti OR  procytox:ab,ti OR 'b 518':ab,ti OR 

ifosfamide:ab,ti OR isophosphamide:ab,ti OR iphosphamide:ab,ti OR isofosfamide:ab,ti OR 

holoxan:ab,ti OR 'nsc 109':ab,ti OR 'asta z 4942':ab,ti OR cfx:ab,ti OR 'phosphoramide mustard':ab,ti 

OR 'phosphoramide mustards':ab,ti 

#38. mycophenolate:ab,ti                                      

#39. arzip:ab,ti OR baxmune:ab,ti OR cellcept:ab,ti OR cellmune:ab,ti OR celprot:ab,ti OR  

ceptolate:ab,ti OR imulate:ab,ti OR muxgen:ab,ti OR lanfetil:ab,ti OR limfocept:ab,ti OR 

metocris:ab,ti OR micocept:ab,ti OR mmf:ab,ti OR mofecept:ab,ti OR mofetyl:ab,ti OR mofilet:ab,ti    

OR mofimutral:ab,ti OR mometil:ab,ti OR mophecen:ab,ti OR munotras:ab,ti OR myaccord:ab,ti OR 

mycept:ab,ti OR myclausenor:ab,ti OR mycofenor:ab,ti OR mycolat:ab,ti OR mycoldosa:ab,ti OR  

mycophen:ab,ti OR myfenax:ab,ti AND myfetil:ab,ti OR mygref:ab,ti OR myotec:ab,ti OR 

mysept:ab,ti  OR presumin:ab,ti OR refrat:ab,ti OR renocell:ab,ti OR supresta:ab,ti OR tevacept:ab,ti 

OR trixin:ab,ti 

#40. 'chlorambucil'/de                                        

#41. chlorambucil:ab,ti                                        

#42. amboclorin:ab,ti OR clokeran:ab,ti OR leukeran:ab,ti OR linfolysin:ab,ti OR lympholysin:ab,ti 

#43. 'minocycline'/de                                         

#44. minocyclin*:ab,ti                                         

#45. acneclin:ab,ti OR akamin:ab,ti OR aknemin:ab,ti OR 'akne puren':ab,ti OR aknereduct:ab,ti OR  

'aknin mino':ab,ti OR 'aknin n':ab,ti OR aknoral:ab,ti OR aknosan:ab,ti OR apominolin:ab,ti OR 

arestinor:ab,ti OR auramin:ab,ti OR blemix:ab,ti OR borymycin:ab,ti OR cipancin:ab,ti OR 

cyclimycin:ab,ti OR dentomycin*:ab,ti OR durakne:ab,ti OR dynacin:ab,ti OR enca:ab,ti OR 'icht 

oralor':ab,ti OR klinoc:ab,ti OR klinomycin:ab,ti OR klinotab:ab,ti OR lederderm:ab,ti OR logryx:ab,ti 

OR meibi:ab,ti OR mestacine:ab,ti OR micromycin:ab,ti OR 'minac 50':ab,ti OR minakne:ab,ti OR 

minaxen:ab,ti OR 'mino 50':ab,ti OR minocin:ab,ti OR minoclin:ab,ti OR minodene:ab,ti OR 

minoderm:ab,ti OR minogalen:ab,ti OR minolis:ab,ti OR minomax:ab,ti OR minomycin:ab,ti OR 

minoplus:ab,ti OR minosil:ab,ti OR minostad:ab,ti OR minotab*:ab,ti OR minotekor:ab,ti OR 

minotrex:ab,ti OR minotyrol:ab,ti OR 'mino wolff':ab,ti OR minox:ab,ti OR mynocine:ab,ti OR 

myrac:ab,ti OR oracyclin:ab,ti OR parocline:ab,ti OR periocline:ab,ti OR peritrol:ab,ti OR 

ranmino:ab,ti OR romin:ab,ti OR seboclear:ab,ti OR sebomin:ab,ti OR sebren:ab,ti OR skid:ab,ti OR 

skinocyclin:ab,ti OR solodyn:ab,ti OR spicline:ab,ti OR triomin:ab,ti OR udima:ab,ti OR vectrin:ab,ti 

OR yelnac:ab,ti OR zacnan:ab,ti 

#46. tofacitinib:ab,ti                                           

#47. xeljanz:ab,ti                                                

#48. baricitinib:ti,ab                                           

#49. peficitinib:ti,ab                                            

#50. filgotinib.:ti,ab                                           

#51. upadacitinib.:ti,ab                                          

#52. fostamatinib.:ti,ab                                         

#53. 'glucocorticoid'/exp                                  

#54. glucocorticoid*:ti,ab                                    

#55. beclomethasone:ti,ab OR betamethasone:ti,ab OR budesonide:ti,ab OR clobetasol:ti,ab OR 

desoximetasone:ti,ab OR dexamethasone:ti,ab OR diflucortolone:ti,ab OR flumethasone:ti,ab OR  

fluocinonide:ti,ab OR fluocortolone:ti,ab OR fluorometholone:ti,ab OR fluprednisolone:ti,ab OR  
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 flurandrenolone:ti,ab OR 'melengestrol acetate':ti,ab OR methylprednisolone:ti,ab OR  

paramethasone:ti,ab OR prednisolone:ti,ab OR prednisone:ti,ab OR triamcinolone:ti,ab 

#56. #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 

OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR 

#31 OR #32 OR #33 OR #34 OR #35 OR #36 OR #37 OR #38 OR #39 OR #40 OR #41 OR #42 OR #43 

OR #44 OR #45 OR #46 OR #47 OR #48 OR #49 OR #50 OR #51 OR #52 OR #53 OR #54 OR #55 

#57. #5 AND #56                                               

#58. 'adverse drug reaction'/lnk OR 'complication'/lnk OR 'side effect'/lnk 

#59. safe:ab,ti OR safety:ab,ti                            

#60. 'side effect':ab,ti OR 'side effects':ab,ti             

#61. ((adverse OR undesirable OR harms* OR serious OR toxic) NEAR/3 (effect* OR reaction* OR 

event* OR outcome*)):ab,ti 

#62. 'postmarketing surveillance'/exp                        

#63. 'phase 4 clinical trial (topic)'/de                       

#64. 'intoxication'/exp                                     

#65. 'drug toxicity'/exp                                     

#66. 'congenital malformation'/exp                           

#67. 'drug monitoring'/de                                     

#68. 'drug hypersensitity'/exp                              

#69. toxicity:ab,ti OR complication*:ab,ti OR noxious:ab,ti OR tolerability:ab,ti 

#70. 'postoperate complication'/exp                        

#71. 'peroperate complication'/de                           

#72. 'health care disparity'/exp                              

#73. 'socioeconomics'/exp                                    

#74. inequalit*:ab,ti OR equalit*:ab,ti OR equit*:ab,ti OR availabili*:ab,ti OR afford*:ab,ti OR 

access*:ab,ti 

#75. #58 OR #59 OR #60 OR #61 OR #62 OR #63 OR #64 OR #65 OR #66 OR #67 OR #68 OR #69 OR 

#70 OR #71 OR #72 OR #73 OR #74 

#76. #57 AND #75 

#77. #76 AND ([article]/lim OR [articlein press]/lim) AND [humans]/lim 

#78. #77 AND (2016:py OR 2017:py OR 2018:py OR 2019:py) 

 

Cochrane Library 

#1 MeSH descriptor: [Arthritis, Rheumatoid] explode all trees 

#2 ((rheumatoid or reumatoid or rheumat* or reumat*) near/3 (arthrit* or artrit* or diseas* or 

condition* or nodule*)):ti,ab 

#3 (felty* near/2 syndrome):ti,ab  

#4 (caplan* near/j2 syndrome):ti,ab 

#5 #1 or #2 or #3 or #4 55126 

#6 MeSH descriptor: [Antirheumatic Agents] explode all trees 

#7 Antirheumatic*:ti,ab 

#8 dmard*:ti,ab  

#9 MeSH descriptor: [Methotrexate] this term only 

#10 Methotrexate:ti,ab 

#11 (Abitrexate or amet?opterine or Abitrexate or A Met?opterine* or Antifolan or Emt?exate or 

Enthexate or Farmitrexate or Folex or Ledertrexate or Methoblastin or Methohexate or Methotrate 

or Methylaminopterin or Metotrexat$ or mtx or Novatrex or Rheumatrex):ti,ab 

#12 MeSH descriptor: [Isoxazoles] explode all trees 
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#13 isoxazole*:ti,ab 

#14 leflunomide*:ti,ab 

#15 (Afiancen or Arabloc or Arava or Artrilab or Artrimod or Filartros or Inmunoartro or Lefluar or 

Leflucross or Lefno or Lefra or Lefumide or Lisifen or Molagar or Repso or Rumalef):ti,ab 6 

#16 MeSH descriptor: [Sulfasalazine] this term only 

#17 sulfasalazine:ti,ab 

#18 (Salazosulfapyridine or sulfasalazine or Sulfosalazine or Sulfasal?zine or Salazopyridin* or 

asulfidine or azulf?dine):ti,ab 

#19 MeSH descriptor: [Hydroxychloroquine] this term only 

#20 Hydroxychloro*:ti,ab 

#21 (Axokineor or Dolquine or Ercoquin or Evoquin or HCQS or HQT or Hydrocad or Hydroquin or 

Ilinol or Immard or Metirel or Narbon or Oxcq or Oxiklorin or Oxy-Q or Plaquen?l or Polirreuminor 

or Quensyl or Reuquinol):ti,ab 

#22 MeSH descriptor: [Gold Compounds] explode all trees 

#23 MeSH descriptor: [Organogold Compounds] explode all trees 

#24 gold:ti,ab 

#25 MeSH descriptor: [Chloroquine] explode all trees 

#26 chloroquine*:ti,ab 

#27 (aralen or arechine or arequin or chingamin or chlorochin or khingamin or naquine or 

oxychloroquine or oxychlorochin or plaquinol or plaquinil or quensy or anoclor or arthrabas or 

avloclor or cidanchin or clopirim or collagenan or daraclor or daramal or dichinalex or difosquin or 

diroquine or genocin or heliopar or klorokin or malarex or malaviron or mirquin or naquine or novo-

chloroquine or novochloroquine or paluken or palux or pharmaquinine or plasmoquine or promal 

or p-roquine or resoquin$ or savarine or syncoquin or weimerquin):ti,ab 

#28 MeSH descriptor: [Azathioprine] this term only 

#29 azathioprine:ti,ab 

#30 (Aseroprim or Aseroprin or Azaallen or Azadus or Azafalk or Azafor or Azafrine or Azaglax or 

Azahexal or Aza?mun* or Azamedac or Azap or Azap?in* or Azapress or Aza-Q or Azarek or Azasan 

or Azathiodura or Azathiodura or Azathioregio or Azatrilem or Azimune or Azop?in* or Azoran or 

Berkaprine or Colinsan or Glaxoprin or Immunoprin or Imuger or Imunen or Imuprin$ or Imuran or 

Imure? or Imuzat or Oprisine or Satedon or Thioprine or Tiosalprin or Transimune or Zaprine or 

Zytrim):ti,ab 

#31 MeSH descriptor: [Cyclosporins] explode all trees 

#32 c?closporin*:ti,ab 

#33 (neoral or gengraf or restasis or sandimmun* or sangcya):ti,ab 

#34 MeSH descriptor: [Penicillamine] explode all trees 

#35 Penicillamine:ti,ab 

#36 (Adalkenor or Artamin or Atamir or Byanodine or Cilamin or Cuprenil or Cuprimine or Cupripen 

or Depen or Distamin* or D-Penamine or Gerodyl or Kelatin* or Mercaptyl or Metalcaptase or 

Pendramine or Rhumantin or Sufortan* or Trisorcin or Trolovol):ti,ab 

#37 MeSH descriptor: [Cyclophosphamide] explode all trees 

#38 (cyclophosph* or cytophosphan or Cytoxan or sendoxan or endoxan or neosar or nsc-26271 or 

procytox or b-518 or ifosfamide or isophosphamide or iphosphamide or isofosfamide or holoxan or 

nsc-109* or "asta z 4942" or cfx or "phosphoramide mustard*"):ti,ab 

#39 MeSH descriptor: [Mycophenolic Acid] this term only 

#40 mycophenolate:ti,ab 

#41 (Arzip or Baxmune or CellCept or Cellmune or Celprot or Ceptolate or Imulate or Imuxgen or 

Lanfetil or Limfocept or Metocris or Micocept or MMF or Mofecept or Mofetyl or Mofilet or 

Mofimutral or Mometil or Mophecen or Munotras or Myaccord or Mycept or Myclausenor or 
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Mycofenor or Mycolat or Mycoldosa or Mycophen or Myfenax Myfetil or Mygref or Myotec or 

Mysept or Presumin or Refrat or Renocell or Supresta or Tevacept or Trixin):ti,ab 

#42 MeSH descriptor: [Chlorambucil] explode all trees 

#43 chlorambucil:ti,ab 

#44 (Amboclorin or Clokeran or Leukeran or Linfolysin or Lympholysin):ti,ab 

#45 MeSH descriptor: [Minocycline] this term only 

#46 minocyclin*:ti,ab 

#47 (Acneclin or Akamin or Aknemin or Akne-Puren or Aknereduct or Aknin-Mino or Aknin-N or 

Aknoral or Aknosan or Apominolin or Arestinor or Auramin or Blemix or Borymycin or Cipancin or 

Cyclimycin or Dentomycin$ or durakne or Dynacin or Enca or Icht-Oralor or Klinoc or Klinomycin or 

Klinotab or Lederderm or Logryx or Meibi or Mestacine or Micromycin or "Minac 50" or Minakne or 

Minaxen or Mino-50 or Minocin or Minoclin or Minodene or Minoderm or Minogalen or Minolis or 

Minomax or Minomycin or Minoplus or Minosil or Minostad or Minotab$ or Minotekor or Minotrex 

or Minotyrol or Mino-Wolff or Minox or Mynocine or Myrac or Oracyclin or Parocline or Periocline 

or Peritrol or Ranmino or Romin or Seboclear or Sebomin or Sebren or Skid or Skinocyclin or Solodyn 

or Spicline or Triomin or Udima or Vectrin or Yelnac or Zacnan):ti,ab 

#48 MeSH descriptor: [Pyrroles] this term only 

#49 tofacitinib:ti,ab 

#50 Xeljanz:ti,ab 

#51 baricitinib:ti,ab 

#52 peficitinib:ti,ab 

#53 filgotinib:ti,ab 

#54 upadacitinib:ti,ab 

#55 fostamatinib:ti,ab 

#56 MeSH descriptor: [Glucocorticoids] explode all trees  

#57 glucocorticoid*:ti,ab 

#58 (Beclomethasone or Betamethasone or Budesonide or Clobetasol or Desoximetasone or 

Dexamethasone or Diflucortolone or Flumethasone or Fluocinonide or Fluocortolone or 

Fluorometholone or Fluprednisolone or Flurandrenolone or Melengestrol Acetate or 

Methylprednisolone or Paramethasone or Prednisolone or Prednisone or Triamcinolone):ti,ab 

#59 #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 

OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR 

#31 OR #32 OR #33 OR #34 OR #35 OR #36 OR #37 OR #38 OR #39 OR #40 OR #41 OR #42 OR #43 

OR #44 OR #45 OR #46 OR #47 OR #48 OR #49 OR #50 OR #51 OR #52 OR #53 OR #54 OR #55 OR 

#56 OR #57 OR #58 

#60 #5 AND #59 
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Table S1. Number of included publications for the different outcomes 

Main outcome 
Number of studies  

(n=42)  

Infections 16 

   Serious infections 11 

   Opportunistic infections 1 (+1) 

   Herpes zoster 1 (+1) 

   Tuberculosis 2 (+2) 

   Pneumocystis jirovecii pneumonia 1 (+1) 

Cancer 7 (+1) 

   All types of cancer* 2 (+1) 

   NMSC 1 (+1) 

   Melanoma 1 (+1) 

   Cervical cancer 2 

   Lymphoma 1 

Cardiovascular events 9 (+1) 

   Major CV events (MI, stroke, CV death) 4 (+1) 

   Heart failure 1 (+2) 

   Myocardial infarction 2 (+3) 

   Stroke/TIA 1 (+3) 

   Venous thromboembolism 1 (+1) 

Intestinal perforations 3 

Withdrawals due to AEs 5 

Imunological AEs 2 

* Includes separate data for solid cancer, hematological cancer, and cancer in patients with 

previous history 

 

3.2. Infections 

3.2.1. Serious infections
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Table S2: Included studies (serious infections)  

Study ID Registry Inclusion criteria Exclusion criteria 
Mixed 

population 

End of folLow-up 

for analysis 

Carrara Clin Exp Rheumatol 

2019 
RECORD RA (ICD 9 codes), bDMDARDs None No Dec-13 

Cecconi 2018 J Clin Rheumatol BIOBADABRASIL RA, SpA, first bDMARD, new sDMARD None Yes Jun-15 

Grøn 2019 Ann Rheum Dis DANBIO and ARTIS RA, RTX, TCZ and ABA None No Dec-15 

Harrold 2018  Arthritis Res 

Ther 
CORRONA RA ≥ 18 years, TNFi None No Mar-17 

Machado 2018 Arthritis Res 

Ther 
MarketScan (claims dataset) 

RA (ICD 9 codes) ≧18-year-old first 

bDMARDs or TOFA 

Previous 12-month use of bDMARDs or TOFA, or 

another RMD diagnosis 
No Dec-14 

Mori 2017 PLoS One 
SARABA (data from several centres 

in Japan) 

RA, 1987 ACR criteria or 2010 ACR/EULAR 

Criteria starting first bDMARD 
Previous use of bDMARDs No Dec-14 

Pawar 2019 Ann Rheum Dis 
Medicare, PharMetrics and Truven 

MarketScan (claims dataset) 
Adult RA, first TCZ, ABA or TNFi 

Nursing home residents and those with pre-existing 

malignancy prior; and at the index date. RTX 
No NS 

Richter 2016 Ann Rheum Dis RABBIT  
RA, bDMARDs, csDMARDs with at least one 

episode of SI 
None No NS 

Rutherford 2018 Ann Rheum 

Dis 
BSRBR-RA RA, bDMARDs None No Jun-16 

Silva-Fernández 2018 

Rheumatology (Oxford)  
BSRBR-RA 

RA, Second TNFi or RXT after failing first 

TNFi 

Patients treated with a biologic agent other than RTX 

or TNFi prior; inclusion 
No Nov-15 

Zamora-Legoff 2016 Clin 

Rheumatol 
Files from one single centre (USA) RA (1987 ACR criteria) and ILD SLE, vasculitis No Dec-15 

 

Table S3. Outcome and exposure definition and statistical analysis (serious infections) 

Study ID FolLow-up  Outcome definition 
Validation 

Outcome 

Biologic causal 

attribution 

Failures; biologic 

included at 

baseline 

Failures; biologic 

included 

throughout FU 

Notes on analysis 
Censoring 

at event 

Carrara Clin Exp 

Rheumatol 2019 
Variable Hospitalisations for the first bacterial infection  NS On drug + 3 months Yes Yes Cox-regression Yes 

Cecconi 2018 J 

Clin Rheumatol 
Variable Serious infection NS On drug + 3 months No Yes Poisson regression Yes 

Grøn 2019 Ann 

Rheum Dis 

Up; 24 

months 
Serious infection (hospitalizations) Medical charts 

On drug + 3 months (6 

months for RTX) 
Yes Yes Poisson regression Yes 

Harrold 2018  

Arthritis Res Ther 

Variable (up; 

one year) 

Serious infections (requiring hospitalization and/or 

IV antibiotics) 

Central 

validation 

committee 

On drug + 3 months Yes Yes 
IRR calculation after PS-

matching 
Yes 

Machado 2018 

Arthritis Res Ther 
Variable 

Occurrence of serious infection requiring 

hospitalization 
NS On drug + 90 days No Yes Cox-regression Yes 

Mori 2017 PLoS 

One 

Variable (max 

12 months) 

First occurrence of hospitalized infection  (serious 

infection) 

Physician and 

revision of 

patient records 

from the central 

review panel 

On drug (+ each drug 

dosing interval) 
No Yes Cox-regression Yes 

Pawar 2019 Ann 

Rheum Dis 
Variable 

Composite of any SI, including bacterial, viral or 

opportunistic infection 

Previous studies 

with validation 

of outcome 

On drug + 2 months No No 
Cox-regression with PS-

adjustment 
Yes 
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Richter 2016 Ann 

Rheum Dis 
Variable Serious infections with sepsis/Death Rheumatologist 

On drug + 5 half-les of 

the specific drug 
Yes NS 

Longitudinal 

Multinomial GEE  
NAP 

Rutherford 2018 

Ann Rheum Dis 
Variable 

Any SI—defined as an infection resulting in death, 

hospitalisation or requiring intravenous 

antimicrobial therapy 

Rheumatologist 

/ death 

certificates 

On drug (+9 months 

for RTX) 
Yes Yes 

Cox-regression with PS-

adjustment 
Yes 

Silva-Fernández 

2018 

Rheumatology 

(Oxford)  

Variable, up; 1 

year 

SIs, defined as requiring intravenous antibiotics, 

hospitalization or resulting in death 
NS 

On drug  + 3 months 

for TNFi (+9 months 

for RTX) 

Yes NS 
Cox-regression with PS-

adjustement (IPW) 
Yes  

Zamora-Legoff 

2016 Clin 

Rheumatol 

Variable 
Serious infections (requiring both antibiotic 

therapy and hospitalization) 

Medical chart 

review 
On drug + 3 months NS NS Poisson regression No 

 

Table S4. Population characteristics (serious infections) 

Study ID Intervention Control Treatment group 
N 

patients 

N patients switchers 

at baseline 
Age % Females 

Disease 

duration 

FolLow-up 

time 

Patient-

years 

Carrara Clin Exp 

Rheumatol 2019 

bDMARDs (ADA, IFX, 

CZP, GOL, ABA, RTX, 

TCZ)  

ETA 

ETA NR NR NR NR NR NR 8296 

ADA NR NR NR NR NR NR 4851 

IFX NR NR NR NR NR NR 3199 

CZP NR NR NR NR NR NR 406 

GOL NR NR NR NR NR NR 451 

ABA NR NR NR NR NR NR 1404 

RTX NR NR NR NR NR NR 984 

TCZ NR NR NR NR NR NR 928 

Cecconi 2018 J Clin 

Rheumatol 

TNFi (ADA, ETA, IFX, 

GOL, CZP)  
sDMARDs 

TNFi 1024 NAP 54.9 (11.8) 868 (85) 9.3 (8) 2.8 (2.4) 3102 

sDMARDs 528 NAP 54.8 (12.7) 454 (86) 5.4 (7.3) 3.6 (2.2) 1971 

ADA NR NR NR NR NR NR NR 

ETA NR NR NR NR NR NR NR 

IFX NR NR NR NR NR NR NR 

Grøn 2019 Ann 

Rheum Dis 
ABA RTX, TCZ 

ABA DEN NR NR 59 (50–67) 78 (648) 7 (3–16) NR 712 

ABA SWE NR NR 61 (51–69) 81 (1531) 11 (6–21) NR 2183 

RTX DEN NR NR 61 (52–69) 78 (566) 11 (5–19) NR 871 

RTX SWE NR NR 64 (54–71) 76 (2005) 13 (6–22) NR 3579 

TCZ DEN NR NR 59 (50–67) 78 (852) 8 (3–16) NR 1366 

TCZ SWE NR NR 59 (49–67) 79 (1417) 11 (5–20) NR 2162 

ABA pooled 2725 NR NR NR NR NR NR 

RTX pooled 3363 NR NR NR NR NR NR 

TCZ pooled 2899 NR NR NR NR NR NR 

Harrold 2018  

Arthritis Res Ther 
CZP  

Other TNFi (ADA, ETA, 

GOL, and IFX)  

CZP 975 74.1 58 (18.0) 769 (78.9) 9 (12.0) NR 820 

Other TNFi 5,240 50.5 56 (16.5) 4107 (78.4) 5 (10.0) NR 4566 

Machado 2018 

Arthritis Res Ther 

 

csDMARDs alone (SSZ, 

LEF, HXQ, CLQ), TNFi  

(ADA, ETA, IFX, 

CZP,GOL) and TOFA  

Non-TNFi bDMARDs 

(ABA, RTX, TCZ) 

csDMARD 5399 0.0% 57 (49-63) 76.8 NR NR 5196.02 

TNFi 13367 0.0% 56 (48-63) 76.1 NR NR 
22736.7

9 

Non-TNFi bDMARDs 2902 0.0% 58 (50-65) 81.4 NR NR 6936.41 

TOFA 164 0.0% 58 (50-64) 78.7 NR NR 474.48 

Mori 2017 PLoS One ETA ETA 413 0.0% 62.7 (13.3) 76.8 8.5 (10.8) NR 312 
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bDMARD (IFX, ADA, 

ABA, TCZ)  

IFX 335 0.0% 55.7 (12.2) 78.2 6.3 (7.9) NR 262 

ADA 264 0.0% 57.3 (13.7) 79.2 7.9 (10.3) NR 202 

ABT 189 0.0% 66.3 (12.9) 75.1 9.1 (9.7) NR 143 

TCZ 395 0.0% 66.3 (12.9) 77.7 7.8 (8.6) NR 319 

Pawar 2019 Ann 

Rheum Dis 
TCZ, ABA 

TNFi (ADA, ETA, IFX, CZP, 

GOL) 

Medicare                

TCZ 5827 NAP 72.2 (6.0) 83.1 NR NR 4840 

TNFi 10 716 NAP 72.1 (6.1) 82.6 NR NR 9193 

ABA 3850 NAP NR NR NR NR 3659 

IMS               

TCZ 4642 NAP 50.8 (11.7) 81.7 NR NR 4642 

TNFi 10 333 NAP 50.3 (11.6) 81.5 NR NR 9860 

ABA 3008 NAP NR NR NR NR 2675 

Marketscan                

TCZ 5605 NAP 53.5 (12.6) 83 NR NR 4228 

TNFi 12 060 NAP 52.9 (12.5) 81.6 NR NR 9897 

ABA 3556 NAP         2760 

Pooled TCZ 16 074 NAP NR NR NR NR 13 198 

Pooled TNFi 33 109 NAP NR NR NR NR 28 950 

Pooled ABA 10 414 NAP NR NR NR NR 9094 

Richter 2016 Ann 

Rheum Dis 

bDMARDs (ADA, ETA, 

IFX, GOL, CZP, TCZ, 

RTX, ABA)  

csDMARDs 

TNFi 370 NR 60.7 (11.9) 74.7 14.5 (10.1) 5.2 (2.9) NAP 

Non-TNFi bDMARDs 159 NR 62.6 (11.0) 70.7 16.5 (10.7) 3.8 (2.1) NAP 

csDMARDs 388 NR 64.7 (11.0) 70.7 14.5 (11.2) 4.3 (2.5) NAP 

Rutherford 2018 Ann 

Rheum Dis 

bDMARDs (IFX, ADA, 

RTX, TCZ, CZP) 
ETA  

ETA 8630 NR 56 (12) 77.5 13 (9) NR 15 314 

IFX 4908 NR 56 (12) 76.8 13 (9) NR 8829 

ADA 7818 NR 56 (12) 77.4 13 (9) NR 13 071 

RTX 5101 NR 60 (12) 78.6 16 (10) NR 5910 

TCZ 2174 NR 57 (12) 79.6 1510 NR 1963 

CZP 1446 NR 56 (12) 76.1 11 (9) NR 1685 

Silva-Fernández 2018 

Rheumatology 

(Oxford) 

RTX 
TNFi (IFX, ETA, ADA, CZP, 

GOL) 

TNFi 3419 100.0% 55.9 (12.3) 80 12 (6-19) 1.0 (0.7-1.0) 2765 

RTX 1396 100.0% 58.3 (12.2) 77 11 (5-19) 1.0 (0.8-1.0) 1224 

Zamora-Legoff 2016 

Clin Rheumatol 
Non-TNFi bDMARD 

csDMARDs (SSZ/HCQ 

alone) 

SSZ/HCQ alone 36 NR NR NR NR NR 68.3 

MTX/LEF alone 54 NR NR NR NR NR 107.4 

TNFi  59 NR NR NR NR NR 163 

Non-TNFi bDMARDs 38 NR NR NR NR NR 81.2 

Other DMARD or 

combination 
80 NR NR NR NR NR 119.6 
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Table S5. Effect size intervention vs control (serious infections) 

Study ID Treatment group 
N of 

events 
Incidence rate (95% CI) Type of ratio uHR (i vs c) 

Age/gender 

aHR (i vs c) 
aHR (i vs c) Adjusted for 

Carrara Clin Exp 

Rheumatol 2019 

ETA 68 8.2/1000 PY (6.4; 10.4) 

HR 

REF NR REF 

Sex, age, disease duration, Charlson Comorbidity 

Index, concomitant use of MTX, LEF, GCs, NSAIDs, 

number of previous biologics and previous 

infections 

ADA 52 10.7/1000 PY (8; 14.1) 1.27 (0.88; 1.82) NR 1.37 (0.95; 1.96) 

IFX 26 8.1/1000 PY (5.3; 11.9) 0.98 (0.62; 1.54) NR 0.96 (0.60; 1.56) 

CZP 4 9.9 /1000 PY (2.7; 25.2) 0.93 (0.34; 2.55) NR 1.31 (0.48; 3.58) 

GOL 4 8.8 /1000 PY (2.4; 22.7) 0.84 (0.31; 2.32) NR 1.09 (0.37; 3.21) 

ABA 4 2.8 /1000 PY (0.8; 7.3) 0.3 (0.11; 0.83) NR 0.29 (0.10; 0.82) 

RTX 13 13.2 /1000 PY (7.0; 22.6) 1.4 (0.77; 2.55) NR 0.95 (0.48; 1.91) 

TCZ 10 10.8 /1000 PY (5.2; 19.8) 1.09 (0.56; 2.12) NR 1.24 (0.59; 2.61) 

Cecconi 2018 J Clin 

Rheumatol 

TNFi NR 43/ 1000 PY (37–50) 

IRR 

NR NR 3.06; p<0.001 

Age, sex, disease duration, corticosteroids, 

diabetes, and smoking status 

sDMARDs NR 14 /1000 pPYs (9–20) NR NR REF 

ADA NR 29/ 1000 PY (22–39) NR NR  NR 

ETA NR NR NR NR  NR 

IFX NR 55 /1000 PY (43–70) NR NR  NR 

Grøn 2019 Ann Rheum 

Dis 

ABA DEN 42 5.9/100 PY (4.4; 8.0) 

RR  

NR NAP NAP 

Age, gender, DAS28, smoking, disease duration , 

HAQ, previous SI, previous cancer, previous COPD 

and tertiles of prescription 

ABA SWE 127 5.8 /100 PY (4.9; 6.9) NR NAP NAP 

RTX DEN 69 7.9/100 PY (6.3; 10.1) NR NAP NAP 

RTX SWE 241 6.7/100 PY (5.9; 7.6) NR NAP NAP 

TCZ DEN 70 5.1/100 PY (4.1; 6.5) NR REF REF 

TCZ SWE 90 4.2/100 PY (3.4; 5.1) NR NAP NAP 

ABA pooled NR NR NR 0.93 (0.74; 1.15) 0.88 (0.69; 1.12) 

RTX pooled NR NR NR REF REF 

TCZ pooled NR NR NR 0.75 (0.60; 0.95) 0.78 (0.61; 1.01) 

Harrold 2018  Arthritis 

Res Ther 

CZP 59 7.20/100 PY (5.58; 9.29) IRR 1.53 (1.13; 2.05) 
NR 

1.26 (0.84; 1.90) PS: age, sex, disease duration,CDAI at drug 

initiation, and line of TNFi therapy Other TNFi 215 4.71/100 PY (4.12; 5.38)  REF REF 

Machado 2018 Arthritis 

Res Ther 

 

csDMARD 104 2.01/100 PY (1.65; 2.42) HR NR NR 0.80 (0.62; 1.03) Sex, age, and year of cohort entry, Charlson 

comorbidity index; hospitalized infection; use of 

COX, NSAID and oral GC; ED visits; physician visits,  

rheumatology visits, and hospitalizations 

TNFi 490 2.16 /100 PY (1.98; 2.36)  NR NR 1.14 (0.95; 1.37) 

Non-TNFi bDMARDs 173 2.49 /100 PY (2.14; 2.88)  NR NR REF 

TOFA 17 3.67 /100 PY (2.21; 5.75)  NR NR 1.54 (0.93; 2.56) 

Mori 2017 PLoS One 

ETA 25 8.0 /100 PY (5.4; 11.9) 

HR 

1.39 (0.73; 2.63) NR REF 

Age, RA stage III/, BMI, GC, and HRCT-proven 

chronic lung disease 

IFX 15 5.7 /100 PY (3.5; 9.5) REF NR 1.54 (0.78; 3.04) 

ADA 15 7.4 /100 PY (4.5; 12.3) 1.29 (0.63; 2.63) NR 1.72 (0.88; 3.34) 

ABT 12 8.4 /100 PY (4.8; 14.8) 1.45 (0.68; 3.09) NR 1.11 (0.55; 2.21) 

TCZ 19 6.0 /100 PY (3.8; 9.4) 1.04 (0.53; 2.05) NR 1.02 (0.55; 1.87) 

Pawar 2019 Ann Rheum 

Dis 

Medicare      

HR 

      
PS: index year, demographics, comorbid 

conditions, combined comorbidity index, claims-

based index of RA severity index,use of DMARDs 

(during all available data) and other prescription 

drugs including GCs, nNSAIDs and analgesics, use 

of prophylactic antibiotics/antivirals, vaccination, 

and history of any invasive procedures or surgery, 

receipt of cancer screening tests and  acute phase 

reactants. 

