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Rheumatoid arthritis ( is a chronic systemic autoimmune disease, primarily causing
inflammation, pain and stiffness (synovitis) in the joints. Those with severe disease may be

treated with biological disease modifying anti-rheumatic drugs (bDMARDSs), including TNF-a

inhibitors. Monitoring response to these treatments typically involves clinical assessment and
the use of response criteriggRDAS28 or g

Commercial enzyme-linked immunosorbent assay (ELISA) tests can also now be used to
detect and measure drug concentrations and drug antibody levels in the blood. These tests

may inform whether adjustments to treatment are required, or help clinicians to understand
the reasons for trean - e Iotf sp

Methods rrpra U i I I

A systematic review was conducted to identify studies reporting the clinical and cost-
effectiveness of using ELISA tests to measure drug levels and anti-drug antibodies for
monitoring response to TNF-a inhibitors (adalimumab [ADL], etanercept [ETN], infliximab
[IFX], certolizumab pegol [CTZ], and golimumab [GLM]) in people with RA who had achieved

treatment target (remission or low disease activity [LDA]), or in those with primary non-

response or a secondary non-response to treatment.

An economic analysis was conducted to estimate health and economic outcomes of adding
TNF-a inhibitors testing to usual practice to guide treatment decisions. The costs and
resource use were considered from the perspective of the NHS and Personal Social
Services. No discounting was applied to costs or effects due to the short-term time horizon
used. Sensitivity analyses explored the effect of different uncertainties on the economic

outcomes.

Results

Eight studies (in 11 publications) were identified. One non-randomised trial (the INGEBIO
study, only reported in three abstracts) compared TDM with standard care had serious
limitations in relation to the NICE scope: one-third of participants with RA, analyses were
mostly not by intention-to-treat, follow-up only 18 months, and, there was no explicit
algorithm for guiding clinicians in using the test results to inform treatment. Also, seven
observational studies (eight publications) were identified but were of minimal value in

informing whether ELISA test-based monitoring is clinically effective or not.
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The exploratory economic analyses were inconclusive and show considerable uncertainty in

the co tiveness of TDM of TNF-alpha inhibitors in RA. Diffenent outcome data from the

same roduced of > i ost-effectiveness Of testing in
peopléyecei D g/inkemission/LRA. Results b s helon % up

outcomes suggested thal monitoring is more costly and produces fewer QALYs than

standard care. Of the sensitivity analyses conducted, only the impact of monitoring on the

rate of flares impacted substantially on the results. Exploratory analyses of using Promonitor

to monitor patients in remission/LDA receiving ETN or INF_showed the same results as that
for ADL. —

Conclusions

There is limited valid and applicable research evidence, and much uncertainty in relation to

key potential driver: ffectiveness and cost-effectiveness of using ELISA-based
testing to monitor treatment wit re no firm conclusions
are possible.

Funding

This report was commissioned by the NIHR HTA Programme as project number 17/10/02.

Word count: 492 words
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Scientific summary

Background

Rheumatoid arthritis (RA) is a chronic systemic autoimmune disease, primarily causing
inflammation, pain and stiffness (synovitis) in the joints. The course of RA varies
considerably from person to person, but often results in substantial morbidity, impaired
physical activity, poor quality of life, and reduced life-expectancy. Those with severe disease
may be treated with biological disease modifying anti-rheumatic drugs (bDMARDSs), including
the tumour necrosis factor-alpha (TNF-a) inhibitors adalimumab (ADL), etanercept (ETN),
infliximab (IFX), certolizumab pegol (CTZ) and golimumab (GLM). These treatments are
costly (from about £5,750 to £9,330 for originator drugs per patient per year) and are
commonly associated with side effects including increased risk of infections, allergic

reactions, nausea and vomiting, itching, and fever.

Monitoring response to treatment may enable treatment adjustments to be made, thus
preventing unnecessary treatment and potentially reducing costs and side effects.
Monitoring of response to treatment with TNF-a inhibitors typically involves clinical
assessment and the use of the disease activity score in 28 joints (DAS28) or European
League Against Rheumatism (EULAR) response criteria. More recently, biochemical ELISA
testing has emerged to monitor blood levels of TNF-a inhibitors, or antibodies to TNF-a

inhibitors in people with RA.

Objectives

This assessment aims to evaluate the clinical effectiveness and cost-effectiveness of using
ELISA tests (Promonitor, IDKmonitor, LISA-TRACKER, RIDASCREEN, MabTrack, and
ELISA tests used by Sanquin Diagnostic Services) to measure drug levels and anti-drug
antibodies for monitoring response to TNF-a inhibitors (ADL, ETN. IFX, CTZ, GLM) in people
with RA who had achieved treatment target (remission or low disease activity [LDA]), or in
those who have experienced a primary non-response or a secondary non-response to

treatment.

Methods

Assessment of clinical effectiveness

The systematic review was conducted following CRD and NICE guidelines on the conduct of

systematic reviews. We performed the systematic review according to a pre-specified
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protocol which was registered on the international prospective register of systematic reviews
(PROSPERO: CRD42018105195).

The following bibliographic databases were searched: MEDLINE, MEDLINE In-Process,

EMBASE, Cochrane Central Register of Controlled Trials (CENTRAL), CDSR, DARE, Web
of Science, Clinical Trials.gov, WHO Registry and EU trials from inception to July 2018, and
again in November 2018. These searches were supplemented by consultation with experts

in the field, and reference-checking of relevant systematic reviews and included studies.

Inclusion criteria

Population: For the systematic review of clinical effectiveness, the eligible populations were
people with RA who were being treated with a TNF-a inhibitor (ADL, ETN, IFX, CTZ or GLM)
and had achieved treatment target (remission or LDA), or had experienced a primary non-

response or a secondary non-response.

Interventions and comparators: The following eligible enzyme linked immunosorbent
assay (ELISA) test kits or diagnostic services for monitoring response to TNF-a inhibitors
were included: Promonitor ELISA kits, IDKmonitor ELISA kits, LISA-TRACKER ELISA kits,
RIDASCREEN ELISA kits, MabTrack ELISA kits and Sanquin Diagnostic Services. These
intervention tests were used in addition to current clinical practice (clinical assessment and
monitoring using a composite score such as the DAS28). The comparator considered was
standard monitor for people with RA bring treated with a TNF-a inhibitor where treatment
decisions were based on clinical judgements and monitoring using a composite score such
as DAS28 without the knowledge of circulating drug levels and anti-drug antibodies by

means of ELISA tests.

Outcomes: The eligible patient-related outcomes included change in disease activity,
change in disease response, rates of hospitalisation, rates of surgical intervention, adverse
events (AEs), and health-related quality of life (HRQoL). The clinically important intermediate
outcomes included change in number, direction and magnitude of anti-TNF dose,
discontinuation of ineffective therapy, and change in frequency of dose adjustment due to

monitoring response.

Study designs: Both randomised controlled trials (RCTs) and non-randomised controlled
studies comparing therapeutic drug monitoring (TDM) by using ELISA tests with standard

care were sought.

Two researchers independently screened the titles and abstracts of all reports identified by

the search strategy and full-text papers were subsequently obtained for assessment. Data
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extraction and quality assessment were undertaken by one researcher and checked by a

secon Ts had been identified, the Cochrane Risk of Bias to for RCTs would have
been helrisk Vas
randomised stu th g ns prepriate.

For clinical effectiveness outcomes, mean differences, relative risks (RRs), odds ratios

(ORs) or incidence rate ratios (IRRs) with 95% confidence intervals (Cls) were extracted
from comparative studies, where reported. Quantitative methods of synthesis were not
possible given the conS|derabIe clinical Qg.ﬁ@ed with interventions,
outcomes and length of foIIow up and the methoylcncal heterogeneity identified (e.g.
different study designs), data were synthesised in narratively (i.e. using text and tabulated

information).

Assessment of co iveness
A systematic revie pu rf [afjll atlu um tests relative to the
alternatives and sta re'was“un

¢ To gain insights into the key drivers of cost-effectiveness of TNF testing.

o To get an overview of the alternative modelling approaches that have been adopted
to evaluate the use of therapeutic drug monitoring in people with RA.

e To provide a summary of the findings of previous relevant cost-utility, cost-

effectiveness, and cost-benefit studies.

Eligible studies for inclusion to the systematic review were selected according to the

following criteria:

e The inclusion criteria for population and interventions were as in the clinical-
effectiveness systematic review.

e The following types of economic evaluations were included: cost-utility analyses,
cost-effectiveness analyses, cost-benefit analyses, cost-consequence analyses and
cost-minimisation analyses. Systematic reviews of economic studies were also

included.

Screening was done independently by two reviewers. Disagreements between reviewers
were resolved by discussion. All references considered to meet the inclusion criteria by

either reviewer at the title and abstract stage were included for full-text screening.
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Due to the lack of RCTs identified in the clinical effectiveness systematic review, additional

literatu ches to identify studies evaluating any tests used to onltor anti-TN
treatm edple ith ﬁ r
The chei m d/approa of the

evidence identified in the'clinical effectiveness systematic review and the additional

searches. Due to the limited evidence identified in the clinical-effectiveness systematic

review, the multifactorial nature of decisions to adjust treatments in people with RA and the

recent changes in the biologics market, e uncertainty in the prices of
biologics and their uptake Withifthe UK approach (threshold
analysis), was chosen. Cost-utility analyses were also conducted assuming the estimates of

the cost of testing derived from Jani and colleagues (2016). The costs and resource use
were considered from the perspective of the NHS and Personal Social Services. No
discounting was ap stimated costs and duality-adjusted life-years (QALYs) due to a
short-term time hori r Fﬂtu m the INGEBIO study
were used in all the osls ¢ ic vaI tion included the
costs of testing, the cost of treatments received by people with RA, and healthcare costs.
The costs of testing comprised those of the test kits, staff time to perform the tests and staff
training, the cost of the testing service and sample transport. The costs were obtained from
the British National Formulary (BNF) and the NHS Reference Costs, from the documents
provided by the test manufacturers, and published and unpublished sources. Quality-
adjusted life-years (QALYs) were used as as the outcome measure of health benefit. A
review of HRQoL studies informed the selection of health states’ utilities, and disutilities for
flares and AEs. Various sensitivity analyses were conducted to explore the effect of
structural and parametric uncertainties on the economic outcomes. Probabilistic sensitivity
analysis was deemed inappropriate because of a very substantial variation in clinical
practice with respect to treatment, drug dose-tapering and flare management strategies in
people with RA. The effect of such variations on the economic outcomes was explored in

one-way deterministic sensitivity analyses and a number of scenario analyses.

Results

Clinical effectiveness

No studies met the systematic review’s original inclusion criteria.

Eight studies (reported in 11 publications) were included in the systematic review. Three
abstracts (Arango and colleagues 2017; Gorostiza and colleagues 2016; Ucar and
colleagues 2017) reported the same non-randomised controlled trial (the INGEBIO study),
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but this was conducted in people being treated for a range of diseases including RA. The

other tudies were observational, one of which had a historigal control groupgprior to
the int ion Of treat (o] t [ ies were
singlefarm studies.

Five of the included studies used Promonitor ELISA kits to monitor drug levels and/or anti-
drug antibody levels (INGEBIO; Chen 2016; Inciarte-Mundo 2016, Rosas 2013, and Senabre
Gallego 2017), and three studies used Sanquin ELISA kits (Pascual-Salcedo 2013; Paredes

2015; Paredes 2016; Lopez-Casla 2013
]
ELISA testing kits: IDKmonitor, LISA-TRAC

Table 1 summarises which treatments and ELISA kits were used in the studies selected in

tified evaluating the following
REEN and MabTrack.

the clinical-effectiveness systematic review.

Table 1: Clinical effectiven inations of TNF-a

inhibitors and test Ki

RIDASCREEN Sanquin*

ADL drug V1 X X X %
antibody V'3 X4 X X V2
ETN drug v's X X %
antibody v’e X X V2
IFX drug V7 X4 X X V8
antibody X X X X V8
GLM drug X X X X
antibody X X X
C1z drug X X
antibody X
Key:

X Indicates availability of a test to measure drug or antibody level in people treated with the specified TNFi and that no studies
have been identified in the clinical-effectiveness systematic review, reporting on using therapeutic drug monitoring for the
specified test kit and TNFi.

v Indicates availability of a test to measure drug or antibody level in people treated with the specified TNFi and that at least one
source for the specified combination of the test kit and TNFi has been identified in the clinical-effectiveness systematic review.
ADL: adalimumab; CTZ: certolizumab pegol; ETN: etanercept; GLM: golimumab; IFX: infliximab; TNFi: tumour necrosis factor
inhibitor

Notes:

* The type of Sanquin test kits used in these studies (MabTrack or those used by Sanquin Diagnostic Services) was not
reported.

