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                    Abstract
The aim of this study is to assess the efficacy of withdrawing biologics from patients with rheumatoid arthritis in sustained remission or low disease activity. This is a systematic review of clinical trials that randomized withdrawal or continuation of biologics. We searched MEDLINE, Embase, and other databases. Three authors independently selected and extracted the data from the studies. The GRADE approach was employed to assess the quality of the evidence. We calculated meta-analyses of random effects model and estimated the heterogeneity by I
                        2. The number needed to treat (NNT) was calculated for significant outcomes. We included six trials (N = 1927 patients), most were industry-sponsored. Compared to withdrawing, continuing biologics increased the probability of low disease activity (relative risk [RR] = 0.66, 95 % CI 0.51–0.84, I
                        2 = 91 %, NNT = 4, low quality), remission (0.57, 0.44–0.74, I
                        2 = 82 %, NNT = 3, low quality), and radiographic progression (RR = 0.91, 95 % CI 0.85–0.98, I
                        2 = 13 %, NNT = 12, moderate quality). No significant difference was detected in the incidence of serious adverse events, serious infection, malignancy, and scores of improvement of tender and swollen joints between these strategies (low quality). A worse profile of outcomes was experienced by those patients when compared to the ones that continued biologics, but almost half of patients maintained low disease activity after withdrawal. As the quality of evidence was low, the conclusions may change as new results become available. The potential harms and benefits of this decision must be discussed with patients.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]


Fig. 2[image: ]


Fig. 3[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Reduction of biologics in rheumatoid arthritis: a systematic review and meta-analysis
                                        
                                    

                                    
                                        Article
                                        
                                         24 July 2020
                                    

                                

                                Letícia B. Vasconcelos, Marcus T. Silva & Tais F. Galvao

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Remission rate and predictors of remission in patients with rheumatoid arthritis under treat-to-target strategy in real-world studies: a systematic review and meta-analysis
                                        
                                    

                                    
                                        Article
                                        
                                         19 October 2018
                                    

                                

                                Chen Yu, Shangyi Jin, … Xiaofeng Zeng

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Updated systematic review and meta-analysis of randomized controlled trials comparing low- versus high-dose rituximab for rheumatoid arthritis
                                        
                                    

                                    
                                        Article
                                        
                                         12 June 2015
                                    

                                

                                Markus Bredemeier, Guilherme G. Campos & Fernando K. de Oliveira

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Smolen JS, Landewe R, Breedveld FC, Buch M, Burmester G, Dougados M, Emery P, Gaujoux-Viala C, Gossec L, Nam J, Ramiro S, Winthrop K, de Wit M, Aletaha D, Betteridge N, Bijlsma JW, Boers M, Buttgereit F, Combe B, Cutolo M, Damjanov N, Hazes JM, Kouloumas M, Kvien TK, Mariette X, Pavelka K, van Riel PL, Rubbert-Roth A, Scholte-Voshaar M, Scott DL, Sokka-Isler T, Wong JB, van der Heijde D (2014) EULAR recommendations for the management of rheumatoid arthritis with synthetic and biological disease-modifying antirheumatic drugs: 2013 update. Ann Rheum Dis 73(3):492–509. doi:10.1136/annrheumdis-2013-204573
                        
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Nam JL, Ramiro S, Gaujoux-Viala C, Takase K, Leon-Garcia M, Emery P, Gossec L, Landewe R, Smolen JS, Buch MH (2014) Efficacy of biological disease-modifying antirheumatic drugs: a systematic literature review informing the 2013 update of the EULAR recommendations for the management of rheumatoid arthritis. Ann Rheum Dis 73(3):516–528. doi:10.1136/annrheumdis-2013-204577
                        
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ramiro S, Gaujoux-Viala C, Nam JL, Smolen JS, Buch M, Gossec L, van der Heijde D, Winthrop K, Landewe R (2014) Safety of synthetic and biological DMARDs: a systematic literature review informing the 2013 update of the EULAR recommendations for management of rheumatoid arthritis. Ann Rheum Dis 73(3):529–535. doi:10.1136/annrheumdis-2013-204575
                        
