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Abstract

Background

Rheumatoid Arthritis (RA) is one of the most common autoimmune diseadfecting
approximately 1% of the UK adult population. Patients suffer considepaih, stiffness arnd
swelling and can sustain various degrees of joint destructionrnoigf, and significant
functional decline. In addition, the economic burden due to hospitalisatiorioasdof
employment is considerable, with over 50% of patients being work-ddaithin 10 year
of diagnosis. Despite several biologic disease modifying antianaéc drugs (bDMARD
now available, there is a lack of data to guide biologic sequenairthe UK, second-lin
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biologic treatment is restricted to a single option, rituximdie &im of the SWITCH trial i
to establish whether an alternative-mechanism-TNF-inhibitor (TNF abatacept are as
effective as rituximab in patients with RA who have failed an initial TNFi drug.

[

Methods/design

SWITCH is a pragmatic, phase IV, multi-centre, parallel-growgsigh, open-labe|
randomised, controlled trial (RCT) comparing alternative-mechamidfi and abatacept
with rituximab in patients with RA who have failed an initid\Hi drug. Participants are
randomised in a 1:1:1 ratio to receive alternative mechanism, TidBnoclonal antibodies:
infliximab, adalimumab, certolizumab or golimumab or the receptororugprotein
etanercept), abatacept or rituximab during the interventional pfiasera@ndomisation up fo
week 48). Participants are subsequently followed up to a maximud® eveeks, which
constitutes the observational phase. The primary objective is #blisst whether ah
alternative-mechanism-TNFi or abatacept are non-inferior toimiaix in terms of disease
response at 24 weeks post randomisation. The secondary objectives thelwdenparison
of alternative-mechanism-TNFi and abatacept to rituximalberms of disease responge,
quality of life, toxicity, safety and structural and bone density mu&s over a 12-month
period (48 weeks) and to evaluate the cost-effectiveness of switphtients to alternatiye
active therapies compared to current practice.

Discussion

SWITCH is a well-designed trial in this therapeutic areat taims to develop a rational
treatment algorithm to potentially inform personalised treatnregimens (as opposed| to
switching all patients to only one available (and possibly unsuatetserapy), which ma
lead to long-term improved patient outcomes and gains in population health.

<

Trial registration

UKCRN Portfolio ID: 12343; ISRCTN89222125; NCT01295151
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Background

Rheumatoid Arthritis (RA) is one of the most common autoimmune ssea chronic,
systemic, inflammatory arthritis, affecting approximat&dp of the UK adult population [1]
and is the largest cause of treatable disability in the Westerld [2,3]. Patients suffer
considerable pain, stiffness and swelling and if not adequatelyotted{ sustain various
degrees of joint destruction, deformity, and significant functionalircee¢8]. In addition to
the impact of RA on the individual, the health economic and societalrbig@®nsiderable,
due to hospitalisation and loss of employment with over 50% of patremts-disabled
within 10 years of diagnosis [4].



RA is also associated with a significant increase in mortality, up to tbl@edmpared to the
general population[5] with the standardised mortality rates (SiMRgvere cases, described
as comparable to Non-Hodgkin’s lymphoma, triple vessel coronary adiegase and
cerebrovascular disease [6]. The increased mortality islyadlge to increased frequency of
premature cardiovascular disease (CVD) [7], which constitutes 4@%oof mortality in RA
patients and is as high as that of patients with other major @kDactors such as Type 2
diabetes mellitus [8]. This appreciation has further highlighitedimportance of ensuring
optimal and effective disease control.

Expedient implementation of disease modifying anti-rheumatic ddMARD) therapy is
the cornerstone of management of RA. Nevertheless, it has betman¢hat poor response
(even if initially effective) remains a feature with mod¥IRRDs over time. In addition, a
high incidence of toxicity has been observed with these drugsyéh &bstacles to therapy
combined with data suggesting limited alteration in long-term outcome even in lloogag
response has argued for more effective therapeutic options [10].

This unmet clinical need fuelled research into RA, which ledgnifstant advances in our
understanding of RA by the 1990s, with an appreciation of the role as®xpro-
inflammatory cytokines, in particular tumour necrosis factor (TNF) driving RA
pathogenesis [11]. Followinig vitro andin vivo work, the most compelling evidence for a
key role for TNF-inhibitor (TNFi) stemmed from studies wherarked clinical benefit was
observed in patients with RA treated with chimeric TNF-alpha monatlantibodies [12].
The subsequent introduction of several costly but highly effective Tiéfapies marked the
start of a new era in biologic DMARD (bDMARD) drug development for RA [13-15].

TNF-inhibitors

Cochrane reviews provide clear evidence that the licensed TNFis detgnercept,

infliximab, adalimumab, certolizumab and golimumab) produce better outcom&A

compared with placebo or treatment with conventional DMARDs [16-19hAse are in the
same class of drug i.e. TNFi, but differ in several respects:

i. Molecule type [infliximab, chimeric (mouse-human) monoclonal antibody;radatiab,
humanised and golimumab, fully human monoclonal antibody; certolizumab, PEGylated
Fab fragment of a humanised monoclonal antibody to TNF and etanercept, fusion;protein]

il. Target (etanercept binds both TNF-alpha and another cytokine, lymphotoxin:alpha)

iii. Binding affinity to TNF [20];

iv. Mechanism of drug action [20-22];

v. Route of administration (all subcutaneous except for infliximab).

vi. Frequency of administration

Despite the extensive benefits of TNF-directed biologic therapisgnificant proportion of

RA patients fail to achieve sufficient response [23]. Two broad appesazan be employed

to manage initial TNFi non-response; switching to an alternatNEi Therapy or use of
another mechanism agent. Of the latter, rituximab, a B-celetiegltherapy, abatacept, and



more recently, tocilizumab, have been licensed, although only rituxisaburrently
approved by the National Institute for Health and Care Excell@i€E) at the TNFi-failure
stage [24].