" Arango and colleagues 2017, Ucar and colleagues 2017 and Gorostiza and colleagues 2016; Chen and colleagues 2016;
Inciarte-Mundo and colleagues 2016, Rosas and colleagues 2013 and Senabre Gallego and colleagues 2017

2 Paredes and colleagues 2015, Paredes and colleagues 2016 and Pascual-Salcedo and colleagues 2013

3 Arango and colleagues 2017, Ucar and colleagues 2017 and Gorostiza and colleagues 2016; Chen and colleagues 2016,
Rosas and colleagues 2013

4 Indicates that a test for total anti-drug antibodies is also available (total anti-drug antibodies include both unbound, i.e. free,
antibodies and those bound to TNF-a inhibitor)

5 Inciarte-Mundo and colleagues 2016, Rosas and colleagues 2013, and Senabre Gallego and colleagues 2017
8 Rosas and colleagues 2013

7 Inciarte-Mundo and colleagues 2016

8 Lopez-Casla and colleagues 2013, Paredes and colleagues 2015 and Paredes and colleagues 2016
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In studies which used the Sanquin testing service, the type of kits was not reported. No

includ idence on using IDKmonitor, LISA-TRACKER or RID SCREEN was fgund. In
those ncurrent
testing),was

All the selected studies except one reported by Lopez-Casla and colleagues (2013) included
individuals in remission or low disease activity (at baseline); Lopez-Casla and colleagues
considered a mixed population of people with RA comprising primary and secondary non-

responders who had developed clinical i

Two (out of eight) studies included mixe pulations, wi % and 49% of participants with
RA in the Arango and colleagues (2017) and Pascual-Salcedo and colleagues (2013),
respectively. Moreover, populations considered in the selected studies were relatively small
(<70 participants), xception being thetGEBIO study which had a (mixed disease)

population of 169 p E . l I m
The included studies measured drug levels and/or anti-drug antibody levels in people treated

with ADL, ETN and/or IFX. There were no studies identified in people treated with CTZ
and/or GLM. All but one of the included studies enrolled people with RA who had achieved
remission or LDA. Only one study (Lopez-Casla and colleagues 2013) recruited people with
RA who had experienced a primary non-response or a secondary non-response. All included

studies were judged to be at moderate risk of bias.

Comparative controlled evidence — one study

Three abstracts (Arango and colleagues, 2017; Gorostiza and colleagues, 2016; Ucar and
colleagues, 2017) reported the same non-randomised controlled trial (the INGEBIO study),
which focused on the population who had achieved treatment target (remission or LDA) and
remained clinically stable for at least six months. ADL and anti-ADL antibody levels were
measured using Promonitor ELISA kits. Monitoring test results were revealed to physicians
in the intervention arm. Physicians did not follow any test-based treatment algorithm for the
management of people with RA and they used their best judgements to optimise treatment
doses. Such monitoring test results were not revealed to physicians in the control arm. This
reflected standard care in Spain where treatment decisions were based on clinical
judgements without knowledge of drug levels and anti-drug antibodies.

This trial recruited a mixed disease population of 169 participants, including 63 people with

RA. The other participants in the study had psoriatic arthritis (PsA) and ankylosing
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spondylitis (AS). The results of the total mixed population were extracted as the study’s

author not W|II|ng to provide the separate results for the cohprt of part|C|pant with RA.
There s li tion to
the tafget R hn

The findings from this trial (Ucar and colleagues 2017) showed that, at 18-month follow-up,

the rate of flares per patient-year was 0.463 for the intervention group and 0.639 for the

control group, with a statistically non-significant rate difference of -0.176 (95% CI -0.379 to

0.0289). There was a non-significant reduction i fdlarelin the intervention group
]

compared with the control group (incidence r. tiog(lRR) 047252, 95% CI 0.4997 to

1.0578). Median time to first flare was 145 days for participants in the intervention group and

136.5 days for participants in the control group. The intention-to-treat (ITT) analysis from the

abstract by Gorostiza and colleagues (2016 ) showed that at 34-week follow-up, 67.5%

(54/80) in the intervention gro, sion % 2/50) in the control
group remained in remission, rlth ie dj op 5% (95% CI1-13.3% to
20.3%; p=0.68).

In terms of dose adjustment due to monitoring response, the finding by Arango and
colleagues (2017) showed that aADL dose was tapered (i.e. reduced) in 35 participants of
the intervention group (35.7%) and in 18 participants of the control group (34.6%). This trial
(Ucar and colleagues, 2017) also reported that participants’ HRQoL (EQ-5D-5L) measures
were higher in the intervention group at all visits compared with the control group (further
details were not reported). However, statistically significant results were only observed at
Visit 2 (p=0.001) and Visit 3 (p=0.035), and no further details were reported.

Overall, the findings of this controlled study showed that there was a non-significant
reduction in risk of flare in the intervention group compared with the control group. HRQoL
measures were higher in the intervention group at all visits compared with the control group,
with statistically significant results being observed at two visits. However, there was an
imbalance at baseline in disease severity between the intervention and control groups, and a
lack of adjusting for this baseline imbalance in the analysis of clinical outcomes. Also, there
were higher attrition rates for some outcomes. On top of the limited applicability to
populations with RA, and the lack of full description of methods (in abstracts), these

deficiencies resulted in serious risk of bias associated with the findings.
Evidence from observational studies

Seven observational studies were identified evaluating the effect of TDM (with ELISA-based
testing) on clinical outcomes in people with RA who had achieved remission or low disease

activity (six studies), or in those who had experienced a primary non-response or a
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secondary non-response (one study). The sample size of these observational studies ranged

Nereeced

dies were single-arm cohort studies with no comparator. The

from 3

Only on tional s
Captu A i

control while the other s

observational studies reported changes in disease response (six studies), changes in
disease activity (two studies), changes in direction and magnitude of therapeutic dose (three
studies), and discontinuation of ineffecti ra e . Pascual-Salcedo and
colleagues (2013) examineMﬁererﬁ @ -'and during-TDM practice. The
study showed a non-significant reduction in'the mean DA score following the

implementation of TDM at seven-year follow-up (pre-TDM: mean 2.51 [SD 0.85] vs.during-
TDM: 2.31, [SD 0.52]; p=0.061). This study also showed statistically significant reductions in

weekly mean dose nt by each anti-TNFgand increases in mean interval of
administration for e - rfval Ietﬂ:munfonunately, these
results related to the wi tudy samp m Ifof participants with PsA rather
than RA.

The findings of the other six, single group, observational studies are not presented in the
scientific summary because the weakness of their design does not allow a valid assessment

of clinical effectiveness and they did not inform the model-based cost-effectiveness analysis.

Cost effectiveness

Cost-effectiveness systematic review

In the cost-effectiveness systematic review, five studies relevant to the decision problem
were found: two were reported as abstracts (Pascual-Salcedo and colleagues, 2013 and
Ucar and colleagues, 2017), two as full-text journal article (Krieckaert and colleagues, 2015
and Laine and colleagues, 2016) and a PhD thesis (Gavan, personal communication, 6
August, 2018). Furthermore, only two (out of six) TNF testing kits from the NICE scope
(Promonitor and Sanquin) and three (out of five) TNF inhibitors (ADL, ETN, IFX) were

considered in the selected studies (Table 2).
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Table 2: Cost-effectiveness evidence relevant to specific combinations of TNF-a
inhibitors and test kits from the NICE scope

Promonitor  IDKmonitor LISA- RIDASCREEN Sanquin*

TRACKER
ADL drug v X X X V2
antibody V3 X4 X X V5
ETN drug V6 X X X
antibody X X X X
IFX drug Ve X4 X X X
antibody X X X X v’e
GLM drug X X X X
antibody X X X
CT1z drug X X
antibody X

Notes:

X Indicates availability of a test to measure drug or antibody level in people treated with the specified TNFi and that no studies
have been identified in the clinical-effectiveness systematic review, reporting on using therapeutic drug monitoring for the
specified test kit and TNFi.

v Indicates availability of a test to measure drug or antibody level in people treated with the specified TNFi and that at least one
source for the specified combination of the test kit and TNFi has been identified in the cost-effectiveness systematic reviews.

ADL: adalimumab; CTZ: certolizumab pegol; ETN: etanercept; GLM: golimumab; IFX: infliximab; TNFi: tumour necrosis factor
inhibitor
Notes:

* The type of Sanquin test kits used in these studies (MabTrack or those used by Sanquin Diagnostic Services) was not
reported.

" Gavan (2017), Laine and colleagues (2016) and Ucar and colleagues 2017
2 Krieckaert and colleagues (2015) ' and Laine and colleagues (2016) 2
3 Laine and colleagues (2016) 2 and Ucar and colleagues 2017

4 Indicates that a test for total anti-drug antibodies is also available (total anti-drug antibodies include both unbound, i.e. free,
antibodies and those bound to TNF-a inhibitor).

5 Gavan (2017) (personal communication) and Laine and colleagues (2016)
8 Laine and colleagues (2016)

Three (out of five) studies (Krieckaert and colleagues, 2015, Laine and colleagues, 2016 and
Gavan, 2017) were model-based; the modelling approaches employed in those studies were
Markov (Krieckaert and colleagues, 2015 and Laine and colleagues, 2016) and discrete-
event simulation (DES) (Gavan, 2017). The other two studies (Ucar and colleagues 2017

and Pascual-Salcedo and colleagues 2013) were cohort-based.

Krieckaert and colleagues (2015) and Laine and colleagues (2016) used patient-level data
for the parameterisation of their Markov models to compare TDM with standard care. The
analysis in Krieckaert and colleagues (2015) incorporated data on 272 people with RA
ptreated with ADL, and data on direct medical costs and health-related quality of life
(HRQoL) from the Utrecht Rheumatoid Arthritis Cohort (URAC) study group (N=1,034).
Laine and colleagues (2016) based their analysis on patient-level data from 486 and 1,137

Page 14 of 425



people treated with ADA and IFX, respectively, from the clinical sample registry of United
Medix Laboratories Ltd (Finland).

The DES model developed by Gavan was parameterised from various clinical effectiveness
sources and published literature on cost-effectiveness of biologic therapies in people with
RA, including summary data from the British Society for Rheumatology Biologics Register
(BSRBR) such as the mean and standard deviation for patient age and HAQ score, and

gender composition.

Findings in included studies

Both Krieckaert and colleagues (2015) and Laine and colleagues (2016) reported that TDM
was cost saving compared to standard care, based on follow-up periods of up to three years.
The Krieckaert and colleagues (2015) study, in the Netherlands, reported a formal cost per
QALY analysis in which TDM dominated standard care in the base-case scenario in 72% of
simulations. The incremental cost-effectiveness ratios (ICERs) are arguably somewhat
meaningless given the small QALY differentials involved. In a range of sensitivity analyses,
a net loss of QALYs with the intervention was associated with drug level cut-offs, the use of
EULAR good response as an outcome, or the use of non-TNF inhibiting biologicals. With
regard to UK clinical practice, Krieckaert and colleagues (2015) modelled testing at the 28th
week, and considered dose reduction by prolongation of the interval between drug
administrations in responders with high levels of adalimumab (DL>12mg/l), which may differ

from UK clinical practice.

The Laine and colleagues (2016) study, conducted in Finland, did not report a cost per
QALY analysis, although the authors attempted to analyse the frequency and cost impact of
not using TDM with regard to inappropriate treatment decisions (e.g. continuation of
ineffective therapy). The assumption was made that participants in the routine practice arm
would typically experience three months’ delay in receiving optimal treatment compared to
participants in the intervention arm. This was justified based on the typical follow-up
intervals of participants in Finland. Also, in Finland anti-drug antibody levels of at least 30

U/mL rather than 12 U/mL are considered clinically significant.

Both the INGEBIO study (Arango and colleagues, 2017, n=169 patients) and Pascual-
Salcedo and colleagues (2013) (n=88 patients) recruited mixed populations featuring
respectively 37% and 49% of subjects with a diagnosis of RA. In addition, there were only

limited details of the input parameters and analysis, specifically:

¢ No details of utility values or incremental QALY outcomes were provided.
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e The studies did not consider specific test-based treatment algorithms.
e Pascual-Salcedo and colleagues did not specify which ELISA test kits were used in

their study.

Although the INGEBIO study was the only controlled effectiveness study, it had other

limitations which have already been described in the clinical effectiveness section

The recent study by Gavan (2017) perhaps most closely matches the decision problem. In
this study, modelling was based on data from the BSRBR register which is the main source
of evidence on the use of biologics in people with RA in the UK. Furthermore, the research
questions addressed in Gavan (2017) are most relevant to the decision problem considered
in this report. Gavan (2017), however, did not consider any specific test kit, and only ADL

treatment was modelled as first line.
Of Gavan’s three stated research questions (Gavan, 2017 p. 59), namely:

¢ Research Question 1: What was the existing economic evidence for stratified
medicine in RA?

¢ Research Question 2: How were treatment decisions with biologic therapies made for
patients with RA in current practice in England?

o Research Question 3: Are treatment decisions stratified by ADL antibodies and drug
level testing, for patients with RA in England, a relatively cost-effective use of health

care resources?

Question 3 aligns closely with the decision problem. The analysis of the strategy of dose
reduction after two years for people in remission suggests that testing may not be cost-
effective. The net monetary benefit per patient relative to standard care was of £3,196.72,
with an associated mean QALY loss of -0.000121 per patient. However, Gavan (2017)
pointed out that there was a large element of decision uncertainty. The decision uncertainty

was mostly driven by uncertainty in the cost of testing and test accuracy.

Considerations in the development of the independent economic assessment

There several possible factors that may drive either the health impacts/benefits and/or
additional costs or cost savings associated with therapeutic drug monitoring in people having

therapeutic drug monitoring when treated with bDMARDs. The main ones are:

e Cost of testing
e Concurrent vs reflex testing

¢ Singlet versus duplicate testing
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e Costs of drugs: originators vs biosimilars
e Tapering (dose reduction)
e Outcomes: risk of flares

e Qutcomes: rate of remission
Cost of testing

It is self-evident that the cost of testing will be a driver of TDM. Estimates of the cost of
testing in the UK are available from both a published study (using Promonitor kits, Jani and
colleagues (2016)) and from the Exeter Clinical Laboratory (Royal Devon and Exeter NHS
Foundation Trust) which conducts approximately 80% of testing for monitoring biologics in
the UK. In the economic analysis, the estimates from Jani and colleagues (2016) were
used. The cost at the RD&E provided by Dr Timothy McDonald was based on the costs of
IDKmonitor test kits, and therefore was not utilized in our economic analysis of Promonitor
and ADL. The costs of assays were derived from information submitted by the

manufacturers of the test kits.

