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Box 1 | Functions of TNF

Homeostatic functions

Defence against pathogens
Organogenesis and development: lymphoid organ architecture

Tissue regeneration: neuronal remyelination; cardiac remodelling; cartilage
regeneration

Immunoregulation: tolerization (desensitization) of macrophages, apoptosis of
inflammatory cells

Inhibition of tumorigenesis: necrosis, senescence (cytostatic effect)

Pathogenic functions

Inflammation: induction of inflammatory mediators (cytokines, lipid mediators);
recruitment of inflammatory cells (induction of chemokines and adhesion
molecules, endothelial cell activation); survival of inflammatory cells;
necroptosis

Autoimmunity: inhibition of Trgg cells

Tissue degeneration: induction of tissue-destructive enzymes; apoptosis;
osteoclastogenesis

Hypernociception: peripheral neuronal sensitization (effects on C and AS
neurons); central neuronal sensitization (effects on spinal cord nociceptive
neurons, microglial cells and astrocytes)

Tumorigenesis: genotoxic effects (induction of de novo mutagenesis,
impairment of DNA repair); induction of tumour-cell survival and proliferation;
facilitation of tumour escape from immunosurveillance (effects on MDSCs and
Trgg cells); facilitation of tumour metastasis (induction of EMT and MMPs)

Atherogenesis: inflammation; endothelial cell activation; effect on lipid
metabolism
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0 14 21 28
Day
Stupy GRroup No. oF PATIENTS No. oF DEATHS

Placebo (-e-) 33 10
0.15 mg/kg (-o-) 30 9
0.45 mg/kg (=) 29 14
1.5 mg/kg (=) 49 26

Vol. 334 No. 26 TUMOR NECROSIS FACTOR RECEPTOR:Fe¢ FUSION PROTEIN FOR SEPTIC SHOCK 1697

TREATMENT OF SEPTIC SHOCK WITH THE TUMOR NECROSIS FACTOR RECEPTOR:Fc
FUSION PROTEIN

CHARLES J. FISHER, JrR., M.D., JAN M. AcosTi, M.D., STEVEN M. OprAL, M.D., STEPHEN F. LOWRY, M.D.,
ROBERT A. BALK, M.D., JERALD C. SADOFF, M.D., EDWARD ABRAHAM, M.D., RoLAND M.H. SCHEIN, M.D.,
ERNEST BENJAMIN, M.D., FOR THE SOLUBLE TNF RECEPTOR SEPSIS STUDY GROUP*
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Transgenic mice expressing human tumour necrosis
factor: a predictive genetic model of arthritis

Jeanne Keffer, Lesley Probert, Haris Cazlaris,
Spiros Georgopoulos, Evangelos Kaslaris’,
Dimitris Kioussis? and George Kollias
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TREATMENT OF RHEUMATOID ARTHRITIS WITH
CHIMERIC MONOCLONAL ANTIBODIES TO

TUMOR NECROSIS FACTOR «

MICHAEL J. ELLIOTT, RAVINDER N. MAINI, MARC FELDMANN, ALICE LONG-FOX,
PETER CHARLES, PETER KATSIKIS, FIONULA M. BRENNAN, JEAN WALKER, HANNY BIJL,

Table 2. Changes in clinical assessments following treatment of rheumatoid arthritis patients with cA2*
. Patient’s
an strength, assessment,
Week  Morning Swollen 0-300 mm Hg no. grades
of stiffness,  Pain score, Ritchie index, joint count, IDA, improved,
trial minutes 0-10 cm 0-69 0-28 Left hand Right hand 14 0-3
Screen 135, 0-600 7.4, 49.7 23, 4-51 16, 4-28 84, 45-300 96, 57-300 3,2.3-3.3 NA
0 180, 20600 7.1, 2.7-9.7 28, 4-52 18, 3-27 77, 52-295 92, 50-293 3,2-3.5 NA
1 20, 0-180 2.6, 0.6-7.8 13, 2-28 13.5, 1-25 122, 66-300 133, 57-300 2,1.5-3.3 1, 1-3
(<0.0017) (<0.001%) (<0.001; <0.0027) (>0.05) (>0.05) (>0.05) (<0.0017)
2 15, 0-150 3.0, 0.3-6.4 13, 1-28 11.5, 1-22 139, 75-300 143, 59-300 2,1.5-32 1.5, 13
(<0.00171) (<0.0011) (<0.001%) (<0.003; <0.027%) (<0.03; >0.057) (>0.05) (<0.0017)
3 5,0-150 2.2,0.2-7.4 8, 0-22 6, 1-19 113, 51-300 142, 65-300 2,1.2-3.2 2,1-2
(<0.0011) (<0.00171) (<0.0011) (<0.001; <0.0021) (>0.05) (>0.05) (<0.0017)
4 15, 0-90 1.9, 0.1-5.6 10, 0-17 6, 0-21 124, 79-300 148, 64-300 1.8, 1.3-2.7 2,12
(<0.0011)  (<0.0017) (<0.00171) (<0.001; <0.0021) (<0.02; >0.051) (<0.03; >0.05%) (<0.001%)
6 5, 0-90 1.9, 0.1-6.2 6, 0-18 5, 1-14 119, 68-300 153, 62-300 1.7, 1.3-2.8 2,12
(<0.0017) (<0.0017) (<0.0017) (<0.0011) (<0.04; >0.05%) (<0.05; >0.05%) (<0.001%)
8 15, 0-60 2.1, 0.2-7.7 8, 1-28 7, 1-18 117, 69-300 167, 53-300 1.8, 1.5-2.8 2, 1=3
(<0.0017)  (<0.0011) (<0.0011) (<0.001%) (<0.03; >0.057) (<0.03; >0.05%) (<0.001%)
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Table 1 anti-TNF-a indications by chronological order of first approval (either by Food and Drug Administration-FDA or European Medicines

