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Systematic literature review and network meta-analysis of disease-modifying treatments for relapsing-remitting multiple sclerosis – sensitivity and covariate analyses

Sensitivity analyses
Sensitivity analyses to account for any violations to the basic assumptions of NMA were based on diagnostic criteria (exclusion of studies utilising Poser diagnostic criteria and studies for which diagnostic criteria was unclear), year of publication (exclusion of studies published prior to the year 2000), study blinding (exclusion of open-label studies and studies for which blinding status was unclear), and study phase (exclusion of phase II studies).  Additional endpoint-specific sensitivity analyses were also performed excluding specific studies that may have had inappropriate influence on results.
The four main sensitivity analyses were based on findings of heterogeneity in the methodology of studies included in the NMA. Of the 44 studies included in the review [1–43], publication date varied from 1987 to 2017; 27 were phase III trials, six were phase II trials, three were phase IV trials and phase was not reported in the remaining eight studies. All but four studies [13,20,28,32] reported study location; nine were multicentre studies, 31 studies were conducted at multiple centres in different countries and three were single-centre studies [12,13,33]. The trial setting was unclear for one study [32]. All 44 studies were parallel design RCTs, with differences in terms of blinding, study setting and control group. The majority (n=33) were double-blind studies, while nine studies were assessor-blinded, one study was open-label [31], and the method of blinding was not reported in one trial [15]. Overall, 84% (37) of the studies were associated low risk of bias in terms of blinding, whereas blinding was judged to be high risk in one of the included studies (REFORMs trial [31]) and unclear in six studies. The open-label REFORMS trial [31] might lead to heterogeneity. McDonald`s diagnostic criteria was most commonly used (in 30 studies), while 9 studies utilised Poser’s diagnostic criteria, one study utilised both the McDonald’s and Poser’s criteria for assessment of RRMS and the diagnostic criteria was unclear in the remaining four studies.
In addition, sensitivity analysis was performed for year of publication (6 studies published prior to 2000 excluded) because, as has been reported previously [44], publication year was negatively correlated with ARR.
Results of sensitivity analyses indicate that the findings for ARR, CDP3M and CDP6M at 24 months were robust. There was no change in the direction of relative treatment differences between cladribine tablets and comparators, although in some instances the significance level of findings changed. Sensitivity analyses also indicated there was an effect on the findings for cladribine tablets versus teriflunomide 14mg and alemtuzumab for proportions of patients relapse-free at 24 months, such that between-intervention significance was lost in some analyses. No other results were affected. Sensitivity analyses were not conducted for NEDA at 24 months because insufficient studies were included in the network.
There was also concern that inclusion of the INCOMIN trial [15], and to a lesser extent post-hoc analyses from the PRISMS trial (Merck, data on file, 2017) may have influenced findings for analysis of confirmed disease progression sustained for 6 months at 24 months. The inclusion of the INCOMIN trial [15] may have influenced findings because INCOMIN reported findings inconsistent with other trial and clinical evidence. Repeating the analyses excluding this study produced only slight changes to the results (Figure X). Notably, interferon beta-1b no longer had significantly greater efficacy than cladribine tablets. When both post-hoc analyses from the PRISMS trial and findings from the INCOMIN trial were excluded results differed a little, with cladribine tablets ranking third among DMTs based on HRs; however, there remained no statistically significant differences between cladribine tablets and the other DMTs (Figure Y).