Switching between TNF-inhibitors

Current NICE guidance does not permit switching to an altern@tNie as a second-line
biologic therapy choice unless rituximab +/— methotrexate isr@ionlicated. Several early
phase, uncontrolled studies and an initial, small, randomised studgssedgoenefit in
switching between TNFi agents [25-35]. A report of high ACR20 resparsas alternative
TNFi agent in specific sub-group of patients [27] also indicatepabential value of and the
need to explore this approach further. The rationale and arguorestitching between
different TNFi drugs was strengthened by a large, randamistustry-led efficacy study
comparing golimumab with placebo. This phase Il study of 461 patdrdashad previously
received and either failed or were intolerant to one or more WWdfe randomised to
placebo, subcutaneous golimumab 50 mg or 100 mg 4-weekly. Significantly INGRZ0
response rates at week 14 were observed in the 50 mg and 100 mgngalhi groups
compared to placebo group (35% and 38% versus 18% respectively) [36].

A key benefit of the TNFi is their suitability in both seropesitand seronegative disease [to
rheumatoid factor (RF) +/- anti- citrullinated peptide antibodZPA)]. This is in contrast
with data implying the influence of antibody status and resp@tes in patients treated with
rituximab (particularly at the TNFi-failure stage, seeolgl due to its distinct target and
rationale for use (rituximab depletes the autoantibody produckogll®)[37,38]. It is
therefore important not to prematurely discount an alternative Tk as an effective
therapeutic option, particularly in the context of such resistantggr@éssive disease cohorts.
In addition, patients with RA may have a co-existing immune-meatliafammatory disease
(for example, inflammatory bowel disease, psoriasis) that wowdd Be amenable to
treatment with a TNFi (with rituximab not as suitable and pa#ntitoxic) [36,39-42].
Having the option of using a second TNFi in this scenario would becallyimore
appropriate than having to potentially consider two different classes of bIMAR

Alternative bDMARD therapies

Industry-led efficacy studies have demonstrated benefits of rialginabatacept and
tocilizumab after TNFi failure [43-47] although only rituximab isQ-approved (and

neither abatacept nor a TNFi has been compared to rituximabxirRab, however, is not

appropriate for certain patients and may even lead to unpredictsplenses or toxicity [48],

or failure to respond (up to a third of patients). Furthermore, -aredbyses of rituximab

suggests seronegative antibody status, seen in up to 25-30% of pappears to be

associated with poorer response, particularly in the TNFi-fathimk although this has not

been formally tested [37,44,45,49,50]. Recent data on abatacept from an tuissrva
registry also suggests seropositive status may confer giteatefits to abatacept therapy
[51].

A Swiss observational study [52] comprised 116 patients who hiad fati least one TNFi
agent and were switched to either an alternative TNFi tiieapo one cycle of rituximab
with the results suggesting that rituximab was the more favoutaament option. Aside
from the small sample size, this retrospective study hadaeséer design limitations with
outcome taken from differing time-points and inclusion of all tygfagitial TNFi failure; in



addition it was neither controlled nor randomised to treatment Tygeobservational studies
MIRAR and SWITCH-RA have also reported the use of rituximaba dsetter strategy
compared to an alternative TNFi drug following insufficient respdosa first TNFi [53,54].
The collaborative CERRERA registry [55,56] has also suggested wilitituximab but in
contrast to the Swiss study, following TNFi toxicity as opposedatk of efficacy [57].
Other observational studies comparing alternative TNFi with othevlARDs, such as
abatacept and tocilizumab as well as rituximab, also favoue tthesapies over the use of
alternative mechanism TNFi as second line treatment [58-60%eTiesults have also been
consolidated by recent RCTs (preliminary data) [61,62] and metgsasalwhich have failed
to demonstrate superiority of one therapy over another [63], with Eamapeommendations
also confirming all currently licensed therapies as appropriate options [64].

It therefore remains unclear how best to utilise the alter® bDMARDs described above
following initial TNFi failure. It is apparent that no univergadiffective treatment exists with
the present approach, and clinicians treating patients in tea@bsef sufficiently strong data
is unsatisfactory. The current reality of second-line bDMARBIricted to a single option
(rituximab) in the UK seriously impedes effective managemerit i€ particularly pertinent
to patient sub-groups where alternative licensed therapies mawyrsere appropriate (e.g. in
seronegative RA, concomitant immune mediated inflammatory dsea$his poses a
significant problem to the NHS and is in conflict with the pategenda. Despite several
treatment options now being available, no good quality head-to-head agsoms
investigating the efficacy of sequential biologic treatments have been ceddoctate.

The SWITCH trial aims to provide clear guidance to clinicidige results of this study will
enable the development of a rational treatment algorithm and shouilk enare judicious
and cost-effective management; in particular it will potentiallpw personalised treatment
regimens as opposed to switching all patients to only one avai(abld potentially
unsuccessful) therapy, potentially leading to long-term net-ienafid improved patient
outcomes.

Whilst more recent technology appraisal permits the use td@dy#, a T-cell co-stimulation
blockade agent, and tocilizumab, an interleukin-6 receptor monoclonal antdastrst-line
biologic together with TNFi [65], TNFi, remains the predominant -firk bDMARD
currently prescribed in the UK [66].

Methods/design

Trial aims and objectives

The general aim of the trial is to compare alternative-meshafiNFi to rituximab, and
abatacept to rituximab in terms of disease response, quality of life, cedtivefhess, toxicity
and safety over a 12-month (48 weeks) period. Each of the two compafiddRs vs.
rituximab and abatacept vs. rituximab) is considered to be otsttardependently, and the
trial aims to establish non-inferiority; therefore no adjustsémt multiple comparisons have
been planned.



Primary objective

To establish whether an alternative-mechanism-TNFi oraabpt are non-inferior to
rituximab in terms of disease response at six months (24 weeks) post randomisation.

