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General Introduction

General introduction

Inflammatory rheumatic diseases and their first-line therapy
Rheumatoid arthritis (RA), psoriatic arthritis (PsA) and axial spondyloarthritis
(axSpA), in this thesis summarized as inflammatory rheumatic diseases (IRD),
are auto-immune diseases characterized by inflammation of the joints.2 In RA and
PsA, the peripheral joints are the most affected, whereas inflammation of the axial
joints is the predominant feature of axSpA.23 Both PsA and axSpA belong to the
spectrum of spondyloarthritis (SpA), and differ in musculoskeletal and extraarticular
manifestations from RA. When insufficiently treated, all three diseases can lead to
pain, loss of functioning, and eventually to joint deformity and destruction.2

Theaim of pharmacological treatment of IRD is to achieve clinical low disease activity
(LDA) or preferably remission: a state in which no disease activity is present and joint
damage is prevented.45 It is common practice to define remission as a disease activity
state using validated cut off values of composite disease activity scores. For example,
in RA remission can be defined as a Disease Activity Score in 28 joints with C-reactive
protein (DAS28-CRP) < 2.4 and in PsA as a Psoriatic Arthritis Disease Activity Score
(PASDAS) <€ 1.9.57 In some patients, remission is not an attainable target because of
long-standing disease with joint damage, or specific comorbidities interfering with
a composite score, such as increased joint pain scores with fibromyalgia. In these
patients, LDA can be an acceptable alternative target, which is defined as a somewhat
higher disease activity score (for example DAS28-CRP < 2.9 or PASDAS < 3.2).47

For reaching the treatment target, the treat-to-target approach is advised, as with
this strategy the treatment target can be achieved more rapidly while also increasing
functional outcomes, compared to routine care.8 The treat-to-target approach
includes frequent measurements of disease activity (every 1-3 months in case of
active disease), the definition of the treatment target (LDA or remission), the use
of a valid disease activity measurement tool (such as DAS28-CRP or PASDAS),
and, most importantly, adjustment of the current therapy when the treatment
target is not yet reached.45 As soon as the treatment target is reached, follow-up
measurements can be performed up to every 6 months.4:5

Among the first-line therapy of IRDs, two important groups of drugs can be distinguished:
nonsteroidal anti-inflammatory drugs (NSAIDs) and conventional synthetic disease-
modifying antirheumatic drugs (csDMARDs). For both RA and PsA, csDMARDs are
advised as first-line therapy because of their disease-modifying effect, whereas
NSAIDs can be used as add-on therapy for symptom relief.9.20 The preferred first
csDMARD for both diseases is methotrexate (MTX), effective in reducing musculo-
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skeletal symptoms, and, in case of PsA, also skin symptoms.11.12 As first-line therapy
foraxial inflammation in axSpA, only NSAIDs have shown to be effective against axial
symptomsand radiographic progression,and are thus advised.13-25 However, in axSpA
patients with peripheral arthritis, the csDMARDs sulfasalazine and methotrexate
can be of additional value.14.15

Second-line therapy: biological and targeted synthetic DMARDs

With the arrival of the biological and targeted synthetic DMARDs (bDMARDs and
tsDMARDs, respectively) since 1999,16 the pharmacological treatment options for
IRD have vastly expanded. bDMARDs are proteins that are either made from,
or contain components of living organisms, such as a monoclonal antibody or a soluble
receptor. Because of their protein base, only parenteral administration is possible.
Contrary to the bDMARDs, tsDMARDs are of a chemical origin and can be administered
orally. Both types of drugs interact with a specific part of the immune system, for
example by binding to cytokines, inhibiting signal transduction, preventing activation
of immune cells, or inducing apoptosis. Both bDMARDs and tsDMARDs can be combined
with a csDMARD to increase effectiveness of antirheumatic treatment.22

The b/tsDMARDs investigated in this thesis can be divided further into subclasses
with different working mechanisms and indications, as shown in Table 1. Regarding
bDMARDs, tumour necrosis factor (TNF) inhibitors, drugs inhibiting the cytokine
TNF-alpha, are the most commonly used.1718 Examples of TNF-inhibitors include
adalimumab and etanercept, and apartfrom IRD, they are also used for the treatment
of inflammatory bowel diseases and psoriasis, among others.29 Apart from the TNF-
inhibitors, the bDMARDSs also include medication with other working mechanisms,
such as IL-6 inhibition, IL-12/23 inhibition, IL-17 inhibition, T-cell activation prevention,
and B-cell depletion.20:2* For tsDMARDSs, drugs inhibiting two pathways have been
developed: the Janus kinase pathway (JAK-inhibitors) and the phosphodiesterase-4
pathway (PDE-4 inhibitors).20.21

All aforementioned b/tsDMARDs are effective in reducing disease activity, slowing
down radiological progression and improving daily functioning and are therefore
used as second-line therapy for IRD after failure of one or multiple first-line therapy
drugs.152224 With the large number of therapies available, remission or LDA has
become an achievable goal for the majority of patients using a treat-to-target approach.
A cross-sectional study of PsA patients showed remission in approximately 65% of
patients25, and for RA, LDA or remission is achievable for 75 to 8o percent of patients.26
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Table 1. Biological and targeted synthetic DMARDs categorised by mode of action*

bDMARDs

TNF-alphainhibition adalimumab, certolizumab pegol, RA, PsA, axSpA
etanercept, golimumab, infliximab

IL-6 inhibition sarilumab, tocilizumab RA

IL-12/23 inhibition ustekinumab PsA

IL-17 inhibition ixekizumab, secukinumab PsA, axSpA

T-cell activation inhibition abatacept RA, PsA

B-cell depletion rituximab RA

tsDMARDs

JAK inhibition baricitinib, filgotinib, tofacitinib, RA, PsA, axSpA
upadacitinib

PDE4 inhibition apremilast PsA

*Only includes the b/tsDMARDs further discussed in this thesis.
TNF: tumour necrosis factor, IL: interleukin, JAK: janus kinase, PDE4: phosphodiesterase-4.

However, b/tsDMARD therapy comes with some disadvantages, either general or drug-
specific. General disadvantages of b/tsDMARDs are for example an increased infection
risk27, requirement of subcutaneous or intravenous administration (for bDMARDs),
and high costs (6-12 times more expensive than csDMARDs), whereas drug-specific
disadvantages include an injection site reactions for subcutaneous bDMARDSs, an
increased cardiovascular risk for JAK-inhibitors, and a reduced vaccination response
due to rituximab.2728 In this thesis, | will further focus on two of these disadvantages:
reduced vaccination response for rituximab and high costs of b/tsDMARD therapy.
| will further elaborate on these disadvantages and explain how these might be
reduced by further optimisation of treatment strategies with these drugs.

(Lower dosed) rituximab and vaccination response

Rituximab (RTX), belonging to the bDMARDs, is a chimeric monoclonal antibody drug
targeting CD20 positive B-cells. Originally, it was developed for the treatment of
non-Hodgkin’s lymphoma but thereafter, RTX has also been shown to be safe and
efficacious in the treatment of different auto-immune diseases, among which
RA.29:30 Some advantages of RTX compared to the other b/tsDMARDs could be its
long treatment interval (one infusion per six to nine months), the relative safety and
low costs, and high therapy adherence due to intravenous treatment.
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The CD20 antigen is present on almost all types of B-cells, from precursor B-cells until
B-cells differentiating into plasma cells, except for mature plasma cells3* Although
anti-CD20 therapy does not affect mature plasma cells, the production of new plasma
cells is reduced by depletion of the precursor cells3! During infections, plasma cells
are responsible for the humoral response, which includes the production of anti-
gen-specific antibodies. The production of these antibodies are not only induced
during infection but also after vaccination, and therefore, RTX might also have an
impairing effect over time on vaccination response. Indeed, a systematic literature
review on influenza and pneumococcus vaccines showed a non-significantly lower
humoral response after vaccination for people using RTX compared to people
using other DMARDs.32 Furthermore, additional studies investigated response
after vaccination against the Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2) during the Coronavirus disease-19 (COVID-19) pandemic. These studies
also found a significantly lower humoral response rate for RTX compared to other
DMARDs 3335 Lower dosing and a longer time between RTX infusion and vaccinations
are factors which may improve the humoral response after vaccination.

Regarding dosing, the authorised dosing schedule for RTX in the treatment of RA is
two infusions of 1000 mg two weeks apart (2x 1000 mg) every six months, slightly
lower than the dosing schedule for non-Hodgkin’s lymphoma. However, in one of the
RA registration trials, a dose of 2x 500 mg showed similar clinical efficacy to 2x 1000
mg 36 This was later confirmed by several RCTs and a systematic review, showing that
lower dosed RTX, 1x 1000 mg or 2x 500 mg every six months, indeed had similar
efficacy and reduced toxicity compared to the registered dose37 Consequently, the
European rheumatology society (EULAR) recommends using 1x 1000 mg RTX.9

The randomised controlled REDO-study investigated efficacy of ultra-low dose RTX,
1X 500 or 1x 200 mg, for continued treatment in patients with RA responding well
to low-dose RTX38 Although this study could not establish formal non-inferiority
between ultra-low dose and standard low-dose RTX, maintenance of response
on ultra-low doses was demonstrated for a majority of patients together with
significantly fewer infections38 Based on this outcome, it would be of interest to
investigate if ultra-low dose RTX also has a positive effect on the vaccination response,
leading to increased protection against the SARS-CoV-2 virus in this vulnerable group.
Also, the effect of RTX dose on the effectiveness of a booster vaccination would be
of interest, in case of insufficient response after the standard doses.

Regarding timing of vaccination after RTX therapy, the European guideline recommends
to vaccinate at least six months after and at least four weeks before the next
rituximab cycle.28 This recommendation can easily be implemented for elective
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vaccinations such as travel vaccinations, but is more difficult in case of more acute
vaccinations, forexample vaccinations during the SARS-CoV-2 pandemic, ora tetanus
vaccination because of potential exposure. However, the recommendation of timing
ismerely based on expert opinion and, therefore, additional evidence on the timing of
vaccination in RTX patients is required. Additionally, if humoral response is less
impaired after ultra-low dose RTX, the timing of vaccination may be less important
when using these doses.

Therefore, the aims of the first part of this thesis were:

- To investigate the effect of rituximab dosing and timing on humoral response against
COVID-19 after two vaccinations in patients treated with rituximab (chapter 2);

- To investigate the effect of rituximab dosing on persistence of humoral response
after two COVID-19 vaccinations (chapter 3);

- Toinvestigate the effect of rituximab dosing and timing on seroconversion after a
third COVID-19 vaccine dose in patients treated with rituximab (chapter 3).

Cost-effective use of b/tsDMARDs

Aspreviously explained, a good level of disease control can be achieved in the majority
of patients using the available b/tsDMARDs, and thus considerations other than
controlling disease activity become more relevant. An important consideration in
this context should be the costs of treatment. In the Netherlands, the overall health
care expenditures are expected to increase until 2060 with approximately 2.8 percent
peryear every years, according to the calculation of the Dutch National Institute for
Public Health and the Environment (RIVM)39 Hospital care receives the largest part of
the total health care budget (around 96 billion euros in 2060), partly due to increasing
costs of (new) therapies.

Roughly estimated, b/tsDMARDs are around six to twelve times more expensive per
year (2000 to 12000 euros per patient per year (pppy)) in the Netherlands than
csDMARD therapy (200 to 1000 euros pppy).4° Thisis partly due tothe more expensive
production process (for bDMARDs) but mainly to the current market structure. As b/
tsDMARDs are relatively new on the market, a significant number of the drugs
mentioned in table 1 are still patented. The patented drugs without alternative drugsin
the same subclass (e.g. abatacept, ustekinumab) are in the first market structure
phase, also known as the monopoly phase, in contrast to the patented drugs with
subclass alternatives (e.g. JAK-inhibitors, IL-6 inhibitors), belonging to the oligopoly
phase (figure 1).4* The TNF-inhibitors are in the third market structure phase, the
competitive phase, in which there are a small number of similar drugs available.41
For bDMARDs, these similar drugs are called ‘biosimilars’, defined as highly similar to
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another biological medicine (the ‘originator’) already marketed in the EU.42 A progress
in market structure phase leads to cost reduction due to competition, with current
b/tsDMARDs in phase 1 priced around 12000 euros pppy in contrast to 2000-3000 euros
forthosein phase 3.

No therapeutic Therapeutic equivalent Generic/biosimilar Various generics
alternatives available. alternatives available. versions available. long-term available.

Figure 1. Phases of market structure (based on: Van der Erfet al#1)

Clinicians can reduce costs by prescribing b/tsDMARDs efficiently and effectively.
Therefore, strategies that reduce health care costs without affecting clinical effectiveness,
also known as cost-effective strategies, are needed. Cost-effectiveness is defined as
the estimated costs of a specific treatment in relation to its expected benefits, which
can also be expressed as the effectiveness of therapy divided by the costs (figure 2).43
Using this expression, cost-effectiveness can be increased in multiple ways, either by
reducing costs, increasing effectiveness, or both.

Effectiveness
Costs

Cost-effectiveness =

Figure 2. Cost-effectiveness

So far, various strategies for more cost-effective use of b/tsDMARDs have been
investigated, among which dose reduction and biosimilar use. For biosimilars
specifically, there are consensus-based recommendations for use in clinical practice
available.44 However, an overview of all available and potential strategies on
cost-effective use of b/tsDMARDs has not yet been composed. Moreover, evidence
and consensus-based recommendations on all strategies, such as those available for
biosimilars, are needed to guide cost-effective use of b/tsDMARDs in clinical
rheumatology care.

Apreviously explored strategy is disease activity-guided dose optimisation, in which
the dose of a b/tsDMARD is stepwise reduced in patients with LDA or remission, by
either reducing the dose or increasing the interval between doses. This strategy
requires tight monitoring of the disease activity, so that the dose of b/tsDMARD can
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be increased when needed. Disease activity-guided dose optimisation has shown to
be non-inferior on disease activity and cost-effective compared to continuation of
b/tsDMARDs, 4547 for example in the randomized controlled DRESS-study with an
extension study up to 3 years.48.49 However, results on the effectiveness and safety
longer than three years are not yet available. Those results could for example give
insight in the long-term disease activity and drug dose, the relevance of a subsequent
dose optimisation attempt, and the effect of dose optimisation on radiographic joint
progression.

An promising strategy is increasing drug exposure of the b/tsDMARD by interference
with the pharmacokinetics of the drug. Examples are enhancement of drug absorption,
inhibition of drug excretion, or inhibition of drug metabolism, the latter also named
pharmacokinetic boostings° Pharmacokinetic boosting is already used in the
treatment of the human immunodeficiency virus (HIV), by inhibiting the cytochrome
P450 isoenzyme 3A (CYP3A).50.51 This enzyme is involved in the metabolism of several
antiretroviral drugs, and when these drugs are combined with a registered CYP3A-
inhibiting drug, such as cobicistat or ritonavir, the dose interval of these drugs can
be halveds505t Tofacitinib, one of the JAK-inhibitors, is also metabolized by the
CYP3A-enzyme, and therefore the strategy of pharmacokinetic boosting could
potentially be applied to tofacitinib treatment .52

Consequently, the aims of the second part of this thesis were:

- To provide an overview of strategies for cost-effective use of b/tsDMARDs and to
formulate evidence and consensus-based recommendations on this subject
(chapter g);

- To investigate efficacy and safety of disease activity-guided dose optimisation of
TNF-inhibitors in rheumatoid arthritis up to 10 years (chapter 5);

- To investigate the bioequivalence of pharmacokinetic boosting of tofacitinib with
cobicistat (chapter6).
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Aim and outline of this thesis
In summary, this thesis consists of the following chapters:

- Aprospective cohort study assessing the effect of dosage and timing of (ultra-)low
dose rituximab on humoral response against COVID-19 after 2 vaccinations in RA
patients (chapter 2);

- Afollow-up study of the previously mentioned cohort investigating the efficacy of
a third COVID-19 vaccine including the associations of RTX dosage and timing, and
the persistence of humoral response against COVID-19 (chapter 3).

« A scoping review and Delphi study for development of consensus-based points-
to-consider on strategies for cost-effective use of b/tsDMARDs in RA, PsA, and
axSpA (chapter 4);

- Anobservational follow-up of the DRESS-study investigating 10-year effectiveness
of disease activity-guided dose optimisation of b/tsDMARDs in RA (chapter 5);

-+ A pharmacokinetic crossover study assessing bioequivalence of tofacitinib with
cobicistat once daily to tofacitinib twice daily (chapter 6).

- Ageneral discussion of the abovementioned chapters (chapter 7);

- Asummary of the thesis (chapter 8).
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Abstract

Objectives

Humoral response to vaccines in rheumatoid arthritis (RA) patients treated with
rituximab (RTX) in standard dosages (21000mg) is decreased. Ultra-low dosages
(500 or 200mg) may have better response. Also, timing after latest RTX infusion
may be an important variable. We aimed to investigate the influence of RTX dosage
and timing on response to COVID-19 vaccination in RA patients.

Methods

A single-centre observational study (n=196) investigated the humoral response,
measured by total Ig anti-COVID-19 assay (positive response 21.1), 2-6 weeks
after complete COVID-19 vaccination. A multivariable logistic regression model
was built to study the effect of RTX dosage and time between latest rituximab and
vaccination on response, adjusting for age and methotrexate use.

Results

After two-dose vaccination, the response rate was significantly better for patients
receiving 200 mg (n=31, 45%) rituximab compared with 1000 mg (n=98, 26%; OR
3.07,95% Cl 1.14 to 8.27) and for each additional month between latest rituximab
and vaccination (OR 1.67, 1.39 to 2.01).

Conclusion

Both increased time between latest rituximab infusion and complete vaccination,
and 200 mg as latest dose were associated with a better response to COVID-19
vaccination and should be considered when trying to increase vaccine response
afterrituximab in RA patients.
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Introduction

Since the beginning of 2020, the SARS CoV-2 virus rapidly spread around the world,
causing widespread coronavirus disease-19 (COVID-19) infections. Although the risk
of severe SARS-CoV-2 is not increased for patients with rheumatoid arthritis (RA) in
general,® RA patients treated with rituximab (RTX) do have an increased risk.2
Treatment with rituximab also impairs humoral response to both COVID-193-¢ and
non-COVID-19 vaccines.” Thus, for optimal prevention of COVID-19 in this patient
group, increasing vaccine response is of utmost importance.

Two factors could conceptually influence vaccine response in patients treated with
RTX: RTX dose and vaccination timing. The effect of RTX on severity of infection and
vaccination response has been shown for standard doses only (1000-2000 mg per
cycle). However, data from a randomised controlled study shows that ultra-low dose
rituximab, 500 or 200 mg per cycle, has similar efficacy, and halves infection risk.8
Therefore, it would be of interest to investigate humoral response to COVID-19
vaccines after these ultra-low doses.

Recent studies on COVID-19 vaccination with small RTX populations suggest an
association between longer time since latest RTX infusion at first vaccination and
better humoral response3-4.9 Again, these studies only described patients receiving
full dose RTX, indicating the importance of data on ultra-low dosed rituximab.

The Dutch nationwide COVID-19 vaccination effort started in the spring of 2021. This
provided us the opportunity to study the effects of RTX dose and relative timing of
vaccination on humoral response to COVID-19 vaccination in our large cohort of RA
patients using regularand ultra-low dose RTX.

Patients and methods

Patients

AllRApatientsaged 2 16 yearsofthe Sint Maartenskliniek (Nijmegen, the Netherlands)
were invited to participate in the cohort, if i) they received at least one dose of
rituximab (200 mg, 500 mg, or 1000 mg) in the year prior to their first dose of COVID-19
vaccination and ii) COVID-19 vaccination was performed according to the registered
dose and interval. The RTX dose was based on the treating physician’s discretion.

At the time of the study, the Dutch national vaccine programme included four
vaccines against COVID-19, of which three were two-dose regimens: BNT162b2
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(Comirnaty; Pfizer-BioNtech), ChAdOx1 nCoV-19 (Vaxzevria; AstraZeneca) and CX-024414
(Spikevax; Moderna), and one single-dose: Ad.26.COV2.S (COVID-19 vaccine Janssen).10
If a COVID-19 infection had occurred in the six months prior to first vaccination, the
Dutch government also approved one dose of a two-dose vaccine as fully vaccinated.2!

This study has been approved by the ethics committee (CMO Arnhem-Nijmegen,
2021-7406) and the competent authority (CCMO, NL76709.091.21). The study protocol
was registered in the Netherlands Trial Register (NL9342) before start. All participants
provided written informed consent.

Study design

Relevant demographics and RA disease characteristics were obtained at study
inclusion (Supplementary Text 1). Also, we recorded relevant treatment character-
istics including concomitant csDMARD use, prednisolone use, current b/tsDMARD,
cumulative RTX dose, and dosage and date of the latest RTX administration. Details
on a previous COVID-19 infection (including date of positive test) and COVID-19
vaccination (type and dates) were provided by the participant. For humoral response
assessment, blood samples were drawn two to six weeks after the second COVID-19
vaccination 322 Total immunoglobulin levels (IgT, including IgA, IgG and IgM) against
COVID-19 were measured in serum using a CE marked diagnostic ELISA assay (Wantai
SARS-CoV-2 Ab assay®, Beijing Wantai Biological BV, Beijing, China).13 Test results
were reported by the laboratory as negative (index number <1), borderline (0.9-1.1) or
positive (2 1.1), in accordance with the cut-off points by the manufacturer.13.14

Statistical analysis

Descriptive statistics were appropriately used to assess group characteristics.
Fisher’s Exact Test was used to univariately assess difference between the three
dosage groups, and univariable logistic regression between a previous COVID-19
infection and IgG-levels, and humoral response. Variables were used in the multi-
variate model with highest associations in the univariate analysis or with prognostic
value according to previous literature (Supplementary Table 1). We used a rule of
thumb of 10 events per variable included in the multivariable model. A multivariable
logistic regression model was built using humoral response 2-6 weeks after last
vaccination as dependent variable, dose of latest RTX and time between latest
RTX and first vaccination as central determinants and corrected for age, csDMARD
use and prednisolone use. A cut-off point of 2 1.1 of the IgT index number was used
to dichotomise the outcome. All data were entered in an electronic data capture
database (Castor EDC, Amsterdam, Netherlands) and subsequently exported to StatalC
(version 13, StataCorp LLC, TX, USA) for statistical analyses.
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Results

Patients

Between April 7 and July 15, 2021, 376 patients were asked to participate. 259 (69%)
provided written informed consent. Post vaccination serology was taken in 196 (52%)
patients. Of these 196 participants, 31 (16%) received 200 mg rituximab as latest dose,
67 (34%) 500 mg and 98 (50%) 1000 mg, including one participant with 2x 1000 mg.

Baseline characteristics

Baseline demographic and clinical data were similarin the three groups (200 mg, 500
mg and 1000 mg) (Table 1). The median time between latest RTX and first vaccination
was 128 days (IQR 90-165). Most patients received the BNT162b2 vaccine (n=153,78%),

Table 1. Baseline characteristics

1000mg#
Age (years)¥ 68111 66+11 68+12 64111
Female sex 138(70) 16(52) 55(82) 67(68)
Disease duration (years)t 15(8-23) | 17(9-25) | 16(8-23) | 13(5-21)
RF and/or ACPA positive 165(84) | 29(94) 58(87) 78 (80)
Concomitant csDMARD use 112(57) 18(58) 35(52) 59 (60)
Methotrexate 65 (33) 10(32) 21(31) 34 (35)
Hydroxychloroguine 20(10) 4(13) 5(7) 11(11)
Sulfasalazine 10(5) 1(3) 3(4) 6 (6)
Azathioprine 7(4) 2(6) 3(4) 2(2)
Leflunomide 6(3) 1(3) 1(1) 4(4)
Multiple 4(2) 0(0) 2(3) 2(2)
Concomitant prednisolone use 36(18) 2(6) 7 (10) 27(28)
Duration of rituximab use (years) 47+34 62+32 |47+29 |43%37
Days between rituximab & 1stvaccinet | 128 126 131 128
(90-165) | (86-161) | (86-171) |(93-162)
Vaccine type
BNT162b2 (BioNTech/Pfizer) 153(78) | 26(84) 56 (84) 71(72)
ChAdOx1 nCoV-19 (AstraZeneca) 30(16) 5(16) 7(10) 18(18)
CX-024414 (Moderna) 13 (6) 0(0) 4(6) 9(9)
Prior documented COVID infection 20(10) 2 (6) 8(12) 10(10)

Either displayed as number (percentage), median (interquartile range)t or mean * standard deviation®.

# Includes 1 patient treated with 2x 1000mg.
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followed by the ChAdOx1 nCoV-19 (n=30, 16%) and CX-024414 (n=13,6%). No patients
in the 200 mg group received the CX-024414 vaccine. A total of 20 (10%) reported a
previous COVID-19 infection, of which five patients (25%) only received one vaccine
dose.

Factors associated with vaccination response

Fifty-five patients (28%) had a vaccination response positive antibody test (1gT21.1).
In the univariate analysis, lower dosage and later timing were associated with
vaccination response (p<0.05) (Supplementary Table 1). Compared to the 1000 mg
group, a positive vaccination response was significantly more frequent in the 200 mg
group (26% versus 45% (p=0.045)) but not for 500 mg (26% versus 24%, p=0.856).
Response rate was 29% (45/153) for the BNT162b2 vaccine, 20% (6/30) for the ChAdOx1
nCoV-19 vaccine and 31% (4/13) for the CX-024414 vaccine. A previous COVID-19
infection had a nonsignificant higher chance of a positive vaccination response
(9/20, 45% versus 46/175, 26%, p=0.11). In the participants with a previous COVID-19
infection, response rate was 46% (7/15) for participants who received two-dose
vaccination, and 40% for one-dose (2/5).

The multivariable model including time between latest rituximab infusion and first
vaccination, age, concomitant csDMARD use, and prednisolone use confirmed the
association between vaccination response and low dose RTX (200 mg group versus
1000 Mg (OR 3.07 [95% Cl 1.55 to 8.27, p=0.03]). The time between most recent infusion
and first vaccination was positively associated with higher chance of vaccination
response in the multivariable model (per month OR 1.67 [95% Cl 1.39 t0 2.01, p<0.0001],
see figure 1).
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Figure 1. Cumulative humoral response on COVID-19 vaccination per dosage group, corrected
forrelevant confounders.

Discussion

This study is the first to show that 200 mg RTX in RA patients is associated with a
significantly better humoral response to COVID-19 vaccines than higher dosages (500
mg and 1000 mg) of RTX. Also, timing the vaccination longer after the RTX infusion
yields significantly better vaccination response, confirming data in the literature3.4.9

Although this study is the largest cohort investigating humoral response to COVID-19
vaccines in RA patients using (ultra-low dose) RTX, this study has some limitations.
First, a relatively small number of patients received 200 mg. Nonetheless, statistically
significant factors were identified. Another limitation may be the lack of a comparison
group of RA patients with other DMARDs. However, COVID-19 vaccination response in
patients with other DMARDs and has been extensively investigated in other studies
and the focus of the study was different RTX dosages, not co-DMARDs3:5 Last,
because of study feasibility, only one surrogate vaccination response outcome was
investigated, namely humoral response, and not T-cell response nor clinical vaccine
efficacy. A clear cut-off in amount of protective antibodies measured by commercial
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assays is yet unclear, however the assay used in this study has been clinically
validated.3.35 Besides, T-cell response is associated with humoral response® Therefore,
we think that the differences in vaccination response could indeed translate to
differences in clinical vaccine efficacy.

Based on our findings, two recommendations can be formulated. First, COVID-19
vaccination should be timed as late as possible after the latest rituximab infusion,
preferably more than one rituximab cycle (6 months). Second, RTX should be dosed
as low as possible, preferably 200 mg. The safety and feasibility of this dosage is
supported by high quality evidence.816

Some important questions remain, including the effects of a third booster vaccination
in patients who did not show response to the first vaccination, and the optimal timing
for RTX retreatment after the vaccination. Also, it would be important to see whether
these differences between dose and timing on vaccination response can be extra-
polated to COVID-19 infection risk and infection outcome. Last, it would be of interest
to investigate how long vaccination response lasts.

In conclusion, COVID-19 vaccination response can be improved in RTX treated RA
patients by adjusting the dose and time between rituximab treatment and vaccination.



Dosage and timing of rituximab affecting humoral response of COVID-19 vaccines

References

10.

11.

12.

13.

14.

15.

16.

Wang Q, LiuJ, Shao R, et al. Risk and clinical outcomes of COVID-19 in patients with rheumatic diseases
compared with the general population: a systematic review and meta-analysis. Rheumatol Int.
2021;41(5):851-61.

Avouac ], Drumez E,Hachulla E, et al. COVID-19 outcomes in patients with inflammatory rheumatic and
musculoskeletal diseases treated with rituximab: a cohort study. Lancet Rheumatol. 2021;3(6):e419-e26.
FurerV, Eviatar T, Zisman D, et al. Immunogenicity and safety of the BNT162b2 mRNA COVID-19 vaccine
in adult patients with autoimmune inflammatory rheumatic diseases and in the general population:
a multicentre study. Ann Rheum Dis. 2021;80(10):1330-8.

Spiera R, Jinich S, Jannat-Khah D. Rituximab, but not other antirheumatic therapies, is associated with
impaired serological response to SARS- CoV-2 vaccination in patients with rheumatic diseases. Ann
Rheum Dis. 2021;80(10):1357-9.

Boekel L, Steenhuis M, Hooijberg F, et al. Antibody development after COVID-19 vaccination in patients
with autoimmunediseasesin the Netherlands: a substudy of data from two prospective cohort studies.
Lancet Rheumatol. 2021.

Benucci M, Damiani A, Infantino M, et al. Correspondence on “SARS-CoV-2 vaccination in rituximab-
treated patients: evidence for impaired humoral but inducible cellular immune response”by Bonelli
etal.Ann Rheum Dis. 2021;80(10):€166.

Hua C, Barnetche T, Combe B, et al. Effect of methotrexate, anti-tumor necrosis factor a, and rituximab
on the immune response to influenza and pneumococcal vaccines in patients with rheumatoid
arthritis: a systematic review and meta-analysis. Arthritis Care Res (Hoboken). 2014;66(7):1016-26.
Verhoef LM, den Broeder N, Thurlings RM, et al. Ultra-low doses of rituximab for continued treatment
of rheumatoid arthritis (REDO study): a randomised controlled non-inferiority trial.. Lancet Rheumatol.
2019;1:145-53.

Moor MB, Suter-Riniker F, Horn MP, et al. Humoral and cellular responses to mRNA vaccines against
SARS-CoV-2 in patients with a history of CD20 B-cell-depleting therapy (RituxiVac): an investigator-
initiated, single-centre, open-label study. Lancet Rheumatol. 2021.

RIVM (Dutch National Institute for Public Health and the Environment). The COVID-19 vaccines. Access
date: 07-10-2021. Available from: https://www.rivm.nl/en/covid-19-vaccination/covid-19-vaccines.
Government of the Netherlands. Using proof of vaccination to generate a COVID Certificate. Access
date: 07-10-2021. Available from: https://www.government.nl/topics/coronavirus-covid-19/covid-
certificate/proof-of-vaccination.

Walsh EE, Frenck RW, Jr, Falsey AR, et al. Safety and Immunogenicity of Two RNA-Based Covid-19
Vaccine Candidates. N Engl ) Med. 2020;383(25):2439-50.

Beijing Wantai Biological Pharmacy Enterprise Co. L. WANTAI SARS-CoV-2 Ab ELISA. Access date:
07-10-2021. Available from: https://www.fda.gov/media/140929/download.

Trabaud MA, Icard V, Milon MP, et al. Comparison of eight commercial, high-throughput, automated or
ELISA assays detecting SARS-CoV-2 IgG or total antibody. ] Clin Virol. 2020;132:104613.

GeurtsvanKessel CH, Okba NMA, Igloi Z, et al. An evaluation of COVID-19 serological assays informs
future diagnostics and exposure assessment. Nat Commun. 2020;11(1):3436.

den Broeder N, VerhoefLM, De Man Y, etal. Long-term Effectiveness of Ultra-Low Doses of Rituximabin
Rheumatoid Arthritis [abstract]. Arthritis Rheumatol. 2021;73.

29




30

Supplementary data

Supplementary text 1. Relevant demographics and disease characteristics obtained
Relevant demographics obtained for this study: gender, age, tobacco use (current/
past/never), alcohol use (current/past/never), previous COVID-infection including
date and severity (no symptoms/mild symptoms/fever/hospitalization/ICU admission),
and relevant comorbidities (multiple possible): hypertension/diabetes/obesity/ischemic
heart disease/asthma or COPD/CVID (common variable immunodeficiency disorder)/
haematologic malignancy/other).

Relevant RA disease characteristics obtained for this study: year of RA diagnosis,
rheumatoid factor positivity, ACPA (anti-citrullinated protein antibodies) positivity,
presence of erosions, extra-articular manifestation of RA, immunoglobulin levels
including date and IgA/IgG/IgM subtypes (if previously measured), and last DAS28
before first vaccine including its relevant variables (any available): swollen joint
count, tender joint count, VAS global disease activity by patient, ESR, CRP.
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Supplementary table 1. univariate logistic regression of included variables
with response (IgT 2-6 weeks after last vaccination 2 1.1) as dependent variable,
sorted by P-value.