Covariate analyses
To account for potential sources of treatment-effect modifiers, meta-regression analysis was conducted using various study and patient characteristics (mean age, percentage female, mean baseline Expanded Disability Status Scale (EDSS) score, study duration, disease duration, mean number of relapse in prior 1 year and 2 years) as covariates. Meta-regression was conducted only if the number of studies contributing to analyses were greater or equal to 10.
Mean age of patients ranged from 27.4 years to 40.78 years, percentage of female patients ranged from 33.33% to 81% and mean EDSS at baseline ranged from 0.1 to 3.7 (Supplementary tables 4 and 5). Although no variability was observed for mean age or percentage of females (Supplementary figure 1b) or mean baseline EDSS (Supplementary figure 1c) in the included studies, these were included in the covariate analyses. Mean age has previously been found to be negatively associated with ARR [44]. 
Analysis did not confirm the apparent variability in mean number of relapses in the previous 1 or 2 years, but these variables were included as covariates because they are potentially important. 
The variability seen in disease duration (Supplementary figure 1c) was adjusted for in covariate analyses. There appeared to be variability in mean duration of disease (ranging from 1.0 years to 10.6 years), mean number of relapses in prior 1 year (1.2 to 2.45) or prior 2 years (1.7 to 4.0) and proportion of patients who had received prior treatment (8.5% to 100%).
Univariate analyses indicated that covariates had little effect on the findings of these NMAs. The only significant findings (p<0.05) were that EDSS score had a significant negative correlation with ARR and percentage female had a significant positive correlation with ARR; however, effect size and credible intervals for these variables were close to zero, meaning it is unlikely that these differences have clinical relevance. The number of relapses in the previous 2 years had a significant negative correlation with CDP6M at 24 months.  
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Figure X. Summary plot of confirmed disease progression sustained for 6 months at 24 months risk ratios for cladribine tablets versus comparators, excluding the INCOMIN trial [15]
CrI, credible interval; DMF, dimethyl fumarate; eod, every other day; HR, hazard ratio; HR, hazard ratio (random-effects model); HYP, high yield process; IFN, interferon; bid; twice daily; NA, not applicable; od, once daily; qd, per day; q1w, once weekly; q2w, every 2 weeks; q4w, every 4 weeks; tiw, three times weekly.
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Figure Y. Summary plot of confirmed disease progression sustained for 6 months at 24 months risk ratios for cladribine tablets versus comparators, excluding the INCOMIN trial [15] and post-hoc analyses from the PRISMS trial (Merck, data on file, 2017)Green highlighted cells represent statistically significant results in favour of cladribine
CrI, credible interval; DMF, dimethyl fumarate; eod, every other day; HR, hazard ratio; HR, hazard ratio (random-effects model); HYP, high yield process; IFN, interferon; bid; twice daily; NA, not applicable; od, once daily; qd, per day; q1w, once weekly; q2w, every 2 weeks; q4w, every 4 weeks; tiw, three times weekly.