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Bolge SC, Goren A, Tandon N (2015) Reasons for discontinuation of subcutaneous biologic therapy in the treatment of rheumatoid arthritis: a patient perspective. Patient Prefer Adherence 9:121–131. doi:10.2147/ppa.s70834
                        
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	van den Broek M, Lems WF, Allaart CF (2012) Do we need guidelines to stop as well as to start biological therapies for rheumatoid arthritis? Clin Exp Rheumatol 30(4 Suppl 73):S21–S26
PubMed 
    
                    Google Scholar 
                

	Ferriols-Lisart R, Ferriols-Lisart F (2015) Dose modifications of anti-TNF drugs in rheumatoid arthritis patients under real-world settings: a systematic review. Rheumatol Int 35(7):1193–1210. doi:10.1007/s00296-015-3222-4
                        
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Tanaka Y, Hirata S (2013) Is it possible to withdraw biologics from therapy in rheumatoid arthritis? Clin Ther 35(12):2028–2035. doi:10.1016/j.clinthera.2013.10.008
                        
Article 
    PubMed 
    
                    Google Scholar 
                

	O’Mahony R, Richards A, Deighton C, Scott D (2009) Withdrawal of disease-modifying antirheumatic drugs in patients with rheumatoid arthritis: a systematic review and meta-analysis. Ann Rheum Dis 69(10):1823–1826. doi:10.1136/ard.2008.105577
                        
Article 
    PubMed 
    
                    Google Scholar 
                

	Yoshida K, Sung YK, Kavanaugh A, Bae SC, Weinblatt ME, Kishimoto M, Matsui K, Tohma S, Solomon DH (2013) Biologic discontinuation studies: a systematic review of methods. Ann Rheum Dis 73(3):595–599. doi:10.1136/annrheumdis-2013-203302
                        
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	van Herwaarden N, den Broeder AA, Jacobs W, van der Maas A, Bijlsma JW, van Vollenhoven RF, van den Bemt BJ (2014) Down-titration and discontinuation strategies of tumor necrosis factor-blocking agents for rheumatoid arthritis in patients with low disease activity. Cochrane Database Syst Rev 9:Cd010455. doi:10.1002/14651858.CD010455.pub2
                        

	Arnett FC, Edworthy SM, Bloch DA, McShane DJ, Fries JF, Cooper NS, Healey LA, Kaplan SR, Liang MH, Luthra HS (1988) The American Rheumatism Association 1987 revised criteria for the classification of rheumatoid arthritis. Arthritis Rheum 31(3):315–324
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT, Bingham CO, Birnbaum NS, Burmester GR, Bykerk VP, Cohen MD, Combe B, Costenbader KH, Dougados M, Emery P, Ferraccioli G, Hazes JM, Hobbs K, Huizinga TW, Kavanaugh A, Kay J, Kvien TK, Laing T, Mease P, Ménard HA, Moreland LW, Naden RL, Pincus T, Smolen JS, Stanislawska-Biernat E, Symmons D, Tak PP, Upchurch KS, Vencovsky J, Wolfe F, Hawker G (2010) 2010 Rheumatoid arthritis classification criteria: an American College of Rheumatology/European League Against Rheumatism collaborative initiative. Ann Rheum Dis 69(9):1580–1588. doi:10.1136/ard.2010.138461
                        
Article 
    PubMed 
    
                    Google Scholar 
                

	Smolen JS, van der Heijde D, Machold KP, Aletaha D, Landewe R (2013) Proposal for a new nomenclature of disease-modifying antirheumatic drugs. Ann Rheum Dis 73(1):3–5. doi:10.1136/annrheumdis-2013-204317
                        
Article 
    PubMed 
    
                    Google Scholar 
                

	Higgins J, Green S (2011) Cochrane Handbook for Systematic Reviews of Interventions. Cochrane Collab. www.cochrane-handbook.org. Accessed Apr 14 2011