Variable P-value (0] 95% ClI

Days between latest RTX and 1stvacc <0.0001 1.02 1.01-1.02
Current use of RTX 0.004 0.27 0.11-0.66
IgG-levels [n=149] 0.008 1.24 1.06-1.46
Latest RTX dose of 200mg (vs 21000mg) 0.041 2.40 1.04-5.57
Second latest RTX dose of 200mg 0.059 2.39 0.97-5.87
Previous COVID infection 0.084 2.29 0.89-5.89
Last DAS28 before 1stvaccine 0.111 0.77 0.56-1.06
ACPA positivity 0.117 1.90 0.85-4.26
IgA-levels [n=149] 0.149 1.19 0.94-1.50
Concomitant csDMARD use 0.156 0.64 0.34-1.19
Current smoking 0.193 0.47 0.15-1.46
Concomitantoral prednisolone use 0.207 0.56 0.23-1.37
AstraZeneca vaccine (vs Pfizer) 0.297 0.6 0.23-1.57
Extra-articular manifestation of RA 0.386 0.56 0.15-2.06
Years of RTX use 0.398 1.04 0.95-1.14
Age 0.418 0.99 0.96-1.02
Concomitant MTX use 0.450 0.77 0.39-1.52
RF and/or ACPA positivity 0.461 1.41 0.57-3.48
Presence of relevant comorbidity 0.523 0.81 0.43-1.54
Gender 0.548 1.23 0.63-2.40
Currentalcohol use 0.577 1.20 0.63-2.27
Cumulative RTX dose 0.582 1.00 1.00-1.00
RF positivity 0.608 1.22 0.57-2.63
IgM-levels [n=149] 0.625 1.26 0.50-3.14
Years since RA diagnosis 0.784 1.00 0.97-1.03
Latest RTX dose of 500mg (vs 1000mg) 0.812 0.92 0.44-1.89
Presence of erosions 0.850 0.96 0.61-1.51
Moderna vaccine (vs Pfizer) 0.918 1.07 0.31-3.64
Second latest RTX dose of 500mg 0.922 1.04 0.48-2.23
Days between last vaccination and IgT 0.945 1.00 0.96-1.04







Seroconversion after

a third COVID-19 vaccine is
affected by rituximab dose but
persistence is not in patients

with rheumatoid arthritis

Céleste J.T.van deriTogt

David F. Ten Cate

Bart J.F. van den Bemt

Janette Rahamat-Langendoen
Nathan den Broeder

Alfons A. den Broeder

Published in Rheumatology (Oxford), April 2023




Abstract

Objectives

In patients with rheumatoid arthritis (RA) treated with (ultra-)low dose rituximab
(RTX), we investigated the association of dosing and timing of RTX on sero-
conversion after third COVID-19 vaccination, and the persistence of humoral
response after a two-dose vaccination.

Methods

In this monocentre observational study, patients from the COVAC cohort were
included in the third vaccine analysis if humoral response was obtained 2-6 weeks
after third vaccination in previous non-responders, and in the persistence analysis
if a follow-up humoral response was obtained before third vaccination in previous
responders. Dichotomization between ‘positive’ and ‘negative’ response was based
on the assay cut-off. The association between latest the RTX dose before first
vaccination, timing between latest RTX and vaccination, and response was analysed
with univariable logistic regression.

Results

Of the 196 patients in the cohort, 98 were included in the third vaccine analysis
and 23 in the persistence analysis. Third vaccination response was 19/98 (19%) and
higher for 200 mg RTX users (5/13, 38%) than 500 and 1000 mg (7/37, 19% and 7/48,
15%, respectively). Non-significant trends were seen for higher response with lower
dosing (200 versus 1000 mg: OR 3.66, 95% Cl 0.93-14.0) and later timing (per month
since infusion: OR 1.16, 0.97-1.35). Humoral response persisted in 96% (22/23) and
in 89% (8/9) of patients who received RTX between the two measurements.

Conclusion

Repeated vaccination as late as possible after the lowest RTX dose possible seems
the best vaccination strategy. A once positive humoral response after COVID-19
vaccination persists irrespective of intercurrent rituximab infusion.
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Introduction

The coronavirus disease-19 (COVID-19) pandemic has led to large numbers of COV-
ID-19-related hospitalizations and death. Several vaccines against COVID-19 are
available, which have shown to induce humoral and cellular response and to reduce
the risk and severity of COVID-19. Rheumatoid arthritis (RA) patients treated with
rituximab (RTX) have both an increased risk of COVID-19 hospitalization® and a
reduced humoral response after two-dose vaccination,2 when compared to other
disease modifying antirheumatic drugs (DMARDs). Therefore, to optimise management
of COVID-19 risk in these patients, it is important to identify strategies for increasing
response in this population.

Previously we demonstrated that both use of an ultra-low dose of 200 mg RTX and a
longer time between latest RTX and vaccination are associated with positive humoral
response after two-dose vaccination, with the effect of timing also confirmed by a
recent meta-analysis3-4 Now that (at least) a third dose vaccination has been advised
for these patients, it is of interest whether these factors also positively influence
humoral response after follow-up COVID-19 vaccines. Previous studies found a
seroconversion in ~20% of patients, but mostly included patients treated with
registered dose RTX (21000 mg).57

Additionally, there is scarce data on humoral response persistence in RA patients
treated with rituximab. So far, persistence of humoral response after two-dose
vaccination was investigated in one study, which found a persistence rate of 88%
after 6 monthsin a population with a median dose of 1000 mg RTX.7

Therefore, we aimed to investigate the association of dosing and timing of RTX on
humoral response after three dose vaccination in previous non-responders, and the
persistence of an initial positive humoral response after two dosages of the COVID-19
vaccination in RA patients treated with (ultra-)low dose RTX.

Patients and methods

Study design and participants

This is a follow-up study of the RTX-COVAC cohort in which we demonstrated that
the humoral response after two-dose COVID-19 vaccination in rheumatoid arthritis
patients treated with (ultra-) low dose rituximab is dependent on both dosage and
timing.4 In the current study, the first aim was to investigate the efficacy of a third
vaccine and the second to investigate persistence of response after two-dose
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COVID-19 vaccination. Patients were included in the first analysis if they had a
negative humoral response after two doses, had received a third COVID-19 vaccination
and had drawn a blood sample 2-6 weeks thereafter (‘third dose sample’). Patients
were included in the second analysis if they had a previous positive humoral response
and have drawn a blood sample > 6 weeks after second SARS-CoV-2 vaccination but
before the third vaccination (‘persistence sample’). All participants provided written
informed consent. This study was registered at the Netherlands Trial Registry
(www.trialregister.nl, NL9342). The follow-up study took place from june 2021 to
January 2022 in the Sint Maartenskliniek, Nijmegen, the Netherlands and was
approved by the local ethics committee (CMO Arnhem-Nijmegen, 2021-7406).

Procedures

All participants received their COVID-19 vaccinations through the Dutch national
vaccine programme. For the first two vaccinations, patients in the cohort either
received BNT162b2 (Comirnaty; Pfizer-BioNtech), ChAdOx1 nCoV-19 (Vaxzevria;
AstraZeneca), or mRNA-1273 (Spikevax; Moderna). For the third vaccination, only the
MRNA vaccines BNT162b2 and mRNA-1273 were approved for RTX patients in the
Netherlands.

Relevant demographics and RA disease characteristics were obtained at baseline.
Also, we recorded relevant treatment characteristics including concomitant
conventional synthetic DMARD (csDMARD) use, prednisolone use, current biological/
targeted synthetic DMARD (b/tsDMARD), cumulative RTX dose, and dosage and date
of the latest RTX administration. Details on a previous COVID-19 infection (including
date of positive test, and dichotomized between before or after second vaccination)
and COVID-19 vaccination dates were provided by the participant.

The ‘persistence samples’ were evaluated using the Wantai SARS-CoV-2 Ab assay
measuring ratio of total immunoglobulin (IgT) with a cut-off of positive (2 1.1).8 Most
samples of the ‘third dose sample’ were evaluated with the prementioned assay,
however, not all patients were able to visit our clinic during the established time
frame. Therefore, humoral response measured with routinely used and validated
assaysata local laboratory was also accepted, and results were categorised as either
‘positive’ or ‘negative’ based on assay specific cut-offs. Follow-up of patients ended
afterthe last blood sample was drawn for the study.

Outcomes

The main outcomes of the study were to assess the proportion of patients with a
seroconversion after third vaccination and the association with dosing and timing
of rituximab, and the proportion of patients with persistence of humoral response
after second vaccination.
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Statistical analysis

All eligible patients from the first study were included.4 Three dosage groups (200 mg,
500 mg, and 1000 mg) were defined based on the last received RTX dose before first
vaccination, similar to our first study. We used a dichotomous outcome to assess
seroconversion, based on the cut-off of > 1.1 of the IgT index number for the Wantai
assay, and for other assays we used the dichotomous outcome as provided by the
local laboratory.® Descriptive statistics were appropriately used to assess group
characteristics.

We used the ‘third dose sample’ (figure 1) for the efficacy after third vaccine analysis.
Fisher's Exact Test was used to test the differences between the vaccine types on
third vaccine efficacy. To assess the associations between dosing and timing on
humoral response in the ‘efficacy after third vaccine analysis’, we used univariable
logistic regression with humoral response 2-6 weeks after third vaccination as
dependent variable, and latest RTX dose before baseline and time between latest
RTXand first vaccination as central determinant.

The ‘persistence sample’ was used for the secondary analysis, investigating persistence o
f humoral response. All data were entered in an electronic data capture database
(Castor EDC, Amsterdam, Netherlands) and subsequently exported to StatalC
(version 13, StataCorp LLC, TX, USA) for statistical analyses.

Results

Patients

At total of 98 patients provided a ‘third dose sample’ for third vaccine analysis and 23
a ‘persistence sample’ for persistence analysis (Figure 1). The baseline characteristics
of the patientsincluded in this study are displayed in Supplementary Table 1.

Factors associated with seroconversion after a third vaccine dose

Third vaccinations took place between 5 October 2021 and 9 January 2022. RTX dose
at baseline did not differ between before and after the respective vaccinations in
89% of patients. The median time between second and third vaccination was 145
days (IQR 130-160). Samples for third vaccine efficacy were drawn in 98 patients 2-6
weeks after third vaccination and took place between 28 October 2021 and 9 February
2022. Of the 98 patients, 13 (13%) had received 200 mg as latest RTX dose before first
vaccination, 37 (38%) 500 mg, and 48 (49%) 1000 mg (Table 1).
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196 patientsincluded in 15t publication

75 performed no follow-
up samplesornotinthe
requested time period*

‘ 121 eligible for follow-up analyses ‘

l |

98 were included in the 23wereincluded in the
third vaccine efficacy analysis persistence analysis
(‘third dose sample’) (‘persistence sample’)
19 (19%) had a seroconversion 22 (96%) had a persistence of
after third vaccination humoral response

Figure 1. Study flow chart

*for third vaccine analysis: non-response after two vaccines and blood sample taken 2-6 weeks after third
vaccination. for persistence analysis: previous response after two vaccines and follow-up blood sample
taken after second COVID-19 vaccination but before third vaccination.

Nineteen patients (19%) reached a positive response after third vaccination, of which
two had a COVID-19 infection between second and third vaccination. Response rates
were numerically higher for patients who received AstraZeneca as the first two
COVID-19 vaccines (5/19, 26%) versus the Pfizer and Moderna vaccines (combined;
10/79,13%, p=0.16).

Between 200 mg and 1000 mg as latest rituximab dose for first vaccination, the
percentage of humoral response after third vaccination was higher for the 200 mg
group (5/13, 38%) versus the 1000 mg group (7/48, 15%) although not significantly
(OR 3.66, 95% Cl 0.93 to 14, p=0.06). Between 500 mg and 1000 mg, response rates
were similar: 19% (7/37) versus 15% (7/48), respectively (OR 1.37, 95% Cl 0.43 t0 4.3,
p=0.59). These values were similar when analysing with the latest RTX dose before
third vaccination.

The median time between third vaccination and the latest RTX treatment was 138
days (IQR 111-156) for responders and 119 days (IQR 91-147) for non-responders,
resulting in a non-significant association between humoral response and timing (OR
1.16,95% Cl 0.97 to 1.35 per month increased time, p=0.10).



Table 1. Third vaccine efficacy
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RTX dose* Positive response Negative response Total
(mg) n(%) n(%)
200 5(38%) 8(62%) 13
500 7 (19%) 30(81%) 37
1000 7 (15%) 41(85%) 48
Total 19 79 98

Displayed as number (percentage). *Latest RTX dose before first COVID-19 vaccination

Humoral response persistence

Samples for humoral response persistence were drawn between 30 June and 4
November 2021, with a median time after second vaccination of 83 days (IQR 66-122).
Detectable response persisted in 96% (22/23; Table 2). Nine patients with a previous
positive response had received a RTX dose between both samples, of which four a
dose 0of1000 Mg (44%), three 500 mg (33%),and two 200 mg (22%). Response persisted
in 8/9 patients who retrieved intercurrent rituximab (89%), except for one patient
who received 500 mg.

Table 2. Humoral response persistence

RTX dose* Positive response Negative response Total
(mg) n(%) n(%)
200 5(100%) 0(0%) 5
500 5(83%) 1(17%) 6
1000 12 (100%) 0(0%) 12
Total 22 1 23

Displayed as number (percentage). *Latest RTX dose before first COVID-19 vaccination

Discussion

Our main results illustrate that humoral response after third vaccination occursin a
relevant proportion of patients who did not respond to earlier vaccination. Also, with
a similar odds ratio as in our first study4 — although not significantly so due to a
smaller study population —humoral response was associated with 200 mg RTX and
longer time between RTX infusion and vaccination. Additionally, we have shown that
persistence of humoral response is very high even in context of intercurrent RTX
infusions.
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The association between 200 mg RTX and positive response after two-dose and
three-dose vaccination could be explained by faster B-cell repletion. Previous studies
showed that B-cell repopulation is associated with humoral response,39 and that
B-cell numbers are non-significantly higher at six months after a dose of 200 mg RTX
compared to 1000 mg.2° Unfortunately, B-cell counts were not performed in our
current study. We also found a non-significant higher response rate after third
vaccination for patients receiving AstraZeneca for the first two vaccinations in
comparison to Pfizer or Moderna. This may be explained by the beneficial effect of a
heterologous booster,2 as only mRNA vaccines were approved for third vaccination.

A limitation of this study is the smaller sample size compared to the first study,
possibly leading to reduced power. Also, T-cell measurements were not performed
which may lead to an underrepresentation of responders in our study, as T-cell
responses are present in the majority of RTX patients after two-dose vaccination.12
To extend this, the optimal outcome would of course be the COVID-19 occurrence, but
this would require a longer follow-up, more patients, and is dependent on COVID-19
incidence in the population. Of note, this study did not include patients with other
diseases in which RTX is used, therefore extrapolation of our recommendations to
treatment with RTX in general may be difficult.

Based on the results of our study, repeated vaccination as late as possible after the
lowest RTX dose possible seems the best vaccination strategy. Once seroconversion
is achieved, humoral response persists despite rituximab continuation.
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Supplementary data

Supplementary table 1. Baseline characteristics

Third vaccine
analysis (n=98)

Persistence
analysis (n=23)

Age (years)¥ 66f11 66+10
Female sex 69 (70) 15 (65)
Disease duration (years)t 17 (8-25) 19 (9-27)
RF and/or ACPA positive 78 (80) 20 (87)
MTX use 36 (37) 10 (43)
Concomitant prednisolone use 19 (19) 2(8)
Duration of rituximab use (years) 48131 42130
Latest RTX dose before first vaccination

200 mg 13(13) 5(22)
500 mg 37 (38) 6(26)
1000 mg 48 (49) 12(52)

Days between RTX and 1t vaccinef

119 (83-154)

175 (135-225)

Type of first 2 vaccinations

BioNTech/Pfizer 76 (78) 18 (78)
AstraZeneca 15 (15) 2(9)
Moderna 7() 3(13)

Eitherdisplayed as number (percentage), median (interquartile range)t or mean + standard deviation¥.
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Abstract

Objectives

To develop evidence-based points-to-consider for cost-effective use of biological
and targeted disease modifying antirheumatic drugs (b/tsDMARDs) in the treatment
of inflammatory rheumatic diseases, specifically rheumatoid arthritis, psoriatic
arthritis and axial spondyloarthritis.

Methods

Following EULAR procedures, an international task force was formed, consisting
of 13 experts in rheumatology, epidemiology, and pharmacology from seven
European countries. Twelve strategies for cost-effective use of b/tsDMARDs were
identified through individual and group discussion. For each strategy, PubMed
and Embase were systematically searched for relevant English-language
systematic reviews and, for 6 strategies, additionally for RCTs. Thirty systematic
reviews and twenty-one RCTs were included. Based on the evidence, a set of
overarching principles and points-to-consider was formulated by the task force
usinga Delphiprocedure. Level ofevidence (1a-5) and grade (A-D) were determined
for each point-to-consider. Individual voting on the level of agreement (LoA;
between o (completely disagree) and 10 (completely agree)) was performed
anonymously.

Results

The task force agreed on five overarching principles. For ten of twelve strategies,
the evidence was sufficient to formulate 21 point-to-consider, leading to 20 in
total, regarding response prediction, drug formulary use, biosimilars, loading doses,
low-dose initial therapy, concomitant csDMARD use, route of administration,
medicationadherence,disease activity guided dose optimisationand non-medical
drug switching. Ten points-to-consider (50%) were supported by level 1 or 2
evidence. The mean LoA (SD) varied between 7.9 (1.2) and 9.8 (0.4).

Conclusion

These points-to-consider can be used in rheumatology practices and complement
inflammatory rheumatic diseases treatment guidelines to incorporate cost-
effectiveness in b/tsDMARD treatment.
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Introduction

In the last two decades, pharmacological treatment options for inflammatory rheumatic
diseases (IRD), including specifically rheumatoid arthritis (RA), psoriatic arthritis
(PsA) and axial spondyloarthritis (axSpA), have vastly expanded. In particular, the
biological and targeted synthetic disease modifying antirheumatic drugs (-DMARDs
and tsDMARDs, respectively) have taken an important place in IRD treatment,
as they have shown to reduce disease activity, slow down radiological progression
and improve daily functioning.13

Although b/tsDMARD therapy is effective, it has disadvantages, such as adverse
events, the need for parenteral administration (for bDMARDs), and high costs.
Concerning the costs, b/tsDMARDs are substantially more expensive per year than
conventional synthetic DMARDs (csDMARDSs),4 are used by an increasing number of
patients, and in principle require chronic use. With the arrival of biosimilars, some
bDMARDs have become somewhat less expensive,5 but their impact on a pressured
healthcare budget remains.

When following the current disease specific recommendations, many patients can
reach good disease control. Therefore, the current challenge for clinicians is not only
controlling the disease, but also achieving this in the most cost-effective way,
to provide optimal rheumatology care from a societal perspective. This viewpoint
has been adopted in the EULAR RA recommendations as follows: “RA incurs high
individual, medical and societal costs, all of which should be considered in its
management by the treating rheumatologist”.6 However, specific recommendations
or points-to-consider on how to optimize cost-effectiveness have not been
formulated.

Cost-effectiveness, expressed as the effect on health divided by the costs of an
intervention, can be improved by either increasing effectiveness or reducing costs.”
So far, several strategies for improving cost-effectiveness of b/tsDMARDs have been
investigated, with dose reduction and biosimilar use being the most systematically
studied.89 Concerning the use of biosimilars, recommendations for clinical practice
have been formulated by Kay et al9 However, to facilitate that clinicians and
rheumatology practices choose the optimal strategy in their specific situation, a
systematic overview of all (possible and attempted) strategies to optimise cost-
effectiveness with points-to-consider for all strategies, including less-known options,
isneeded.
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Therefore, the aim of this project was to provide a systematic overview of evidence
regarding strategies aimed at improving cost effective use, and to develop international,
consensus based, interdisciplinary points-to-consider on cost-effective prescribing
of b/tsDMARDs in IRD from a societal perspective.

Methods

These consensus- and evidence-based points-to-consider were developed for individual
rheumatologists or groups of rheumatologists (e.g., in a hospital). They were designed
to be applicable across different health care systems. For development of the
points-to-consider, we used the EULAR standardized operating procedure for
recommendations© and the additional EULAR guidance on methodology.* Of note,
where the word ‘rheumatologist’ is used, the task force means any rheumatology
health care provider prescribing b/tsDMARDs, including amongst others rheumatology
trainees, and in some countries also nurse specialists and physician assistants.
For the definition of cost-effectiveness, we used an adapted version of the NICE-
definition: ““Guideline recommendations should be based on the estimated costs
of the interventions or services in relation to their expected health benefits (that is,
their ‘cost effectiveness’), rather than on the total cost or resource impact of
implementing them.””

Task force

In September 2020, an international interdisciplinary task force of 13 experts from
seven European countries was formed for this study, consisting of 7 rheumatologists
(DA, RA, KC, JBG, JDI, DM and PV), 1 pharmacist (AV), 1 epidemiologist-health technology
assessment expert (PMJW), 1 research fellow (CJTvdT), 1 epidemiologist (LMV),
1 pharmacist-clinical pharmacologist (BJFvdB), and 1 rheumatologist-epidemiologist
(AAdB). The steering committee, consisting of CJTvdT, BJFvdB, LMV, and AAdB,
performed the scoping review and hosted the task force meetings. All task force
members were involved in formulating the points-to-consider and voting for level
of agreement.

Phase I: Scope and strategies

In October and November 2020, one-to-one open interviews with all members of
the task force were performed by CJTvdT to identify all relevant strategies on
cost-effective use of b/tsDMARDs (Figure 1). Thereafter, in November 2020, an online
kick-off meeting took place to reach consensus on the included b/tsDMARDs (table 1),
the definition of a strategy for cost-effective use, the included strategies with their
definitions, and the protocol of the scoping review. A study was considered eligible if
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One-to-one interviews: conduct the list of strategies for cost-effective use

)
1%}
©
T
Kick-off meeting: group consensus on aim, strategies, and scoping review protocol
P
© Scoping review: systematically search for SLRs and RCTs per strategy
£
© . ! .. ) )
o Delphi rounds: formulate overarching principles and points-to-consider
1=
o

Figure 1. Study phases

SLR: systematic literature review, RCT: randomized controlled trial.

itincluded: patients with RA, PsA oraxSpA, (planning to be) treated with b/tsDMARDs
[Population], comparison of treatment with and without a strategy [Intervention/
Comparison], and any of the following outcomes: cost-effectiveness, costs, efficacy,
safety, or patient reported outcomes (PROMs) [Outcome]. Of note, formal cost-
effectiveness assessment was considered the primary outcome for our review.
However, when not available, a more informal approach for assessing costs and
resource use in relation to effectiveness outcomes was performed. Only systematic
literature reviews (SLRs) and randomized controlled trials (RCTs) were included,
to search for available high-quality evidence and to conserve feasibility. Moreover,
the panel agreed on two further limitations: 1) publications in English only, as this
was the only language understood by every participant in the project, and 2) studies
published in 2000 or thereafter, since we did not expect any relevant publications
beforehand.

Phase II: Existing evidence

PubMed and Embase were systematically searched for each strategy using a
two-step approach: an initial search for SLRs by filtering for systematic reviews in
both PubMed and Embase, and a second search for RCTs for the remaining research
gaps by adding the Cochrane high sensitivity RCT search string in both PubMed and
Embase.12 In addition, reference lists of included articles were screened for relevant
studies. In general, the search string consisted of three parts: [IRDs] AND [drugs]
AND [strategy]. The first part [IRDs] was identical for all strategies, and the second
part [drugs] for every strategy except for route of administration, of which this part
only focussed on drugs with multiple administration routes available (ABA, IFX, TCZ).
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The outcomes were not included in the search string, but checked for in the title/
abstract screening. Further information on the search strategies and searches is
included in the supplementary data.

Title/abstract screening was performed by two steering committee members separately.
Disagreements were discussed by the two reviewers until agreement was reached,
or, if persistent, were resolved by the vote of another steering committee member.
If more than five SLRs were accepted after title/abstract screening, full-texts of
recent SLRs (published in 2019 or thereafter) were screened first. Full-texts of older
reviews were only screened in case of research gaps. Full-text screening combined
with Risk of Bias (RoB) assessment was performed by the same reviewers as title/
abstract screening independently, using AMSTAR-2 for SLRs?3 and the Cochrane RoB
tool 2 for RCTs.24 The data extraction form was designed by LMV and CJTvdT. CJTvdT
performed the data-extraction.

Phase Ill: Consensus

The steering committee drafted a first version of the overarching principles and
points-to-consider, the latter including level of evidence (LoE) and grade of
recommendation (GR), based on the underlying evidence. Thereafter, a summary of
the evidence and the proposed points-to-consider were communicated to all task
force members prior to the meetings. In total, five online task force Delphi meetings
took place between June and December 2021. In the first meeting, the overarching
principles were discussed and accepted with ‘no objection’ during the meeting.
In the following meetings, we discussed content and phrasing of the definitive
points-to-consider. Also, LoE and GR were determined, in accordance with the EULAR
additional guidance.’ If consensus was reached on the formulation of the point-
to-consider in the group meeting, task force members were asked afterwards by
e-mail to vote on its level of agreement (LoA). LoA score ranged from o (completely
disagree) to 10 (completely agree), based on the 2014 EULAR SOP.10
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Results

Phase I: Scope and strategies

The task force formulated a definition for strategies of cost-effective b/tsDMARD use
(see Box 1). Of note, we assumed that the diagnosis of the patients should be
sufficiently certain.

Box 1. Definition for strategies of cost-effective b/tsDMARD use

“Strategies on the level of an individual patient or a hospital, concerning cost-effective
prescribing® or use of biological and targeted synthetic DMARDs in the treatment of
rheumatoid arthritis, psoriatic arthritis or axial spondyloarthritis.”

lincludes the indication, selection, dose, interval, route of administration and monitoring of the drug,
and any co-medication interfering pharmacokinetically or -dynamically.

The task force identified four distinct ways for a strategy to increase cost-effective-
ness (“benefits”): 1) a direct reduction of drug price per mg, 2) a lower drug quantity
needed (dose/interval), 3) lower direct additional non-medication costs (e.g.,day care
costs for infusion), and 4) improved efficacy or safety, or reduced patient burden.
Furthermore, the task force identified twelve strategies: 1) response prediction, 2)
drug formulary policy, 3) biosimilar/generic drug use, 4) avoid dose loading, 5) initial
lower dose, 6) optimizing pharmacokinetic exposure, 7) combination therapy, 8)
route of administration, 9) drug wastage, 10) medication adherence, 11) disease
activity guided dose optimisation (DAGDO), and 12) non-medical drug switching. An
overview of the strategies including their definition and potential benefits is
displayed in table 2.

Phase II: Existing evidence

The SLR searches, performed on 24-02-2021 and 1-11-2021 (initial lower dose),
identified 1104 publications. Ofthose, 57 were accepted aftertitle-abstract screening.
After full-text screening, 30 SLRs in total could be included. For five strategies, no
systematic reviews could be included. Except for the strategy biosimilar/generic drug
use, additional RCT searches were performed for the other 11 strategies between
22-03-2021 and 17-11-2021, identifying 4804 publications. Of those, 25 were accepted
after title-abstract screening and eventually 21 full-text publications were included
for six strategies. For four strategies no articles could be accepted, including: drug
formulary policy, optimizing pharmacokinetic exposure, reducing drug wastage and
non-medical drug switching (excluding biosimilar transitioning). The searches, output
flowcharts per strategy, and extracted data are included in the supplementary data.
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Phase Ill: Consensus

In the Delphi meetings, the task force agreed on five overarching principles and
twenty points-to-consider (see table 3), which are explained in the following
paragraphs. The overall mean LoA was 8.9 (range 7.9-9.7). Of the 240 votes received,
four times a 5 was voted (2%), five times a 6 (2%) and nine times a 7 (4%). All other
votes were 8. Except for the strategy ‘avoid dose loading’ all other strategies
required only one Delphi meeting to agree with the completeness of the search and
to reach consensus on the phrasing of the recommendation. Regarding the strategy
‘avoid dose loading’, the task force requested foran additional search in the ‘summary
of the product characteristics’ of the included drugs but no additional information
was found.

Overarching principles
A. Treatment choices must be based on shared decision making between

the patient and the rheumatologist.
RA, PsA and axSpA are diseases with a chronic course and require chronic treatment
in the vast majority of patients. Shared decision making can enhance medication
adherence, by adapting treatment to a patient’s personal life/preferences, leading to
increased satisfaction and control of treatment.

B. Treat-to-target is the cornerstone of b/tsDMARD based treatment in RA, PSA
and axSpA.

The treat-to-target (T2T) approach comprises tight monitoring of disease activity for

evaluation of treatment. This approach is recommended for RA, PsA and axSpA.1517

T2T should be the standard background strategy for b/tsDMARD treatment.

C. Cost-effectiveness considerations are an important aspect of treatment, and
rheumatologists should have a leading role regarding this.

Currently, there are many drugs available forinflammatory arthritis. As most of these
drugs are comparable in efficacy and safety, we believe that cost-effectiveness
should beanadditional selection criterium.Antirheumatic treatmenthasasignificant
impact on the rheumatology health care budget and as explained further in this
paper, multiple strategies for more cost-effective use are available. Moreover, we
believe that rheumatologists should have a leading role in this, because of their
knowledge, training, experience, and direct involvement in b/tsDMARD prescription
and the hospital’s drug formulary.
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Table 2. Definition of strategies and how cost-effectiveness can be optimised

Strategy Definition Benefit(s)*

Response prediction To use a predictor for optimizing any drug use 4
intervention, such as drug selection, drug dose
reduction ordrug discontinuation.

Drug formulary policy | To prescribe b/tsDMARDs in a preferential order 1
for the rheumatology practice, primarily based on
effectiveness and safety but in case of equality
also on cost-effectiveness.

Biosimilar/generic To (allow the) start of or transition to the best value | 1

drug use drug variant (biosimilar/generic or originator) of a
b/tsDMARD

Avoid dose loading To avoid the loading dose (initial higher dose than 2,4
maintenance dose) that is part of authorised dosing

Initial lower dose To use a lower dose than the authorised doseinthe | 2,4
maintenance phase

Optimizing To improve exposure to the b/tsDMARD by 2,4

pharmacokinetic influencing pharmacokinetic parameters

exposure

Combination therapy | To choose for either combined treatment of a 2,3,4
b/tsDMARD with a csDMARD or monotherapy of
a specific b/tsDMARD

Route of To start with or to transition to the most cost- 2,3,4

administration effective route of administration for bDMARDs of
which multiple routes are available.

Drug wastage To reduce wastage of the b/tsDMARD to reduce 2,3
total amount of drug needed.

Medication adherence | Toimprove the extent to which a person’s 3,4
medication intake corresponds with agreed
treatment decisions with the health care provider

Disease activity guided | Togradually reduce drug dosage or lengthen the 2,4

dose optimisation interval of the b/tsDMARD to the minimal effective
dose or discontinuation guided by the disease
activity

Non-medical drug To switch patients to another more cost-effective 1

switching

b/tsDMARD (within or between classes), excluding
biosimilars, to reduce drug costs.

*1.Adirectreduction of drug price per mg; 2. Alower needed drug quantity (dose/interval); 3. Lowerdirect

additional drug costs; 4. Improved efficacy or safety, or reduced patient burden.
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D. Reimbursement policies should cover cost-effective use of pharmacological
treatments, both on- and off-label, when it is evidence based and supported by
(inter)national guidelines.

Some of these recommendations require off-label use of b/tsDMARDs, for example a
reduced dose, a prolonged interval or removal of a loading dose. We acknowledge
that off-label use of medication is sometimes not included in reimbursement policies
or not financially beneficial for the hospital while this could have multiple advantages
regarding outcomes and/or costs at a societal level. We believe that every opportunity
for healthcare cost reduction (without significant impact on the quality of care) should
be taken advantage of for the preservation of affordable healthcare. We therefore
advocate that reimbursement policies, either from governments or healthcare insurance
companies, include off-label medication use in case of proven added value. We consider
these recommendations a first step towards removing barriers for providing cost-
effective care.

E. Bio-originators and approved biosimilars are considered similar, and thus all
recommendations apply equally to bio-originators and biosimilars.

As further explained in the supplementary text of the fourth recommendation (on

biosimilar/generic drug use), we consider bio-originators and approved biosimilars

clinically similar, in agreement with the ACR RA guideline.2” Therefore, all points-to-

consider apply equally to biosimilars.

Consensus recommendations
Response prediction
1. Therapeutic drug monitoring of b/tsDMARDs in patients with RA, PsAand axSpA is not
advised because of absence of evidence on efficacy and safety.
Therapeutic drug monitoring (TDM) is a clinical practice in which adjustments of
dose and/orinterval are made based on drug serum levels and/or antidrug antibodies
(ADAb).28 One can distinguish ‘proactive TDM’ in which drug levels and/or ADAb are
measured with the aim to proactively adjust treatment, regardless of the clinical
response, and ‘reactive TDM’ in which drug levels and/or ADAb are measured in case
ofloss of efficacy orside effects.28 Arecent systematic review on clinical effectiveness
of TDM of anti-TNF in RA found one clinical study on this subject but could not draw
conclusions because of serious risk of bias of this study.29 We found another RCT
(NORDRUM 1), which compared proactive TDM of induction of infliximab treatment
tostandard care and did not find a difference in clinical remission at week 30.2° Based
on the available evidence, the task force concluded that TDM can currently not be
advised because of absence of evidence on superiority.
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2. Using other predictors for either choosing or tapering a particular b/tsDMARD is not
advised because none have demonstrated superiority to standard care.

Other predictors could include either biomarkers, genetic markers or clinical markers.
Disease activity was not included as a clinical marker because T2T is already
incorporated in the overarching principles and disease activity-based tapering in the
DAGDO section. Four systematic reviews found no clinical test-treatment trials with
these markers.2124 ARCT on circulating TNF-alpha levels as a predictor forincreasing
infliximab dosage in RA found no differences in sustained remission.25> Therefore,
using other predictors for selecting or tapering a b/tsDMARD is not advised.

Drug formulary policy
3. Rheumatologists might consider to adopt and use a drug formulary for their practice,
primarily based on effectiveness and safety, and cost-effectiveness thereafter.