[image: ]
References

1. Calabresi PA, Radue EW, Goodin D, et al. Safety and efficacy of fingolimod in patients with relapsing-remitting multiple sclerosis (FREEDOMS II): a double-blind, randomised, placebo-controlled, phase 3 trial. Lancet Neurol. 2014;13(6):545–556. 
2. Cohen JA, Coles AJ, Arnold DL, et al. Alemtuzumab versus interferon beta 1a as first-line treatment for patients with relapsing-remitting multiple sclerosis: a randomised controlled phase 3 trial. Lancet. 2012;380(9856):1819–1828. 
3. Coles AJ, Twyman CL, Arnold DL, et al. Alemtuzumab for patients with relapsing multiple sclerosis after disease-modifying therapy: a randomised controlled phase 3 trial. Lancet. 2012;380(9856):1829–1839.
4. Coles AJ, Compston DA, Selmaj KW, et al. Alemtuzumab vs. interferon beta-1a in early multiple sclerosis. N Engl J Med. 2008;359(17):1786–1801.
5. Khan O, Rieckmann P, Boyko A, et al. Three times weekly glatiramer acetate in relapsing-remitting multiple sclerosis. Ann Neurol. 2013;73(6):705–713.
6. Cohen J, Belova A, Selmaj K, et al. Equivalence of Generic Glatiramer Acetate in Multiple Sclerosis: A Randomized Clinical Trial. JAMA Neurol. 2015;72(12):1433–1441.
7. Cadavid D, Wolansky LJ, Skurnick J, et al. Efficacy of treatment of MS with IFNbeta-1b or glatiramer acetate by monthly brain MRI in the BECOME study. Neurology. 2009;72(23):1976–1983. 
8. Johnson KP, Brooks BR, Cohen JA, et al. Copolymer 1 reduces relapse rate and improves disability in relapsing-remitting multiple sclerosis: results of a phase III multicenter, double-blind placebo-controlled trial. The Copolymer 1 Multiple Sclerosis Study Group. Neurology. 1995;45(7):1268–1276.
9. Lublin FD, Cofield SS, Cutter GR, et al. Randomized study combining interferon and glatiramer acetate in multiple sclerosis. Ann Neurol. 2013;73(3):327–340.
10. Gold R, Kappos L, Arnold DL, et al. Placebo-controlled phase 3 study of oral BG-12 for relapsing multiple sclerosis. N Engl J Med. 2012;367(12):1098–1107.
11. Polman CH, O'Connor PW, Havrdova E, et al. A randomized, placebo-controlled trial of natalizumab for relapsing multiple sclerosis. N Engl J Med. 2006;354(9):899–910.
12. Mokhber N, Azarpazhooh A, Orouji E, et al. Cognitive dysfunction in patients with multiple sclerosis treated with different types of interferon beta: a randomized clinical trial. J Neurol Sci. 2014;342(1-2):16–20.
13. Calabrese M, Bernardi V, Atzori M, et al. Effect of disease-modifying drugs on cortical lesions and atrophy in relapsing-remitting multiple sclerosis. Mult Scler. 2012;18(4):418–424.
14. Comi G, Filippi M, Wolinsky JS. European/Canadian multicenter, double-blind, randomized, placebo-controlled study of the effects of glatiramer acetate on magnetic resonance imaging--measured disease activity and burden in patients with relapsing multiple sclerosis. European/Canadian Glatiramer Acetate Study Group. Ann Neurol. 2001;49(3):290–297.
15. Durelli L, Verdun E, Barbero P, et al. Every-other-day interferon beta-1b versus once-weekly interferon beta-1a for multiple sclerosis: results of a 2-year prospective randomised multicentre study (INCOMIN). Lancet. 2002;359(9316):1453–1460.
16. Knobler RL, Greenstein JI, Johnson KP, et al. Systemic recombinant human interferon-beta treatment of relapsing-remitting multiple sclerosis: pilot study analysis and six-year follow-up. J Interferon Res. 1993;13(5):333–340.
17. Schwid SR, Panitch HS. Full results of the Evidence of Interferon Dose-Response-European North American Comparative Efficacy (EVIDENCE) study: a multicenter, randomized, assessor-blinded comparison of low-dose weekly versus high-dose, high-frequency interferon beta-1a for relapsing multiple sclerosis. Clin Ther. 2007;29(9):2031–2048.
18. Mikol DD, Barkhof F, Chang P, et al. Comparison of subcutaneous interferon beta-1a with glatiramer acetate in patients with relapsing multiple sclerosis (the REbif vs Glatiramer Acetate in Relapsing MS Disease [REGARD] study): a multicentre, randomised, parallel, open-label trial. Lancet Neurol. 2008;7(10):903–914.
19. O'Connor P, Wolinsky JS, Confavreux C, et al. Randomized trial of oral teriflunomide for relapsing multiple sclerosis. N Engl J Med. 2011;365(14):1293–1303.
20. Fox RJ, Miller DH, Phillips JT, et al. Placebo-controlled phase 3 study of oral BG-12 or glatiramer in multiple sclerosis. N Engl J Med. 2012;367(12):1087–1097.
21. Kappos L, Radue EW, O'Connor P, et al. A placebo-controlled trial of oral fingolimod in relapsing multiple sclerosis. N Engl J Med. 2010;362(5):387–401.