	Sanderson T, Morris M, Calnan M, Richards P, Hewlett S (2010) What outcomes from pharmacologic treatments are important to people with rheumatoid arthritis? Creating the basis of a patient core set. Arthritis Care Res (Hoboken) 62(5):640–646. doi:10.1002/acr.20034
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Singh JA, Beg S, Lopez-Olivo MA (2010) Tocilizumab for rheumatoid arthritis. Cochrane Database Syst Rev (7):Cd008331. doi:10.1002/14651858.CD008331.pub2
                        

	Ruiz Garcia V, Jobanputra P, Burls A, Cabello JB, Galvez Munoz JG, Saiz Cuenca ES, Fry-Smith A (2011) Certolizumab pegol (CDP870) for rheumatoid arthritis in adults. Cochrane Database Syst Rev (2):Cd007649. doi:10.1002/14651858.CD007649.pub2
                        

	Balshem H, Helfand M, Schunemann HJ, Oxman AD, Kunz R, Brozek J, Vist GE, Falck-Ytter Y, Meerpohl J, Norris S, Guyatt GH (2011) GRADE guidelines: 3. Rating the quality of evidence. J Clin Epidemiol 64(4):401–406. doi:10.1016/j.jclinepi.2010.07.015
                        
Article 
    PubMed 
    
                    Google Scholar 
                

	Assessing Withdrawal of Disease-Modifying Antirheumatic Drugs in Rheumatoid Arthritis (ARCTIC REWIND). In: ClinicalTrials.gov [Internet]. Bethesda (MD): National Library of Medicine (US). (2014). http://clinicaltrials.gov/show/NCT01881308. Accessed Sep 22 2014

	Cimzia treatment in rheumatoid arthritis: randomizing to stop versus continue disease-modifying anti-rheumatic drug(s). In: ClinicalTrials.gov [Internet]. Bethesda (MD): National Library of Medicine (US). (2013). http://clinicaltrials.gov/show/NCT01489384. Accessed Sep 22 2014

	Tapering and withdrawal of Methotrexate (MTX) or Tocilizumab (TCZ), after achievement of RA remission in concomitant use of MTX and TCZ, a randomized control study. (2015) UMIN-CTR Clinical Trial. https://upload.umin.ac.jp/cgi-open-bin/ctr/ctr.cgi?function=brows&action=brows&type=summary&language=E&recptno=R000020368.

	A study to investigate the ability of GSK706769 to maintain clinical remission after withdrawal of Enbrel in rheumatoid arthritis patients. In: ClinicalTrials.gov [Internet]. Bethesda (MD): National Library of Medicine (US). (2012). http://clinicaltrials.gov/show/NCT00979771. Accessed Sep 22 2014

	Smolen JS, Emery P, Fleischmann R, van Vollenhoven RF, Pavelka K, Durez P, Guérette B, Kupper H, Redden L, Arora V, Kavanaugh A (2014) Adjustment of therapy in rheumatoid arthritis on the basis of achievement of stable low disease activity with adalimumab plus methotrexate or methotrexate alone: the randomised controlled OPTIMA trial. Lancet 383(9914):321–332. doi:10.1016/S0140-6736(13)61751-1
                        
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Smolen JS, Nash P, Durez P, Hall S, Ilivanova E, Irazoque-Palazuelos F, Miranda P, Park MC, Pavelka K, Pedersen R, Szumski A, Hammond C, Koenig AS, Vlahos B (2013) Maintenance, reduction, or withdrawal of etanercept after treatment with etanercept and methotrexate in patients with moderate rheumatoid arthritis (PRESERVE): a randomised controlled trial. Lancet 381(9870):918–929. doi:10.1016/S0140-6736(12)61811-X
                        
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Emery P, Hammoudeh M, FitzGerald O, Combe B, Martin-Mola E, Buch MH, Krogulec M, Williams T, Gaylord S, Pedersen R, Bukowski J, Vlahos B (2014) Sustained remission with etanercept tapering in early rheumatoid arthritis. N Engl J Med 371(19):1781–1792
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	van Vollenhoven RF, Ostergaard M, Leirisalo-Repo M, Uhlig T, Jansson M, Larsson E, Brock F, Franck-Larsson K (2016) Full dose, reduced dose or discontinuation of etanercept in rheumatoid arthritis. Ann Rheum Dis 75(1):52–58. doi:10.1136/annrheumdis-2014-205726
                        