Concurrent versus reflex testing

Concurrent testing of both drug levels and antibody levels in the blood might be more
expensive than reflex testing — in which antibody testing only occurs when drug levels are
undetectable — but this is not certain, because reflex testing may require a new blood sample

to be obtained plus the (negligible) cost of phone calls to request antibody testing.

Singlet versus duplicate testing

Performing ELISAs once per person (singlet testing) incurs a lower cost compared to
duplicate testing (ELISA twice per patient). However, it is less precise. Therefore, duplicate
testing was selected in the base case analysis conducted by Jani and colleagues in the
microcosting study (Jani and colleagues, 2016). However, based on clinical advice, singlet
testing is more common in the UK (Dr Timothy McDonald, personal communication,
December 2018). Therefore, we adopted this approach in our primary analysis, and we

conducted an additional analysis assuming duplicate testing.

Frequency of TNF testing

More frequent TNF treatment monitoring will be more costly in terms of the cost of testing.
There is no recommended protocol for how frequently TNF treatment monitoring should be
conducted, but two sources suggest it might be approximately once a year. Rosas and
colleagues (2015) reported the total number of drug and antibody monitoring tests in people

with RA in remission over a two-year period (94 tests in 45 patients), which is about one test
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per patient per year. Dr Meghna Jani (clinical advisor) also confirmed that in people in

remission/under routine follow up, TNF testing may be conducted up to once a year.

Costs of originator drugs and their biosimilars

The biological medicines market will increase in complexity over the coming months and
years as more originator biological medicines lose patent exclusivity and additional biosimilar
medicines come to market. The patent for one of the TNF inhibitors, ADL (known by brand
name Humira®), expired on 16 October, 2018. New medications with similar active
properties (“biosimilar" versions) will become available in the NHS in the end of 2018. The
following ADL biosimilars have already been approved for use in the UK but not yet
launched (as of 30 November, 2018):

e Amgevita® (Amgen)
e Hulio® (Mylan/Fuijifilm Kyowa Kirin)
e Hyrimoz® (Sandoz)

e Imraldi® (Samsung Biogen)

According to Regional Medicines Optimisation Committee Briefing, at least two further
biosimilars are expected to become available in the UK during 2019: Cyltezo® (from

Boehringer Ingelheim) and the second will be brought to the market by Fresenius Kabi.

As for the current uptake of biosimilars in the UK, according to the Medicines Optimisation
Dashboard Data published by the NHS England (September 2018 release), 92% and 85% of
people who were prescribed IFX and ETN, respectively, are taking biosimilars. However,
there are regional variations in the uptake of different biosimilars since the cost per dose is

negotiated at the Clinical Commissioning Group (CCG) level.

Although the NICE guidance recommends that people with RA receive the anti-TNFs with
the lowest acquisition and administration costs, in practice, however, other non-cost factors
such as individual characteristics, hospital characteristics and changes in regional

rheumatology clinical guidelines may influence treatment selection (Gavan 2017).

Flares

The concept of flare remains challenging to understand as there are no generally recognised
definitions of or well-validated measures for flare in RA (Bykerk and colleagues, 2014).
Nevertheless this term referring to episodes of worsening disease activity which includes a
range of symptoms of different duration and magnitude is commonly used (Bingham and
colleagues, 20093%).
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There is a substantial heterogeneity in the duration of flare. Based on clinical advice, it may
vary from two to three days to two to three months depending on severity, with more severe

flares requiring specialist treatment

Tapering

According to EULAR recommendations for the management of rheumatoid arthritis with
synthetic and biological disease-modifying antirheumatic drugs, tapering of bDMARDs
should be considered in people in persistent remission after having tapered
glucocorticosteroids (GC), especially if this treatment is combined with a conventional
synthetic DMARD. Tapering here means reduction of dose (e.g. reducing etanercept 50mg
to 25mg/ week (Smolen and colleagues, 2013) or extension of interval between applications,
spacing (e.g. increasing the interval between ADL injections to 10 days rather than one week

as in the Exeter Biologic Clinic recommendations described in Appendix 5).

Currently there is no gold standard in the UK on how dose tapering should be performed.
Studies evaluating dose tapering have used different approaches. In clinical practice, dose

tapering varies extensively depending on clinical opinion.

Modelling approach

Due to the limited evidence identified in the clinical-effectiveness systematic review, the
multifactorial nature of decisions to adjust treatments in RA patients and the recent changes
in the market of biologics, which contributed to the uncertainty in the prices of biologics and
their uptake within the UK, a simplified modelling approach — a threshold analysis — was the
main form of cost-effectiveness analysis used. Although not a formal cost-effectiveness
analysis, this approach allows the estimation of the cost of TNF testing at which the net
monetary benefit (NMB) of the ELISA test-based monitoring becomes zero, while taking into

consideration the major components of differential costs and QALYs.

Clinical outcomes from the INGEBIO study (Ucar and colleagues 2017 and Arango and
colleagues 2017) were used to inform assumptions and parameters in all analyses. The
differential costs of drug acquisition, drug administration, and disease management were
included in the model; the latter comprised the costs of managing flares and adverse events,
and the costs associated with managing different health states. QALYs were estimated from
the rates of flares and adverse events, and the duration of remission and low disease activity

(LDA)/active disease health states in the intervention and control arms.

In addition to the threshold analysis, ICERs were estimated using the list prices of the

originator products and their biosimilars assuming similar clinical effectiveness across the
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anti-TNFs and similar performance of the different test kits. Estimates of the cost of testing

were b n Jani and colleagues (2016) and clinical advice.
=~ {ICHHE d e d
The clinical and econo effect of ADL tapering in people with RA in remission/LDA was

evaluated in the INGEBIO study (Arango and colleagues, 2017, Ucar and colleagues, 2017

and Gorostiza and colleagues, 2016).

The clinical outcomes reported in Ucar I were incorporated in our
]

economic analysis to estimate the cost eof dr d antibedy testing, at which the addition of

ELISA testing to usual clinical practice would result in zero NMB.

Since the patent for the adalimumab originator product, Humira®, has expired in October

2018, and the acqui sts for the ADL biosimilars were not known to the AG at the time
of writing, in the thr nalysi efannual acquisition| c ied from £1,000 to
£9,187 per patient- X Iﬁﬁah rtuD;m® assuming the dose
of 40 mg every two weeks delivered by subcutaneous injection using pre-filled pen and the
NHS indicative price from the BNF.

The other major assumptions were as follows, with further details in Table 4:

¢ ADL dose tapering is implemented by increasing the interval between doses from two
to three weeks (i.e. by spacing doses).
e Dose is tapered in a proportion of people in each arm at the start of simulation.
e Some people may flare after reducing the dose of their TNF inhibitors (Bykerk and
colleagues, 2016).
e The full dose of ADL is restored in all people on tapered doses when they flare.
e Treatment wastage is £370 per patient-year in people on full dose; it is reduced
proportionally to the reduction in treatment dose.
o ADL is self-administered (usually at home), and, therefore, the administration cost is
zero.
¢ The costs associated with flare management are:
o £423 per flare for diagnostic investigations
o £68 per month for treatment (excluding the cost of DMARDs)
e The annual per-patient costs of managing remission and LDA/active disease health
states are £11,409 and £18,889 respectively.
e The cost of managing an AE is £1,622.
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e The utilities for remission and LDA/active disease health states are 0.717 and 0.586,
respectively.

e The disutility of flare is 0.140.

e The duration of flare is seven days.

o The rates of AEs in people on full and tapered doses are 3/100 and 2/100 patient-
years, respectively.

e The duration of AE is 28 days.

e The time horizon is defined by the follow-up in Ucar and colleagues (2017).

Table 3: Model assumptions

Assumption Estimate Source Relevant table/
sections in the
report

Dose tapering Spacing: from 40 1st dose reduction in the Section 4.1.9.1.5

strategy mg of ADL every 2  Exeter biologic clinic

weeks to 40 mg recommendations
every 3 weeks (Appendix 5)

Proportion of patients on tapered dose:

Intervention 35.8% Table 40
Control 36.7% Table 40
Proportion of flared 100% Exeter biologic clinic Appendix 5

patients in whom the recommendations

full dose is restored

Mean duration of remission (days)

Intervention 344 Table 40
Control 329 Table 40
Mean follow-up 505 As in the control arm Table 40
(days) (Ucar and colleagues,
2017)

Acquisition costs (per patient-year): Humira®

Full dose’ £9,187 BNF Section 4.1.9.1.3

Tapered dose £6,125 BNF, Exeter biologic clinic Appendix 5
recommendations

Flared patients? £9,187 BNF, Exeter biologic clinic Appendix 5
recommendations

Treatment wastage £370 Clinical advice

on full dose Section 4.1.9.1.6

(per patient-year)
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Assumption Estimate Source Relevant table/
sections in the
report

Administration cost £0 Clinical advice Section 4.1.9.1.7
for Humira® (ADL)

68/month Monthly cost of treatment  Section 4.1.9.1.19
(excluding DMARDs)
(Maravic and colleagues,
2005%)

Cost of managing health states (per patie
Remission £11 4.185 @es Section 4.1.9.1.16
adn

colleagues (2014),8

LDA/active disease  £18,889 National Schedule of Section 4.1.9.1.16
Reference Costs 2017-
187
Cost of managing £1,6226 A3T58 Section 4.1.9.1.20
AEs (per infection)
Utilities
Remission 0.717 Estimated from HAQ Section 4.1.9.2.1

scores for different HAQ
bands reported by Radner

LDA/active disease 0.5867 and colleagues (2014)5

Section 4.1.9.2.1

Disutility of flare 0.140 Markusse and colleagues, Section 4.1.9.2.2
2015°
Disutility of AEs 0.156 TA375,8 Oppong and Section 4.1.9.2.3
colleagues (2013)10
Flare rate
Intervention 0.463 Ucar and colleagues Section 4.1.8.1.1
20171
Control 0.639 Ucar and colleagues Section 4.1.8.1.1
20171
Mean time to first flare (days)
Intervention 208.07 Derived from Kaplan- Section 4.1.8.1.3
Meier estimates (from the
Control 189.32 INGEBIO study) of time to  Section 4.1.8.1.3

first flare, provided by
Ucar and colleagues

(personal communication,
9 September, 2018)

Flare duration (days)® 7 TA3758 Section 4.1.8.1.2
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Assumption Estimate Source Relevant table/
sections in the
report

Rate of AEs

Patients on full ADL
dose

Patients on reduced

3/100 patient-years

2/100 patient-

Senabre Gallego and
colleagues (2017)2

Singh and colleagues

Section 4.1.8.2.1

Section 4.1.8.2.1

ADL dose years® (2015)13

Duration of AE (days) 28 TA375,8 Oppong and Section 4.1.8.2.2

colleagues (2013)10

Key: ADL: adalimumab; AE: adverse event; BNF: British national Formulary; HAQ: health assessment questionnaire; HAD:
high disease activity; MDA: moderate disease activity; OR: odds ratio; PPP: purchasing power parities; RA: rheumatoid
arthritis; RCTs: randomized controlled trials; TA: technology appraisal

Notes:
" Assuming 40 mg every two weeks by subcutaneous injection using pre-filled pen, and NHS indicative price from the BNF.

2The mean time to first flare was estimated from additional evidence (Kaplan-Meier curves for time to first flare) from the
INGEBIO study provided by Ucar and colleagues (2007)"" (poster, personal communication).

3The estimates were derived from the costs of managing a flare in a hypothetical person with a 10-year history of RA in the
French setting. The costs were converted to pound sterling based on PPP and inflated to 2017-18 prices using the healthcare
price index (Section 4.1.9.1.1).

4 The estimates from Maravic and colleagues (2005)* do not include the cost of rheumatology appointments.

5 The costs of managing health states were included by HAQ-dependency, i.e. by assigning an annual cost to mutually
exclusive HAQ intervals.

5 The estimate of £1,479 per patient-year from the source was inflated to 2017-18 prices using the healthcare price index
(Section 4.1.9.1.11).

" The estimate was computed from a weighted average HAQ score for the LDA, MDA, HDA health states reported by Radner
and colleagues (2014)8 and mapped to EQ-5D values following Malottki and colleagues (2011)" (Section 4.1.9.2.1).

8 This estimate was used for calculation of QALYs only since it was assumed that the ADL dose in people with flares is
switched back to the full dose indefinitely.

9 Based on OR=1.31 for standard-dose biologics in people with RA reported by Singh and colleagues (2015)."® The OR
estimate was obtained in a Bayesian network meta-analysis (using a binomial likelihood model) of 11 published RCTs
(n=4,788) to assess the risk of serious infections in anti-TNF-biologic-experienced people with RA.

In the primary analysis, QALY's were estimated based on the heath-state utilities for
remission and LDA/active disease, and with short-term disutilities associated with flares and
AEs (i.e. as adjustments to these underlying chronic health states). It was assumed that
individuals in any health state (i.e. in remission, LDA and active disease) can experience
flares. Utilities for the mixed disease population in the INGEBIO study were assumed to be
the same as those for the population of people with RA, since no evidence on HRQoL
directly relevant to the population considered in INGEBIO has been identified. These utilities

were calculated using UK tariffs.