TCZ 341 7.05/100 PY (6.30; 7.79) NR NR NAP 

TNFi 662 7.20/100 PY (6.65; 7.75) NR NR NAP 

ABA 176 4.81/100 PY (4.10; 5.52) NR NR NAP 

IMS           

TCZ 147 3.56/100 PY (2.98; 4.13) NR NR NAP 

TNFi 249 2.53/100 PY (2.21; 2.84) NR NR NAP 

ABA 54 2.02/100 PY (1.48; 2.56) NR NR NAP 
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Marketscan            

TCZ 130 3.07/100 PY (2.55; 3.60) NR NR NAP 

TNFi 244 2.47/100 PY (2.16; 2.77) NR NR NAP 

ABA 65 2.36/100 PY (1.78; 2.93) NR NR NAP 

Pooled TCZ 618 4.68/100 PY (4.31; 5.05) NR NR 1.05 (0.95; 1.16) 

Pooled TNFi 1155 3.99/100 PY (3.76; 4.22) NR NR REF 

Pooled ABA 295 3.24/100 PY (2.87; 3.61) NR NR 1.40 (1.20; 1.63)  

Richter 2016 Ann 

Rheum Dis 

TNFi 46 NAP 

OR 

NR NR 0.64 (0.42; 0.97) 

Age, sex, physical function, GC, HF, CRD Non-TNFi bDMARDs 17 NAP NR NR 0.45 (0.25; 0.80) 

csDMARDs 74 NAP NR NR REF 

Rutherford 2018 Ann 

Rheum Dis 

ETA 852 5.56 (5.20; 5.95) 

HR 

REF NR REF 

Age, gender, DAS28-ESR, HAQ, disease duration, 

smoking, seropositity, polypharmacy, GC 

IFX 472 5.35 (4.89; 5.85) 0.94 (0.84; 1.06) NR 0.89 (0.79; 1.00) 

ADA 709 5.42 (5.04; 5.84) 0.97 (0.88; 1.07) NR 1.00 (0.90; 1.10) 

RTX 372 6.29 (5.69; 6.97) 1.15 (1.01; 1.30) NR 0.91 (0.80; 1.03) 

TCZ 137 6.98 (5.90; 8.25) 1.22 (1.02; 1.47) NR 1.21 (1.01; 1.46) 

CZP 64 3.80 (2.97; 4.85) 0.65 (0.51; 0.84) NR 0.75 (0.58; 0.97) 

Silva-Fernández 2018 

Rheumatology (Oxford) 

TNFi 164 59/1000 PY (51; 69) HR REF REF REF PS: age, gender, disease duration, smoking, RA 

disease severity, number of prior DMARDs and 

reason for stopping first TNFi, calendar year of 

starting biologic therapy, previous SI, lung 

disease, diabetes GC  

RTX 81 66/1000 PY (53; 82)  1.1 (0.8; 1.4) 1.0 (0.8; 1.3) 1.0 (0.7; 1.4) 

Zamora-Legoff 2016 

Clin Rheumatol 

SSZ/HCQ alone 2 2.9/100 PY 

IRR 

REF NR NR 

NS 

MTX/LEF alone 8 7.4/100 PY NR NR NR 

TNFi 3 1.8/100 PY NR NR NR 

Non-TNFi bDMARDs 11 13.5/100 PY 3.87 (1.22; 24.3) NR NR 

Other DMARD or 

combination 
9 7.5/100 PY NR NR NR 

 

Table S6.1. Additional information on subtypes of the outcome, steroids and additional comments (serious infections) 

Study ID Treatment group 
Incidence rate (95% CI) 

sepsis  

aHR (95% CI) 

sepsis  

Incidence rate (95% CI) 

respiratory infection 

aHR (95% CI) respiratory 

infection  

Incidence rate (95% CI) 

skin infection 

aHR (95% CI) skin 

infection  

Pawar 2019 Ann Rheum Dis 

Pooled TCZ 1.72/100 PY (1.50; 1.95) 1.04 (0.88; 1.22) 1.39/100 PY (1.19; 1.59) 0.92 (0.77; 1.10) 0.28/100 PY (0.19; 0.36) 2.38 (1.47; 3.86) 

Pooled TNFi 1.51/100 PY (1.37; 1.65) REF 1.34/100 PY (1.21; 1.48) REF 0.12/100 PY (0.08; 0.15) REF 

Pooled ABA NR NR NR NR NR NR 

Rutherford 2018 Ann Rheum Dis 

ETA 0.15/100 PY (0.10; 0.23) REF 1.82/100 PY(1.61; 2.04) REF 1.31/100 PY (1.14; 1.51) REF 

IFX 0.14/100 PY(0.08; 0.24) 0.83 (0.41; 1.66) 2.25/100 PY(1.96; 2.59) 1.16 (0.96; 1.39) 1.21/100 PY(1.00; 1.46) 0.84 (0.66; 1.06) 

ADA 0.16/100 PY(0.10; 0.25) 1.04 0.57; 1.91) 2.28/100 PY(2.04; 2.55) 1.23 (1.04; 1.45) 0.89/100 PY(0.74; 1.06) 0.65 (0.52; 0.82) 

RTX 0.44/100 PY(0.30; 0.64) 2.08 (1.14; 3.80) 2.71/100 PY(2.32; 3.16) 1.03 (0.83; 1.28) 0.9/100 PY(0.69; 1.17) 0.54 (0.39; 0.75) 

TCZ 0.31/100 PY(0.14; 0.68) 1.83 (0.63; 5.35) 3.16/100 PY(2.46; 4.05) 1.61 (1.15; 2.25) 1.38/100 PY(0.94; 2.01) 0.71 (0.40; 1.24) 

CZP 0.12/100 PY(0.03; 0.47) 1.03 (0.24; 4.41) 1.72/100 PY(1.20; 2.48) 0.96 (0.63; 1.46) 0.42/100 PY(0.20; 0.87) 0.27 (0.11; 0.67) 
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Table S6.2. Additional information on subtypes of the outcome, steroids and additional comments (serious infections)  

Study ID Treatment group 
Incidence rate (95% CI) 

GI infection 

aHR (95% CI) GI 

infection 

Incidence rate (95% CI) 

bone/joint infection 

aHR (95% CI) bone/joint 

infection  

Incidence rate (95% CI) 

genitourinary infection 

aHR (95% CI) 

genitourinary infection  

Pawar 2019 Ann Rheum Dis 

Pooled TCZ 0.52/100 PY (0.40; 0.64) 2.34 (1.64; 3.34) NR NR 0.49/100 PY (0.37; 0.60) 0.77 (0.58; 1.04) 

Pooled TNFi 0.21 /100 PY(0.16; 0.26) REF NR NR 0.54/100 PY (0.46; 0.63) REF 

Pooled ABA NR NR NR NR NR NR 

Rutherford 2018 Ann Rheum Dis 

ETA 0.5/100 PY(0.40; 0.63) REF 0.67/100 PY (0.55; 0.81) REF 0.61/100 PY(0.50; 0.75) REF 

IFX 0.51/100 PY(0.38; 0.68) 0.95 (0.66; 1.38) 0.43/100 PY (0.31; 0.59) 0.56 (0.38; 0.83) 0.48/100 PY(0.35; 0.64) 0.74 (0.50; 1.07) 

ADA 0.38/100 PY(0.29; 0.50) 0.77 (0.54; 1.11) 0.51/100 PY (0.40; 0.65) 0.80 (0.58; 1.09) 0.68/100 PY(0.55; 0.84) 1.18 (0.87; 1.59) 

RTX 0.58/100 PY(0.41; 0.81) 0.93 (0.61; 1.42) 0.49/100 PY (0.34; 0.71) 0.67 (0.43; 1.02) 0.81/100 PY(0.61; 1.08) 1.15 (0.79; 1.68) 

TCZ 0.76/100 PY(0.46; 1.27) 1.45 (0.72; 2.90) 0.46/100 PY (0.24; 0.88) 0.46 (0.17; 1.27) 0.46/100 PY(0.24; 0.88) 0.67 (0.27; 1.66) 

CZP 0.18/100 PY(0.06; 0.55) 0.51 (0.16; 1.63) 0.53/100 PY (0.28; 1.03) 0.73 (0.32; 1.68) 0.36/100 PY(0.16; 0.79) 0.55 (0.20; 1.52) 

 

Table S6.3. Additional information on subtypes of the outcome, steroids and additional comments (serious infections)  

Study ID Treatment group 
Incidence rate (95% CI) other 

infection 

aHR (95% CI) other 

infection 
Steroids Comments 

Rutherford 2018 Ann Rheum Dis 

ETA 0.36/100 PY(0.28; 0.47) REF 

NS 
Various sensitity analyses supporting 

the main findings 

IFX 0.25/100 PY(0.16; 0.38) 0.54 (0.31; 0.91) 

ADA 0.41/100 PY(0.31; 0.53) 1.08 (0.74; 1.58) 

RTX 0.32/100 PY(0.21; 0.50) 0.72 (0.41; 1.29) 

TCZ 0.41/100 PY(0.20; 0.81) 1.15 (0.49; 2.67) 

CZP 0.3/100 PY(0.12; 0.71) 0.50 (0.16; 1.60) 

 

Table S7. Risk of bias assessment (Hayden tool) (serious infections) 

Study ID Participation  Attrition 
Prognostic factor 

measurement 

Outcome 

measurement 
Confounding  Analysis Overall 

Carrara Clin Exp Rheumatol 2019 High Uknown High High High High High 

Cecconi 2018 J Clin Rheumatol Low Moderate Low Moderate Moderate Moderate Moderate 

Grøn 2019 Ann Rheum Dis Low Low Low Low Moderate Moderate Low 

Harrold 2018  Arthritis Res Ther Low Low Low Low Moderate Moderate Low 

Machado 2018 Arthritis Res Ther High Unknow High High Low Low High 

Mori 2017 PLoS One Low Low Moderate Low Moderate Moderate Moderate 

Pawar 2019 Ann Rheum Dis High Uknown High Moderate High Moderate High 

Richter 2016 Ann Rheum Dis Low Low Low Low Moderate Moderate Moderate 

Rutherford 2018 Ann Rheum Dis Low Low Low Low Low Low Low 

Silva-Fernández 2018 Rheumatology (Oxford)  Low Low Low Moderate Low Low Low 

Zamora-Legoff 2016 Clin Rheumatol Moderate Uknown High Moderate High High High 
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3.2.2. Opportunistic infections 

 

Table S8. Included studies (opportunistic infections)  

Study ID Registry Inclusion criteria Exclusion criteria 
Mixed 

population 

Pawar 2019 Ann Rheum 

Dis 

Medicare, PharMetrics and Truven 

MarketScan (claims dataset) 
Adult RA, first TCZ, ABA or TNFi 

Nursing home residents and those with pre-existing malignancy prior; 

and at the index date. RTX 
No 

Rutherford 2018 

Rheumatology (Oxford) 
BSRBR-RA RA, bDMARDs None No 

 

Table S9. Outcome and exposure definition and statistical analysis (opportunistic infections) 

Study ID 
FolLow-

up time 
Outcome definition 

Validation 

Outcome 

Biologic causal 

attribution 

Failures; biologic 

included at baseline 

Failures; biologic 

included throughout FU 
Notes on analysis 

Censoring at 

event 

Pawar 2019 Ann Rheum 

Dis 
Variable 

Composite of any SI, including 

bacterial, viral or opportunistic 

infection 

Previous studies 

with validation of 

outcome 

On drug + 2 

months 
No No 

Cox-regression 

with PS-

adjustment 

Yes 

Rutherford 2018 

Rheumatology (Oxford)  
Variable 

Serious Opportunistic infections 

(includes viral and non-viral) 

Clinician (2 + 

adjudicator) 

On drug (+9 

months for RTX) 
NS No Cox-regression Yes 

 

Table S10. Population characteristics (opportunistic infections) 

Study ID Intervention Control Treatment group N patients 
N patients switchers at 

baseline 
Age % Females Disease duration FolLow-up times Patient-years 

Pawar 2019 Ann Rheum Dis 

TCZ (ADA, 

ETA, IFX, CZP, 

GOL) 

TNFi 

and 

ABA 

Medicare                

TCZ 5827 NAP 72.2 (6.0) 83.1 NR NR 4840 

TNFi 10 716 NAP 72.1 (6.1) 82.6 NR NR 9193 

ABA 3850 NAP NR NR NR NR 3659 

IMS               

TCZ 4642 NAP 50.8 (11.7) 81.7 NR NR 4642 

TNFi 10 333 NAP 50.3 (11.6) 81.5 NR NR 9860 

ABA 3008 NAP NR NR NR NR 2675 

Marketscan                

TCZ 5605 NAP 53.5 (12.6) 83 NR NR 4228 

TNFi 12 060 NAP 52.9 (12.5) 81.6 NR NR 9897 

ABA 3556 NAP         2760 

Pooled TCZ 16 074 NAP NR NR NR NR 13 198 

Pooled TNFi 33 109 NAP NR NR NR NR 28 950 

Pooled ABA 10 414 NAP NR NR NR NR 9094 

TNFi TNFi 16742 NR 56.0 (12.3) 76 11.8 (9.2) 4.9 85331 
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Rutherford 2018 

Rheumatology (Oxford)  

Non-TNFi 

(RTX, TCZ) 

RTX 5072 NR 59.5 (12.0) 79 15.8 (9.7) 3 17154 

TCZ 2171 NR 57.4 (12.3) 80 15.0 (10.0) 1.6 3861 

 

Table S11. Effect size intervention vs control (opportunistic infections) 

Study ID 
Treatment 

group 

N of 

events 
Incidence rate (95% CI) 

Type of 

ratio 
uHR (i vs c) 

Age/gender 

aHR (i vs c) 
aHR (i vs c) Adjsuted for 

Pawar 2019 Ann Rheum Dis 

Medicare      

HR 

      

PS: index year, demographics, 

comorbid conditions, combined 

comorbidity index, claims-based 

index of RA severity index,use of 

DMARDs (during all available data) 

and other prescription drugs 

including GCs, nNSAIDs and 

analgesics, use of prophylactic 

antibiotics/antivirals, vaccination, 

and history of any invasive 

procedures or surgery, receipt of 

cancer screening tests and  acute 

phase reactants. 

TCZ NR NR NR NR NAP 

TNFi NR NR NR NR NAP 

ABA NR NR NR NR NAP 

IMS         

TCZ NR NR NR NR NAP 

TNFi NR NR NR NR NAP 

ABA NR NR NR NR NAP 

Marketscan          

TCZ NR NR NR NR NAP 

TNFi NR NR NR NR NAP 

ABA NR NR NR NR NAP 

Pooled TCZ 18 0.13/100 PY (0.07; 0.20) NR NR 0.99 (0.55; 1.79) 

Pooled TNFi 37 0.13/100 PY (0.09; 0.17) NR NR REF 

Pooled ABA NR NR NR NR NR 

Rutherford 2018 Rheumatology 

(Oxford)  

TNFi 114 134 /100 000 PY (111; 161) 

HR 

REF NR REF Age, gender, disease severity and 

duration, smoking, seropositity and 

polypharmacy (as a surrogate for 

comorbidity) 

RTX 25 146/100 000 PY (98; 217) 1.18 (0.76; 1.83) NR 0.96 (0.62; 1.50) 

TCZ 3 78/100 000 PY (25; 241) 0.56 (0.18; 1.76) NR 0.52 (0.17; 1.65) 

 

Table S12. Additional information on subtypes of the outcome, steroids and additional comments (serious infections) 

Study ID Steroids Comments 

Rutherford 2018 Rheumatology (Oxford) NS 
OI Include: Aspergillosis (invase disease), Atypical Mycobacteria, Candida (invase/pharyngeal), Cytomegalovirus disease, 

Cryptococcosis, Cryptosporidium, Invase Herpes simplex, Herpes Zoster, Legionella, Listeria (invase), PJP, Toxoplasmosis 

 

Table S13: Risk of bias assessment (Hayden tool)  

Study ID Participation  Attrition Prognostic factor measurement Outcome measurement Confounding  Analysis Overall 

Pawar 2019 Ann Rheum Dis High Uknown High Moderate High Moderate High 

Rutherford 2018 Rheumatology 

(Oxford)  
Low Low Low Low Moderate Low Low 

 

Supplementary material Ann Rheum Dis

 doi: 10.1136/annrheumdis-2019-216653–11.:10 2020;Ann Rheum Dis, et al. Sepriano A



25 

 

3.2.3. Herpes zoster 

 

Table S14: Included studies (Herpes zoster)  

Study ID Registry Inclusion criteria Exclusion criteria Mixed population End of folLow-up for analysis 

Curtis 2016 Ann 

Rheum Dis 

Medicare and 

Marketscan 

(Claims) 

RA (ICD9 codes). 

Start bDMARD or 

TOFA 

Prior diagnosis of herpes infection (ICD 9 codes), any diagnostic of mucocutaneous ulcers (ICD9), or any 

prior use of acyclovir, valacyclovir, or famciclovir. Diagnosis for ankylosing spondylitis, psoriasis, psoriatic 

arthritis, or IBD. Any cancer diagnosis, other than NMSC.  

No NS 

Pawar 2019 

Ann Rheum Dis 

Medicare, 

PharMetrics and 

Truven MarketScan 

(US claims dataset) 

Adult RA, first 

TCZ, ABA or TNFi 
Nursing home residents and those with pre-existing malignancy prior; and at the index date. RTX No NS 

 

Table S15. Outcome and exposure definition and statistical analysis (Herpes zoster) 

Study ID 
FolLow-up 

time 
Outcome definition Validation Outcome 

Biologic causal 

attribution 

Failures; biologic 

included at baseline 

Failures; biologic included throughout 

FU 

Notes on 

analysis 

Censoring at 

event 

Curtis 2016 Ann 

Rheum Dis 
Variable 

First HZ event (ICD 9 

codes) 

Previous studies with 

validation of outcome 

On drug 

(assumed) 
Yes Yes Cox-regression Yes 

Pawar 2019 Ann 

Rheum Dis 
Variable 

Composite of any SI, 

including bacterial, 

viral or opportunistic 

infection 

Previous studies with 

validation of outcome 

On drug + 2 

months 
No No 

Cox-regression 

with PS-

adjustment 

Yes 

 

Table S16. Population characteristics (Herpes zoster) 

Study ID Intervention Control 
Treatment 

group 
N patients 

N patients switchers at 

baseline 
Age % Females 

Disease 

duration 

FolLow-up 

times 
Patient-years 

Curtis 2016 Ann 

Rheum Dis  

Other bDMARD (ADA CZP, ETA, GOL, IFX, 

RTX, TCZ) and TOFA 

   

ABA 

 

ADA NR NR NR NR NR NR NR 

CZP NR NR NR NR NR NR NR 

ETA NR NR NR NR NR NR NR 

GOL NR NR NR NR NR NR NR 

IFX NR NR NR NR NR NR NR 

RXT 4785 75.2% 61.8 (13.0) 80.9 NR NR 4115 

TCZ 6266 90.7% 61.2 (13.4) 82.3 NR NR 4632 

TOFA 1746 85.0% 57.1 (12.5) 83.7 NR NR 982 

ABA 11434 72.8% 62.0 (13.3) 83.3 NR NR 8960 

Pawar 2019 Ann 

Rheum Dis 

  

 

TCZ (ADA, ETA, IFX, CZP, GOL) 

TNFi 

and 

ABA 

Medicare                

TCZ 5827 NAP 72.2 (6.0) 83.1 NR NR 4840 

TNFi 10 716 NAP 72.1 (6.1) 82.6 NR NR 9193 

ABA 3850 NAP NR NR NR NR 3659 

IMS               
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TCZ 4642 NAP 50.8 (11.7) 81.7 NR NR 4642 

TNFi 10 333 NAP 50.3 (11.6) 81.5 NR NR 9860 

ABA 3008 NAP NR NR NR NR 2675 

Marketscan                

TCZ 5605 NAP 53.5 (12.6) 83 NR NR 4228 

TNFi 12 060 NAP 52.9 (12.5) 81.6 NR NR 9897 

ABA 3556 NAP         2760 

Pooled TCZ 16 074 NAP NR NR NR NR 13 198 

Pooled TNFi 33 109 NAP NR NR NR NR 28 950 

Pooled ABA 10 414 NAP NR NR NR NR 9094 

 

Table S17. Effect size intervention vs control (Herpes zoster) 

Study ID 
Treatment 

group 

N of 

events 
Incidence rate (95% CI) 

Type of 

ratio 
uHR (i vs c) 

Age/gender 

aHR (i vs c) 
aHR (i vs c) Adjusted for 

Curtis 2016 Ann Rheum Dis 

 

ADA NR 1.95/100 PY (1.65; 2.31) 

HR  

NR NR 1.00 (0.80; 1.25) 

Age, gender, GC, MTX, number of biologics, prior 

hospitalized infection, prior hospitalization for other 

reasons, prior outpatient infection (other than varicella), 

and zoster vaccination 

CZP NR 2.55/100 PY (2.04; 3.20) NR NR 1.14 (0.87; 1.48) 

ETA NR 2.08/100 PY (1.77; 2.45) NR NR 1.06 (0.85; 1.32) 

GOL NR 2.12/100 PY (1.53; 2.94) NR NR 1.09 (0.76; 1.57) 

IFX NR 2.71/100 PY (2.33; 3.08) NR NR 1.17 (0.97; 1.43) 

RXT NR 2.67/100 PY (2.22; 3.22) NR NR 1.12 (0.89; 1.41) 

TCZ NR 2.48/100 PY (2.07; 2.98) NR NR 1.12 (0.88; 1.42) 

TOFA NR 3.87/100 PY (2.82; 5.32) NR NR 2.01 (1.40; 2.88) 

ABA NR 2.33/100 PY (2.04; 2.67) NR NR REF 

Pawar 2019 Ann Rheum Dis 

Medicare      

HR 

      

PS: index year, demographics, comorbid conditions, 

combined comorbidity index, claims-based index of RA 

severity index,use of DMARDs (during all available data) and 

other prescription drugs including GCs, NSAIDs and 

analgesics, use of prophylactic antibiotics/antivirals, 

vaccination, and history of any invasive procedures or 

surgery, receipt of cancer screening tests and  acute phase 

reactants. 