Secondary objectives

» To compare alternative-mechanism-TNFi and abatacept to rituximalms ¢édisease
response, quality of life, toxicity, safety, structural and bone density outcamtesniis of
plain radiography and bone densitometry score) over a 12-month (48 weeks) period.

* To undertake an evaluation of the cost-effectiveness of switching patientslteraatiae-
mechanism TNFi, abatacept or rituximab.

Exploratory objectives

* To determine the optimal sequence of treatments by assessing whagtbeseeto the
second treatment in patients with RA is related to the initial failed TNY(T
monoclonal or TNF receptor fusion protein).

» To evaluate whether the response to the second treatment (alternativaismedidFi,
abatacept or rituximab) is related to whether the patient was a primanjti@aesponse)
or secondary (loss of an initial) response failure to their initial TNFi.

» To ascertain whether seropositive and seronegative (to rheumatoid faetoti-ex€lic-
citrullinated peptide antibody) RA patients behave differently in theiorespand disease
outcome measures in the three treatment arms, particularly in the compatitbons
rituximab.

Trial design

SWITCH is a pragmatic, phase IV, multi-centre, parallel-graygen-label, RCT comparing
alternative mechanism TNFi with rituximab, and abatacept witiximab in a total of 477
patients with rheumatoid arthritis who have failed an initial Ttifag. Participants will be
randomised to receive one of the following for a maximum of 48ks (interventional
phase):

1) Alternative mechanism TNFi:

a) Etanercept if initial failure to a monoclonal antibody (infliximab, adainhab,
certolizumab or golimumab)

OR

b) Infliximab, adalimumab, certolizumab or golimumab if initial failurehe teceptor fusion
protein etanercept (choice of TNFi at investigator’s discretion)

2) Abatacept



3) Rituximab

All participants will subsequently be followed up from week 48 faraximum of 96 weeks
to the end of the trial, which constitutes the observational phase (see Figure 1).

Figure 1 Switch Trial Flow Diagram.

Eligibility

The British Society of Rheumatology (BSR) provides guidelines orusleeof TNFi [67].
These guidelines include important exclusion criteria that areredibe in clinical practice.
These will also be applied in this study. The inclusion and exclusideria for
randomisation into this study are detailed in Table 1.



Table 1Eligibility criteria for randomisation into the Swi tch trial

INCLUSION CRITERIA

1 Male and female subjects agelB years at the time of signing the Informed Cohfenm.

2 Patients with a diagnosis of rheumatoid arthétigper the ACR/EULAR 2010 classification critevémfirmed at least 24 weeks prior to the screening
visit.

3 Patients who have failed conventional DMARD tlpgras per NICE/BSR Guidelines i.e. failure of aisie2 DMARDS including methotrexate.

4  Patients with persistent RA disease activity dedpaving been treated with a current initial TMgent for at least 12 weeks. Active RA defined as*
a. Primary non-response: failing to improve DAS£8>H1.2 or failing to achieve DAS283.2 within the first 12 to 24 weeks of starting thitial TNFi.
e This may include patients that have shown a réduat DAS28 of >1.2 but still demonstrate unaceépt high disease activity in the physician’s
judgement with evidence of an overall DAS288f2.
OR
b. Secondary non-response: defined as inefficafiystoTNFi (having demonstrated prior satisfactoegponse) as per clinician judgement; with
intolerancenot the reason for cessation of first TNFi.

5 Methotrexate dose stable for 4 weeks prior testiteening visit and to be continued for the doratif the study.

6 Patients on NSAIDs and / or corticosteroids (prabnisolone not exceeding 10 mg daily) who haenlon an unchanged regimen for at least 4 weeks
prior to the screening visit and are expected iwaig on a stable dose until the baseline assessmawne been completed.

7  Provided written informed consent prior to angltspecific procedures.

*These criteria are consistent with B§&®delines

EXCLUSION CRITERIA

General

1 Major surgery (including joint surgery) withinngeks prior to screening or planned major surgetlyinv52 weeks following randomisation.
Study Specific

2 Patients with inflammatory joint disease of diffiet origin, mixed connective tissue disease, Reigyndrome, psoriatic arthritis, systemic lupus
erythematosus, or any arthritis with onset priot6oyears of age.

3 Patients receiving doses of prednisolone > 1@aygWithin the 4 weeks prior to the screening visit

4  Patients receiving intra-articular or intra-muacwsteroid injections within 4 weeks prior to t@eening visit.
Excluded Previous or Concomitant Therapy:

5 Patients who have previously received more thaNHi drug OR any other biological therapy for threatment of RA.

6  Patients unable or unwilling to stop treatmerthwi prohibited DMARD (i.e. synthetic DMARD asideifn MTX e.g. oral or injectable gold,
chloroquine, hydroxychloroquine, cyclosporine, hizgdrine, leflunomide, sulphasalazine) prior to $tert of protocol treatment.

7  Treatment with any investigational drug in thet B2 weeks prior to the start of protocol treatmen
Exclusions for general safety - These criteria $tidne considered in the context of BSR guidddd¢

8 Patients with other co-morbidity including acigeyere infections, uncontrolled diabetes, uncdattdypertension, unstable ischaemic heart disease
moderate/severe heart failure (Class IlI/IV of M&w York Heart Association (NYHA) functional claisation system), active bowel disease, active
peptic ulcer disease, recent stroke (within 12 wdmore the screening visit), or any other coaditvhich, in the opinion of the investigator, wouplat
the patient at risk to participate in the studywould make implementation of the protocol difficult

9 Patients with any major episode of infection r@gg hospitalization or treatment with IV antibicg within 12 weeks of start of treatment protazol
oral antibiotics within 4 weeks of start of protbteatment.

10 Patients at significant risk of infection, whichthe opinion of the investigator would put theipnt at risk to participate in the study (e.g. idceration,
indwelling urinary catheter, septic joint within 82eks (or ever if prosthetic joint still in situ))

11 Patients with known active current or historyexfurrent bacterial, viral, fungal, mycobactedabther infections including herpes zoster (for
tuberculosis and Hepatitis B and C see below)elaluding fungal infections of nail beds as pemichl judgement.