When modelling the effect of AEs on HRQoL and costs, the AG adopted the approach used
in a previous technology assessment for NICE (TA375) - it was assumed that only serious
adverse events (serious infections in particular) would carry a significant cost and disutility

burden.
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Mortality associated with RA was not modelled, and no discounting was applied to the costs

and o s due to the short-term time horizon of about 18 months adopted in th'I study.

-Supersede

Results: adalimumab and Promonitor

Threshold analysis

The results of the threshold analysis, as g test kit is used to monitor
people with RA in remission’tsx recieviag o tor, (Humira®) are presented in Table
4 and Figure 1. Figure 1 shows the annual cost of ELISA-based testing at which TDM would

become cost-effective at the two WTP thresholds used in NICE decision making for the

range of ADL acquisition costs of £1,000-£9,187. Since the data reported in Arango and

colleagues (2017)'®[@re for a er follow-up t that reported_ in Ucar and colleagues
(2017), the results two di ereért of the autcomes of the INGEBIO study are
presented.

If the results of Ucar and colleagues (2017) are used, then with the current price of originator
ADL, testing would need to be cheaper than £391 per year in order for TDM to be judged as
cost-effective. Using the results presented in Arango and colleagues (2017), however, there
would be no cost of testing at which testing becomes cost-effective (because using these
outcomes testing was estimated to be both more costly and less effective than standard

care).

Table 4: Threshold value for the cost of testing

ICER threshold Results based on INGEBIO Results based on INGEBIO
study, Ucar and colleagues study, Arango and colleagues
2017 2017

£20,000 £391 -£233

£30,000 £421 -£295

Key: ICER: incremental cost-effectiveness ratio

Such differences in the results are due to differences in the mean duration of remission (as
reported in Ucar 2017) and remission/LDA (Arango 2017) between the control and
intervention arms. Arango reported a longer duration of remission/LDA in the control group
than in the intervention group (475.2 versus 460.2 days), while Ucar and colleagues 2017

reported a longer duration in the intervention group (344 versus 329 days in the control

group).
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Figure 1: Results of the threshold analyses Arango and colleagues (2017) and Ucar
and colleagues (2017)

Results of the threshold analysis based on Ucar 2017
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Source: Ucar and colleagues (2017) and Arango and colleagues (2017)

These results are inconclusive for two reasons. First, because they are in opposite directions
and, second because they are based on very small and uncertain differences in outcomes
(QALY differences of less than 0.01). The negative value of the cost of testing at which
NMB equals zero means that, when using the trial results as presented in Arango and
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coIIeagues (2017), there are no (positive) values of the cost of testing at which it would be a

cost-e option.

-otiperseded

The mcremental QALYsind incremental costs for testing versus standard care strategy are

shown in Table 5, assuming:

e regular testing is undertaken in people with RA in remission/LDA treated with
Humira® and tested using Promogi

e the costs of testing afe as h Jani )

o the frequency of testing is one test per patient-year and

o that testing of drug and antibody levels is done concurrently (singlet dilution) in a UK

laboratory.

The outcome data Eivrfwr rt)f el Gm/, Ucar 2017 and
Arango 2017.

Table 5: Cost-effectiveness results in patients in remission/LDA treated with Humira®
and tested using Promonitor

Intervention arm Control arm Intervention vs. control

Based on Ucar and colleagues (2017)

QALYs (mean) 1.108 1.103 0.004
Total costs (mean) £32,178 £32,438 -£260
ICER (Cost / QALY gained) ICER not relevant -

Intervention dominates
standard care

Based on Arango and colleagues (2017)

QALYs (mean,) 1.138 1.147 -0.009
Total costs (mean) £36,284 £35,923 £361
ICER (Cost / QALY gained) ICER not relevant -
Standard care dominates

Intervention

Key: ICER: incremental cost effectiveness ratio; QALY quality-adjusted life year; vs: versus
Note: The postage was £4 per parcel.

As with the threshold analyses, these results are inconclusive for two reasons. First,
because they are in opposite directions and, second because they are based on very small
and uncertain differences in outcomes (QALY differences of less than 0.01). Furthermore, it
is not possible to argue that either the analysis based of Ucar and colleagues (2017) or that
based on Arango and colleagues (2017) is more valid than the other — they both have

significant weaknesses. The follow-up in Arango and colleagues (2017) is over a longer time
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horizon (545 days in the control arm) than Ucar and colleagues (2017) (505 days in the
control arm). The fact that these different analyses from the same study produce opposite
estimates of effects and costs further highlights the uncertainty, which the economic analysis

for this appraisal may only serve to amplify.

A number of additional sensitivity analyses were undertaken to explore the impact of
parametric and structural uncertainty on the outcomes reported in Table 5. The results of the

sensitivity analyses are shown in Table 6.
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Table 6: Additional sensitivity analyses (people in remission/low disease activity)

Sensitivity analysis

<)

ICER

£21Set

10

Source (relevant sections)

Impact of flares only (health
states and AEs are not
included)

Tapering strategy

Treatment wastage

Flare duration, days

Proportion of flared patients in

whom full dose is restored

Utilities?
Remission

LDA/active disease

Only flares contribute t
differential costs and
QALYs

Spacing: reduction of
ADA dose to 40mg every

4 weeks

No wastage ICER not rele -
Intervention dominates
standard care

19 ICER not relevant -
Intervention dominat

55% IIERﬁa
Intervention dominates
standard care

0% ICER not relevant -
Intervention dominates
standard care

0.496 ICER not relevant -
Intervention dominates

0.302

ICER not relevant -

Intervention

ICER not relevant -

standard care

Standard care dominates

Intervention at
msstandard car

ICER not relevant -
Standard care dominates
Intervention

ICER not relevant -
ard care dominates
ntion

not relevant -
Standard care dominates
Intervention

ICER not relevant -
Standard care dominates
terve n

not|relevant -
Standard care dominates
Intervention

ICER not relevant -
Standard care dominates
Intervention

ICER not relevant -
Standard care dominates
Intervention

Scenario C (people in remission,
Gavan 2017, Section 3.3.2.3)

2nd dose reduction Exeter biologic
clinic recommendations (Appendix 5)

Assumption

Weighted average based on Bykerk
and colleagues (2014) 16 1616 16 16 16
and clinical advice

Bykerk and colleagues (2014) and
clinical advice

Clinical advice

Estimated from HAQ scores reported
in TA375 (Fig. 94, p.366) (Section
4.1.9.2.1)
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Sensitivity analysis

Assumptions

Ucar and colleagues
(2017)

ICER

Arango and colleagues
(2017)

Source (relevant sections)

Disutility of flare

Frequency of testing
(tests/year)

Cost of testing

Duplicate concurrent testing with
initial phlebotomy appointment

Duplicate reflex testing without
initial phlebotomy appointment,
35.8% of ptxs w/LDL3*

Duplicate reflex testing with
initial phlebotomy appointment,
35.8% of ptxs w/LDL*

Singlet reflex testing without
initial phlebotomy appointment,
35.8% of ptxs w/LDL3*

Singlet reflex testing with initial
appointment, 35.8% of ptxs
w/LDL#

0.085

0.116

Refer to Table 56 for the
cost of testing

ICER not relevant -
Intervention dominates
standard care

ICER not relevant -
Intervention dominates
standard care

ICER not relevant -
Intervention dominates
standard care

In all analyses, ICER not
relevant - Intervention
dominates standard care

ICER not relevant -
Standard care dominates
Intervention

ICER not relevant -
Standard care dominates
Intervention

ICER not relevant -
Standard care dominates
Intervention

In all analyses, ICER not
relevant - Standard care
dominates Intervention

Minor B type of utility (Table 69,
Section 4.1.9.2.2)

Major B type of utility, (Table 69,
Section 4.1.9.2.2)

Rosas and colleagues 2015, clinical
advice (Section 4.1.9.1.20)

Jani and colleagues (2015)
(Section 4.1.9.1.14)
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Sensitivity analysis Assumptions ICER Source (relevant sections)

Ucar and colleagues Arango and colleagues
(2017) (2017)

Duplicate concurrent testing
without initial phlebotomy
appointment?

Duplicate reflex testing without
initial phlebotomy appointment,
4.7% of ptxs w/LDL3?%

Duplicate reflex testing with
initial phlebotomy appointment,
4.7% of ptxs w/LDL35

Singlet concurrent testing
without initial phlebotomy
appointment?

Singlet reflex testing without
initial phlebotomy appointment,
4.7% of ptxs w/LDL3%

Singlet reflex testing with initial
appointment, 4.7% of ptxs
w/LDL?®

Key: AE: adverse events; HAQ: health assessment questionnaire; ICER, incremental cost-effectiveness ratio; LDA: low disease activity; LDL: low drug level

Notes:

All costs are reported in 2017-18 prices.

"Based on the average cost of joint replacement surgery in rheumatoid arthritis patients from the Royal Devon & Exeter NHS Foundation Trust (Appendix 8).

2 Utilities for the mixed disease population (as in the INGEBIO study) were assumed to be the same as those for people with RA

3The cost of testing does not include the cost of an additional phlebotomy appointment which might not be required if people will receive regular hematological analysis as part of on-going treatement.
4 Assuming 35.8% of people have low drug level (Laine and colleagues 2016)

5 Assuming 4.7% of people have low drug level (Chen and colleagues 2015))
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In all but one sensitivity analysis based on Ucar and colleagues (2017), the intervention

domin ndard care. When the impact of flares only was modglled (i.e. healthgtates
and A enitin a Inate S (Table
6). In Rone ofthi sersiti aljises pag=d m 59 17) was

there any change to the finding that standard care dominates the intervention.

One-way sensitivity analyses for some of the parameters used to estimate the ICERs based

on data from Arango and colleagues (2017) were also conducted (Table 7). Changing these

parameters had no impact on the findingss, stén rgfwaSkestimated to dominate the
L]
intervention in all analyses.

Table 7: One-way deterministic sensitivity analyses

Parameter Assumption ICER Source
Percentage of peop 0% Arango and
in whom the biolog inter colleagues (2017)

was tapered )
Flare rate -20% in the
intervention arm, +20%
in the control arm
+10% in the
intervention arm, -
10% in the control arm

Differential time in
remission

| oo

ICER not relevant -
Standard care dominates
Intervention

ICER not relevant -
Standard care dominates
Intervention

Arango and
colleagues (2017)

Arango and
colleagues (2017)

of the differential time

in remission
Costs of managing -20% ICER not relevant - Arango and
health states Standard care dominates colleagues (2017),
Intervention Radner and
colleagues (2014),
Barbieri and

colleagues (2005)

Key: ICER: incremental cost-effectiveness ratio

Sensitivity analyses were conducted and are presented in the main cost-effectiveness

results section of the report.

Other scenario analyses considered but not conducted due to no or low quality clinical data
were: analysis of testing in the context of primary or secondary non-response; analysis for
non-responders who did not adhere to treatment with biologic therapies, including switching
to intravenously administered IFX.
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Probabilistic sensitivity analysis was deemed inappropriate because of a very substantial

inical practice with respect to disease management i’people with Ri’n
nelu.mpxiﬁannﬁtoe e

The cost-effectiveness of TNF testing in people treated with Etanercept (originator and

biosimilar) and Infliximab (biosimilar) using the Promonitor test kits was explored in scenario

analyses. Enbrel is the most expensive
while biosimilars Erelzi and ™ & Renfl

waat u sidered in this assessment,
I
53 an ravenous

TNF inhibitors administered via subcutan

cquisition costs among the

routes, respectively.

In those analyses, it was assumed, based on clinical advice (and a lack of evidence to the

contrary), that the clinical effectiveness of the different TNF inhibitors is likely to be the

same, and the clinic'| effectiv

adopted, with all asgimptions exc

The information on

pt a

intsstraton

ti s fi car.an
i iolh an| ad
of the

e actual costs to the

es (2017) were

sts, as in Table 3.

inhibitors was not available to the

AG at the time of writing, and therefore the list prices of the biologics were assumed. The

results are presented in Table 8.

Table 8: Cost-effectiveness results for the other tests and TNF inhibitors: people in

remission/LDA

Treatment ICER

Cost per Ucar and colleagues Arango and colleagues
year (£) (2017) (2017)

Etanercept
Enbre/®* 9,327 ICER not relevant - ICER not relevant -
Intervention dominates Standard care dominates
standard care Intervention
Erelzi 8,394 ICER not relevant - ICER not relevant -
Intervention dominates Standard care dominates
standard care Intervention

Infliximab
Flixabi/Renflexis (no 5164 ICER not relevant - ICER not relevant -

wastage)

Intervention dominates
standard care

Standard care dominates
Intervention

Key: ETN: etanercept; ICER: incremental cost-effectiveness ratio; IFX: infliximab

Notes:

For all test kits except those used by Sanquin, it was assummed that blood samples would be sent for testing to UK
laboratories, and the postage of £4 (per small parcel) was applied; in the scenarios modelling MabTrack and Sanquin
Diagnostic Services, the postage of £10 (per small parcel sent to Netherlands) was modelled .

* The originator (or reference) product

" IFX administration cost was assumed to be 283 per injection (Section 4.1.9.1.7).
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Discussion

Strengfins limitations

~m»perseded

A comprehensive literatite search was undertaken to identify both published and
unpublished studies. These included electronic searches of a variety of bibliographic
databases as well as screening of clinical trial registers and conference proceedings to
identify unpublished studies. The review process followed recommended methods to
minimise the potential for egagand/or biﬁé ed studies was assessed
and accounted for when interpreting the T . riate synthesis methods were

employed taking into account the heterogeneity of study characteristics.