TCZ NR NR NR NR NAP 

TNFi NR NR NR NR NAP 

ABA NR NR NR NR NAP 

IMS         

TCZ NR NR NR NR NAP 

TNFi NR NR NR NR NAP 

ABA NR NR NR NR NAP 

Marketscan          

TCZ NR NR NR NR NAP 

TNFi NR NR NR NR NAP 

ABA NR NR NR NR NAP 

Pooled TCZ 15 0.11 /100 PY (0.06; 0.17) NR NR 0.90 (0.48; 1.69) 
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Pooled TNFi 33 0.11 /100 PY (0.07; 0.15 NR NR REF 

Pooled ABA NR NR NR NR NR 

  

Table S18. Additional information on subtypes of the outcome, steroids and additional comments (Herpes zoster) 

Study ID Treatment group 
Incidence rate (95% CI) HZ 

or HS infection 

aHR (95% CI) HZ or 

HS infection 
Steroids Comments 

Curtis 2016 Ann Rheum Dis 

ADA 5.49 (5.01; 6.03) REF 

0-7.5 mg/day vs 0 mg/day: HR: .1.05 (0.91; 1.20);  

>7.5 mg/day vs 0 mg/day: HR: 1.40 (1.19; 1.65) 
NS 

CZP 4.97 (4.44; 5.57) 0.91 (0.78; 1.06) 

ETA 5.57 (4.75; 6.52) 1.01 (0.84; 1.22) 

GOL 4.96 (4.43; 5.55) 0.89 (0.76; 1.03) 

IFX 5.44 (4.36; 6.78) 1.02 (0.80; 1.30) 

RXT 6.15 (5.62; 6.72) 1.10 (0.96; 1.25) 

TCZ 5.46 (4.76; 6.26) 0.97 (0.82; 1.15) 

TOFA 6.27 (5.54; 7.09) 1.16 (0.99; 1.36) 

ABA 9.33 (7.05; 12.3) 1.65 (1.21; 2.23) 

 

Table S19. Risk of bias assessment (Herpes zoster)  
Study ID Participation  Attrition Prognostic factor measurement Outcome measurement Confounding  Analysis Overall 

Curtis 2016 Ann Rheum Dis High Low High High Low Low High 

Pawar 2019 Ann Rheum Dis High Uknown High Moderate High Moderate High 

 

3.2.4. Tuberculosis 

 

Table S20. Included studies (tuberculosis)  

Study ID Registry Inclusion criteria Exclusion criteria Mixed population 
End of folLow-up 

for analysis 

Cho 2017 Semin Arthritis 

Rheum 

Korean Healthcare Claims 

Database (claims) 
RA, firstTNFi Other bDMARDs No Dec-13 

Lim 2017 Plos one 
Files from Taichung 

Veterans General Hospital 

RA (ICD 9 codes) ≧18-

year-old first bDMARDs or 

tDMARDs 

Concomitant diagnosis ofpsoriatic arthritis, spondyloarthritis, 

inflammatory bowel diseases or Behcet’s disease. Patients who had used 
bDMARDs or tDMARDs prior; 1st January 2000 

No Aug-15 

Pawar 2019 Ann Rheum 

Dis 

Medicare, PharMetrics and 

Truven MarketScan (US 

claims dataset) 

Adult RA, first TCZ, ABA or 

TNFi 

Nursing home residents and those with pre-existing malignancy prior; 

and at the index date. RTX 
No NS 

Rutherford 2018 

Rheumatology (Oxford)  
BSRBR-RA RA, bDMARDs None No Jun-16 
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Table S21. Outcome and exposure definition and statistical analysis (tuberculosis) 

Study ID 
FolLow-

up time 
Outcome definition Validation Outcome 

Biologic causal 

attribution 

Failures; biologic 

included at baseline 

Failures; biologic included 

throughout FU 

Notes on 

analysis 

Censoring at 

event 

Cho 2017 Semin Arthritis 

Rheum 
Variable New cases of TB (ICD 10 codes) NS 

On drug 

(assumed) 
No NS 

Logistic 

regression 

(assumed) 

NAP 

Lim 2017 Plos one Variable 
Ocurrence of TB (ICD9 codes) 

irrespecte of previous history 

Posite culture or 

pathological findings 

oftissue biopsy 

On drug 

(assumed) 
No No 

Poisson-

regression 
NS 

Pawar 2019 Ann Rheum 

Dis 
Variable 

Composite of any SI, including 

bacterial, viral or opportunistic 

infection 

Previous studies with 

validation of outcome 

On drug + 2 

months 
No No 

Cox-regression 

with PS-

adjustment 

Yes 

Rutherford 2018 

Rheumatology (Oxford) 
Variable 

Serious Opportunistic infections 

(includes viral (e.g. HZ) and non-

viral) 

Clinician (2 + 

adjudicator) 

On drug (+9 

months for RTX) 
NS No Cox-regression Yes 

 

Table S22. Population characteristics (tuberculosis) 

Study ID Intervention Control Treatment group N patients 
N patients switchers at 

baseline 
Age % Females Disease duration FolLow-up times Patient-years 

Cho 2017 Semin Arthritis 

Rheum 

Monoclonal 

antibodies (ADA, 

GOL, IFX)  

ETA  

ADA 2049 NAP NR NR NR NR NR 

GOL 64 NAP NR NR NR NR NR 

IFX 717 NAP NR NR NR NR NR 

Monoclonal AB 

(ADA, GOL, IFX) 
2830 NAP NR NR NR NR NR 

ETA 1808 NAP NR NR NR NR NR 

Lim 2017 Plos one 

Other bDMARD ( 

ADA, GOL, TCZ, 

ABA) and TOFA 

ETA 

 

ETA 443 0.0% 52.8 (14.5) 347 (78.3) 8.1 (4.4) 3.3 (2.6) 1461.8 

ADA 332 0.0% 51.8 (13.4) 281 (84.6) 8.7 (4.7) 3.2 (2.5) 1042.1 

GLN 60 0.0% 48.8 (13.0) 52 (86.7) 6.3 (4.7) 1.6 (1.1) 94 

TCZ 31 0.0% 54.4 (12.8) 23 (74.2) 6.8 (5.0) 1.8 (1.1) 55.5 

ABA 74 0.0% 56.7 (13.2) 61 (82.4) 7.6 (4.5) 1.4 (0.9) 105.3 

TOF 11 0.0% 57.1 (13.5) 6 (54.5) 5.8 (6.0) 0.2 (0.2) 1.9 

Pawar 2019 Ann Rheum 

Dis 

TCZ (ADA, ETA, 

IFX, CZP, GOL) 

TNFi and 

ABA 

Medicare                

TCZ 5827 NAP 72.2 (6.0) 83.1 NR NR 4840 

TNFi 10 716 NAP 72.1 (6.1) 82.6 NR NR 9193 

ABA 3850 NAP NR NR NR NR 3659 

IMS               

TCZ 4642 NAP 50.8 (11.7) 81.7 NR NR 4642 

TNFi 10 333 NAP 50.3 (11.6) 81.5 NR NR 9860 

ABA 3008 NAP NR NR NR NR 2675 

Marketscan                

TCZ 5605 NAP 53.5 (12.6) 83 NR NR 4228 

TNFi 12 060 NAP 52.9 (12.5) 81.6 NR NR 9897 

ABA 3556 NAP         2760 

Supplementary material Ann Rheum Dis

 doi: 10.1136/annrheumdis-2019-216653–11.:10 2020;Ann Rheum Dis, et al. Sepriano A



29 

 

Pooled TCZ 16 074 NAP NR NR NR NR 13 198 

Pooled TNFi 33 109 NAP NR NR NR NR 28 950 

Pooled ABA 10 414 NAP NR NR NR NR 9094 

Rutherford 2018 

Rheumatology (Oxford) 

Non-TNFi (RTX, 

TCZ) 
TNFi  

TNFi 16742 NR 56.0 (12.3) 76 11.8 (9.2) 4.9 85331 

RTX 5072 NR 59.5 (12.0) 79 15.8 (9.7) 3 17154 

TCZ 2171 NR 57.4 (12.3) 80 15.0 (10.0) 1.6 3861 

  

Table S23. Effect size intervention vs control (tuberculosis) 

Study ID Treatment group 
N of 

events 
Incidence rate (95% CI) 

Type of 

ratio 

uHR (i 

vs c) 

Age/gender aHR 

(i vs c) 
aHR (i vs c) Adjusted for 

Cho 2017 Semin Arthritis 

Rheum 

ADA NR NR 

OR  

NR NR NR 

Type of insurance, type of institution, and type of 

department 

GOL NR NR NR NR NR 

IFX NR NR NR NR NR 

Monoclonal AB (ADA, GOL, IFX) NR NR NR NR 2.49 (1.45; 4.25) 

ETA NR NR NR NR REF 

Lim 2017 Plos one 

ETA 13 889.3/100000PY 

IRR 

NR REF NR 

NS 

ADA 11 1055.6//100000PY PY NR 1.27 (0.76-2.13)* NR 

GLN 0 0/100000PY NR   NR 

TCZ 0 0/100000PY NR   NR 

ABA 0 0/100000PY NR   NR 

TOF 0 0/100000PY NR   NR 

Pawar 2019 Ann Rheum 

Dis 

Medicare      

HR 

      

PS: index year, demographics, comorbid conditions, 

combined comorbidity index, claims-based index of 

RA severity index,use of DMARDs (during all available 

data) and other prescription drugs including GCs, 

NSAIDs and analgesics, use of prophylactic 

antibiotics/antivirals, vaccination, and history of any 

invasive procedures or surgery, receipt of cancer 

screening tests and  acute phase reactants. 

TCZ NR NR NR NR NAP 

TNFi NR NR NR NR NAP 

ABA NR NR NR NR NAP 

IMS         

TCZ NR NR NR NR NAP 

TNFi NR NR NR NR NAP 

ABA NR NR NR NR NAP 

Marketscan          

TCZ NR NR NR NR NAP 

TNFi NR NR NR NR NAP 

ABA NR NR NR NR NAP 

Pooled TCZ 0 0.00/100 PY (0.00; 0.00) NR NR NAP 

Pooled TNFi 0 0.00/100 PY (0.00; 0.00) NR NR REF 

Pooled ABA NR NR NR NR NR 

Rutherford 2018 

Rheumatology (Oxford) 

TNFi 56 65/100 000 PY (50; 85) 

HR 

NR NR REF Age, gender, disease severity and duration, smoking, 

seropositivity and polypharmacy (as a surrogate for 

comorbidity). 
RTX 2 12/100 000 PY (3; 46) NR NR 0.16 (0.04; 0.67) 

TCZ 1 26/100 000 PY (4; 183) NR NR 0.35 (0.05; 2.55) 
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*aHR: 1.87 (1.27-2.73); if including only patients without previous hx of TB 

 

Table S24. Additional information on subtypes of the outcome, steroids and additional comments (tuberculosis) 

Study ID Steroids Comments 

Cho 2017 Semin Arthritis Rheum OR for Steroids (yes vs no): 1.79 (0.64; 4.98) NS 

Lim 2017 Plos one NS NS 

Rutherford 2018 Rheumatology 

(Oxford) 
NS 

OI Include: Aspergillosis (invase disease), Atypical Mycobacteria, Candida (invase/pharyngeal), Cytomegalovirus disease, 

Cryptococcosis, Cryptosporidium, Invase Herpes simplex, Herpes Zoster, Legionella, Listeria (invase), PJP, Toxoplasmosis 

 

Table S25. Risk of bias assessment (Hayden tool)  

Study ID Participation  Attrition Prognostic factor measurement Outcome measurement Confounding  Analysis Overall 

Cho 2017 Semin Arthritis Rheum High Unknown High High High High High 

Lim 2017 Plos one High Low High Low High High High 

Pawar 2019 Ann Rheum Dis High Uknown High Moderate High Moderate High 

Rutherford 2018 Rheumatology (Oxford)  Low Low Low Low Moderate Low Low 

 

3.2.5. Pneumocystis jirovecii pneumonia 

 

Table S26. Included studies (Pneumocystis jirovecii pneumonia)  

Study ID Registry Inclusion criteria Exclusion criteria Mixed population 
End of folLow-up 

for analysis 

Bruce 2016  

Rheumatology (Oxford) 
BSRBR-RA RA, TNFi, sDMARDs None No Nov-13 

Rutherford 2018 

Rheumatology (Oxford)  
BSRBR-RA RA, bDMARDs None No Jun-16 

 

 

 

Table S27. Outcome and exposure definition and statistical analysis (Pneumocystis jirovecii pneumonia) 

Study ID 
FolLow-

up time 
Outcome definition Validation Outcome 

Biologic causal 

attribution 

Failures; biologic 

included at baseline 

Failures; biologic 

included throughout FU 

Notes on 

analysis 

Censoring at 

event 

Bruce 2016  

Rheumatology (Oxford)  
Variable 

Infection by PJP (opportunistic 

infection) 

Microbiological or PCR 

confirmation or death 

certificate 

On drug + 3 

months 
NS NS Cox-regression Yes 
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Rutherford 2018 

Rheumatology (Oxford)  
Variable 

Serious Opportunistic infections 

(includes viral and non-viral) 

Clinician (2 + 

adjudicator) 

On drug (+9 

months for RTX) 
NS No Cox-regression Yes 

 

 

Table S28. Population characteristics (Pneumocystis jirovecii pneumonia) 

Study ID Intervention Control 
Treatment 

group 
N patients 

N patients switchers at 

baseline 
Age % Females Disease duration FolLow-up times Patient-years 

Bruce 2016  Rheumatology 

(Oxford) 

TNFi (ADA, 

ETA, IFX, CZP) 
csDMARDs 

csDMARD 3677 NR NR NR NR NR NR 

TNFi 13905 NR NR NR NR NR NR 

Rutherford 2018 

Rheumatology (Oxford) 

Non-TNFi 

(RTX, TCZ) 
TNFi  

TNFi 16742 NR 56.0 (12.3) 76 11.8 (9.2) 4.9 85331 

RTX 5072 NR 59.5 (12.0) 79 15.8 (9.7) 3 17154 

TCZ 2171 NR 57.4 (12.3) 80 15.0 (10.0) 1.6 3861 

 

 

Table S29. Effect size intervention vs control (Pneumocystis jirovecii pneumonia) 

Study ID 
Treatment 

group 

N of 

events 
Incidence rate (95% CI) 

Type of 

ratio 
uHR (i vs c) 

Age/gender aHR (i 

vs c) 
aHR (i vs c) Adjsuted for 

Bruce 2016  

Rheumatology (Oxford) 

sDMARD 2 1.1/10 000 PY (0.3; 4.3)  HR NR NR REF age 

TNFi 15 2.0/10 000 PY (1.2; 3.3)    NR NR 2.3 (0.5; 10.1)  

Rutherford 2018 

Rheumatology (Oxford) 

TNFi 114 134 /100 000 PY (111; 161) HR REF NR REF Age, gender, disease severity and 

duration, smoking, seropositity and 

polypharmacy (as a surrogate for 

comorbidity) 

RTX 25 146/100 000 PY (98; 217)   1.18 (0.76; 1.83) NR 0.96 (0.62; 1.50) 

TCZ 3 78/100 000 PY (25; 241)   0.56 (0.18; 1.76) NR 0.52 (0.17; 1.65) 

 

Table S30. Additional information on subtypes of the outcome, steroids and additional comments (Pneumocystis jirovecii pneumonia) 

Study ID Steroids Comments 

Bruce 2016  Rheumatology (Oxford) NR NS 

Rutherford 2018 Rheumatology (Oxford) NS 
OI Include: Aspergillosis (invase disease), Atypical Mycobacteria, Candida (invase/pharyngeal), Cytomegalovirus disease, 

Cryptococcosis, Cryptosporidium, Invase Herpes simplex, Herpes Zoster, Legionella, Listeria (invase), PJP, Toxoplasmosis 

  

Table S31: Risk of bias assessment (Pneumocystis jirovecii pneumonia) (Hayden tool)  
Study ID Participation  Attrition Prognostic factor measurement Outcome measurement Confounding  Analysis Overall 

Bruce 2016  Rheumatology (Oxford)  Low Unknown Unknown Low High Low Moderate 

Rutherford 2018 Rheumatology 

(Oxford)  
Low Low Low Low Moderate Low Low 
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3.3. Malignancies 

3.3.1. All types of cancer 

 

Table S32: Included studies (all types of cancer)  

 

Table S33. Outcome and exposure definition and statistical analysis (all types of cancer)  

Study ID 
Follow-up 

time 
Outcome definition 

Validation 

Outcome 

Biologic causal 

attribution 

Failures; biologic 

included at baseline 

Failures; biologic included 

throughout FU 
Notes on analysis 

Censoring 

at event 

Harrold 2018  

Arthritis Res Ther 

Variable 

(up; one 

year) 

Malignancies including Nonmelanoma skin 

cancer, melanoma skin cancer, lymphoma, 

breast cancer, lung cancer, and other 

cancers 

Central validation 

committee 

On drug + 3 

months 
Yes Yes 

IRR calculation after 

PS-matching 
Yes 

Silva-Fernández 2016 

Rheumatology 

(Oxford) 

Variable 

First new malignancy (excluding 

Carcinoma-in situ and non-melanoma skin 

cancer) 

Rheumatologist 
Ever exposed 

during follow-up 
No No Cox-regression Yes 

Wadstrom 2017 

JAMA Intern Med 
Variable 

First invase solid or hematologic malignant 

neoplasm, excluding NMSC 
ssz Ever exposed Yes Yes Cox-regression Yes 

 

 

Table S34. Population characteristics (all types of cancer)  

Study ID Intervention Control 
Control general 

population 

Treatment 

group 

N 

patients 

N patients switchers 

at baseline 
Age % Females 

Disease 

duration 

Follow-up 

times 

Patient-

years 

Harrold 2018  Arthritis 

Res Ther 
CZP 

Other TNFi (ADA, 

ETA, GOL, and IFX)  
No  

CZP 975 74.1 58 (18.0) 769 (78.9) 9 (12.0) NR 841 

Other TNFi 5240 50.5 56 (16.5) 4107 (78.4) 5 (10.0) NR 4622 

Silva-Fernández 2016 

Rheumatology (Oxford) 

bDMARDs 

(TNFi and RTX) 
csDMARDs (?) No 

csDMARD 159 0 66.1 (10.0) 118 (74.2) 8 (3 18) 6.6 (4.4-7.8) 855 

TNFi 243 0 62.7 (9.5) 199 (81.9) 12 (6 18) 6.8 (3.5-8.8) 1591 

RTX 23 0 67.3 (9.9) 15 (65.2) 14 (5 31) 3.9 (3.3-4.6) 81 

Wadstrom 2017 JAMA 

Intern Med 

csDMARDs (LEF, AZA, 

MTX, CYC, 

Yes 

 

TCZ 1798 82 59 (49-67) 78 12 (5-20) NR NR 

ABA 2021 81 61 (51-68) 80 11 (5-20) NR NR 

Study ID Registry Inclusion criteria Exclusion criteria Mixed population End of FU for analysis 

Harrold 2018  Arthritis 

Res Ther 
CORRONA RA ≥ 18 years, TNFi None No Mar-17 

Silva-Fernández 2016 

Rheumatology (Oxford)  
BSRBR-RA 

RA, prior malignancie, 

first TNFi or RTX, 

csDMARDs 

No prior malignancy No May-13 

Wadstrom 2017 JAMA 

Intern Med 

Swedish Rheumatology Quality of Care Register 

(SRQ)/ARTIS,  Swedish Patient Register Swedish Cancer 

Register Prescribed Drug Register Total Population 

Register 

RA, TNFi, non-TNFi 

bDMARD, csDMARD 

Diagnosis of juvenile idiopathic arthritis, systemic lupus 

erythematosus, psoriatic arthritis, or a spondyloarthropathy  
No Dec-15 
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bDMARDs 

(TCZ, ABA, 

RTX, TNFi)  

antimalarial drugs, 

SSZ, or gold)  
RTX 3586 68 63 (54-71) 76 13 (6-22) NR NR 

TNFi (2nd) 4347 96 58 (47-66) 77 10 (5-18) NR NR 

TNFi (1st) 10782 NAP 58 (47-66) 74 6 (2-14) NR NR 

csDMARD 46610 NAP 64 (54-73) 71 NAP NR NR 

General 

Population 
107491 NAP 59 (48-67) 76 NAP NR NR 

 

Table S35. Effect size intervention and control and comparison (all types of cancer)  

Study ID 
Treatment 

group 
N events Incidence rate (95% CI) Type of ratio SIR (vs GP) (95% CI) uHR (i vs c) 

Age/gender 

aHR (i vs c) 
aHR (i vs c) aHR 2 (i vs c) Adjusted for 

Harrold 2018  Arthritis 

Res Ther 

CZP 15 1.78/100 PY (1.08; 2.96) 
IRR 

NR 0.86 (0.46; 1.49) NR 0.71 (0.33; 1.47) NR PS: age, sex, disease 

duration, CDAI at 

drug initiation Other TNFi 96 2.08/100 PY (1.70; 2.54) NR REF NR REF NR 

Silva-Fernández 2016 

Rheumatology (Oxford) 

csDMARD 46 53.8/1000 PY (39.4; 71.8) 

HR 

NR REF REF REF NR 
Age, gender and 

smoking status  TNFi 53 33.3/1000 PY (24.9; 43.6) NR 0.51 (0.33; 0.79) 0.55 (0.35; 0.86) 0.56 (0.36; 0.88) NR 

RTX 2 24.7/1000 PY (3.0; 89.3) NR 0.45 (0.11; 1.97) 0.43 (0.10; 1.80) 0.44 (0.11; 1.82) NR 

Wadstrom 2017 JAMA 

Intern Med 

TCZ 50 959/100000 PY 

HR  

0.99 (0.75; 1.31) NR 0.87 (0.66; 1.16) 0.89 (0.67; 1.18) 1.12 (0.81; 1.54) Age, sex, and start 

year, educational 

level, comorbidities, 

number of 

hospitalizations and 

days spent in 

hospital care, GC, 

NSAIDs, number of 

drugs at BL, sick 

leave and disability 

pension the year 

before cohort entry. 

Prior bDMARD, RF, 

DAS28-CRP, HAQ, 

ESR, CRP level, 

disease duration 

ABA 61 1026/100000 PY 0.99 (0.77; 1.28) NR 0.88 (0.68; 1.13) 0.88 (0.68; 1.14) 1.10 (0.82; 1.48) 

RTX 141 1074/100000 PY 0.97 (0.81; 1.14) NR 0.86 (0.72; 1.02) 0.86 (0.73; 1.03) 1.06 (0.86; 1.30) 

TNFi (1st) 478 978/100000 PY 0.99 (0.85; 1.16) NR 0.92 (0.84; 1.01) 0.93 (0.85; 1.01) REF 

TNFi (2nd) 169 917/100000 PY 1.04 (0.94; 1.15) NR 0.88 (0.76; 1.03) 0.89 (0.76; 1.04) NR 

csDMARD 3260 1328/100000 PY 1.10 (1.04; 1.17) NR REF REF NR 

General 

Population 
4193 953/100000 PY REF NR 0.90 (0.82; 0.99) NAP NR 

 

 

 

Table S36.1. Additional information on subtypes of the outcome and additional comments (all types of cancer)  

Study ID Treatment group Incidence rate (95% CI) censored 5 years aHR (95% CI) censored 5 years Comments 

Silva-Fernández 2016 Rheumatology (Oxford) 

csDMARD 59.1/1000 PY (41.4; 81.9) REF NR 

TNFi 26.8/1000 PY (17.5; 39.2) 0.48 (0.28; 0.81) NR 

RTX 24.7/1000 PY (3.0; 89.3) 0.41 (0.10; 1.71) NR 
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Table S36.2. Additional information on subtypes of the outcome and additional comments (Invase solid cancer excluding NMSC)  

Study ID Treatment group 
Incidence rate (95% CI) invase solid 

cancer 

aHR 1 (95% CI) invase solid 

cancer 

aHR 2 (95% CI) invase solid 

cancer 

aHR 3 (95% CI) invase solid 

cancer 

Wadstrom 2017 JAMA Intern Med 

TCZ 899/100000 PY 0.95 (0.71; 1.27) 1.14 (0.81; 1.59) 1.01 (0.76; 1.35) 

ABA 903/100000 PY 0.88 (0.67; 1.16) 1.04 (0.76; 1.42) 0.95 (0.72; 1.24) 

RTX 985/100000 PY 0.90 (0.75; 1.08) 1.05 (0.84; 1.31) 0.96 (0.81; 1.15) 

TNFi (1st) 884/100000 PY 0.94 (0.86; 1.04) REF 0.97 (0.83; 1.15) 

TNFi (2nd) 827/100000 PY 0.91 (0.77; 1.07) NAP 1.02 (0.92; 1.13) 

csDMARD 1175/100000 PY REF NAP 1.07 (1.00; 1.14) 

General Population 877/100000 PY NAP NAP REF 

 

Table S36.3. Additional information on subtypes of the outcome and additional comments (invasice hematological cancer)  

Study ID Treatment group 
Incidence rate (95% CI) invase 

hematological cancer 

aHR 1 (95% CI) invase 

hematological cancer 

aHR 2 (95% CI) invase 

hematological cancer 

aHR 3 (95% CI) invase 

hematological cancer 

Wadstrom 2017 JAMA Intern Med 

TCZ 54/100000 PY <5 Events <5 Events <5 events 

ABA 141/100000 PY 1.04 (0.53; 2.03) 1.82 (0.81; 4.05) 1.57 (0.80; 3.05) 

RTX 114/100000 PY 0.74 (0.45; 1.22) 1.12 (0.62; 2.04) 1.14 (0.69; 1.86) 

TNFi (1st) 104/100000 PY 0.85 (0.65; 1.10) REF 1.26 (0.80; 1.99) 

TNFi (2nd) 102/100000 PY 0.84 (0.54; 1.32) NAP 1.26 (0.93; 1.69) 

csDMARD 164/100000 PY REF NAP 1.41 (1.18; 1.69) 

General Population 84/100000 PY NAP NAP REF 

 

Table S37. Risk of bias assessment (all types of cancer) (Hayden tool) 
Study ID Participation  Attrition Prognostic factor measurement Outcome measurement Confounding  Analysis Overall 

Harrold 2018  Arthritis Res Ther Low Low Low Low Moderate Low Low 

Silva-Fernández 2016 Rheumatology (Oxford)  Low Low Low Low Low Low Low 

Wadstrom 2017 JAMA Intern Med Low Low Low Low Moderate Moderate Low 

 

3.3.2. Non melanoma skin cancer 

 

Table S38. Included studies (NMSC)  
Study ID Registry Inclusion criteria Exclusion criteria Mixed population End of FU for analysis 

Lange 2016 

Rheumatology 
Tasmanian Cancer Registry (TCR)  

RA diagnosed before 

December 2005 
None Yes Dec-05 

Wadstrom 2017 

JAMA Intern Med 

Swedish Rheumatology Quality of Care Register (SRQ)/ARTIS,  

Swedish Patient Register Swedish Cancer Register Prescribed 

Drug Register Total Population Register 

RA, TNFi, non-TNFi 

bDMARD, csDMARD 

Diagnosis of juvenile idiopathic arthritis, systemic 

lupus erythematosus, psoriatic arthritis, or a 

spondyloarthropathy  

No Dec-15 
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Table S39. Outcome and exposure definition and statistical analysis (NMSC) 

Study ID Follow-up time Outcome definition 
Validation 

Outcome 

Biologic causal 

attribution 

Failures; biologic 

included at baseline 

Failures; biologic included 

throughout FU 

Notes on 

analysis 

Censoring 

at event 

Lange 2016 

Rheumatology 
Variable At least one NMSC Histopatology On drug NS NS 

Standerdized 

Incidence rate 
NAP 

Wadstrom 2017 

JAMA Intern Med 
Variable First invase NMSC Cancer register Ever exposed Yes Yes Cox-regression Yes 

 

Table S40. Population characteristics (NMSC) 

Study ID Intervention Control 
Control general 

population 

Treatment 

group 

N 

patients 

N patients switchers at 

baseline 
Age % Females 

Disease 

duration 

Follow-up 

times 

Patient-

years 

Lange 2016 

Rheumatology 
MTX  No Yes 

MTX 345 NR NR NR NR NR NR 

GP NAP NAP NR NR NR NR NR 

Wadstrom 2017 JAMA 

Intern Med 

bDMARDs (TCZ, 

ABA, RTX, TNFi)  

csDMARDs (LEF, AZA, 

MTX, CYC, 

antimalarial drugs, 

SSZ, or gold)  

Yes 

 

TCZ 1798 82 59 (49; 67) 78 12 (5; 20) NR NR 

ABA 2021 81 61 (51; 68) 80 11 (5; 20) NR NR 

RTX 3586 68 63 (54; 71) 76 13 (6; 22) NR NR 

TNFi (2nd) 4347 96 58 (47; 66) 77 10 (5; 18) NR NR 

TNFi (1st) 10782 NAP 58 (47; 66) 74 6 (2; 14) NR NR 

csDMARD 46610 NAP 64 (54; 73) 71 NAP NR NR 

General 

Population 
107491 NAP 59 (48; 67) 76 NAP NR NR 

 

Table S41. Effect size intervention and control and comparison (NMSC) 

Study ID Treatment group N events Incidence rate (95% CI) 
Type of 

ratio 

SIR (vs GP)  
(95% CI) 

uHR (i vs 

c) 
aHR 1 (i vs c) aHR 2 (i vs c) aHR 3 (i vs c) Adjusted for 

Lange 2016 

Rheumatology 

MTX 162 NR 
SIR 

2.52 (2.01; 3.11) NR NR NR NR 
NAP 

GP NR NR REF NR NR NR NR 

Wadstrom 

2017 JAMA 

Intern Med 

TCZ 5 90/100000 PY 

HR  

NR NR 0.93 (0.39; 2.21) 
1.04 (0.39; 

2.80) 
1.78 (0.73; 4.37) 

Age, sex, and start year, 

educational level, comorbidities, 

number of hospitalizations and 

days spent in hospital care (1987-

present), GC, NSAIDs, number of 

prescription drugs at baseline, and 

sick leave and disability pension 

(none vs any) the year before 

cohort entry. Prior bDMARD, RF, 

DAS28-CRP, HAQ, ESR, CRP level, 

disease duration 

ABA 17 266/100000 PY NR NR 2.15 (1.31; 3.52) 
2.12 (1.14; 

3.95) 
4.56 (2.76; 7.52) 

RTX 24 159/100000 PY NR NR 1.01 (0.66; 1.55) 
1.05 (0.62; 

1.77) 
2.12 (1.38; 3.24) 

TNFi (2nd) 54 104/100000 PY NR NR 1.09 (0.84; 1.42) REF 1.64 (1.00; 2.69) 

TNFi (1st) 17 86/100000 PY NR NR 0.86 (0.54; 1.39) NAP 1.94 (1.43; 2.63) 

csDMARD 467 171/100000 PY NR NR REF NAP 1.53 (1.26; 1.86) 

General Population 263 55/100000 PY NR NR NAP NAP REF 
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Table S42. Risk of bias assessment (NMSC) (Hayden tool) 

Study ID Participation  Attrition Prognostic factor measurement Outcome measurement Confounding  Analysis Overall 

Lange 2016 Rheumatology Moderate Unknown High Low High Moderate Moderate 

Wadstrom 2017 JAMA Intern Med Low Low Low Low Low Low Low 

 

3.3.3. Melanoma 

 

Table S43: Included studies (Melanoma)  

 

Table S44. Outcome and exposure definition and statistical analysis (Melanoma)  

Study ID 
Follow-up 

time 
Outcome definition Validation Outcome 

Biologic causal 

attribution 

Failures; biologic 

included at baseline 

Failures; biologic included 

throughout FU 
Notes on analysis 

Censoring 

at event 

Mercer 2017 Ann 

Rheum Dis(2) 
Variable 

First invasive melanoma (cutaneous 

or metastatic) 

Rheumatologist and 

histopathology 

On drug + 3 

months (9 months 

for RTX) 

Yes (only for non-TNFi) Yes 
SIR and Poisson-

regression 
Yes 

Wadstrom 2017 

JAMA Intern Med 
Variable 

First invase solid or hematologic 

malignant neoplasm, excluding NMSC 
Cancer register Ever exposed Yes Yes Cox-regression Yes 

 

Table S45. Population characteristics (Melanoma)  

Study ID Intervention Control 
Control general 

population 

Treatment 

group 
N patients 

N patients switchers 

at baseline 
Age % Females 

Disease 

duration 

Follow-up 

times 

Patient-

years 

Mercer 2017 

Ann Rheum 

Dis(2) 

TNFi (?), Non-

TNFi bDMARD 

(RTX, TCZ, 

ABA)  

bDMARD naive Yes 

bDMARD 

naive 
68 411 NR 61.1 (57-61.8) 72.1 (71-79) 5.7 (4-13) NR 300 012 

TNFi 48 304 NR 55.0 (50.3-56.5) 75 (74.2-87) 8.5 (6.2-12) NR 242 814 

RTX 9431 NR 58 (57.5-58.6) 78.4 (76.1-80.5) 12.8 (8.6-17) NR 28 705 

TCZ 2606 NR 56.5 (56-56.8) 78.8 (77-80.2) 10.3 (6-13.5) NR 4053 

ABA 1563 NR 57.4 (56-58.2) 78.4 (77-79.2) 13.3 (8-16) NR 4399 

Wadstrom 2017 

JAMA Intern 

Med 

bDMARDs 

(TCZ, ABA, RTX, 

TNFi)  

csDMARDs (LEF, 

AZA, MTX, CYC, 

antimalarial 

drugs, SSZ, or 

gold)  

Yes 

 

TCZ 1798 82 59 (49-67) 78 12 (5-20) NR NR 

ABA 2021 81 61 (51-68) 80 11 (5-20) NR NR 

RTX 3586 68 63 (54-71) 76 13 (6-22) NR NR 

TNFi (2nd) 4347 96 58 (47-66) 77 10 (5-18) NR NR 

Study ID Registry Inclusion criteria Exclusion criteria Mixed population End of FU for analysis 

Mercer 2017 Ann 

Rheum Dis(2)  

EULAR RODS (AIR, ARTIS, ATTRA, BSRBR-RA, DANBIO, 

GISEA, 'Orencia and RA', RABBIT, French REGistry—
RoAcTEmra, Reuma.pt, SCQM) 

Physician diagnosis of 

RA, TNFi, non-TNFi 

bDMARDs 

History of invasive melanoma prior; registration No Apr-14 

Wadstrom 2017 JAMA 

Intern Med 

Swedish Rheumatology Quality of Care Register 

(SRQ)/ARTIS,  Swedish Patient Register Swedish Cancer 

Register Prescribed Drug Register Total Population 

Register 

RA, TNFi, non-TNFi 

bDMARD, csDMARD 

Diagnosis of juvenile idiopathic arthritis, systemic lupus 

erythematosus, psoriatic arthritis, or a spondyloarthropathy  
No Dec-15 
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TNFi (1st) 10782 NAP 58 (47-66) 74 6 (2-14) NR NR 

csDMARD 46610 NAP 64 (54-73) 71 NAP NR NR 

General 

Population 
107491 NAP 59 (48-67) 76 NAP NR NR 

 

Table S46. Effect size intervention and control and comparison (Melanoma)  

Study ID 
Treatment 

group 
N events Incidence rate (95% CI) Type of ratio SIR (vs GP) (95% CI) uHR (i vs c) 

Age/gender 

aHR (i vs c) 
aHR (i vs c) aHR 2 (i vs c) Adjusted for 

Mercer 2017 Ann 

Rheum Dis(2) 

 

bDMARD 

naive 
160 300/1000 PY 

SIR and IRR 

 

1.1 (0.9; 1.4) REF NR NR NR 

NAP 

TNFi 106 242/1000 PY 1.2 (0.99; 1.6) 1.14 (0.8; 1.6) NR NR NR 

RTX 13 29/1000 PY 1.3 (0.6; 2.6) NR NR NR NR 

TCZ 4 4.1/1000 PY 3.4 (0.0; 1930) NR NR NR NR 

ABA 2 4.4/1000 PY 1.6 (0; 12 704) NR NR NR NR 

Wadstrom 2017 JAMA 

Intern Med 

TCZ 50 54/100000 PY 

HR  

<5 events NR <5 Events <5 Events <5 Events Age, sex, and start 

year, educational 

level, comorbidities, 

number of 

hospitalizations and 

days spent in 

hospital care, GC, 

NSAIDs, number of 

drugs at BL, sick 

leave and disability 

pension the year 

before cohort entry. 