12 Patients with untreated active current or latebérculosis (TB). Patients should have been serkéor latent TB (as per BSR guidelines) within 24
weeks prior to the screening visit and, if positiveated following local practice guidelines priorthe start of protocol treatment.

13 Patients with active current hepatitis B an@anfection. Patients should have been screenedejoatitis B and C within 24 weeks prior to the
screening visit and if positive, excluded from shedy.

14 Primary or secondary immunodeficiency (histdrgrocurrently active) unless related to primaryedise under investigation.

15 Pregnancy, lactation or women of childaring potential (WCBP) unwilling to use an effeetbirth control measure whilst receiving treattnand afte|
the last dose of protocol treatment as indicatatiérrelevant Summary of Product CharacteristiosRS)/Investigator Brochure (IB).

16 Men whose partners are of child-bearing potebtiawho are unwilling to use an effective birttnérol measure whilst receiving treatment and after
last dose of protocol treatment as indicated irréfevant SmPC/IB.
Laboratory value exclusions

17 Patients with known significantly impaired banarrow function as for example significant anaeniakopaenia, neutropaenia or thrombocytopaenia
as shown by the following laboratory values atttire of the screening visit:
e Haemoglobin < 8.5 g/dl
e Platelet count < 100 x 0L
e White blood cell count < 2.0 x 10L
o Neutrophil count <1 x o' L

18 Patients with known severe hypoproteinaemibaatiine of the screening visit, e.g. in nephrogiccsome or impaired renal function, as shown by:

e Serum creatinine > 150 umol / L

Recruitment

Participants will be recruited from multiple research sitékin the United Kingdom; some
of the collaborating research centres have been initialgcteel under the guidance of the



Arthritis Research UK’s Adult Inflammatory Arthritis Cleal Study Group (AIA CSG). In
addition, potentially eligible patients may also be identified Raticipant Identification
Centres (PICs). The identified clinicians at these PICkrefiér potential participants to the
research team based in one of the participating researchfaitassessment and possible
recruitment to the trial.

Patients will be approached during standard clinic visits for geanant of their disease.
Alternatively, patients identified by other means (such asingalists, registries, review of
case records) may be sent the personalised Switch Invitatienifaetiting them to take part.
Patients will be provided with verbal and written details about ttfed (Participant
Information Sheet and Informed Consent Document). Patients willdsleng as they need
to consider participation. Assenting patients will be invited to prowdemed, written
consent before being registered into the trial and formally assessedjitaitigi

Consent to the switch trial BioBank

Patients who are eligible to take part in the trial willoat® eligible to have a number of
biological samples (blood and urine) taken for the Switch Trial BioBank. Pattan will be
discussed with patients at the same time as discussing thdipad@ion in the main trial.
Patients who agree to have biological samples taken for titehSWial BioBank will be
asked to sign an additional consent form.

Screening and registration

Following written informed consent and prior to any trial relateagsive or non-invasive
procedures, patients will be registered into the study. All mistieill undergo a screening
assessment within 4 weeks prior to the baseline assessmentsrtoire eligibility for the
study.

Randomisation

Following registration, confirmation of eligibility and completion lediseline assessments
and questionnaires, participants will be randomised in a 1:1:1 ratiectave alternative
mechanism TNFi, abatacept or rituximab. Treatment group albwcatill use minimisation
incorporating a random element, via a computer-generated programeresure treatment
groups are well-balanced for: centre; disease duration (<5 gears years); non-response
(primary or secondary); rheumatoid factor status (RF seropositi®CPA positive) or (RF
seronegative and ACPA negative)). Both registration and randomisatione performed
centrally using an automated 24-hour telephone system based atetie Clinical Trials
Research Unit (CTRU).

Participating research sites will be required to compldog af all patients over the age of
18 with RA who have failed an initial TNFi agent and have been caesider the trial, but
not registered for screening or randomised, either because thaekgible or because they
decline participation.



Trial Intervention

Treatment will be administered in the three arms as detail@dble 2. Participants will
receive the randomised treatment for a minimum of 24 weeks, afiech, 24-week

responders will continue treatment to 48 weeks. After week 48 atilomised treatment
may be continued if response is maintained and local practiceigesligiermits on-going
use of a non-NICE approved treatment if relevant. The observationa pbastitutes the
follow up period from week 49 to the end of the trial, with a maximollow-up duration to

week 96. The duration of the observational phase will therefore vary atnadng

participants. After the observational phase participants will return to fdtthe care.

Table 2 The three treatment arms of the Switch trial

TREATMENT ARM TREATMENT DESCRIPTION
Rituximab Single dose of 1 g as an intravenoussinfuto be administered at days 0 (week 0) andvégK 2; +5
days).

In line with standard practice, a participant wbsds an initial 6 month (week 24) response as feEN
guidance may receive a further cycle of rituximéeraa minimum of 6 months following the first dose
The second cycle of rituximab will be given at aelof 1 g x 2 intravenous infusions will be adntigied
at a 2-week interval (+5 days).

Abatacept Abatacept solution for subcutaneoustiojecl25 mg/syringe (125 mg/mL). Abatacept willdgigen at a
dose of 125 mg by subcutaneous injection at wemkdOonce weekly thereafter for a minimum of 24
weeks.

Supplied by Bristol-Myers Squibb free of chargdallsupplies to be ordered by individual sites vahic
will be responsible for ring-fencing abatacept upeceipt.

Alternative Etanercept Single dose of 50 mg etanercept by saeaus injection weekly for a minimum of 24 weéksless not
mechanism anti- tolerated).
TNF Adalimumab Single dose of 40 mg adalimumab by stamaous injection every 2 weeks for a minimum ofv@éks
(unless not tolerated).
Infliximab Infliximab will be given at a dose offBg/kg per intravenous infusion, administered omgchse unit or

equivalent. The intravenous infusions will be adsiared at week 0, 2 (+/- 2 days), 6 (+/- 2 days) a
then 8-weekly thereafter (+/- 7 days) for a minimoh24 weeks.