22. O'Connor P, Filippi M, Arnason B, et al. 250 microg or 500 microg interferon beta-1b versus 20 mg glatiramer acetate in relapsing-remitting multiple sclerosis: a prospective, randomised, multicentre study. Lancet Neurol. 2009;8(10):889–897. 
23. Calabresi PA, Kieseier BC, Arnold DL, et al. Pegylated interferon β-1a for relapsing-remitting multiple sclerosis (ADVANCE): a randomised, phase 3, double-blind study. Lancet Neurol. 2014;13(7):657–665.
24. Kappos L, Li D, Calabresi PA, et al. Ocrelizumab in relapsing-remitting multiple sclerosis: a phase 2, randomised, placebo-controlled, multicentre trial. Lancet. 2011;378(9805):1779–1787.
25. Ebers GC, Rice G, Lesaux J, et al. Randomised double-blind placebo-controlled study of interferon beta-1a in relapsing/remitting multiple sclerosis. PRISMS (Prevention of Relapses and Disability by Interferon beta-1a Subcutaneously in Multiple Sclerosis) Study Group. Lancet. 1998;352(9139):1498–1504.
26. Jacobs LD, Cookfair DL, Rudick RA, et al. Intramuscular interferon beta-1a for disease progression in relapsing multiple sclerosis. The Multiple Sclerosis Collaborative Research Group (MSCRG). Ann Neurol. 1996;39(3):285–294.
27. Duquette P, Girard M, Despault L, et al. Interferon beta-1b is effective in relapsing-remitting multiple sclerosis. I. Clinical results of a multicenter, randomized, double-blind, placebo-controlled trial. The IFNB Multiple Sclerosis Study Group. Neurology. 1993;43(4):655–661.
28. De Stefano N, Sormani MP, Stubinski B, et al. Efficacy and safety of subcutaneous interferon β-1a in relapsing-remitting multiple sclerosis: further outcomes from the IMPROVE study. J Neurol Sci. 2012;312(1-2):97–101.
29. Gold R, Giovannoni G, Selmaj K, et al. Daclizumab high-yield process in relapsing-remitting multiple sclerosis (SELECT): a randomised, double-blind, placebo-controlled trial. Lancet. 2013;381(9884):2167–2175.
30. Kappos L, Wiendl H, Selmaj K, et al. Daclizumab HYP versus Interferon Beta-1a in Relapsing Multiple Sclerosis. N Engl J Med. 2015;373(15):1418–1428.
31. Singer B, Bandari D, Cascione M, et al. Comparative injection-site pain and tolerability of subcutaneous serum-free formulation of interferonβ-1a versus subcutaneous interferonβ-1b: results of the randomized, multicenter, Phase IIIb REFORMS study. BMC Neurol. 2012 Dec 6;12:154.
32. Bornstein MB, Miller A, Slagle S, et al. A pilot trial of Cop 1 in exacerbating-remitting multiple sclerosis. N Engl J Med. 1987;317(7):408–414.
33. Etemadifar M, Janghorbani M, Shaygannejad V. Comparison of Betaferon, Avonex, and Rebif in treatment of relapsing-remitting multiple sclerosis. Acta Neurol Scand. 2006;113(5):283–287.
34. O'Connor PW, Li D, Freedman MS, et al. A Phase II study of the safety and efficacy of teriflunomide in multiple sclerosis with relapses. Neurology. 2006;66(6):894–900.
35. Wroe SJ. Effects of dose titration on tolerability and efficacy of interferon beta-1b in people with multiple sclerosis. J Int Med Res. 2005;33(3):309–318.
36. Saida T, Kikuchi S, Itoyama Y, et al. A randomized, controlled trial of fingolimod (FTY720) in Japanese patients with multiple sclerosis. Mult Scler. 2012;18(9):1269–1277. 
37. Vollmer TL, Sorensen PS, Selmaj K, et al. A randomized placebo-controlled phase III trial of oral laquinimod for multiple sclerosis. J Neurol. 2014;261(4):773–783. 
38. Confavreux C, O'Connor P, Comi G, et al. Oral teriflunomide for patients with relapsing multiple sclerosis (TOWER): a randomised, double-blind, placebo-controlled, phase 3 trial. Lancet Neurol. 2014;13(3):247–256. 
39. Vermersch P, Czlonkowska A, Grimaldi LM, et al. Teriflunomide versus subcutaneous interferon beta-1a in patients with relapsing multiple sclerosis: a randomised, controlled phase 3 trial. Mult Scler. 2014;20(6):705–716.
40. Cohen JA, Barkhof F, Comi G, et al. Oral fingolimod or intramuscular interferon for relapsing multiple sclerosis. N Engl J Med. 2010;362(5):402–415.
41. Merck Serono. CLARITY trial report 2010 [cited 2017 May 22].
42. Hauser SL, Bar-Or A, Comi G, et al. Ocrelizumab versus Interferon Beta-1a in Relapsing Multiple Sclerosis. N Engl J Med 2017;376:221–234.
43. Saida T, Kira JI, Kishida S, et al. Efficacy, safety, and pharmacokinetics of natalizumab in Japanese multiple sclerosis patients: A double-blind, randomized controlled trial and open-label pharmacokinetic study. Mult Scler Relat Disord. 2017;11:25–31.
44. Inusah S, Sormani MP, Cofield SS, et al. Assessing changes in relapse rates in multiple sclerosis. Mult Scler. 2010;16(12):1414–1421.