Prior bDMARD, RF, 

DAS28-CRP, HAQ, 

ESR, CRP level, 

disease duration 

ABA 61 110/100000 PY 1.63 (0.76; 3.49) NR 1.33 (0.61; 2.90) 1.43 (0.66; 3.09) 2.39 (0.90; 6.33) 

RTX 141 60/100000 PY 0.87 (0.44; 1.71) NR 0.69 (0.36; 1.35) 0.73 (0.38; 1.39) 1.07 (0.47; 2.45) 

TNFi (1st) 478 62/100000 PY 1.12 (0.64; 1.97) NR 0.85 (0.60; 1.18) 0.84 (0.60; 1.18) REF 

TNFi (2nd) 169 66/100000 PY 1.04 (0.71; 1.51) NR 0.92 (0.52; 1.61) 0.94 (0.53; 1.66) NAP 

csDMARD 3260 86/100000 PY 1.24 (1.00; 1.55) NR REF REF NAP 

General 

Population 
4193 61/100000 PY REF NR 0.84 (0.57; 1.23) NAP NAP 

 

Table S47. Risk of bias assessment (Melanoma) (Hayden tool) 
Study ID Participation  Attrition Prognostic factor measurement Outcome measurement Confounding  Analysis Overall 

Mercer 2017 Ann Rheum Dis(2) Low Unknown Moderate Low Moderate Moderate Moderate 

Wadstrom 2017 JAMA Intern Med Low Low Low Low Moderate Moderate Low 
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3.3.4. Cervical cancer 

 

Table S48. Included studies (Cervical cancer)  

Study ID Registry Inclusion criteria Exclusion criteria Mixed population End of FU for analysis 

Kim 2016 Arthritis 

Rheumatol 

Medicaid, Wellpoint and United HealthCare 

(claims dataset) 

RA (ICD9 codes), ≥ 18 years, 

starting first bDMARDs 

and/or csDMARDs 

Previous treatment with bDMARs within one year. patients with history 

of hysterectomy, organ or bone marrow transplantation, H/AIDS, or 

malignancy, receipt of chemotherapy, and nursing home residents in 

the 365day period prior; the index date.  

No NS 

Wadström 2016 

Ann Rheum Dis 

ARTIS, The Swedish Patient Register, 

Prescribed Drug Register, Total Population 

Register, Swedish Cancer Register, Swedish 

National Cervical Screening Registry 

RA, first TNFi, bDMARD nae, 

General pop 

Diagnosis of juvenile idiopathic arthritis, ankylosing spondylitis, 

systemic lupus erythematosus or psoriatic arthritis 
No Dec-12 

 

 

 Table S49. Outcome and exposure definition and statistical analysis (Cervical cancer) 

Study ID 
Follow-up 

time 
Outcome definition Validation Outcome 

Biologic causal 

attribution 

Failures; biologic 

included at baseline 

Failures; biologic included 

throughout FU 
Notes on analysis 

Censoring 

at event 

Kim 2016 Arthritis 

Rheumatol 
Variable 

High-grade cervical dysplasia 

or cervical cancer 

Previous studies with 

validation of outcome 
On drug No No 

Cox-regression with 

PS-adjustment 
Yes 

Wadström 2016 Ann 

Rheum Dis 
Variable Invase cervical cancer Cancer register Ever exposed No Yes Cox-regression Yes 

 

Table S50. Population characteristics (Cervical cancer) 

Study ID Intervention Control 
Control general 

population 
Treatment group 

N 

patients 

N patients switchers 

at baseline 
Age 

% 

Females 

Disease 

duration 
Follow-up times 

Patient-

years 

Kim 2016 Arthritis 

Rheumatol  

bDMARD (ABA, 

ADA, ANK, CZP, 

ETA, GOL, IFX, 

RTX, TCZ) 

csDMARD(MTX, 

HXQ, LEF, AZA, 

CYC, CYP, D-

penicillamine, gold, 

and SSZ) 

 No 

Medicaid               

bDMARDs 14729 0% 46.4 ± 11.9 NR NR 2.0 (2.1) years  30149 

csDMARDs 14729 0% 46.4 ± 11.9 NR NR 1.5 (1.8) years 22252 

Comercial               

bDMARDs 7538 0% 50.2 ± 12.5 NR NR 1.7 (1.6) years 12452 

csDMARDs 7538 0% 50.0 ± 12.9 NR NR 1.1 (0.7) years 8536 

Pooled               

bDMARDs NR NR NR NR NR NR NR 

csDMARDs NR NR NR NR NR NR NR 

Wadström 2016 

Ann Rheum Dis  

TNFi 

 

csDMARDs (MTX, 

SSZ, HXQ, LEF) 

 

Yes   

TNFi 9629 0% 56 (18-92) NR 8.2 6.5 NR 

bDMARD naive 34 984 NAP 62 (18-97) NR NAP 5.47 NR 

General female 

population 
300 331 NAP 61 (18-96) NR NAP 7.08 NR 

New TNFi >2006 NR NR NR NR NR NR 18 110 

csDMARDs NR NR NR NR NR NR 94 590 
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Table S51. Effect size intervention and control and comparison (Cervical cancer) 

Study ID 
Treatment 

group 

N 

events 
Incidence rate (95% CI) 

Type of 

ratio 

uHR (i 

vs c) 

Age/gender 

aHR (i vs c) 
aHR 1 (i vs c) aHR 2 (I vs c) Adjusted for 

Kim 2016 Arthritis 

Rheumatol  

Medicaid     

HR 

       

Age, risk factors for HPV infection, comorbidities, RA-

related medications such as systemic 

immunosuppresse drugs and steroids, other 

medications, and markers of health care use intensity   

bDMARDs 48 1.59/1000 PY (1.20; 2.11) NR NR 1.25 (0.78-2.01) NR 

csDMARDs 27 1.21/1000 PY (0.83; 1.76) NR NR REF NR 

Comercial            

bDMARDs 14 1.12/1000 PY (0.66; 1.89) NR NR 1.63 (0.62–4.27) NR 

csDMARDs 6 0.70/1000 PY (0.31; 1.56) NR NR REF NR 

Pooled            

bDMARDs NR NR NR NR 1.32 (0.86–2.01) NR 

csDMARDs NR NR NR NR REF NR 

Wadström 2016 

Ann Rheum Dis 

TNFi 10 24/100000 PY 

HR 

NR NR 2.10 (1.04; 4.23) 1.36 (0.59; 3.13) 

Stratified on decade of birth and adjusted for 

educational level, number of cervical screens past fe 

years, comorbidities, marital status and total days 

spent in hospital during last fe years  

bDMARD naive 7 6.9/100000 PY NR NR REF NAP 

General female 

population 
112 9.7/100000 PY NR NR NAP 

0.73 (0.44; 1.21) 

New TNFi 

>2006 
NR NR NR NR NAP 

Low numbers 

csDMARDs NR NR NR NR NAP REF 

 

Table S52. Additional information on subtypes of the outcome and additional comments (Cervical cancer) 

Study ID Treatment group 
Incidence rate 

(95% CI) CIN1 
aHR 1 (95% CI) CIN1 aHR 2 (95% CI) CIN1 Incidence rate (95% CI) CIN2+ aHR 1 (95% CI) CIN2+ aHR 2 (95% CI) CIN2+ 

Wadstrom 2017 JAMA Intern 

Med 

TNFi 95.3/100000 PY 1.23 (0.87; 1.74) 1.02 (0.67; 1.54) 136/100000 PY 1.36 (1.01; 1.82) 1.10 (0.72; 1.68) 

bDMARD naive 57.1/100000 PY REF NAP 78.5/100000 PY REF NAP 

General female 

population 44.8/100000 PY NAP 0.59 (0.45; 0.78) 69.7/100000 PY NAP  0.59 (0.47; 0.73) 

New TNFi >2006 NR NAP 1.12 (0.67; 1.87) NR  NAP 1.09 (0.72; 1.66) 

csDMARDs NR NAP REF NR  NAP REF 

 

Table S53. Risk of bias assessment (Cervical cancer) (Hayden tool) 

Study ID Participation  Attrition Prognostic factor measurement Outcome measurement Confounding  Analysis Overall 

Kim 2016 Arthritis Rheumatol High Moderate High High Moderate Low High 

Wadström 2016 Ann Rheum Dis Low Low Low Low Low Low Low 
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3.3.5. Lymphoma 

 

Table S54.Included studies (Lymphoma)  

Study ID Registry Inclusion criteria Exclusion criteria 
Mixed 

population 

End of FU for 

analysis 

Mercer 2017 Ann Rheum Dis BSRBR-RA 
Physician diagnosis of RA, first 

TNFi, csDMARDs 

Prior diagnosis of lymphoproliferate or myeloproliferate malignancy. Previous treatment 

with bDMARDs. Patients who did not complete 6 months follow-up 
No Nov-13 

 

Table S55. Outcome and exposure definition and statistical analysis (Lymphoma) 

Study ID 
Follow-up 

time 

Outcome 

definition 
Validation Outcome Biologic causal attribution 

Failures; biologic 

included at 

baseline 

Failures; biologic 

included 

throughout FU 

Notes on analysis 
Censoring at 

event 

Mercer 2017 Ann 

Rheum Dis 
Variable Lymphoma  

Histology or identified in National 

cancer register 

On drug plus until the end of follow-

up—ever exposed even after stoping 

TNFi or csDMARD 

No No 
Cox-regression with 

PS-adjustment 
Yes  

 

Table S56. Population characteristics (Lymphoma) 

Study ID Intervention Control 
Control general 

population 

Treatment 

group 

N 

patients 

N patients switchers at 

baseline 
Age % Females Disease duration Follow-up times 

Patient-

years 

Mercer 2017 Ann 

Rheum Dis 

TNFi (ADA, 

ETA, IFX) 

 

csDMARDs 

 

No 

 

csDMARD 3367 0% 60 (12) 2477 (74) 6 (1; 15) 6.5 (3.8; 8.0) 19 473 

All TNFi 11 931 0% 56 (12) 9115 (76) 11 (6 19) 8.6 (6.7; 9.7) 95 126 

ADA 4288 0% NR NR NR 6.2 (3.5; 8.0) 22 361 

ETA 4144 0% NR NR NR 5.9 (1.4; 9.1) 26 838 

IFX 3499 0% NR NR NR 8.1 (3.8; 9.2) 17 688 

 

Table S57. Effect size intervention and control and comparison (Lymphoma) 

Study ID 
Treatment 

group 

N 

events 
Incidence rate (95% CI) Type of ratio uHR (i vs c) Age/gender aHR (i vs c) aHR (i vs c) Adjsuted for 

Mercer 2017 Ann 

Rheum Dis 

csDMARD 30 154/100 000 PY  (104; 220) 

HR 

 

REF REF REF PS: age, sex, smoking status and ethnicity,  prior 

cancer (excluding LPM or MPM); comorbidity,  

DAS28 score; HAQ score; RA duration; number of 

previous csDMARDs and current GC. Date of 

registration with the BSRBR-RA (dichotomised as 

before/after June 2004) 

All TNFi 84 88 /100 000 PY (70; 109) 0.61 (0.40; 0.92) 0.75 (0.49; 1.15) 1.00 (0.56; 1.80) 

ADA 20 89 /100 000 PY (55; 138) NR NR 1.00 (0.49; 2.03) 

ETA 20 75 /100 000 PY (45; 115) NR NR 1.02 (0.45; 2.33) 

IFX 18 102 /100 000 PY (60; 161) NR NR 0.91 (0.39; 2.13) 
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Table S58 Additional information on subtypes of the outcome and additional comments (Lymphoma) 

Study ID 
Treatment 

group 
Incidence rate (95% CI) HL aHR (95% CI) HL Incidence rate (95% CI) NHL aHR (95% CI) NHL Incidence rate (95% CI) DLBCL aHR (95% CI) DLBCL 

Mercer 2017 Ann 

Rheum Dis 

csDMARD 26/100 000 PY (8; 60) REF 128/100 000 PY (83; 190) REF 67/100 000 PY (36; 114) REF 

All TNFi 13/100 000 PY (7; 22) 0.54 (0.12; 2.50) 75/100 000 PY (58; 94 1.10 (0.58; 2.08) 56/100 000 PY (42; 73) 1.54 (0.60; 3.95) 

ADA NR NR NR NR NR NR 

ETA NR NR NR NR NR NR 

IFX NR NR NR NR NR NR 

 

Table S59. Risk of bias assessment (Lymphoma) (Hayden tool) 

Study ID Participation  Attrition Prognostic factor measurement Outcome measurement Confounding  Analysis Overall 

Mercer 2017 Ann Rheum Dis Low Unknown Low Low Low Low Low 

 

3.4. Cardiovascular events 

3.4.1. Composite outcome for CVE 

 

Table S60. Included studies (CV events)  
Study ID Registry Inclusion criteria Exclusion criteria Mixed population End of folLow-up for analysis 

Harrold 2018  Arthritis Res Ther CORRONA RA ≥ 18 years, TNFi None No Mar-17 

Herrinton 2018 Perm J 

Kaiser Permanente 

Northern California 

(Claims) 

RA (ICD9 codes) first treated 

with MTX 

Patients < 18 years; those who did not have continuous Health Plan 

membership during the year before their initial RA diagnosis or their 

index date; any DMARD during the year before their RA diagnosis or 

index date. Serious cardiovascular event before inclusion; diagnosis of 

psoriasis; or had transplantation, advanced kidney or ler disease, or 

cancer other than nonmelanoma skin cancer 

No Oct-14 

Jin 2018 J Rheumatol 
Medicare  and 

MarketScan (Claims) 

RA (ICD9 codes) age ≥ 18, TNFi 

or ABA 

Patients who receed other biologics or tofacitinib in the 365-day pre-

index period. 
No Jun-15 

Kim 2017 Arthritis Rheumatol 3 US health care claims 

databases: Medicare, 

IMS PharMetrics Plus 

and Truven MarketScan 

RA (ICD9 codes), ≥ 18 years, 

starting TCZ or TNFi after 

failure of at least one bDMARD 

or tsDMARD 

Nursing home residents, patients with HIV/ 

AIDS, malignancy other than NMSC, end-stage renal disease or had 

undergone dialysis or renal transplant prior; the index date. RTX. 

Patients with hospitalizations for MI, stroke, ACS, or heart failure in the 

90 days prior; the index date. 

No NS Kim 2018 Semin Arthritis 

Rheum 
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Table S61. Outcome and exposure definition and statistical analysis (CV events) 

Study ID 
FolLow-up 

time 
Outcome definition 

Validation 

Outcome 

Biologic causal 

attribution 

Failures; biologic 

included at baseline 

Failures; biologic included 

throughout FU 
Notes on analysis 

Censoring 

at event 

Harrold 2018  

Arthritis Res Ther 

Variable (up; 

one year) 

Composite outcome for CVE (MI, TIA, 

stroke, CHF with hospitalization, cardiac 

revascularization procedure, ventricular 

arrhythmia, cardiac arrest, ACS, unstable 

angina, hypertension with hospitalization, 

peripheral arterial thromboembolic 

event, urgent peripheral arterial 

revascularization, peripheral ischemia or 

gangrene (necrosis), and other CVEs) 

Central 

validation 

committee 

On drug + 3 

months 
Yes Yes 

IRR calculation after 

PS-matching 
Yes 

Herrinton 2018 

Perm J 
Variable 

Composite cardiovascular event (AMI, 

stroke, or coronary revascularization) 
NS On drug No Yes Cox-regression Yes 

Jin 2018 J 

Rheumatol 
Variable 

Composite cardiovascular event (AMI, 

stroke/TIA, or coronary revascularization) 

Previous studies 

with validation of 

outcome 

On drug NS NS 
Cox-regression with 

PS-adjustment 
Yes 

Kim 2017 Arthritis 

Rheumatol 
Variable 

Composite cardiovascular end point of MI 

and stroke 

Previous studies 

with validation of 

outcome 

On drug Yes No 
Cox-regression with 

PS-adjustment 
Yes 

Kim 2018 Semin 

Arthritis Rheum 

 

Table S62. Population characteristics (CV events) 

Study ID Intervention Control Treatment group 
N 

patients 

N patients switchers 

at baseline 
Age % Females 

Disease 

duration 
FolLow-up times 

Patient-

years 

Harrold 2018  

Arthritis Res Ther  
CZP 

Other TNFi (ADA, 

ETA, GOL, and IFX)  

CZP 975 74.1 58 (18.0) 769 (78.9) 9 (12.0) NR 840 

Other TNFi 5240 50.5 56 (16.5) 4107 (78.4) 5 (10.0) NR 4633 

Herrinton 2018 

Perm J 

TNFi (IFX, ETA, ADA) 

and non-TNFi (ABA, 

ANK, EFA, RXT)  

csDMARDs (MTX, 

other sDMARDs: 

AZA, CYP, HXQ, LEF, 

MFM, and SSZ)  

TNFi alone 785 0.0% 54 78 NR NR 1101 

TNFi  964 0.0% 56 75 NR NR 1461 

TNFi + other csDMARD 607 0.0% 57 80 NR NR 590 

TNFi + other sDMARD 568 0.0% 55 79 NR NR 671 

 MTX + other csDMARD 2916 0.0% 60 80 NR NR 4064 

Other csDMARD alone 1870 0% 60 79 NR NR 2838 

Other combinations 380 0% 58 84 NR NR 687 

No treatment 2832 0% 60 74 NR NR 5504 

MTX alone 5535 0% 61 75 NR NR 7427 

Jin 2018 J 

Rheumatol 
ABA 

TNFi (ADA, ETA, CZP, 

GOL, IFX)   

Medicare               

ABA 6102 NR 73.8 (6.3) 83.1 NR 433.4 (423.0) days NR 

TNFi 6102 NR 73.8 (6.5) 82.8 NR 383.5 (406.6) days NR 

MarketScan               

ABA 6934 NR 56.9 (13.0) 82.1 NR 401.9 (437.0)  days NR 

TNFi 6934 NR 56.9 (13.4) 81.2 NR 424.4 (505.6) days NR 

Pooled               

ABA 12204 NR NR NR NR NR NR 

TNFi 13868 NR NR NR NR NR NR 

TCZ TNFi Medicare               
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Kim 2017 Arthritis 

Rheumatol 

 TCZ 2531 100 72.2 (6.2) 84.6 NR NR 1841 

TNFi 4866 100 72.0 (6.1) 84.7 NR NR 3954 

PharMetrics               

TCZ 2614 100 51.3 (11.9) 81.7 NR NR 2061 

TNFi 5505 100 51.0 ±11.5 81.1 NR NR 4465 

MarketScan               

TCZ 4073 100 53.2 (12.5) 83.2 NR NR   

TNFi 8439 100 52.7 (12.4) 81.9 NR NR 2999 

Pooled             6726 

TCZ NR NR NR NR NR NR NR 

TNFi NR NR NR NR NR NR 6901 

Kim 2018 Semin 

Arthritis Rheum  
TCZ  ABA  

Medicare               

TCZ 1516 100 72.1 (6.5) 83 NR NR 1097 

ABA 4075 100 72.2 (6.0) 83.3 NR NR 3497 

PharMetrics               

TCZ 1735 100 51.0 (12.0) 79.9 NR NR 1336 

ABA 3840 100 51.3 (11.6) 80.5 NR NR 3061 

MarketScan               

TCZ 2986 100 53.3 (12.8) 81.4 NR NR 2163 

ABA 6770 100 53.6 (12.5) 81.8 NR NR 5126 

Pooled               

TCZ 6237 100 NR NR NR NR 4596 

ABA 14685 100 NR NR NR NR 11,684 

 

Table S63. Effect size intervention and control and comparison (CV event) 

Study ID Treatment group 
N of 

events 
Incidence rate (95% CI) 

Type of 

ratio 
uHR (i vs c) 

Age/gender 

aHR (i vs c) 
aHR (i vs c) Adjusted for 

Harrold 2018  

Arthritis Res Ther 

CZP 17 2.02/100 PY (1.26, 3.26) 
IRR 

1.22 (0.67; 2.08) NR 1.01 (0.49; 2.11) PS: age, sex, disease duration, CDAI at drug 

initiation Other TNFi 77 1.66/100 PY (1.33, 2.08) REF   REF 

Herrinton 2018 

Perm J  

TNFi alone 4 3.63/1000 PY 

HR 

0.37 (0.13; 1.01) 0.70 (0.25; 1.95) 0.70 (0.25; 1.96) 

Age, gender, race, baseline comorbidities, 

GCs, cardiovascular medication 

TNFi  7 4.79/1000 PY 0.48 (0.22; 1.05) 0.72 (0.33; 1.59) 0.72 (0.33; 1.59) 

TNFi  + other csDMARD 4 6.78/1000 PY 0.68 (0.25; 1.86) 1.00 (0.36; 2.76) 0.88 (0.32; 2.44) 

TNFi + other sDMARD 8 11.93/1000 PY 1.20 (0.57; 2.52) 2.03 (0.96; 4.28) 1.82 (0.86; 3.85) 

 MTX + other csDMARD 44 10.83/1000 PY 1.08 (0.74; 1.57) 1.28 (0.88; 1.87) 1.28 (0.88; 1.87) 

Other csDMARD alone 32 11.27/1000 PY 1.13 (0.74; 1.74) 1.40 (0.91; 2.16) 1.30 (0.84; 2.01) 

Other combinations 4 5.82/1000 PY 0.58 (0.21; 1.62) 0.93 (0.34; 2.60) 0.86 (0.31; 2.40) 

No treatment 60 10.9/1000 PY 1.09 (0.76; 1.56) 1.27 (0.88; 1.83) 1.28 (0.89; 1.85) 

MTX alone 75 10.1/1000 PY REF REF REF 

Jin 2018 J 

Rheumatol 

 

Medicare     

HR 

 

      PS: age, sex, calendar year, race (only in 

Medicare), region (only in Medicare), 

comorbidities (e.g., smoking status, alcohol 

use, hyperlipidemia, HTN, AF, HF, CHD, 

stroke/TIA, peripheral vascular disease, VTE, 

chronic ler disease, chronic kidney disease, 

and diabetes), RA medications, other 

medications, lab. tests, and healthcare 

utilization covariates   

ABA 185 2.38/100 PY NR NR 0.67 (0.55; 0.81) 

TNFi 248 3.58/100 PY NR NR REF 

MarketScan           

ABA 114 1.38/100 PY NR NR 1.08 (0.83; 1.41) 

TNFi 113 1.27/100 PY NR NR REF 

Pooled           

ABA NR NR NR NR 0.79 (0.67; 0.92) 

TNFi NR NR NR NR REF 
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Kim 2017 Arthritis 

Rheumatol 

Medicare     

HR 

      

Demographics (age, sex, region, 

race/ethnicity [only available in the 

Medicare data]), prior DMARD use, 

cardiovascular comorbidities, other chronic 

diseases, cardiovascular medications, other 

long-term medications, and markers of 

health care utilization intensity   

TCZ 17 0.92/100PY (0.56; 1.44) NR NR 0.7(0.40; 1.24) 

TNFi 50 1.27 /100PY(0.95; 1.65) NR NR REF 

PharMetrics           

TCZ 10 0.49/100PY (0.25; 0.86) NR NR 1 (0.45; 2.22) 

TNFi 20 0.45/100PY (0.28; 0.68) NR NR REF 

MarketScan           

TCZ 9 0.3/100PY (0.15; 0.55) NR NR 1.03 (0.46; 2.34) 

TNFi 19 0.28/100PY (0.18; ; 0.43) NR NR REF 

Pooled           

TCZ 36 0.52/100PY (0.37; 0.71) NR NR 0.84 (0.56; 1.26) 

TNFi 89 0.59/100PY (0.47; 0.72) NR NR REF 

Kim 2018 Semin 

Arthritis Rheum   

  

  

Medicare     

HR 

 

      

TCZ 18 1.64/100PY (1.01; 2.54) NR NR 0.96 (0.56; 1.63) 

ABA 59 1.69/100PY (1.30; 2.16) NR NR REF 

PharMetrics           

TCZ 5 0.37/100PY (0.14; 0.82) NR NR 0.67 (0.25; 1.84) 

ABA 18 0.59/100PY (0.36; 0.91) NR NR REF 

MarketScan           

TCZ 9 0.42/100PY (0.21; 0.76) NR NR 0.68 (0.32; 1.42) 

ABA 35 0.68/100PY (0.48; 0.94) NR NR REF 

Pooled           

TCZ 32 0.70/100PY (0.49; 0.97) NR NR 0.82 (0.55; 1.22)  

ABA 112 0.96/100PY (0.79; 1.15) NR NR REF 

 

Table S64. Additional information on subtypes of the outcome and additional comments (CV event) 

Study ID Treatment group Incidence rate (95% CI) aHR (i vs c) mortality 

Kim 2018 Semin Arthritis Rheum 

Medicare     

TCZ NR 1.01 (0.60; 1.70) 

ABA NR REF 

PharMetrics     

TCZ NR NAP 

ABA NR NAP 

MarketScan     

TCZ NR 0.91 (0.28; 3.01) 

ABA NR REF 

Pooled     

TCZ NR 0.99 (0.62; 1.60) 

ABA NR REF 

 

Table S65. Risk of bias assessment (Hayden tool) 
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Study ID Participation  Attrition Prognostic factor measurement Outcome measurement Confounding  Analysis Overall 

Harrold 2018  Arthritis Res Ther Low Low Low Low Moderate Moderate Low 

Herrinton 2018 Perm J High Moderate High High Moderate Moderate High 

Jin 2018 J Rheumatol High Moderate High High Low Low High 

Kim 2017 Arthritis Rheumatol High Moderate High High Low Low High 

Kim 2018 Semin Arthritis Rheum High Moderate High High Low Low High 

 

 

3.4.2. Heart Failure  

 

Table S66. Included studies (Heart failure)  
Study ID Registry Inclusion criteria Exclusion criteria Mixed population End of folLow-up for analysis 

Generali 2019 Rheumatol Int Claims dataset from Italy RA, ABA, ETA None No Dec-13 

Jin 2018 J Rheumatol Medicare  and MarketScan (Claims) 
RA (ICD9 codes) age ≥ 18, TNFi or 

ABA 

Patients who receed other biologics or tofacitinib in the 

365-day pre-index period. 
No Jun-15 

Kim 2018 Semin Arthritis 

Rheum 

3 US health care claims databases: 

Medicare, IMS PharMetrics Plus and 

Truven MarketScan 

RA (ICD9 codes), ≥ 18 years, 

starting TCZ or TNFi after 

failure of at least one bDMARD 

or tsDMARD 

Nursing home residents, patients with H/ 

AIDS, malignancy other than NMSC, end-stage renal 

disease or had undergone dialysis or renal transplant 

prior; the index date. RTX. Patients with hospitalizations 

for MI, stroke, ACS, or heart failure in the 90 days prior; 

the index date. 

