
Introduction
�� TNF inhibitors (TNFi) are typically the first-choice biologic treatment for RA, but 
approximately 30–40% of patients discontinue TNFi therapy within 1 year either due to lack 
of efficacy or AEs.1 

�� Patients with active disease despite TNFi therapy can subsequently either ‘cycle’ to a different 
TNFi or ‘switch’ to a biologic agent with an alternative mechanism of action (MoA).

�� Limited data are available to clinicians to help decide between these two strategies.

Objective
�� This network meta-analysis (NMA) assessed the clinical comparative efficacy of ‘cycling’ versus 
‘switching’ following first-line TNFi failure.

Methods
�� A literature search in MEDLINE, Embase and the Cochrane Library was performed in  
June 2018. 

�� Randomized controlled trials (RCTs) and observational studies investigating second-line 
treatment for RA with either a TNFi (adalimumab, infliximab, etanercept, certolizumab, 
golimumab) or a drug with a different MoA in adult patients who had failed treatment  
with a TNFi were included. 

Study selection
�� A systematic literature review was performed in two stages by two reviewers working 
independently.

 � In stage 1, titles and abstracts identified from the electronic search were reviewed.
 � In stage 2, full-text articles deemed potentially relevant during stage 1 were  
reviewed. 

�� Articles were excluded if they did not report on the outcomes of interest or did not provide 
information on the treatment type in at least one of the arms. Non-English articles, and 
non-original articles, including comments, editorials, case reports, and personal 
communications, were also excluded.

Data extraction
�� Data extraction was performed by two independent reviewers; any disagreements were 
solved via consensus.

Outcomes
�� The outcomes included:

 � proportion of patients with a 20% (ACR20), 50% (ACR50) or 70% (ACR70) reduction  
in ACR score; 

 � proportion of patients achieving a DAS28 score 2.6 (classified as remission); 
 � number of withdrawals due to AEs, lack of treatment efficacy or any reason. 

Quality assessment
�� The Cochrane Risk of Bias Tool2 was used to evaluate the included RCTs and the  
Newcastle-Ottawa Scale3 was used to evaluate the observational studies.

�� The quality assessment was performed by two reviewers independently, and any 
disagreement was resolved via consensus.

�� Interventions were classified as ‘cycle’, ‘switch’ or placebo.

Statistical models
�� As data from studies covering a range of populations and study designs were included, three 
models were developed to conduct the NMA: a fixed-effect model, a random-effects model 
and a hierarchical Bayesian model.4

Results
�� Of 25 selected studies (Figure 1), 9 were RCTs (4 for ‘cycling’ and 5 for ’switching’) and 16 
were observational studies (8 for ‘cycling’ and 8 for ‘switching’); patient numbers ranged 
from 15 to 1683. 

�� There was no evidence of significant heterogeneity when exploring the ACR20 and DAS28 
remission outcomes in the studies that compared either a ‘switch’ approach or a ‘cycle’ 
approach with placebo. 

�� The proportion of women in the studies was at least 71.1%, the mean age of participants 
ranged from 45.1 to 59.0 years and mean disease duration from 6.8 to 16.6 years. 

�� Odds ratios (ORs) in both random and Bayesian hierarchical estimates indicated a benefit for 
‘switch’ over ‘cycle’ approaches to treatment for all outcomes (Figure 2).

�� Probability data from the Bayesian hierarchical model also indicated a benefit of the ‘switch’ 
over the ‘cycle’ therapeutic approach (Figure 3).

�� The fixed-effects NMA suggested that ‘switch’ was the better strategy for increasing the 
odds of a clinically meaningful improvement in ACR20 (0.99 probability, OR: 1.38 [95% CI: 
1.06, 1.78], Table 1) and in ACR50 (0.96 probability, OR 1.35 [95% CI: 0.96, 1.81], Table 2). 