Certolizumab Single dose of 400 mg by subcutaneous injectiaveaks 0, 2, 4 and then at a dose of 200 mg every 2
Pegol weeks thereafter for a minimum of 24 weeks.

Certolizumab pegol will be available free of chafgethe first 12 weeks of protocol treatment ipplied
by UCB Pharma through their RA Patient Access Sehem

Golimumab Single dose of 50 mg by subcutaneoustinjeevery 2 weeks for a minimum of 24 weeks.

Participants who, in the investigator’'s opinion, demonstrate an unalyeptgh level of
disease activity prior to week 24 may discontinue treatmeadlinically indicated. These
participants will be followed up as part of the observational pbaslee trial. The DAS28
score [68] obtained at week 24 will be used for the primary endpoint.

Assessments, samples and data collection
All protocol-required assessments will be recorded on paper case report feanh aite.

The trial visits are structured as detailed below (see also Figures 2, 3 & 4):

Figure 2 Schedule of events for Rituximab.
Figure 3 Schedule of events for Infliximab.

Figure 4 Schedule of events for subcutaneous biologic DMARDs (etanercept,
adalimumab, certolizumab pegol, abatacept, golimumab).




» Screening visit: All patients will undergo screening within 4 weeks pritredaseline
assessment.

» Baseline visit: Baseline assessments are to be performed to confitimetpatticipant is
still eligible for the study and to undertake randomisation to study treatment.

» Clinical assessment visits: Randomised participants attend thesavipdst of the
interventional (weeks 12, 24, 36 and 48) and the observational (weeks 60, 72, 84 and 96)
phases of the study.

 Infusion visits: Participants allocated to Rituximab or Infliximab will igdeadditional
standard assessments for safety purposes on the infusion dates.

» Biological samples from participants consenting to the SWITCH TraB&hk sub-study
will be collected prior to commencement of trial treatment and at weeks 2/4, 12, 24, 48
and at the time of early discontinuation if it occurs outside of these time-pa@ats (s
Figures 2, 3 & 4). The samples will be sent to a central Switch Trial Biobange The
samples will be used for a range of studies of direct relevance to tmedan¢af RA.

Outcomes

The primary outcome is the change in Disease Activity Scoi®2%28) [68] at 6 months
(24 weeks). Secondary outcomes at weeks 12, 24, 36 and 48 are: the §2A828nd the
proportion of participants who achieve a reduction in DAS28 scoreeatey than 1.2 from
baseline, Low Disease Activity Score (LDAS) rate [69] andission rate [70], EULAR
(European League Against Rheumatism) and ACR (American Cotiedtheumatology)
response scores [69,71], changes in scores and proportion of partioipeats category of
the Clinical Disease Activity Index (CDAI) [72] and Simpéifi Disease Activity Index
(SDAI)[73], the proportion of participants that achieve ACR/EULAR IBaa remission rate
[70] at each time-point. The outcomes relating to quality efaif weeks 12, 24, 36 and 48
are: the RA Quality of Life (RAQoL)[74], the Hospital Anxiegnd Depression Scale
(HADS)[75], and the Health Assessment Questionnaire Disahilitgx (HAQ-DI) [76]; the
HAQ-DI will also be evaluated at weeks 60, 72, 84 and 96. The outcagesed for the
cost-effectiveness analysis and collected at weeks 12, 24, 36 anet £8abD [77], Health
Utilities Index (HUI) [78], Health and Social Care Use &pexditure due to Rheumatoid
Arthritis [79]. EQ-5D and Health Utilities Index will also levaluated at weeks 60, 72, 84
and 96. Further outcomes correspond to safety (adverse events amuhsg¢auid toxicity
(requiring cessation of treatment) reported throughout the duratidre dfial treatment (up
to week 48). In addition, outcomes related to radiographic measusesel 48 will be:
changes in Genant-Sharp scores [80] of hands and feet, and bone densitestetres of
neck of femur and lumbar spine.

Sample size

A total of 477 participants will be recruited to this study. A tofad29 evaluable participants
are required to have 80% power for demonstrating non- inferioritgitbér abatacept or
alternative mechanism TNFi to rituximab at the 5% significalesesl. A total of 143
evaluable participants in each treatment group will ensurethibalower limit of the two-
sided 95% confidence interval for the true difference in DAS28 (edpti@lternative
mechanism TNFi — rituximab) lies above -0.6 units, assuming no differdetween



treatment groups and a between-participant standard deviatio@ ohits [44]. Allowing for
a loss to follow-up of 10%, a total of 477 participants will be recruited.

Statistical analysis

All analyses will be conducted on the Intention-To-Treat (ITT) paah, where patients
will be included according to the treatment to which they wdoeatled at randomisation. A
Per-Protocol (PP) population will also be defined for the non-infeyiantalyses, which will

exclude participants who violate the protocol or fail to comply wheh required treatment
regime. Non-inferiority will need to be demonstrated in both ITTRRgopulations in order
to infer non-inferiority. All formal analyses will be carried catt a 2-sided 5% level of
significance.

An interim analysis will be conducted after 239 participants hawvepteted 24 weeks of
follow-up to allow for early stopping of a treatment arm; spedliffcif either abatacept or
alternative mechanism TNFi is shown to be inferior to rituximahbclvwill be based on the
confidence interval excluding the value zero.

Primary outcome analyses

Multiple-variable linear regression will be used to compare lieenative mechanism TNFi
and abatacept to rituximab with the dependent variable, the chaDge&E8 at 6 months (24
weeks), and the minimisation factors (centre, disease duration dafs,y5 years),

rheumatoid factor status, primary/secondary non-response) and theebaskie of DAS28

included as independent variables. The mean treatment difference<C18580d p-values
from this analysis will provide the main comparisons for eachtrtrent group with
rituximab.