No NS 

 

Table S67. Outcome and exposure definition and statistical analysis (Heart failure) 

Study ID 
FolLow-up 

time 
Outcome definition 

Validation 

Outcome 

Biologic causal 

attribution 

Failures; biologic 

included at baseline 

Failures; biologic included 

throughout FU 
Notes on analysis 

Censoring 

at event 

Generali 2019 

Rheumatol Int Variable Hospitalization/death for HF Hospital files On drug + 3 months Yes NS Cox-regression Yes 

Jin 2018 J 

Rheumatol 
Variable 

Composite cardiovascular event (AMI, 

stroke/TIA, or coronary revascularization) 

Previous studies 

with validation of 

outcome 

On drug NS NS 
Cox-regression with 

PS-adjustment 
Yes 

Kim 2018 Semin 

Arthritis Rheum 
Variable 

Composite cardiovascular end point of MI 

and stroke 

Previous studies 

with validation of 

outcome 

On drug Yes No 
Cox-regression with 

PS-adjustment 
Yes 

 

Table S68. Population characteristics (Heart failure) 

Study ID Intervention Control Treatment group 
N 

patients 

N patients 

switchers at 

baseline 

Age % Females 
Disease 

duration 
FolLow-up times 

Patient-

years 

ABA ETA  ABA 837 NR 59 (12) 688 (82.2) NR NR 1659 
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Generali 2019 

Rheumatol Int ETA 1690 NR 55 (13) 1.201 (71.1) NR NR 4390 

Jin 2018 J 

Rheumatol 
ABA 

TNFi (ADA, ETA, CZP, 

GOL, IFX)   

Medicare               

ABA 6102 NR 73.8 (6.3) 83.1 NR 433.4 (423.0) days NR 

TNFi 6102 NR 73.8 (6.5) 82.8 NR 383.5 (406.6) days NR 

MarketScan               

ABA 6934 NR 56.9 (13.0) 82.1 NR 401.9 (437.0)  days NR 

TNFi 6934 NR 56.9 (13.4) 81.2 NR 424.4 (505.6) days NR 

Pooled               

ABA 12204 NR NR NR NR NR NR 

TNFi 13868 NR NR NR NR NR NR 

Kim 2018 Semin 

Arthritis Rheum  
TCZ  ABA  

Medicare               

TCZ 1516 100 72.1 (6.5) 83 NR NR 1097 

ABA 4075 100 72.2 (6.0) 83.3 NR NR 3497 

PharMetrics               

TCZ 1735 100 51.0 (12.0) 79.9 NR NR 1336 

ABA 3840 100 51.3 (11.6) 80.5 NR NR 3061 

MarketScan               

TCZ 2986 100 53.3 (12.8) 81.4 NR NR 2163 

ABA 6770 100 53.6 (12.5) 81.8 NR NR 5126 

Pooled               

TCZ 6237 100 NR NR NR NR 4596 

ABA 14685 100 NR NR NR NR 11,684 

 

 

 

Table S69. Effect size intervention and control and comparison (Heart failure) 

Study ID Treatment group 
N of 

events 
Incidence rate (95% CI) 

Type of 

ratio 
uHR (i vs c) 

Age/gender 

aHR (i vs c) 
aHR (i vs c) Adjusted for 

Generali 2019 

Rheumatol Int 

ABA 12 7.23 /1000 PY(4.11; 12.74) 

HR 

  

2.42 (1.10; 5.34) NR 1.42(0.59–3.45) Sex, age, disease duration, MTX, GC, NSAIDs, 

number of previous biologics, hypertension, 

dyslipidemia, diabetes, previous myocardial 

infarction and renal failure 

ETA 13 2.96/1000 PY (1.72; 5.10) REF NR REF 

Jin 2018 J 

Rheumatol 

 

Medicare     

HR 

 

      PS: age, sex, calendar year, race (only in 

Medicare), region (only in Medicare), 

comorbidities (e.g., smoking status, alcohol 

use, hyperlipidemia, HTN, AF, HF, CHD, 

stroke/TIA, peripheral vascular disease, VTE, 

chronic ler disease, chronic kidney disease, 

and diabetes), RA medications, other 

medications, lab. tests, and healthcare 

utilization covariates   

ABA 185 2.38/100 PY NR NR 1.00 (0.14; 7.29) 

TNFi 248 3.58/100 PY NR NR REF 

MarketScan           

ABA 114 1.38/100 PY NR NR 0.76 (0.29; 1.99) 

TNFi 113 1.27/100 PY NR NR REF 

Pooled           

ABA NR NR NR NR 0.80 (0.34; 1.90) 

TNFi NR NR NR NR REF 

Kim 2018 Semin 

Arthritis Rheum   

  

  

Medicare     

HR 

 

      Demographics (age, sex, region, race/ethnicity 

[only available in the Medicare data]), prior 

DMARD use, cardiovascular comorbidities, 

other chronic diseases, cardiovascular 

medications, other long-term medications, 

TCZ 18 1.64/100PY (1.01; 2.54) NR NR 0.86 (0.40; 1.68) 

ABA 59 1.69/100PY (1.30; 2.16) NR NR REF 

PharMetrics           

TCZ 5 0.37/100PY (0.14; 0.82) NR NR 1.80 (0.71; 4.59) 
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ABA 18 0.59/100PY (0.36; 0.91) NR NR REF and markers of health care utilization 

intensity   MarketScan           

TCZ 9 0.42/100PY (0.21; 0.76) NR NR 1.28 (0.46; 3.55) 

ABA 35 0.68/100PY (0.48; 0.94) NR NR REF 

Pooled           

TCZ 32 0.70/100PY (0.49; 0.97) NR NR 1.18 (0.71; 1.97) 

ABA 112 0.96/100PY (0.79; 1.15) NR NR REF 

 

 

Table S70. Risk of bias assessment (Hayden tool) 
Study ID Participation  Attrition Prognostic factor measurement Outcome measurement Confounding  Analysis Overall 

Generali 2019 Rheumatol Int High Moderate High Moderate Moderate Moderate High 

Jin 2018 J Rheumatol High Moderate High High Low Low High 

Kim 2018 Semin Arthritis Rheum High Moderate High High Low Low High 

 

3.4.3. Myocardial infarction 

Table S71. Included studies (Myocardial infarction)  

Study ID Registry Inclusion criteria Exclusion criteria 
Mixed 

population 

End of folLow-up 

for analysis 

Jin 2018 J Rheumatol 
Medicare  and MarketScan 

(Claims) 

RA (ICD9 codes) age ≥ 18, TNFi or 
ABA 

Patients who receved other biologics or tofacitinib in the 365-day pre-index 

period. 
No Jun-15 

Kim 2017 Arthritis Rheumatol 
3 US health care claims 

databases: Medicare, IMS 

PharMetrics Plus and Truven 

MarketScan 

RA (ICD9 codes), ≥ 18 years, 
starting TCZ or TNFi after failure of 

at least one bDMARD or tsDMARD 

Nursing home residents, patients with H/ 

AIDS, malignancy other than NMSC, end-stage renal disease or had undergone 

dialysis or renal transplant prior; the index date. RTX. Patients with 

hospitalizations for MI, stroke, ACS, or heart failure in the 90 days prior; the 

index date. 

No NS Kim 2018 Semin Arthritis 

Rheum 

Low 2017 Ann Rheum Dis 

BSRBR-RA and Myocardial 

Ischaemia National Audit 

Project (MINAP) 

RA, TNFi or sDMARD DAS<3.2 at the start of therapy and with past history of MI or angina No Apr-10 

Zhang 2016 Ann Rheum Dis Medicare (claims) 
RA (ICD codes). TNFi, non-TNFI 

bDMARD 
History of coronary heart disease No Dec-12 

 

Table S72. Outcome and exposure definition and statistical analysis (Myocardial infarction) 

Study ID 
FolLow-

up time 
Outcome definition Validation Outcome 

Biologic causal 

attribution 

Failures; biologic 

included at baseline 

Failures; biologic 

included throughout FU 
Notes on analysis 

Censoring at 

event 

Jin 2018 J 

Rheumatol 
Variable 

Composite 

cardiovascular event 

(AMI, stroke/TIA, or 

coronary 

revascularization) 

Previous studies with validation of 

outcome 
On drug NS NS 

Cox-regression with 

PS-adjustment 
Yes 

Kim 2017 Arthritis 

Rheumatol 
Variable 

Previous studies with validation of 

outcome 
On drug Yes No 

Cox-regression with 

PS-adjustment 
Yes 
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Kim 2018 Semin 

Arthritis Rheum 

Composite 

cardiovascular end point 

of MI and stroke 

Low 2017 Ann 

Rheum Dis 
Variable 

First verified myocardial 

infarction 

AHA/ESC criteria for MI OR patient 

receed thrombolysis or primary 

angioplasty or died with MI recorded 

as the underlying COD 

On drug or within 

90 days of 

discontinuation 

No Yes 
Cox-regression with 

PS-adjustment 
Yes 

Zhang 2016 Ann 

Rheum Dis 
Variable 

Hospitalised acute 

myocardial infarction 

(AMI)  (ICD9)  

Previous studies with validation of 

outcome 
On drug Yes Yes Cox-regression Yes 

 

Table S73. Population characteristics (Myocardial infarction) 

Study ID Intervention Control Treatment group 
N 

patients 

N patients switchers 

at baseline 
Age % Females 

Disease 

duration 
FolLow-up times 

Patient-

years 

Jin 2018 J 

Rheumatol 
ABA 

TNFi (ADA, ETA, 

CZP, GOL, IFX)   

Medicare               

ABA 6102 NR 73.8 (6.3) 83.1 NR 433.4 (423.0) days NR 

TNFi 6102 NR 73.8 (6.5) 82.8 NR 383.5 (406.6) days NR 

MarketScan               

ABA 6934 NR 56.9 (13.0) 82.1 NR 401.9 (437.0)  days NR 

TNFi 6934 NR 56.9 (13.4) 81.2 NR 424.4 (505.6) days NR 

Pooled               

ABA 12204 NR NR NR NR NR NR 

TNFi 13868 NR NR NR NR NR NR 

Kim 2017 Arthritis 

Rheumatol 

TCZ 

 
TNFi 

Medicare               

TCZ 2531 100 72.2 (6.2) 84.6 NR NR 1841 

TNFi 4866 100 72.0 (6.1) 84.7 NR NR 3954 

PharMetrics               

TCZ 2614 100 51.3 (11.9) 81.7 NR NR 2061 

TNFi 5505 100 51.0 ±11.5 81.1 NR NR 4465 

MarketScan               

TCZ 4073 100 53.2 (12.5) 83.2 NR NR   

TNFi 8439 100 52.7 (12.4) 81.9 NR NR 2999 

Pooled             6726 

TCZ NR NR NR NR NR NR NR 

TNFi NR NR NR NR NR NR 6901 

Kim 2018 Semin 

Arthritis Rheum  
TCZ  ABA  

Medicare               

TCZ 1516 100 72.1 (6.5) 83 NR NR 1097 

ABA 4075 100 72.2 (6.0) 83.3 NR NR 3497 

PharMetrics               

TCZ 1735 100 51.0 (12.0) 79.9 NR NR 1336 

ABA 3840 100 51.3 (11.6) 80.5 NR NR 3061 

MarketScan               

TCZ 2986 100 53.3 (12.8) 81.4 NR NR 2163 

ABA 6770 100 53.6 (12.5) 81.8 NR NR 5126 

Pooled               

TCZ 6237 100 NR NR NR NR 4596 

ABA 14685 100 NR NR NR NR 11,684 
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Low 2017 Ann 

Rheum Dis 
TNFi (ETA, IFX, ADA) sDMARDs  

sDMARDs 3058 0% 59.5 (12.5) 75 6 (1; 15) 3.5 (1.8; 4.9) 10 337 

TNFi 11200 0% 55.6 (12.3) 78 11 (6; 19) 5.3 (3.6; 6.4) 55 636 

Zhang 2016 Ann 

Rheum Dis 

Other bDMARDs 

(ADA,CZP, ETA, GOL, 

IFX, RTX, TCZ) 

ABA 

ABA 13608 NR 65.59 87.06 NR 503 18 747 

ADA 10241 NR 59.94 83.03 NR 402 11 289 

CZP 2956 NR 63.45 85.44 NR 260 2370 

ETA 9763 NR 60.85 84.22 NR 435 11 627 

GOL 1774 NR 58.28 87.89 NR 325 NR 

IFX 12758 NR 66.25 82.8 NR 558 19 477 

RTX 7475 NR 64.9 84.4 NR 412 8424 

TCZ 3332 NR 63.72 86.55 NR 299 2728 

TNFi NR NR NR NR NR NR NR 

 

Table S74. Effect size intervention and control and comparison (Myocardial infarction) 

Study ID Treatment group N of events Incidence rate (95% CI) 
Type of 

ratio 
uHR (i vs c) 

Age/gender aHR (i 

vs c) 
aHR 1 (i vs c) aHR 2 (i vs c) Adjusted for 

Jin 2018 J 

Rheumatol 

 

Medicare     

HR 

 

       

PS: age, sex, calendar year, race 

(only in Medicare), region (only 

in Medicare), comorbidities, RA 

medications, other medications, 

lab. tests, and healthcare 

utilization covariates   

ABA NR NR NR NR 1.01 (0.40; 2.54) NAP 

TNFi NR NR NR NR REF NAP 

MarketScan            

ABA NR NR NR NR 0.58 (0.39; 0.87) NAP 

TNFi NR NR NR NR REF NAP 

Pooled            

ABA NR NR NR NR 0.64 (0.44; 0.92) NAP 

TNFi NR NR NR NR REF NAP 

Kim 2017 Arthritis 

Rheumatol 

Medicare     

HR 

       

Age, sex, region, race/ethnicity 

(only Medicare), prior DMARD 

use, cardiovascular 

comorbidities, cardiovascular 

medications, other long; term 

medications, and markers of 

health care utilization intensity   

TCZ NR NR NR NR 0.64 (0.25; 1.65) NAP 

TNFi 20 0.50 (0.32; 0.77) NR NR REF NAP 

PharMetrics            

TCZ 3 0.15 (0.04; 0.40) NR NR 0.74 (0.19; 2.89) NAP 

TNFi 9 0.20 (0.10; 0.37) NR NR REF NAP 

MarketScan            

TCZ 4 0.13 (0.04; 0.32) NR NR 0.77 (0.24; 2.44) NAP 

TNFi 12 0.18 (0.10; 0.30) NR NR REF NAP 

Pooled            

TCZ NR NR NR NR 0.70 (0.37; 1.34) NAP 

TNFi 41 0.27 (0.20; 0.36) NR NR REF NAP 

Kim 2018 Semin 

Arthritis Rheum   

  

  

Medicare     

HR 

 

       

TCZ NR NR NR NR 1.38 (0.65; 294) NAP 

ABA NR NR NR NR REF NAP 

PharMetrics            

TCZ NR NR NR NR 1.05 (0.27; 4.15) NAP 

ABA NR NR NR NR REF NAP 

MarketScan            

TCZ NR NR NR NR 0.83 (0.33; 2.05) NAP 

ABA NR NR NR NR REF NAP 

Pooled            

TCZ NR NR NR NR 1.11 (0.65; 1.89) NAP 
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ABA NR NR NR NR REF NAP 

Low 2017 Ann 

Rheum Dis 

sDMARDs 58 56/10000 PY (43; 73) HR REF REF REF NAP PS: age, gender, DAS28, disease 

duration, HAQ, used ≥4 
sDMARDs prior; study 

registration, recruited before 30 

June 2004,hypertension, 

diabetes, chronic lung disease, 

smoking, antiplatelet therapy, 

NSAIDs / COX; 2 inhibitor, GC 

and statin use. 

TNFi 194 35/10000 PY (30; 40)  0.78 (0.58; 1.05) 1.19 (0.89; 1.59) 0.61 (0.41; 0.89) NAP 

Zhang 2016 Ann 

Rheum Dis 

ABA 138 7.36/1000 PY (6.23; 8.70) HR NR NR REF REF age, sex, race, original reason 

for Medicare enrolment (old 

age or disability), receipt of 

subsidised Medicare premium 

(a surrogate for low income), CV 

risk factors, other comorbid 

diseases and use of CV 

medications (antihypertense 

medications categorised into 

ACE inhibitors, β blockers, and 
other; statins; NSAIDs) 

ADA 77 6.82/1000 PY (5.46; 8.53)  NR NR 1.23 (0.92; 1.64) NAP 

CZP 19 8.02/1000 PY (5.11; 12.57)  NR NR 1.21 (0.75; 1.97) NAP 

ETA 92 7.91/1000 PY (6.45; 9.71)  NR NR 1.33 (1.01; 1.75) NAP 

GOL <11 5.71/1000 PY (2.97; 10.97)  NR NR 1.08 (0.55; 2.12) NAP 

IFX 171 8.78/1000 PY (7.56; 10.20)  NR NR 1.30 (1.03; 1.64) NAP 

RTX 71 8.43/1000 PY (6.68; 10.64)  NR NR 1.06 (0.80; 1.42) 1.07 (0.80; 1.42) 

TCZ 17 6.23/1000 PY (3.87; 10.02)  NR NR 0.87 (0.51; 1.49) 0.88 (0.51; 1.51) 

TNFi NR NR  NAP NAP NAP 1.28 (1.04; 1.56) 

 

Table S75.1 Additional information on subtypes of the outcome, and additional comments (Myocardial infarction) 

Study ID 
Treatment 

group 

Incidence rate (95% CI) composite 

outcome 

aHR 1 (95% CI) 

composite outcome 

aHR 2 (95% CI) 

composite outcome 

Incidence rate (95% CI) AMI 

bDMARD-nae 
aHR 1 (95% CI) AMI bDMARD-nae 

Zhang 2016 Ann 

Rheum Dis 

ABA 13.66/1000 PY (12.08; 15.45) REF REF NR REF 

ADA 11.02/1000 PY (9.24; 13.14) 1.00 (0.80; 1.26) NAP NR NAP 

CZP 9.73/1000 PY (6.47; 14.64) 0.79 (0.52; 1.22) NAP NR NAP 

ETA 12.09/1000 PY (10.24; 14.26) 1.04 (0.83; 1.29) NAP NR NAP 

GOL 7.62/1000 PY (4.33; 13.42) 0.77 (0.43; 1.38) NAP NR NAP 

IFX 14.46/1000 PY (12.86; 16.26) 1.07 (0.90; 1.28)  NAP NR NAP 

RTX 13.36/1000 PY (11.10; 16.08) 0.94 (0.75; 1.17) 0.93 (0.74; 1.17) NR 0.875(0.487; 1.572) 

TCZ 8.07/1000 PY (5.31; 12.25) 0.64 (0.40; 1.01) 0.64 (0.41; 0.99) NR 1.778(0.425; 7.444) 

TNFi NR NAP 1.01 (0.87; 1.17) NR 1.636(1.136; 2.354) 

 

Table S75.2 Additional information on subtypes of the outcome and additional comments (Myocardial infarction) 

Study ID Treatment group 
Incidence rate (95% CI) AMI 1 

prior bDMARD 

aHR 1 (95% CI) AMI 1 prior 

bDMARD 

Incidence rate (95% CI) AMI >=2 

prior bDMARD 
aHR 1 (95% CI) AMI >=2 prior bDMARD 

Zhang 2016 Ann Rheum Dis 

ABA NR REF NR REF 

ADA NR NAP NR NAP 

CZP NR NAP NR NAP 

ETA NR NAP NR NAP 

GOL NR NAP NR NAP 

IFX NR NAP NR NAP 

RTX NR 1.757 (0.671; 1.569) NR 1.679 (0.905; 3.115) 

TCZ NR 1.138 (0.582; 2.652) NR 1.635 (0.915; 2.920) 

TNFi NR 1.189 (0.725; 1.356) NR 0.685 (0.277; 1.695) 
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Table S76. Risk of bias assessment (Myocardial infarction) (Hayden tool) 
Study ID Participation  Attrition Prognostic factor measurement Outcome measurement Confounding  Analysis Overall 

Jin 2018 J Rheumatol High Moderate High High Low Low High 

Kim 2017 Arthritis Rheumatol High Moderate High High Low Low High 

Kim 2018 Semin Arthritis Rheum  High Moderate High High Low Low High 

Low 2017 Ann Rheum Dis Low Low Low Moderate Low Low Low 

Zhang 2016 Ann Rheum Dis High Low High High Low Moderate High 

 

3.4.4. Stroke / Transitory isquemic attack 

 

Table S77. Included studies (Stroke / Transitory isquemic attack)  

Study ID Registry Inclusion criteria Exclusion criteria 
Mixed 

population 

End of folLow-up 

for analysis 

Jin 2018 J Rheumatol 
Medicare  and MarketScan 

(Claims) 

RA (ICD9 codes) age ≥ 18, TNFi or 
ABA 

Patients who receved other biologics or tofacitinib in the 365-day pre-index 

period. 
No Jun-15 

Kim 2017 Arthritis 

Rheumatol 
3 US health care claims 

databases: Medicare, IMS 

PharMetrics Plus and Truven 

MarketScan 

RA (ICD9 codes), ≥ 18 years, 
starting TCZ or TNFi after failure of 

at least one bDMARD or tsDMARD 

Nursing home residents, patients with H/ 

AIDS, malignancy other than NMSC, end-stage renal disease or had 

undergone dialysis or renal transplant prior; the index date. RTX. Patients 

with hospitalizations for MI, stroke, ACS, or heart failure in the 90 days prior; 

the index date. 

No NS 
Kim 2018 Semin Arthritis 

Rheum 

Meissner 2017 Ann Rheum 

Dis 
RABBIT RA, bDMARDs, csDMARDs None No Oct-15 

 

Table S78. Outcome and exposure definition and statistical analysis (Stroke / Transitory isquemic attack) 

Study ID 
FolLow-

up time 
Outcome definition Validation Outcome 

Biologic causal 

attribution 

Failures; biologic 

included at baseline 

Failures; biologic 

included throughout FU 
Notes on analysis 

Censoring at 

event 

Jin 2018 J 

Rheumatol 
Variable 

Composite cardiovascular 

event (AMI, stroke/TIA, or 

coronary revascularization) 

Previous studies with validation of 

outcome 
On drug NS NS 

Cox-regression with 

PS-adjustment 
Yes 

Kim 2017 Arthritis 

Rheumatol 
Variable 

Composite cardiovascular 

end point of MI and stroke 

Previous studies with validation of 

outcome 
On drug Yes No 

Cox-regression with 

PS-adjustment 
Yes 

Kim 2018 Semin 

Arthritis Rheum   

Meissner 2017 Ann 

Rheum Dis 
Variable 

Incident non-haemorrhagic 

stroke (ischaemic or 

unclassified strokes or TIAs)  

Rheumatologist 

On drug + 3 

months (9 

months for RTX) 

No NS Cox-regression Yes 

 

Table S79. Population characteristics (Stroke / Transitory isquemic attack) 

Study ID Intervention Control Treatment group 
N 

patients 

N patients switchers 

at baseline 
Age % Females 

Disease 

duration 
FolLow-up times 

Patient-

years 

ABA Medicare               
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Jin 2018 J 

Rheumatol 

TNFi (ADA, ETA, 

CZP, GOL, IFX)   

ABA 6102 NR 73.8 (6.3) 83.1 NR 433.4 (423.0) days NR 

TNFi 6102 NR 73.8 (6.5) 82.8 NR 383.5 (406.6) days NR 

MarketScan               

ABA 6934 NR 56.9 (13.0) 82.1 NR 401.9 (437.0)  days NR 

TNFi 6934 NR 56.9 (13.4) 81.2 NR 424.4 (505.6) days NR 

Pooled               

ABA 12204 NR NR NR NR NR NR 

TNFi 13868 NR NR NR NR NR NR 

Kim 2017 Arthritis 

Rheumatol 

TCZ 

 
TNFi 

Medicare               

TCZ 2531 100 72.2 (6.2) 84.6 NR NR 1841 

TNFi 4866 100 72.0 (6.1) 84.7 NR NR 3954 

PharMetrics               

TCZ 2614 100 51.3 (11.9) 81.7 NR NR 2061 

TNFi 5505 100 51.0 ±11.5 81.1 NR NR 4465 

MarketScan               

TCZ 4073 100 53.2 (12.5) 83.2 NR NR   

TNFi 8439 100 52.7 (12.4) 81.9 NR NR 2999 

Pooled             6726 

TCZ NR NR NR NR NR NR NR 

TNFi NR NR NR NR NR NR 6901 

Kim 2018 Semin 

Arthritis Rheum  
TCZ  ABA  

Medicare               

TCZ 1516 100 72.1 (6.5) 83 NR NR 1097 

ABA 4075 100 72.2 (6.0) 83.3 NR NR 3497 

PharMetrics               

TCZ 1735 100 51.0 (12.0) 79.9 NR NR 1336 

ABA 3840 100 51.3 (11.6) 80.5 NR NR 3061 

MarketScan               

TCZ 2986 100 53.3 (12.8) 81.4 NR NR 2163 

ABA 6770 100 53.6 (12.5) 81.8 NR NR 5126 

Pooled               

TCZ 6237 100 NR NR NR NR 4596 

ABA 14685 100 NR NR NR NR 11684 

Meissner 2017Ann 

Rheum Dis 

TNFi (ADA, CZP, ETA, 

GOL, IFX), other 

bDMARDs (ABA, ANK, 

RTX, TCZ)  

csDMARDs only  

csDMARDs 3874 NR NR NR NR NR NR 

TNFi 6009 NR NR NR NR NR NR 

Other bDMARDs 1907 NR NR NR NR NR NR 

 

Table S80. Effect size intervention and control and comparison (Stroke / Transitory isquemic attack) 

Study ID Treatment group N of events Incidence rate (95% CI) 
Type of 

ratio 
uHR (i vs c) 

Age/gender aHR (i 

vs c) 
aHR  (i vs c) Adjusted for 

Jin 2018 J 

Rheumatol 

 

Medicare     

HR 

 

      

PS: age, sex, calendar year, race (only in Medicare), 

region (only in Medicare), comorbidities, RA 

medications, other medications, lab. tests, and 

healthcare utilization covariates   

ABA NR NR NR NR 1.50 (0.90; 2.50) 

TNFi NR NR NR NR REF 

MarketScan           

ABA NR NR NR NR 0.95 (0.64; 1.41) 

TNFi NR NR NR NR REF 

Pooled           
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ABA NR NR NR NR 1.12 (0.82; 1.53) 

TNFi NR NR NR NR REF 

Kim 2017 Arthritis 

Rheumatol 

Medicare     

HR 

      

Age, sex, region, race/ethnicity (only Medicare), 

prior DMARD use, cardiovascular comorbidities, 

cardiovascular medications, other long; term 

medications, and markers of health care utilization 

intensity   

TCZ 11 0.60 (0.31; 1.04) NR NR 0.74 (0.36; 1.51) 

TNFi 30 0.76 (0.52; 1.07) NR NR REF 

PharMetrics           

TCZ 7 0.34 (0.15; 0.67) NR NR 1.18 (0.43; 3.22) 

TNFi 11 0.25 (0.13; 0.43) NR NR REF 

MarketScan           

TCZ 5 0.17 (0.06; 0.37) NR NR 1.33 (0.41; 4.25) 

TNFi 8 0.12 (0.05; 0.23) NR NR REF 

Pooled           

TCZ 23 0.33 (0.21; 0.49) NR NR 0.94 (0.56; 1.59) 

TNFi 49 0.32 (0.24; 0.42) NR NR REF 

Kim 2018 Semin 

Arthritis Rheum   

  

  

Medicare     

HR 

 

      

TCZ NR NR NR NR 1.03 (0.44; 2.42) 

ABA NR NR NR NR REF 

PharMetrics           

TCZ NR NR NR NR 0.44 (0.10; 2.01) 

ABA NR NR NR NR REF 

MarketScan           

TCZ NR NR NR NR 0.49 (0.14; 1.74) 

ABA NR NR NR NR REF 

Pooled           

TCZ NR NR NR NR 0.73 (0.39; 1.39) 