In terms of limitations, non-English-language studies were excluded. Few relevant studies

were identified for ths evaluat; ini e ss of based on ELISA testing in
the target populatiors. Evidente wi's pasti rl SCH r¢|atigh toflinical effectiveness of
therapeutic drug m infpeofle h petfienged &'primary non-response

or a secondary non-response. Only one relevant non-randomised controlled trial that was
conducted in a mixed disease population (including only 37% people with RA) was identified.
No studies were identified evaluating the following ELISA kits: IDKmonitor, LISA-TRACKER,
RIDASCREEN and MabTrack. There was considerable clinical heterogeneity associated

with interventions, outcomes and length of follow-up between included studies.

Only in the INGEBIO study, also included in the systematic review of cost-effectiveness
studies, was an ELISA test-guided treatment compared against standard care/monitoring. In
this study, however, physicians were not obliged to follow any test-based treatment
algorithm but could use testing to alter doses, based on their judgement, in patients from the
intervention arm. Moreover, the study was reported in abstracts only, and the reported
outcomes may not be directly relevant to the NHS clinical practice since the study was
conducted in Spain. Therefore, an additional systematic literature review to identify RCTs
evaluating any tests used to monitor anti-TNF-a treatment of people with RA was conducted

to support the economic assessment. However, no relevant sources were identified.

Cost effectiveness — systematic review evidence

A systematic review of published economic evaluations of using ELISA tests relative to the
alternatives and standard care was undertaken to help inform the type and structure of the
independent economic assessment. The results of this review indicate limited existing

evidence on the cost-effectiveness of therapeutic drug monitoring in people with RA. Despite
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a comprehensive search of the literature, only five studies were identified. Two (out of five)
three (out of fige) TNF

TNF tegt its from the NICE scope (Promonitor and Sanquin) aggd

inhibit L,FETN ve ee i elfCle] s

reviewgyas asogimi 1@: g 3§ tvo (oyit ofFivi) selgciad stidifis wi
sth

abstracts. These studiesitherefore mainly informed the planning of the independent model-

based analysis.

Cost effectiveness — model-based analysis

Despite substantial weakngsses,in.the Sﬁewence base, a simple model
was developed to estimate the cost-utilit LI t- monitoring for people with RA
taking bDMARDS.

The analyses conducted are inconclusive and suggest considerable uncertainty in the cost-
effetciveness of thefipeutic itaring o F- inhipitors i Data from two reports
of the same study pfbduced viry ?e clgsiof's orfth¢ cos -effiictiveness of
Promonitor testing i ceiving o] isdionfADARThe results based on

the longer follow-up (Arango and colleagues 2017'%) suggested that monitoring is more

costly and produces fewer QALYs than standard care.

Of the sensitivity analyses conducted, only the assumption that the rate of flares alone
changes as a consequence of monitoring, impacted on the results. This was when evidence
from Ucar and colleagues (2017) was used and resulted in standard care dominating the

intervention.

Exploratory analyses of using Promonitor to monitor patients in remission/LDA receiving
ETN or IFX were undertaken, and showed the same results as that for ADL: using the longer
follow-up (Arango and colleagues 2017) monitoring is more costly and produces fewer
QALYs than standard care.

The main effectiveness evidence in the model was from the poorly reported INGEBIO study
(a non-randomised controlled trial from Spain, where <40% of participants had RA), heavily
supplemented by input parameters from other studies and expert advice. The results of the
economic analysis should therefore be viewed as exploratory and highly speculative. For
example, although the INGEBIO study only evaluated testing using Promonitor ELISA kits,
for those in remission/LDA treated with Humira® (ADL), with further assumptions these
results have been used to estimate the threshold testing costs at which TDM would become
cost-effective with people taking other TNF inhibitors (and taking either originator products or

biosimilars.
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In summary, there is much uncertainty in relation to key potential drivers of the effectiveness

and cost-effectiveness of using ELISA based testing to monitoring treatment with bDMARDs

in people with RA, that no firm conclusions can be drawn.

The most important limitations of the independent economic analysis are:

Limited evidence from comparative studies on clinical effectiveness, health-related
quality of life (HRQoL) and costs associated with test-based treatment strategies.
Due to the paucity of data, not all test kits and TNF inhibitors, and not all patient
populations specified in the NICE scope were considered in the primary economic
analysis. There was no sufficiently valid and reliable evidence related to primary non-
responders and secondary non-responders. Moreover, no economic evaluations
relevant to IDKmonitor ELISA kits, LISA-TRACKER ELISA kits, RIDASCREEN
ELISA kits and MabTrack ELISA kits have been conducted.

Several test-based treatment algorithms have been proposed and used by
physicians in the UK; e.g. the Exeter biologic clinic recommendations for biologic
dose reduction (Appendix 5) and recommendations by the NHS Greater Glasgow
and Clyde on biologic drug monitoring (Appendix 6). However, to our knowledge,
there is no unified treatment algorithm based on TNF testing. Importantly, in the
INGEBIO study (conducted in Spain), clinicians were not expected to follow any test-
based strategy when making treatment decisions based on test results and clinical
judgement. Therefore, it is unclear whether and to what extent the economic results
based on this study are relevant to clinical practice in England.

To our knowledge, there is no standard UK recommendation on managing flares in
people with RA.

The short (18 month) time horizon of the cost-effectiveness analyses undertaken in
this study was defined by the observational period in the INGEBIO ftrial. Given that
regular treatment monitoring is a long-term intervention this is a key limitation. Cost
and health outcomes were not extrapolated into the future, due to the lack of long-
term clinical studies.

Due to limited reporting, it is not clear to what extent selection bias in the INGEBIO
study (which was a non-randomised trial) could have influenced the results of the
economic analysis.

In this study, as in many other economic evaluations in RA, health state utility values
were estimated from HAQ scores using published regression functions. It is

recognised, however, that the HAQ is a functional measure, and does not capture the
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full impact of RA on quality of life. There is also uncertainty in the regression
functions used, which has not been explored in this analysis.

e Ultility values derived from HRQoL data for rheumatoid arthritis patients were
estimated from clinical outcomes in the INGEBIO study which had a mixed
population of people with RA, psoriatic arthritis (PsA) or ankylosing spondylitis (AS).
Since people with RA are usually older and more likely to be female when compared
to people with PsA and AS, the utility values for people with RA, used in the
economic analysis, are likely to be lower than those for the mixed population (since
men tend to value health states higher than women, and the same applies to younger
versus older people.'® This may have overestimated the incremental cost-
effectiveness ratios (ICERSs).

¢ Since the rates of AEs were not reported in the INGEBIO study, the impact of AEs
was modelled using evidence from another study. However, based on clinical advice
and published literature, those AEs which carry a significant cost and disutility burden
are relatively rare.

o There was limited evidence on utilities, based on EQ-5D scores, directly relevant to
people with RA experiencing flares, people with RA experiencing serious adverse
events as well as people with remission, LDA or active disease health status in the
UK settings was identified in this study.

e Finally, since the actual costs to the NHS of ADL (Humira®), its biosimilars and other
TNF treatments were not known to the AG at the time of writing, the effect of
variation in the annual acquisition costs of the biologics within the range of £1,000 -
£9,200 per patient was examined in the threshold analysis. However, given that (1)
the actual costs of the originator products and their biosimilars vary considerably
across England, (2) there is a variation in the uptake of biosimilars across the UK,
and (3) the proportion of people treated with biosimilars is likely to increase in the
near future due to very recent changes in the biologics market, it is not clear which

estimates obtained in our economic analyses are most relevant to the NHS.
Generalisability of the findings
Clinical effectiveness

Given that the best quality study selected in the clinical effectiveness systematic review was
conducted in Spain, the generalisability of their findings to the UK NHS setting remains
uncertain due to variations in clinical practice and health policies between different countries.

Furthermore, the applicability of the findings are limited further because this study, and the
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results of changes in therapeutic dose from the historically controlled study by Pascual-

Salce 3), were for a mixed population (including RA, PsA aggd/or AS).

" ’H e[ a e d
Outco om G stu ere also in eco an Is fo ple in
remission/LDA. It was a pragmatic trial, and therefore it is likely that the results could be

generalisable to routine practice settings. However, the generalisability to UK clinical

practice settings of the findings in the INGEBIO study (in Spain) and therefore the economic

results remain uncertain. $ @ @
]
Since findings from the mixed population sidered in th GEBIO study might not be

generalisable to the RA population, and the quality of this trial was judged to be at serious

risk of bias, the economic results presented here should be considered with caution.

Due to the severe pfucity of ligest it inhibitors from the

NICE scope could bl modellel] usifig r ictl outtoles fons dered in this study. It
is therefore not clear whether and to what extent the economic estimates obtained for people

treated with ADL are applicable to people treated receiving the other anti-TNF treatments.

According to NHS England documentation, some originator manufacturers have offered
discounts, changing the potential for cost savings for the NHS. Therefore, the list prices of
TNF inhibitors assumed in the analyses reporting ICERs might not adequately reflect the

actual costs of the biologics to the NHS in the coming years.

Conclusions

The findings from this assessment demonstrate very limited evidence on the effect of TDM
based on ELISA tests for optimising anti-TNF therapies in people with RA, either in those
who had achieved remission or LDA, or in those who had experienced a primary non-

response or a secondary non-response.

In relation to clinical effectiveness, limited data were identified evaluating TDM in the target
populations. One non-randomised trial compared TDM with standard care (the INGEBIO
study) had serious limitations in relation to the NICE scope: only one-third of the participants
had RA, many of the analyses were not by intention-to-treat, follow-up was for only 18
months, there was no explicit algorithm for guiding clinicians in how the results of testing
should change treatment (e.g. tapering), and the study was only reported in three abstracts.
In addition, seven observational studies (reported in eight publications) were also identified
but were of minimal value in informing whether ELISA test-based monitoring is clinically

effective or not.
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Despite these substantial weaknesses in the clinical effectiveness evidence base, a simple
model was developed to estimate the cost-utility of ELISA test-based monitoring for people
with RA taking bDMARDS. The main effectiveness evidence in the model was also from the
poorly reported INGEBIO study, heavily supplemented by input parameters from other
studies and expert advice. The results of the economic analysis should therefore be viewed
as exploratory and highly speculative. For example, although the INGEBIO study only
evaluated testing using Promonitor ELISA kits, for those in remission/LDA treated with
Humira® (ADL), with further assumptions these results have been used to estimate the
threshold testing costs at which TDM would become cost-effective with people taking other

TNF inhibitors (and taking either originator products or biosimilars.

In summary, there is limited valid and applicable research evidence, and much uncertainty in
relation to key potential drivers of the effectiveness and cost-effectiveness of using ELISA
based testing to monitoring treatment with bDMARDSs in people with RA, that no firm

conclusions can be drawn

Suggested research priorities

Further controlled trials with a large sample size (preferably RCTs) are required to assess
the impact of using the different ELISA tests for monitoring anti-TNF therapies in people with
RA who had achieved remission or LDA, and in people being treated with the full range of
anti-TNF therapies. We have identified one ongoing Norwegian multicentre RCT (the NOR-
DRUM Study) that evaluates the effect of TDM in people with RA in remission compared
with standard care. This ongoing trial will provide further useful data on the impact of TDM in

the target population.

Future RCTs are warranted to assess the clinical effectiveness of using ELISA tests for
monitoring anti-TNF therapies in those people who had developed clinical inefficacy (primary

or secondary non-response).

There were no studies identified for people with RA treated with CTZ or GLM. Future RCTs
are required to assess the clinical effectiveness of using ELISA tests for monitoring such

anti-TNF therapies in the target populations.

Our review identified very limited evidence on healthcare resource use and utilities, based
on EQ-5D scores, directly relevant to the patient population considered in this assessment.
This warrants further research on medium/long term cost and health outcomes in people
with RA treated with the TNF inhibitors.
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Plain lish Summary

Rheum arth chr systemi oim edi e, prirmarily ng

inflammation, pain and stiffness (synovitis) in the joints. Those with severe disease may be
treated with biological disease modifying anti-rheumatic drugs (bDMARDSs), including the
TNF-a inhibitors adalimumab (ADL), etanercept (ETN), infliximab (IFX), certolizumab pegol

(CTZ) and golimumab (GLM). Monitorin€of res of reatinent with TNF-a typically
|
involves clinical assessment and the useof ) riagfDAS28 or EULAR).

Commercial enzyme-linked immunosorbent assay (ELISA) tests can be used to detect and

measure drug concentrations and drug antibody levels in the blood. It is thought that these

tests have the pote form whether adjustghents to treatment are required, and also to
help clinicians to be erfland the feasdns [or 1Fon- nse or alloss of response to
treatment.

Objective

To evaluate the clinical effectiveness and cost effectiveness of using ELISA tests
(Promonitor, IDKmonitor, LISA-TRACKER, RIDASCREEN, MabTrack, and ELISA tests used
by Sanquin Diagnostic Services) to measure drug levels and anti-drug antibodies for
monitoring response to TNF-a inhibitors (ADL, ETN, IFX, CTZ, GLM) in people with RA who
had achieved treatment target (remission or low disease activity [LDA]), or experienced a

primary non-response or a secondary non-response.

Methods

Bibliographic literature searching was conducted to identify a published literature reporting
clinical outcomes and associated costs of TNF testing. Studies were selected for inclusion
versus pre-specified eligibility criteria. An economic analysis was conducted to estimate the
short-term health and economic outcomes of adding TNF testing to usual practice to guide

treatment decisions in people with RA.