A drug formulary is a preferred order of b/tsDMARDs, established for a hospital,
region orcountry. Formularies provide a structure for safe, rational and cost-effective
drug use. As formularies uniformalise and prioritize drug therapy strategies, they
are also an importantinstrument for cost-conscious procurement of the medication.
We found no supporting SLRs or RCTs on this topic. However, as these points-to-
consider aim to inform rheumatologists on incorporating cost-effectiveness in their
practice, and drug formulary policy was seen as an important strategy, the task force
agreed on a point-to-consider based on expert opinion only.

Biosimilar/generic drug use
4. A biosimilar, if approved by a drug regulating authority in a highly regulated area,
should be preferred if it is the most cost-effective version of the drug.

Biosimilars are available for an increasing number of bDMARDs, and from 2027 on,
generic drug variants of tsDMARDs can also be expected. We found two systematic
reviews supporting the use of biosimilars but both of low-quality.26:27 As mentioned
in the introduction, the expert group of Kay et al. has formulated consensus-based
recommendations for biosimilar use in clinical care.9 The current point-to-consider is
directly adapted from one of their overarching principles, which states that approved
biosimilars in highly regulated areas are neither better nor worse in efficacy and
non-inferior in safety to bio-originators. Our task force agreed on this principle with the
addition thatinitiating therapy with a biosimilar can contribute to cost-effectiveness.

5. Asingle transition from a bio-originator to one of its biosimilars should be considered
if it contributes to the cost-effectiveness of the treatment.

There is high-quality evidence available for the efficacy and safety of a single

transition from bio-originator to biosimilar. Twelve RCTs regarding transitioning of

infliximab (6), adalimumab (5), and etanercept (1) were included in three systematic
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reviews, which demonstrated efficacy and safety of a single switch.28-30 Furthermore,
transitioning is also supported by the recommendations of Kay et al9 Regarding
multiple switching, there was no evidence available at the time of the systematic
search. Therefore, only a single transition is included in the second point-to-consider.

Avoid dose loading
6. When initiating abatacept or certolizumab in RA, or secukinumab in PSA or axSpA,
rheumatologists might consider to initiate treatment using the maintenance dose, as
dose loading has not shown superior efficacy.
7. For the other b/tsDMARDs, there is no information on the effect of dose loading.
Therefore, these drugs should be used as authorised.
A loading dose is a higher initial dose given at the beginning of a treatment course
with the aim to achieve steady-state concentrations of a drug earlier in time,
especiallywhen a drug has a long half-life. For six bDMARDs, a loading dose is advised
(table 1). The task force advocates that a loading dose should not be used when
superiority on effectiveness has not been demonstrated in a head-to-head study. A
systematic review on this subject found comparative studies with/without loading
doseforabataceptand certolizumabin RA, and secukinumabin both PsAand axSpA 31
The authors concluded that there is insufficient evidence on superiority of dose
loading for these drugs. For the other drugs authorised with a loading dose, no
comparative studies were found. Thus, the task force concluded that for the
aforementioned drugs, a regimen without loading dose could optimize cost-effec-
tiveness. However, these drugs were studied and authorised with loading dose, and
therefore the decision should be made carefully and with shared decision to the
patient. Forthe otherdrugs, more research is required to evaluate additional value of
the loading dose.

Initial lower dose
8. In RA, low-dose rituximab (1*1000mg or 2*soomg per cycle) has similar efficacy and
less toxicity compared to authorised-dose rituximab (2*1000mg) and should thus be
preferred over the authorised dose.
For some b/tsDMARDs, an initial dose lower than the authorised dose may be as
efficacious. The authorised dose of rituximab is two infusions of 1000mg (14 days
apart) every six months (2*1000 mg). An updated systematic review of Bredemeier et
al. based on three RCTs concluded that there were no significant differences between
2*1000mg and 1*1000mg rituximab in the primary efficacy outcomes32 Moreover,
1*1000mg rituximab was associated with a lower incidence of first infusion reactions.
Based on this systematic review, 1*1000 mg could be advised over 2*1000 mg for the
treatment of rheumatoid arthritis.
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9. In patients with RA, rheumatologists might start with the lower dose of baricitinib or
tocilizumab because of a more favourable safety and/or cost-effectiveness profile.
For both tocilizumab and baricitinib, the authorised doses in the EU and the US are
different. Baricitinib isdosed as 2 mg daily for RAin the US, in contrast to 4 mg daily in
the EU, and tocilizumab as 162 mg every 2 weeks (SC) or 4 mg/kg (IV) in the US, in
contrast to 162 mg weekly (SC) or 8 mg/kg (IV) in the EU. Although no formal
cost-benefit study has been performed between the two regimens, the task force
suggests that, based on the evidence,33-36 these lower doses could also be used as
initial dose in European clinical practice. The use of baricitinib 2 mg might not lead to
lower drug costs due to flat pricing of 2 and 4 mg tablets. As lower-dosed tocilizumab
was associated with numerically lower infection rates, and fewer cases of hypercho-
lesterolemia and neutropenia,34 this regimen could especially be suitable for patients

with safety concerns.

Combination therapy

Combining a b/tsDMARD with a csDMARD is known to increase effectiveness of therapy
and drug survival, and therefore cost-effectiveness. For this strategy, we specifically
looked forevidence on starting a b/tsDMARD with or without concomitant csDMARD.

10. In patients with RA, rheumatologists should combine the b/tsDMARD with metho-
trexate to maximise efficacy; in patients who cannot use methotrexate as comedication,
IL-6 pathway inhibitors and JAK inhibitors might be preferred over other bDMARDs.

For RA, there is high quality evidence supporting combination therapy. A meta-analysis

investigated studies comparing b/tsDMARD treatment with and without methotrexate

and found significantly better efficacy outcomes (ACR20/ACR50 response) for
combinationtherapyforallbDMARDs 37 FortsDMARDs, this effect was not significant.

Two other reviews specifically investigated tocilizumab and found comparable

ACR20 responses38 and effectiveness measured with PROMs 39 Regarding sarilumab,

no specific evidence was found. In the 2019 EULAR recommendations, combination

therapy is advised for all b/tsDMARDs, and therapy with a IL-6 inhibitor or a

JAK-inhibitor alone, if combination therapy is not possible.6 We formulated the

point-to-consider in line with the EULAR RA recommendation but with a specific

focus on methotrexate instead of csDMARDs, based on the available evidence. In
addition, a dose of 10 mg MTX weekly may be sufficient for the effect.4°

11. For patients with PsA or axSpA, combination therapy of a TNF-inhibitor with metho-
trexate cannot be advised, because increased efficacy compared to TNF-inhibitor
monotherapy is not shown.

For PsA and axSpA, two systematic reviews on combination therapy of TNFi4%.42

found no additional effect of combination therapy on efficacy outcomes. However,
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the drug survival of TNFi, specifically infliximab, seemed somewhat better when
combined with methotrexate in PsA according to registry data.4X The current EULAR
guideline on management of PsA therefore advises to continue methotrexate, but to
reduce the dose in good responders. We advise, in the light of cost-effectiveness, to
taperthe csDMARD to full discontinuation when the bDMARD is efficacious, although
stopping the csDMARD when starting the bDMARD is an alternative possibility.

12. For patients with PsA or axSpA, combination therapy of non-TNF inhibitors with metho-
trexate cannot be advised because of absence of evidence on efficacy and safety.
We found no systematic reviews or RCTs on combination therapy for non-TNFi in
psoriatic arthritis or axial spondyloarthritis. Therefore, an expert opinion point-to-
consider was formed in which combination therapy for non-TNFi in these diseases

was not advised.

Route of administration

13. For patients with RA, non-inferiority of subcutaneous versus intravenous treatment
of abatacept, infliximab and tocilizumab has been shown, and thus rheumatologists
can choose the most cost-effective route of administration when initiating one of
those drugs.

For abatacept, infliximab and tocilizumab, both an intravenous and subcutaneous

formulation are available which may differ in yearly medication costs. However,

intravenous administration of the medication comes with additional costs for

day-care treatment. Both routes of administration for those three drugs have shown

to be non-inferior regarding efficacy and without differences in safety.43-45 Therefore,

we advise that a rheumatologist chooses the most cost-effective route of administration,

whenever possible.

14. For patients with RA, a single switch from subcutaneous to intravenous tocilizumab
or vice versa did not affect efficacy or safety, and thus rheumatologists might
consider this for cost-effectiveness reasons.

The extension of the SUMMACTA study investigated switching from intravenous to

subcutaneous tocilizumab or vice versa in a subpopulation and found maintained

efficacy and similar safety profiles.46 For abatacept and infliximab, this has not yet
been investigated. Therefore, the current point-to-consider is that a switch in route
of administration might be advised for tocilizumab to increase cost-effectiveness.
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Table 3. Overarching principles and consensus-based points-to-consider

Overarching principles

A. Treatment choices must be based on shared decision making between the patient and

the rheumatologist.

B. Treat-to-targetisthe cornerstone of b/tsDMARD based treatmentin RA, PsA and axSpA.

C. Cost-effectiveness considerations are an important aspect of treatment, and

rheumatologists should have a leading role regarding this.

D. Reimbursement policies should cover cost-effective use of pharmacological treatments,

both on-and off-label, when it is evidence based and supported by (inter)national guidelines.

E. Bio-originators and biosimilars are considered similar, and thus all recommendations

apply equally to bio-originators and biosimilars.

Points-to-consider LoE GR LoA

Response prediction

1. Therapeutic drug monitoring[l of b/tsDMARDs in patients 5 D 8.3t1.4
with RA, PsA and axSpAis not advised because of absence of (6-10)
evidencel2l on efficacy and safety.

2. Usingother predictors for either choosing or tapering a 5 D 8.3+1.0
particular b/tsDMARD is not advised because none have (7-10)
demonstrated superiority to standard care.

Drug formulary policy*

3. Rheumatologists might consider to adopt and use a drug 5 D 9.1+1.0
formulary for their practice, primarily based on effectiveness (7-10)
and safety, and cost-effectiveness thereafter.

Biosimilar/generic drug use

4. Abiosimilar,ifapproved by a drug regulating authority in a 1b A 9.8+0.39
highly regulated area, should be preferred if it is the most (9-10)
cost-effective version of the drug.

5. Asingle transition from a bio-originator to one of its 1b A 9.410.51
biosimilars should be considered if it contributes to the cost- (9-10)
effectiveness of the treatment.

Avoid dose loading

6. Wheninitiating abataceptorcertolizumabin RA, or 1b B 8.511.5
secukinumab in PsA or axSpA, rheumatologists might (5-10)
considertoinitiate treatment using the maintenance dose,
as dose loading has not shown superior efficacy.

7. Fortheother b/tsDMARDs, there is no information on the 5 D 9.4%1.0
effect of dose loading. Therefore, these drugs should be used (7-10)
as authorised.

Initial lower dose

8. InRA,low-dose rituximab (1*1000mg or 2*500mg per cycle) | 1a A 9.311.3
has similarefficacy and less toxicity compared to authorised- (6-10)

dose rituximab (2*1000mg) and should thus be preferred
over the authorised dose.
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Table 3. Continued

Points-to-consider LoE GR LoA

Initial lower dose

9. Inpatients with RA, rheumatologists might start with the 4 D 7.9%1.2
lower dosel3] of baricitinib or tocilizumab because of a more (5-10)
favourable safety and/or cost-effectiveness profile.

Combination therapy

10. Inpatients with RA, rheumatologists should combine the la A 9.5+0.78
b/tsDMARD with methotrexate to maximise efficacy; 2al4l (8-10)
in patients who cannot use methotrexate as comedication,

IL-6 pathway inhibitors and JAK-inhibitors[4] might be
preferred over other bDMARDs.

11. For patients with PsA or axSpA, combination therapy of a la A 84113
TNF-inhibitor with methotrexate cannot be advised, because (5-10)
increased efficacy compared to TNF-inhibitor monotherapy is
not shown.

12. For patients with PsA or axSpA, combination therapy of non- | 5 D 8.711.2
TNF inhibitors with methotrexate cannot be advised because (6-10)
of absence of evidence on efficacy and safety.

Route of administration

13. For patients with RA, non-inferiority of subcutaneous 1b A 9.5+0.52
versus intravenous treatment of abatacept, infliximab and (9-10)
tocilizumab has been shown, and thus rheumatologists can
choose the most cost-effective route of administration when
initiating one of those drugs.

14. For patients with RA, a single switch from subcutaneous to 2b C 8.911.0
intravenous tocilizumab or vice versa did not affect efficacy or (7-10)
safety, and thus rheumatologists might consider this for cost-
effectiveness reasons.

Medication adherence

15. Rheumatologists should take adherence into accountinthe |5 D 9.5%0.52
management of their patients by using the current points to (9-10)
considerl5to manage non-adherence of b/tsDMARDs.

Disease activity guided dose optimisation

16. For patients with RAin whom the treatment targetis reached ' 1 A 9.6+0.90
and sustained, rheumatologists should consider disease (7-10)
activity guided dose optimisation of anti-TNF drugs.

17. For patients with RAin whom the treatment targetis reached | 1b B 8.810.87
and sustained, rheumatologists might consider disease (7-10)
activity guided dose optimisation of IL-6 inhibitors, rituximab,
baricitinib or abatacept.

18. For patients with axSpAl6l and PsAl7lin whom the treatment | 1alél | BI6] | 8.2+1.1
targetis reached and sustained, rheumatologists might consider | 571 | DI/l | (6-10)

disease activity guided dose optimisation of anti-TNF drugs.
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Table 3. Continued

Points-to-consider LoE GR LoA

Disease activity guided dose optimisation

19. Rheumatologists can use any disease activity guided dose 5 D 8.9+1.4
optimisation scheme, as none is preferential based on the (5-10)
evidence.

Non-medical drug switching*

20.Non-medical switching within or between b/tsDMARD classes | 5 D 9.7+0.65
is not advised because of absence of evidence on efficacy and (8-10)
safety.

LoE: level of evidence; GR: grade of point-to-consider; LoA: level of agreement on a numeric rating scale

from o (completely disagree) to 10 (completely agree), displayed as mean * standard deviation (range).

[ adjustments of dose and/or interval based on drug serum levels and/or antidrug antibodies.

(2l Exceptfor1) proactive TDM (drug doses and timing of doses are based on serum drug levels) of infliximab
in RA, PsA and axSpA, and 2) dose increase of infliximab based on baseline TNF-a for RA, this has not
shown superiority (both level of evidence 1b, strength B).

(31 2mg once daily for baricitinib; and 4 mg/kg (IV)T or 162mg every 2 weeks (SC)t for tocilizumab, all three
authorised doses in the United States. TOnly for patients with a body weight < 100kg

4] Lower LoE for baricitinib

5] RitschlV, et al. Ann Rheum Dis. 2020.58

61+[7] different LoE and GR for PsA and axSpA

*No evidence (SLR or RCT) found for this strategy.

[
[
[

Medication adherence

15. Rheumatologists should take adherence into account in the management of their
patients by using the current points to consider to manage non-adherence of
b/tsDMARDs.

Even the most perfectly prescribed drug cannot have its desired effect in the case of

non-adherence. Therefore, medication adherence should be included in points-to-

consider for cost-effectiveness. We did not find any supporting systematic reviews or

RCTs on this topic but refer to the current EULAR points to consider on non-

adherence,47 which can help rheumatologists to manage non-adherence.

Disease activity guided dose optimisation (DAGDO)

Disease activity guided dose optimisation (DAGDO, also known as tapering) is a
strategy that includes a stepwise dose reduction (often by interval lengthening
betweeninjections) with orwithoutcomplete discontinuation as final step. According
to the task force, DAGDO should also fulfil the following criteria: 1) following the
treat-to-target principle with regular visits (every 1-3 months or up to every 6 months
if there is sustained remission), 2) measurement of disease activity with a valid tool,
3) agreement on treatment target (remission or low disease activity), and 4) switching/
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intensifying treatment if treatment target is not reached. DAGDO should only be
performed when the treatment target is sustained, defined as a 23 months on target
with >2 formal disease activity measurements.

16. For patients with RAin whom the treatment target is reached and sustained, rheuma-
tologists should consider disease activity guided dose optimisation of anti-TNF drugs.
17. Forpatients with RAin whom the treatment target is reached and sustained, rheuma-
tologists might consider disease activity guided dose optimisation of IL-6 inhibitors,
rituximab, baricitinib or abatacept.
DAGDO of TNF-inhibitorsin RAis supported by two systematic reviews848 and should
therefore be considered in patients in which the treatment target is reached and
sustained. DAGDO of abatacept and tocilizumab is also supported by two reviews48.49
but with less evidence compared to TNF-inhibitors. Dose reduction of rituximab
(to 1*500 or 1*200 mg every six months) was investigated in a double-blinded RCT
and advised by the authors, although formal non-inferiority criteria were not met.5°
Astudy investigating dose reduction of baricitinib to 2 mg found that many patients
could maintain control of disease activity, and if not, disease control could be
recaptured with return to 4 mg5?

18. For patients with axSpA and PsA in whom the treatment target is reached and
sustained, rheumatologists might consider disease activity guided dose optimisation
of anti-TNF drugs.

Evidence on DAGDO of TNFi in axSpA has been included in two low-quality reviews,

supporting step-wise tapering of these drugs.49:52 One review also looked into

DAGDO of PsA, but was not able to draw conclusions because of absence of evidence.49

Therefore, the point-to-consider for PsA is expert opinion level only.

19. Rheumatologists can use any disease activity guided dose optimisation scheme, as
none is preferential based on the evidence.

An expert opinion point-to-consider was formulated on the dose reduction scheme.

Although no scheme is preferential, the task force advises dose reduction by interval

lengthening in 1-4 steps with or without complete discontinuation, for example

100%-50%-0% Or 100%-66%-50%-33%-0%. Whenever a flare or loss of disease

control occurs, it is advised to return to last effective dose.

Non-medical drug switching

20. Non-medical switching within or between b/tsDMARD classes is not advised because
of absence of evidence on efficacy and safety.

Non-medical drug switching is drug switching for other reasons than (loss of)

efficacy, side effects or adherence, for example to reduce drug costs.s3 For these
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recommendations, this includes switching within or between a drug class but
excludes non-medical biosimilar transitioning (which is addressed as a separate
strategy). We found no supporting evidence on this topic. Therefore, non-medical
drug switching is not advised and should be further investigated. Of note, when a
drug is not available temporarily or definitively, which was the case for example for
tocilizumab, sarilumab and abatacept in COVID times, non-medical switching cannot
be avoided and should be offered of course.

Discussion

In this study, we were able to identify twelve strategies for cost-effective use of b/
tsDMARDs in IRD: response prediction, drug formulary policy, biosimilar/generic drug
use, avoid dose loading, initial lower dose, optimizing pharmacokinetic exposure,
combination therapy, route of administration, drug wastage, medication adherence,
disease activity guided dose optimisation, and non-medical drug switching.
Moreover, we formulated high-quality clinical points-to-consider for the majority of
those strategies, based on an extensive literature review and stakeholder engagement.
These points-to-consider can be used in addition to the recommendations for
management of RA, PsA or axSpA and are broadly applicable across many healthcare
environments.

Our points-to-consider have some limitations. First, we did not include patient
representatives to our task force, but we would fully recommend this for an updated
version. Second, because of feasibility, we only included systematic reviews and RCTs
as a consequence of which we could have missed some important non-randomized
clinical studies. For the strategy of initial lower dose specifically, our plan was to look
in registration data of all b/tsDMARDs to check for lower effective doses tested in
phase 1 and 2 trials, but this was deemed not feasible. Third, most included systematic
reviews were of low or critically low AMSTAR-2 quality. Nevertheless, we were able to
combine multiple reviews with high-quality RCTs to form high-quality points-to-
consider. Fourth, we mainly focused on drug costs as the main cost-component of
cost-effectiveness and might have missed otherimportant costs which can influence
cost-effectiveness of therapy. Also, net drug costs fluctuate over time which may
affect the points-to-consider. Last, because of contextual differences in health care
systems and reimbursement policies across countries, the generalizability of these
points-to-consider may be limited in certain contexts.

Although we could form points-to-consider for most strategies, some research gaps
have been identified through the scoping review. An important one is less overall
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evidence for PsAand axSpA compared to RA at the time of our search, for example for
DAGDO and combination therapy. Moreover, for four strategies there was no SLR or
RCT evidence available. A research agenda is included in the supplementary data
(supplementary box 1). Of note, important studies have been published after our
search which could not be included when formulating the points-to-consider, such as
the NOR-DRUM B study and a DAGDO RCT in PsA and axSpA.54.55

Changes in b/tsDMARD prices require these points-to-consider to be kept under
review and, if necessary, updated. As an increasing number of b/tsDMARDs will lose
their patent and thus the possibility for biosimilar or generic drug variants becomes
available, this might lead to increased competition and lower drug prices. However,
the drug losing patent protection does not equate to direct availability of a biosimilar,
forexampleforrituximab (4 years after patentexpiry),and tocilizumab and abatacept
(no biosimilars available yet). Also, new b/tsDMARDs are still entering the market,
leading to an increased number to choose from and more price competition. Finally,
some points-to-consider are of value to the patient also when leaving costs out of the
equation, for example lower-dosed rituximab for the same effect but with less
infusion time and side effects. Therefore, we think that these points-to-consider on
cost-effectiveness will remain of value and require an update in the future.

In conclusion, healthcare costs are spiralling up, and yet we have a finite financial
envelope. For clinicians to provide the best care to the greatest number, it is our
responsibility to be cognisant of costs and use high-cost medications wisely. This
framework of strategies and corresponding points-to-consider for cost-effective use
of b/tsDMARDs in IRD can be a starting point to incorporate cost-effectiveness into
clinical care.
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Section 1. Additional information on the search strategy

In general, the search string consisted of three parts: [IRDs] AND [drugs] AND
[strategy]. The first part [IRDs] was identical for all strategies, and the second part
[drugs] for every strategy except for route of administration, of which this part only
focussed on drugs with multiple administration routes available (ABA, IFX, TCZ).
Within each part, we combined both MeSH terms and title/abstract of the relevant
keywords for PubMed, and Emtree terms and explode for Embase. If an additional
search for RCTs was performed, only the relevant IRDs and drugs were included in
the [IRDs] and [drugs] queries. For the SLR search, we filtered for ‘systematic reviews’
or ‘reviews’. For the RCT search, we added the Cochrane maximum sensitivity
search string.

Section 2. Core searches

Search string forinflammatory rheumatic diseases (IRD)

IRD — PubMed

(arthritis, rheumatoid[MeSH Terms]) OR (arthritis, psoriaticflMeSH Terms]) OR
(ankylosing spondylitisi]MeSH Terms]) OR (Rheumatoid arthritis[Title/Abstract]) OR
(Psoriatic arthritis[Title/Abstract]) OR (axial spondyloarthritis[Title/Abstract]) OR
(spondyloarthritis[Title/Abstract]) OR (ankylosing spondylitis[Title/Abstract]) OR
(auto immune rheumatic disease*[Title/Abstract]) OR (immune-mediated inflammatory
disease*[Title/Abstract])

IRD - Embase
rheumatoid arthritis/
exp rheumatoid arthritis/
psoriatic arthritis/
ankylosing spondylitis/
exp spondylarthritis/
rheumatoid arthritis.ti,ab,kw.
psoriatic arthritis.ti,ab,kw.
ankylos* spondyl*.ti,ab,kw.
spondyl?arthr*.ti,ab,kw.
. AIRD.ti,ab,kw.
. autoimmune rheumat* disease.ti,ab,kw.
. IMID.ti,ab,kw.
immune-mediated inflammatory disease.ti,ab,kw.
10r20r30r40r50r60r70r80rgorioorilori2oris
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Search string for b/tsDMARDs
The searches are divided in ‘drug name’ and ‘drug class’. For the part [drugs] we
combined ‘drug name’ with ‘drug class’ using AND.
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Drug name —PubMed

(CCcccceeccecceccecectectectc(@dalimumab[MesH  Terms]) OR (certolizumab  pegol[MeSH
Terms])) OR (etanercept[MeSH Terms])) OR (infliximab[MeSH Terms])) OR (usteki-
numab[MeSH Terms])) OR (rituximab[MeSH Terms])) OR (abatacept[MeSH Terms]))
OR (adalimumab(Title/Abstract])) OR (certolizumab|[Title/Abstract])) OR (golimumab-
[Title/Abstract])) OR (infliximab[Title/Abstract])) OR (tocilizumab([Title/Abstract])) OR
(sarilumab(Title/Abstract])) OR (ustekinumab[Title/Abstract])) OR (secukinumab-
[Title/Abstract])) OR (ixekizumab([Title/Abstract])) OR (rituximab[Title/Abstract])) OR
(abatacept[Title/Abstract])) OR (tofacitinib[Title/Abstract])) OR (baricitinib[Title/
Abstract])) OR (upadacitinib[Title/Abstract])) OR (filgotinib[Title/Abstract])) OR (apremilast-
[Title/Abstract])) OR (golimumab[Supplementary Concept])) OR (tocilizumab-
[Supplementary Concept])) OR (sarilumab[Supplementary Concept])) OR (secukinumab-
[Supplementary Concept])) OR (ixekizumab[Supplementary Concept])) OR (tofacitinib-
[Supplementary Concept])) OR (baricitinib[Supplementary Concept])) OR (upadacitinib-
[Supplementary Concept])) OR (filgotinib[Supplementary Concept])) OR (apremilast-
[Supplementary Concept])) OR (etanercept[Title/Abstract])

Drug class—PubMed

(CCCCcCccccrceceecrcrcuear U @umor necrosis  factor inhibitors[MeSH Terms]) OR
(janus kinase inhibitors[MeSH Terms])) OR (phosphodiesterase 4 inhibitors[MeSH
Terms])) OR (TNF inhibitor*[Title/Abstract])) OR (TNF Antagonist*[Title/Abstract]))
OR (TNF blocker[Title/Abstract])) OR (-DMARD[Title/Abstract])) OR (tsDMARD(Title/
Abstract])) OR (biological agent*[Title/Abstract])) OR (biologicals[Title/Abstract])) OR
(biological drug*[Title/Abstract])) OR (biological medication[Title/Abstract])) OR
(biologics[Title/Abstract])) OR (targeted small molecules[Title/Abstract])) OR (janus
kinase inhibitor*[Title/Abstract])) OR (JAK inhibitor*[Title/Abstract])) OR (Phospho-
diesterase 4 inhibitor*[Title/Abstract])) OR (PDE 4 inhibitor*[Title/Abstract])) OR
(PDE4 inhibitor[Title/Abstract])) OR (IL6R inhibitor*[Title/Abstract])) OR (IL-6R
inhibitor*[Title/Abstract])) OR (IL6R blocker*[Title/Abstract])) OR (IL-6R blocker*[Title/
Abstract])) OR (IL6R antagonist*[Title/Abstract])) OR (IL-6R antagonist*[Title/
Abstract])) OR (anti IL6[Title/Abstract])) OR (anti IL-6[Title/Abstract])) OR (IL12/23
inhibitor*[Title/Abstract])) OR (IL-12/23 inhibitor*[Title/Abstract])) OR (IL12/IL23
inhibitor*[Title/Abstract])) OR (IL-12/IL-23 inhibitor*[Title/Abstract])) OR (IL12/23
blocker*[Title/Abstract])) OR (Il-12/23 blocker*[Title/Abstract])) OR (IL-12/IL-23
blocker*[Title/Abstract])) OR (IL12/23 antagonist*[Title/Abstract])) OR (IL-12/IL-23
antagonist*[Title/Abstract])) OR (anti IL12/23[Title/Abstract])) OR (anti IL-12/23(Title/
Abstract])) OR (anti IL-12/IL-23[Title/Abstract])) OR (anti IL12/1L23[Title/Abstract])) OR
(IL17 inhibitor*[Title/Abstract])) OR (IL-17 inhibitor*[Title/Abstract])) OR (IL1y
blocker*[Title/Abstract])) OR (IL-17 blocker*[Title/Abstract])) OR (IL17 antagonist*-
[Title/Abstract])) OR (IL-17 antagonist*[Title/Abstract])) OR (anti IL17[Title/Abstract]))
OR (anti IL-17[Title/Abstract])
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Drug name —Embase
adalimumab.ti,ab,kw. or exp adalimumab/
etanercept.ti,ab,kw. or exp etanercept/
golimumab.ti,ab,kw. or exp golimumab/
infliximab.ti,ab,kw. or exp infliximab/
certolizumab pegol.ti,ab,kw. or exp certolizumab pegol/
certolizumab.ti,ab,kw.
tofacitinib.ti,ab,kw. or exp tofacitinib/
baricitinib.ti,ab,kw. or exp baricitinib/
filgotinib.ti,ab,kw. or exp filgotinib/
. tocilizumab.ti,ab,kw. or exp tocilizumab/
. sarilumab.ti,ab,kw. or exp sarilumab/
. secukinumab.ti,ab,kw. or exp secukinumab/
ustekinumab.ti,ab,kw. or exp ustekinumab/
ixekizumab.ti,ab,kw. or exp ixekizumab/
abatacept.ti,ab,kw. or exp abatacept/
rituximab.ti,ab,kw. or exp rituximab/
upadacitinib.ti,ab,kw. or exp upadacitinib/
. apremilast.ti,ab,kw. or exp apremilast/
. 1or20r3or4ors5or6oryor80rgori00ri10ri20ri3ori40ri5ori6oriyori8
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Drug class—Embase
tumor necrosis factor inhibitors.ti,ab,kw. or exp tumor necrosis factor inhibitor/
exp tumor necrosis factor antibody/
exp Janus kinase inhibitor/ or janus kinase inhibitor*.ti,ab,kw.
exp phosphodiesterase IV inhibitor/ or phosphodiesterase 4 inhibitor*.ti,ab,kw.
bDMARD*ti,ab,kw.
tsDMARD* ti,ab,kw.
biological*.ti,ab,kw.
biological drug*.ti,ab,kw.
biologics.ti,ab,kw.
. JAKinhibitor*.ti,ab,kw.
. PDE4 inhibitor*.ti,ab,kw.
IL6R inhibitor*.ti,ab,kw.
IL6R blocker*.ti,ab,kw.
IL6R antagonist*.ti,ab,kw.
anti IL6.ti,ab,kw.
exp interleukin 12 antibody/
IL23 inhibitor*.ti,ab,kw.
. IL17 inhibitor*.ti,ab,kw.
. 10r20r30r40r50r60r7or80rg9ori00rilori20ri3ori4ori5ori6oriyorid

© BN AU A W NP

L N N Nt Sy S Gy Ry}
O ocoN OOV MW M O



Points-to-consider on cost-effective use of b/tsDMARDs

Cochrane search for RCTs with maximum sensitivity

RCT search - PubMed

(((((((trandomized controlled trial[Publication Type]) OR (controlled clinical trial[Pub-
lication Type])) OR (randomized[Title/Abstract])) OR (placebo[Title/Abstract])) OR
(drug therapy[MeSH Subheading])) OR (randomly[Title/Abstract])) OR (trial[Title/
Abstract])) OR (groups[Title/Abstract])) NOT ((animals[MeSH Terms]) NOT
(humans[MeSH Terms]))

RCT search —Embase

Randomized controlled trial/

Controlled clinical study/

random§.ti,ab.

randomization/

intermethod comparison/

placebo.ti,ab.

(compare or compared or comparison).ti.

((evaluated or evaluate or evaluating or assessed or assess) and (compare or

compared or comparing or comparison)).ab.

9. (openadjlabel).ti,ab.

10. ((double orsingle ordoubly orsingly) adj (blind or blinded or blindly)).ti,ab.

11. double blind procedure/

12. parallel group$a.ti,ab.

13. (crossover or cross over).ti,ab.

14. ((assign$ or match or matched or allocation) adjs (alternate or groupSi or
interventionS1or patientS1or subjectS$1or participant$i)).ti,ab.

15. (assigned orallocated).ti,ab.

16. (controlled adjy (study or design or trial)).ti,ab.

17. (volunteerorvolunteers).ti,ab.

18. human experiment/

19. trial.ti.

20. 10r20r30r40r50r60r70or80rgorioorilori2ori3oril4 ori5or 16 ori7 or
180r19

21. (random$ adj sampl$ adj7 (“cross section$” or questionnaire$1 or survey$ or
databaseS$1)).ti,ab. not (comparative study/ or controlled study/ or randomi?ed
controlled.ti,ab. or randomly assigned.ti,ab.)

22. Cross-sectional study/ not (randomized controlled trial/ or controlled clinical study/
or controlled study/ or randomi?ed controlled.ti,ab. or control group$1.ti,ab.)

23. (((case adj controlS$) and randomS$) not randomi?ed controlled).ti,ab.

24. (Systematic review not (trial or study)).ti.

25. (nonrandom$ not random$).ti,ab.

©ON OV AW
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26. Random fieldS.ti,ab.

27. (random cluster adj3 samplS$).ti,ab.

28. (review.ab.and review.pt.) not trial.ti.

29. we searched.ab.and (review.ti. or review.pt.)

30. update review.ab.

31. (databasesadj4 searched).ab.