ABA NR NR NR NR REF 

Meissner 2017Ann 

Rheum Dis 

csDMARDs NR NR 

HR 

REF NR REF Age, gender, CRP, % of full physical function per 10 

points, HT, Hyperlipoproteinaemia, Diabetes 

mellitus, CRD, Osteoporosis, Glucocorticoids, Cox; 2 

inhibitors, Smoking 
TNFi NR NR 0.82 (0.60; 1.12) NR 0.85 (0.60; 1.20) 

Other bDMARDs NR NR 0.89 (0.60; 1.31) NR 0.89 (0.58; 1.37) 

 

Table S81. Risk of bias assessment (Stroke / Transitory isquemic attack) (Hayden tool) 
Study ID Participation  Attrition Prognostic factor measurement Outcome measurement Confounding  Analysis Overall 

Jin 2018 J Rheumatol High Moderate High High Low Low High 

Kim 2017 Arthritis Rheumatol High Moderate High High Low Low High 

Kim 2018 Semin Arthritis Rheum High Moderate High High Low Low High 

Meissner 2017 Ann Rheum Dis Low Unknow Low Low Moderate Moderate Moderate 
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3.5. Venous thromboembolism 

Table S82. Included studies (Venous thromboembolism)  

Study ID Registry Inclusion criteria Exclusion criteria 
Mixed 

population 

End of folLow-up 

for analysis 

Desai 2018  Arthritis Rheumatol Medicare  and MarketScan Claims databases RA, TNFi, TOFA (new users) Previous use of TNFi non-TNFi or TOFA, cancer, nursing home stay No NS 

Jin 2018 J Rheumatol Medicare  and MarketScan (Claims) 
RA (ICD9 codes) age ≥ 18, 

TNFi or ABA 

Patients who receed other biologics or tofacitinib in the 365-day 

pre-index period. 
No Jun-15 

 

Table S83. Outcome and exposure definition and statistical analysis (Venous thromboembolism) 

Study ID 
FolLow-

up time 
Outcome definition Validation Outcome 

Biologic causal 

attribution 

Failures; biologic 

included at baseline 

Failures; biologic included 

throughout FU 
Notes on analysis 

Censoring 

at event 

Desai 2018  Arthritis 

Rheumatol 
Variable 

Incident VTE defined as a composite 

of pulmonary embolism (PE) or deep 

vein thrombosis (DVT) diagnosis in 

inpatient 

NS On drug No Yes 
Cox-regression with 

PS adjustment 
Yes 

Jin 2018 J Rheumatol Variable 

Composite cardiovascular event (AMI, 

stroke/TIA, or coronary 

revascularization) 

Previous studies 

with validation of 

outcome 

On drug NS NS 
Cox-regression with 

PS-adjustment 
Yes 

 

Table S84. Population characteristics (Venous thromboembolism) 

Study ID Intervention Control Treatment group N patients 

N patients 

switchers at 

baseline 

Age % Females 
Disease 

duration 
FolLow-up times 

Patient-

years 

Desai 2018  Arthritis 

Rheumatol 

 

TOFA 

 

TNFi (ADA CZP, 

ETA, GOL, IFX) 

MarketScan               

TNFi 31,972 0 54 (12.2) 26664 (83.4) NR NR 28,951 

TOFA 1,908 0 54 (11.6) 1589 (83.3) NR NR 1,326 

Medicare               

TNFi 15,991 0 71 (5.7) 13944 (87.2) NR NR 12,660 

TOFA 994 0 71 (5.7) 864 (86.9) NR NR 625 

Pooled  TNFi 48,255 NR NR NR NR NR 41,611 

Pooled TOFA 2,905 NR NR NR NR NR 1,951 

Jin 2018 J Rheumatol  ABA  
TNFi (ADA, ETA, 

CZP, GOL, IFX)  

Medicare               

ABA 6102 NR 73.8 ± 6.3 83.1 NR 433.4 (423.0) days NR 

TNFi 6102 NR 73.8 ± 6.5 82.8 NR 383.5 (406.6) days NR 

MarketScan               

ABA 6934 NR 56.9 ± 13.0 82.1 NR 401.9 (437.0)  days NR 

TNFi 6934 NR 56.9 ± 13.4 81.2 NR 424.4 (505.6) days NR 

Pooled               

ABA 12204 NR NR NR NR NR NR 

TNFi 13868 NR NR NR NR NR NR 
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Table S85. Effect size intervention and control and comparison (Venous thromboembolism) 

Study ID Treatment group N of events Incidence rate (95% CI) 
Type of 

ratio 
uHR (i vs c) 

Age/gender aHR (i 

vs c) 
aHR  (i vs c) Adjusted for 

Desai 2018  

Arthritis Rheumatol 

MarketScan   

HR 

   
PS with 60 variables including data on 

demographics, csDMARDs, GCs, comorbidities, 

comedications, VTE risk factors including use of oral 

contraceptes, other hormonal agents, extremity 

fractures, surgeries, varicose veins, anti; 

phospholipid antibody syndrome or systemic lupus 

erythematosus, or pregnancy, markers of 

healthcare use intensity 

TNFi 98 0.34 (0.27; 0.41) REF NR REF 

TOFA 8 0.60 (0.26; 1.19) 1.70 (0.82; 3.49) NR 1.55 (0.75; 3.18) 

Medicare           

TNFi 117 0.92 (0.76; 1.11) REF NR REF 

TOFA <11 1.12 (0.45; 2.31) 1.16 (0.54; 2.49) NR 1.12 (0.52; 2.40) 

Pooled  TNFi 215 0.52 (0.45; 0.59) REF NR REF 

Pooled TOFA 15 0.77 (0.43; 1.27) 1.42 (0.84; 2.40) NR 1.33 (0.78; 2.24) 

Jin 2018 J 

Rheumatol 

 

Medicare     

HR 

 

      

PS: age, sex, calendar year, race (only in Medicare), 

region (only in Medicare), comorbidities, RA 

medications, other medications, lab. tests, and 

healthcare utilization covariates   

ABA NR NR NR NR 2.08 (0.39; 10.95) 

TNFi NR NR NR NR REF 

MarketScan           

ABA NR NR NR NR 1.14 (0.53; 2.48) 

TNFi NR NR NR NR REF 

Pooled           

ABA NR NR NR NR 1.27 (0.63; 2.57) 

TNFi NR NR NR NR REF 

 

Table S86. Risk of bias assessment (Venous thromboembolism) (Hayden tool) 
Study ID Participation  Attrition Prognostic factor measurement Outcome measurement Confounding  Analysis Overall 

Desai 2018  Arthritis Rheumatol High Unknown High High Low Low High 

Jin 2018 J Rheumatol High Moderate High High Low Low High 

 

3.6. Intestinal perforations 

Table S87. Included studies (Intestinal perforations)  
Study ID Registry Inclusion criteria Exclusion criteria Mixed population End of folLow-up for analysis 

Monemi 2016 

Rheumatol Ther 
MarketScan (claims) RA, 2nd bDMARD 

History of GIP, GI cancer, ulcerate colitis, or Crohn disease during 

the 12 months prior; the index date 
No Jun-14 

Strangfeld 2017 Ann 

Rheum Dis 
RABBIT 

RA,  csDMARDs, TNFi, 

and non-TNFi bDMARDs 
None No Oct-15 

Xie 2016 Arthritis 

Rheumatol 

Medicare (2006–2013) and 

Marketscan (2010–2014) 

RA(ICD9) ≥ 18 years, 

bDMARD or TOFA 

Prior diagnosis of GIP (inpatient or outpatient) using all available 

previous data (minimum of 6 months). Diagnosis for inflammatory 

bowel disease and cancer diagnosis, other than non-melanoma 

skin cancer 

No NS 
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Table S88. Outcome and exposure definition and statistical analysis (Intestinal perforations) 

Study ID 
FolLow-up 

time 
Outcome definition Validation Outcome Biologic causal attribution 

Failures; biologic 

included at baseline 

Failures; biologic included 

throughout FU 

Notes on 

analysis 

Censoring 

at event 

Monemi 2016 

Rheumatol Ther 
Variable 

Any GIP (ICD9 codes); Specific definition: 

inpatient admissions with evidence of 

perforation based on the presence of the 

word perforation in ICD-9-CM diagnosis 

descriptions for esophageal rupture; gastric, 

duodenal, peptic, or gastrojejunal ulcers; 

and unspecified GIP. 

No On drug Yes No 
Poisson 

regression 
Yes 

Strangfeld 2017 

Ann Rheum Dis 
Variable 

LIPs (below the duodenojejunal junction 

(ligament of Treitz)) non-iatrogenic and non-

traumatic 

Treating 

Rheumatologist and 

Gastroenterologist 

At least one dose of the of 

bDMARD within 3 months 

(rituximab 9 months) 

prior; the event. 

Yes NS 
Cox-

regression 
NS 

Xie 2016 Arthritis 

Rheumatol 
Variable 

Hospitalized GIP (ICD codes) (Any, lower and 

upper) 

Previous studies 

with validation of 

outcome 

On drug + 3 months Yes Yes 
Cox-

regression 
Yes 

 

Table S89. Population characteristics (Intestinal perforations) 

Study ID Intervention Control Treatment group 
N 

patients 

N patients switchers at 

baseline 
Age 

% 

Females 

Disease 

duration 

FolLow-

up times 

Patient-

years 

Monemi 2016 

Rheumatol Ther 
TCZ 

TNFi (ADA, 

ETA, IFX) 

TCZ 3602 100.0% 54.1 83.3 NR NR 3268 

TNFi 17333 100.0% 52.2 79.4 NR NR 15925 

Strangfeld 2017 Ann 

Rheum Dis 

bDMARDs (ADA, CZP, ETA, GOL, 

IFX, TCZ, ABA, RXT) 
csDMARDs 

csDMARDs 4423 0 (0.2) 57.6 (12.3) 75.6 NR NR 18 113 

TNFi 6711 0.2 (0.6) 54.9 (12.6) 76.2 NR NR 24 851 

TCZ 877 1.0 (1.1) 56.7 (12.8) 78.1 NR NR 4082 

ABA 371 1.4 (1.3) 58.1 (12.9) 76 NR NR 1976 

RTX 928 1.4 (1.1) 58.7 (12.1) 77.5 NR NR 4950 

Other bDMARD (ABA, RTX) NR NR NR NR NR NR NR 

Xie 2016 Arthritis 

Rheumatol  

non-TNFi (ABA, RTX, TCZ) and 

TOFA 

TNFi (ADA, 

ETA, IFX) 

Any TNFi 115044 38.2 58.7 (13.9) 80.2 NR NR 130323.80 

ADA 34787 41.3 57.0 (13.7) 80.1 NR NR 35139.50 

ETA 35076 33.6 57.2 (13.8) 80.1 NR NR 37928.90 

IFX 28722 41.3 63.7 (12.9) 80.8 NR NR 43379.30 

ABA 31214 58.0 62.2 (13.5) 82.6 NR NR 39227.20 

RTX 4391 62.5 55.2 (12.8) 82.3 NR NR 4133.80 

TCZ 11705 76.5 59.5 (13.5) 83.5 NR NR 10292.70 

TOFA 4755 76.6 56.6 (12.4) 83.2 NR NR 2328.8 
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Table S90. Effect size intervention and control and comparison (Intestinal perforations) 

Study ID Treatment group 
N of 

events 
Incidence rate (95% CI) 

Type of 

ratio 
uHR (i vs c) 

Age/gender 

aHR (i vs c) 
aHR (i vs c) Adjsuted for 

Monemi 2016 

Rheumatol Ther 

TCZ 6 1.8 (0.7; 4.0) 

IRR  

ARD: 1.2 (-0.3; 2.5)  NR 2.2 (0.7; 6.6) 
Age, sex, cumulate oral glucocorticoid and 

NSAID use in the 180 days prior; the index 

date, history of derticulitis, number of prior 

biologics, and duration of RA 

  
TNFi 10 0.6 (0.3; 1.2) REF NR REF 

Strangfeld 2017 

Ann Rheum Dis 

csDMARDs 11 0.6 (95% CI 0.3; 1.1) /1000 PY 

HR 

REF NR REF 

Age, Gender, comulate use of GC and 

NSAIDs 

TNFi 13 0.5 (95% CI 0.3; 0.9)/1000 PY 0.84(0.39; 1.80) NR 1.04 (0.48; 2.26) 

TCZ 11 2.7 (95% CI 1.4; 4.8)/ 1000 PY 4.17(1.87; 9.27) NR 4.48 (2.01; 9.99) 

ABA 1 0.5 (95% CI 0.01; 2.8)/1000 PY NR NR NR 

RTX 1 0.2 (95% CI 0.01; 1.1)/1000 PY NR NR NR 

Other bDMARD 

(ABA, RTX) 
NR NR 0.4(0.09; 1.78) NR 0.33 (0.08; 1.44) 

Xie 2016 Arthritis 

Rheumatol 

Any TNFi 109 0.84(0.69, 1.01) 

HR  

NR NR NR 

Age, gender, race, concurrent medications, 

diabetes, peptic ulcer disease, gastro-

esophageal reflux disease, derticulitis, and 

other gastrointestinal conditions  

ADA 28 0.97 (0.69, 1.35) NR NR NR 

ETA 34 0.74 (0.51, 1.07) NR NR NR 

IFX 38 0.88 (0.64, 1.20) NR NR NR 

ABA 3 1.10(0.81, 1.48) NR NR NR 

RTX 43 0.73 (0.17, 2.29) NR NR NR 

TCZ 16 1.55 (0.95, 2.54) NR NR NR 

TOFA 3 1.29 (0.27, 4.06) NR NR NR 

 

Table S91.1 Additional information on subtypes of the outcome, and additional comments (Intestinal perforations) 

Study ID 
Treatment 

group 

Incidence rate (95% CI) Sensite 

definition of any GIP 

aHR (95% CI) Sensite 

definition of any GIP 

Incidence rate (95% CI) 

Specific definition of lower 

GIP 

aHR (95% CI) Specific 

definition of lower GIP 

Incidence rate (95% CI) 

Sensite definition of 

lower GIP 

aHR (95% CI) Sensite 

definition of lower GIP 

Monemi 2016 

Rheumatol Ther 

TCZ 2.8 (1.3; 5.2) 2.2 (0.9; 5.4) 1.5 (0.5; 3.6) 4.0 (1.1; 14.1) 2.5 (1.1; 4.8) 3.1 (1.1; 8.4) 

TNFi 0.9 (0.5; 1.5) REF 0.4 (0.1; 0.8) REF 0.6 (0.3; 1.2) REF 

 

Table S91.2 Additional information on subtypes of the outcome, and additional comments (Intestinal perforations) 

Study ID Treatment group Incidence rate (95% CI) lower GIP aHR (95% CI) lower GIP Incidence rate (95% CI) upper GIP aHR (95% CI) upper GIP 

Xie 2016 Arthritis 

Rheumatol 

  

Any TNFi 0.46 (0.35; 0.58) REF 0.38(0.29; 0.51) NR 

ADA 0.47 (0.30; 0.75) NR 0.26 (0.14; 0.49) NR 

ETA 0.48 (0.30; 0.78) NR 0.48 (0.30; 0.78) NR 

IFX 0.46 (0.30; 0.71) NR 0.41 (0.26; 0.66) NR 

ABA 0.73 (0.17; 2.29)1 1.41 (0.90; 2.21) 0.00 (0.00; 0.89) NR 

RTX 0.76 (0.53; 1.09) 1.72 (0.52; 5.69) 0.33(0.19; 0.57) NR 

TCZ 1.26 (0.73; 2.18) 2.55 (1.33; 4.88) 0.29 (0.07; 1.24) NR 

TOFA 1.29 (0.27; 4.06)1 3.24 (1.05; 10.04) 0.00 (0.00; 1.58) NR 
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Table S92. Risk of bias assessment (Intestinal perforations) (Hayden tool) 
Study ID Participation  Attrition Prognostic factor measurement Outcome measurement Confounding  Analysis Overall 

Monemi 2016 

Rheumatol Ther 
High Unknown High High Moderate High High 

Strangfeld 2017 Ann 

Rheum Dis 
Low Low Low Low Low Low Low 

Xie 2016 Arthritis 

Rheumatol 
High Low High High Moderate High High 

3.7. Withdrawals due to adverse events  

Table S93. Included studies (withdrawals)  
Study ID Registry Inclusion criteria Exclusion criteria Mixed population End of folLow-up for analysis 

Brodszky 2017 Clinicoecon 

Outcomes Res 

Files from Division of Rheumatology, Institute of 

Medicine, University of Debrecen Medical and Health 

Sciences Center 

RA, treated with bDMARDs None No Feb-13 

Ebina 2018 PLoS One ANSWER cohort 
RA (Clinical diagnosis and fulfilment 1998 ACR 

Criteria), ≥ 20 years, treated with bDMARDs 
Treatment with biosimilars No Sep-16 

Gottenberg 2019 Bmj AIR, ORA and REGATE 
RA (1987 ACR crtieria), starting RTX, ABA or 

TCZ 

Contraindications; any of 

the three biologics 
No Mar-15 

Leon 2018  Clin Exp 

Rheumatol 
Files from Hospital Clínico San Carlos 

RA (ICD 10 codes), aged ≥65 years when 
starting treatment with bDMARDs 

None No Dec-13 

Narongroeknawin 2018 Int 

J Rheum Dis 
RDPA registry 

RA, 1987 ACR criteria or 2010 ACR/EULAR 

Criteria starting first bDMARD 
Previous use of bDMARDs No Oct-14 

 

Table S94. Outcome and exposure definition and statistical analysis (withdrawals) 

Study ID FolLow-up time Outcome definition 
Validation 

Outcome 

Biologic causal 

attribution 

Failures; biologic 

included at baseline 

Failures; biologic 

included throughout FU 

Notes on 

analysis 

Censoring 

at event 

Brodszky 2017 Clinicoecon 

Outcomes Res 
Variable 

Discontinuation due; 

adverse events 
NS On drug No Yes Cox-regression Yes 

Ebina 2018 PLoS One Variable  
Discontinuation due; 

adverse events 
NS On drug Yes Yes Cox-regression Yes 

Gottenberg 2019 Bmj Up to 24 months  
Discontinuation due; 

serious severe AEs  

Clinical 

charts 
Ever treated Yes No 

life expectancy 

difference 

without failure 

after IPW 

Yes 

Leon 2018  Clin Exp Rheumatol Variable 

Severe ADR leading; 

discontinuation of the 

bDMARDs 

NS On drug NS NS Cox-regression 
Yes 

(assumed) 

Narongroeknawin 2018 Int J 

Rheum Dis 
Variable 

Discontinuation due; 

severe AEs 
NS On drug No NS Cox-regression Yes 
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Table S95. Population characteristics (withdrawals) 

Study ID Intervention Control Treatment group 
N 

patients 

N patients 

switchers at 

baseline 

Age % Females Disease duration 
FolLow-

up times 

Patient-

years 

Brodszky 2017 Clinicoecon 

Outcomes Res 

 

Other bDMARDs (ETA, ADA, IFX, GOL, 

RTX, TCZ)  
CZP  

ETA NR 0.0% NR NR NR 546 days NR 

ADA NR 0.0% NR NR NR 511 days NR 

RTX NR 0.0% NR NR NR NR NR 

IFX NR 0.0% NR NR NR 519 days NR 

TCZ NR 0.0% NR NR NR NR NR 

GOL 23 0.0% NR NR NR NR NR 

CZP 34 0.0% NR NR NR NR NR 

Ebina 2018 PLoS One 
Other bDMARDs (ABA, ADA, CZP, ETA, 

GOL, TCZ)  
IFX  

ABA 221 36% 64.4 (11.7) 80.5 8.9 (10.1) NR NR 

ADA 115 23% 55.1 (12.8) 78.3 4.0 (5.9) NR NR 

CZP 82 42% 56.4 (17.1) 87.8 5.8 (8.0) NR NR 

ETA 141 37% 58.6 (15.2) 85.1 8.4 (10.2) NR NR 

GOL 175 59% 61.4 (14.3) 87.4 10.7 (11.4) NR NR 

TCZ 215 63% 58.9 (14.1) 78.1 8.8 (9.0) NR NR 

IFX 88 17% 55.3 (13.2) 76.1 3.6 (6.4) NR NR 

Gottenberg 2019 Bmj RTX, TCZ ABA 

RTX 1548 NR 58.1 (12.9) 1243 (80.3) 10.0 (5.0; 18.0) NR NR 

TCZ 964 NR 57.9 (14.1) 765 (79.4) 12.0 (5.0; 21.0) NR NR 

ABA 620 NR 57.3 (14.1) 491 (79.2) 11.0 (5.0; 18.0) NR NR 

Leon 2018  Clin Exp 

Rheumatol 

Other bDMARDs (ETA, ADA, CZP, GOL, 

RTX, ABA, TCZ)   
IFX  

IFX 33 NR NR NR NR NR NR 

ETA 31 NR NR NR NR NR NR 

ADA 40 NR NR NR NR NR NR 

RXT 28 NR NR NR NR NR NR 

Non-TNFi (ABA/TCZ)  6 NR NR NR NR NR NR 

Other TNFi(CZP/GOL) 8 NR NR NR NR NR NR 

Narongroeknawin 2018 Int J 

Rheum Dis 
TNFi (IFX, ETA) RTX 

RTX 31 0% NR NR NR NR NR 

IFX 25 0% NR NR NR NR NR 

ETA 43 0% NR NR NR NR NR 

 

Table S96. Effect size intervention vs control (withdrawals) 

Study ID Treatment group 
N of 

events 

Incidence 

rate (95% CI) 

Type of 

ratio 
uHR (i vs c) 

Age/gender 

aHR (i vs c) 
aHR 1 (i vs c) aHR 2 (i vs c) Adjusted for 

Brodszky 2017 

Clinicoecon 

Outcomes Res 

ETA NR NR 

HR 

 

NR NR 0.63 p=0.265 NR 

Age, gender, RF, ACPA, GCs, sDMARDs, symptom 

duration 

ADA NR NR NR NR 0.554 p=0.152 NR 

RTX NR NR NR NR 0.505 p=0.139 NR 

IFX NR NR NR NR 1.04 p=0.923 NR 

TCZ NR NR NR NR 0.474 p=0.151 NR 

GOL NR NR NR NR 0.918 p=0.854 NR 

CZP NR NR NR NR REF NR 

ABA NR NR HR  NR NR 0.53 (0.24; 1.19) NR 
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Ebina 2018 PLoS 

One 

ADA NR NR NR NR 1.06 (0.46; 2.40) NR 
Sex, baseline age, disease duration, DAS28-ESR, HAQ-DI, 

RF and ACPA positivity, concomitant MTX and PSL dose, 

presence of concomitant csDMARDs, date of starting 

bDMARDs, and number of previously administered 

bDMARDs 

CZP NR NR NR NR 0.77 (0.32;  1.84) NR 

ETA NR NR NR NR 0.73 (0.33; 1.64) NR 

GOL NR NR NR NR 0.85 (0.39; 1.83) NR 

TCZ NR NR NR NR 0.90 (0.44; 1.84) NR 

IFX NR NR NR NR REF NR 

Gottenberg 2019 

Bmj 

RTX 224 NR 

LED 

NR NR 0.3 (−0.4; 1.0) NR IPW: age; disease duration; sex; history of serious or 

recurrent infection, cancer, MACE, HF, renal 

insufficiency, hepatic disease, respiratory disease, extra-

articular involvement, smoking, diabetes,hypertension, 

dyslipidemia, γ globulin level, IgG and IgM levels, 
neutropenia, FR or ACPA; N previous csDMARDs; N 

previous TNFi; disease activity at initiation of study drug 

, co-treatment at initiation of study drug, including 

concomitant csDMARDs, GC; and number of patients 

receiving each treatment in the patient’s centre. 

TCZ 111 NR NR NR 0.5 (−0.4; 1.4) NR 

ABA 101 NR NR NR REF NR 

Leon 2018  Clin Exp 

Rheumatol 

IFX NR NR 

HR 

REF NR 5.5 (1.7; 17.7) NR 

Age, sex and calendar time, comorbidities and ACPA 

ETA NR NR 0.32 (0.13; 8.16) NR REF NR 

ADA NR NR 0.51 (0.24; 1.11) NR 2.7 (0.7; 9.9) NR 

RXT NR NR 0.92 (0.43; 1.99) NR 4.1 (1.4; 12.3) NR 

Non-TNFi (ABA/TCZ)  NR NR 0.29 (0.03; 2.27 NR 1.6 (0.4; 7.3) NR 

Other TNFi(CZP/GOL) NR NR 0.67 (0.10; 4.31) NR NR NR 

Narongroeknawin 

2018 Int J Rheum 

Dis  

RTX 5 NR 

HR 

NR NR REF NR 

NS IFX 6 NR NR NR 4.38 (1.43; 13.44) 
1.99 (0.76; 

5.20) 

ETA 9 NR NR NR 2.21 (0.74; 6.61) REF 

 

Table S97. Risk of bias assessment (withdrawals) (Hayden tool) 
Study ID Participation  Attrition Prognostic factor measurement Outcome measurement Confounding  Analysis Overall 

Brodszky 2017 Clinicoecon Outcomes Res Moderate Low Moderate Moderate High High Moderate 

Ebina 2018 PLoS One Low Low Moderate Moderate Moderate Moderate Moderate 

Gottenberg 2019 Bmj Low Low Low Low Low Low Low 

Leon 2018  Clin Exp Rheumatol High Uncertain Moderate Moderate High Moderate High 

Narongroeknawin 2018 Int J Rheum Dis Moderate Uncertain High High Undertain High High 
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3.8. Imunological adverse events  

Table S98. Included studies (immunological)  

Study ID Registry Inclusion criteria Exclusion criteria Mixed population End of folLow-up for analysis 

Jani 2017 RMD Open BSRBR-RA RA patients Systemic vasculitis at baseline No May-15 

Yun 2017 Arthritis Care 

Res (Hoboken)  

Medicare 

(claims) 

RA (IC9), 

bDMARDs 

No full coverage by Medicare during the 12 months (baseline) prior; the initiation of biologic agent use 

and throughout followup. Previous HSR or cancer (excluding non-melanoma skin cancer) (ICD 9) 
No Dec-13 

 

 

Table S99. Outcome and exposure definition and statistical analysis (immunological) 

Study ID 
FolLow-up 

time 
Outcome definition 

Validation 

Outcome 

Biologic causal 

attribution 

Failures; biologic included at 

baseline 

Failures; biologic included 

throughout FU 
Notes on analysis 

Censoring at 

event 

Jani 2017 RMD 

Open 
Variable 

lupus-like event (LLE) according; 

the Dubois’ guidelines  Rheumatologist 
On drug + 3 

months 
No Yes 

Cox-regression 

adjusted for IPW 
Yes 

Yun 2017 

Arthritis Care Res 

(Hoboken)  

30 days Incident HSR (ICD 9 codes) 

Previous studies 

with validation of 

outcome 

On drug  Yes No Poisson regression No 

 

Table S100. Population characteristics (immunological) 

Study ID Intervention Control 
Treatment 

group 

N 

patients 

N patients switchers at 

baseline 
Age 

% 

Females 

Disease 

duration 

FolLow-up 

times 

Patient-

years 

Jani 2017 RMD Open  TNFi (ETA, ADA, IFX, CZP) csDMARDs 

csDMARD 3673 0.0 60 (12) 72 6 (1; 15) 6.5 (3.4; 9.0) 20 815 

All TNFi 12937 0.0 56 (12) 76 10 (5; 18) 5.1 (2.0; 8.9) 53 159 

ETA 4516 0.0 56 (12) 77 11 (5; 19) 6.3 (2.5; 10.0) 21 595 

ADA 4362 0.0 57 (12) 76 10 (5; 18) 5.3 (2.2; 8.0) 17 343 

IFX 3363 0.0 56 (12) 76 12 (6; 19) 4.2 (1.6; 8.4) 13 181 

CZP 696 0.0 56 (12) 76 5 (2; 12) 1.5 (0.8; 2.6) 1040 

Yun 2017 Arthritis 

Care Res (Hoboken)  

IV bDMARDS (ABA, GOL, IFX. 