Agency-EMA)

Indication

Drug, year of first approval

Rheumatoid Arthritis

Crohn’s Disease
Juvenile Idiopathic Arthritis

Psoriatic Arthritis

Axial Spondyloarthritis

Plaque Psoriasis

Ulcerative Colitis
Paediatric Crohn’s Disease

Paediatric Plaque Psoriasis

Paediatric Ulcerative Colitis
Non-radiographic Axial Spondyloarthritis
Paediatric Enthesitis-Related Arthritis
Hidradenitis Suppurativa

Adolescent Hidradenitis Suppurativa
Non-infectious Uveitis

Paediatric non-infectious Uveitis

Etanercept, 1998

Infliximab, 1999

Adalimumab, 2002certolizumab pegol, 2009

Golimumab, 2009

Infliximab, 1998 Adalimumab, 2007Certolizumab pegol, 2008
Etanercept, 1999

Adalimumab, 2008

Golimumab, 2016

Etanercept, 2002
Infliximab, 2004
Adalimumab, 2005
Golimumab, 2009
Certolizumab pegol, 2013

Infliximab, 2003Eanercept, 2003 Adalimumab, 2006Golimumab, 2009Certoli-
zumab pegol, 2013

Etanercept, 2004 Infliximab, 2005
Adalimumab, 2007
Certolizumab pegol, 2018

Infliximab, 2005Adalimumab, 2012
Golimumab, 2013

Infliximab, 2006
Adalimumab, 2012

Etanercept, 2008 Adalimumab, 2015

Infliximab, 2011Adalimumab, 2020

Adalimumab, 2012Certolizumab pegol, 2013Etanercept, 2014Glimumab, 2015
Adalimumab, 2014

Adalimumab, 2015

Adalimumab, 2016

Adalimumab, 2016

Adalimumab, 2017
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J Synovial inflammation

{ Joint erosions

J Joint replacement surgery
J Syndesmophytes formation
{ Systemic bone loss

J Fatigue
N Functional Ability

J/ Subclinical Atherosclerosis

{ Arterial stiffness

J Subclinical myocardial inflammation
N Microvascular function

J Myocardial infarction

{ Hospitalizations and Surgeries
J IBD relapses

J Bowel damage

J Extraintestinal manifestations
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Clinical and epidemiological research

CONCISE REPORT

Incidences of overall and site specific cancers in
TNFo inhibitor treated patients with rheumatoid
arthritis and other arthritides — a follow-up study from
the DANBIO Registry

Lene Dreyer," Lene Mellemkjeer,? Anne Redgaard Andersen,® Philip Bennett,*
Uta Engling Poulsen,” Torkell Juulsgaard Ellingsen,® Torben Hgiland Hansen,’
Dorte Vendelbo Jensen,? Louise Linde,® Hanne Merete Lindegaard,® Anne Gitte
Rasmussen Loft,'® Henrik Nordin,'" Emina Omerovic,'? Claus Rasmussen,'
Annette Schiemmer,"* Ulrik Tarp,'® Merete Lund Hetland® '®
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TNF-I treated
No of cancers versus non-treated
Variable among treatedt HR* (95% Cl) p Value*
Ever TNF-I treatment
Overall effect 152 1.02 (0.80 to 1.30)
Plus adjustment for HAQS 0.95 (0.74 to 1.22)
Plus adjustment for CRP% 0.99 (0.77 to 1.26)
Plus adjustment for DAS28% 0.96 (0.74 to 1.24)
Men 48 0.83 (0.55t0 1.26) p=0.24
\bmen 104 1.13 (0.83 to 1.53)
Time since treatment initiation, years
<1 41 1.04 (0.72 to 1.50)
1-4 97 1.03 (0.79 to 1.35) p=0.86
5+ 14 0.88 (0.51 to 1.54)
1+ 111 1.01 (0.78 to 1.30)
Cumulative duration of treatment, years
<1 43 1.04 (0.73 to 1.48)
1-2 39 1.19 (0.83 to 1.71) p=0.69
2-3 29 1.09 (0.72 to 1.63)
4+ 41 0.86 (0.60 to 1.22)
Age at treatment start, years
<50 12 0.83 (0.38 to 1.82)
50-64 69 0.97 (0.68 to 1.37) p=0.76
>65 n 1.10 (0.80 to 1.50)