Article 
    PubMed 
    
                    Google Scholar 
                

	Chatzidionysiou K, Turesson C, Teleman A, Knight A, Lindqvist E, Larsson P, Coster L, Forslind K, van Vollenhoven R, Heimburger M (2016) A multicentre, randomised, controlled, open-label pilot study on the feasibility of discontinuation of adalimumab in established patients with rheumatoid arthritis in stable clinical remission. RMD Open 2(1), e000133. doi:10.1136/rmdopen-2015-000133
                        
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Moghadam MG, Vonkeman HE, Ten Klooster PM, Tekstra J, van Schaardenburg D, Starmans-Kool M, Brouwer E, Bos R, Lems WF, Colin EM, Allaart CF, Meek IL, Landewe R, Bernelot Moens HJ, van Riel PL, van de Laar MA, Jansen TL (2016) Stopping tumor necrosis factor-inhibitors in patients with established rheumatoid arthritis in remission or stable low disease activity: a pragmatic randomized multicenter open-label controlled trial. Arthritis Rheumatol. doi:10.1002/art.39626, Hoboken, NJ
PubMed 
    
                    Google Scholar 
                

	Kuijper TM, Lamers-Karnebeek FB, Jacobs JW, Hazes JM, Luime JJ (2015) Flare rate in patients with rheumatoid arthritis in low disease activity or remission when tapering or stopping synthetic or biologic DMARD: a systematic review. J Rheumatol 42(11):2012–2022. doi:10.3899/jrheum.141520
                        
Article 
    PubMed 
    
                    Google Scholar 
                

	Klarenbeek NB, van der Kooij SM, Güler-Yüksel M, van Groenendael JH, Han KH, Kerstens PJ, Huizinga TW, Dijkmans BA, Allaart CF (2011) Discontinuing treatment in patients with rheumatoid arthritis in sustained clinical remission: exploratory analyses from the BeSt study. Ann Rheum Dis 70(2):315–319. doi:10.1136/ard.2010.136556
                        
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	van den Broek M, Klarenbeek NB, Dirven L, van Schaardenburg D, Hulsmans HM, Kerstens PJ, Huizinga TW, Dijkmans BA, Allaart CF (2011) Discontinuation of infliximab and potential predictors of persistent low disease activity in patients with early rheumatoid arthritis and disease activity score-steered therapy: subanalysis of the BeSt study. Ann Rheum Dis 70(8):1389–1394. doi:10.1136/ard.2010.147751
                        
Article 
    PubMed 
    
                    Google Scholar 
                

	Jobanputra P, Maggs F, Deeming A, Carruthers D, Rankin E, Jordan AC, Faizal A, Goddard C, Pugh M, Bowman SJ, Brailsford S, Nightingale P (2012) A randomised efficacy and discontinuation study of etanercept versus adalimumab (RED SEA) for rheumatoid arthritis: a pragmatic, unblinded, non-inferiority study of first TNF inhibitor use: outcomes over 2 years. BMJ Open 2 (6). doi:10.1136/bmjopen-2012-001395
                        

	Aguilar-Lozano L, Castillo-Ortiz JD, Vargas-Serafin C, Morales-Torres J, Sanchez-Ortiz A, Sandoval-Castro C, Padilla-Ibarra J, Hernandez-Cuevas C, Ramos-Remus C (2013) Sustained clinical remission and rate of relapse after tocilizumab withdrawal in patients with rheumatoid arthritis. J Rheumatol 40(7):1069–1073. doi:10.3899/jrheum.121427
                        