image1.jpg
Cladribine tablets vs

HR (95% Crl)

Placebo

Alemtuzumab 12mg qd
Daclizumab HYP 150mg g4w
DMF 240mg bid

Fingolimod 0.5mg qd
Glatiramer acetate 20mg qd
IFN beta-1a 30mcg q1w

IFN beta-1a 44mcg tiw

L 4

[ 4

L 4

L 4

L 4

L 4

L 4

IFN beta-1b 250mcg eod

Natalizumab 300mg g4w

Ocrelizumab 600mg once every 6 months

Teriflunomide 14mg qd

Teriflunomide 7mg qd

[ 4

L 2

L 3

L 4

L 4

0.54 (0.29, 1.01)
1.35 (0.55, 3.33)
1.11 (0.42, 2.90)
0.84 (0.40, 1.84)
0.79 (0.37, 1.68)
0.78 (0.34, 1.70)
0.82 (0.37, 1.77)
0.75 (0.33, 1.60)
1.13 (0.23, 5.98)
1.21 (0.50, 2.84)
1.24 (0.48, 2.99)
0.66 (0.31, 1.41)

0.57 (0.26, 1.20)

I
167

<-Favours cladribine tablets

5.98
Favours comparator->




image2.jpg
Cladribine tablets vs HR (95% Crl)

Placebo —_— 0.54 (0.30, 0.97)
Alemtuzumab 12mg qd 4 0.81 (0.27, 2.61)
Daclizumab HYP 150mg g4w —_—— 1.10 (0.44, 2.77)
DMF 240mg bid —_— 0.80 (0.38, 1.67)
Fingolimod 0.5mg qd —_—— 0.79 (0.38, 1.61)
Glatiramer acetate 20mg qd —_—— 0.62 (0.27, 1.42)
IFN beta-1a 30mcg q1w —_—— 0.82 (0.39, 1.71)
IFN beta-1a 44mcg tiw P 0.45 (0.16, 1.29)
IFN beta-1b 250mcg eod ® 0.88 (0.18, 4.97)
Natalizumab 300mg g4w —_——— 1.21 (0.53, 2.70)
Ocrelizumab 600mg once every 6 months rS 0.75 (0.24, 2.32)
Teriflunomide 14mg qd ——— 0.66 (0.32, 1.35)
Teriflunomide 7mg qd —_—— 0.57 (0.27, 1.16)

I I

A 1 5

<-Favours cladribine tablets Favours comparator->