Secondary outcome analyses

Alternative mechanism TNFi and abatacept will be compareduximab at 12, 24, 36 and
48 weeks using the following methods:

» DASZ28: Multi-level repeated measures analysis, including minimisatitor$aand
baseline DAS28 in addition to treatment.

» Markers of achieving DAS28 reduction of greater than 1.2 without toxicity, ZBA®AS
and remission rates, ACR/EULAR Boolean remission and ACR response liatay. B
logistic regression analysis including the minimisation factors and ba&eN828 in
addition to treatment.

EULAR response scores, SDAI and CDAI scores: Ordinal logistic regneasalysis
including the minimisation factors and baseline DAS28 in addition to treatment.
RAQoL, HADS, HAQ-DI: Linear regression analysis will fitted to theange in QoL
scores between baseline and 6 months including the minimisation factors and baseline
DASZ28 in addition to treatment.

» Safety and Toxicity: The proportion of participants experiencing toxidityoe
summarised by treatment received. Adverse events (including serious axhertse
(SAESs), serious suspected adverse reactions and suspected unexpected serseus adver
events) will be summarised by treatment group and the relationship betweénana



study treatment or underlying RA will be assessed. Expected SAEs commbn to al
treatments include injection site/infusion reactions, blood dyscrasias,sserfiections,
toxic epidermal necrolysis, Stevens-Johnson syndrome, pulmonary fibrosis, renej fai
neurological impairment, and new autoimmunity. In addition, intolerance to protocol
treatment will be summarised by treatment received.

Exploratory analyses

To determine if there is a differential response according ta TygE (monoclonal antibody
or fusion protein) initially failed, a linear regression modell wé fitted to DAS28 at 24
weeks including baseline DAS28, type of TNFi initially receiaad minimisation factors as
independent variables. To determine if there is a differentiatnient effect according to
primary and secondary failure to initial TNFi received, a lineggression model will be
fitted to DAS28 at 24 weeks on baseline DAS28, treatment, primeoyidary failure,
remaining minimisation factors, and an interaction term betwesatntent and type of
failure. Finally a linear regression model will be fitteml DAS28 at 24 weeks including
baseline DAS28, treatment, rheumatoid factor status, remaining iseiom factors, and an
interaction term between treatment and rheumatoid factor statuder to assess if there is a
differential treatment response between seropositive and seronegatwegspati

Economic evaluation

The economic evaluation aims to assess overall cost-effects/é&noen the perspective of the
health system (NHS) and patients. It will consist of a withal cost effectiveness analysis
and a decision analytic cost effectiveness model. The withinamealysis will evaluate the
costs and outcomes of the patients recruited to SWITCH for tlevfalp of the trial. As
with the primary analysis, the economic evaluation will be amtidn to treat analysis. The
outcome used in the primary analysis will be the Quality Adjusted Life. Yising the NICE
cost effectiveness threshold of 20,000 per QALY [81], we will consests and outcomes
for each patient on to the Net Benefit scale and use lineassegn analysis to estimate the
expected Net Benefit of the trial interventions compared teentipractice [82]. Analysis of
uncertainty will be undertaken using the non-parametric bootstoaghéaracterise the
uncertainty in the estimates of Net Benefit.

A second analysis will synthesise the data from the SWITi@Hwith existing evidence to
estimate the lifetime expected net benefit of the trial weteiions compared to current
standard care. The perspective for this analysis will be the smmfor the within trial
analysis. In order to capture the switching nature of the tezdtpathways, we will construct
patient level simulation model, rather than the Markov cohort model, whiélequently
used for decision analytic cost effectiveness analyses.

The primary modelled analyses will adopt the perspective of th8 Bkl Public Social
Services. Secondary analyses will adopt a broader perspeator@arating carer quality of
life and cost impacts, and productivity costs.

Resource utilisation will be captured at each follow-up visit. dteisexpenditures related to
the management of RA, and time spent away from work by thenpand carers will be
collected using the Cost Diary, a validated questionnaire [79].ddsis will be taken from
routine national databases such as the British National FormuiariyHS Reference Costs
and the Personal Social Services Research Unit (PSSRUp€Ebstalth and social care [83].



Health-related quality of life will be captured using the EQ<kpplemented by the Health
Utilities Index. These data will be collected at baseline aneach clinical follow-up.

Parameter uncertainty will be addressed through probabilistgitisgty analysis. For the

within trial analysis this will be done using the non-pararodinotstrap; for the decision
analytic cost effectiveness model this will be done using Monte Carlo siorulati

Outputs from the analyses will be presented as Expected Incednt@odt Effectiveness

Ratios; Cost Effectiveness Acceptability Frontiers, Expected Benefit [84] and Net

Benefit Probability Maps [85]. In addition to the primary analysesomsdary analyses
adopting different perspectives, different utility measures andrdiit approaches to dealing
with missing data will be presented. The final set of analygkkpresent estimates of the
global and partial value of perfect information, to inform future research.

Discussion

RA has a substantial individual and societal burden: symptoms irhpagtly on patients’
ability to perform daily activities at home and ability to undestavork commitments with
subsequent cost to the NHS and state. It is therefore importaneatiothis potentially
disabling and expensively managed condition effectively and with timamonn of time
delay.

There have been dramatic advances in the development of effdigseto treat RA and the
use of TNFi has transformed the lives of people suffering from\Rile these drugs can be
highly effective, universal response has not been observed; indeesl ahtommon feature
of all the available and licensed bDMARDSs (alternative TNEixrmab, abatacept and most
recently, tocilizumab) likely reflecting the complexity and dmegeneity of disease
pathogenesis. Some observational studies and preliminary data fremi RCTs suggest
both similar and better efficacy amongst the available etas§ bDMARD but with no
definitive investigation on the sequential biologic treatment styat@gking it difficult to
draw any firm conclusion. Nevertheless, the National Institute Health and Care
Excellence (NICE) has approved only the use of rituximab followiNgriTrailure, thereby
offering only one option to patients. SWITCH is a direct comparigahthat will facilitate
the development of a rational treatment algorithm and should enal#gudarious and cost-
effective management. In addition, the exploratory analyses intriais may provide
information on more effective targeting of treatment regimengpassed to switching all
patients to only one available (and possible unsuccessful) themapyngab), leading to
long-term cost-benefits and improved patient outcomes.