Rheumatology 2020;59:930-939
doi:10.1093/rheumatology/kez475
Advance Access publication 17 October 2019

RHEUMATOLOGY

Systematic Review and Meta-analysis

A meta-analysis of biologic therapies on risk of new
or recurrent cancer in patients with rheumatoid
arthritis and a prior malignancy

Fic. 2 Relative risk of cancer recurrence between biologic and csDMARDs

Fic. 4 Relative risk of cancer recurrence between TNFi and csDMARDSs, stratified by intervals between prior cancer and
TNFi (re-)initiation

Biologics csDMARDs Relative Risk Relative Risk TNFi csDMARDs Relative Risk Relative Risk
Study or Subgroup Events P-Y Events P-y Weight M-H, Fixed, 95%CI Years M-H, Fixed, 95%CI Study or Subgroup Events P-Y Events P-y Weight M-H, Fixed, 95%C! Years M-H, Fixed, 95%CI
1.1.1 TNFi vs csDMARDs 2.2.4 Within 5 years
Phillips 2010 7 256 35 1195 3.1% 0.93[0.42,2.08] 2010 i Scott 2016 109 1465 335 4631 87.6% 1.03 [0.84, 1.27] 2016
Mercer 2012 29 627 23 2716 7.9% 0.56 [0.33, 0.94] 2012 —— Mamtani 2016 17 764 48 2466 124% 1.14 [0.66, 1.98] 2017
Raaschou 2013 3 n 10 1370 0.8% 1.52[0.42,547] 2013 Subtotal (95% CI) 2229 7097 100.0% 1.04 [0.86, 1.27])
Strangfeld 2013 18 367 13 361 3.3% 1.36 [0.68, 2.74] 2013 N (R Total events 126 383
Aaltonen 2015 3 233 1 169 0.3% 2.18[0.23,20.74] 2015 Heterogeneity: Chi* = 0.13, df = 1 (P = 0.72); I* = 0%
Silva-Fernandez 2016 53 1591 46 855 14.9% 0.62[0.42,0.91] 2016 e Test for overall effect: Z = 0.42 (P = 0.67)
Scott 2016 109 1465 335 4631 40.1% 1.03[0.84, 1.27] 2016 -
Mamtani 2016 17 764 48 2466 5.7% 1.14[0.66, 1.98] 2017 =T & 2.2.5 Over 5 years
Dreyer 2018 21 723 70 2461 7.9% 1.02 [0.63, 1.65) 2018 e Strangfeld 2013 18 367 13 361 9.5% 1.36 [0.68, 2.74] 2013 -l
Raaschou 2018 42 2471 155 9394 16.1%  1.03(0.73,1.44] 2018 = o Silva-Ferandez 2016 53 1591 46 855 435%  0.62[0.42, 0.91] 2016 -
Subtotal (95% ClI) 8768 23178 100.0% 0.95 [0.83, 1.09] " Raaschou 2018 42 2471 155 9394 47.0% 1.03 [0‘73‘ 144] 2018 :—
Total events 302 736 Subtotal (95% CI) 4429 10610 100.0% 0.88 [0.70, 1.12)
Heterogeneity: Chi* = 12.05, df = 9 (P = 0.21); I* = 25% Total events 113 214
Test for overall effect: Z = 0.72 (P = 0.47) Heterogeneity: Chi* = 5.52, df = 2 (P = 0.06); I* = 64%
- Test for overall effect: Z = 1.03 (P = 0.30)
1.1.2 Rituximab vs csDMARDs
Strangfeld 2013 7 180 13 361 30.0%  1.08[0.44,2.66] 2013 2.2.6 Not reported
Silva-Fernandez 2016 2 81 46 855 27.6%  0.46[0.11,1.86] 2016 Phillips 2010 7 256 35 1195 153%  093[042, 208] 2010 —_—
Dreyer 2018 7 235 70 2461 42.3%  1.05(0.49,2.25] 2018 Mercer 2012 2 627 23 276 397%  0.56[0.33. 0.94] 2012 =
Subtotal (95% CI) 496 3677 100.0% 0.89 [0.52, 1.53] Raaschou 2013 3 27 10 1370 4.1% 1.52[0.42, 5.47] 2013
Totalevents 16 129 Aaltonen 2015 233 1 169 14%  2.18(0.23,20.74] 2015
Heterogenelty: Chi* = 1.21, df = 2 (P = 0.55); ! = 0% Dreyer 2018 21 723 70 2461 395%  1.02(0.63, 1.65] 2018 :_
Test for overall effect: Z = 0.41 (P = 0.68) Subtotal (95% CI) 2110 5471 100.0%  0.86 [0.63, 1.17)
+ 4 } + + Total events 63 139
0.05 02 1 5 20 Heterogeneity: Chi* = 4.57, df =4 (P =0.33); P = 12%
Favours [Biologics] Favours [csDMARDs]) Test for overall effect: Z = 0.96 (P = 0.34)