RTX, TCZ) 

SC TNFi (ETA, ADA, CXP, 

GOL)  

ABA (IV) 15820 70.06 68.8  (10.9) 83.86 NR NR NR 

GOL  (IV) 9 75 68.6 (7.3) 75 NR NR NR 

IFX (IV) 17613 32.44 69.0 (10.4) 80.58 NR NR NR 

RTX (IV) 9125 80.27 65.6 (12.1) 82.62 NR NR NR 

TCZ (IV) 5466 91.32 66.3 (12.2) 83.33 NR NR NR 

ABA (SC) 1843 88.65 60.7 (12.5) 86.65 NR NR NR 

TCZ (SC) 40 98 56.0 (13.8) 92 NR NR NR 

TNFi (SC) 30671 49.48 63.2 (12.8) 81.88 NR NR NR 
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Table S101. Effect size intervention vs control (immunological) 

Study ID Treatment group N of events Incidence rate (95% CI) Type of ratio uHR (i vs c) Age/gender aHR (i vs c) aHR (i vs c) 

Jani 2017 RMD Open  

csDMARD 5 2.4/10000 PY (1.0; 5.7) 

HR 

REF REF REF 

All TNFi 54 10.2/10000 PY (7.8; 13.2) 3.93 (1.57; 9.83) 3.72 (1.47; 9.35) 1.86 (0.52; 6.58) 

ETA 20 9.3/10000 PY (6.0; 14.3) 3.83 (1.44; 10.21) 3.60 (1.34; 9.64) 1.41 (0.41; 4.90) 

ADA 11 6.3/10000 PY (3.5; 11.5) 2.40 (0.83; 6.92) 2.26 (0.78; 6.53) 1.77 (0.33; 9.36) 

IFX 23 17.5/10000 PY (11.6; 26.3) 6.59 (2.50; 17.36) 6.28 (2.38; 16.61) 2.65 (0.75; 9.35) 

CZP 0 NAP NAP NAP NAP 

Yun 2017 Arthritis Care 

Res (Hoboken)  

ABA (IV) 16 41.1/1000000/PD (25.2; 67.1) 

IRR 

NR NR 7.1 (3.9; 12.8) 

GOL  (IV) 0 0/1000000/PD (0; 153,703) NR NR NAP 

IFX (IV) 48 145.1/1000000/PD (109.3; 192.5) NR NR 26.9 (17.4; 41.5) 

RTX (IV) 16 239.5/1000000/PD (146.7; 390.9) NR NR 18.0 (8.9; 36.2) 

TCZ (IV) 13 155.5/1000000/PD (90.3; 267.8) NR NR 22.2 (11.6; 42.4) 

ABA (SC) 0 0/1000000/PD (0; 175.8) NR NR NAP 

TCZ (SC) 0 0/1000000/PD (0; 38425) NR NR NAP 

TNFi (SC) 44 5.8/1000000/PD (4.3; 7.8) NR NR REF 

 

Table S102. Additional information on subtypes of the outcome, and additional comments (immunological) 

Study ID Treatment group Incidence rate  (95% CI) VLE aHR  (95% CI) VLE 

Jani 2017 RMD Open  

csDMARD 6.8/10000 PY (4.0; 12.4) REF 

All TNFi 15.5/10000 PY (12.4; 19.2) 1.27 (0.40; 4.04) 

ETA 17.4/10000 PY (12.6; 24.0) 1.72 (0.53; 5.57) 

ADA 10.5/10000 PY (6.6; 16.6) 0.71 (0.21; 2.47) 

IFX 20.2/10000 PY (13.7; 29.6) 1.55 (0.46; 5.20) 

CZP NAP NAP 

 

Table S103. Risk of bias assessment (immunological) (Hayden tool) 
Study ID Participation  Attrition Prognostic factor measurement Outcome measurement Confounding  Analysis Overall 

Jani 2017 RMD Open Low Moderate Low Moderate Low Low Low 

Yun 2017 Arthritis Care Res (Hoboken)  High Low High High Moderate Moderate High 
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4. SAFETY ASPECTS FROM RCTS AND LTEs 

4.1. Summary of publications  

Table S104. Number of included publications for the different classes of drugs 

Drug class (N drugs) Total N publications N RCTs N LTE N PBO-controlled N H2H 

Biosimilars (16) 21 18 3 0 18 

    Adalimumab (7 drugs) 8 8 0 0 8 

    Infliximab (3 drugs) 7 5 2 0 5 

    Etanercept (4 drugs) 4 3 1 0 3 

    Rituximab (2 drugs) 2 2 0 0 2 

bDMARDs (non-TNFi) (11) 18 15 3 9 6 

    IL-6 (3 drugs) 9 8 1 5 3 

    IL-12/23 (2 drugs) 1 1 0 0 1 

    GM-CSF (1 drug) 3 2 1 1 1 

    IL-17 (2 drugs) 2 1 1 1 0 

    IL17/TNFi (1 drug) 1 1 0 0 1 

    CD4 (1 drug) 1 1 0 1 0 

    B-cells (1 drug) 1 1 0 1 0 

tsDMARDs (6) 21 15 6 11 4 

    JAK 1/2/3 (1 drug) 5 3 2 1 2 

    JAK 1/2 (1 drug)  8 4 4 2 2 

    JAK 1 (3 drugs) 7 7 0 7 0 

    JAK 3 (1 drug) 1 1 0 1 0 

Total (33) 60 48 12 20 28 

The values in the table pertain; number of publications. Some may pertain; the same study 
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4.2. Biosimilars 

 

4.2.1. Infections (Biosimilars; RCTs) 

 

Table S105. Incidence of infections in RCTs (biosimilars) 

N Study ID Treatment arm 
N 

patients 

Any serious 

Infection n (%) 

Any oportunistic 

infection n (%) 

Herpes 

Zoster  n (%) 

Tuberculosis 

n (%) 

15 
Apsangikar 2018 

Indian J Rheumatol  

ADA  84 NR NR NR NR 

AaliRel  20 8 (9.52%) NR NR NR 

16  

  

Bae 2017 Ann 

Rheum Dis  

HD203 25 2x/w  147 NR NR NR NR 

ETA 25 2x/w  146 NR NR NR NR 

2  
Choe 2017 Ann 

Rheum Dis 

SB2 3     290 9 (3.1) 0 NR 1 (0.3) 

IFX 3     293 6 (2.0) 0 NR 1 (0.3) 

8 
Cohen 2017 Ann 

Rheum Dis 

ABP 501  40 Q2W  264 2 NR NR 0 

ADA  40 Q2W  262 3 NR NR 0 

1 
Cohen 2018  Arthritis 

Res Ther 

GP1111 3      323 6 (1.9) 1 (0.3) NR 0 

IFX 3      326 9 (2.8) 0 NR 1 (0.3) 

9 
Cohen 2018 Ann 

Rheum Dis 

 bI 695501  / bI 695501  324 0 NR NR NR 

ADA / bI 695501  146 1 NR NR NR 

ADA / ADA 175 1 NR NR  NR 

10 
Fleischmann 2018 

Arthritis Res Ther  

PF-06410293 40 Q2W  297 3 1 (0.3) NR 0 

ADA  40 Q2W  299 3 1 (0.3) NR 0 

11 

  

Jamshidi 2017 

Arthritis Res Ther  

CinnoRA 40 Q2W  68 NR NR NR NR 

ADA  40 Q2W  68 NR NR NR NR 

12  
Jani 2016 Int J 

Rheum Dis 

Exemptia 40 Q2W  60 NR NR NR NR 

ADA  40 Q2W  60 NR NR NR NR 

18 
Matsuno 2018 Ann 

Rheum Dis  

LBEC0101  50 QW  187 NR NR NR 0 

ETA 50 QW  187 NR NR NR 0 

17 
Matucci-Cerinic 2018 

RMD Open  

GP2015 50 QW  186 NR NR NR NR 

ETA 50 QW  190 NR NR NR NR 

6  Park 2018 mAbs 

CT-P10 161 1 (0.6) NR NR NR 

US-RTX 151 4 (2.6) NR NR NR 

EU-RTX 60 0 NR NR NR 

All RTX 211 4 (1.9)  NR NR NR 

3 

Smolen 2017  

Rheumatology 

(Oxford)  

SB2 3     290 9 (3.1) NR NR NR 

IFX 3     293 7 (2.7) NR NR NR 

4 
Smolen 2017 Ann 

Rheum Dis  

IFX / SB2  94 2 (2.1) NR NR 0 

IFX / IFX  101 1 (1.0) NR NR 0 

SB2 / SB2  201 1 (0.5) NR NR 0 

7  
Smolen 2017 Ann 

Rheum Dis 

GP2013 1000   133 NR NR NR NR 

RTX 1000   179 NR NR NR NR 

13 
Weinblatt 2018 

Arthritis Rheumatol 

SB5 40 Q2W  268 1 (0.4) NR NR 0 

ADA  40 Q2W  273 2 (0.7) NR NR 0 

14 
Weinblatt 2018 

Arthritis Rheumatol  

SB5 / SB5 254 0 (0.0) NR NR 0 (0.0) 

ADA / SB5 125 2 (1.6) NR NR 0 (0.0) 

ADA / ADA 127 0 (0.0) NR NR 0 (0.0) 

5 
Yoo 2016 Arthritis 

Res Ther 

CT-P13 3     302 2 NR NR 3 (1) 

IFX 3     300 4 NR NR 0 

Total 602 6 NR NR 3 (1) 
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4.2.2. Serious AEs, deaths, malignancies and cardiovascular events (Biosimilars; RCTs) 

 

Table S106. Incidence of serious AEs, deaths, malignancies and CVE in RCTs (biosimilars) 

Study ID Treatment arm 
N 

patients 

Any Serious 

AE n (%) 

Deaths (any 

cause) n (%) 

Any Malignancy 

n (%) 

Any major 

CVD n (%) 

Apsangikar 2018 Indian 

J Rheumatol 

ADA  84 3 0  NR  NR 

AaliRel  20 15 1  NR  NR 

Bae 2017 Ann Rheum 

Dis 

HD203 25 2x/w  147 19 (12.9) 0  NR  NR 

ETA 25 2x/w  146 18 (12.3) 2 (1.4)  NR  NR 

Choen 2017 Ann 

Rheum Dis 

SB2 3    290 26 (9.0) 0 2 (0.7) 0 

IFX 3    293 26 (8.9) 1 (0.3) 0 (0.0) 1 (0.3) 

Cohen 2017 Ann 

Rheum Dis 

ABP 501  40 Q2W  264 10 (3.8) 0 1 (0.4) 1 (0.4) 

ADA  40 Q2W  262 13 (5.0) 0 1 (0.4) 2 (0.8) 

Cohen 2018  Arthritis 

Res Ther 

GP1111 3    323 16 (5.0)  NR 1 (0.3) 4 (1.2) 

IFX 3    326 20 (6.1)  NR 1 (0.3) 3 (0.9) 

Cohen 2018 Ann 

Rheum Dis 

 bI 695501  / bI 695501  324 18 (5.6)  NR  NR  NR 

ADA / bI 695501  146 10 (6.8)  NR  NR  NR 

ADA / ADA 175 17 (9.7)  NR  NR  NR 

Fleischmann 2018 

Arthritis Res Ther 

PF-06410293 40 Q2W  297 12 (4.0) 0 5 (1.7) 9 (3.0) 

ADA  40 Q2W  299 13 (4.3) 1 5 (1.7) 16 (5.4) 

Jamshidi 2017 Arthritis 

Res Ther 

CinnoRA 40 Q2W  68  NR  NR  NR  NR 

ADA  40 Q2W  68  NR  NR  NR  NR 

Jani 2016 Int J Rheum 

Dis 

Exemptia 40 Q2W  60 2  NR  NR  NR 

ADA  40 Q2W  60 1  NR  NR  NR 

Matsuno 2018 Ann 

Rheum Dis 

LBEC0101  50 QW  187 31 (16.6) 3 (1.6) 0 1 (0.5) 

ETA 50 QW  187 20 (10.7) 1 (0.5) 4 0 

Matucci-Cerinic 2018 

RMD Open 

GP2015 50 QW  186 1 (0.5) 0 0  NR 

ETA 50 QW  190 5 (2.6) 1 (0.5) 1  NR 

Park 2018 mAbs 

CT-P10 161 9 (5.6) 1 (0.6) 0  NR 

US-RTX 151 9 (6.0) 0 0  NR 

EU-RTX 60 0 0 0  NR 

All RTX 211 9 (4.3) 0 0  NR 

Smolen 2017  

Rheumatology (Oxford) 

SB2 3    290 29 (10.0) 0 2 (0.7)  NR 

IFX 3    293 31 (10.6) 1 (0.3) 0 (0.0)  NR 

Smolen 2017 Ann 

Rheum Dis 

IFX / SB2  94 6 (6.4) 0 2 (2.1)  NR 

IFX / IFX  101 3 (3.0) 0 1 (1.0)  NR 

SB2 / SB2  201 7 (3.5) 0 0 (0.0)  NR 

Smolen 2017 Ann 

Rheum Dis 

GP2013 1000   133 9 (6.8) 1  NR  NR 

RTX 1000   179 18 (10.1)    NR  NR 

Weinblatt 2018 

Arthritis Rheumatol 

SB5 40 Q2W  268 3 (1.1)  NR 0  NR 

ADA  40 Q2W  273 8 (2.9)  NR 2 (0.7)  NR 

Weinblatt 2018 

Arthritis Rheumatol 

SB5 / SB5 254 6 (2.4) 0 (0.0) 1 (0.4)  NR 

ADA / SB5 125 4 (3.2) 0 (0.0) 1 (0.8)  NR 

ADA / ADA 127 4 (3.1) 0 (0.0) 1 (0.8)  NR 

Yoo 2016 Arthritis Res 

Ther  

CT-P13 3    302 42 (13.9) 0  NR  NR 

IFX 3    300 31 (10.3) 1  NR  NR 

Total 602 NR 1  NR  NR 
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4.2.3. Injection-site / infusion reactions and immunogenicity (Biosimilars; RCTs) 

 

Table S107. Incidence of ISR / infusion reactions and ADAs in RCTs (biosimilars) 

Study ID Treatment arm N patients 
injection-site / infusion 

reactions n (%) 
ADA n (%) 

Apsangikar 2018 Indian J 

Rheumatol  

ADA  84  NR 0 

AaliRel  20  NR 1 

Bae 2017 Ann Rheum Dis  
HD203 25 2x/w  147 3 (2.0) 8 (5.5) 

ETA 25 2x/w  146 8 (5.5) 3 (2.1) 

Choe 2017 Ann Rheum Dis 
SB2 3    290 15 (5.2) 158 (55.1) 

IFX 3    293 13 (4.4) 145 (49.7) 

Cohen 2017 Ann Rheum Dis 
ABP 501  40 Q2W  264 6 (2.3) 101 (38.3) 

ADA  40 Q2W  262 13 (5.0) 100 (38.2) 

Cohen 2018  Arthritis Res Ther 
GP1111 3    323 19 (5.9) 48.60 

IFX 3    326 21 (6.4) 51.20 

Cohen 2018 Ann Rheum Dis 

 bI 695501  / bI 695501  324  NR NR 

ADA / bI 695501  146  NR NR 

ADA / ADA 175  NR NR 

Fleischmann 2018 Arthritis Res 

Ther  

PF-06410293 40 Q2W  297 5 (1.7) 44.40 

ADA  40 Q2W  299 6 (2.0) 50.50 

Jamshidi 2017 Arthritis Res Ther  
CinnoRA 40 Q2W  68 6 (8.82)   NR 

ADA  40 Q2W  68 12 (17.65)  NR 

Jani 2016 Int J Rheum Dis 
Exemptia 40 Q2W  60  NR 2 

ADA  40 Q2W  60  NR 1 

Matsuno 2018 Ann Rheum Dis  
LBEC0101  50 QW  187 19 (10.2) 3 (1.6) 

ETA 50 QW  187 64 (34.2) 18 (9.6) 

Matucci-Cerinic 2018 RMD Open  
GP2015 50 QW  186 13 (7.0) 1.60 

ETA 50 QW  190 35 (18.4) 22.70 

Park 2018 mAbs 

CT-P10 161 25 (15.5) 24 (14.9) 

US-RTX 151 8 (5.3) NR 

EU-RTX 60 12 (20.0) NR 

All RTX 211 20 (9.5) 49 (23.2)  

Smolen 2017  Rheumatology 

(Oxford)  

SB2 3    290 17 (5.9) 62.40 

IFX 3    293 15 (5.1) 57.50 

Smolen 2017 Ann Rheum Dis  

IFX / SB2  94 3 (3.2) 45.70 

IFX / IFX  101 2 (2.0) 50.50 

SB2 / SB2  201 7 (3.5) 53.60 

Smolen 2017 Ann Rheum Dis 
GP2013 1000   133 31 (23.3) 16.50 

RTX 1000   179 36 (20.0) 15.10 

Weinblatt 2018 Arthritis 

Rheumatol 

SB5 40 Q2W  268 8 (3.0) 33.10 

ADA  40 Q2W  273 8 (2.9) 32.00 

Weinblatt 2018 Arthritis 

Rheumatol  

SB5 / SB5 254 0 (0.0) 40 (15.7) 

ADA / SB5 125 0 (0.0) 21 (16.8) 

ADA / ADA 127 2 (1.6) 23 (18.3) 

Yoo 2016 Arthritis Res Ther 

CT-P13 3    302 30 (9.9)  NR 

IFX 3    300 43 (14.3)  NR 

Total 602 73 (12.1)  NR 
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4.2.4. Biosimilars (RoB) 

 

Table S108. Risk of bias assessment (biosimilars) (Cochrane Collaboration’s tool) 

Study ID 

Random 

sequence 

generation 

Allocation 

concealment 

Blinding 

participants 

and personnel 

Blinding outcome 

assessment 

Incomplete 

outcome data 

Selective 

reporting 
Other Overall 

Apsangikar 2018 Indian 

J Rheumatol 
Low Low Low Low High Low High High 

Bae 2017 Ann Rheum 

Dis 
Low Low Low Low Low Low Low Low 

Choen 2017 Ann 

Rheum Dis 
Low Low Low Low Low Low Low Low 

Cohen 2017 Ann 

Rheum Dis 
Low Low Low Low Low Low Low Low 

Cohen 2018  Arthritis 

Res Ther 
Unclear Unclear Low Low Low Low High High 

Cohen 2018 Ann 

Rheum Dis 
Low Low Low Low Low Low Low Low 

Fleischmann 2018 

Arthritis Res Ther 
Unclear Unclear Low Low Low Low Low Low 

Jamshidi 2017 Arthritis 

Res Ther 
Low Low Low Low Low Low Low Low 

Jani 2016 Int J Rheum 

Dis 
Low Low Low Low Low Low High High 

Matsuno 2018 Ann 

Rheum Dis 
Low Low Low Low Low Low Low Low 

Matucci-Cerinic 2018 

RMD Open 
Low Low Low Low Low Low Low Low 

Park 2018 mAbs Unclear Unclear Low Low Low Low Low Unclear 

Smolen 2017  

Rheumatology (Oxford) 
Low Low Low Low Low Low Low Low 

Smolen 2017 Ann 

Rheum Dis 
Unclear Unclear Low Low Low Low Low Unclear 

Smolen 2017 Ann 

Rheum Dis 
Low Low Low Low Low Low Low Low 

Weinblatt 2018 

Arthritis Rheumatol 
Low Low Low Low Low Low Low Low 

Weinblatt 2018 

Arthritis Rheumatol 
Low Low Low Low Low Low Low Low 

Yoo 2016 Arthritis Res 

Ther  
Unclear Unclear Low Low Low Low Low Unclear 
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4.2.5. Biosimilars (LTEs) 

 

Table S109. Incidence of major adverse events in LTEs (biosimilars) 

Study ID 
Follow-up 

(weeks) 
Treatment arm 

N 

patients 

Any Serious 

AE n (%) 

Deaths 

(any cause) 

n (%) 

Any serious 

Infection n (%) 

Herpes 

Zoster  n (%) 

Tuberculosis 

n (%) 

Any Malignancy 

n (%) 

injection-site 

reactions n (%) 
ADA n (%) 

Emery 2017 Ann 

Rheum Dis 
100  

SB4/SB4 126 NR  1 (0.8) 1 (0.8) NR  0 (0.0) 1 (0.8) 0 (0.0) 1 (0.8) 

ETA/SB4 119 NR 0 (0.0) 1 (0.8) NR 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.8) 

Tanaka 2017 

Mod Rheumatol 
167  

CTP-13/CTP-13 38 2 (5.3) NR  NR  4 (10.5) 0 0 (0) 2 (5.3) 5 (15.6)  

IFX/CTP-13 33 4 (12.1) NR NR 1 (3.0) 0 1 (3.0) 4 (12.1) 4 (17.4)  

Yoo 2017 Ann 

Rheum Dis 
102  

CTP-13/CTP-13 159 12 (7.5)  NR  1(0.6) NR  0 (0.0) 1(0.6) 11 (6.9) NR  

IFX/CTP-13 143 13 (9.1)  NR  1 (0.7) NR 0 (0.0) 3 (2.1) 4 (2.8) NR 

All 302 NR NR 2 (0.7) NR  0 (0) 4 (1.3) 4 (2.8) NR  

*None reported data on opportunistic events (composite) and major CVD
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4.3. bDMARDs 

4.3.1. Infections (bDMARDs; RCTs) 

 

Table S110. Incidence of infections in RCTs (bDMARDs) 

Study ID Treatment arm N patients 
Any serious 

Infection n (%) 

Any oportunistic 

infection n (%) 

Herpes Zoster  

n (%) 

Tuberculosis n 

(%) 

Aletaha 2017 Lancet 

PBO 294 2 (0.7) 0 NR 0 

SIR 50 Q4W 292 13 (4) 0 NR 0 

SIR 100 Q2W 292 8 (3) 0 NR 0 

Burmester 2017 Ann 

Rheum Dis 

ADA 40 Q2W 184 2 (1.1) NR NR NR 

SAR 200 Q2W 184 2 (1.1) NR NR NR 

Burmester 2017 Ann 

Rheum Dis 

MAV 150 Q2W  79 NR NR NR NR 

MAV 100 Q2W  85 NR NR NR NR 

MAV 30 Q2W  81 NR NR NR NR 

PBO  81 NR NR NR NR 

Damjanov 2016 J 

Rheumatol 

SBI/PBO/PBO 43 1 (2.3) NR NR NR 

SBI/SBI/PBO 42 0 NR NR NR 

SBI/PBO/SBI 43 1 (2.3) NR NR NR 

SBI/SBI/SBI 41 0 NR NR NR 

PBO/PBO/PBO 40 0 NR NR NR 

Total 209 2 (1.0) NR NR NR 

Emery 2018  

Rheumatology (Oxford) 

TCZ 4-8 IV Q4W  102 2 (2.0) 0 NR NR 

SAR 150 Q2W  49 0 0 NR NR 

SAR 200 Q2W  51 1 (2.0) 0 NR NR 

Emery 2018  

Rheumatology (Oxford) 

TCZ 4 IV Q4W  25 0 0 NR NR 

TCZ 8 IV Q4W  24 0 0 NR NR 

SAR 150  26 0 0 NR NR 

SAR 200  26 0 0 NR NR 

Fleischmann 2017 

Arthritis Rheumatol 

PBO 181 2 (1.1) 0 1 (0.6) 0 

SAR 150 Q2W  181 1 (0.6) 0 0 (0.0) 0 

SAR 200 Q2W  184 2 (1.1) 0 2 (1.1) 0 

Genovese 2018 Arthritis 

Rheumatol 

ADA 40 Q2W  56 0 NR NR NR 

ABT-122 60 Q2W  55 0 NR NR NR 

ABT-122 120 Q2W  56 0 NR NR NR 

ABT-122 120 QW  55 0 NR NR NR 

Mease 2018 J Rheumatol 

PBO  51 0 NR NR NR 

CNTO6785 15  52 0 NR NR NR 

CNTO6785 50  51 0 NR NR NR 

CNTO6785 100  51 1 (1.9) NR NR NR 

CNTO6785 200  52 1 (2.0) NR NR NR 

Smolen 2017 Ann Rheum 

Dis 

PBO  55 1 (1.8) 0 NR 0 

UST 90 Q8W  55 1 (1.9) 0 NR 0 

UST 90 Q12W  55 0 0 NR 0 

UST combined 110 1 (0.8) 0 NR 0 

GUS 50 Q8W  55 0 0 NR 0 

GUS 200 Q8W  54 2 (3.7) 0 NR 0 

GUS combined 109 2 (1.8) 0 NR 0 

Takeuchi 2016 Mod 

Rheumatol 

PBO  29 0 NR 0 (0.0) NR 

OKZ 60 Q4W 32 1 (3.1) NR 1 (3.1) NR 

OKZ 120 Q4W 32 0 NR 0 (0.0) NR 

OKZ 240 Q4W 26 1 (3.8) NR 0 (0.0) NR 

Takeuchi 2017  Ann 

Rheum Dis 

PBO 556 10 (1.8) NR NR NR 

SIR 50 Q4W 663 27 (4.1) NR NR NR 

SIR 100 Q2W 662 22 (3.3) NR NR NR 

SIR combined 1325 49 (3.7) NR NR NR 

Takeuchi 2018 Arthritis 

Res Ther 

SIR 50 Q4W 61 1 (1.6) NR NR 0 

SIR 100 Q2W 61 2 (3.3) NR NR 0 

SIR combined 122 3 (2.5) NR NR 0 

ADA 40 Q2W 186 4 (2.2) NR NR NR 
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Taylor 2018  Ann Rheum 

Dis 

SIR 50 Q4W 186 14 (7.5) NR NR NR 

SIR 100 Q2W 187 5 (2.7) NR NR NR 

van Vollenhoven 2018 

Ann Rheum Dis 

PBO 80 NR NR NR NR 

TREG 25 QW 83 NR NR NR NR 

TREG 100QW 80 NR NR NR NR 

TREG 200 QW 78 NR NR NR NR 

Weinblatt 2018 Arthritis 

Rheumatol 

MAV 100 Q2W  70 NR 0 NR NR 

GOL 50 Q4W 68 NR 1 (1.5) NR NR 

 

4.3.2. Serious AEs, deaths, malignancies and cardiovascular events (bDMARDs; RCTs) 

 

Table S111. Incidence of serious AEs, deaths, malignancies and CVE in RCTs (bDMARDs) 

Study ID Treatment arm 
N 

patients 

Any Serious 

AE n (%) 

Deaths (any 

cause) n (%) 

Any 

Malignancy n 

(%) 

Any major 

CVD n (%) 

Aletaha 2017 Lancet 

PBO 294 15 (5) 0 1 (0.3) 2 (0.7) 

SIR 50 Q4W 292 28 (10) 0 4 (1) 1 (0.3) 

SIR 100 Q2W 292 22 (8) 0 1 (0.3) 0 

Burmester 2017 Ann Rheum 

Dis 

ADA 40 Q2W 184 12 (6.5) 0 NR  NR  

SAR 200 Q2W 184 9 (4.9) 1 (0.5)  NR  NR 

Burmester 2017 Ann Rheum 

Dis 

MAV 150 Q2W  79 2 (2.5) 0 NR   NR 

MAV 100 Q2W  85 5 (5.9) 0  NR NR  

MAV 30 Q2W  81 4 (4.9) 0 NR   NR 

PBO  81 1 (1.2) 0  NR NR  

Damjanov 2016 J Rheumatol 

SBI/PBO/PBO 43 2 (4.7) 0 NR  NR  

SBI/SBI/PBO 42 3 (7.1) 0  NR  NR 

SBI/PBO/SBI 43 4 (9.3) 1 (2.3) NR  NR  

SBI/SBI/SBI 41 2 (4.9) 0  NR  NR 

PBO/PBO/PBO 40 3 (7.5) 0 NR  NR  

TOTAL 209 14 (6.7) 1 (0.5)  NR  NR 

Emery 2018  Rheumatology 

(Oxford) 

TCZ 4-8 IV Q4W  102 NR  1 (1.0) NR  NR  

SAR 150 Q2W  49  NR 0  NR  NR 

SAR 200 Q2W  51 NR  0 NR  NR  

Emery 2018  Rheumatology 

(Oxford) 

TCZ 4 IV Q4W  25  NR NR   NR  NR 

TCZ 8 IV Q4W  24 NR   NR NR  NR  

SAR 150  26  NR NR   NR  NR 

SAR 200  26 NR   NR NR  NR  

Fleischmann 2017 Arthritis 

Rheumatol 

PBO 181 6 (3.3) 1 (0.6) 1 (0.6) 0 

SAR 150 Q2W  181 6 (3.3) 0 1 (0.6) 0 

SAR 200 Q2W  184 10 (5.4) 0 1 (0.5) 3 (1.6) 

Genovese 2018 Arthritis 

Rheumatol 

ADA 40 Q2W  56 0 0 0 (0.0) 0 

ABT-122 60 Q2W  55 2 (3.6) 0 1 (1.8) 0 

ABT-122 120 Q2W  56 0 0 0 (0.0) 0 

ABT-122 120 QW  55 2 (3.6) 0 0 (0.0) 2 (3.6) 

Mease 2018 J Rheumatol 

PBO  51 NR  0 0 (0.0) 0 

CNTO6785 15  52  NR 0 0 (0.0) 1 (1.9) 

CNTO6785 50  51 NR  0 1 (2.0) 0 

CNTO6785 100  51  NR 0 0 (0.0) 0 

CNTO6785 200  52 NR  0 0 (0.0) 0 

Smolen 2017 Ann Rheum Dis 

PBO  55 3 (5.5) 0 0 NR  

UST 90 Q8W  55 4 (7.4) 1 (1.8) 0  NR 

UST 90 Q12W  55 3 (5.5) 0 1 (1.8) NR  

UST combined 110 8 (6.4) 1 (0.9) 1 (0.9)  NR 

GUS 50 Q8W  55 0 0 0 NR  

GUS 200 Q8W  54 3 (5.6) 0 1 (1.9)  NR 

GUS combined 109 3 (2.8) 0 1 (0.9) NR  

Takeuchi 2016 Mod 

Rheumatol 

PBO  29 2 (6.9) 0 NR  NR  

OKZ 60 Q4W 32 1 (3.1) 0  NR  NR 
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OKZ 120 Q4W 32 0 0 NR  NR  

OKZ 240 Q4W 26 1 (3.8) 0  NR  NR 

Takeuchi 2017  Ann Rheum 

Dis 

PBO 556 38 (6.8) 1 (0.2) 2 (0.4) 2 (0.4) 

SIR 50 Q4W 663 73 (11.0) 7 (1.1) 2 (0.3) 8 (1.2) 

SIR 100 Q2W 662 65 (9.8) 3 (0.5) 5 (0.8) 3 (0.5) 

SIR combined 1325 138 (10.4) 10 (0.8) 7 (0.5) 11 (0.8) 