Trial status

The first patient was enrolled into SWITCH on the 31st July 2012 esrditment is due to
end Dec 2016. The study is being conducted in multiple NHS sitessatite UK, with a
planned total of up to 50 sites. We expect to report the mairrésalts in Autumn 2018.
Ethical and governance approval for this trial has been obtainedlieireeds West Ethics
Committee (ref 11/H1307/6) and the Leeds Teaching Hospitals NHS fespectively. The
trial progress is monitored by an independent Data Monitoring Ethecs Committee
(DMEC) and Trial Steering Committee (TSC).



Since opening, the trial has undergone a major trial re-design. Qurabtarget sample size
was 870 patients, to have 80% power for determining whether abatacd@roative TNFi
were non-inferior to rituximab at 24 weeks post randomisation insteymachieving a
DAS28 reduction of greater than 1.2 points without toxicity. The correspgpnaiam-
inferiority margin was set at 12% and assumed a response 18580oin the rituximab arm.
The original trial design was also powered for a definitivegloip analysis to determine if
there is a differential treatment response between seropoaitiyeseronegative patients
Following challenges in recruiting patients and securibg garticipation, as well as re-
discussion of meaningful endpoints, a decision was made to re-desigmat by modifying
the primary outcome measure from a binary to a continuous outcomeh (wiag also
deemed clinically relevant). This allowed a reduction in sarsjle to 477 patients whilst
still ensuring a trial of clinical relevance. The previousipkd definitive sub-group analysis
is now an exploratory analysis. The trial re-design was urausly supported by the DMEC
and the TSC, approved by the funder and has received favourable ethical opinion.
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Failure of first TNFi drug
Active rheumatoid arthritis
On maintenance methotrexate

Full eligibility screen (within 4 weeks prior to baseline assessments)
v
Baseline evaluations

Blood tests, physical examination, disease activity, QoL and Health Economics
questionnaires, urine dipstick. concomitant medication

—
12-week follow-up
SECONDARY ENDPOINTS

PRIMARY and SECONDARY endpoints
: ' I

Observational Observational
FOLLOW-UP FOLLOW-UP
48-week follow-up
SECONDARY ENDPOINTS
v v v

End of trial follow-up (96 weeks from randomisation)
Record successful switch +/- time to secondary non-response

TNEi=Fdmour Necrosis Factor inhibitor;: QoL=Quality of Life; CTRU=Clinical Trials and Research Unit



Schedule of events for Rituximab

Study Week

Week 0
(-<4 weeks)

Week 0

Wk 2*
(+5 days)

Wk Wk
12* 24*

Wk 26*
(+5 days)

Wk
36*

Wk
48*

Wk
60*

Wk
72*

Wk
84

Wk
96*

Screening

Observational

Study Phase
A | Procedure

Study Treatment - RITUXIMAB

X X

Informed Consent & Registration

Inclusion/exclusion

x|[>x

Randomisation

Demographic data

Medical & recent surgery history

Pregnancy test (urine)

Chest X-ray' & 12-lead ECG

TB"and Hepatitis B&C Screening

Urinalysis

Immunoglobulins

Serological test (RF, ACPA, ANA and anti-dsDNA)

Haematology test (FBC); Blood chemistry (U&E,
LFT); CRP & ESR

X XXX XXX X<

x

x

x

x

x

Glucose & Lipid profile

x

Unplanned surgery details

Concomitant medication

Physical examination & Vital signs

28 Joint count (tender & swollen)

X|X|x

A it of General Health VAS

Global Assessment of Arthritis VAS

Global Assessment of Pain VAS

Physician global VAS

Morning stiffness (minutes)

HAQ-DI

XXX XXX | X[ X[ >

XXX XXX XX [

XXX XXX | X[ X[ >

XXX XXX XX [

RAQoL

HADS

EQ-5D

Health Utilities Index (HUI)

DX > X[ X [ | | | [

x| X

x| X

x| X

x| X

Health, Social Care Use & Expenditure

Inpatient/Outpatient Hospital Form

DX XX XXX XX X[ X | X
DX XXX XXX XXX X X X [ X | X | X[ X | X

DD DX X[ X X[ X[ X[ X [ > | | <

Dorsal-Posterior X-ray hands & feet®

Bone densitometry scan

Optional Biobank Samples

X
X
X

X X

x

DY XXX XX || X XXX X[ XXX |X]| X | X

Adverse events

Monitor during trial treatment

* If a time delay between randomisation and first dose of protocol treatment occurs, this should be accounted for when arranging the clinical assessment visits during the interventional
(weeks 12, 24, 36 and 48) and the observational (weeks 60, 72, 84 and 96) phases of the study i.e. the week 12 visit should be scheduled 12 weeks after the participant's first dose of
protocol treatment; if, for example, a participant’s first treatment is delayed by 4 weeks, then all subsequent clinical assessment visits will be scheduled from the date of randomisation +4
weeks, e.g. their week 12 visit will be at week 16 (12 weeks + 4 weeks), to ensure all participants receive equal drug exposure despite treatment delays.

! Assessment need only be repeated if they have not been performed in the 24 weeks prior to screening.

rerQr g-)ll to be collected at week 2.
3The H‘E@g res are to be performed at sites with specialist facilities only. Assessments undertaken up to 6 months prior to baseline or 6 weeks after the baseline visit are permissible.