32. (ratorrats or mouse or mice or swine or porcine or murine or sheep or lambs or
pigs or piglets or rabbit or rabbits or cat or cats or dog or dogs or cattle or bovine
or monkey or monkeys or trout or marmosetS$1).ti. and animal experiment/

33. Animal experiment/ not (human experiment/or human/)

34. 210r220r230r240r250r26 0r270or280r290r300r310r320r33

35. 20n0t34

Section 3. Response prediction

Strategy specific search

PubMed search

(predictive value of tests[MeSH Terms]) OR (response prediction[Title/Abstract])
OR (personalized treatment[Title/Abstract]) OR (prediction[Title/Abstract]) OR
(drug monitoring, therapeutic[MeSH Terms]) OR (drug monitoring[MeSH Terms])
OR (therapeutic drug monitoring([Title/Abstract]) OR (drug level[Title/Abstract]) OR
(serum level[Title/Abstract])

Embase search

predictive value/ or response prediction.ti,ab,kw. or personalized treatment.ti,ab,kw.
or predict*.ti,ab,kw. or drug monitoring/ or therapeutic drug monitoring.ti,ab,kw. or
drug level.ti,ab,kw. or serum level.ti,ab,kw.
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Strategy output
The flow diagram for the search strategy of systematic literature reviews for response
prediction:

PubMed: 18 Embase: 106

Total: 124

Duplicates
removed: 113

}

Accepted after
title/abstract
screening: 9

Older: 5

A 4
Recent (2019- Concerned
now): 4 knowledge
gaps: 2
v l
Known by the Accepted after Accepted
SLR team: 1 fuII—teuEt after fL:l”—text
screening: 3 screening: 1
¥
Total SLR
included: 5

The flow diagram for the search strategy of randomized controlled trials for response
prediction:

PubMed: 587 Embase: 963
Total: 1550

r

Duplicates
removed: 1406

¥

Accepted: 2
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Included SLRs

Author Year PICO Drugs Study Amstar score
quality

Tikhonovall 2021 | P:patientswithRA | anti-TNF | Moderate | 1=yes, 2=yes,
I: treatment 3=n0, 4=partial
decisions based on yes, 5=yes, 6=yes,
drug levels or anti- 7=yes, 8=yes,
drug antibodies 9=yes, 10=Yes,
C:regulartreatment 11=0,12=0, 13=YesS,
O:clinical or patient 14=yes, 15=0,
related outcomes 16=yes

Pouwl? 2019 | P:patientswith PsA | bDMARDs | Low 1=N0, 2=N0, 3=N0,
I: biomarkers 4=partial yes,
C:notclearly 5=n0,6=N0, 7=N0,
mentioned 8=n0, 9=n0,10=N0,
O:notclearly 11=0, 12=0, 13=NO0,
mentioned 14=n0, 15=0,

16=yes.

SchlagerB! 2019 | P:RA, receiving bDMARDs | Critically | 1=yes, 2=no,3=no,
b/tsDMARD low 4=no0, 5=yes, 6=nNo,
I: discontinuation of 7=no, 8=partial
the b/tsDMARD in yes, 9=yes, 10=no,
remission or LDA 11=0, 12=0, 13=N0,
C: continuation 14=yes, 15=0,
0O: % remainingin 16=yes
remission or LDA, to
identify predictors.

Tweehuysenldl | 2018 = P:RAtreated with bDMARDs | Moderate | 1=yes,2=no,
bDMARD 3=yes, 4=partial
I: biomarker yes, 5=yes, 6=yes,
C:no biomarker 7=partial yes,
O: successful 8=partial yes, 9=0,
dose reduction or 10=n0, 11=0, 12=0,
discontinuation 13=yes, 14=yes,

15=0, 16=n0.

Ingegnolils] 2011 | P:RAstartingan anti-TNF | Critically | 1=no,2=n0, 3=no,

anti-TNF drug low 4=n0,5=n0, 6=N0,

I: genetic
polymorphism in
TNF, interleukin,
interferon gamma
or TGF beta.
C:notclearly
mentioned
O:notclearly
mentioned.

7=Nn0, 8=N0, 9=N0,
10=n0, 11=0, 12=0,
13=N0, 14=N0,
15=0, 16=n0.
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Included RCTs
Full RCT search performed.

Author Year Acronym Drugs RoB-2
conclusion
Syversenl6] 2021 | NOR- P: patients with RA, PsA, IFX Some
DRUMA axSpAinitiating IFX concerns
treatment

I: IFXTDM: serum trough
levels entered in eCRF which
provides recommended dose
and interval

C:standard clinical practice
0: % clinical remission at

week 30
Tanakal/] 2020 | RRRR P:RA, active disease despite | IFX Some
MTX concerns

I: IFX dose reduction at

14 weeks based on TNF-a
antigen level

C:standard IFX, no dose
reduction

0: % patients who sustained
discontinuation at week 54.

Section 4. Drug formulary policy

Strategy specific search

PubMed search

((drug formulary][title/abstract]) OR (drug policy[title/abstract]))

Embase search
exp drug formulary/ or exp health care policy/ or drug formulary policy.ti,ab,kw. or
drug formulary.ti,ab,kw. or drug policy.ti,ab,kw.



Strategy output
The flow diagram for the search strategy of systematic reviews for ‘drug formulary

policy”
PubMed: 0 Embase: 5

h

Accepted: 0

The flow diagram for the search strategy of randomized controlled trials for ‘drug
formulary policy”

PubMed: 1 Embase: 20
Total: 21

Y

Accepted: 0

Included SLRs
None ofthe found publications matched ourresearch question and could be included.

Included RCTs
None ofthe found publications matched ourresearch question and could be included.

Section 5. Biosimilar/generic drug use

Strategy specific search

PubMed search

((biosimilar pharmaceuticals[]MeSH Terms]) OR (biosimilar[Title/Abstract])) OR (follow-on
biologics[Title/Abstract])

Embase search
exp biosimilar agent/ or biosimilar*.ti,ab,kw. or follow-on biologic*.ti,ab,kw.
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Strategy output
The flow diagram for the search strategy of systematic reviews for ‘Biosimilar/generic
drug use”.

PubMed: 24 Embase: 40

Total: 64

Duplicates
removed: 41

}

Accepted after
title/abstract
screening: 7

Y ¥
Recent (2019- Older: 2
now): 5
Y Y
Accepted after Concerned
full-text knowledge
screening: 5 gaps: 1
Y
Total SLR
included: 6
Included SLRs
Author Year PICO Drugs Study Amstar score
quality
Kim /8l 2021 | P:RA, PsA, axSpA bDMARDs | Critically | 1=no,2=no,
I/C: not entirely clear, low 3=yes, 4=partial
they mention the yes, 5=yes, 6=no,
keywords: biosimilar, 7=partial yes,
adalimumab, 8=partial yes,
etanercept, 9=n0, 10=N0,
infliximab, rituximab 11=0, 12=0, 13=N0,
O: effectiveness 14=yes, 15=0,
16=yes
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Included SLRs (Continued)

Author Year PICO Drugs Study Amstar score
quality

Luttropplol 2020 | P:inflammatory bDMARDs | Low 1=yes, 2=N0,
arthritis 3=yes, 4=partial
I/C: bio-originator yes, 5=no, 6=no,
to biosimilar switch, 7=yes, 8=yes, 9=no,
bio-originatorto 10=n0, 11=0, 12=0,
bio-originatoror 13=yes, 14=Yyes,
biosimilar to bio- 15=0, 16=yes
originator.
O: switch or
discontinue
treatment

Feagan[] 2019 | P:RA, PsA, axSpA IFX Critically | 1=yes, 2=no,
I/C: bio-originator low 3=yes, 4=partial
to biosimilar switch, yes, 5=Nno, 6=no,
bio-originator to 7=partial yes,
bio-originator or 8=partial yes,
biosimilar to bio- 9=n0,10=N0,
originator. 11=0, 12=0, 13=N0,
0: efficacy, safety, 14=yes, 15=0,
immunogenicity 16=yes

Cantinil 2019 | P:RA ADA,ETN, | Critically | 1=yes,2=no,3=yes,
I/C: not entirely IFX low 4=n0,5=Nn0, 6=N0,
clear, they mention 7=n0, 8=n0, 8=no,
biosimilars of 9=N0, 10=N0,
adalimumab, 11=0,12=0, 13=N0,
etanerceptand 14=yes, 15=0,
infliximab 16=yes
0: efficacy and safety

Mezones- 2019 | P:RA, PsA, axSpA IFX Critically | 1=yes, 2=no,3=no,

Holguin[t2] I: switch to biosimilar low 4=n0, 5=yes, 6=Yes,
infliximab 7=no, 8=partial
C: continuation with yes, 9=yes, 1=no,
originator 11=0, 12=0, 13=N0,
0: efficacy and safety 14=yes, 15=0,

16=n0

Numan[l 2018 | P:RA, PsA, axSpA anti-TNF | Critically | 1=no, 2=no, 3=yes,
I/C: double-blind RCT low 4=n0, 5=Yyes,
in which multiple 6=no, 7=partial
biosimilar/bio- yes, 8=partial

originator switches
are perfomed.
O:immunogenicity,
patient-level

yes, 9=no, 10=N0,
11=0, 12=0, 13=N0,
14=yes, 15=0,
16=n0

Included RCTs

None, our research question was answered after the SLR search.
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Section 6. Avoid dose loading

Strategy specific search

PubMed search

(dose loading[Title/Abstract]) OR (loading dose[Title/Abstract])

Embase search
(dose loading or loading dose).ti,ab,kw.

Strategy output
The flow diagram for the search strategy of systematic literature reviews for dose
loading:

PubMed: 1 | Embase: 4

Duplicates,
7| removed: 4
Accepted: 1
Included SLRs
Author Year PICO Drugs Study Amstar score
quality
Geurts- 2020 | P:RA, PsA, axSpA CER, IFX, Critically | 1=yes, 2=no,
Voerman 4] I: dose loading ABA,SEC | low 3=yes, 4=yes,
C:no dose loading or UST 5=yes, 6=no0,
0O: efficacy (disease 7=yes, 8=partial
activity) yes, 9=no, 10=N0,
11=0,12=0,13=N0,
14=yes, 15=0,
16=yes.

Included RCTs
None. The SLR covered our research question regarding bDMARDs. We performed an
additional search regarding tsDMARDs but found no hits in either PubMed or Embase.
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Section 7. Initial lower dose

Strategy specific search

PubMed search

(low-dose*[Title/Abstract]) OR (low-dosage*[Title/Abstract]) OR (reduced-dose*-
[Title/Abstract]) OR (reduced-dosage*[Title/Abstract]) OR (half-dose*[Title/Abstract])

Embase search

(low adj3 dose?).ti,ab,kw.

(reduc* adj3 dose?).ti,ab,kw.

(low* adj3 dosage?).ti,ab,kw.

(reduc* adj3 dosage?).ti,ab,kw.

(half adj3 dose?).ti,ab,kw.

10r2or3or4ors

exp low dose/

6ory

limit 8 to (human and english language and embase)

© N OV AW N e

Strategy output
The flow diagram for the search strategy of systematic literature reviews for initial
lower dose:

PubMed: 66 Embase: 115
Total: 181

hJ

Duplicates
removed: 166

h J

Accepted: 4
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The flow diagram for the search strategy of randomized controlled trials for initial

lower dose:

PubMed: 249

¥

Embase: 439

Total: 688

Duplicates
removed: 616

}

Accepted after Via editorial
title/abstract insearch: 1
screening: 4
y
Total included:
5
Included SLRs
Author Year PICO Drugs Study Amstar score
quality
Wengls] 2021 | P: RAwith BARI Critically | 1=yes, 2=yes,
inadequate low 3=N0, 4=N0,
response to at least 5=yes, 6=yes,
one DMARD 7=no, 8=partial
I: JAK-inhibitors yes, 9=yes, 10=N0,
(including bari 2 & 4) 11=yes, 12=N0,
C: bDMARDs 13=n0, 14=Yes,
0O: efficacy and 15=yes
safety
Baelel 2018 | P:RA SAR Low 1=yes, 2=N0,
I: SAR 200 mg (mono 3=yes, 4=partial
or with MTX) yes, 5=no, 6=yes,
C:SAR150 mg 7=no, 8=partial
+ MTX, other yes, 9=no, 10=N0,

bDMARD, or MTX
mono

O: Clinical efficacy
and tolerability

11=yes, 12=yes,
13=yes, 14=yes,
15=n0, 16=Yyes.
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Included SLRs (Continued)

Author Year PICO Study Amstar score
quality
Bredemeier 2015 | P:RA RTX Critically | 1=yes, 2=no,
(update)l7] I: low-dose RTX low 3=n0, 4=Yyes,
(1*1000 or 2*500) 5=yes, 6=yes,
C:registered dose 7=n0, 8=no,
RTX (2*1000) 9=yes, 10=n0,
0: efficacy 11=yes,12=yes,
13=yes, 14=Yes,
15=yes, 16=yes
Bredemeierl28l | 2014 | P:RA RTX Critically | 1=yes, 2=no,
I: low-dose RTX low 3=n0, 4=yes,
(1*1000 or 2*500) 5=yes, 6=yes,
C:registered dose 7=n0, 8=no0,
RTX (2*1000) 9=yes, 10=n0,
O: efficacy 11=yes,12=yes,
13=yes, 14=yes,
15=yes, 16=yes

Included RCTs

Full RCT search performed.

Author  Year

Tadall | 2012

Acronym

PRECEPT

P:RA
I: ETN 25 mg/week
C: ETN 50 mg/week

O:radiographic damage at week 52

RoB-2
conclusion

Low

Tanakal?0]| 2011

to MTX

C:placebo + MTX

P: RAand inadequate response
|: TOFA 2dd 1,3, 50r 10 mg + MTX

0: ACR20 response rate at week 12

TOFA

Some
concerns

Smolen2l 2008

OPTION

to MTX

1: TCZ 4 mg/kg + MTX or TCZ
8 mg/kg + MTX

C:placebo + MTX

P:RAandinadequate response

TCZ

Some
concerns

0:ACR20 response rate at week 24

Maini22l | 2006 = CHARISMA TCZ Some

concerns

P: RAand inadequate response to
MTX

1: TCZ 2 mg/kg + MTX, TCZ 4 mg/kg +
MTX or TCZ 8 mg/kg + MTX
C:placebo + MTX

0:ACR20 response rate at week 16
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Section 8. Optimizing pharmacokinetic exposure

Strategy specific search

PubMed search

(((bioavailability[MeSH Terms]) OR (drug metabolism[Title/Abstract]) OR (drug
excretion[Title/Abstract]) OR (drug absorption[Title/Abstract]) OR (drug distribution-
[Title/Abstract])) OR (pharmacokinetics[MeSH Terms]))

Embase search

exp drug bioavailability/ or exp pharmacokinetics/ or exp drug metabolism/ or exp
drug absorption/ or exp drug distribution/ or exp drug excretion/ or bioavailability.
ti,ab,kw. or pharmacokinetics.ti,ab,kw. or drug metabolism.ti,ab,kw. or drug absorption.
ti,ab,kw. or drug distribution.ti,ab,kw. or drug excretion.ti,ab,kw.

Strategy output

The flow diagram for the search strategy of systematic literature reviews for pharma-
cokinetics:

PubMed: 2 Embase: 104
Total: 106

¥

Duplicates
removed: 105

h

Accepted: 0
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The flow diagram for the search strategy of randomized controlled trials for pharma-
cokinetics:

PubMed: 133 Embase: 558
Total: 691

Y

Duplicates
removed: 642

h

Accepted: 0

Included SLRs
None ofthe found publications matched ourresearch question and could be included.

Included RCTs
None ofthe found publications matched ourresearch question and could be included.

Section 9. Combination therapy

Strategy specific search

PubMed search

((Combination therapy[Title/Abstract]) OR (Combin*[Title/Abstract])) AND ((metho-
trexate[Title/Abstract]) OR (leflunomide[Title/Abstract]) OR (sulfasalazine[Title/
Abstract]) OR (hydroxychloroquine[Title/Abstract]) OR (azathioprine[Title/Abstract])
OR (methotrexate[MeSH Terms]) OR (leflunomide[MeSH Terms]) OR (sulfasala-
zine[MeSH Terms]) OR (hydroxychloroquine[MeSH Terms]) OR (azathioprine[MeSH
Terms]) (sulfasalazine[Title/Abstract]) OR (hydroxychloroquine[Title/Abstract]) OR
(azathioprine[Title/Abstract]) OR (methotrexate[MeSH Terms]) OR (leflunomide-
[MeSH Terms]) OR (sulfasalazine[MeSH Terms]) OR (hydroxychloroquine[MeSH
Terms]) OR (azathioprine[MeSH Terms]))
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Embase search

1. exp methotrexate/ or exp leflunomide/ or exp salazosulfapyridine/ or exp hydroxy-
chloroquine/ or exp azathioprine/ or methotrexate.ti,ab,kw. or leflunomide.ti,ab,kw.
or salazosulfapyridine.ti,ab,kw. or hydroxychloroquine.ti,ab,kw. or azathioprine.
ti,ab,kw.

2. (combination therapy or combin*).ti,ab,kw.
1and2

Strategy output
The flow diagram for the search strategy of systematic reviews for ‘Combination
therapy’

PubMed: 50 Embase: 178 I

Total: 228

Duplicates
removed: 189

!

Accepted after
title/abstract
screening: 15

r
Recent (2019- | Older: 10 |
now): 5

h 4 A
Accepted after Concerned
full-text knowledge
screening: 3 gaps: 4
Total SLR

included: 7

89
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The flow diagram for the search strategy of randomised controlled trials for
‘Combination therapy”.

PubMed: 140 | Embase: 156 I
Total: 296

Duplicates
removed: 206

I

Accepted after
title/abstract
screening: 11

I

Accepted after
full-text
screening: 7

}

Total: 7 publications
included of 4 studies

Included SLRs

Author Year Drugs Study Amstar score
quality
Paulls3l 2020 | P:RA ABA Critically | 1=yes, 2=no,

I: monotherapy of ABA low 3=no, 4=partial

C: combination therapy yes, 5=yes, 6=yes,

of ABA + csDMARD or 7=partial yes,

multiple csDMARDs 8=partial yes,

0O: efficacy and safety 9=yes/no, 10=no,
11=n0, 12=Yes,
13=n0, 14=n0,
15=n0, 16=no0.
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Included SLRs (Continued)

Author Year PICO Drugs Study Amstar score
quality
Donahuel?4l | 2019 | P:RA bDMARDs | Critically | 1=yes,2=no,3=yes,

I/C: head-to-head RCTs, low 4=n0, 5=Yyes, 6=yes,

nRCTs and prospective 7=yes, 8=partial

controlled cohort yes, 9=yes, 10=no,
studies on bDMARD 11=yes, 12=N0,
monotherapy or 13=n0, 14=Yyes,
combination therapy 15=yes, 16=yes.
fora network meta-

analysis.

O: Efficacy, PROMs,

safety

Tarpl2s] 2019 | P:RA bDMARDs + Low 1=yes, 2=N0,3=N0,

I:combination therapy | tofa 4=partial yes,

of bDMARD + MTX 5=yes, 6=yes, 7=Ves,

C: monotherapy of 8=no0, 9=yes, 10=no,

bDMARD 11=yes, 12=yes,

0:ACRs50, AEs 13=yes, 14=Yes,
15=n0, 16=yes
Teitsmal26] | 2016 | P:RA TCz Critically | 1=yes,2=no,3=no,

I: TCZ monotherapy low 4=n0, 5=Yyes, 6=yes,

C:TCZ combination 7=no0, 8=yes, 9=yes,

therapy 10=n0, 11=YesS,

0: efficacy and safety 12=n0,13=N0,
14=yes, 15=Yyes,
16=yes.

Behrensl27l | 2015 | P: PsA anti-TNF | Critically | 1=yes, 2=no,3=no,

[: TNFi + MTX low 4=N0,5=N0, 6=N0,

C: TNF monotherapy 7=no, 8=partial yes,

0: efficacy, safety, 9=N0,10=N0, 11=0,

immunogenicity 12=0,13=N0, 14=NO0,
15=0,16=n0

Lin[28] 2014 | P:axSpA anti-TNF | Low 1=yes, 2=n0,3=N0,

[: TNFi + MTX 4=n0,5=N0, 6=Yyes,

C: TNFi monotherapy 7=no, 8=partial

or TNFi + placebo yes, 9=yes, 10=no,

0: efficacy, safety, 11=yes, 12=yes,

PROMs, radiographic 13=Yyes, 14=Yyes,

damage 15=no0, 16=Yyes.

Jansen[29] 2014 | P:RA bDMARDs | Critically | 1=yes,2=no,3=no,

I/C: bDMARD low 4=N0,5=n0, 6=n0,

monotherapy and 7=n0,8=n0,9=no0,

combiniation therapy 10=no0, 11=Yyes,
orplacebo 12=n0,13=N0,

0O: PROMs 14=N0,15=N0,16=N0
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Included RCTs

An additional RCT search was performed for the following questions:
- Combination therapy of tsDMARDs

- Recentinformation on PsA (from 2015)

- Recentinformation on axSpA (from 2015)

Author Year Acronym PICO RoB-2
conclusion

WesthovensBol | 2021 | FINCH-3 P: active RA, no DMARDs FILG Some
used concerns

I: FIL200 mg + MTX, FIL 200
mg mono or FIL100 mg +
MTX

C: MTX

O: ACR20 response rate at
week 24

Measel1 2019 | SEAM-PsA | P:active PsA, no DMARDs ETN Low
used

I:ETN + MTX or ETN +
placebo

C: MTX + placebo
O:ACR20 response rate at
week 24

Strand[32 2019 | ORAL P: active RA despite MTX TOFA Low
strategy therapy

I: TOFA 2dd 5 mg mono or

+ MTX

C: ADA + MTX

O:ACRs0 response rate at 6
months (F), PROMs (S)

Van der HeijdeB34] 2018 | RA-BEGIN | P:active RA, no DMARDs BARI Some

Fleischmanni3l | 2017

Schiffizs) 2017 used concerns
I: BARI 4 mg monotherapy
FleischmannBB6l | 2017 or + MTX

C: MTX monotherapy

O: ACR20 response rate

at week 24 (F), PROMs (S),
radiographic damage (vdH)
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Section 10. Route of administration

Strategy specific search

For this strategy, we only sought for articles concerning infliximab, abatacept and
tocilizumab, since those drugs both have an intravenous and subcutaneous route of
administration registered.

PubMed search (add this search to ‘IRD’)

(((subcutan*[title/abstract]) AND (intraven*[title/abstract])) AND ((((((infliximab-
[MeSH Terms]) OR (abatacept[MeSH Terms])) OR (tocilizumab[Supplementary
Concept])) OR (infliximab|[Title/Abstract])) OR (abatacept[Title/Abstract])) OR (tocili-
zumab(Title/Abstract])))

Embase search (add this search to ‘IRD’)
1. exp infliximab/ or exp abatacept/ or exp tocilizumab/ or infliximab.ti,ab,kw. or
abatacept.ti,ab,kw. or tocilizumab.ti,ab,kw.
exp subcutaneous drug administration/ or subcutan*.ti,ab,kw.
exp intravenous drug administration/ or intraven*.ti,ab,kw.
1and2and3

Strategy output

The flow diagram for the search strategy of systematic literature reviews for route of
administration:

PubMed: 3 Embase: 9

Total: 12

Duplicates
removed: 10

Accepted: 1

93




94

The flow diagram for the search strategy of randomized controlled trials for route of
administration:

PubMed: 116 Embase: 74
Total: 190

v
Duplicates
removed: 138

Y
Accepted: 6

Included SLRs

Author Study Amstar score
quality
CaporaliB7l | 2021 | P:RA IFX Moderate | 1=yes, 2=no,
I/C: combine efficacy 3=yes, 4=partial
and safety data of IFX yes, 5=yes, 6=no,
sc with historical data 7=yes, 8=partial
on IFXiv, ADA, ETN yes, 9=yes, 10=N0,
O: Efficacy, safety 11=yes, 12=Ves,
13=yes, 14=Yes,
15=n0, 16=n0.

Included RCTs
Full RCT search performed.

Author Year Acronym Drugs RoB-2

conclusion
FX Low

WesthovensB38l | 2021 | - P:active RAand inadequate
response to MTX

I: IFX sc 120 mg every 2 weeks
from week 6 (after IV loading
dose on week 0 and 2)

C: IFXIV3 mg/kg every 8
weeks

O: Efficacy, PROMs,
pharmacokinetics
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Included RCTs (Continued)
Full RCT search performed.

Author Year Acronym RoB-2
conclusion
BurmesterB9 | 2016 | SUMMACTA | P: SUMMACTA participants | TCZ Some
extension |/C: SC group: randomization concerns

11:1to continue sc or
switch toiv; IV group:
randomization 2:1to
continuation of iv or switch
to sc.

Ogatal4ol 2014 | MUSASHI P:active RAand inadequate | TCZ Some
response to previous tx concerns
|: TCZ sc 162 mg every 2
weeks

C:TCZ iv8 mg/kg every 4
weeks

O:ACR20 response rate

Burmesterl41l 2014 | SUMMACTA | P:active RAand inadequate  TCZ Low
response to csDMARD

1: TCZ sc 162 mg once weekly
C:TCZ iv 8 mg/kg every 4
weeks

O: ACR20 response rate

Iwahashil42] 2014 | - P:RAand inadequate ABA Low
response to MTX

I: ABA sc 125 mg/week
C:ABAiv 10 mg/kg every 4
weeks

O:ACR20 response rate,
safety, pharmacokinetics
and immunogenicity.

Genovesel43l 2011 | ACQUIRE P:active RAand inadequate = ABA Low
response to MTX

I: ABA sc 125 mg/week
C:ABAiv 10 mg/kg every 4
weeks

O:ACR20 response rate,
safety,immunogenicity.
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Section 11. Drug wastage

Strategy specific search

PubMed search

(redispens*[Title/Abstract]) OR (waste[Title/Abstract]) OR (wastage[Title/Abstract])
OR (compounding[Title/Abstract]) OR (dispens*[Title/Abstract]) OR (spillage[Title/
Abstract]) OR (reuse[title/abstract]) OR (unused]title/abstract])

Embase search
(redispens or waste or wastage or compound* or dispens* or spillage or reuse or
unused).ti,ab,kw.

Strategy output
The flow diagram for the search strategy of systematic literature reviews for drug
wastage:

PubMed: 1 Embase: 15

Total: 16

Duplicates
removed: 15

Accepted: 0

The flow diagram for the search strategy of randomized controlled trials for drug
wastage:

PubMed: 42 Embase: 97
Total: 139
v

Duplicates
removed: 118

h

Accepted: D
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Included SLRs
None ofthe found publications matched ourresearch question and could be included.

Included RCTs
None of the found publications matched ourresearch question and could be included.

Section 12. Medication adherence

Strategy specific search

PubMed search

(medication adherence[MeSH Terms]) OR (medication adherence[Title/Abstract])
OR (drug adherence[Title/Abstract]) OR (adherence[Title/Abstract]) OR (patient
compliance[Title/Abstract]) OR (medication compliance[Title/Abstract]) OR (drug
compliance[Title/Abstract]) OR (non adherence[Title/Abstract]) OR (medication
persistence[Title/Abstract]) OR (drug persistence[Title/Abstract]) OR (administration,
self[MeSH Terms]) OR (self injection[Title/Abstract]) OR (self administration(Title/
Abstract])

Embase search

medication compliance/ or adherence.ti,ab,kw. or patient compliance.ti,ab,kw. or
compliance.ti,ab,kw. or non adherence.ti,ab,kw. or medication persistence.ti,ab,kw.
ordrug persistence.ti,ab,kw. or self administration.ti,ab,kw. or self injection.ti,ab,kw.
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Strategy output

The flow diagram for the search strategy of systematic literature reviews for
medication adherence:

PubMed: 11 Embase: 32
Total: 43

Duplicates
removed: 35

!

Accepted after
title/abstract
screening: 2

}

Accepted
after full-text
screening: 0

I

Total SLR
included: 0

The flow diagram for the search strategy of randomized controlled trials for
medication adherence:

PubMed: 272 Embase: 188
Total: 460

Y

Duplicates
removed: 389

h 4

Accepted: 1
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Included SLRs
None. None of the found publications matched our research question and could be
included.

Included RCTs
Full RCT search performed.

Author Year Acronym Drugs RoB-2

conclusion

Gutermann(44l | 2021 | - P: axSpA patients with stablel bDMARD | Low
disease activity for 6 months
and treatment with sc
bDMARD

I: Pharmacist’ educational
interview

C:Regular care

0:Change in patients’
knowledge score about sc
bDMARD management

at month 6, change in
medication possession rate.

We formed an expert opinion point-to-consider only, referring to the current EULAR
points to consider for management of non-adherence, because the evidence we
found was very limited and not general enough to form a point-to-consider by itself.
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Section 13. Disease activity guided dose optimisation (DAGDO)

Strategy specific search

PubMed search

((((C(Ctitrat*[Title/Abstract]) OR (down titrat*[Title/Abstract])) OR (reduc*[Title/
Abstract])) OR (dose reduc*[Title/Abstract])) OR (dose de-escalat*[Title/Abstract]))
OR (discontinu*[Title/Abstract])) OR (dose taper*[Title/Abstract])) OR (taper*[Title/
Abstract])) OR (spac*[Title/Abstract])) OR (cessat*[Title/Abstract])) OR (stop*[Title/
Abstract])) OR (withdraw*[Title/Abstract])) OR (dose titrat*[Title/Abstract])) OR
(interval widen*[Title/Abstract])

Embase search

exp drug dose reduction/ or taper*.ti,ab,kw. or dose reduc*ti,ab,kw. or down titrat*,
ti,ab,kw. or reduc*.ti,ab,kw. or dose de-escalat*.ti,ab,kw. or discontinu*.ti,ab,kw. or
dose taper*ti,ab,kw. or spac*tiab,kw. or cessat*ti,ab,kw. or stop*ti,abkw. or
withdraw™*ti,ab,kw. or dose titrat*.ti,ab,kw. or interval widen*ti,ab,kw.

Strategy output
The flow diagram for the search strategy of systematic reviews for ‘DAGDO”:

PubMed: 174 Embase: 355

Total: 529

Duplicates
removed: 388

I

Accepted after
title/abstract
screening: 18

Recent (2019- Qlder: 14 |

now): 4

4 y
Asking expert Accepted after Concerned
for missing full-text knowledge
literature: 1 screening: 3 gaps: 2
Total SLR

included: 6
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The flow diagram for the search of RCTs for ‘DAGDO in PsA, with the addition of the
RTXRCT”

PubMed: 845

Total:
1298

I

Duplicates

|

The flow diagram for the search of RCTs for DAGDO of tsDMARDs:

PubMed: 292

Accepted after RTX RCT known
title/abstract by the SLR
screening: 1 team: 1

Total included:
2

Total: 557

Embase: 265

Duplicates
removed: 371

|

Accepted after
title/abstract
screening: 2

A

.| Rejected after full-

text screening: 1

Total included:
1
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Included SLRs

Author Year PICO Drugs Study Amstar score
quality
Lawson4s] 2021 | P:axSpAtreated with TNFi High 1=yes, 2=yes,
TNFi 3=yes, 4=yes,
I: dose reduction 5=yes, 6=yes,
C: maintenance of 7=partial yes,
standard dose 8=yes, 9=yes,
0: efficacy, safety, QoL 10=yes, 11=yes,
12=no, 13=Yyes,
14=yes, 15=Ves,
16=yes
Vasconcelos4€l | 2020 | P:RA ABA,ADA, | Moderate | 1=yes,2=no,
I: reducing or spacing CER, ETN, 3=yes,
bDMARD TCZ 4=partial yes,
C:dose maintenance of 5=yes, 6=yes,
bDMARD 7=partial yes,
0: efficacy, safety, 8=yes, 9=yes,
radiographic 10=yes, 11=Yes,
progression 12=yes, 13=Yyes,
14=yes, 15=Ves,
16=yes
Vinson(47] 2020 | P:RA bDMARDs, | Critically | 1=yes, 2=no,
I: tapering (dose JAKi low 3=yes,
reduction or spacing) 4=partial yes,
C: continuation 5=yes, 6=no,
O:serious infections 7=yes, 8=no,
and AEs 9=yes, 10=N0,
11=yes, 12=n0,
13=n0, 14=Yes,
15=yes, 16=yes
Verhoefl48] 2019 | P:RAand LDA anti-TNF | Moderate | 1=yes, 2=no,
|: down-titration of 3=yes, 4=yes,
anti-TNF 5=yes, 6=yes,
C:usual care 7=yes, 8=yes,
0: efficacy, functioning, 9=yes, 10=yes,
costs, safety and 11=0,12=0,
radiographic 13=yes, 14=yes,
progression 15=0, 16=Yes.
Edwardsl49] 2017 | P:RA, PsA, axSpA bDMARDs | Critically | 1=no, 2=no,
I: tapering low 3=n0, 4=partial
C: not clearly mentioned yes, 5=yes,
0: efficacy, patient 6=yes,
perspective 7=no, 8=no,
9=n0,10=N0,
11=0, 12=0,
13=n0, 14=Yes,

15=0,16=n0
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Included SLRs (Continued)

Author

Navarro-
Companlsol

Year

2016

PICO Drugs Study

quality
P:axSpA ADA, ETN, | Critically
I:discontinuation or IFX low
tapering

C: maintaining dose of

anti-TNF

O:flare or change
on disease activity

parameters.

Amstar score

1=yes, 2=N0,
3=yes,
4=partial yes,
5=yes, 6=yes,
7=yes, 8=yes,
9=n0,10=N0,
11=0, 12=0,
13=Yyes, 14=Yyes,
15=0, 16=n0

Included RCTs

Author

Coatesls1

Year

2021

Acronym

SPIRIT-P3

P: participantin the
SPIRIT-P3 study (PsA,
biologic-naive, treated with
IXE in the study for 36 weeks)
I: continuation of IXE 80
mg/2 weeks

C: switch to placebo

O:time torelapse

Drugs

IXE

RoB-2
conclusion

Low

Verhoefls2]

2019

REDO

P: RA patients on RTX with
low disease activity for at
least 6 months

I: dose reduction to 200 mg
or 500 mg RTX

C: continuation of 1000 mg
RTX

0: change from baseline in
DAS28-CRP at3and 6 months

RTX

Low

Takeuchils3l

2018

P:RA, treated with BARI 4 mg
in phase 3 trials

I: dose reduction to BARI 2 mg
C: continuation of BARI 4 mg
O: proportion maintaining
CDAI €10 at3months

BARI

Some
concerns
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Section 14. Non-medical drug switching

Strategy specific search

PubMed search

(drug switch*[Title/Abstract]) OR (drug transition*[Title/Abstract])

Embase search
drug substitution/ or drug switch*.ti,ab,kw. or drug transition*.ti,ab,kw.