�� Similarly, the fixed-effects NMA suggested that the ‘switch’ strategy was better than  
the ‘cycle’ strategy for increasing the odds of achieving DAS28 remission (0.99 probability, 
OR: 1.37 [95% CI: 1.04, 1.83], Table 3).

�� ‘Switch’ was also associated with fewer rates of withdrawal due to AEs (probability 0.38,  
OR 0.09 [95% CI: 0.01, 0.35], Table 4), and also withdrawals due to a lack of efficacy 
(probability 1.0, OR: 0.35 [95% CI: 0.19, 0.62]), or any reason (probability 0.73, OR 0.53 
[95% CI: 9.4, 0.68]) in the fixed-effects NMA. 

�� Random-effects and hierarchical-Bayesian models showed similar results (Tables 1–4).

References
1. Favalli EG, et al. Autoimmun Rev 2017;16:1185–95.

2. Sterne JAC, et al. BMJ 2019;366:l4898. 

3. Wells G, et al. Available from: http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp [accessed 
9 October 2019].

4. Prevost T, et al. Stat Med 2000;19:3359–76.

Acknowledgments
This study was sponsored by Bristol-Myers Squibb. Professional medical writing and editorial assistance was 
provided by Jane Davies PhD, at Caudex and was funded by Bristol-Myers Squibb.

Disclosures
AM: grant/research support: Pfizer, UCB Pharma, Merck, Roche, Bristol-Myers Squibb, IBSA,  
Sanofi-Aventis, Fidia Pharma. GP: nothing to disclose. DI: consulting fees: AbbVie, Merck Serono, 
Bristol-Myers Squibb, Eli Lilly, Boehringer Ingelheim, Angelini, Fidia Pharma. JZ: shareholder and employee: 
Bristol-Myers Squibb. EA: shareholder and employee, ownership of stock, stock options or bond holdings: 
Bristol Myers Squibb.

Figure 1. Study Selection Process

Records excluded
(n=1925)

Sc
re

en
in

g

Records after duplicates removed
(n=2023)

Records screened
(n=2023)

In
cl

ud
ed Studies included in 

quantitative synthesis 
(network meta-analysis)

(n=25)

Full-text articles excluded, 
with reasons
Abstract (n=9)
No Phase III RCT/ 
observational study (n=20)
No treatment (n=11)

Full-text articles excluded, 
with reasons
Outcomes not eligible (n=33)

El
ig

ib
ili

ty

Full-text articles assessed 
for eligibility

(n=98)

Studies included in 
qualitative synthesis

(n=58)

Id
en

ti
fi

ca
ti

o
n

Records identified through 
database searching

(n=2920)

Additional records identified 
through other sources

(n=8)

Figure 2. Forest Plot of Hierarchical and Random Odds Ratio Estimates  
for the Main Outcomes for ‘Switch’ vs ‘Cycle’ 
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Figure 3. Probabilities for Improvement of the Main Outcomes With  
the ‘Cycle’ and ‘Switch’ Approaches With the Bayesian-hierarchical Model 
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Table 1. Network Meta-analysis of ACR20

Statistic Fixed-effect estimate  
(95% CI)

Random-effect estimate  
(95% CI)

Hierarchical-model estimate 
(95% CI)

DIC 100 101 111

OR cycle vs placebo 2.81 (2.12, 3.89) 2.88 (1.76, 6.07) 3.31 (1.69, 10.46)

OR switch vs placebo 3.86 (3.11, 4.87) 3.8 (2.5, 5.67) 3.77 (2.12, 7.26)

OR switch vs cycle 1.38 (1.06, 1.78) 1.33 (0.63, 2.08) 1.14 (0.32, 2.39)

P (placebo best) 0.0001 0.0001  0.0001  

P (cycle best) 0.01 0.12 0.36

P (switch best) 0.99 0.88 0.64

SUCRA (placebo) 0.0001  0.0001 0.0001  

SUCRA (cycle) 0.50 0.56 0.68 

SUCRA (switch) 0.99 0.94 0.82

CI=credible interval; DIC=deviance information criteria; OR=odds ratio; P=probability, SUCRA=surface under the cumulative ranking curve