Results

Eight studies (reported in 11 publications) were identified: seven studies investigated dose
tapering in patients treated with ADL, ETN, IFX, and one study reported the clinical
outcomes of the increase in IFX dose in people who did not respond to treatment. The

designs of the identified studies varied greatly, and only one study compared treatment
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guided by test results with usual care (i.e. clinical judgments and monitoring using a

composi ore such as DAS28).
the cost~ cive ape onttorin ha i rom two

reports of the same study produced very different conclusions on the cost-effectiveness of
Promonitor testing in people receiving ADL who are in remission/LDA. The results based on
the longer follow-up (Arango and colleagues 2017) suggested that monitoring is more costly
and produces fewer QALY than standafd care ity analyses conducted, only
one assumption impacted on the result$ @@alone changes as a
consequence of monitoring. This was when evidence from Ucar and colleagues (2017)"

was used and resulted in standard care dominating the intervention. Exploratory analyses

using Promonitor to monitor people in remission/LDA receiving ETN or INF were undertaken,
and showed the sa resultsrrrr . t

Discussion and E n u I I I

The findings from this assessment demonstrate very limited evidence on the effect of TDM
based on ELISA tests for optimising anti-TNF therapies in people with RA, either in those

who had achieved remission or LDA, or in those who had experienced a primary non-

response or a secondary non-response.

Despite substantial weaknesses in the clinical effectiveness evidence base in the target
population, a simple model was developed to estimate the cost-utility of ELISA test-based
monitoring for people with RA taking bDMARDS. The main effectiveness evidence in the
model was also from the poorly reported INGEBIO study, heavily supplemented by input

parameters from other studies and expert advice.

Given substantial uncertainty, the results presented in this study should be considered with

caution.
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Glossary

Assay range

Bioequivalence

Biosimilar

Brand name

The lowest and highest values within which an assay can detect and quantify the target
entity. There will be evidence of acceptable reliability and validity of the test within this
range.

Where two (or more) drugs have identical active ingredients, similar bioavailability,
equivalent physiologic activity and thus interchangeability. Biosimilar drugs demonstrate
bioequivalence to an originator product. See Bioequivalence (WHO)

A biological medicine which is highly similar to another biological medicine already
licensed for use. It is a biological medicine which has been shown not to have any
clinically meaningful differences from the originator biological medicine in terms of
quality, safety and efficacy (Source: NHS England publication, What is a biosimilar
medicine?)

Name given to a pharmaceutical product by the manufacturer, e.g. Valium is the originator
brand name (also called trade name) for diazepam. The use of this name is reserved
exclusively to its owner as opposed to the generic name, i.e. diazepam. Brand names may
also be used for generic products; they are then often called ‘branded generics’. These
brand names are different from innovator brand names. See Generic medicine (WHO)
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1 Background and definition of the decision problem(s)

1.1 Description of the health problem

Rheumatoid arthritis (RA) is a systemic autoimmune disease, primarily causing chronic
inflammation and destruction of the joints. The disease usually has a relapsing-remitting
course, involving flare-ups followed by periods of lower disease activity (LDA). However, for
some people RA is constantly progressive and for others the disease might be short-lived.
Whether or not periods of remission or LDA are achieved, RA requires monitoring, to enable

appropriate adjustments to be made to treatment.

1.1.1 Aetiology, pathology and prognosis

RA typically affects the synovial tissue of the small joints of the hands and feet. However,
any synovial joint may be affected, causing swelling, stiffness and pain (synovitis), and
progressive joint destruction. As a systemic disease, the whole body may be affected,
including the lungs, heart and eyes. Systemic symptoms may include a non-specific feeling

of general illness, fatigue, systemic inflammation and depression.?%:2!

The underlying reasons for the development of RA are complex and not fully understood. It
is clear, however, that both genetic and environmental factors are involved. Genetic factors
contribute an estimated two-thirds of the risk of developing RA,? and also influence the
progression and severity of the disease.?'?> Non-genetic factors that increase the risk of
developing RA include: female sex (potentially due to hormonal factors, with lowered risk of
developing the disease during pregnancy, with oral contraceptive use, and in women who
have breastfed, although this latter relationship is somewhat less clear);?22* regular smoking
(this relationship is dose-dependent,?? male smokers are particularly susceptible,? and
smokers also experience more severe RA symptoms;?® dietary factors and obesity (including
a high intake of red meat, salt and free fructose, and a low intake of vitamin C containing

fruits and vegetables); %27 periodontitis;??> and advanced age.??

For people with RA, these complex genetic and environmental factors lead to repeated
activation of the innate and adaptive immune systems, leading to poor immune self-
tolerance, the activation of antigen-specific T and B cells, and the production of antibodies
associated with RA (rheumatoid factor (RF) and anti-cyclic citrullinated peptide (anti-CCP)).
These changes contribute to the destruction of the synovial joints and the other inflammatory
symptoms seen in RA.2' It is now known that dysregulation in the production of tumour
necrosis factor-alpha (TNF-a) (a cell signalling protein that promotes inflammatory
responses), can contribute to inflammatory disease; TNF-a is implicated in the development

of many of the symptoms of RA (joint pain and destruction, fatigue, and weight loss).
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There is no cure for RA and there is substantial individual variation in the course of the
disease. RA may be short-lived (i.e. achieving remission with no evidence of disease),
relapsing-remitting (patterns of flare-ups followed by periods of improvement) or may be
refractory despite treatment, with disease continually worsening.' Data published in 2004
suggest that, whilst 10-15% of people with RA have refractory RA, and 10-15% experience
full remission within five years of treatment, 70-80% have relapsing-remitting disease,?®
Newer data suggests that remission rates are increasing and symptom flare-ups decreasing,
principally in the first five years after diagnosis. However, the majority of people with RA are

still experiencing relapsing-remitting disease.?

1.1.2 Diagnosis of rheumatoid arthritis

A diagnosis of RA usually involves both laboratory tests and an assessment of clinical signs
and symptoms. According to National Institute for Health and Care Excellence (NICE)
guidance on the management of RA in adults (NG100), initial testing should include blood
tests for rheumatoid factor (RF) and x-rays of the hands and feet. Additionally, C-reactive

protein (CRP) testing should be considered for those with negative RF results.

To aid clinical diagnosis, the American College of Rheumatology (ACR) and the European
League Against Rheumatism (EULAR) have developed classification criteria for RA. These
criteria attribute points based on the number of tender or swollen joints, serologic tests for
RF and anti-CCP antibodies and tests for acute phase reactants (CRP and erythrocyte
sedimentation rate (ESR)). The duration of symptoms is also assessed (Table 9). A total
score of 26 points (currently or previously) on the ACR/EULAR classification system,
together with clinically obvious synovitis, is considered to indicate definite RA if symptoms

cannot be better explained by an alternative diagnosis.*’

Table 9: ACR/EULAR 2010 RA classification criteria

Joint distribution Points (0-5)
1 Large joint 0
2—-10 Large joints 1
1-3 Small joints (large joints not counted) 2
4-10 Small joints (large joints not counted) 3
>10 Joints (at least one small joint) 5
Serology Points (0-3)
Negative RF and negative ACPA 0
Low positive RF or low positive ACPA 2
High positive RF or high positive ACPA 3
Symptom duration Points (0-1)
<6 weeks 0
>6 weeks 1
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Acute phase reactants Points (0-1)
Normal CRP and normal ESR 0
Abnormal CRP or abnormal ESR 1

Key: RF: rheumatoid factor; ACPA: anti-citrullinated protein (anti-CCP) antibodies; CRP: C-reactive protein; ESR: erythrocyte
sedimentation rate.

1.1.3 Epidemiology

Estimates made in 2002, indicate that there are 400,000 people in England and Wales living
with RA, with 10,000 incident cases per year.*?3 However, the figure is likely higher, with
data from 2009 suggesting that, in England alone, RA affects approximately 0.8% of the
population, or 580,000 adults, with 26,000 new cases diagnosed each year."® RA is
approximately three times more prevalent in women than in men (see Section 1.1.1), has a
peak age of incidence in the UK of 70-79 years,® and is less prevalent amongst people with

a higher educational level and people in non-manual employment.??

According to data from The British Society for Rheumatology Biologics Register for RA
(BSRBR-RA), between 2001 and 2014, 13,502 people with RA began treatment with a TNF-
a inhibitor, although the number will be higher as not all people treated with biologics are
recruited to the BSRBR-RA study and not everyone consents to inclusion.3* Consistent with
RA as a whole, 76% were female. Median age of those starting TNF-a inhibitor therapy was
57 years (IQR 49-65) and disease was severe, with a median disease activity score in 28
joints (DAS28) score of 6.5 (IQR 5.8-7.2) (see Section 1.2.2.1.1).34

Historically, there has been concern about geographical variation in access to TNF-a
inhibitors. Although available data on this are not up to date, and despite geographical
variation in service provision, differential geographical access to biologic treatment for RA is
no longer considered an issue. There is, however, recent evidence to suggest that choice of

specific TNF-a inhibitor in England might be influenced by age and relationship status.3®

1.1.4 Impact of health problem
RA varies greatly from person to person, but often results in substantial morbidity, impaired
physical activity, and poor quality of life, leading to a reduced life expectancy (although

increased mortality has been decreasing over time).3¢

The disease is often multi-morbid; data published in 2006 from the BSRBR-RA suggests
that, amongst people treated with biological agents, 58% have at least one comorbid
condition, most commonly hypertension, depression, peptic ulcer disease, and respiratory
disease.?” Due to the chronic nature of RA, coupled with the high-risk of co-morbidities,*” a

multidisciplinary team of health professionals and services are required for the management
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of the disease.®® Support may also be sought from patient groups. RA is, therefore,
associated with a substantial cost burden to the NHS. A report by the National Rheumatoid
Arthritis Society (NRAS), published in 2010, estimates the annual cost to the NHS of RA,

including the costs of drug acquisition and hospitalisation, to be nearly £700 million.*®

With regard to indirect costs, approximately one-third of people with RA stop work within two
years of the onset of symptoms, and this prevalence increases thereafter. For those
remaining in work, sickness absence is greater amongst people with RA compared with
people without RA (40 days versus 6.5 days per year).' The 2010 NRAS report estimates

that annual productivity losses due to RA in England and Wales totals over £7 billion.3®

Based on costs in the British National Formulary (BNF) 2018, the costs to the NHS of TNF-a

inhibitors per patient per year are:

e £9,187.08 for adalimumab (ADL) (Humira®)
e £9,155.64 for golimumab (GLM) (Simponi®)

e £9,326.92 for certolizumab pegol (CTZ) (Cimzia®; although the cost in the first year is
£10,399.42)

e £9,326.92 for etanercept (ETN) (Enbrel®)
e £8,557.29 and £8,394.23 for ETN biosimliars Benepali® and Erelzi® respectively
e £5,747.48 for infliximab (IFX) (Remicade®; £7,730.18 in the first year)

e £5,172.76 for IFX biosimilars Inflectra® and Remsina® (£6,957.20 in the first year)

and

e £5,163.72 for IFX biosimilar Flixabi® (£6,945.05 in the first year)

Costs will vary with dosing changes or due to negotiated procurement discounts. It should be
noted that the cost of ADL has very recently decreased, due to the approval of biosimilars
(Amgevita®, Hulio®, Imraldi® and Hyrimoz®), although these costs could not be accessed and
estimated percentage uptake of these products was unclear at the time of writing. There is
also a substantive wastage cost associated with biologic treatments, averaging an estimated
£370 per patient per year.>®* When people continue to be prescribed TNF-a inhibitors
unnecessarily, there is an obvious cost implication. Unnecessary continued treatment may
also lead to unnecessary side-effects. Potential side effects of TNF-a inhibitors may include,
but are not limited to, increased risk of viral and bacterial infections (of the respiratory tract,
bladder and skin), allergic reactions, nausea and vomiting, itching, and fever (see Table 10

for very common adverse reactions). Efficient systems for monitoring response to these
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treatments, and thus informing decisions on optimal drug dosing or on treatment

discontinuation, could therefore be of benefit to the NHS.

1.2 Management of rheumatoid arthritis
According to the NICE guidance for RA (2018), and the NICE RA care pathway,**4° active

RA in adults should be treated with the aim of achieving a target of remission or low disease
activity (LDA) (treat-to-target).The main aim of treatment and management of RA is,
therefore, to achieve target symptom control and to prevent further damage. Monitoring of

treatment response is required to enable appropriate treatment adjustments to be made.