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Fautrel B, Pham T, Alfaiate T, Gandjbakhch F, Foltz V, Morel J, Dernis E, Gaudin P, Brocq O, Solau-Gervais E, Berthelot JM, Balblanc JC, Mariette X, Tubach F (2016) Step-down strategy of spacing TNF-blocker injections for established rheumatoid arthritis in remission: results of the multicentre non-inferiority randomised open-label controlled trial (STRASS: Spacing of TNF-blocker injections in Rheumatoid ArthritiS Study). Ann Rheum Dis 75(1):59–67. doi:10.1136/annrheumdis-2014-206696
                        
Article 
    PubMed 
    
                    Google Scholar 
                

	Haschka J, Englbrecht M, Hueber AJ, Manger B, Kleyer A, Reiser M, Finzel S, Tony HP, Kleinert S, Feuchtenberger M, Fleck M, Manger K, Ochs W, Schmitt-Haendle M, Wendler J, Schuch F, Ronneberger M, Lorenz HM, Nuesslein H, Alten R, Demary W, Henes J, Schett G, Rech J (2016) Relapse rates in patients with rheumatoid arthritis in stable remission tapering or stopping antirheumatic therapy: interim results from the prospective randomised controlled RETRO study. Ann Rheum Dis 75(1):45–51. doi:10.1136/annrheumdis-2014-206439
                        
Article 
    PubMed 
    
                    Google Scholar 
                

	van Herwaarden N, van der Maas A, Minten MJ, van den Hoogen FH, Kievit W, van Vollenhoven RF, Bijlsma JW, van den Bemt BJ, den Broeder AA (2015) Disease activity guided dose reduction and withdrawal of adalimumab or etanercept compared with usual care in rheumatoid arthritis: open label, randomised controlled, non-inferiority trial. BMJ 350:h1389. doi:10.1136/bmj.h1389
                        
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Westhovens R, Robles M, Ximenes AC, Wollenhaupt J, Durez P, Gomez-Reino J, Grassi W, Haraoui B, Shergy W, Park SH, Genant H, Peterfy C, Becker JC, Murthy B (2015) Maintenance of remission following 2 years of standard treatment then dose reduction with abatacept in patients with early rheumatoid arthritis and poor prognosis. Ann Rheum Dis 74(3):564–568. doi:10.1136/annrheumdis-2014-206149
                        
Article 
    PubMed 
    
                    Google Scholar 
                

	Emery P, Burmester GR, Bykerk VP, Combe BG, Furst DE, Barre E, Karyekar CS, Wong DA, Huizinga TW (2015) Evaluating drug-free remission with abatacept in early rheumatoid arthritis: results from the phase 3b, multicentre, randomised, active-controlled AVERT study of 24 months, with a 12-month, double-blind treatment period. Ann Rheum Dis 74(1):19–26. doi:10.1136/annrheumdis-2014-206106
                        
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Odgaard-Jensen J, Vist GE, Timmer A, Kunz R, Akl EA, Schunemann H, Briel M, Nordmann AJ, Pregno S, Oxman AD (2011) Randomisation to protect against selection bias in healthcare trials. Cochrane Database Syst Rev (4):Mr000012. doi:10.1002/14651858.MR000012.pub3
                        

	Bes-Rastrollo M, Schulze MB, Ruiz-Canela M, Martinez-Gonzalez MA (2013) Financial conflicts of interest and reporting bias regarding the association between sugar-sweetened beverages and weight gain: a systematic review of systematic reviews. PLoS Med 10 (12):e1001578; dicsussion e1001578. doi:10.1371/journal.pmed.1001578
                        

	Favalli EG, Pregnolato F, Biggioggero M, Meroni PL (2014) The comparison of effects of biologic agents on rheumatoid arthritis damage progression is biased by period of enrollment: data from a systematic review and meta-analysis. Semin Arthritis Rheum 43(6):730–737. doi:10.1016/j.semarthrit.2013.11.006
                        
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	van Schie KA, Hart MH, de Groot ER, Kruithof S, Aarden LA, Wolbink GJ, Rispens T (2015) The antibody response against human and chimeric anti-TNF therapeutic antibodies primarily targets the TNF binding region. Ann Rheum Dis 74(1):311–314. doi:10.1136/annrheumdis-2014-206237
                        