Takeuchi 2018 Arthritis Res 

Ther 

SIR 50 Q4W 61 4 (6.6) 0 0 0 

SIR 100 Q2W 61 5 (8.2) 0 1 (1.6) 0 

SIR combined 122 9 (7.4) 0 1 (0.8) 0 

Taylor 2018  Ann Rheum Dis 

ADA 40 Q2W 186 16 (8.6) 0 1 (0.5) 0 

SIR 50 Q4W 186 29 (15.6) 3 (1.6) 3 (1.6) 1 (0.5) 

SIR 100 Q2W 187 22 (11.8) 1 (0.5) 2 (1.1) 2 (1.1) 

van Vollenhoven 2018 Ann 

Rheum Dis 

PBO 80 1 (1.3) 0 NR   NR 

TREG 25 QW 83 1 (1.2) 1 (1.2)  NR NR  

TREG 100QW 80 1 (1.3) 1 (1.3) NR   NR 

TREG 200 QW 78 3 (3.8) 1 (1.3)  NR NR  

Weinblatt 2018 Arthritis 

Rheumatol 

MAV 100 Q2W  70 2 0 NR  NR 

GOL 50 Q4W 68 5 0  NR NR  

 

4.3.3. GIP, Injection-site / infusion reactions and immunogenicity (bDMARDs; RCTs) 

 

Table S112. Incidence of GIP, ISR / infusion reactions and ADAs in RCTs (bDMARDs) 

Study ID Treatment arm N patients GIP n (%) 
injection-site / infusion 

reactions n (%) 
ADA n (%) 

Aletaha 2017 Lancet 

PBO 294 0 9 (3) NR 

SIR 50 Q4W 292 2 (<1) 29 (10) NR  

SIR 100 Q2W 292 3 (1) 68 (23) NR 

Burmester 2017 Ann 

Rheum Dis 

ADA 40 Q2W 184 0 8 (4.3) NR  

SAR 200 Q2W 184 0 17 (9.2) 13 (7.1) 

Burmester 2017 Ann 

Rheum Dis 

MAV 150 Q2W  79 NR  1 0 (0) 

MAV 100 Q2W  85 NR 0 3 (3.5) 

MAV 30 Q2W  81 NR  0 13 (16) 

PBO  81 NR 0 2 (2.5) 

Damjanov 2016 J 

Rheumatol 

SBI/PBO/PBO 43 NR NR  0 (0) 

SBI/SBI/PBO 42 NR  NR 0 (0) 

SBI/PBO/SBI 43 NR NR  1 (2.3) 

SBI/SBI/SBI 41 NR  NR 0 (0) 

PBO/PBO/PBO 40 NR NR  0 (0) 

TOTAL 209 NR  NR 0 (0) 

Emery 2018  

Rheumatology (Oxford) 

TCZ 4-8 IV Q4W  102 NR  1 (1.0) NR 

SAR 150 Q2W  49 NR 4 (8.2) NR  

SAR 200 Q2W  51 NR  4 (7.8) NR 

Emery 2018  

Rheumatology (Oxford) 

TCZ 4 IV Q4W  25 NR NR NR 

TCZ 8 IV Q4W  24 NR  NR  NR  

SAR 150  26 NR NR NR 

SAR 200  26 NR  NR  NR  

Fleischmann 2017 Arthritis 

Rheumatol 

PBO 181 0 1.10 1.10 

SAR 150 Q2W  181 0 7.20 6.10 

SAR 200 Q2W  184 0 8.20 4.90 

Genovese 2018 Arthritis 

Rheumatol 

ADA 40 Q2W  56  NR 0 NR 

ABT-122 60 Q2W  55 NR  0 NR  

ABT-122 120 Q2W  56  NR 0 NR 

ABT-122 120 QW  55 NR  0 NR  

Mease 2018 J Rheumatol 

PBO  51 NR 1 (2.0) NR 

CNTO6785 15  52 NR  9 (17.3) NR 

CNTO6785 50  51 NR 13 (25.5) NR  

CNTO6785 100  51 NR  12 (23.5) NR 

CNTO6785 200  52 NR 10 (19.2) NR  

Smolen 2017 Ann Rheum 

Dis 

PBO  55 NR 0 NR 

UST 90 Q8W  55 NR  0 NR  
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UST 90 Q12W  55 NR 1 (1.8) NR 

UST combined 110 NR  1 (0.8) 7 (5.7) 

GUS 50 Q8W  55 NR 1 (0.8) NR 

GUS 200 Q8W  54 NR  1 (0.9) NR 

GUS combined 109 NR 2 (1.8) 12 (11.3) 

Takeuchi 2016 Mod 

Rheumatol 

PBO  29 0 0 NR 

OKZ 60 Q4W 32 0 1 (3.1) NR  

OKZ 120 Q4W 32 0 1 (3.1) NR 

OKZ 240 Q4W 26 0 3 (11.5) NR  

Takeuchi 2017  Ann Rheum 

Dis 

PBO 556 1 (0.2) 14 (2.5) NR  

SIR 50 Q4W 663 1 (0.2) 71 (10.7) NR 

SIR 100 Q2W 662 0 108 (16.3) NR  

SIR combined 1325 1 (0.1) 179 (13.5) NR 

Takeuchi 2018 Arthritis Res 

Ther 

SIR 50 Q4W 61 0 26 (42.6) NR 

SIR 100 Q2W 61 0 27 (44.3) NR  

SIR combined 122 0 53 (43.4) NR 

Taylor 2018  Ann Rheum 

Dis 

ADA 40 Q2W 186 0 16 (8.6) 171 (91.9) 

SIR 50 Q4W 186 1 (0.5) 20 (10.8) 7 (3.8) 

SIR 100 Q2W 187 1 (0.5) 43 (23.0) 9 (4.9) 

van Vollenhoven 2018 Ann 

Rheum Dis 

PBO 80 NR NR  NR 

TREG 25 QW 83 NR   NR NR  

TREG 100QW 80 NR NR  NR 

TREG 200 QW 78 NR   NR NR  

Weinblatt 2018 Arthritis 

Rheumatol 

MAV 100 Q2W  70 NR  NR  NR 

GOL 50 Q4W 68 NR   NR NR  

 

 

4.3.4. bDMARDs (RoB) 

 

Table S113. Risk of bias assessment (bDMARDs) (Cochrane Collaboration’s tool) 

Study ID 

Random 

sequence 

generation 

Allocation 

concealment 

Blinding 

participants and 

personnel 

Blinding 

outcome 

assessment 

Incomplete 

outcome 

data 

Selective 

reporting 
Other Overall 

Aletaha 2017 Lancet Low Low Low Low Low Low Low Low 

Burmester 2017 Ann Rheum 

Dis 
Low Low Low Low Low Low Low Low 

Burmester 2017 Ann Rheum 

Dis  
Low Low Low Low Low Low Low Low 

Damjanov 2016 J Rheumatol Unclear Unclear Low Low Low High Low High 

Emery 2018  Rheumatology 

(Oxford) 
Low Unclear Unclear Low Low Low Low Low 

Emery 2018  Rheumatology 

(Oxford) 
low high high low low low high high 

Fleischmann 2017 Arthritis 

Rheumatol 
Low Low Low Low Low Low Low Low 

Genovese 2018 Arthritis 

Rheumatol 
Unclear Unclear Low Low Low Low Low Unclear 

Mease 2018 J Rheumatol Unclear Unclear Low Low Low Low Low Unclear 

Smolen 2017 Ann Rheum Dis Unclear Low Low Low Low Low Low Low 

Takeuchi 2016 Mod 

Rheumatol 
Low Low Unclear Unclear Low High High Unclear 

Takeuchi 2017  Ann Rheum 

Dis 
Unclear Unclear Low Low Low Low Low Unclear 

Takeuchi 2018 Arthritis Res 

Ther 
Low Low Low Low Low Low Low Low 

Taylor 2018  Ann Rheum Dis Low Low Low Low Low Low Low Low 

van Vollenhoven 2018 Ann 

Rheum Dis 
Low Low Low Low Low Low Low Low 

Weinblatt 2018 Arthritis 

Rheumatol 
Low Low Low Low Low Low Low Low 
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4.3.5. bDMARDs (LTEs) 

 

Table S114. Incidence of major adverse events in LTEs (bDMARDs) 

N Study ID 
Follow-up 

(weeks) 
Treatment arm 

N 

patients 

Any Serious 

AE 

Deaths (any 

cause) 

Any serious 

Infecsion 

Any 

oportunistic 

infection 

Tuberculosis 
Any 

Malignancy 

Any major 

CVD 
GIP 

injection-site / 

infusion 

reactions 

2 
Burmester 2018 

Arthritis Rheumatol 
158 MAV 100  397 NR 3 1.56/100 PY NR 0.22/100 PY 0.56/100 PY NR NR NR 

3 
Genovese 2016 J 

Rheumatol 
64 

IXK 160 

bDMARD naive 
232 0.07/236 PY 0.90% 0.02/235.6 PY NR NR 0.01/236 PY NR NR NR 

IXK 160 TNFi-IR 158 0.13/140 PY 0.60% 0.03/140.1 PY NR NR 0.04/140 PY NR NR NR 

1 

Genovese 2018 

Rheumatology 

(Oxford) 

104 SAR 200 901 16.6/100 PY 0.4/100 PY 4.6/100 PY 1.0/100 PY 0/100 PY 0.8/100 PY 0.4/100 PY 0.1/100 PY 35.6/100 PY 

*None reported data on HZ and ADAs 
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4.4. tsDMARDs 

4.4.1. Infections (tsDMARDs; RCTs) 

 

Table S115. Incidence of infections in RCTs (tsDMARDs) 

Study ID Treatment arm 
Any serious 

Infection n (%) 

Any oportunistic 

infection n (%) 

Herpes Zoster  n 

(%) 

Tuberculosis n 

(%) 

Burmester 2018 Lancet 

PBO  1 (0.5) 1 (0.5) 1 (0.5) 0 

UPA 15 QD  1 (0.5) 0 (0) 1 (0.5) 0 

UPA 30 QD  3 (1.4) 3 (1.4) 2 (0.9) 0 

Dougados 2017 Ann 

Rheum Dis 

PBO  4 (2) 0 0 0 

BAR 2 QD  2 (0.7) 4 (2) 4 (2) 0 

BAR 4 QD  4 (2) 3 (1) 3 (1) 1 (0.4) 

Fleischmann 2017 

Arthritis Rheumatol 

MTX Q1W 8 (4) NR 2 (<1) 0 

BAR 4 2QD 6 (4) NR 4 (3) 0 

BAR 4 + MTX  5 (2) NR 5 (2) 0 

Fleischmann 2017 

Lancet 

TOFA 5 BID 6 (2) 2 (1) 4 (1.0) 0 

TOFA 5 BID + MTX 10 (3) 1 (0.3) 8 (2.1) 2 (1) 

ADA 40 Q2W 6 (2) 1 (0.3) 6 (2) 0 

Genovese 2016 Arthritis 

Rheumatol 

PBO  1 (1.4) NR 0 NR 

VX-509 100 QD  NR NR 2 (2.8) NR 

VX-509 150 QD  NR NR 1 (1.4) NR 

VX-509 200 QD  NR NR 2 (2.8) NR 

VX-509 100 Q2D  NR NR 1 (1.4) NR 

All VX-509 12 (4.2) NR 6 (2.1) NR 

Genovese 2016 N Engl J 

Med 

PBO  5 (3) NR 2 (1) NR 

BAR 2 QD  4 (2) NR 2 (1) NR 

BAR 4 QD  6 (3) NR 7 (4) NR 

Genovese 2017 Arthritis 

Rheumatol 

PBO 0 NR 1 (2.0) NR 

PEF 25 QD 1 (1.7) NR 0 NR 

PEF 50 QD 0 NR 0 NR 

PEF 100 QD 0 NR 0 NR 

PEF 150 QD 0 NR 0 NR 

Genovese 2018 Lancet 

PBO 0 0 1 (1) NR 

UPA 15 QD   1(1) 1 (1) 1 (1) NR 

UPA 30 QD  4 (2) 2 (1) 4 (2) NR 

Kavanaugh 2017  Ann 

Rheum Dis 

PBO 0 0 0 0 

FILG 50 QD 1 (1.4) 0 0 0 

FILG 100 QD 0 0 0 0 

FILG 200 QD 1 (1.4) 0 0 0 

Kivitz 2017 Arthritis 

Rheumatol 

PBO  0 NR 0 NR 

PEF 25 QD  0 NR 0 NR 

PEF 50 QD  0 NR 0 NR 

PEF 100 QD  1 (1.2) NR 2 (2.4) NR 

PEF 150 QD  1 (1.3) NR 1 (1.3) NR 

Takeuchi 2016 Ann 

Rheum Dis 

PBO 0 NR 0 NR 

PEF 25 QD 0 NR 2 (3.6) NR 

PEF 50 QD 0 NR 0 NR 

PEF 100 QD 0 NR 2 (3.6) NR 

PEF 150 QD 0 NR 0 NR 

PEF total 0 NR 4 (1.8) NR 

Tanaka 2019 

Rheumatology (Oxford) 

TOFA MR 11 QD 2 (1.9) NR 1 (1.0) NR 

TOFA 5 BID 3 (2.9) NR 1 (1.0) NR 

Taylor 2017  N Engl J 

Med 

BAR  4 QD 10 (2) NR 11 (2) 0 (0.0) 

ADA 40 Q2W 5 (2) NR 5 (2) 1 (0.3) 

van der Heijde 2019 

Arthritis Rheumatol 

TOFA 5 BID + MTX 24 (7.5) 2 (0.6) 24 (7.5) 0 (0.0) 

TOFA 10 BID + MTX 19 (6.0) 8 (2.5) 32 (10.1) 2 (0.6) 

PBO->TOFA 5 + MTX 2 (2.5) 1 (1.2) 4 (4.9) 0 (0.0) 

PBO->TOFA 5 + MTX 5 (6.3) 1 (1.3) 7 (8.9) 1 (1.3) 

PBO  1 (1.8) NR 1 (1.8) NR 
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Westhovens 2017  Ann 

Rheum Dis 

FILG 50 QD  0 (0) NR 0 NR 

FILG 100 QD  3 (3.5) NR 0 NR 

FILG 200 QD  1 (1.2) NR 1 (1.2) NR 

FILG 25 BID  0 (0) NR 1 (1.4) NR 

FILG 50 BID  0 (0) NR 0 NR 

FILG 100 BID  1 (1.2) NR 2 (2.4) NR 

 

4.4.2. Serious AEs, deaths, malignancies, cardiovascular events and GIP (tsDMARDs; RCTs) 

 

Table S116. Incidence of serious AEs, deaths, malignancies, CVE and GIP in RCTs (tsDMARDs) 

Study ID Treatment arm 
Any Serious 

AE n (%) 

Deaths (any 

cause) n (%) 

Any Malignancy n 

(%) 

Any major 

CVD n (%) 
GIP n (%) 

Burmester 2018 Lancet 

PBO  5 (2.3) NR 0 0 0 

UPA 15 QD  9 (4.1) NR 0 0 0 

UPA 30 QD  6 (2.7) NR 2 (0.9)* 1 (0.5) 0 

Dougados 2017 Ann 

Rheum Dis 

PBO  11 (5) 2 (0.9) 0 NR 0 

BAR 2 QD  6 (3) 0 0 NR 0 

BAR 4 QD  12 (5) 0 2 (0.9)* NR 0 

Fleischmann 2017 

Arthritis Rheumatol 

MTX Q1W 20 (10) NR 1 (0.5) 2 (1.0)  NR 

BAR 4 2QD 12 (8) NR 1 (0.6) 1 (0.6)  NR 

BAR 4 + MTX 17 (8) NR 4 (2)* 0 NR 

Fleischmann 2017 

Lancet 

TOFA 5 BID 35 (9) 2 (0.5) 3 (0.8)** 0 NR 

TOFA 5 BID + MTX 27 (7) 0 0 0 NR 

ADA 40 Q2W  24 (6) 0 1 (0.3)* 2 (1) NR 

Genovese 2016 Arthritis 

Rheumatol 

PBO  4 (5.6) 0 NR NR NR 

VX-509 100 QD  3 (4.2) 0 NR NR NR 

VX-509 150 QD  6 (8.3) 0 NR NR NR 

VX-509 200 QD  5 (6.9) 1 (1.4) NR NR NR 

VX-509 100 Q2D  7 (9.7) 1 (1.4) NR NR NR 

All VX-509 21 2 (0.7) NR NR NR 

Genovese 2016 N Engl J 

Med 

PBO  13 (7) 0 0 0 0 

BAR 2 QD  7 (4) 0 0 0 0 

BAR 4 QD  18 (10) 1 (0.6) 2 (1)** 2 (1) 0 

Genovese 2017 Arthritis 

Rheumatol 

PBO 2 (3.9) 0 0 NR 0 

PEF 25 QD 2 (3.4) 0 0 NR 0 

PEF 50 QD 2 (3.5) 0 0 NR 0 

PEF 100 QD 4 (6.9) 0 0 NR 0 

PEF 150 QD 2 (3.1) 0 0 NR 0 

Genovese 2018 Lancet 

PBO 0 0 0 0 NR 

UPA 15 QD   8 (5) 0 1 (1) 1(1) NR 

UPA 30 QD  12 (7) 1 (1) 2 (1) 0 NR 

Kavanaugh 2017  Ann 

Rheum Dis 

PBO 1 (1.4)  0 0 NR NR 

FILG 50 QD 1 (1.4) 0 0 NR NR 

FILG 100 QD 0 0 0 NR NR 

FILG 200 QD 3 (4.3) 0 0 NR NR 

Kivitz 2017 Arthritis 

Rheumatol 

PBO  0 0 0 0 0 

PEF 25 QD  0 0 0 0 0 

PEF 50 QD  0 0 0 0 0 

PEF 100 QD  2 (2.4) 0 0 0 0 

PEF 150 QD  1 (1.3) 0 0 0 0 

Takeuchi 2016 Ann 

Rheum Dis 

PBO 1 (1.8) 0 0 NR NR 

PEF 25 QD 1 (1.8) 0 0 NR NR 

PEF 50 QD 2 (3.5) 1 (1.8) 0 NR NR 

PEF 100 QD 3 (5.5) 0 0 NR NR 

PEF 150 QD 0 0 0 NR NR 

PEF total 6 (2.7) 1 (0.4) 0 NR NR 

Tanaka 2019 

Rheumatology (Oxford) 

TOFA MR 11 QD 5 (4.8) 0 (0.0) 2 (1.9) NR 0 (0.0) 

TOFA 5 BID 4 (3.8) 0 (0.0) 0 (0.0) NR 0 (0.0) 

Taylor 2017  N Engl J 

Med 

BAR  4 QD 38 (8) 3 (0.6) 3 (0.6) 2 (0.4) 0 (0.0) 

ADA 40 Q2W  13 (4) 1 (0.3) 0 1 (0.3) 0 (0.0) 

TOFA 5 BID + MTX 86 (26.8) 7 (2.2) 14 (4.4)† 9 (2.8) 0 (0.0) 
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van der Heijde 2019 

Arthritis Rheumatol 

TOFA 10 BID + MTX 78 (24.7) 3 (0.9) 10 (3.2)‡ 9 (2.9) 0 (0.0) 

PBO->TOFA 5 + MTX 19 (23.5) 2 (2.5) 1 (1.2) 2 (2.5) 0 (0.0) 

PBO->TOFA 10 + MTX 20 (25.3) 0 (0.0) 1 (1.3)* 0 (0.0) 0 (0.0) 

Westhovens 2017  Ann 

Rheum Dis 

PBO  4 (7.1) 0 (0) NR NR NR 

FILG 50 QD  0 (0) 0 (0) NR NR NR 

FILG 100 QD  4 (4.7) 0 (0) NR NR NR 

FILG 200 QD  2 (2.3) 0 (0) NR NR NR 

FILG 25 BID  1 (1.4) 0 (0) NR NR NR 

FILG 50 BID  0 (0) 0 (0) NR NR NR 

FILG 100 BID  3 (3.6) 1 (1.2) NR NR NR 

* One case of NMSC; two cases of NMSC; † 8 cases of NMSC; ‡ 3 cases of NMSC 

4.4.3. tsDMARDs (RoB) 

 

Table S117. Risk of bias assessment (tsDMARDs) (Cochrane Collaboration’s tool) 

Study ID 

Random 

sequence 

generation 

Allocation 

concealment 

Blinding 

participants 

and personnel 

Blinding 

outcome 

assessment 

Incomplete 

outcome data 

Selective 

reporting 
Other Overall 

Burmester 2018 Lancet Low Low Low Low Low Low Low Low 

Dougados 2017 Ann 

Rheum Dis 
Low Low Low Low Low Low Low Low 

Fleischmann 2017 

Arthritis Rheumatol 
Low Low Low Low Low Low Low Low 

Fleischmann 2017 

Lancet 
Low Low Low Low Low Low Low Low 

Genovese 2016 Arthritis 

Rheumatol 
Unclear Unclear Low Low Low Low Low Unclear 

Genovese 2016 N Engl J 

Med 
Low Low Low Low Low Low Low Low 

Genovese 2017 Arthritis 

Rheumatol 
Unclear Low Low Low Low Low High High 

Genovese 2018 Lancet Low Low Low Low Low Low Low Low 

Kavanaugh 2017  Ann 

Rheum Dis 
Low Low Low Low Low Low Low Low 

Kivitz 2017 Arthritis 

Rheumatol 
Unclear Low Low Low Low Low Unclear Unclear 

Takeuchi 2016 Ann 

Rheum Dis 
Unclear Unclear Low Low Low Low Low Unclear 

Tanaka 2019 

Rheumatology (Oxford) 
Low Low Low Low Low Low Low Low 

Taylor 2017  N Engl J 

Med 
Low Low Low Low Low Low Low Low 

van der Heijde 2019 

Arthritis Rheumatol 
Low Low Low Low Low Low Low Low 

Westhovens 2017  Ann 

Rheum Dis 
Low Low Low Low Low Low Low Low 
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4.4.4. tsDMARDs (LTEs) 

 

Table S118.1 Incidence of major adverse events in LTEs (tsDMARDs) 

Study ID 
Treatment 

arm 
N patients 

Any Serious AE Incidence 

rate 

Deaths (any cause) 

Incidence rate 

Any serious Infection 

Incidence rate 

Any oportunistic 

infection Incidence rate 

Herpes Zoster  

Incidence rate 

Keystone 2018 J 

Rheumatol  

BAR 4/4 79 6.4/78.1 PY  NR  2.6/78.1 PY  NR  

Overall: 2.5/100 PY BAR 4:8/4 47 7.0/43.0 PY NR 4.7/43.0 PY NR 

BAR 8/4 18 0/17.3 PY NR 0 /17.3 PY NR 

Li 2018 Chin Med 

J (Engl) 

TOFA 5 BID 153 2.75/100 PY (1.46; 4.70) 0/100 PY (0; 0.76) 1.23/100 PY (0.45; 2.68) 0/100 PY (0; 0.76) 1.72/100 PY (0.74; 3.39) 

TOFA 10 BID 39 3.08/ 100 PY (0.84; 7.87) 0.74/100 PY (0.02; 4.12) 1.48/100 PY (0.18; 5.35) 0/100 PY (0; 2.73) 1.51/100 PY (0.18; 5.44) 

Takeuchi 2019 

Ann Rheum Dis 

BAR 4 281 19 (7.5) NR 5 (2.0) NR NR 

BAR2 278 15 (6.3) NR 4 (1.7) NR NR 

Tanaka 2018 

Mod Rheumatol 

BAR 4 71 6 (8) 0 3 (1) 5 (7)  NR  

BAR 8 70 8 (11) 0 6 (3) 6 (9) NR 

van der Heijde 

2018 RMD Open 

BAR 2 QD  229 12 (5) 0  NR  8 (3) NR 

BAR 4 QD  227 24 (11) 1 (0.4) NR 5 (2)  NR  

Yamanaka 2016  

Arthritis Res Ther 

TOFA 5 BID 381 11.2/100 PY (9.2; 13.5) 0.6/100 PY  (0.3; 1.3) 3.2/100 PY (2.2; 4.5)  NR  7.1/100 PY (5.5; 8.9) 

TOFA 10 BID 105 9.2/100 PY (6.1; 13.3) 0.0/100 PY  (0.0; 1.1) 3.7/100 PY (1.9; 6.4) NR 8.6/100 PY (5.6; 12.7) 

All 486 10.7/100 PY (9.0; 12.6) 0.5/100 PY  (0.2; 1.0) 3.3/100 PY (2.4; 4.4) NR 7.4/100 PY (6.0; 9.1) 

*None reported data on HZ and ADAs 

Table S118.2 Incidence of major adverse events in LTEs (tsDMARDs) 

Study ID Treatment arm N patients Tuberculosis Incidence rate 
Any Malignancy Incidence 

rate 

Any major CVD Incidence 

rate 
GIP Incidence rate 

Keystone 2018 J 

Rheumatol  

BAR 4/4 79  NR   NR   NR   NR  

BAR 4:8/4 47 NR NR NR NR 

BAR 8/4 18 NR NR NR NR 

Li 2018 Chin Med J 

(Engl) 

TOFA 5 BID 153 0.41/100 PY (0.05; 1.48) 0.00/100 PY (0.00; 0.76) 0.21/100 PY (0.01; 1.14)  NR  

TOFA 10 BID 39 0/100 PY (0; 2.73) 0/100 PY (0; 2.73) 0/100 PY (0; 2.73) NR 

Takeuchi 2019 Ann 

Rheum Dis 

BAR 4 281 NR NR NR NR 

BAR2 278 NR NR NR NR 

Tanaka 2018 Mod 

Rheumatol 

BAR 4 71  NR  1 (1)  NR   NR  

BAR 8 70 NR 0 (0) NR NR 

van der Heijde 2018 

RMD Open 

BAR 2 QD  229 0 1 (0.4) 0 NR 

BAR 4 QD  227 1 (0.4) 1 (0.4) 0  NR  

Yamanaka 2016  

Arthritis Res Ther 

TOFA 5 BID 381  NR  1.4/100 PY (0.8; 2.3) 0.4/100 PY (0.1; 1.0) 0/100 PY (0.0; 0.3) 

TOFA 10 BID 105 NR 0.3/100 PY (0.0; 1.7) 0.3/100 PY (0.0; 1.7) 0/100 PY (0.0; 1.1) 

All 486 NR 1.2/100 PY (0.7; 1.9) 0.4/100 PY (0.1; 0.9) 0/100 PY (0.0; 0.3) 
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7. LIST OF ABBREVIATIONS 
 

AB antibodies IPW Inverse probability weighting  

ABA abatacept IRR incidence rate ratio 

ACPA anti-citrullinated protein antibodies IV intravenous  

ACR American college of rheumatology IXK Ixekizumab 

ACS Acute coronary syndrome LEF leflunomide 

ADA adalimumab LIP lower intestinal perforation 

ADR adverse drug reaction LLE lupus-like event 

AE adverse event LTE Long term extension 

aHR adjusted hazard ratio MACE major cardiovascular event 

AIDS acquired immunodeficiency syndrome MAV mavrilumab 

AMI Acute myocardial infarction Max maximum 

AZA azathioprine MI myocardial infarction 

BAR baricitinib MTX methotrexate 

bDMARD biological disease-modifying antirheumatic drugs NAP not applicable 

BID Twice a day NHL non-Hodgkin lymphoma 

BMI body mass index NMSC non-melanoma skin cancer 

BSRBR British society for rheumatology biologics registers NR not reported 

C control NS not specified 

CDAI clinical disease activity index NSAID nonsteroidal anti-inflammatory drug 

CI confidence interval  OI opportunistic infection 

CLQ chloroquine OKZ olokizumab 

COD cause of death PBO placebo 

COPD chronic obstructive pulmonary disease PEF peficitinib 

CRD Chronic renal disease PJP pneumocystis jirovecii pneumonia 

csDMARD conventional synthetic DMARD PS propensity score 

CV cardiovascular PY patient-years 

CVD cardiovascular disease Q1W Once a week 

CVE cardiovascular events Q2W every two weeks 

CYC cyclosporine QD once a day 

CZP certolizumab pegol RA rheumatoid arthritis 

DAS 28 disease activity score  28 RCT Randomized clinical trial 

DEN Denmark REF reference group 

DLBCL diffuse large B-cell lymphoma RF rheumatoid factor 

DVT deep venous thrombosis RMD Rheumatic and musculoskeletal disease 

ED Emergency department RTX rituximab 

ESR erythrocyte sedimentation rate SAR sarilumab 

ETA etanercept SC Subcutaneous 

FILG filgotinib sDMARD Synthetic DMARD 

FU follow-up SI serious infection 

GC glucocorticoids SIR sirukumab  

GEE Generalized estimating equations SLE systemic lupus erythematosus 

GIP Gastrointestinal perforation SLR systematic literature review 

GOL golimumab SpA Spondyloarthritis 

GUS guselkumab SSZ sulfasalazine 

HAQ health assessment questionnaire SWE Sweden 

HF heart failure TB tuberculosis 

HIV human immunodeficiency virus TCZ tocilizumab 

HL Hodgkin lymphoma TIA transitory ischemic attack 

HQC hydroxychloroquine TNFi tumour necrosis factor inhibitor 

HR hazard ratio TOFA tofacitinib 

HRQT high-resolution computed tomography TREG tregalizumab 

I intervention tsDMARD targeted synthetic DMARD 

ICD international classification of diseases uHR unadjusted hazard ratio 

ID identification UPA upadacitinib 

IFX infliximab US United States 

Ig immunoglobulin UST ustekinumab 

ILD Interstitial lung disease VTE venous thromboembolism 
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