1.2.1 Treatment of rheumatoid arthritis

The NICE guidance for RA recommends the use of disease modifying anti-rheumatic drugs
(DMARDs).* Short-term (bridging) glucocorticoids might be offered prior to starting
DMARDs. Where control of pain and inflammation is inadequate, non-steroidal anti-
inflammatory drugs (NSAIDS, including cox Il selective inhibitors) are used, sometimes in
combination with other analgesics. In established disease, complications and associated
comorbidities are addressed and treated as appropriate. This may involve physiotherapy,
occupational therapy, podiatry, psychological therapies, complementary therapies and
dietary advice, and in persistent and worsening cases of joint damage, surgery may be

offered.%°

Disease modifying treatment may be broadly classified as conventional (cDMARDs;
including methotrexate, leflunomide, sulfasalazine, and hydroxychloroquine), synthetic
(sDMARDs; such as the Janus kinase inhibitor tofacitinib) or biologic (- DMARDSs; including,
but not limited to, TNF-a inhibitors). The NICE guidance for RA (2018) and the NICE RA
care pathway indicate that initial DMARD treatment for adults with active RA should begin
with cDMARD monotherapy, if possible within three months of symptom onset. If treatment

targets are not met, despite dose escalation, further cDOMARDSs are added.3%4°

1.2.1.1 The role of TNF-a inhibitors in the care pathway

The NICE care pathway states that bDMARDSs, including TNF-a inhibitors, should only be
offered to people with severe disease that has not been controlled with cDMARDs.3%4° NICE
Technology Appraisal (TA) 375 guidance® recommends ADL, ETN, IFX, CTZ and GLM, in
combination with methotrexate, for use in severe RA (i.e. DAS28 > 5.1; see Section 1.2.2.1)
that has not responded to intensive therapy with at least two cDMARDSs, including
methotrexate. ADL, ETN and CTZ may also be used as monotherapy in people for whom

methotrexate is contraindicated or not tolerated. As part of TA375, NICE also makes
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recommendations for two other bDMARDSs (tocilizumab and abatacept),® but these

interventions are ouside of the scope of this appraisal..

A summary of the recommended TNF-a inhibitors relevant to this report, their
contraindications and very common adverse reactions, and a list of biosimilars, is provided in
Table 10. The biosimilars listed in Table 10 are thought to have bioequivalence (and are also
often assumed to perform similarly) to the reference/originator products.*' It should be noted
that IFX is administered by an intravenous infusion in the outpatient setting, whereas the
other recommended TNF-a inhibitors may be self-administered by subcutaneous injection
(usually administered by patients in their own homes). TA375 recommends that treatment
should start with the least expensive drug (taking into account administration costs, dose

needed and product price per dose).®
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Table 10: TNF-a inhibitors recommended by NICE for the treatment of severe RA

TNF-a inhibitors

Recommended use’

Contraindications

Very common adverse
reactions

Administration

Brand names?

ETN

ADL

IFX

CTZ

GLM

In combination with methotrexate, for
use in severe RA (i.e. DAS28 > 5.1) -
as monotherapy when methotrexate
is contraindicated or not tolerated

In combination with methotrexate, for
use in severe RA (i.e. DAS28 > 5.1) )
- as monotherapy when methotrexate
is contraindicated or not tolerated

In combination with methotrexate, for
use in severe RA (i.e. DAS28 > 5.1)

In combination with methotrexate, for
use in severe RA (i.e. DAS28 > 5.1) )
- as monotherapy when methotrexate
is contraindicated or not tolerated

In combination with methotrexate, for
use in severe RA (i.e. DAS28 > 5.1)

Sepsis or risk of sepsis,

active infections (chronic or

localised)

Active tuberculosis, other
severe infections,
moderate to severe heart
failure

Active tuberculosis, other
severe infections,
moderate to severe heart
failure

Active tuberculosis, other
severe infections,
moderate to severe heart
failure

Active tuberculosis, other
severe infections,
moderate to severe heart
failure

Infections and injection site
reactions

Respiratory tract infections,
leukopenia, anaemia,
increased lipids, headache,
abdominal pain, nausea and
vomiting, elevated liver
enzymes, rash,
musculoskeletal pain,
injection site reaction

Viral infection, headache,
upper respiratory tract
infection, sinusitis,
abdominal pain, nausea,
infusion-related reaction and
pain

None listed*

Upper respiratory tract
infections

Subcutaneous
injection; 50 mg weekly
or 25 mg twice weekly

Subcutaneous
injection; 40 mg every
other week

Intravenous Infusion;
3 mg/kg at 0, 2 and
6 weeks, and then
every 8 weeks?

Subcutaneous
injection; 400 mg at O,
2 and 4 weeks, and
then 200 mg every

2 weeks®

Subcutaneous
injection; 50 mg
monthly®

Enbrel*, Erelzi, Benepali,
Lifmior, Brenzys

Humira*, Amgevita, Cyltezo,
Imraldi, Solymbic, Hyrimoz,
Halimatoz

Remicade*, Inflectra, Remsima,
Flixabi, Zessly, Renflexis, Ixifi

Cimzia*

Simponi*

Key: ADL: adalimumab; CTZ: certolizumab pegol; DAS28: disease activity score in 28 joints; ETN: etanercept; GLM: golimumab; IFX: infliximab

Notes:

"Recommended in NICE Technology Appraisal (TA) 375
2Brand names include both originator and biosimilar products, the originator/ reference products are denoted with a * whilst the remaining brand names refer to biosimilars.

3If there is inadequate response or loss of response after 12 weeks, there may be a stepped increase in dose of 1.5 mg/kg up to 7.5 mg/kg every eight weeks, or an increase
of administration of the 3 mg/kg dose to every four weeks.
4No very common adverse reactions listed in the summary of product characteristics, but in clinical trials the most common adverse reactions were bacterial and viral

infections.

5 Following confirmed clinical response, a dose of 400 mg every four weeks may be given.
6If there is inadequate response after three to four doses, dose may be increased to 100 mg in people weighing over 100 kg.
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Whilst TNF-a inhibitors have been found to be of benefit in the treatment of RA,® some
people do not respond to these treatments (primary non-responders), and others experience
a loss of response (secondary non-responders). Secondary non-response may be due to
changes in the disease, the development of antibodies to the TNF-a inhibitor, or

fluctuations in circulating drug levels.

1.2.2 Monitoring in rheumatoid arthritis

Monitoring in RA can be used to identify primary and secondary non response, potentially
improving access to specialist services and informing treatment alteration decisions.
Monitoring can also be used to make treatment adjustments for those who have achieved
treatment targets. The 2018 NICE guidance for RA recommends a monitoring review
appointment six months after treatment targets are achieved, to ensure maintenance of the
target. Monitoring should continue annually to assess disease activity, treatment response,
functioning, impact on quality of life, comorbidities, complications and the need for surgery,

and to arrange multidisciplinary referrals.*

1.2.2.1 Current methods for monitoring treatment response

Due to the huge variation between indiciduals in the severity and course of RA, and thus in
treatment targets, it is incredibly difficult to measure changes in the disease in a
standardised way. Indeed, in clinical practice, evaluation of both treatment response and
symptom flare ups is multifaceted, and may involve assessment of a number of domains
(pain, fatigue, activity level, overall physical and mental health, functioning in work and
education, complications and adverse events [AEs]) in addition to measuring disease activity

(using standardised scales and additional imaging).

There are a range of classification systems and scales that have been developed to
measure and monitor disease activity in RA (as well as scales that are commonly used to
measure other domains such as disability or activity level, such as the Health Assessment
Questionnaire (HAQ).*2 Disease activity is commonly measured using: clinical examination,
such as swollen joint counts (SJCs) and tender joint counts (TJCs); laboratory test results
(e.g. CRP or ESR); or composite measures based on a combination of the above, such as
DAS28,* the Clinical Disease Activity Index (CDAI),* the Simplified Disease Activity Index
(SDAI),* the ACR20 improvement criteria,*® and the EULAR response classification

system.4

In current clinical practice, the DAS28 scales and the EULAR response classification system

(which is based on the DAS28) are most commonly used to monitor disease activity. The
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use of ultrasound is not recommended for routine monitoring of disease activity in adults with
RA.30’47

1.2.2.1.1 DAS28

There are two variations of the DAS28, the DAS28-ESR and the DAS28-CRP.*3 Both scales
are composite scores that assess 28 joints (shoulder, knee, elbow, wrist,
metacarpophalangeal joint (MCP) joints one to five, proximal interphalangeal joints (PIP)
joints one to five, bilaterally) for swelling (SW28) and tenderness to touch (TEN28), and also
involve the patient’s self- assessment of disease activity in the past week on a scale of 0-
100. Both scales additionally include blood markers of inflammation (ESR for the DAS28-
ESR and CRP for the DAS28-CRP).

Overall disease activity scores are calculated as follows:

e DAS28-ESR = 0.56 x TEN28::+ 28 x SW28.:+ 0.70 x In (ESR) + 0.014 x SA.

e DAS28-CRP =[0.56 x sqrt(TEN28) + 0.28 x sqrt(SW28) + 0.36 x In(CRP + 1)] x 1.10
+1.15

A DAS28 score >5.1 denotes severe disease activity, < 5.1 but >3.2 moderate disease

activity, < 3.2 but 22.6 LDA and <2.6 disease remission.*%4°

1.2.2.1.2 EULAR response classification

The EULAR response classification system is based on improvement in DAS28 scores from
initial measurement.*® The EULAR system classifies improvement as either ‘none’,
‘moderate’ or ‘good’. The relationship between the DAS28 and the EULAR response

classifications are provided in Table 11.

Table 11: Definition of the EULAR response criteria using the DAS28 score

DAS28 at Improvement in Improvement in DAS28 > Improvement in
endpoint DAS28 <1.2 0.6 and <1.2 DAS28 < 0.6
<3.2 good moderate none

>3.2 and <5.1 moderate moderate none

>5.1 moderate none none

Note: This table contains information from Stevenson and colleagues (2016),%

1.2.2.2 Monitoring of response to TNF-a inhibitors
Although monitoring of response to treatment with TNF-a inhibitors typically involves the

systems described above (clinical assessment, DAS28, EULAR response criteria), there are
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neither gold standards nor guidelines available specifically regarding the monitoring of TNF-
a inhibitors. More recently, biochemical ELISA testing has emerged to measure blood levels
of TNF-a inhibitors, or antibodies to TNF-a inhibitors in people with RA. These testing kits
and services (LISA-TRACKER, IDKmonitor, RIDASCREEN, MabTrack and Promonitor kits,
and ELISAs used by Sanquin Diagnostic Services) might be useful for detecting primary and
secondary non-response to TNF-a inhibitors and in the optimisation of dosages for those
who are responding well. For those whose response to therapy has waned, the results of the
tests are frequently dichotomised using a cut-off assay result: people may thus be classified
as having either therapeutic or sub-therapeutic levels of the drugs, or may be classified as

having clinically significant or insignificant levels of antibodies.

These tests may also elucidate reasons for treatment non-response. For example, non-
adherence to TNF-a inhibitors may play a part in failure to respond to treatment. Monitoring
of blood levels of TNF-a inhibitors, or antibodies to TNF-a inhibitors, can help to reveal non-
adherence. In a three-year study assessing non-adherence to ETN (using ELISA testing) in
people with RA, 4.1% (95% CI 2.2—7.2) were non-adherent to treatment (non-adherence
defined as serum ETN trough concentration <0.1 ug/mL in the absence of a valid medical
reason), and 3.4% (95% CI 0.8—10.4) of treatment non-responders had insufficient

etanercept exposure, indicative of non-adherence.%’

The administration of TNF-a inhibitor and anti-drug antibody assays most frequently occurs
just before the next administration of the TNF-a inhibitor. This enables simultaneous
measurement of a ‘trough’ level of the drug. The tests may be conducted concurrently, or
using a reflex testing strategy where the test for TNF-a-inhibitor drug levels is conducted first
and the result used to guide follow-up testing by the laboratory without a further request from
the treating clinician (i.e. TNF-a inhibitor antibody testing would be only be conducted when

the drug was not detected in the sample).

1.3 Description of technologies under assessment

The purpose of this work is to provide NICE with the most up-to-date evidence on the
effectiveness and cost-effectiveness of alternative testing and monitoring approaches for
assessing TNF-a inhibitor levels and antibodies to TNF-a inhibitor levels, in people with RA
undergoing treatment with ADL, ETN, IFX, CTZ, or GLM in the UK. There are three clinical
scenarios in which the tests in scope of this appraisal (Section 1.3.1) may be used: (i)
remission/LDA to check whether continued treatment at the same dose is appropriate; (ii)
primary non-responders (defined as those who have little to no improvement in clinical signs

and symptoms initially and as treatment continues), and; (iii) secondary non-responders
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(people with an initial response to a TNF-a inhibitor followed by loss of efficacy). Testing
could help clinicians and patients to understand the reasons for a non-response or loss of

response.

1.3.1 Summary of technologies

The technologies to be evaluated are biochemical ELISA testing kits and services, for
measuring levels of TNF-a inhibitors or antibodies to TNF-a inhibitors, typically in the period
immediately before administration of the next dose (i.e. trough levels), conducted in addition
to current clinical practice in the UK (i.e. clinical assessment and monitoring using a

composite score such as DAS28, see Sections 1.2.2.1 and 1.4).

There are six companies providing different test kits or services for up to five TNF-a
inhibitors or the antibodies to those TNF-a inhibitors. The test kits are summarised in Table
12. In addition to these test kits, the service provided by Sanquin Diagnostic Services
(testing service using validated ELISAs), covering ADL, CTZ, ETN, GLM and IFX drug levels
and ETN anti-drug antibodies will be evaluated. Further detail on these test kits and services
are provided in Sections 1.3.1.1 to 1.3.1.5. It should be noted that although several of the
ELISA tests measure the same drugs (and drug antibodies) there is significant variation
between tests in their assay (detection) ranges. This means that some tests may be able to

detect and quantify lower and/or higher levels of the same analyte than others.

1.3.1.1 Promonitor (Grifols-Progenika)

Promonitor (Grifols—Progenika) is a portfolio of assays that measure drug levels (ETN, IFX
and IFX biosimilars, ADL, GLM) and their correlating anti-drug antibodies (anti-ETN, anti-
IFX, anti-ADL, anti-GLM), see Table 12. The kits are manufactured by Proteomika and
distributed in the UK by Grifols UK. They consist of strips of pre-coated microtitre plate

(96 wells), reagents, buffers, standards, controls and ELISA cover films. The ELISA tests are

laboratory-based, conducted either manually or on an automated ELISA processor.