Strategy output

The flow diagram for the search strategy of systematic reviews for ‘nonmedical drug
switching”

PubMed: 0 Embase: 33

h 4

Accepted: 0

The flow diagram for the search strategy of RCTs for ‘nonmedical drug switching”:

PubMed: 10 Embase: 255

Duplicates
» removed: “
261

k4

Accepted: 0

Included SLRs
None of the found publications matched ourresearch question and could be included.

Included RCTs
None ofthe found publications matched ourresearch question and could be included.
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Section 15. Research agenda

Supplementary box 1. Research agenda

N o vk wN R

10.
11.
12.

Is optimizing pharmacokinetic exposure of b/tsDMARDs possible?

Does the use of a drug formulary policy contribute to cost-effectiveness?

How can wastage of b/tsDMARDs be reduced?

Is non-medical drug switching efficacious, safe and acceptable for patients?

What are effective strategies to improve medication adherence of b/tsDMARDs?
What predictors for choosing or tapering a b/tsDMARD are effective?

Does combination therapy of non-TNFi with MTX (or another csDMARD) for PsA and
axSpA have additional value on efficacy and drug survival, compared to monotherapy?
Does combination therapy of sarilumab with MTX (or another csDMARD) in RA have
additional value on efficacy and drug survival, compared to monotherapy?

Is switching from intravenous to subcutaneous administration or vice versa of
infliximab effective and safe?

Is subcutaneous administration of rituximab effective and safe in RA?

What is the most effective DAGDO strategy in IRD?

What is the long-term effectiveness and safety of DAGDO in IRD?
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Abstract

Objectives
To investigate safety and effectiveness of disease activity-guided dose optimisation
of TNF-inhibitors in rheumatoid arthritis over 10 years.

Methods

Observational long-term extension of a randomised study of participants who
completed the 3-year extension of the DRESS-study. After the randomised phase
(month 0-18), disease activity-guided dose optimisation was allowed for all. Main
outcomes were mean time-weighted DAS28-CRP; biological and targeted synthetic
anti-rheumatic drug (b/tsDMARD) use per year as proportion of daily defined
dose; proportion of patients reaching discontinuation; durability, effectiveness of
subsequent dose reduction attempts; and radiographic progression between 3
and 10 years using the Sharp-van der Heijde score.

Results

170 patients were included of whom 127 completed 10-year follow-up. The mean
disease activity remained low (DAS28-CRP 2.13, 95% confidence interval 2.10 to
2.16), whilst the b/tsDMARD dose reduced from 97% at baseline (95% Cl 96% to
99%, N=170) to 56% at year 10 (49% to 63%, n=127). 119 of 161 participants (74%)
with an optimisation attempt reached discontinuation, with a median duration of
7 months (interquartile range 3 to 33 months), and 25 participants never had to
restart their b/tsDMARD (21%, 14% to 29%). The mean dose reduction after dose
optimisation was 48% (n=159) for the first optimisation attempt and 33% for
subsequent attempt (n=86). Of the 86 participants, 41 (48%) had radiographic
progression exceeding the smallest detectable change (5.7 units), and progression
was associated with disease activity, not b/tsDMARD use.

Conclusion

Long-term disease activity-guided dose optimisation of TNF-inhibitors in rheumatoid
arthritis, including discontinuation and multiple tapering attempts, remains safe
and effective.



10-year effectiveness of disease activity—guided dose optimisation of TNF-inhibitors

Introduction

Tumour necrosis factor inhibitors (TNFi) have shown to be effective and safe in the
treatment of rheumatoid arthritis (RA),2 but have drawbacks, including infusion or
injection site reactions, a somewhat higherrisk of serious infections,2and high costs23
In patients with controlled RA, these drawbacks can be reduced using disease activi-
ty-guided dose optimisation. Thisincludes a stepwise decrease of the TNFi dose (with
or without discontinuation as final step) together with treat-to-target, so that
treatment can be intensified in case of a flare.4

The ‘Dose REduction Strategy of Subcutaneous TNF inhibitors’ (DRESS) study was the
first randomised controlled study in RA investigating disease activity-guided dose
optimisation of adalimumab or etanercept compared with continuation over a period
of 18 monthss In this study, non-inferiority regarding major flare risk between the
groups was shown, and dose reduction or discontinuation was found to be possible in the
majority of patients of the dose optimisation group. Interestingly, the radiographic
progression was slightly higherin the dose optimisation group and, specifically in this
group, associated with increased disease activity, but not with TNFi dose.5:6

The extension of the DRESS study investigated effectiveness and safety of dose
optimisation up to three years, with dose optimisation allowed for both groups.”
No differences were seen in major flare incidences or disease activity, nor in radio-
graphic progression. Moreover, the cost-effectiveness of dose optimisation was
confirmed.® Following the DRESS study, effectiveness of TNFi dose optimisation is
confirmed in several systematic reviews,® and supporting data also exist on tapering of
other disease-modifying antirheumatic drugs (DMARDs)!%:1 and in other inflammatory
diseases.’214 Consequently, for RA, a recommendation on dose optimisation was
included in the current EULAR guideline, stating that in patients in sustained
remission without glucocorticoid use, dose reduction of any DMARD (biological
DMARDs (bDMARDs), targeted synthetic DMARDs (tsDMARDs) and/or conventional
synthetic DMARDs (csDMARDs)) may be considered.?

Because of the chronic nature of RA, longer-term data (> 3years) on dose optimisation
are of importance. The most important outcomes of interest for dose optimisation
would be disease activity, b/tsDMARD use, radiological outcomes, and the interrelation
between these three key variables. Also, it is debated whether a discontinuation
attempt should be part of a dose optimisation strategy,* and it is not clear whether
repeated dose optimisation attempts over time are a sensible approach. Therefore,
this study aimed to assess 10-year outcomes of TNFi dose optimisation in RA in a
cohort of patients originally included in the DRESS study.
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Materials & Methods

Study design and participants

This is a 10-year observational extension study of the DRESS study, a randomised
controlled, open-label, non-inferiority trial which compared disease activity-guided
dose optimisation of TNFi with dose continuation in patients with RA. An extensive
description of the inclusion criteria and the rationale of the study are described
elsewhere515 In short, RA patients treated with stable adalimumab or etanercept
for 2 6 months with stable low disease activity on at least two consecutive visits
were included.

For the current study, participants of the DRESS study were included if they had
completed the 3-yearextension study. We collected pseudonymised data on patient-,
disease- and treatment characteristics from the electronic health records from the
Sint Maartenskliniek (locations Nijmegen, Boxmeer, Geldrop and Woerden) from
January 2015 to October 2022, and combined this with data from the earlier
publications. The local ethics committee provided exemption for this follow-up study
(METC Oost-Nederland; 2023-16202), as ethical approval for this type of study is not
required under Dutch law.

Procedures

During the 18-month intervention phase, patients were treated following a standardised
treat-to-target protocol with visits every three monthss515 Disease activity was
assessed with the DAS28-CRP.(16) Patients in the dose optimisation group with
DAS28-CRP ¢ 3.2 received stepwise dose reduction by increasing the interval of
adalimumab or etanercept. The dose optimisation protocol contained the following
steps, displayed as percentage of the current daily dose to the defined daily dose
(%DDD):100% - 66% - 50% - 0% (full discontinuation). In case of a flare, the dose was
increased to the last effective dose or, in case of a flare at full dose, treatment was
switched to another biological DMARD (bDMARD). Flare definition was a DAS28-CRP
increase from baseline of > 1.2, orasan increase of > 0.6 with a current DAS28-CRP 2 3.2.16

During the extension phase (month 18-36), disease activity-guided dose optimisation
was encouraged for all participants. After the extension phase, it became standard of
care for all RA patients in the Sint Maartenskliniek with sustained low disease activity
(LDA) or remission.r7 The dose optimisation protocol was slightly adjusted with an
extra step (33% of DDD) before discontinuation, resulting in the following protocol:
100% - 66% - 50% - 33% - 0%. Also, since March 2015, the more stringent cut-offs
validated for DAS28-CRP for remission (DAS28-CRP < 2.4) and LDA (DAS28-CRP < 2.9)
have been used.28 During the observational follow-up, patients were treated by their
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n=180
Allocated to DAGDO (n=121) | | Allocated to usual care (n=59)
=18 —>| Lost to follow-up (n=2) |
N N
Completed original DRESS Completed original DRESS
study (n=119) study (n=59)
n=170
—>| Lost to follow-up (n=6) | —>| Lost to follow-up (n=2)
N N
Completed DRESS LTE (n=113) Completed DRESS LTE (n=57)

n=161* No DAGDO attempts (n=9)
>1dose optimisation attempt >1dose optimisation attempt
of DRESS TNFi (n=113) of DRESS TNFi (n=48)
n=1197 Did not reach Did not reach
discontinuation (n=22) discontinuation (n=20)
v v
Discontinuation attempt of Discontinuation attempt of
DRESS TNFi (n=91) DRESS TNFi (n=28)
=2 Lost to follow-up (n=32) Lost to follow-up (n=11)
13deaths 4 deaths
7 discontinued treatment 4 discontinued treatment
~»  6continued treatment ~» 2continued treatment
elsewhere elsewhere
6 nodisease activity 1nodisease activity
measurement performed* measurement performed*
A4 v
Completed 10-years follow-up Completed 10-years follow-up
(n=81) (n=46)

Figure 1. Study flowchart

*Represents the number of patients with 1 DAGDO attempt. TRepresents the number of patients with
>1 discontinuation attempt. At least one disease activity measurement was required to be included in
the analyses. DAGDO: disease activity—guided dose optimization; DRESS: Dose REduction Strategy of
Subcutaneous TNF inhibitors study; LTE: long-term extension study (3 year follow-up); TNFi: TNF inhibitor
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own rheumatologist, and treatment changes were based on shared decision making
between patient and rheumatologist.

Outcomes

For this extension study, we defined the following descriptive study outcomes:
1) TNFi dose, b/tsDMARD dose and disease activity over time, 2) proportions of patients
with a first and second dose optimisation attempt, and the effectiveness of those
attempts, 3) proportion of patients with, and duration of the first discontinuation
attempt, and 4) radiographic progression between 3 and 10 years.

The TNFi and other b/tsDMARD dose over time was defined as the mean time-weighted
ratio of the current dose to the DDD per subsequent year after baseline. Adalimumab
4omg/2 weeks, and etanercept somg/week were used as 100% of DDD (Supplementary
Table 1). We used the trapezoid method to calculate the mean time-weighted drug
use. Drug survival was defined as the use of the current b/tsDMARD until start of a
new b/tsDMARD or censoring. Time after discontinuation of the current b/tsDMARD
was still considered drug survival including the start of a glucocorticoid and/or a
csDMARD, as long as no other b/tsDMARD was started. The disease activity over time
was defined as the mean-time weighted DAS28-CRP, also calculated with the
trapezoid method.

For both the dose optimisation and discontinuation attempts, only the first episode
of the original DRESS TNFi use was used (until switch to another b/tsDMARD). A dose
optimisation attempt was defined as the moment of initiation of the dose optimisation
protocol up until the first dose increase or censoring. For example, when a patient
was using full dose of TNFi (100% of the DDD) at the start of the study, the moment of
starting 66% of DDD was marked as start of the dose optimisation attempt. If the
same patient was using 66% of DDD after the first dose optimisation attempt (due to
a persistent flare at 33%) but re-attempted 33% of DDD at a later time point, the
initiation of 33% was also marked as a dose optimisation attempt. The effectiveness
of dose optimisation attempts were operationalised as change in %DDD after 1.5
years (in line with the extension study). Additionally, we calculated the proportions
of patients with a lower dose, full discontinuation and stable dose.

The first discontinuation attempt was defined as reaching a %DDD of 0% for the first
time. The duration of a discontinuation attempt was defined as the time from
reaching 0% until restart of the same or another b/tsDMARD. Use of concomitant
antirheumatic drugs (csDMARDs, NSAIDs, glucocorticoids) was allowed and noted.
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We assessed radiographic progression between 3 years and 10 years of the hands and
feet, using the radiographs taken at the end of the DRESS extension study as 3 years,’
and radiographs taken (in routine care) between June 2021 and January 2023 as
10-year time point. The radiographs were scored pairwise by two readers (CvdT and
NvH), blinded for disease activity and medication use, but in a known sequential
order, using the modified Sharp-van der Heijde score (SvdH, range 0 — 448).(19) The
3-yearradiographs were re-scored for this study. We calculated the mean progression
in SvdH between 3 and 10 years and per year, as well as the proportion of patients
exceeding (1) the smallest detectable change (SDC), calculated with the 95% levels of
agreement method(20) and (2) a score of 0.5 SvdH units representing minimal
radiographic progressions In addition, as we found a relationship between radiographic
progression and mean time-weighted DAS28-CRP with effect modification of TNFi
%DDD in the first 15 years of the DRESS study,® we studied the relationship between
disease activity on progression, and b/tsDMARD dose on progression, in a multi-
variable logistic regression analysis containing all three variables.

Statistical analysis

We performed no formal sample size analysis, as we used all eligible DRESS study
participants. The last available DAS28-CRP measurement of each patient before
November 1st, 2022, was used as the censoring date. For the exploratory outcomes,
descriptive statistics of mean * standard deviation and median (interquartile range)
were used depending on their distribution. For percentages, the 95% confidence
interval (Cl) was calculated where appropriate.

Durations of drug survival and discontinuation were analysed with Kaplan-Meier
analyses. For radiographic progression, logistic regression was used for studying
the relationship between radiographic progression, %DDD and disease activity.
Progression exceeding the SDC was used as the cut-off point (progression yes/no)
for the dependent variable with mean-time weighted DAS28-CRP and b/tsDMARD
%DDD as independent variables. Results were displayed as odds ratios (OR) with
95% Cl. Stata/IC version 13.1 (StataCorp, College Station, TX, USA) was used for the
statistical analyses.
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Table 1. Baseline characteristics

Total (n=170)

General characteristics

Female sex 109 (64)

Age at baseline (years) 59t10
Active smoker at baseline 44 (26)

Body Mass Index at baseline (kg/m2) 267146
Disease characteristics

Disease duration at baseline (years) 10 (6 - 16)
Rheumatoid factor positive 136 (80)
ACPA positive 124 (73)
Erosive disease at baseline 96 (61, N=158)
DAS28-CRP score at baseline 2.18 £ 0.69
Treatment characteristics

TNFi at baseline (etanercept/adalimumab) 112/58
Duration of DRESS TNFi use (years) 34124
Concomitant csDMARD use at baseline 113 (66)

> 1previous TNFi used 62 (37, N=166)
DRESS randomisation (dose optimisation/usual care) 113/57

Eitherdisplayed as mean * standard deviation, median (interquartile range) or number (percentage).

Results

Participants

Of the 180 patients randomised in the original DRESS-study, 170 patients (94%)
completed the 36 months follow-up (original randomisation: 113 disease activi-
ty-guided dose optimisation and 57 usual care). No objections against pseudonymous
data use were received, thus data of all 170 patients could be included in this study
(Figure 1). A total of 127 patients completed 10-year follow-up (Figure 1), and the
median follow-up time was 10.0 years (interquartile range (IQR) 9.3-10.3). The patient
characteristics are displayed in Table 1.

Medication use and disease activity

At DRESS-study baseline, the used TNF-inhibitor (DRESS TNFi) was etanercept for 112
patients and adalimumab for 58 patients. The median drug survival of the DRESS
TNFi from study baseline was 8.9 years (min to max: 0.50 —10.7 years) and was similar
for etanercept (median 8.5 years) and adalimumab (median 9.3 years). At their last
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available measurement, 55 patients (32%) were still using their DRESS TNFi, 60 patients
(36%) used another b/tsDMARD and another 55 patients (32%) had discontinued
their DRESS TNFi without starting a new b/tsDMARD. Of the 55 patients without
b/tsDMARD at that time, 29 patients were using a ¢sDMARD, 2 patients oral
prednisolone, 4 patients both a csDMARD and prednisolone, and 20 patients were
DMARD-free. Throughout the study, 60 of 170 patients changed to a different
b/tsDMARD from their original DRESS TNFi.

The proportion of the mean DRESS TNFi dose in relation to the daily defined dose
(%DDD) decreased from 97% at baseline (95% Cl 96% - 99%, n=170) t0 49% at years
(95% Cl 42% - 56%, n=129, see Figure 2). At year 10, the %DDD remained stable: 51%
(43% - 59%, n=85). The same pattern was found for all b/tsDMARDs (including the
DRESS TNFi) with a decrease from 97% at baseline (96% - 99%, n=170) to 56% at year
10 (49% - 63%, N=127, see also Figure 2).

— m -allb/tsDMARDs —m— DRESS TNFi

«ee¥-- CSDMARD ... prednisolone
100%
90%
80%
70%
60%
50%
40%
30%
20%
10% ~
.......... B SRRt L LT SONURPRPILL A T X
0% = x e N .
0 1 2 3 4 5 6 7 8 9 10
allb/tsDMARDs | 97% | 65% | 62% | 58% | 57% | 56% | 57% | 55% | 55% | 56% | 56%
n b/tsDMARD 170 170 170 170 163 157 153 146 142 132 127
DRESS TNFi 97% | 65% | 61% | 55% | 53% | 49% | 50% | 49% | 49% = 49% | 51%
csDMARD 65% | 63% | 62% | 64% | 66% & 66% @ 65% @ 68% @ 70% | 71% @ 71%
prednisolone 35% | 41% | 53% @ 61% | 46% | 2,8% | 79% | 09% @ 10% 11% @ 63%
n DRESS TNFi* 170 170 167 159 145 129 121 110 104 92 85

Follow-up time (years)

Figure 2. Mean drug dose relative to the daily defined dose per year

Represents the drug dose relative to the daily defined dose (%DDD) per subsequent year (for all b/
tsDMARDs and DRESS TNFis), and the proportion of patients on DRESS TNFi using co-medication (for
csDMARD and prednisolone) Number also applicable for csDMARD and prednisolone. b/ts DMARD:
biologic/targeted synthetic DMARD; csDMARD: conventional synthetic DMARD; DRESS: Dose REduction
Strategy of Subcutaneous TNF inhibitors study; TNFi: TNF inhibitor
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The mean time-weighted disease activity measured with DAS28-CRP throughout

the study was 2.13 (95% Cl 2.10 — 2.16). An overview of the MTW DAS28-CRP per study
yearis displayed in Figure 3.

Dose optimization attempts

One hundred and sixty-one patients (161/170, 95%) had at least 1 dose optimisation
attempt of their DRESS TNFi during the study. The median number of dose
optimisation attempts per patient was 2 (range 0-5). 159/161 patients had at least
1.5 years of follow-up of their first dose optimisation attempt available. When
comparing the DRESS TNFi dose after 1.5 years to the dose at the start of the first
optimisation attempt in these patients, 70 used a lower dose (44%), 46 had reached

full discontinuation (29%), and 43 used a similar dose (27%). The mean %DDD
reduction was 48% +38%.

3
1

2
1

W

1
1

Mean time-weighted DAS28-CRP

0 1 2 3 4 5 6 7 8 9 10
Follow-up time (years)
n=170 n=170 n=170 n=170 n=163 n=158 n=154 n=147 n=142 n=132 n=130

Figure 3. Mean time-weighted disease activity per year measured with DAS28-CRP

Ninety-nine patients (99/161, 61%) had a second dose optimisation attempt. The median
time between the start of the first and second attempt was 2.7 years (IQR 1.7 — 4.2
years). The starting dose for the second dose optimisation attempt was full dose
(%DDD = 100%) for 60 patients (61%) and a tapered dose (%DDD < 100%) for 39 (39%).
The time between the first and second attempt was not associated with a successful
second attempt (no restart or dose increase during study period; OR 0.92, 95% Cl
0.73-1.18). 86/99 patients had at least 1.5 years of follow-up of their second dose
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optimisation attempt available. When comparing the DRESS TNFi dose after 1.5 years
to the dose at the start of the second optimisation attempt in these patients, 44 used
a lower dose (51%), 18 had reached full discontinuation (21%), and 24 used a similar
dose (28%). The mean %DDD reduction was 33% + 37%.

0.50 0.75 1.00
1 1 1

0.25
1

0.00
1

T T T T

2 3
Years since discontinuation

Number at risk
119 45 36 28 23 18

Figure 4. Survival of first discontinuation attempt of the DRESS TNFi in years.

The upticks represent censored subjects. DRESS: Dose REduction Strategy of Subcutaneous TNF inhibitors
study; TNFi: TNFinhibitor

Discontinuation attempts

Of the 161 patients with a dose optimisation attempt, 119 (74%) attempted dis-
continuation of the DRESS TNFi at least once (Figure 1). At the time of their first
discontinuation attempt, 65 patients (56%, 65/119) used a csDMARD as comedication,
3 oral glucocorticoids (3%) and 2 both a csDMARD and oral glucocorticoid (2%).
The median glucocorticoid dose at that time was 5 mg daily (n=5), with one patient
being on a short course of 30 mg for 7 days.

The median duration of the first discontinuation attempt was 7 months (IQR 3 —33
months). The survival of the first discontinuation attempt is displayed in Figure 4.
Thirteen patients (11%, 13/119) started extra comedication during this discontinuation
period: 10 patients started a csDMARD and 3 started oral glucocorticoids.
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Twenty-five patients (21%, 25/119) never had to restart their TNFi or another b/
tsDMARD after their first discontinuation attempt throughout the study period.
The median observed time in discontinuation of these patients was 73 months
(IQR 30 — 111 months). At the end of follow-up, 12 of these patients (48%) were using
a csDMARD, 1 oral prednisolone (4%), and 12 were DMARD-free (48%).

Table 2. Radiographic outcomes between 3 and 10 years of follow-up

Study participants (n=86)

Progression total SvdH score 5.5(2.5—13)
Progression SvdH score per year 0.8(0.4—1.8)
Progression erosion score 2(0.5-5.5)
Progression joint space narrowing 3.5(1.5—8.5)
Progression > SDC (5.7 units) 41(48)
Progression » 0.5 units 78 (91)

Either displayed as median (IQR) or number (percentage). SvdH: Sharp-van der Heijde, SDC: smallest
detectable change.

Radiographicjoint damage

Eighty-six patients had radiographs at both year3and 10 available. The median SvdH
score at 3 years was 25.8 units (IQR 10.0 - 53.5). The median progression was 5.5 units
(IQR2.5—-13.0, see table 2). Forty-one patients (48%) had a progression exceeding the
SDC(5.7units),and 78 patients (91%) progression exceeding the minimal radiographic
progression (0.5 units, supplementary figure 1).

In the regression analysis, a higher mean time-weighted DAS28-CRP was significantly
associated with reaching progression equal to the SDC or more (OR 3.71 perincreased
point of DAS28-CRP, 95%-Cl 1.31 to 10.56, p=0.014), whereas a relevant association
with the b/tsDMARD %DDD could not be demonstrated (OR 0.42 fora %DDD 0f 100%
compared to 0%, 95%-Cl 0.07 t0 2.49, p=0.34).

Discussion

This 10-year study on effectiveness and safety of disease activity-guided dose
optimisation of TNFi in RA patients showed four key results that are reassuring but
require some attention. First, we found a stable low disease activity over a 10-year
period while only using half of the TNFi dose. Second, a subsequent dose reduction
attempt also leads to a relevant reduction in b/tsDMARD use, albeit less reduction
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comparedtothe firstattempt. Third, theinclusion of a discontinuation attemptin the
dose optimisation strategy seems sensible as it does not lead to long term disease
deterioration,and because b/tsDMARD free remission fora relevant period is possible
ina non-negligible number of patients. Last, there was a relevant progression of joint
damage for half of the patients, although limited, which was not associated with
bDMARD use or dose, but seemed partly driven by higher disease activity.

Ourstudy has several strengths. Itis the largest study on disease activity guided dose
optimisation of b/tsDMARDs in RA with the longest follow-up time and with solid
data quality and low attrition. Also, treat-to-target was adequately performed in this
study, demonstrated by several indicators of protocol adherence. This also enabled
us to analyse the effects of dose and disease activity independently.

However, our study has some limitations. First, especially forthe radiographs, there is
a significant proportion of data missing (49% missing). This reduces precision and
might have induced bias, as radiographs possibly have been performed more often in
patients with more complaints and/or more active disease who were more likely
to visit the clinic, leading to an overestimation of the radiographic progression.
Of note, the proportion of missing data for the clinical outcomes (disease activity and
b/tsDMARD dose) was low for this retrospective design and long follow-up duration.
Second, some DAS28-CRP measurements were missing at the start of dose optimisation
or discontinuation. Assuming that the measurements are performed more often in
presence of complaints, the disease activity may therefore be somewhat over-
estimated. Last, precision was not always enough to exclude all relevant effect sizes,
especially for the radiographic outcomes.

Tointerpretthe radiographic progression seen in our study, thereis no suitable direct
control group available. Recent studies reporting radiographic progression in RA in
cohorts with over 25 years of follow up without dose optimisation found a somewhat
lower mean progression than our study: 1.8 - 3.1 SvdH units for 5 years follow-up and
2.5-3.8 SvdH units for 10 years compared to 5.5 SvdH units in our study.21.22 However,
this difference seems mainly due to the higher joint space narrowing sub-score in our
study compared to other studies,22-24 which is probably caused by a much longer
disease duration at baseline in our study (10 years versus 5-8 months), resulting in
more effect of primary osteoarthritis on the progression score. Of note, the median
progression found of 5.5 SvdH units over 7 years was approximately the same as the
previously suggested minimal clinically important difference (MCID) for one year
progression.25Similarly to the original DRESS study, we found an association between
radiographic progression and a higher DAS28-CRP, suggesting that radiographic
progression is driven by disease activity.6 Although we found no significant effect of
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b/tsDMARD dose on radiographic progression in this study, a smaller effect cannot be
ruled out because of the limited sample size and therefore this requires further study.

Although thisisatopic of debate, ourstudy found indications of a positive risk-benefit
ratio for the inclusion of discontinuation in a dose optimisation attempt. This is
demonstrated by the stable low disease activity over time, the long drug survival
after restart, and the finding that one-fifth of patients can stay without TNFi for a
longer time. The perception that discontinuation is a suboptimal strategy mainly
stems from randomised trials in which direct discontinuation from full dose without
the opportunity to restart was inferior to continuation of full dose, as well as trials
with short-term flares as primary outcome.26.27 However, a strategy of stopping and
restartingwhen needed isdifferentfrom stopping withouttakingeffectsofrestarting
into account, and this difference should be appreciated. Therefore, we recommend
a careful stepwise dose reduction with adequate monitoring of disease activity for
the selection of a subgroup of patients in whom a discontinuation attempt might
be fruitful.

Anotherinteresting finding is the additional value of a subsequent dose optimisation
attempt after approximately 2.5 years. Although the mean dose reduction was lower
in the follow-up attempt (33% versus 48%), the proportion of patients after 1.5 years
on either a lower dose or full discontinuation was similar for both attempts (73%
versus 72%). The effectiveness of the subsequent attempt suggests that the b/
tsDMARD need over time may vary in a patient, possibly caused by a fluctuation in
disease severity. Of note, this finding could also be explained by patient and/or
physician factors, such as stricter requirements for dose escalation (not in case of
subjective complaints), or more positive beliefs on dose optimisation. All in all,
we suggest a follow-up dose optimisation attemptin all patients after approximately
2.5years, as it has shown to be safe and can lead to additional dose reduction.

While we investigated several aspects of long-term effectiveness of disease activity-
guided dose optimisation, some research gaps remain. A possible beneficial effect of
long-term dose optimisation on adverse effects of TNFi such as infections could be
of importance. Also, the long-term effectiveness of disease activity-guided dose
optimisation for other drugs and diseases would be of interest, as it has been shown
effective for other drugs in RA,10.11.28 gs well as in other diseases.10.12-14

In conclusion, over a period of 10 years, disease activity-guided dose optimisation of
TNF-inhibitors in RA leads to a significant dose reduction while maintaining disease
control. A discontinuation attempt seems sensible to include, and subsequent dose
optimisation attempts after ~2.5 years can lead to additional dose reduction. A strict



10-year effectiveness of disease activity—guided dose optimisation of TNF-inhibitors

treat-to-target seems important to limit radiographic progression. These findings
are important to guide more specific dose optimisation recommendations in the
future regarding how to perform dose optimisation, and how to monitor outcomes
to ensure safety.

125




126

Reference list

10.

11.

12.

13.

14.

15.

16.

17.

Smolen|S, Landewé RBM, Bergstra SA, KerschbaumerA, Sepriano A, Aletaha D, et al. EULAR recommen-
dations for the management of rheumatoid arthritis with synthetic and biological disease-modifying
antirheumatic drugs: 2022 update. Ann Rheum Dis. 2023;82(1):3-18.

Sepriano A, Kerschbaumer A, Bergstra SA, Smolen |S, van der Heijde D, Caporali R, et al. Safety of
synthetic and biological DMARDSs: a systematic literature review informing the 2022 update of the
EULAR recommendations for the management of rheumatoid arthritis. Ann Rheum Dis. 2023;82(1):107-18.
Science. JMECfCDaC. Medicines for Rheumatoid Arthritis: A Review of the Research for Adults. 2005
[Available from: https://www.ncbi.nlm.nih.gov/books/NBK115126/table/consra2.tu2/.

van der Togt CJT, Van den Bemt B, Aletaha D, Alten R, Chatzidionysiou K, Galloway |, et al. Points to
considerforcost-effective use of biological and targeted synthetic DMARDs in inflammatory rheumatic
diseases: results from an umbrella review and international Delphi study. RMD Open. 2023;9(1).

van Herwaarden N, van der Maas A, Minten M}, van den Hoogen FH, Kievit W, van Vollenhoven RF, et al.
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. 2015;
350:h1389.

Bouman CA, den Broeder AA, van der Maas A, van den Hoogen FH, Landewé RB, van Herwaarden N.
What causes a small increase in radiographic progression in rheumatoid arthritis patients tapering
TNF inhibitors? RMD Open. 2017;3(1):e000327.

Bouman CA, van Herwaarden N, van den Hoogen FH, Fransen J, van Vollenhoven RF, Bijlsma JW, et al.
Long-term outcomes after disease activity-guided dose reduction of TNF inhibition in rheumatoid
arthritis: 3-year data of the DRESS study - a randomised controlled pragmatic non-inferiority strategy
trial. Ann Rheum Dis. 2017;76(10):1716-22.

den Broeder N, Bouman CAM, Kievit W, van Herwaarden N, van den Hoogen FHJ, van Vollenhoven RF, et
al. Three-year cost-effectiveness analysis of the DRESS study: protocolised tapering is key. Ann Rheum
Dis.2019;78(1):141-2.

Verhoef LM, van den Bemt BJ, van der Maas A, Vriezekolk JE, Hulscher ME, van den Hoogen FH, et al.
Down-titration and discontinuation strategies of tumour necrosis factor-blocking agents for rheumatoid
arthritis in patients with low disease activity. Cochrane Database Syst Rev. 2019;5(5):Cd010455.
Edwards CJ, Fautrel B, Schulze-Koops H, Huizinga TWJ, Kruger K. Dosing down with biologic therapies: a
systematic review and clinicians’ perspective. Rheumatology (Oxford). 2017;56(11):1847-56.
Vasconcelos LB, Silva MT, Galvao TF. Reduction of biologics in rheumatoid arthritis: a systematic review
and meta-analysis. Rheumatol Int. 2020;40(12):1949-59.

Michielsens CA, den Broeder N, van den Hoogen FH, Mahler EA, Teerenstra S, van der Heijde D, et al.
Treat-to-targetdose reduction and withdrawal strategy of TNF inhibitorsin psoriatic arthritisand axial
spondyloarthritis: a randomised controlled non-inferiority trial. Ann Rheum Dis. 2022;81(10):1392-9.
Atalay S, van den Reek |, den Broeder AA, van Vugt L}, Otero ME, Njoo MD, et al. Comparison of Tightly
Controlled Dose Reduction of Biologics With Usual Care for Patients With Psoriasis: A Randomized
Clinical Trial. JAMA Dermatol. 2020;156(4):393-400.

van Linschoten RCA, Jansen FM, Pauwels RWM, Smits LJT, Atsma F, Kievit W, et al. Increased versus
conventional adalimumab dose interval for patients with Crohn’s disease in stable remission (LADI): a
pragmatic, open-label, non-inferiority, randomised controlled trial. Lancet Gastroenterol Hepatol.
2023;8(4):343-55.

den Broeder AA, van Herwaarden N, van der Maas A, van den Hoogen FH, Bijlsma JW, van Vollenhoven
RF, et al. Dose REduction strategy of subcutaneous TNF inhibitors in rheumatoid arthritis: design of a
pragmatic randomised non inferiority trial, the DRESS study. BMC Musculoskelet Disord. 2013;14:299.
vander MaasA, Lie E, Christensen R, Choy E, de Man YA, van Riel P, et al. Construct and criterion validity
of several proposed DAS28-based rheumatoid arthritis flare criteria: an OMERACT cohort validation
study. Ann Rheum Dis. 2013;72(11):1800-5.

Smolen|S, Landewé R, Bijlsma J, Burmester G, Chatzidionysiou K, Dougados M, et al. EULAR recommen-
dations for the management of rheumatoid arthritis with synthetic and biological disease-modifying
antirheumatic drugs: 2016 update. Ann Rheum Dis. 2017;76(6):960-77.



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

10-year effectiveness of disease activity—guided dose optimisation of TNF-inhibitors

Fleischmann R, van der Heijde D, Koenig AS, Pedersen R, Szumski A, Marshall L, et al. How much does
Disease Activity Score in 28 joints ESR and CRP calculations underestimate disease activity compared
with the Simplified Disease Activity Index? Ann Rheum Dis. 2015;74(6):1132-7.

van der Heijde D. How to read radiographs according to the Sharp/van der Heijde method. | Rheumatol.
1999;26(3):743-5.

Navarro-Compan V, van der Heijde D, Ahmad HA, Miller CG, Wolterbeek R, Landewé R. Measurement
error in the assessment of radiographic progression in rheumatoid arthritis (RA) clinical trials: the
smallest detectable change (SDC) revisited. Ann Rheum Dis. 2014;73(6):1067-70.