005 02 1 5 20
Favours [TNFil] Favours [csDMARDsl]
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EXTENDED REPORT

Relationship between exposure to tumour necrosis
factor inhibitor therapy and incidence and severity
of myocardial infarction in patients with rheumatoid
arthritis

Audrey S L Low,' Deborah P M Symmons,'* Mark Lunt," Louise K Mercer," Chris

P Gale,>* Kath D Watson," William G Dixon," Kimme L Hyrich," on behalf of the
British Society for Rheumatology Biologics Register for Rheumatoid Arthritis (BSRBR-
RA) and the BSRBR Control Centre Consortium

N

N

Table 2 Risk of Ml compared between sSDMARD and TNFi cohorts

sDMARD;
n=3058

Median duration of follow-up per patient, 3.5 (1.8, 4.9)
years (IQR)
Total person-years of exposure, pyrs 10 337
Primary drug exposure model: on-TNFi+90 days

Number of verified first Mis 58

Crude incidence rate of verified first MI 56 (43 to 73)

TNFi; n=11 200
5.3 (3.6, 6.4)

55 636

194
35 (30 to 40)

per 10 000 pyrs (95% Cl)
Unadjusted HR (95% CI) I Referent

0.78 (0.58 to 1.05) I

HR adjusted for age and
gender (95% Cl)

HR after adjusting for PD* (95% ClI)
Sensitivity analyses

In subjects ever exposed to TNFi;
PD-adjusted HR (95% Cl)

Trimming the PD at 5%; PD-adjusted
HR (95% CI)

1.19 (0.89 to 1.59)

0.61 (0.41 to 0.89)

0.67 (0.46 to 0.96)

0.56 (0.34 to 0.93)

*Deciles of propensity score (PD). The PD included age, gender, DAS28, disease
duration, health assessment questionnaire score, whether the patients used four or
more sDMARDs prior to study registration (yes/no), whether the patients were recruited
to the register before or after 30 June 2004, hypertension, diabetes, chronic lung
disease, smoking (ever/never), antiplatelet therapy, NSAID/COX-2 inhibitor use,

glucocorticoid use and statin use.
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A Hazard Ratio for Cancers, Excluding NMSC
Comparison Hazard Ratio (95% Cl)
Tofacitinib, 5 mg twice daily, vs. TNF inhibitor :l—i—l 1.47 (1.00-2.18)
Tofacitinib, 10 mg twice daily, vs. TNF inhibitor f———— 1.48 (1.00-2.19)
Combined tofacitinib doses vs. TNF inhibitor E'—O—' 1.48 (1.04-2.09)
Tofacitinib, 10 mg twice daily, vs. — 1.00 (0.70-1.43)
tofacitinib, 5 mg twice daily H
| T f | T | |
0.0 05 1.0 2.0 2.5 3.5 4.0

B Incidence Rate for Cancers, Excluding NMSC
3.0

2.5+
2.0+
1.5
1.0

0.5+

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Incidence Rate per 100 Patient-Yr

0.0

No. of Patients with First Event/Total No. (%)
No. of Patient-Yr

Incidence Rate per 100 Patient-Yr (95% Cl)
NNH (patient-yr) vs. TNF Inhibitor

NNH (over 5-yr period) vs. TNF Inhibitor

Tofacitinib,
5 mg Twice
Daily

62/1455 (4.3)
5491.48
1.13 (0.87-1.45)
276
55

Tofacitinib,
10 mg Twice
Daily

60/1456 (4.1)
5311.71
1.13 (0.86-1.45)
275
55

Combined
Tofacitinib
Doses

1222911 (4.2)
10,803.19
1.13 (0.94-1.35)

TNF Inhibitor

42/1451 (2.9)
5482.30
0.77 (0.55-1.04)

Cardiovascular and Cancer Risk
with Tofacitinib in Rheumatoid Arthritis
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Resolution of Inflammation Induces Osteoblast Function and
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