Schedule of events for Infliximab

Wk Wk Wk Wk Wk
Wk| 14* 22* Wk 30* Wk 38* 46* Wk Wk| Wk| Wk| Wk
S (=4 Wie f;a":) g*;':) 125 (41 | (#-1 | 24* | (#1 | 36* | (#/1 | (+-1 | 48" | e0*| 72%| 84*| 96*
weeks) Y Y week) | week) week) week) | week)
Study Phase ing i Inter ional Observational

Week 0 Wk 2* | Wk 6*

Study Ti - INFLIXIMAB X X X X X X X X
Informed Consent & Registration
Inclusion/exclusion
Randomisation X
Demographic data
Medical & recent surgical history
Pregnancy test (urine)
Chest X-ray’ & 12-lead ECG
TB' and Hepatitis B&C Screening
Urinalysis
Immunoglobulins
Serological test (RF, ACPA, ANA and
anti-dsDNA)
Haematology test (FBC); Blood chemistry
(U&E, LFT); CRP and ESR
Glucose & Lipid profile
Unplanned surgery details
Concomitant medication
Physical examination & Vital signs
28 Joint count (tender & swollen)
Assessment of General Health VAS
Global Assessment of Arthritis VAS X
Global Assessment of Pain VAS
Physician global VAS
Morning stiffness (minutes)
HAQ-DI
RAQoL
HADS
EQ-5D
Health Utilities Index
Health, Social Care Use & Expenditure
Inpatient/Outpatient Hospital Form
Dorsal-Posterior X-ray hands & feet X
Bone densitometry scan’ X
Optional Biobank Samples X X X X
Adverse events Monitor during trial treatment
* If a time delay between randomisation and first dose of protocol treatment occurs, this should be accounted for when arranging the clinical assessment visits during the interventional (weeks 12,
24, 36 and 48) and the observational (weeks 60, 72, 84 and 96) phases of the study i.e. the week 12 visit should be scheduled 12 weeks after the participant’s first dose of protocol treatment; if, for
example, a participant’s first treatment is delayed by 4 weeks, then all subsequent clinical assessment visits will be scheduled from the date of randomisation +4 weeks, e.g. their week 12 visit will
be at week 16 (12 weeks + 4 weeks), to ensure all participants receive equal drug exposure despite treatment delays.
;Assessment need only be repeated if they have not been performed in the 24 weeks prior to screening.

smIEPT g@lﬁto be collected at week 2.
3 The! eg dUres are to be performed at sites with specialist facilities only. Assessments undertaken up to 6 months prior to baseline or 6 weeks after the baseline visit is permissible.

x|[x

XX XXX [X|X x| >

x
x
x
x
x
x
x
x
x

x

XX

x| X[

x|[x

XU XXX XX [>| <[>
XXX XXX X[ X >
XXX XXX X[ X >
XXX XX XXX | X [ X

XXX XXX XXX XXX X

DX XXX XXX XXX XXX X X[ X [ >
DX XX DX XXX X X X[ X [ X[ X | >
DX XXX XX XXX > [ > [ X[ > [ >

XXX XXX XY X X X XXX XXX XX XX X | X | X[ X[ X x
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Schedule of events for subcutaneous biologic DMARDs (etanercept, adalimumab, certolizumab pegol, abatacept, golimumab)

Week 0 Wk 4
Sy U (-<4 weeks) U Safety visit*
Study Phase Screening Baselil
A 1t / Procedure
Study Treatment — s/c biological DMARD X'
Informed Consent & Registration
Inclusion/exclusion
Randomisation X
Demographic data

Medical & recent surgical history

Pregnancy test (urine)

Chest X-ray” & 12-lead ECG

TB and Hepatitis B&C Screening

Urinalysis

Immunoglobulins

Serological test (RF, ACPA, ANA and anti-dsDNA)
Haematology test (FBC); Blood chemistry (U&E,
LFT): CRP and ESR

Glucose & Lipid profile

Unplanned surgery details

Concomitant medication

Physical examination & Vital signs

28 Joint count (tender & swollen)

Assessment of General Health VAS

Global Assessment of Arthritis VAS X
Global Assessment of Pain VAS
Physician global VAS X
Morning stiffness (minutes) X
HAQ-DI

RAQoL

HADS

EQ-5D

Health Utilities Index

Health, Social Care Use & Expenditure
Inpatient/Outpatient Hospital Form
Dorsal-Posterior X-ray hands & feet®
Bone densitometry scan’

Optional Biobank Samples X' X X
Adverse events Monitor during trial treatment

12* 24* 36* 48* 60* 72* 84* 96*
Interventional Observational

Wk‘Wk|Wk|Wk Wk|Wk|Wk|Wk

XX

XXX XXX XXX

x
x
x

x

XXX

Pt Pat Bt Bad Pad P P P P
XXX XXX | X | <
Pat et Pt Bad P P P P4 P
Pt Pt Bt Bad P d Paq P Paq P

PadPad P P P P P P P P P P P

XXX XXX XXX XXX XXX >
XXX XXX XXX XXX XXX X| X
XXX XXX XXX XXX XXX >

XXX XXX XX XXX XXX XXX XX [X[ XX

XXX
x

* If a time delay between randomisation and first dose of protocol treatment occurs, this should be accounted for when arranging the clinical assessment visits during the interventional

(weeks 12, 24, 36 and 48) and the observational (weeks 60, 72, 84 and 96) phases of the study i.e. the week 12 visit should be scheduled 12 weeks after the participant’s first dose of

protocol treatment; if, for example, a participant’s first treatment is delayed by 4 weeks, then all subsequent clinical assessment visits will be scheduled from the date of randomisation

+4 weeks, e.g. their week 12 visit will be at week 16 (12 weeks + 4 weeks), to ensure all participants receive equal drug exposure despite treatment delays.

' The treatment schedule after week 0 must be as specified in the protocol.

? Assessment need only be repeated if they have not been performed in the 24 weeks prior to screening.

i Thqgm res are to be performed at sites with specialist facilities only. Assessments undertaken up to 6 months prior to baseline or 6 weeks after the baseline visit is permissible.
nly to be collected at week 2.
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