ParkYJ,Gherghe AM,van derHeijde D.Radiographic progressionin clinical trialsinrheumatoid arthritis:
a systemic literature review of trials performed by industry. RMD Open. 2020;6(2).

Markusse IM, Akdemir G, Dirven L, Goekoop-Ruiterman YP, van Groenendael JH, Han KH, et al.
Long-Term Outcomes of Patients With Recent-Onset Rheumatoid Arthritis After 10 Years of Tight
Controlled Treatment: ARandomized Trial. Ann Intern Med. 2016;164(8):523-31.

Emery P, Genovese MC, van Vollenhoven R, Sharp JT, Patra K, Sasso EH. Less radiographic progression
with adalimumab plus methotrexate versus methotrexate monotherapy across the spectrum of
clinical response in early rheumatoid arthritis. | Rheumatol. 2009;36(7):1429-41.

Genovese MC, Bathon JM, Fleischmann RM, Moreland LW, Martin RW, Whitmore |B, et al. Longterm
safety, efficacy, and radiographic outcome with etanercept treatment in patients with early
rheumatoid arthritis. | Rheumatol. 2005;32(7):1232-42.

Welsing PM, Borm GF, van Riel P. Minimal clinically important difference in radiological progression of
jointdamage. Adefinition based on patient perspective. ] Rheumatol. 2006;33(3):501-7.

Smolen JS, Nash P, Durez P, Hall S, llivanova E, Irazoque-Palazuelos F, et al. Maintenance, reduction, or
withdrawal of etanercept after treatment with etanercept and methotrexate in patients with
moderate rheumatoid arthritis (PRESERVE): a randomised controlled trial. Lancet. 2013;381(9870):918-29.
Chatzidionysiou K, Turesson C, Teleman A, Knight A, Lindqvist E, Larsson P, et al. A multicentre,
randomised, controlled, open-label pilot study on the feasibility of discontinuation of adalimumab in
established patientswithrheumatoidarthritisinstableclinicalremission.RMDOpen.2016;2(1):000133.
Takeuchi T, Genovese MC, Haraoui B, Li Z, Xie L, Klar R, et al. Dose reduction of baricitinib in patients with
rheumatoid arthritis achieving sustained disease control: results of a prospective study. Ann Rheum
Dis.2019;78(2):171-8.

127




128

Supplementary data

Supplementary table 1. Daily defined dose of the included biological and targeted
synthetic DMARDs

Biological DMARDs

Abatacept

125 mg every 7 days

Adalimumab

40 mg every 14 days

Certolizumab pegol

200 mg every 14 days

Etanercept 50 mg every 7 days
Golimumab 50 mg every 30 days
Rituximab 1000 mg every 182 days
Sarilumab 200 mg every 14 days
Tocilizumab 162 mg every 7 days

Targeted synthetic DMARDs

Baricitinib 4 mg every day
Tofacitinib 10 mg (2*5) every day
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Supplementary figure 1. Probability plot

SDC: smallest detectable change, SvdH: Sharp-van der Heijde. Solid line: no progression, broken line: SDC
of 5.7 points, triangle line: probability.
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Abstract

Background

Tofacitinib is a Janus Kinase (JAK) inhibitor used in the treatment of rheumatoid
arthritis (RA) and psoriatic arthritis (PsA), dosed as 5 mg twice daily. It is primarily
metabolized by the cytochrome P-3A (CYP3A) enzyme, and therefore the
manufacturer recommends to halve the dose when using CYP3A-inhibiting
comedication. Combining half-dose tofacitinib with a registered CYP3A-inhibitor
(cobicistat) could reduce costs and improve patient experience.

Objectives

Primary: bioequivalence of tofacitinib 5 mg combined with cobicistat once daily
(QD; intervention) to tofacitinib 5 mg twice daily (BID; control). Secondary: safety,
patient preference (7-point Likert scale at study end), and predicted differencesin
disease activity (DAS28-CRP and probability of ACR20-response) using a validated
exposure-response model.

Design
Open-label, cross-over pharmacokinetic study

Methods

We included patients with RA or PsA, treated with tofacitinib smg BID for 2 14 days
without co-medication affected by CYP3A-inhibition. Pharmacokinetic sampling
was performed at baseline and after 2-6 weeks of intervention treatment.
Bioequivalence was defined as 90%-Cl of the average tofacitinib concentration
(Cavg,ss; intervention to control) falling between 80-125%, assessed by non-linear
mixed effects modelling.

Results

Between 16 September 2019 and 15 January 2021, 30 patients were included, of
whom 25 completed both PK-measurements. The tofacitinib C,q c Was 85% (90%
Cl: 75-96%). No serious adverse events occurred. Patient preference was 56% for
intervention versus 18% for control. No relevant differences in median predicted
disease activity were found (DAS28-CRP: 0.03, 95% Cl -0.16 to 0.22; ACR20: -0.01,
-0.07t0 0.05).

Conclusion

Due to slightly lower tofacitinib concentrations during intervention treatment,
pharmacokinetic bioequivalence could not formally be established. However, pharma-
cokinetic boosting may be an attractive strategy for cost reduction of tofacitinib,
because of its safety, similar predicted pharmacodynamics and patient preference.
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Introduction

Janus Kinase (JAK) inhibitors are effective and safe drugs in the treatment of both
rheumatoidarthritis (RA)and psoriaticarthritis (PsA).2 Thefirstapproved JAK-inhibitor
was tofacitinib, which significantly reduces arthritis symptoms and decreases
radiological progression in both conditions.23 Initially, tofacitinib was only available
as 5 mg twice daily (BID), but more recently once daily (QD) therapy with tofacitinib
has become available by authorization of an 11 mg extended-release (XR) tablet.
Interestingly, the approval of this XR tablet was entirely based on model-based
prediction of the efficacy of this new formulation, using a small pharmacokinetic
study and an existing exposure-response model.4

However, tofacitinib treatment is associated with high costs. Yearly costs per patient
for tofacitinib 5 mg BID varied between 13,000 euros in the European Union and
43,000 euros in the United States in 20185 Since its patent will not expire until 2028,
innovative strategies are needed to provide effective but cost-effective treatmentin
the upcoming years.

For tofacitinib, an opportunity can be found in its metabolism, which is primarily
executed by the cytochrome P450 isoenzyme 3A (CYP3A).6 Indeed, the manufacturer
advises to halve the dose of tofacitinib when co-administered with a strong CYP3A
inhibiting drug, such as ketoconazole.® Therefore, tofacitinib treatment could be
decreased to 5 mg QD if deliberately combined with such an inhibitor, a strategy
called ‘pharmacokinetic boosting’.

Pharmacokinetic boosting, by means of CYP3A inhibition, is a concept that is widely
applied in human immunodeficiency virus (HIV)-treatment, to reduce pill burden and
pharmacokinetic variability.”? Cobicistat is an approved pharmacokinetic booster
used for HIV treatment. It strongly inhibits CYP3A metabolism in the intestines as
well as the liverand is otherwise pharmacologically inactive.8 In the Netherlands, the
costs for cobicistat are €1.09 per tablet, approximately one-twelfth of tofacitinib.9.10
As cobicistat has a well-tolerated safety profile,2t it can be a safe and efficacious drug
to boost tofacitinib, and substituting tofacitinib BID for tofacitinib with cobicistat QD
could lead to a significant cost reduction.

Apart from the near 50% cost reduction, boosted tofacitinib therapy could have other
advantages. First, drug adherence could be improved as this is negatively associated
with dose frequency.12 Moreover, it could have a positive impact on the interpatient
pharmacokinetic variability, because CYP3A significantly varies between humans?3
and the addition of a CYP3A inhibitor in combination with a reduced dose could thus
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stabilize tofacitinib exposure on population level. A possible drawback includes
interactions with other CYP3A substrates.

In summary, tofacitinib-cobicistat combination therapy can be an interesting
strategy to reduce costs and improve patients’ experience with tofacitinib. As the
results of the population pharmacokinetic analysis in patients with PsA were similar
to those of patients with RA, these populations can be combined in a pharmacokinetic
study.6 Therefore, the aim of our study was to investigate the bioequivalence of
tofacitinib combined with cobicistat QD versus tofacitinib BID in patients with RA
and PsA, and to explore effects on modelled pharmacodynamics.

Methods

Study design

This was an open-label, non-randomized, within-group crossover study with the aim
to investigate the bioequivalence of tofacitinib 5 mg (Xeljanz®) with cobicistat 150 mg
(Tybost®) QD (intervention) and tofacitinib 5 mg BID (control), performed in the Sint
Maartenskliniek (Nijmegen, The Netherlands). In addition to the bioequivalence study,
the effect of pharmacokinetic boosting on treatment outcome was predicted using
a validated pharmacokinetic-pharmacodynamic model This model was previously
used by the manufacturer to obtain marketing authorization for extended-release
tofacitinib 11 mg, with the aim to predict efficacy based on pharmacokinetics only.4
The reporting of this study conforms to the STROBE guideline.14

Participants

We recruited patients (aged > 16 years) from the outpatient rheumatology clinic of
the Sint Maartenskliniek. Inclusion criteria were 1) a diagnosis of either RA or PsA
(according to relevant classification criterias7 or a clinical diagnosis), and 2) current
use of tofacitinib 5 mg BID for > 2 weeks. If tofacitinib was used for > 3 months,
a sufficient clinical response was also required, defined as a Disease Activity Score
28 using C-reactive protein (DAS28-CRP) of < 2.9 ora judgment of low disease activity
by a rheumatologist. We excluded individuals with a known intolerance to cobicistat
or with co-medication affected by the CYP3A-enzyme. Therefore, participants’
co-medication (including over-the-counter medication) was checked by a pharmacist
before inclusion, using a predefined list of contra-indicated medication composed for
this study (Supplementary table 1). Some contra-indicated drugs could be replaced
with a similar drug to enhance study participation, e.g. replacing simvastatin with
pravastatin (Supplementary table 1). The use of (methyl)prednisolone, also affected
by CYP3A,wasacceptedinadose of < 10 mgoral daily (prednisolone) orasan injection
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of < 120 mg intramuscular (methylprednisolone) during the study. Concomitant
treatment with conventional synthetic disease modifying antirheumatic drugs
(csDMARDs) such as methotrexate or leflunomide, or with non-steroidal anti-inflam-
matory drugs (NSAIDs) was also accepted. To exclude other CYP3A involvement,
patients were asked at the start of each PK sampling day whether they had used
grapefruitjuice or Saint John’s Wort in the week prior.

Procedures

The study consisted of an inclusion visit to obtain informed consent and to collect
patient characteristics, followed by two sampling days to measure tofacitinib
concentrations of both treatment regimens (figure 1). The first sampling day was
planned at pharmacokinetic steady-state after 2 2 weeks use of tofacitinib 5 mg BID.
After this sampling day, participants switched treatment to tofacitinib 5 mg and
cobicistat 150 mg QD, ingested simultaneously. Then, after 2-6 weeks, another
sampling day was performed. This time window was chosen to ensure that steady
state of the new regimen was reached but to limit the exposure to a new medication
regimen. Medication adherence was monitored throughout the study with pill count
and a study medication diary. After this sampling day, the study ended for a
participant.

PK-sampling TOFA

Informed consent PK-sampling TOFA Disease activity
Demographics Disease activity Laboratory assessment
Disease characteristics Laboratory assessment Adverse events
Treatment characteristics Adverse events Patient preference

0-6 weeks 2-6 weeks -

| Tofacitinib 5 mg BID

Figure 1. Study visits and measurements

PK-sampling, pharmacokinetic sampling; TOFA, tofacitinib.

At inclusion, we obtained data for demographics, disease and treatment characteristics
and smoking history. On the sampling days, plasma samples were drawn pre-dose
andatos,1,2,3,4,6,9,12,and 24-hours post-dose (24-hours intervention treatment
only). We chose these time points to assess the area under the plasma concentration-
time curve (AUC) of the full dosing interval on sufficient time points, in accordance
with the European Medicines Agency (EMA).28 Samples were collected in3mLlabelled
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lithium heparin tubes without gel and stored at -40°C. At the end of the study,
tofacitinib concentrations were measured in batch with a validated bioanalytical
assay.

Moreover, clinical and laboratory parameters, and adverse events were collected at
the sampling days. Clinical assessments included height (1st sampling day only),
weight, blood pressure, and DAS28-CRP and its components: swollen joint count
(SJC), tender joint count (TJC), patient global assessment on disease activity (VAS),
patient global assessment on pain (VAS pain), and physician global assessment on
disease activity (VAS physician). Laboratory assessments included: erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP), alanine aminotransaminase
(ALAT), total blood count, and creatinine. Adverse events were asked by a research
nurse or physician and registered using the Common Terminology Criteria forAdverse
Events (CTCAE) version 5 (Supplementary table 2).19 Patient preference was
measured at the second sampling day. Patients were asked to fill in a 7-point Likert
scale for the question ‘Which medication regimen do you prefer?’ of which one end
represented ‘very strong preference for tofacitinib BID’, the middle ‘no preference’ and
the otherend ‘very strong preference for tofacitinib combined with cobicistat QD".

Outcomes

The primary aim was to investigate the bioequivalence of the average tofacitinib
concentration in steady state (C,q ) Of tofacitinib 5 mg and cobicistat 150 mg QD
compared to tofacitinib 5 mg BID. The C,4 5, defined as the AUC divided by the dosing
interval, was chosen as primary outcome for investigating bioequivalence as it best
describes clinical efficacy of tofacitinib.4 Bioequivalence was defined as the 90%
confidence interval (Cl) of the C, 4 s geometric mean ratio (GMR) falling between
80-125%.

Secondary outcomes included DAS28-CRP (measured on both sampling days),
adverse events, patient preference (measured by a 7-point Likert scale on the last
sampling day), and description of relevant pharmacokinetic parameters (clearance,
bioavailability, and volume of distribution).

DAS28-CRP and adverse events were descriptively measured to timely assess safety
and efficacy signals. Last, we predicted the effect of pharmacokinetic boosting on
relevant pharmacodynamics on a population level, including the DAS28-CRP score
and the American College of Rheumatology definition of20% improvement of disease
(ACR20 response).
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Statistical analysis

Sample size calculation

The “Two One-Sided t-Tests (TOST) for (Bio)equivalence Studies” package version
1.4-6 in R statistics v3.4.3 was used for the sample size calculation, because of the
Cavg,ss @s primary endpoint for the study. We assumed a bioequivalence ratio of 1,
standard bioequivalence margins and a known 27% coefficient of variance in AUC/
Cavg based on the phase IIb dose ranging study of tofacitinib.2° This led to a number
of 28 patients needed to show bioequivalence with a 90% power and a significance
level of 5%. To account for drop-out, we chose to include 30 patients.

Pharmacokinetic analysis

The pharmacokinetic analysis was performed by means of non-linear mixed effects
modelling. In short, we fitted a one compartment pharmacokinetic model with zero
order oral absorption and first order elimination previously developed by the
manufacturer2! to the obtained rich pharmacokinetic data of this study. Pharmaco-
kinetics were allometrically scaled to a standard body weight of 70 kg.22 Estimated
glomerular filtration at baseline was investigated as a covariate for clearance.
The effect of cobicistat coadministration was estimated as a binary covariate for
clearance and bioavailability, as well as intra-individual variability on clearance.
From the pharmacokinetic model, the individual empirical Bayes’ estimate for the
Cavg,ss Of tofacitinib was obtained in absence and presence of cobicistat and used to
test equivalence on the primary end point, by means of a two one-sided test (TOST)
procedure.23 The intervention regimen was considered pharmacokinetically
bioequivalent to the control regimen if the 90% confidence interval of the geometric
mean ratio entirely fell between 80% and 125%, in accordance with the EMA
guideline.28 Of note, we erroneously reported equivalence margins of 75% to 125% in
the trial register, this was adjusted post-hoc to comply with guidelines. Only the
patients who completed both sampling days were included in the primary analysis,
so that both tofacitinib regimens could be compared.

Measured outcomes

Clinical efficacy in the study was evaluated with the mean difference in DAS28-CRP
forboth RAand PsA patients, measured on both sampling days. Safety was evaluated
by descriptive analysis of the adverse events using StatalC (version 13, StataCorp LLC,
TX, USA), categorized by the CTCAE v5.29 Patient preference was evaluated by
calculating the proportion of patients that preferred tofacitinib BID (Likert scale
score 1-3), had no preference (score 4), and that preferred tofacitinib with cobicistat
QD (score 5-7). Only the patients who actually used the combination therapy were
included in these secondary analyses.
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Predicted clinical outcomes

For evaluation of the effect of pharmacokinetic boosting on DAS28-CRP and
probability of ACR20 response improvement on a population level, we performed a
Monte Carlo simulation (n=1000 in a cross-over study) of the both outcomes at
maximum efficacy, using the NONMEMV?7.4 software package (ICON plc, Dublin,
Ireland). In this simulation, we used the pharmacokinetic parameters from our study
and the pharmacokinetic-pharmacodynamic model as described by Lamba et al,
previously used for model-informed development and registration of the XR
formulation of tofacitinib.4 We predicted the median values and 95% confidence
intervals (2.5th-95th percentiles of the predicted clinical outcome measure including
both inter-individual variability as parameter uncertainty) of the DAS28-CRP score
and the probability of ACR20 response for both study regimens. An increase of 0.6 in
DAS28-CRP score and a 10% reduced probability of ACR20 were considered clinically
relevant.21.24

Results

Inclusion

Study inclusion took place between 16 September 2019 and 15 January 2021, and
study measurements were performed up until 10 March 2021. Eighty-nine patients
were assessed for eligibility, and thirty patients (34%) were included (figure 2).
Twenty-seven participants completed at least one sampling day and were included
in the baseline and secondary analyses. Of the three excluded participants, two
discontinued tofacitinib because of side effects, and the third withdrew informed
consent because of fear for side effects of cobicistat. Of the 27 participants included
in the baseline analyses, two could not be included in the primary analyses.
One patient discontinued tofacitinib before the second sampling day could be
performed due to COVID-19 lockdown. Patient preference was still collected, because
combination therapy was used by this patient. The second patient was excluded due
to a protocol violation (tofacitinib and cobicistat QD administered in the evening
instead of the morning).

The baseline characteristics of participants are displayed in table 1. Median follow-up
times were 14 days (range 14-49 days, n=26) for the intervention regimen, and 27 days
(range 1-171 days, n=27) for the control regimen. Eighty-two (22/27) percent of the
participants were tofacitinib starters (use < 3 months).
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’ 89 patients assessed for eligibility ‘

%’ 38 did not meetinclusion criteria ‘

’ 51were invited to participate ‘

%’ 21 notwilling to participate ‘

’ 30included ‘

2 discontinued tofacitinib
1withdrew informed consent

’ 27 completed first sampling day* ‘

H’ 1discontinued tofacitinib ‘

’ 26 completed both sampling days ‘

’ 1 protocol violation ‘

’ 25included in primary analysis ‘

Figure 2. Study flow chart

*Included in secondary analyses

Outcomes

Pharmacokinetic bioequivalence

The median tofacitinib C,g ;c Was 19.0 ng/ml (interquartile range (IQR) 14.1-24.3) for
tofacitinib s mg BID, and 15.7 (14.0-19.3) for tofacitinib 5 mg with cobicistat 1550 mg QD.
The geometric mean ratio of tofacitinib C,,4 s for tofacitinib with cobicistat QD
compared to tofacitinib BID was 85%, with its 90% Cl being 75-96%. Thus, the
bioequivalence criteria were not met (figure 3).

Measured clinical outcomes

Diseaseactivity measured by DAS28-CRP remained stable throughoutthisshort-term
study: the change between both sampling days was 0.04 (95% Cl -0.50 to 0.59,
intervention to control, n=26; table 2).

No serious adverse events occurred during the study. One patient had to temporarily
discontinue tofacitinib with cobicistat because of heart failure but these could be
restarted without reoccurrence of symptoms after three weeks. The most frequently
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Table 1. Baseline characteristics

Participants (n=27)

Age (years) 59 (49-67)
Female gender 15 (56%)
Weight (kg) 85+21
GFR calculated by CKD-epi (ml/min/1.73m?2) 88 (73-90)
Disease
RA 17 (63%)
RF and/or ACPA positive (RA only) 14 (82%)
PsA 10 (37%)
Disease duration (years) 11(4-18)
Tofacitinib use < 3 months 22 (81%)
DAS28CRP at first sampling day 327141
Concomitant csDMARD use 8(30%)
methotrexate 4 (15%)
leflunomide 4 (15%)
Previous biological or targeted synthetic DMARDSs (n) 3(2-4)
Adaptations made to comedication interacting with CYP3A4 prior to inclusion
(multiple adaptations possible)
simvastatin/atorvastatin replaced by pravastatin 5(19%)
amlodipine replaced by hydrochlorothiazide 1(4%)
amlodipine replaced by enalapril 1(4%)
metoprolol replaced by bisoprolol 1(4%)

Either displayed as number (percentage), mean * standard deviation or median (interquartile range)
unless indicated otherwise. Percentages were calculated over the total number of participants unless
indicated otherwise. GFR = glomerular filtration rate. CKD-epi = chronic kidney disease epidemiology
collaboration. RA = rheumatoid arthritis. RF = rheumatoid factor. ACPA = anti-citrullinated protein
antibodies. PsA = psoriatic arthritis. DAS28-CRP = disease activity score based on 28 joints and C-reactive
protein level. csDMARD = conventional synthetic disease modifying anti-rheumatic drug.

reported adverse events (AEs) during the intervention regimen were musculoskeletal,
gastrointestinal, and neurological (supplementary table 2). Both gastrointestinal and
neurological AEs were reported more frequently during intervention than control
treatment, for which nausea (n=5) and headache (n=3) were the most reported
subcategories. Except for the known and small creatinine increase during cobicistat
use,25 safety laboratory parameters did not differ between sampling days (table 2).
We concluded that therefore no major efficacy and safety concerns were observed
after switch.
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60% 70% 80% 90% 100% 110% 120% 130% 140%

Ratio of tofacitinib + cobicistat QD to tofacitinib BID
on tofacitinib Cavg

Figure 3. Assessment of bioequivalence

Geometric mean ratio with 90% confidence interval of the tofacitinib C,4 . (tofacitinib 5 mg BID
compared with tofacitinib 5 mg and cobicistat 150 mg QD) represented as horizontal line. Equivalence
margins are represented as vertical dotted lines at 80% and 125%.

The majority of the patients (56%) preferred combination therapy of tofacitinib with
cobicistat QD over tofacitinib BID, 18% preferred tofacitinib monotherapy, and 26%
had no preference (figure 4).

123 s

TOFAS5mgBID Neutral TOFA5mg + COBI150mg QD

Figure 4. Patient preference

Visual representation of the 7-point Likert scale, with the percentage represented by the length of the bar.
Very strong to somewhat preference for tofacitinib BID (score 1-3), neutral (score 4) and somewhat to very
strong preference for tofacitinib with cobicistat QD (score 5—7). COBI, cobicistat; TOFA, tofacitinib.

Pharmacokinetic parameters

The parameters describing the pharmacokinetics of tofacitinib and the respective
relative standard errors of estimates (RSE) were as follows: baseline apparent oral
clearance (in absence of renal function) was 14.6 I/h (RSE 23%), which increased by
0.05311/h per ml/min increase in eGFR (RSE 54%). Baseline clearance decreased with
39.1% (RSE 10%) as a result of boosting. Relative oral bioavailability increased by 23%
(RSE 6%) as a result of boosting. Volume of distribution was estimated to be 91.4 |
(RSE 7%). Duration of absorption could not be estimated due to very rapid absorption
and limited sampling during the absorption phase, and was therefore fixed to 0.352 h,
based the population pharmacokinetic parameters of the manufacturer.2t The in-
ter-individual variability in clearance was estimated to be 31% (RSE 29%). The in-
ter-individual variability in relative bioavailability with and without pharmacokinetic
boosting was 21% (RSE 73%) and 32.2% (RSE 30.9%), respectively.
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Table 2. Efficacy and safety parameters on both sampling days

TOFA BID TOFA + COBI QD
(n=27) (n=26)
DAS28-CRP 3.27t1.41 318+ 1.19
DAS28-ESR 3.27 £ 1.25 [n=25] 3291136
Swollen joint count (0 - 28) 1(0-2) 0(0-2)
Tender joint count (0 - 28) 2(0-5) 2(0-3)
VAS global (mm) 40 (20 - 60) 40 (20 - 60)
VAS pain (mm) 40 (30 - 60) 40 (28 - 60) [n=24]
VAS physician (mm) 40 (25 - 50) 30 (20 - 55) [n=25]
CRP (mmol/l) 2(1-10) 5(2-13)
ESR (mm/h) 10 (5-27) [n=25] 15(5-30)
Haemoglobin (mmol/l) 8.4(7.5—8.8) 8.5(7.8-8.9)
Leukocytes (109/1) 73(57—8.4) 8.2(6.2-93)
Thrombocytes (109/1) 241 (203 —270) 231 (207 —308)
Creatinine (umol/I) 72 (59 -87) 80 (74—92)
ALAT (U/l) 24 (17-31) 25 (17—-30)

Either displayed as number (percentage), mean + standard deviation or median (interquartile range).
Percentages were calculated over the total number of participants unless indicated. TOFA = tofacitinib,
COBI = cobicistat. DAS28 = disease activity score based on 28 joints. CRP = C-reactive protein. ESR =
erythrocyte sedimentation rate. VAS global = patient’s global assessment of disease activity on a visual
analogue scale. VAS pain = patient’s global assessment of pain. VAS physician = physician’s global
assessment of disease activity. ALAT = alanine aminotransferase.

Predicted clinical outcomes

The predicted median DAS28-CRP at maximum drug effect was 3.59 (95% confidence
interval, reflecting bothinterindividual variability and variable uncertainty, 3.14-3.96)
for the tofacitinib with cobicistat QD versus 3.55 (3.06-3.95) for tofacitinib BID.
The median difference in predicted DAS28-CRP was 0.03 (-0.16 to 0.22, intervention-
control; Supplementary figure 1A). The predicted ACR20 response was 64%
(54%-74%) for the intervention versus 65% (54%-75%) for control, leading to a
difference of -0.01 (-0.07 to 0.05; Supplementary figure 1B). These differences were
not considered as clinically relevant differences, because our predefined clinical
relevance margins (an increase of 0.6 in DAS28-CRP score and/or a 10% reduced
probability of ACR20) were not met.



Pharmacokinetic boosting of tofacitinib

Discussion

We found a slightly lower tofacitinib C,,4 ¢ for the tofacitinib 5mg with cobicistat
150mg QD to tofacitinib 5 mg BID, therefore pharmacokinetic bioequivalence could
not be confirmed. However, because of the very comparable pharmacokinetics, no
relevantdifferencesin predicted DAS28-CRP and ACR20-response and a clear patient
preference, pharmacokinetic boosting seems to be an attractive strategy for
cost-effective use of tofacitinib.

This study has several strengths. As it is a multiple-dose study conducted in patients
with RA and PsA instead of healthy volunteers, both tolerability and patient
preference data can be optimally generalised. Also, rich pharmacokinetic sampling
was performed in this study, so that the C, ¢, Of tofacitinib could be adequately
estimated. Other strengths include low drop-out and missing rates, again under-
scoring the high acceptability of tofacitinib with cobicistat. Lastly, the used boosting
drug, cobicistat, is safe, inexpensive and also available in non-high-income countries
because of its coadministration with antiretroviral drugs.

There are some limitations that should be considered. First, it should be noted that
this study was designed to assess pharmacokinetic bioequivalence and that clinical
outcomes (disease activity) were only measured descriptively. Although we predict
the minimal changes in pharmacokinetics are of negligible clinical impact, prospective
evaluation is warranted. Second, the number of participants is just below the
predefined sample size calculation, perhaps also driving the failure to prove
bioequivalence. Third, the majority of patients in this study only recently (< 1 month)
started with tofacitinib. Combined with a short follow-up this makes it difficult to
study effects on disease activity. However, the predicted clinical efficacy seemed
unaffected by the slightly lower exposure, as measured with a robust and validated
pharmacokinetic-pharmacodynamic model.4 This model was previously used to
obtain marketing authorisation for the extended release formulation of tofacitinib
based on a pharmacokinetic study only, similar to our study.

All in all, we expect that this tofacitinib-cobicistat combination therapy can be of
value in clinical practice. The phase IIb dosing study of tofacitinib showed effective
response to 3 mg BID, but a dosage of 5 mg BID was chosen as standard because of a
small difference in a secondary outcome (anaemia).2° Because of the potentially
serious side effects of tofacitinib, such as risk on venous thromboembolism, it may be
postulated that lower tofacitinib exposure is even preferable. Moreover, we found
comparable clinical efficacy and safety, and the majority of patients preferring this
combination regimen. With the advantages of a once-daily regimen, but around
40-50% lower costs than the extended release formulation, we think this combination
therapy is suitable to reduce costs of tofacitinib therapy.
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A complicating factor of pharmacokinetic boosting may be unwanted drug-drug
interactions with co-medication. During the screening phase of our study, the use of
co-medication affected by CYP3A was the main reason for exclusion, especially
cardiovascular drugs, used by a considerable part of patients with inflammatory
arthritis. Therefore, use of cobicistat requires adequate assessment by the patient’s
pharmacist. During the study however, replacement of co-medication with non-CYP
drugs to enable study participation was accepted by a notable proportion of patients
(see table 1), and that most patients were aware that they used a drug with a higher
risk of interactions. In addition, since polypharmacy and drug-drug interactions
with cobicistat are frequent in HIV patients, many lessons can be learned from this
field, for example by using a website designed for HIV-treatment to assess drug-drug
interactions when initiating cobicistat.26

Future research on this strategy should include a larger study with longer follow-up
with disease activity as primary outcome. Also, the safety of the combination therapy
should be monitored over a longer period of time, with a specific focus on musculo-
skeletal, gastrointestinal and neurological adverse events. Last, costs and quality
of life should be assessed throughout the study so that formal cost-effectiveness
analyses can be performed.

In conclusion, our study shows that pharmacokinetic boosting is not pharmaco-
kinetically equivalent but shows similar predicted efficacy. Therefore, it remains an
attractive and feasible strategy to reduce costs and dosing frequency of tofacitinib
in RAand PsA.
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Supplementary data

Supplementary table 1. List of the 75 most commonly interactions with either
cobicistat or tofacitinib and the action to be taken for patients on this drug when
assessing eligibility

Drug name Action to be taken

Alprazolam Exclusion from study
Alfentanil Exclusion from study
Alfuzosine Exclusion from study

Amfetamines

Exclusion from study

Amiodaron

Exclusion from study

Apixaban

Exclusion from study

Atomoxetine

Exclusion from study

Atorvastatin

Replace with pravastatin

Bosentan

Exclusion from study

Budesonide

If used orally, exclusion from study, otherwise

patient can be included

Calcium antagonists

Exclusion from study

Cinacalcet

Exclusion from study

Chloorpromazine

Exclusion from study

Clarythromycine

Exclusion from study

Clorazepinic acid

Exclusion from study

Colchicine Exclusion from study if used as maintenance
medication, replace with NSAIDs or prednisone if
used as needed

Contraceptives with ethinylestradiol | Use alternative contraceptives

Ciclosporine

Exclusion from study

Darifenacine

Exclusion from study

Diazepam

Exclusion from study

Digoxin

Exclusion from study

Disopyramide

Exclusion from study

Dexamethason

Exclusion from study

Ergotamine

Discuss use with patient, include if possible

Erythromycine

Exclusion from study

Etoposide Exclusion from study
Everolimus Exclusion from study
Fentanyl Exclusion from study
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Supplementary table 1. Continued

Drug name Action to be taken

Flecainide Exclusion from study
Phosphodiesterase inhibitors Exclusion from study
Guanfacine Exclusion from study
Ketoconazol Exclusion from study
Kinine Exclusion from study
Irinotecan Exclusion from study
Itraconazol Discuss use with patient, include if possible
Ivabradine Exclusion from study
Ivacaftor Exclusion from study
Quinidine Exclusion from study
Lidocaine Exclusion from study
Lomitapide Exclusion from study
Lurasidone Exclusion from study
Maraviroc Exclusion from study
Metformine Exclusion from study
Metoprolol Exclusion from study
Midazolam Exclusion from study
Olaparib Exclusion from study
Palbociclib Exclusion from study
Panobinostat Exclusion from study
Paroxetin Exclusion from study
Pethidine Exclusion from study
Piroxicam Exclusion from study
Pimozide Exclusion from study
Propafenon Exclusion from study
Pyrimethamine Exclusion from study
Quetiapine Exclusion from study
Rivaroxaban Exclusion from study
Rosuvastatine Replace with pravastatin (if possible)
Saquinavir Exclusion from study
Sertraline Exclusion from study
Simvastatine Replace with pravastatin
Sirolimus Exclusion from study
Sonidegib Exclusion from study
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Supplementary table 1. Continued

Drug name Action to be taken

Tamoxifen Exclusion from study
Tacrolimus Exclusion from study
Tamsulosine Exclusion from study

Tetrabenazine

Exclusion from study

Ticagrelor Exclusion from study
Tolvaptan Exclusion from study
Trazodon Exclusion from study

Trabectedin

Exclusion from study

Tyrosine kinase inhibitors

Exclusion from study

Venetoclax Exclusion from study
Venflaxine Exclusion from study
Vinblastine Exclusion from study
Vincristine Exclusion from study

(source: KNMP-kennisbank (consulted March 6th, 2018)
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Supplementary figure 1. Predicted differences in disease activity (DAS28; 1A) and response

(ACR20 criteria fulfilment; 1B)
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Supplementary table 2. Incidence rates of adverse events classified by CTCAE

Category TOFA + COBI QD TOFABID
(1.35 person-years) (3.13 person-years)
Earand labyrinth disorders 0(0) 1(0.32)
Eye disorders 0(0) 2(0.64)
Gastrointestinal disorders 8(5.9) 3(0.96)
General disorders and administration | 3(2.2) 3(0.96)
site conditions
Infections and infestations 0(0) 2(0.64)
Injury, poisoning and procedural 1(0.74) 2(0.64)
complications
Investigations 0(0) 1(0.32)
Metabolism and nutrition disorders | 1(0.74) 1(0.32)
Musculoskeletal and connective 14 (10) 20(6.39)
tissue disorders
Nervous system disorders 7(5.2) 5(1.60)
Psychiatric disorders 2(1.5) 2(0.64)
Respiratory, thoracic and mediastinal | 2 (1.5) 2(0.64)
disorders
Skin and subcutaneous tissue 1(0.74) 1(0.32)
disorders
Vasculardisorders 0(0) 3(0.96)
Total 39(29) 48 (15)

Displayed as number (incidence rate per person-year). CTCAE = common terminology criteria for adverse
events (version 5 used in study), TOFA = tofacitinib, COBI = cobicistat.
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General discussion

General discussion

Optimisation of b/tsDMARD treatment in inflammatory arthritis is a fascinating but
very broad topic, as demonstrated with the different subjects in the previous
chapters. Therefore, | chose a few specific issues for further discussion. | will finish
this chapter with conclusions, implications for clinical practice and recommenda-
tions for future research.