Article 
    PubMed 
    
                    Google Scholar 
                

	Brocq O, Millasseau E, Albert C, Grisot C, Flory P, Roux CH, Euller-Ziegler L (2009) Effect of discontinuing TNFalpha antagonist therapy in patients with remission of rheumatoid arthritis. Joint, Bone, Spine : Rev Rhum 76(4):350–355. doi:10.1016/j.jbspin.2008.11.009
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Allaart CF, Lems WF, Huizinga TW (2013) The BeSt way of withdrawing biologic agents. Clin Exp Rheumatol 31(4 Suppl 78):S14–S18
CAS 
    PubMed 
    
                    Google Scholar 
                

	Lamers-Karnebeek FBG, Jansen T, Riel P, Luime J, Jacobs J (2015) Ultrasonography as predictor for flare in rheumatoid arthritis patients with low disease activity: nine month results from POET-US-study. Ann Rheum Dis 74(Suppl 2):140. doi:10.1136/annrheumdis2015eular.5185
                        
Article 
    
                    Google Scholar 
                

	Kievit W, van Herwaarden N, van den Hoogen FH, van Vollenhoven RF, Bijlsma JW, van den Bemt BJ, van der Maas A, den Broeder AA (2016) Disease activity-guided dose optimisation of adalimumab and etanercept is a cost-effective strategy compared with non-tapering tight control rheumatoid arthritis care: analyses of the DRESS study. Ann Rheum Dis. doi:10.1136/annrheumdis-2015-208317
                        
PubMed 
    
                    Google Scholar 
                


Download references




Acknowledgments
This research was funded by the Brazilian National Research Council (Conselho Nacional de Desenvolvimento Científico e Tecnológico [CNPq]; grant number: 401245/2013-6). Present publication was supported by Amazonas Research Foundation (FAPEAM)’ support program for paper publishing (PAPAC, call no. 015/2014).


Author information
Authors and Affiliations
	Getulio Vargas University Hospital, Federal University of Amazonas, Av Apurina 4 Praca 14 CEP, 69020-170, Manaus, Amazonas, Brazil
Tais Freire Galvao

	Faculty of Medicine, University of Brasilia, Brasilia, Brazil
Ivan Ricardo Zimmermann & Mauricio Gomes Pereira

	Brasilia University Hospital, University of Brasilia, Brasilia, Brazil
Licia Maria Henrique da Mota

	Faculty of Medicine, Federal University of Amazonas, Manaus, Brazil
Marcus Tolentino Silva

	University of Sorocaba, Sorocaba, Brazil
Marcus Tolentino Silva


Authors	Tais Freire GalvaoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ivan Ricardo ZimmermannView author publications
You can also search for this author in
                        PubMed Google Scholar



	Licia Maria Henrique da MotaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Marcus Tolentino SilvaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Mauricio Gomes PereiraView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Tais Freire Galvao.


Ethics declarations

              
              
                Conflict of interest

                LMHM is a consultant, board member, and/or speaker for Roche, Pfizer, AbbVie, UCB, Hospira, Janssen, and Lilly. None of the other authors receive or have received benefits from commercial sources for the work reported in this manuscript or have any other financial interests that could create potential conflicts of interest with respect to this work.

              
            

Electronic supplementary material

Below is the link to the electronic supplementary material.
                        
ESM 1
(DOCX 62 kb)





Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Galvao, T.F., Zimmermann, I.R., da Mota, L.M.H. et al. Withdrawal of biologic agents in rheumatoid arthritis: a systematic review and meta-analysis.
                    Clin Rheumatol 35, 1659–1668 (2016). https://doi.org/10.1007/s10067-016-3285-y
Download citation
	Received: 12 January 2016

	Revised: 14 April 2016

	Accepted: 16 April 2016

	Published: 23 April 2016

	Issue Date: July 2016

	DOI: https://doi.org/10.1007/s10067-016-3285-y


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Antirheumatic agents
	Remission
	Rheumatoid arthritis
	Withdrawal
	Withholding treatment








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					3.85.162.126
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    