Table 2. Network Meta-analysis of ACR50 

Statistic Fixed-effect estimate  
(95% CI)

Random-effect estimate  
(95% CI)

Hierarchical-model estimate 
(95% CI)

DIC 76 77 98 

OR cycle vs placebo 3.86 (2.53, 6.2) 3.82 (1.99, 6.55) 3.84 (1.87, 7.39)

OR switch vs placebo 5.15 (3.68, 7.52) 5.27 (3.31, 8.29) 5.33 (3.26, 8.82)

OR switch vs cycle 1.35 (0.96, 1.81) 1.38 (0.88, 2.41) 1.39 (0.69, 2.69)

P (placebo best) 0.0001 0.0001 0.0001 

P (cycle best) 0.04 0.06 0.13 

P (switch best) 0.96 0.94 0.87 

SUCRA (placebo) 0.0001 0.0001 0.0001 

SUCRA (cycle) 0.52 0.53 0.56 

SUCRA (switch) 0.98 0.97 0.94 

CI=credible interval; DIC=deviance information criteria; OR=odds ratio; P=probability, SUCRA=surface under the cumulative ranking curve

Table 3. Network Meta-analysis of DAS28 Remission

Statistic Fixed-effect estimate  
(95% CI)

Random-effect estimate  
(95% CI)

Hierarchical-model estimate 
(95% CI)

DIC 103 82 90 

OR cycle vs placebo 7.59 (3.7, 17.57) 8.3 (1.39, 51.52) 9.02 (1.45, 52.5)

OR switch vs placebo 10.29 (5.26, 23.99) 11.26 (2.7, 43.66) 11.21 (2.39, 52.59)

OR switch vs cycle 1.37 (1.04, 1.83) 1.33 (0.28, 7.09) 1.23 (0.2, 6.9)

P (placebo best) 0.0001 0.0001 0.0001 

P (cycle best) 0.01 0.30 0.36 

P (switch best) 0.99 0.70 0.64 

SUCRA (placebo) 0.0001 0.01 0.01 

SUCRA (cycle) 0.51 0.64 0.67 

SUCRA (switch) 0.99 0.85 0.82 

CI=credible interval; DIC=deviance information criteria; OR=odds ratio; P=probability; SUCRA=surface under the cumulative ranking curve

Table 4. Network Meta-analysis of Withdrawals due to AEs

Statistic Fixed-effect estimate  
(95% CI)

Random-effect estimate  
(95% CI)

Hierarchical-model estimate 
(95% CI)

DIC 63 64 75 

OR cycle vs placebo 12.17 (2.92, 78.86) 9.84 (0.30, 64.57) 8.03 (0.83, 55.04)

OR switch vs placebo 1.09 (0.62, 1.80) 1.02 (1.02, 2.35) 1.03 (0.43, 2.62)

OR switch vs cycle 0.09 (0.01, 0.35) 0.10 (0.19, 2.30) 0.13 (0.02, 1.15)

P (placebo best) 0.62 0.50 0.52 

P (cycle best) 0.00 0.04 0.02 

P (switch best) 0.38 0.46 0.46 

SUCRA (placebo) 0.81 0.73 0.75 

SUCRA (cycle) 0.00 0.06 0.03 

SUCRA (switch) 0.69 0.71 0.72 

CI=credible interval; DIC=deviance information criteria; OR=odds ratio; P=probability; SUCRA=surface under the cumulative ranking curve
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Conclusions
�� Results suggest that when first-line TNFi treatment for RA fails 
due to lack of efficacy or AEs, ‘switching’ to a drug with a 
different MoA is more effective and associated with lower rates 
of withdrawal than ‘cycling’ to a different TNFi. 

�� Further trials to compare ‘switching’ with ‘cycling’ directly are 
warranted to better assess the comparative efficacy of these 
two strategies.