The following topics are further discussed in this chapter:

- The optimal use and position of rituximab treatment in rheumatoid arthritis.
Implementation of the recommendations for cost-effective use of b/tsDMARDs.

- The future of pharmacokinetic boosting of tofacitinib in clinical care.

The optimal use and position of rituximab treatmentin

rheumatoid arthritis

The findings of the studies from this thesis on COVID-19 vaccination in rheumatoid
arthritis (RA) patients using rituximab (chapter 2 and 3) include an improved
humoral vaccine response when using a rituximab dose of 200 mg, and increasing
time between vaccination and latest rituximab dose. In addition, the second cohort
study (chapter 3) showed seroconversion for a relevant proportion after a third
vaccination,and found persistence of response, irrespective of intercurrent rituximab
treatment. The most notable finding is that vaccination response can be improved in
rituximab users by timing of the vaccination relative to the rituximab infusion, but
also by dose reduction and repeated vaccination. Additionally, because of the
humoralimpairmentofrituximab, the studies supports the importance of optimizing
the vaccination status before initiating therapy. This is important, since the starting
dose of rituximab currently is 1000 mg, and this dosage is associated with significant
impairment of humoral response. Together with new evidence emerging in the last
years, | think it is important to re-evaluate the use of rituximab for RA in clinical
practice, with the focus on in whom, how and when it should be used. Concerning
how rituximab treatment should be given, | will focus on dosing and route of
administration. Of note, different strategies also exist on retreatment of rituximab
(on flare, treat to target, fixed interval) and on use of concomitant DMARDs, but are
outside the scope of this thesis and discussion.

Regarding dosing, the recommended schedule in the current European Alliance of
Associations for Rheumatology (EULAR) guideline is a 1x 1000/2x 500 mg infusion per
cycle.r However, a step-down retreatment regimen inspired by the REDO study is
also possible: a starting dose of 1000 mg, followed by treat-to-target based
retreatmentwith 500 mgand 200 mg.2 Now, the question arises whether200 mg can
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be the first retreatment dose, because of similar disease control found between 200
mg and 500 mg, the beneficial effects on humoral response as demonstrated in
chapter 2 and 3, and a significant lower infection risk found in the REDO study.2 The
extension of the REDO study found a median yearly rituximab dose of 889 mg for the
group who initiated retreatment at 200 mg, and 915 mg for the group at 500 mg3 This
suggests that an effective retreatment scheme in most patients consist of around
500 mg every six months, but with large interindividual variation. Therefore, a
step-down regimen to six-monthly 200 mg to find the lowest effective dose seems
sensible. Another question is if an initial dose of 500 mg instead of 1000 mg would be
sufficient to control active RA (a starting dose of 200 mg seems insufficient based on
the previous discussion). Evidence in favour of initial 500 mg RTX includes a
retrospective study among 166 seropositive RA patients finding low disease activity
or remission at 12 weeks after an initial dose of 500 mg rituximab in the overall
majority of patients.4 Additionally, some case reports showed full B-cell depletion
when initiating treatment with lower doses while maintaining sufficient response
rates.57 To further strengthen the hypothesis of a lower initial rituximab dose, a
controlled study comparing starting with 2000 mg and 500 mg rituximab in RAwould
however be welcomed. Until then, starting with 1000 mg seems a solid choice,
followed by treat-to-target tapering to 200 mg every 6 months.

Next, regarding the route of administration, subcutaneous administration would —if
efficacy and safety is similar — be preferable over intravenous administration.
Subcutaneous treatment would save infusion facility requirements (and consequently
costs), reduce patient burden, and infection rates might putatively be lower as
rituximab serum peak levels would be much lower. During my PhD, | was involved in
setting up a study investigating bioequivalence of subcutaneous (336 mg, taking into
account a bioavailability of 70%) compared to intravenous administration of 200mg
rituximab in patients with RA which is currently running.8 In summary, with the
currentdata, | would advise a starting dose of 1000 mg rituximab for RA, followed by
treat-to-target based retreatment of respectively 500 mg and 200 mg. In the future,
this regimen might change to a lowerstarting dose of 500 mgintravenously, followed
by subcutaneous injections of 336 mg.

Subsequently, | will discuss the relative position of rituximab in relation to other b/
tsDMARDs for treatment of RA. Originally, rituximab was registered as second-line b/
tsDMARD therapy, thus after treatment failure with TNF-inhibitors.9 Although the
EULAR guideline does no longer prefer one b/tsDMARD subclass over another to start
with,t TNF-inhibitors are still the most commonly used as first choice b/tsDMARD,°
probably because they were first available, have subcutaneous administration, and
are registered for multiple inflammatory rheumatic diseases. As the effectiveness of
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rituximab is equal to the other b/tsDMARDs,*112 | will argue in the next paragraphs
that rituximab would be a good alternative for first choice b/tsDMARD, based on
safety, patient friendliness and costs.

Regarding safety, | would like to address three related concerns: infection risk, duration
of humoral impairment, and risk for hypogammaglobulinemia. In observational studies,
the infection risk of authorised dose rituximab therapy (2x 1000 mg every 6 months)
seems compared to other b/tsDMARDs associated with a somewhat higher overall
risk for non-serious infections but not for serious infections.1326 However, these
results may be affected with confounding by indication, as historically rituximab
was used as a last resort drug. In the head-to-head studies, infection risks are similar
for rituximab versus other bDMARDs or placebo, even for the authorised dose.17.18
Specific infections associated with rituximab are severe COVID-19, hepatitis B or C
reactivation, and — standing out the most - progressive multifocal leukoencephalopathy
(PML).1329 PML, an often fatal central nervous system infection which is frequently
mentioned as concern, has however a very low incidence rate of 2.56 per 100,000 RA
patients.20 Moreover, this incidence rate is found only in patients with full-dose
rituximab and other PML risk factors, together with a background risk of 05 in
100,000 non-rituximab users. When further comparing rituximab to other b/
tsDMARDs, the risk for serious infections is about 1.2 times lower compared to
tocilizumab, the risk for herpes zoster about two times lower compared to JAK-
inhibitors, and it has not been associated with an increased reactivation risk of
tuberculosis, in contrast to TNF-inhibitors.13.14.21 All in all, the infectious profile of
rituximab is at least comparable to TNF-inhibitors, and possibly favorable for
rituximab when using lower retreatment doses.

The second concern is the prolonged B-cell depletion caused by rituximab, so that it
might not be stopped easily on short notice. This long depletion leads to some degree
of humoral impairment, thus leading to an impaired vaccination response and
possiblyahighinfectionrisk.Indeed, B-cell recovery takesuptoiyearafterauthorized
dose rituximab (2x 1000mg every 6 months),22 but are on average at pre-existent
levels at 6 months with lower doses (200-1000 mg every 6 months).23

Infection risk on itself seems dose related, as demonstrated with an lower infection
incidence rate for 200 mg rituximab compared to 1000 mg (rate ratio 0.44 (95% Cl
0.22-0.88)).2:24 Also, for rituximab doses > 500 mg, infections seem to occur mainly
early in the six monthly infusion cycle.24.25 This suggests a dose-dependent effect for
overall infection risk (area-under-the-curve), and an additional peak-level related
effect for dosages > 500 mg. The same applies to vaccination effectiveness, as shown
with the effect of timing on humoral response in chapter 2 and 3. Thus, low-dose
rituximab leads to fewer humoral impairment than high dose, and most probably
only significant for doses > 500 mgin the first three months.
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The last concern is that patients on rituximab have a risk to develop hypogamma-
globulinemia (HGG). The risk of HGG after long-term rituximab use is indeed increased.
However, HGG itself seems not associated with an increased infection rate,25-27 and
is therefore not a clinically important issue for rituximab use in RA. Furthermore,
HGG after rituximab is mostly mild and associated with a higher cumulative rituximab
dose and not a longer rituximab treatment duration per se.28.29 Therefore, | would
advise to strive for the lowest possible dose, as this reduces the duration of humoral
impairment and the risk for HGG.

When looking at patient friendliness, research on patient preferences regarding to
DMARDs identified three important preference subgroups: based on chance of clinical
effectiveness, based on route of administration, and a balanced group between
the two.3° Unfortunately, clinical effectiveness of a specific b/tsDMARD cannot (yet)
be predicted for an individual patient, as explained in chapter 4, but route of
administration can definitely be considered when selecting a drug. For patients,
rituximab has the benefit of a low administration frequency compared to TNF-inhibitors,
but requires infusion time in the hospital. Therefore, presenting both rituximab and
TNF-inhibitors as first b/tsDMARD can increase shared decision making, letting
patients choose the b/tsDMARD most suitable for them. When considering the total
yearly costs, the cost of rituximab therapy is inflated by additional in-hospital
infusion costs compared to subcutaneous bDMARDs 3! This difference can decrease
in the future with the availability of (equally priced) subcutaneous administration.

All in all, availability of rituximab maybe in the more earlier phase of RA can be
advocated, as it is comparable in efficacy to other b/tsDMARDs, together with a
good safety profile, the benefit of a low administration frequency, and low costs.
For optimal use, a treat-to-target step-down treatment regimen of 1000 mg — 500 mg —
200 mg should be followed, which may be even further reduced in the future. Possible
specific disadvantages of rituximab when compared to other b/tsDMARDs can be
minimised by the following measures: (1) physicians should strive for the lowest
possible dose, as a lower dose reduces the harms of rituximab treatment, (2) the
vaccination status should be optimised before starting rituximab and during
treatment vaccinations should preferably be given a few weeks before the next
infusion, and (3) rituximab therapy should — just like other drugs -be timely
discontinued in case of ineffectiveness or prolonged deep remission. In the future,
disadvantages of rituximab may be additionally reduced with subcutaneous
administration, which could further improve treatment for patients with RA.
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Implementation of recommendations on cost-effective use

Although clinical guidelines are the translation of evidence to clinical practice, the
process does not end with their publication. For the introduction of guidelines, three
stages have been identified: development, dissemination, and implementation.32:33
The recommendations resulting from chapter 4 has completed the stage of
development by its publication, and the stage of dissemination has been initiated
with presentations on (inter)national rheumatology congresses. Consequently,
I would like to focus on the implementation, to increase its use in clinical practice.

The most important question is how to implement recommendations on cost-
effectiveness in general. Usually, recommendations are focused on improving
diagnostics or therapy which are directly beneficial to the patient, therefore leading
to incentives for patients as well as physicians to act on them. Moreover, in many
cases recommendations are developed on behalf of (inter)national scientific
organization(s), which improves the findability and increases their use because of the
authority of these organisations towards professionals. Still, adherence to these
regular recommendations is far from optimal, for example demonstrated in a study
investigating rheumatologists’ adherence to a RA guideline with an adherence
between 21 and 72 percent34 In contrast to standard recommendations, our recom-
mendations on cost-effectiveness may be even more difficult to implement, because
they have more benefit for society than for the individual patient, while physicians
and patients are expected to take action. Also, they currently lack endorsement from
any professional association such as the EULAR or the Dutch Society for Rheumatology
(NVR), possibly leading to limited findability and credibility. Therefore, | propose that
two general actions should be taken to increase implementation of the recommen-
dations on cost-effective use. First, the importance of cost-effectiveness should be
propagated to (inter)national organizations within rheumatology to reach physicians
and patients, preferably resulting in task forces, statements, and references to our
publication in their guidelines. Second, for an update of the recommendations,
endorsement of (inter)national rheumatology organizations should be sought to
increase authority and findability.

In the next paragraphs, | will explore barriers for implementation of specific recom-
mendations from chapter 4 and identify ways to overcome these, using a theoretical
framework designed to improve guideline implementation focusing on multiple
levels.35 According to this ‘Knowledge-Attitude-Behaviour Framework’ of Cabana and
colleagues, knowledge of the guideline influences the attitude towards the guideline
which inits’ turn affects the behaviour (figure 1).36 Apart from these factors, external
barriers, guideline factors and environmental factors can influence behaviour or
attitudes towards a guideline. Therefore, the authors advise to assess and address

159




160

barriersacrossallcategoriessothatstrategiesthatpromoteguidelineimplementation
and adherence can be developed 36

Knowledge Attitude Behaviour
I lack of agreement with lack of outcome
lack of familiarity specific guidelines expectancy

lack of agreement with lack of
guidelinesin general self-efficacy
-Environmental factors
lack of awareness
motivation

Figure 1. Sequences of potential barriers for guideline adherence of the Cabana framework

External barriers
-Patient factors

-Guideline factors

(free to: Cabana et al 36)

Concerning the strategy disease activity-guided dose optimization, we demonstrated
in chapter 5 long-term effectiveness and safety of dose optimization with TNF-
inhibitors in RA. In addition, we showed that this strategy can include multiple
tapering attempts as well as full discontinuation as final step. Regarding the attitude
towards dose optimization, it was shown that patients with RA express an overall
positive attitude, specifically those with controlled disease, a shorter disease
duration, and without comedication37-39 As their main concern is the risk of a disease
flare with uncontrollable symptoms, patients value shared decision making with the
possibility of a dose increase when a flare occurs37:39 Interestingly, physicians have
the same concerns as patients, but with a much lower willingness to start dose
optimization (36% versus 63%),38 and initiate conversations on dose optimization
less often.4° Lack of motivation may be an important barrier for physicians, as it
might lead to a disease flare in a currently stable situation. Furthermore, dose
optimizationrequires more effort forthe physicianininforming the patient, changing
medication, and managing flares, which disincentives them to do so. An important
benefit from dose optimization heads towards the healthcare insurers, another
important stakeholder, as healthcare costs reduce. For the other strategies on lower
dosing, specifically lower dosing of rituximab, lack of motivation also seems to be
involved. For example, the comparable effectiveness of lower dosed rituximab
(1* 1000 mg instead of 2* 1000mg) has been known for over a decade,4* but has not
yet been implemented in all rheumatology clinics.
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A possible solution for the ‘lack of motivation-barrier is more support for the
physician. For example, a pilot study investigated a combination of education,
feedback, local protocol development and individualized treatment advice, and
found an improved adherence to dose reduction at 1 year post-intervention.42
However, the planned follow-up randomised trial with this combined intervention
could not take place because potential hospital participants demanded financial
benefit as a condition for participation, and health care payers were not included to
organise such a “shared savings” model. Perhaps, physicians and healthcare insurers
should therefore collaborate, with the latter creating an incentive (e.g., extra
consultation time) for the first when dose optimization is adequately performed.
Another solution for dose optimization and lower-dosed rituximab might be to create
more awareness among patients, as they directly benefit because of lower medication
use and possibly a lower risk of side effects. To do so, we need to identify patients’
information needs and their preferences for channels through which to receive this
information. For lower dosing of rituximab specifically, sharing preparation and
infusion protocols may remove external barriers.

Two other strategies, avoid dose loading and route of administration, seem to have
their specific barriers. On the strategy of avoid dose loading, the recommendation is
based on one review from some of the authors of chapter 4. Readers could see this as
a certain belief of the authors, leading to lack of credibility, although they could also
considerthemasthe expertsonacertain topic, because oftheirrelevant publications.
Nevertheless, more comparative studies on the added value of dose loading are
required, specifically for the b/tsDMARDs without current evidence, as it affects
the level of evidence and therefore could prevent lack of agreement. Regarding route
of administration, the recommendation advises rheumatologists to use the most
cost-effective form of infliximab, tocilizumab and abatacept in their hospital.
However, for successful implementation, it is necessary to have insight in drug costs,
other costs, and revenue related to infusion facilities. To my knowledge, physicians
are often not aware of this, thus lack of insight can be an important barrier to follow
this recommendation. Also, one man’s costs are another man’s revenue, and this can
play a role for example in the relation dose reduction to drug discounts or infusion
facility reimbursements. Physicians could collaborate with theirhospital pharmacists
and healthcare insurers to effectively compare cost-effectiveness of various routes
of administration in order to make informed choices.

Last, I would like to discuss our recommendation to use a drug formulary policy, for
which implementation could be affected by patient factors. As the discount on drug
price often increases with the volume of drug bought, the use of a drug formulary
policy would reduce societal drug costs through higher discounts on the preferred
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drugs. However, from the physicians’ and patient’s perspective, a drug formulary
policy limits their freedom to choose, and the possibility of shared decision making.
It is difficult to completely remove these barriers, but there may be two methods
to address them. The first method is carefully explaining the patient the following
topics. First,the drug formulary is primarily based on medical grounds (effectiveness,
tolerability, safety, experience, route of administration), leading to broad experience
with the drugs early in the sequence. Only in the second place, choices are made
based on economic arguments. Second, it is designed as a guidance to use in the
majority of patients, thus motivated deviation is possible. Last, the why and how of
cost-effective use at this point of their treatment course should explained, as
involvement in treatment decisions is a positive factor towards agreements37 The
second method for reducing the barriers may be standardisation of a drug formulary
on a country instead of hospital level, such asin Norway and Denmark, thereby make
treatmentequal across all hospitals. In this system, physicians are strongly advised to
follow the country’s preference policy and use the country’s registered biosimilar, but
may deviate from the sequence in individual cases.43 As a result, total b/tsDMARD
costs in the period 2010-2019 in Norway have been reduced by 47%, and treatment
with b/tsDMARDs has become more available at a lower cost.43 However, standardi-
sation also has a serious disadvantage. For b/tsDMARDs later in the preferential drug
order with a lower quantity, the Dutch market would be less attractive, and therefore
this system could further increase drug shortages. Because of the potential effects
on availability of b/tsDMARDs of the second method, | would suggest focussing on
the first method of explanation.

Overall, implementation of recommendations on cost-effective use does not auto-
matically follow. It requires ownership from physicians and patients, and tailored
solutions to overcome the barriers for the different strategies. To summarize, (inter)
national scientific organizations should convey the importance of cost-effectiveness,
preferably by statements, task forces or guidelines. Regarding the sequence of
knowledge, physicians could collaborate with healthcare insurers and pharmacists
to learn about prices of the different b/tsDMARDs and administration routes.
Regarding attitude, a way to overcome barriers could be to inform patients about
dose optimization and lower-dosed rituximab because of their benefits. Regarding
external barriers, healthcare insurers could provide important incentives by sharing
benefits of cost-effective use (“shared savings”), thus aligning incentives for all
stakeholders. In addition, the recommendations on cost-effective use of b/tsDMARDs
should preferably be regularly updated under the umbrella of international rheumatology
organizations, to remain applicable in clinical care, because of increasing evidence
on strategies and introduction of new b/tsDMARDs.
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The future of pharmacokinetic boosting of tofacitinib in clinical care

In chapter 6, we investigated pharmacokinetic (PK) boosting of tofacitinib and
concluded that it may be an effective strategy for reducing costs and dose frequency
in inflammatory arthritis. In the following subsection, | will argue what (follow-up)
research is needed for effective implementation for the study in chapter 6 and
boosting studies in general.

Although the current indications for tofacitinib (and other JAK-inhibitors) are more
limited than during the study of chapter 6, PK boosting of tofacitinib may still be
usefulinclinical care.Asurveillancestudyinvestigatingtheincidenceof cardiovascular
eventsand cancer between TNF-inhibitors and tofacitinib, found an increased risk for
tofacitinib compared to adalimumab.44 Therefore, the European Medicines Agency
(EMA) and the Food and Drug Administration (FDA) do no longer recommend
treatment with JAK-inhibitors in the following subgroups: patients aged 65 years
older or above, patients with an increased risk of major cardiovascular problems or
cancer, and current or past smokers.45 Furthermore, they advise a dose reduction in
patients at risk of a venous thromboembolism, cancer or major cardiovascular
problems,45 but do not further specify this. | would suggest a maximum dose of 5 mg
twice daily for inflammatory arthritis, but preferably lower. Nonetheless, tofacitinib
still is a safe and effective tsDMARD for patients without cardiovascular risk factors,
and the lower tofacitinib levels with PK boosting could possibly reduce the risk in
patients with cardiovascular risk factors. As the peak incidences of RA and
cardiovascular diseases (40-60 years) overlap,46.47 pharmacokinetic boosting may be
more relevant in diseases with an onset on younger age, such as psoriatic arthritis,
axial spondyloarthritis, and ulcerative colitis.48.49

Regarding the value of PK boosting, the study in chapter 6 could not establish formal
bioequivalence on tofacitinib serum levels due lower levels for the boosted regimen,
and therefore requires further research before implementation. As no specific
guideline on the design of PK boosting studies exists, the EMA drug bioequivalence
guideline is mostly used, which advises a randomised, two-period, two-sequence
single-dose crossover design with a wash-out period of at least five half-lives,
preferably performed in healthy volunteers.5° However, both the single-dose and the
healthy volunteer aspects are not suitable for boosting studies. A single-dose study
is designed for measuring peak and trough levels, whereas boosting studies mainly
compare regimens with different dosing interval, leading to incomparable pharma-
cokinetic curves. Relevant pharmacokinetic parameters for PK boosting studies are
often the area-under-the-curve (AUC) or the C,,, to compare the direct exposure,
which require multiple dose studies with steady state. Furthermore, various factors
can lead to a different exposure between healthy volunteers and patients, such as
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co-medication, age (affecting renal clearance), and differences in pharmacokinetic
parameters, such as a decreased absorption rate in active inflammatory bowel
disease.

A recent review on PK boosting suggests a two-step trial design, including a
multiple-dose, open-label bioequivalence study in patients as the first step, with the
advice to perform an interim analysis to check whether dose adaptation needs to be
performed.5t The second step should be a clinical study to determine effectiveness
and safety by either a double-arm randomised study or single-arm compared to a
historical cohort5 | agree with the authors that the study design in the first step is
more suitable for PK boosting studies. However, | do not agree with performing
another clinical study if two regimens are pharmacokinetically equivalent, because
of a lack of equipoise and therefore time consuming and costly. In this case, | would
advise pharmacodynamic modelling instead, comparable to the registration of the
extended release tofacitinib, in which equivalent pharmacokinetics were established,
althoughin healthy volunteers, and equivalent pharmacodynamics were predicted.52

For pharmacokinetically non-equivalent regimens based on a slightly lower boosted
drug level, such as the study in chapter 6, | agree that a second clinical study is
desirable for effective implementation since such a regimen can still be clinically
equivalent. First, additional pharmacodynamic modelling in the study of chapter 6
suggested equal effectiveness. Of note, this is the same model as used for the
registration of extended-release tofacitinib 11 mg daily.52 Second, in the phase 2
study of tofacitinib, both tofacitinib 3 mg twice daily and 5 mg daily demonstrated
clinical effectiveness compared to placebo, but 5 mg twice daily was chosen as
standard dose because of slightly better secondary outcomes (numerically higher
haemoglobin levels)53 With the currently available safety data on tofacitinib, the
lower tofacitinib dose in the boosted regimen might even be a solution instead of a
problem. The study design | would propose is an open-label non-inferiority study on
disease activity between tofacitinib twice daily and tofacitinib with cobicistat once
daily in patients with inflammatory arthritis with a duration of at least 6 months.
Preferably, this would be a multicentre study including current tofacitinib users with
clinical response to reduce the chance on ineffectiveness of tofacitinib.

In conclusion, there might still be a window of opportunity for pharmacokinetic
boosting of tofacitinib in patients with a low cardiovascular risk. This subgroup of
patients also has fewer (cardiovascular) comedications, which will reduce the chance
of drug-drug interactions. In my opinion, effectiveness of a boosting regimen would
be sufficiently proven in case of 1) equivalence on a relevant pharmacokinetic
outcome (AUC or C,,,) in a short pharmacokinetic study together with predicted
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equivalent pharmacodynamics, or 2) non-equivalence on pharmacokinetics because
of slightly lower drug levels, but equivalence on a relevant pharmacodynamic outcome
(disease activity) using a clinical study with a follow-up of at least 6 months. Therefore,
I would propose a clinical follow-up study on pharmacokinetic boosting of tofacitinib
before initiating implementation.

Conclusions and implications for clinical practice
The research chapters and general discussion of this thesis result in the following
conclusions and implications for clinical practice:

- Vaccination response in rituximab users can be improved with a lower dose
(preferably 200 mg) and increasing time between latest rituximab dose and
vaccination. In case of insufficient vaccination response, a third vaccination yields
a better humoral response.

Rituximab is a safe and effective biological DMARD for the treatment of RA,
especially when vaccination status is optimised before start, and when rituximab
is dosed as low as possible.

- Cost-effective use of b/tsDMARDs in inflammatory arthritis can be optimized
when following the recommendations of our new “points to consider”.
Implementation of this guideline can be improved by involving (inter)national
scientific organizations, involving patients and collaboration between physicians
and healthcare insurers.

Disease activity-guided dose optimization of TNF-inhibitors is long-term effective
and safe, and can include discontinuation as well as multiple tapering attempts.
Pharmacokinetic boosting of tofacitinib is potentially useful in younger patients
without (cardiovascular) comedications, but a clinical study is required to confirm
clinical effectiveness.
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Future research
Based on the chapters of this thesis, further exploration is needed on the following
topics:

- Subcutaneous administration of ultra-low dose rituximab in RA could increase

opportunities for rituximab therapy and should therefore be investigated.

- Astudy comparing soomg rituximab with 1000mg as initial therapy could further

optimise treatment with rituximab.
Prospective clinical studies on the (lack of) added value of dose loading could
provide more real-world evidence and therefore strengthen implementation.

- The recommendations on cost-effective use of b/tsDMARDs should be regularly

updated, preferably under EULAR umbrella, because of the increasing evidence for
the different strategies and the introduction of new b/tsDMARDs.
Implementation research on cost-effectiveness guidelines should be initiated, for
example with a survey amongst patients and rheumatologists.

Pharmacokinetic boosting of tofacitinib should be evaluated in a clinical study in
inflammatory arthritis patients before implementation.
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Summary

Summary

Biological and targeted synthetic disease-modifying anti-rheumatic drugs (b/
tsDMARDs) are used for the treatment of inflammatory arthritis, which in this thesis
includes rheumatoid arthritis (RA), psoriatic arthritis (PsA), and axial spondyloarthritis
(axSpA). b/tsDMARDs have shown to be effective in reducing disease activity, slowing
down radiological progression, and improving daily functioning. However, these drugs
also have their disadvantages, either general (for all b/tsDMARDs) or drug-specific.
Examples are high costs for the originator bbDMARDs as general disadvantage, and as
drug-specific disadvantage a reduced vaccination response for rituximab. Further
optimisation of b/tsDMARD treatment can help decrease these disadvantages.

Regarding rituximab, optimisation of dosing and timing could increase humoral
response after vaccination. Ultra-low dose rituximab for retreatment in RA (200mg
orsoomg every 6 months) has shown to be effective for the majority of patients and
with significant less infections compared to standard low-dose (1000mg every 6
months), but might also increase humoral response after vaccination. Moreover, the
timing of vaccinations during rituximab therapy (prior to the next rituximab infusion)
is merely based on expert opinion, whereas information on precise timing is
important for vaccinations during clinical care and a (next) pandemic.

Regarding costs, more cost-effective use of b/tsDMARDs is warranted. So far, various
strategies for cost-effective use have been investigated separately, but a comprehensive
general overview was not available yet. Also, one of the most important cost-effective
strategies of b/tsDMARDs is disease activity-guided dose optimisation, but long-term
effects (longer than 3 years) of this strategy are unknown. An interesting new strategy
for cost-effective use to explore is interference with the drug pharmacokinetics,
specifically by inhibiting drug metabolism, also called ‘pharmacokinetic boosting’.
Tofacitinib, the most widely used tsDMARD, is known to be metabolised by the
enzyme CYP3A, which would make it suitable to be boosted with a CYP3A-inhibitor,
cobicistat.

Overall, this resulted in the following aims of this thesis:

- To investigate the effect of rituximab dosing and timing on humoral response
against COVID-19 after two vaccinations in RA patients treated with rituximab
(chapter 2);

- To investigate the effect of rituximab dosing on persistence of humoral response
after two COVID-19 vaccinations (chapter 3);

- Toinvestigate the effect of rituximab dosing and timing on seroconversion after a
third COVID-19 vaccination in patients treated with rituximab (chapter 3).
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- To provide an overview of strategies for cost-effective use of b/tsDMARDs and
to formulate evidence- and consensus-based recommendations on this subject
(chapter 4);

- Toinvestigate the long-term (10 year) efficacy and safety of disease activity-guided
dose optimisation of Tumour Necrosis Factor inhibiting drugs (TNF-inhibitors) in
RA (chapters);

- Toinvestigate the bioequivalence of pharmacokinetic boosting of tofacitinib with
cobicistatin patients with RA or PsA (chapter 6).

Chapter2: Humoral response to coronavirus disease-19 vaccines is dependent

on dosage and timing of rituximab in patients with rheumatoid arthritis

For the prospective cohort study of chapter 2, we included individuals with
rheumatoid arthritis who had received two vaccinations against COVID-19 and were
treated with at least one dose of rituximab in the year prior to vaccination. The main
objective wasthe presence of sufficient humoral response 2-6 weeks afterthe second
vaccination, defined as the total immunoglobulin (IgT) against COVID-19 above the
assay cut-off (> 1.1).We recorded additional patient- and treatment characteristics
such as the rituximab dose, the date of latest rituximab administration, co-medication
and previous COVID-19 infections. In total, we included 196 individuals, of whom
31 (16%) received 200 mg as latest rituximab dose, 67 (34%) 500 mg, and 98 (50%)
1000 mg. Fifty-five patients (28%) had a humoral response, and response was more
prevalent in the 200 mg group than the 1000 mg group (45% versus 26%). In the
multivariable model adjusted for dosing, timing, age, and concomitant use of
c¢sDMARDs and prednisolone, there was a likewise significant association between
200 mg rituximab and presence of response (odds ratio 3.07, 95% confidence interval
1.55-8.27). Moreover, we found an association between longer time between latest
rituximab and vaccination response which was also demonstrated in the multi-
variable model (1.67 per month increased time, 139-2.01). We concluded that
(COVID-19) vaccination should be preferred at least 6 months after rituximab
treatment, and that rituximab should be dosed as low as possible.

Chapter 3: Seroconversion after a third COVID-19 vaccine is affected by rituximab
dose but persistence is notin patients with rheumatoid arthritis

Thestudy of chapter3wasa follow-up ofthe cohortstudy of chapter2,and consisted
of analysis of seroconversion after a third vaccine and a persistence analysis. We
included participants without humoral response (IgT against COVID-19 < 1.1) after
two vaccinations in the third vaccine analysis, and participants with a positive
response after two vaccinations in the persistence analysis. The main outcomes were
(1) the proportion patients with seroconversion 2-6 weeks after a third vaccination in
previous non-responders, and (2) the proportion of response persistence before the
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third vaccination in previous responders. Additionally, we investigated the
associations with dosing and timing in the third vaccine analysis. Of the original 196
participantsin the cohort, 98 could be included in the third vaccine analysis and 23 in
the persistence analysis. In the third vaccine analysis, seroconversion occurred in
19/98 participants (19%) and was higher for 200 mg versus 1000 mg rituximab users
(38% versus 15%). We found non-significant trends for higher response for 200 mg
versus 1000 mg (odds ratio 3.66,95% Cl 0.93-14.0) and for later timing (1.16 per month
increased time, 0.97-1.35). In the persistence analysis, 96% (22/23) of all participants
maintained their humoral response after three months, of whom 89% (8/9) of
participants had received rituximab in between the measurements. This study
showed that repeated vaccination seems useful in patients with a previous
non-response, and thatthe response persisted irrespective of rituximab retreatment.

Chapter 4: Points to consider for cost-effective use of biological and targeted
synthetic DMARDs in inflammatory rheumatic diseases: results from an
umbrella review and international Delphi study

The study of chapter 4 resulted in a clinical guideline for cost-effective use of b/
tsDMARDs. For this study, we formed an international task force of 13 experts on
rheumatology, epidemiology and pharmacology from seven European countries.
One-to-one interviews with all of the experts led to twelve different strategies on
cost-effective use of b/tsDMARDs. Systematic literature searches were performed
to identify randomized controlled trials and systematic reviews for all of the
strategies. Thereafter, Delphi rounds took place to formulate the recommendations
(points-to-consider) with their level of evidence (LoE, 1-5) and grade of recommendation,
followed by anonymous online voting for the level of agreement (LoA, range 0-10). In
total, 20 points to consider were formulated for ten different strategies, with an
overall mean LoA of 8.9. Ten of the twenty recommendations had a high LoE (level 10r
2, 50%). Examples of points-to-consider with a high LoE are: (1) biosimilars are
considered equal to bio-originators, and a single switch from bio-originator to
biosimilar can be performed safely if contributing to cost-effectiveness; (2) the
loading dose can be removed for abatacept or certolizumab in RA, and secukinumab
in PsA/axSpA, as it does not lead to superior efficacy; and (3) disease activity-guided
dose optimisation is strongly advised for TNF-inhibitors in RA/PsA/axSpA, as well as
forother b/tsDMARDs in RA.

Chapter 5: Disease activity—guided dose optimization including discontinuation
of TNF-inhibitors in rheumatoid arthritis is effective for up to 10 years:

an observational follow-up of the DRESS study

The long-term extension of the randomised controlled DRESS study is described in
chapter 5. The aim of this study was to investigate 10-year effectiveness and safety
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of disease activity-guided dose optimisation, specifically by (1) TNF-inhibitor dose, b/
tsDMARD dose and disease activity over time, (2) proportions of patients with a first
and second dose optimization attempt, and the effectiveness of these attempts,
(3) proportion of patients with, and duration of the first discontinuation attempt, and
(4) radiographic progression between 3 and 10 years. We included the 170 patients
who completed the 3-year extension of the DRESS study. Of these 170 patients, 127
(75%) completed 10-year follow-up. Over time, the time-weighted disease activity
remained low (DAS28-CRP 2.13, 95% confidence interval 2.10-2.16), while a dose
decrease was observed for both TNF-inhibitors (97% of daily defined dose at baseline
to 51% at year 10) as well as all b/tsDMARDs (97% to 56%). The mean dose reduction
1.5 years after the start of the attempt was 48% (n=159) of the first attempt and 33%
(n=86) for the second attempt. Full discontinuation was reached by 119 of 161
participants (74%) with a median duration of 7 months, and 25 (21%) remained in dis-
continuation for the rest of the observational period. Radiographic progression
exceeding the smallest detectable change (5.7 Sharp-van der Heijde units) was found
in 48% (41/86). We found an association between radiographic progression and a
higher disease activity, but not with a lower b/tsDMARD dose. We concluded that
disease activity-guided dose optimisation remains effective over 10 years, and that
the inclusion of a discontinuation attempt and subsequent dose optimization
attempts can be of additional value in this strategy. However, effective treat-to-
target needs to be maintained to minimise radiographic progression.

Chapter 6: Pharmacokinetic boosting to enable a once-daily reduced dose of
tofacitinib in patients with rheumatoid arthritis and psoriatic arthritis
Chapter 6 included a pharmacokinetic boosting study in which we compared a
combinationregime of tofacitinib s mgand cobicistat150 mgonce daily (intervention)
to tofacitinib 5 mg twice daily (control). The primary objective was bioequivalence,
defined as the 90% confidence interval (Cl) of the average tofacitinib concentration
(Cavg,ss; Intervention to control) falling between 80% and 125%. Secondary objectives
included safety, patient preference and modelled pharmacodynamics (disease
activity, measured with DAS28-CRP and ACR20 response) with a previously validated
exposure-response model. We included patients with RA and PsA currently using
tofacitinib 5 mg twice daily for at least 2 weeks and without co-medication affected
by CYP3A inhibition. Samples to measure tofacitinib concentration were taken at
baseline and after 2-6 weeks of intervention treatment. We included 30 patients, of
whom 25 completed the study. Bioequivalence was not formally met because
tofacitinib levels were slightly lower in the intervention group compared to the
control group (C,yg s 85%, 90%-Cl: 75-96%). Moreover, we found no safety concerns,
a considerable patient preference for boosted therapy (56% for intervention versus
18% for control), and no relevant differences in predicted disease activity. We



Summary

concluded that although boosted tofacitinib therapy is not fully pharmacologically
equivalent to tofacitinib twice daily, it may still be an attractive strategy for further
research based on its safety, patient preference and predicted pharmacodynamics.

Conclusions

This thesis showed multiple strategies for optimisation of biological and targeted
synthetic DMARD therapy in inflammatory arthritis. Humoral response after
COVID-19 vaccination in rituximab-treated patients is generally low, but significantly
improved by lowerdosingand alongertime between latest rituximab and vaccination
(chapter 2 and 3). Humoral response after COVID-19 vaccination in rituximab-treated
patients, is persistent and seems unaffected by subsequent rituximab treatment
(chapter 3). Twelve different strategies for cost-effective use of b/tsDMARD in
inflammatory rheumatic diseases were identified and twenty evidence- and expert-
based points to consider were formulated on ten of these strategies (chapter 4).
Disease activity-guided dose optimisation of TNF-inhibitors in rheumatoid arthritis
leads to approximately halved TNF-inhibitor dose while maintaining low disease
activity over a period of 10 years (chapter 5). Both the inclusion of bDMARD dis-
continuation, as well as repeated dose optimisation attempts seem useful in disease
activity-guided dose optimisation (chapter 5). Last, although pharmacokinetic
boosting of reduced-dose tofacitinib is not fully pharmacologically bioequivalent to
standard-dose tofacitinib because of slightly lower tofacitinib serum levels, it may be
equally effective in clinical practice based on a exposure-response modelling.
Therefore, a follow-up clinical study is advised (chapter 6).
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Zinniger en zuiniger omgaan met biologicals en
JAK-remmers bij reumatische ontstekingsziekten

Reumatische ontstekingsziekten zijn ziekten waarbij de gewrichten en pezen ontstoken
zijn door een eigen reactie van het lichaam. Daarom behoren deze ziekten tot de
auto-immuunziekten. De ontstekingen in gewrichten en pezen hebben grote impact
op patiénten door verminderde beweeglijkheid van de gewrichten, pijn en verminderd
functioneren. Dit proefschrift richt zich op drie reumatische ontstekingsziekten:
reumatoide artritis (RA), artritis psoriatica en axiale spondyloartritis.

Overdetijd zijn erveel behandelingen voor deze ziekten ontwikkeld. De eerste stap in
de behandeling van gewrichtsontstekingen is meestal behandeling met de klassieke
reumaremmers, zoals methotrexaat en leflunomide. Wanneer deze behandeling
onvoldoende werkt of teveel bijwerkingen geeft, wordt een biologische reumaremmer of
JAK-remmer toegevoegd of in de plaats gegeven. Biologische reumaremmers, ook wel
biologicals genoemd, beinvioeden het afweersysteem en zijn gemaakt van eiwitten
waardoor ze alleen als infuus of injectie worden gegeven. Voorbeelden van biologicals
zijn TNF-remmers, zoals adalimumab, en rituximab. JAK-remmers zijn chemische
stoffen die reageren op de Janus kinase (JAK) route van het immuunsysteem en
worden gegeven in tabletvorm. Voorbeelden van JAK-remmers zijn tofacitinib en
baricitinib. De biologicals en de JAK-remmers zijn beiden zeer effectief voor de
behandeling van reumatische ontstekingsziekten: ze verlagen de ziekteactiviteit,
verminderen schade aan de gewrichten en verbeteren het functioneren.

Behalve voordelen, hebben deze groepen geneesmiddelen ook nadelen. Zo zijn ze zes
tot twaalf keer duurder dan klassieke reumaremmers, geven ze een verhoogde kans
op infecties en kunnen er huidreacties (pijn, roodheid) ontstaan op de plek van een
injectie. Het geneesmiddel rituximab heeft daarnaast nog een eigen nadeel: je kunt
minder goed antistoffen opbouwen na een vaccinatie. Het is daarom belangrijk om
biologicals en JAK-remmers zinnig en zuinig in te zetten. Dit proefschrift gaat over
het verbeteren van de behandeling met biologicals en JAK-remmers door: 1) het
verbeteren van de vaccinatierespons tijdens behandeling met rituximab en 2) zuinig
omgaan met deze geneesmiddelen, welke verder toegelicht worden in de volgende
alinea’s.

Eerdere studies naar de werkzaamheid van vaccinaties bij mensen die rituximab
gebruiken onderzochten de hoge dosering (2 infusen van 1000 mg elk halfjaar) of
standaard dosering rituximab (1 infuus van 1000 mg elk halfjaar). Sinds kort weten
we dat we bij een deel van de rituximab gebruikers ook verder kunnen afbouwen,
naar 500 mg of zelfs 200 mg per halfjaar. Omdat deze lage doseringen het afweer-
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systeem minder sterk onderdrukken, kunnen vaccins mogelijk ook beter werken.
Over het beste moment van vaccineren ten opzichte van de toediening van rituximab
(timing) is nog weinig bekend. Het advies is om een vaccinatie pas een halfjaar na
het laatste rituximab infuus te geven, maar dit is niet uitgebreid onderzocht.
De onderzoeken in hoofdstuk 2 en hoofdstuk 3 gaan daarom over COVID-vaccinaties
bij mensen met RA die rituximab gebruiken, waarin we het effect van dosis en timing
van rituximab onderzoeken.

In verschillende eerdere onderzoeken is al gekeken naar manieren om biologicals en
JAK-remmers zuinig te gebruiken. Daarbij kijken we naar de werkzaamheid ten opzichte
van de kosten, dit noemen we kosteneffectiviteit. Een overzicht van alle (mogelijke)
strategieén met aanbevelingen hierover ontbreekt alleen nog. Het onderzoek in
hoofdstuk 4 beschrijft de eerste richtlijn naar kosteneffectief omgaan met biologicals
en JAK-remmers. Een belangrijke en bekende strategie het stapsgewijs en ziekte-
gestuurd afbouwen van de hoeveelheid geneesmiddel bij mensen met een rustige
ziekte. Wanneer de ziekte toch actief wordt, kan de dosis van het geneesmiddel weer
worden opgehoogd. Ziekte-gestuurd afbouwen van TNF-remmers bij RA is tot 3 jaar
na start effectief gebleken. In hoofdstuk 5 onderzochten we de werkzaamheid van
ziekte-gestuurd afbouwen van TNF-remmers bij RA over een nog langere periode,
namelijk 10 jaar. Tenslotte zou het remmen van de afbraak van JAK-remmers in
het lichaam een nieuwe strategie voor kosteneffectief behandelen kunnen zijn.
JAK-remmers worden namelijk afgebroken door een enzym (CYP3A) in de lever en er
zijn specifieke geneesmiddelen op de markt die dit enzym remmen. Hierdoor blijven
JAK-remmers langer in het lichaam aanwezig en kunnen patiénten mogelijk met een
lagere dosering hetzelfde effect bereiken. Hoofdstuk 6 beschrijft een onderzoek
naar de combinatie van de JAK-remmer tofacitinib met de enzymremmer cobicistat
in mensen met RA en artritis psoriatica.

Hoofdstuk 2: Werkzaamheid van de COVID-vaccinatie tijdens gebruik

van rituximab

In hoofdstuk 2 onderzochten we de werkzaamheid van de COVID-vaccinatie bij met
mensen met RAdie rituximab gebruikten of hadden gebruikt. Mensen met RAkonden
meedoen aan het onderzoek als ze twee COVID-vaccinaties hadden gekregen en het
afgelopen jaar behandeld waren met rituximab. Het doel van het onderzoek was het
meten van de aanwezigheid van een vaccinatierespons twee tot zes weken na de
tweede vaccinatie. Hiermee bedoelen we de aanwezigheid van antistoffen tegen
COVID-19 in het bloed. Daarnaast verzamelden we andere gegevens over de
deelnemers, zoals de datum en dosis van het laatste rituximab infuus, het gebruik
van andere reumamedicatie en eerdere COVID infecties.
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In totaal deden 196 mensen mee aan het onderzoek, van wie 31 voor de vaccinatie
behandeld was met 200 mg rituximab, 67 met 500 mgen 98 met 1000 mg. We vonden
antistoffen tegen COVID bij 55 van de 196 mensen (28%). Deze antistoffen waren
vaker aanwezig bij de groep die behandeld was met 200 mg, namelijk bij 45% van de
mensen behandeld met 200 mg in tegenstelling tot 26% van de mensen behandeld
met 1000 mg. We konden ook een effect van het moment van vaccineren op
aanwezigheid van antistoffen aantonen. De kans op aanwezigheid van antistoffen
nam toe met elke maand die langer gewacht werd met vaccineren na het rituximab
infuus. Samengevat laat dit onderzoek zien dat een dosis van 200 mg ten opzichte
van 1000 mgen een langere tijd tussen infuus en vaccinatie beiden een positief effect
hebben op de werkzaamheid van een COVID vaccinatie.

Hoofdstuk 3: Het effect van een derde COVID-vaccinatie en het aanhouden

van vaccinatierespons tijdens gebruik van rituximab

Het onderzoek van hoofdstuk 3 is een vervolg op hoofdstuk 2. Het onderzoek van
hoofdstuk3bestond uittwee deelonderzoeken.In heteerste deelonderzoek bekeken
we of een derde vaccinatie zorgt voor het ontstaan van antistoffen tegen COVID, bij
mensen uit het onderzoek van hoofdstuk 2 die na twee vaccinaties nog geen
antistoffen hadden opgebouwd. Ook hierbij keken we naar het effect van dosis en
timing van rituximab. In het tweede deelonderzoek keken we of de antistoffen een
paar maanden later nog aanwezig waren, bij mensen die na twee vaccinaties wel
antistoffen hadden opgebouwd.

Van de 196 mensen uit het onderzoek van hoofdstuk 2, deden er 121 mee aan dit
onderzoek: 98 aan het eerste deelonderzoek en 23 aan het tweede. Het eerste
deelonderzoek liet zien dat 19 van de 98 mensen (19%) antistoffen tegen COVID
ontwikkelde nade derdevaccinatie.Ookinditonderzoekhadden eenlagere rituximab
dosisen een langere tijd tussen infuus en vaccinatie een positief effect op het krijgen
van antistoffen. Het tweede onderzoek liet zien dat de antistoffen bij 22 van de 23
mensen aanwezig bleven. Negen van de 23 mensen hadden tussen de twee antistof-
metingen een infuus met rituximab gehad, van wie acht hun antistoffen behielden.
Dit onderzoek liet zien dat voor mensen die rituximab krijgen vervolgvaccinaties
tegen COVID zinvol zijn, omdat bij elke vaccinatie weer een deel van de mensen
antistoffen krijgt. Daarnaast laat dit onderzoek zien dat ook bij mensen die rituximab
krijgen, de antistoffen tenminste enkele maanden in het bloed aanwezig blijven.

Hoofdstuk 4: Richtlijn over kosteneffectief gebruik van biologicals en
JAK-remmers

Hoofdstuk 4 beschrijft verschillende aanbevelingen over kosteneffectief gebruik
van biologicals en JAK-remmers. Voor dit onderzoek verzamelden we een groep
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experts op het gebied van reumatologie, epidemiologie en farmacologie uit zeven
verschillende Europese landen. Als eerste hebben we een-op-een interviews gehouden
met alle experts om de strategieén te vinden. De strategieén werden daarna
gebruikt voor het literatuuronderzoek, waarbij we zochten naar literatuurstudies
en gerandomiseerde studies. Het laatste deel bestond uit het opstellen van de
aanbevelingen op basis van de gevonden literatuur. Voor elke strategie werd er
gekeken of ereen of meerdere aanbevelingen te maken waren. Daarna bepaalden we
voor elke aanbeveling de sterkte van het wetenschappelijk bewijs (level of evidence,
1A tot 5) en de sterkte van de aanbeveling (grade of recommendation, A tot D). Hierna
werd er anoniem gestemd over de aanbevelingen, waarbij elke expert zijn of haar
mate van overeenstemming aangaf (level of agreement, o tot 10).

Er werden twaalf verschillende strategieén gevonden, waarbij we over tien strategieén
in totaal twintig aanbevelingen konden opstellen. De gemiddelde overeenstemming
van de aanbevelingen was 8,9. Tien van de twintig aanbevelingen hadden hierbij
een hoge sterkte van wetenschappelijk bewijs (sterkte 1 of 2). Voorbeelden van
aanbevelingen met een hoge sterkte van bewijs zijn: i. Het gebruiken van biosimilars,
generieke varianten van biologicals; ii. Het weglaten van de oplaaddosis van de
geneesmiddelen abatacept, certolizumab en secukinumab; en iii. Het ziekte-gestuurd
afbouwen van TNF-remmers voor alle drie ontstekingsziekten en van alle biologicals
bij RA.

Hoofdstuk 5: Ziekte-gestuurd afbouwen van TNF-remmersin RA gedurende
tienjaar

De DRESS studie is het eerste onderzoek naar ziekte-gestuurd afbouwen van
TNF-remmers. Dit was een gerandomiseerd onderzoek van 1,5 jaar waarin mensen
met RA via loting verdeeld werden tussen ziekte-gestuurd afbouwen van de
TNF-remmer en doorgaan met de huidige dosering. De deelnemers van de DRESS
studie zijn hierna nog1,5jaargevolgd. In deze periode was ziekte-gestuurd afbouwen
toegestaan bij alle deelnemers. Beide onderzoeken van de DRESS studie lieten zien
dat ziekte-gestuurd afbouwen effectief en veilig is.

Hoofdstuk 5 beschrijft een studie, waarin we de deelnemers aan het DRESS onderzoek
volgden tot tien jaar vanaf het begin van het onderzoek. Hiervoor gebruikten we
informatie over ziekteactiviteit en medicatie uit het patiéntendossier en beschikbare
rontgenfoto’s. We hadden verschillende doelen met dit onderzoek. Als eerste
onderzochten we de ziekteactiviteit en de gebruikte dosis van de TNF-remmer en
andere biologicals overde tijd. Als tweede onderzochten we of een tweede poging tot
afbouwen van de medicatie mogelijk was, wanneer de eerste afbouwpoging niet
lukte. Als derde onderzochten we of het uiteindelijk stoppen van de biological
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mogelijk was. Als laatste bekeken we het ontstaan van schade aan de gewrichten
door afbouwen, waarvoor we rontgenfoto’s van de handen en voeten na 10 jaar
hebben vergeleken met de foto’s na drie jaar. De deelnemers van het onderzoek
waren de 170 mensen die het vervolgonderzoek van de DRESS studie tot drie jaar
hadden afgerond.

Het onderzoek liet zien dat de ziekteactiviteit laag over de periode van tien jaar,
ondanks dat de dosering van de TNF-remmers gemiddeld met de helft werd afgebouwd.
Van de 161 mensen die een afbouwpoging deden, kon 119 afbouwen tot stop (74%).
De gemiddelde duur van de medicatiestop was zeven maanden, en 25 patiénten
(21%) konden zelfs de rest van het onderzoek gestopt blijven. De gemiddelde
rontgenschade die we vonden was laag. We vonden daarnaast een verband tussen
hoge ziekteactiviteit en rontgenschade, maar niet tussen een lage dosis biological en
rontgenschade. Op basis van dit onderzoek concluderen we dat ziekte-gestuurd
afbouwen van TNF-remmers en andere biologicals veilig en effectief blijft gedurende
tien jaar. Wel is het belangrijk om de ziekteactiviteit laag te houden, omdat een hoge
ziekteactiviteit kan leiden tot rontgenschade van de handen en voeten.

Hoofdstuk 6: Remmen van de afbraak van tofacitinib met de enzymremmer
cobicistat

In hoofdstuk 6 onderzochten we het gebruik van een enzymremmer (cobicistat) in
de behandeling met het geneesmiddel tofacitinib. De standaard dosering van tofacitinib
istwee keer per dag een tablet van 5 mg. Omdat cobicistat de afbraak van tofacitinib
remt, vergeleken we tofacitinib en cobicistat één keer per dag (interventie) met
tofacitinib twee keer per dag (controle). We vergeleken de gemiddelde hoeveelheid
tofacitinib in het bloed voor beide behandelingen. Daarnaast keken we naar
bijwerkingen, voorkeur van de deelnemers en hebben we de ziekteactiviteit voor
beide behandelingen berekend met een model.

Aan het onderzoek hebben dertig mensen deelgenomen, die ten minste twee weken
tofacitinib 5 mg twee keer per dag gebruikten voor de behandeling van hun RA of
artritis psoriatica. Aan het begin van de studie werd met een aantal bloedafnames op
één dag de hoeveelheid tofacitinib in het bloed bepaald. Na de bloedafnames gingen
de deelnemers tofacitinib met cobicistat één keer per dag gebruiken. Na 2-6 weken
werden opnieuw bloedafnames gedaan, zodat we de hoeveelheid tofacitinib in het
bloed konden vergelijken.

In totaal hebben 25 mensen het onderzoek afgemaakt. De gemiddelde hoeveelheid
tofacitinib in het bloed was iets lager voor de combinatiebehandeling van tofacitinib
met cobicistat. We vonden geen ernstige bijwerkingen tijdens het onderzoek. De
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meerderheid van de deelnemers gaf de voorkeur aan de combinatiebehandeling. Ook
de voorspelde ziekteactiviteit was niet verschillend voor de twee behandelingen.
Onze conclusie was dat de behandeling van tofacitinib met cobicistat mogelijk de
behandeling goedkoper en patiéntvriendelijker kan maken, ondanks de iets lagere
bloedwaarden. Eerder onderzoek met tofacitinib liet namelijk zien dat een lagere
dosis (3 mg twee keer per dag) mogelijk ook effectiefis voor de behandelingvan RAen
artritis psoriatica. Uitgebreider onderzoek met de combinatie van tofacitinib en
cobicistatis nodig om een verschil in werkzaamheid uit te sluiten.

Conclusies

In dit proefschrift onderzochten we verschillende manieren om de behandeling
met biologicals en JAK-remmers bij reumatische ontstekingsziekten te verbeteren.
De werkzaamheid van een COVID-vaccinatie bij mensen die rituximab gebruiken,
kan worden verbeterd door een lagere dosering rituximab of een langere tijd tussen
infuus en vaccinatie (hoofdstuk 2 en 3). De vaccinatierespons blijft aanwezig bij
mensen die rituximab gebruiken, zelfs als er tussendoor een behandeling met
rituximab is geweest (hoofdstuk 3). Twaalf verschillende strategieén voor kosten-
effectief omgaan met biologicals en JAK-remmers werden gevonden, waarbij literatuur-
onderzoek leidde tot twintig aanbevelingen over tien van deze strategieén voor de
praktijk (hoofdstuk 4). Ziekte-gestuurd afbouwen van TNF-remmers bij mensen
metRAleidttoteen halveringvande hoeveelheid geneesmiddel meteen aanhoudend
lage ziekteactiviteit (hoofdstuk 5). Tijdens het ziekte-gestuurd afbouwen zijn zowel
afbouwen tot stop als herhaaldelijke afbouwpogingen van toegevoegde waarde
(hoofdstuk 5). Tenslotte leidt de combinatietherapie van tofacitinib met cobicistat
één keer daags tot een iets lagere hoeveelheid geneesmiddel in het bloed dan tofacitinib
twee keer daags. Vervolgonderzoek is nodig om een verschil in werkzaamheid tussen
beide behandelingen uit te sluiten (hoofdstuk 6).
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Dit proefschrift is met de hulp van heel veel mensen tot stand gekomen, waarvoor ik
iedereen die een bijdrage heeft geleverd hartelijk wil bedanken. In 2019 kwam ik in de
Sint Maartenskliniek met het plan om een promotieonderzoek te doen, waarbij alleen
het uitvoeren van de PRACTICAL-studie (hoofdstuk 6) al vast stond. Het schrijven van
een proefschrift vanuit het oogpunt ‘medicatie’ in plaats van ‘een reumatologische
aandoening’ waarbij ik zelf mocht meedenken over de projecten, is een hele leerzame
en gave reis geweest. In het bijzonder wil ik een aantal mensen bedanken die bij
hebben gedragen aan dit proefschrift.

Allereerst dank aan alle patiénten die hebben deelgenomen aan de onderzoeken in dit
proefschrift. Voor jullie interesse in groten getale voor het COVID-vaccinatie onder-
zoek, en jullie intensieve bijdrage met meerdere opnamedagen voor het PRACTICAL
onderzoek.

Beste Alfons, van promovendi elders hoor ik vaak dat de eerste promotor afstandelijk
en amper beschikbaar is, maar jij was juist het tegenovergestelde! Ik heb je ervaren als
een betrokken begeleider die vaak het beste wist hoe mijn projecten ervoor stonden,
die het beste en het hardst kon trekken aan inclusies die niet hard genoeg liepen en
er was altijd tijd om te overleggen als ik dat nodig had. Bedankt ook voor je geduld
met sommige epidemiologische principes waarbij ik de bocht wat te kort wilde nemen: het
schaap dat aan een kant zwart is, is me inmiddels echt duidelijk geworden. Naast
algemene onderzoeksvaardigheden waardeer ik het ook dat je me tijdens mijn PhD
veel meer hebt bijgebracht, zoals het maken van begrotingen, het beoordelen van
juridische contracten, gesprekken met subsidiegevers en het schrijven van een richtlijn
met een internationale onderzoeksgroep. Als laatste waardeer ik dat het niet altijd
inhoudelijk hoefde te zijn: ons overleg kon ook simpelweg even bijpraten in de binnen-
tuin zijn of een rondje wandelen om de Maartenskliniek.

Beste Bart, ik waardeer het erg dat hetin overleg metjou altijd de vraag was hoe het
met mij ging en of de werklast nog te doen was. Met name in het begin van mijn
promotie hebben we uitgebreid samengewerkt om het INDIGO-project uit te denken,
wat doorde COVID helaas geen invulling meer heeft gekregen. Ik kijk met een positief
gevoel terug op onze tekeningen van dosis-respons curves en excels met berekende
farmacologische parameters. Ik ben erg blij dat jij mijn begeleider wilde zijn om zo
wat klinisch farmacologische diepgang te geven aan mijn PhD-traject. Ook waardeer ik
je betrokkenheid bij het Delphi-project met het vinden van Delphi members en het
leiden van de digitale meetings. Ik hoop je in de toekomst weer tegen te komen bij
mijn opleiding tot klinisch farmacoloog.
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Beste Lise, bedankt voor je laagdrempelige betrokkenheid tijdens mijn PhD-traject.
Met name aan het begin van hettraject heb je me op gang getrokken, maarookin het
laatste stuk kon ik altijd even videobellen als ik ergens vastliep. Ik waardeer dat ik
zorgvuldigonderzoekdoenvan je heb mogen leren, zoals het voorwerk bij de ethische
commissie en lokale toetsing, maar ook juist documenteren en archiveren, wat mijn
traject zeker makkelijker heeft gemaakt. Buiten het onderzoek om waren de dinersen
borrels op congressen altijd gezellig met jou!

Beste David, midden in de coronaperiode kreeg ik een nieuw project naar me toe-
geschoven wat jouw idee was, en wat voor een project! Bedankt voor je uitgebreide
hulp hierbij, je gaf me altijd het idee dat we het samen deden in plaats van dat je mijn
begeleider was. Door jouw inzet hebben we het razendsnel door de ethische toetsing
gekregen, hierdoor tweehonderd patiénten kunnen includeren en heb ik ermee
kunnen shinen op de NVR! Bedankt ook voor je regelmatige appjes om te vragen hoe
het met me is en je enthousiasme over (kleine) mijlpalen, ook nu ik allang weg ben
op de SMK.

Beste Noortje, bedankt voor je enthousiasme en inzet bij het DRESS-project. Zeker de
dataverwerking en analyses heb ik als erg pittig ervaren, maar jouw laagdrempelige
en fijne begeleiding hielp mij om het licht aan het eind van de tunnel te blijven zien.
Ook hetbeoordelen van réntgenfoto’s werd zo mindersaai. Ik hoop later net alsjou de
reumatologie en klinische farmacologie te kunnen combineren en kijk er erg naar uit
om onder jouw begeleiding de opleiding klinische farmacologie te volgen!

Beste Rob, ook jij voelde echt als een begeleider voor mij tijdens het PRACTICAL-
project. Ik wil je bedanken voor je inzet bij de opnamedagen in het Radboud, het
verwerken en analyserenvan de monstersen mij een kijkje geven in farmacokinetisch
modelleren.

Beste leden van de manuscriptcommissie, prof. Reinout van Crevel, prof. Sjoerd
Repping en prof. Angelique Weel-Koenders, hartelijk dank voor het beoordelen
van mijn proefschrift en het deelnemen aan de oppositie.

My sincere thanks for all members of the Delphi study: Daniel Aletaha, Rieke Alten,
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Curriculum vitae

Céleste Jeanne Theodora van der Togt werd geboren op
26 februari 1994 te Wageningen. Na de basisschool in
Wageningen, vertrok ze naar het Marnix College te Ede
voor haar middelbare schooltijd, waar ze in 2011 haar
gymnasiumdiploma behaalde. In datzelfde jaar begon zij aan
de opleiding Geneeskunde aan de Radboud Universiteit te
Nijmegen. Na het tweede jaar van haar studie volgde Céleste
een verdiepende Summer School aan het UMC St. Radboud,
waarbij ze ook meeliep op de polikliniek reumatologie. In de
laatste fase van haar opleiding had ze haar onderzoeksstage bij de afdeling klinische
farmacologie/apotheek van het Canisius Wilhelmina Ziekenhuis in Nijmegen en volgde
ze een keuze-coschap bij de reumatologie in het Rijnstate te Arnhem. Eind 2017
behaalde Céleste haar artsdiploma en wist zij dat ze zich verder wilde specialiseren
binnen de reumatologie.

Na haar studie heeft ze een ruim jaar als basisarts (ANIOS) interne geneeskunde in
Gelre Ziekenhuizen Apeldoorn gewerkt. Hierna wilde zij zich verder verdiepen binnen
de reumatologie en startte zij met een promotietraject naar medicamenteuze
behandeling van reumatoide artritis en spondyloartritis bij de afdeling reumatologie
van de Sint Maartenskliniek. Haar onderzoek verrichte zij onder supervisie van
dr. Alfons den Broeder, prof. Bart van den Bemt, dr. Lise Verhoef en dr. David ten Cate.
De resultaten van haar promotieonderzoek staan beschreven in dit proefschrift.

In 2023 is Céleste begonnen aan de opleiding tot reumatoloog in de regio Arnhem/
Nijmegen. Momenteel is zij bezig aan de vooropleiding interne geneeskunde in het
Rijnstate te Arnhem. In 2026 zal zij tevens starten met de opleiding klinische
farmacologie aan het Radboudumc onder begeleiding van dr. Noortje van Herwaarden,
met als doel reumatoloog-klinisch farmacoloog te worden.
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Research data management

Ethics and privacy

Medical-scientific research with human participants was performed to answer the
research questions in this thesis. The studies described in chapter 2, 3, and 6 were
subject to the Medical Research Involving Human Subjects Act (WMO) and were
conducted in accordance with the ICH-GCP guidelines (Good Clinical Practice). The
medical ethical review committee ‘METC Oost-Nederland’ has given approval to
conduct these studies (file numbers: NL76709.091.21; NL65634.091.18). Informed
consent was obtained from research participants. For the study of chapter s, the
medical ethical review committee provided exemption, as ethical approval for this
type of study is not required under Dutch law (file number: 2023-16202). The studies
described in chapter 2, 3, and 6 were also reviewed and accepted by the local
committee of the Sint Maartenskliniek to warrant they comply with the local
protocols and policies.

Technical and organizational measures were followed to safeguard the availability,
integrity and confidentiality of the data (these measures include the use of
independent monitoring, pseudonymization, access authorization and secure data
storage).

Data collection and storage

Dataforchapter2,3and 6 was collected through electronic Case Report Forms (eCRF)
using CASTOR EDC. From Castor EDC data were exported to STATA/IC (StataCorp,
College Station, TX, USA) and R-statistics (chapter 6 only; R Foundation, Vienna,
Austria). For the study of chapter 5, data was collected from the electronic health
records of the Sint Maartenskliniek and exported to STATA/IC. Pseudonymized data
were stored and analysed on the department server and in Castor EDC and are only
accessible by project members of the rheumatology department of the Sint Maarten-
skliniek. Paper (hardcopy) data is stored in cabinets on the department, which can
only be accessed by staff with authorisation to enterthe department. Serum samples
collected in the studies of chapter 2,3 and 6 will be stored for 10 years after the end of
the study in the CWZ laboratory (location SMK; chapter 2 and 3) or the Radboudumc
biobank (chapter 6).

Availability of data

All studies are published open access. The data will be archived for 25 years after
termination of the study. Reusing the data for future research is only possible aftera
renewed permission by the participants. The anonymous datasets that were used for
analysis are available from the corresponding author upon reasonable request.
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PhD period: 01/04/2019 - 30/01/2025
PhD Supervisor(s): Dr. A.A. den Broeder, Prof. Dr. B.).F. van den Bemt

PhD Co-supervisor(s): Dr. L.M. Verhoef, Dr. D.F. Ten Cate

Training activities
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- Basiscursus regelgeving en organisatie voor klinisch onderzoekers (BROK) (2019) 42.00
- Sanquin Masterclass Biologics (2019) 7.00
- Epidemiologisch onderzoek: basisprincipes (V10) (2020) 112.00
- RIHS - Introduction course for PhD candidates (2020) 15.00
- Radboudumc - Scientific integrity (2020) 20.00
- RU-Open Science for PhD candidates (2020) 28.00
- RU - Scientific Writing for PhD candidates (2021) 84.00
- English Boost Camp: Pronunciation (2021) 5.00
- V30: Regression analysis (2021) 36.00
- V81: Missing data (2022) 18.00
- Zorgstelsel en Zorgverzekering (2022) 28.00
- Hercertificering ‘Basiscursus Regelgeving en Organisatie voor Klinische

onderzoekers (BROK)’ (2023) 28.00
Seminars
- How towrite a peer review (2021) 2.00
Conferences
- NVR Najaarsdagen 2019 (2019) 14.00
- NVR Najaarsdagen (including oral presentation) (2021) 8.00
- ACRe-congress (including poster presentation) (2021) 12.00
- RIHS PhD Retreat (2022) 16.00
- EULAR congress (including poster presentations) (2022) 28.00
- NVR Najaarsdagen (including oral presentations) (2022) 14.00
- NVR Najaarsdagen (including oral presentation) (2023) 14.00
Other
- Journal Club (2021) 28.00
Lecturing
- Rheumatology lecture for pharmacy assistants (2021) 8.00
Supervision of internships/other
- Supervision of bachelor thesis student (M. Boonstra) (2022) 28.00

Total 595.00
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