1.3.1.2 IDKmonitor ELISA kits (Immundiagnostik/BioHit Healthcare)
IDKmonitor ELISA kits are manufactured by Immundiagnostik AG and distributed in the UK

by Biohit Healthcare Ltd. The ten kits measure either levels of free TNF-a inhibitor or free
anti-drug antibodies or total levels of anti-drug antibodies (free antibodies and antibodies
bound to the drug), see Table 12. The kits consist of strips of pre-coated microtitre plate

(96 wells), reagents, buffers, standards (drug level ELISAs only) and controls. The ELISA

tests are laboratory-based, conducted either manually or on an automated ELISA processor.
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1.3.1.3 LISA-TRACKER ELISA kits (Theradiag)

LISA-TRACKER ELISA kits are manufactured by Theradiag. The ten kits measure either
levels of free anti-drug antibodies or levels of free TNF-a inhibitor, see Table 12. In addition,
LISA-TRACKER Duo kits are available (these include assays to measure the levels of both
free anti-drug antibodies and the TNF-a inhibitor). The LISA-TRACKER ELISA kits consist of
pre-coated strips of microtitre plate (96 wells), reagents, wash buffer, standards and
controls. They are laboratory based assays that can be run simultaneously or individually on

any manual or automated standard ELISA-based processor platform.

1.3.1.4 RIDASCREEN (R-Biopharm)

The RIDASCREEN enzyme linked immunoassays are manufactured by R-Biopharm. The
four kits are laboratory based assays measuring either levels of free TNF-a inhibitor or free
anti-drug antibodies, see Table 12. The RIDASCREEN ELISAs are commercialised versions
of the KU Leuven in-house ELISAs, and are marketed as apDia ELISA kits in the Benelux

area of Europe.

1.3.1.5 MabTrack ELISA kits and Sanquin Diagnostic Services

Sanquin is a laboratory in the Netherlands providing laboratory test services including testing
for TNF-a inhibitors using ELISA based assays. The testing service using validated ELISAs
is available for etanercept and its correlating anti-drug antibodies, golimumab drug levels
and CTZ drug levels. It also provides CE marked MabTrack ELISA kits for local laboratory
testing for ADL and IFX levels and their correlating anti-drug antibodies, see Table 12. The
MabTrack ELISA kits consist of pre-coated strips of microtitre plate (96 wells), reagents,

wash buffer, standards or calibrators, controls and ELISA cover films.
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Table 12: Test kits under assessment

Technologies

Company

Variations/kits

Drug/antibodies assessed

Promonitor ELISA kits

IDKmonitor ELISA kits

Grifols - Progenika

Immundiagnostik/BioHit Healthcare

Promonitor-ADL-1DV
(50802300DV)

Promonitor-ANTI-ADL-1DV
(50902300DV)

Promonitor-ETN-1DV
(51102300DV)

Promonitor-ANTI-ETN-1DV
(51202300DV)

Promonitor- IFX-1DV
(50802300DV)

Promonitor-ANTI-IFX-1DV
(50702300DV)

Promonitor-GLM-1DV
(52002300DV)

Promonitor-ANTI-GLM-1DV
(52102300DV)

IDKmonitor infliximab drug level

ELISA (K9655)

IDKmonitor adalimumab drug
level ELISA (K9657)

IDKmonitor etanercept drug level

ELISA (K9646)

IDKmonitor golimumab drug
level ELISA (K9656)

IDKmonitor infliximab free ADA

ELISA ((K9650)

Free' ADL

Free' anti-ADL antibodies

Free' ETN

Free'! anti-ETN antibodies

Free'! IFX (Remicade®, and biosimilars)
Free' anti-IFX antibodies

Free' GLM

Free' anti-GLM antibodies

Free'! IFX (Remicade®, Remsima®,

Inflectra®)

Free' ADL

Free' ETN

Free' GLM

Free! anti-infliximab antibodies
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Technologies Company Variations/kits Drug/antibodies assessed
IDKmonitor adalimumab free Free' anti-ADL antibodies
ADA ELISA (K9652)
IDKmonitor etanercept free ADA  Free! anti-ETN antibodies
ELISA (K9653)
IDKmonitor golimumab free ADA Free! anti-GLM antibodies
ELISA (K9649)
IDKmonitor infliximab total ADA  Total? anti-IFXantibodies
ELISA (K9654)
IDKmonitor adalimumab total Total? anti-ADL antibodies
ADA ELISA (K9651)

LISA-TRACKER kits Theradiag LISA-TRACKER adalimumab Free' ADL
(LTA002)
LISA-TRACKER certolizumab Free' CTZ
(LTC 002)
LISA-TRACKER etanercept Free' ETN
(LTE 002)
LISA-TRACKER infliximab Free' IFX
(LTI002)
LISA-TRACKER golimumab Free' GLM

(LTG002)

LISA-TRACKER anti-
adalimumab (LTA003)

LISA-TRACKER anti-
certolizumab (LTC003)

LISA-TRACKER anti-infliximab
(LTI003)

LISA-TRACKER anti-etanercept
(LTEO003)

Free'! anti-ADL antibodies

Free! anti-CTZ antibodies

Free! anti-IFX antibodies

Free' anti-ETN antibodies
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Technologies Company

Variations/kits

Drug/antibodies assessed

RIDASCREEN R-Biopharm

MabTrack ELISA kits Sanquin

LISA-TRACKER anti-golimumab
(LTG003)

LISA-TRACKER Duo
adalimumab (LTAO005)

LISA-TRACKER Duo
certolizumab (LTC005)

LISA-TRACKER Duo etanercept
(LTEOO5)

LISA-TRACKER Duo Infliximab
(LTI005)

RIDASCREEN ADM monitoring

RIDASCREEN anti-ADM
antibodies

RIDASCREEN IFX monitoring

RIDASCREEN anti-IFX
antibodies

MabTrack level adalimumab
M2910

MabTrack ADA adalimumab
M2950

MabTrack level infliximab M2920

MabTrack ADA infliximab M2960

Free' anti-GLM antibodies

Total2 ADL

Total2 CTZ

Total? ETN

Total? IFX

Free' ADL
Free' antibodies to ADL

Free'! IFX (Remicade®, Remsima®,
Inflectra®)

Free' antibodies to IFX

Free' ADL

Free' antibodies to ADL

Free'! IFX (Remicade®, Remsima®,
Inflectra®)

Free'! antibodies to IFX

Key: ADL: adalimumab; CTZ: certolizumab pegol; ETN: etanercept; GLM: golimumab; IFX: infliximab

Notes:

"Free TNF-a inhibitor is drug that is unbound to antibody, and free anti-drug antibodies are those that are unbound to drug.
2 Total anti-drug antibodies include both unbound (free) antibodies and those bound to TNF-a inhibitor.
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1.3.2 Place of tests in the clinical pathway

NICE guidance (TA3758) states that treatment with a TNF-a inhibitor should only be
continued if there is a moderate initial response (using EULAR criteria) at 6 months after
treatment initiation and that treatment should be withdrawn if a moderate EULAR response
is not maintained.® NICE also provides guidance (TA195) on the treatment of RA after a
TNF-a inhibitor has failed.®>? The addition of ELISA testing kits to current clinical monitoring
procedures has the potential to inform decisions about treatment continuation, treatment
optimisation. In addition, ELISA testing may also help cinicians tounderstand the reasons for
non-response or loss of response, inform decisions on dosing, and enable adherence to
treatment to be assessed. As such, the ELISA testing kits fall into the monitoring and review

(following drug treatment) section of the NICE care pathway.*

1.3.3 Identification of important sub-groups

People with RA can be grouped according to three clinical scenarios: primary non-response,
secondary non-response and remission. However, with regards to particular patient
characteristics, there are no subgroups for which the tests are expected to perform

differently.

1.3.4 Current usage in the NHS

In UK clinical practice, the tests under assessment (Section 1.3.1) are currently not routinely
used for people with RA, and are performed in only two UK laboratories (Viapath and Exeter
Clinical Lab). At the Exeter Laboratory, TNF testing is done by using IDKmonitor test Kits,
while LISA-TRACKER ELISA assays are used at Viapath. However, even these are
currently used ad hoc to assist in making treatment management decisions; e.g. dose

adjustment rather than being used in routine monitoring strategies.

1.3.5 Anticipated costs associated with the use of the tests
The costs of the ELISA kits and services are detailed in Section 4.1.9.1.8. In addition to the
costs of the tests themselves, and based on a recent micro-costing study,>® the following

costs have been identified as being associated with the use of these tests:

e Pre-testing phase: a single outpatient appointment with a consultant rheumatologist

and a follow-up appointment with a phlebotomist or clinical support worker

e Analysis phase: costs associated with personnel time, any additional materials
required to analyse patient samples (excluding assumed costs such as equipment

costs, overhead costs, and capital costs)
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e Treatment decision stage: cost of interpretation of test results by a consultant
rheumatologist, cost of a telephone discussion of the results with the patient, cost of

a letter outlining results and treatment decisions.

These costs are described in further detail in section 4.1.9.1.8.

1.4 Comparators

Comparison will be made between monitoring strategies that use the index tests or services
described in Section 1.3.1 (in addition to current clinical practice in the UK ) and current
clinical practice alone (i.e. clinical assessment and monitoring using a composite score such

as DAS28, ACR response criteria or EULAR response criteria).

Currently used monitoring strategies are described in Section 1.2.2.1.

1.5 Outcomes

The outcomes of interest in the assessment of clinical effectiveness included:

i. test (procedural) outcomes: number of inconclusive test results and time to test
result;

ii. ii) treatment and management outcomes: number, direction and magnitude of dose
changes, frequency of dose adjustments (e.g. dose reduction) due to monitoring,
frequency of treatment switching to an alternative biologic, discontinuation of

ineffective treatment

iii. clinical outcomes: measures of change in disease activity, rates and duration of
disease response, relapse and remission; rates of surgical intervention, rates of

hospitalisation, and adverse effects (AEs) of treatment
iv.  patient-related outcomes: health related quality of life (HRQoL).

The cost-effectiveness modelling took into account costs/resource use and patient
outcomes. The main cost considerations were categorised as costs incurred through the
acquisition and administration of biologics, costs associated with testing (drug trough levels
and anti-drug antibodies), and the cost of disease management for each health state. The
relevant patient outcomes that informed the economic model were the percentage on
tapered dose (remission), the rate of flare, and the rate of AEs. The economic modelling
considered both concurrent and reflex testing and how the frequency of testing may impact

upon cost-effectiveness.
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1.6 Summary of the scope of work

In summary, this work evaluated theclinical- and cost-effectiveness of the testing kits and
services described in Section 1.3.1, in people with RA undergoing treatment with ADL, ETN,
IFX, CTZ, or GLM in the UK. A summary of the clinical scenarios in which each test might be

used, and thus the scope of the work, is provided in Table 13.
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Table 13: Summary of clinical scenarios, drugs, and ELISA technologies

Clinical scenario TNF-a inhibitor Drug/Antibody ELISAs
Promonitor IDKmonitor LISA- RIDASCREEN MabTrack Sanquin
TRACKER
Remission ADL Drug X X X X X X
Antibody X X X X X
ETN Drug X X X X
Antibody X X X X
IFX Drug X X X X X X
Antibody X X X X X
GLM Drug X X X X
Antibody X X X
CTz Drug X X
Antibody X
Primary non- ADL Drug X X X X X X
responder Antibody X X X X X
ETN Drug X X X X
Antibody X X X X
IFX Drug X X X X X X
Antibody X X X X X
GLM Drug X X X X
Antibody X X X
CTz Drug X X
Antibody X
Secondary non- ADL Drug X X X X X X
responder Antibody X X X X X
ETN Drug X X X X
Antibody X X X X
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Clinical scenario

TNF-a inhibitor Drug/Antibody ELISAs
Promonitor IDKmonitor LISA- RIDASCREEN MabTrack Sanquin
TRACKER

IFX Drug X X X X X X
Antibody X X X X X

GLM Drug X X X X
Antibody X X X

CT1z Drug X X
Antibody X

Key: ADL: adalimumab; CTZ: certolizumab pegol; ETN: etnercept; IfX: infliximab; GLM: golimumab
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As previously noted, and as seen in Table 13, the technologies will be evaluated i) for use
during remission/LDA to inform decisions regarding whether the same treatment should

continue at the same dose; ii) to identify primary non-responders; iii) to identify and examine

potential reasons for secondary non-response.
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2 Assessment of clinical effectiveness

This review assessed the clinical effectiveness of using enzyme-linked immunosorbent
assay (ELISA) tests for measuring drug levels (adalimumab [ADL], etanercept [ETN],
infliximab [IFX], certolizumab pegol [CTZ] and golimumab [GLM]) and/or their anti-drug
antibodies (anti-ETN, anti-IFX, anti-ADL, anti-CTZ and anti-GLM) for the purpose of
monitoring response to those tumour necrosis factor-alpha (TNF-a) inhibitors in people with
rheumatoid arthritis (RA). The eligible populations were people with RA who were being

treated with TNF-a inhibitor therapies and:

. had achieved treatment target (remission or low disease activity [LDA]) or,
. experienced a primary non-response or,
. experienced a secondary non-response.

2.1 Methods for reviewing effectiveness

The systematic review was conducted following the Cochrane Handbook for Systematic
Reviews of Intervention® and the PRISMA statement.>® We performed the systematic review
according to a pre-specified protocol which was registered on the international prospective
register of systematic reviews (PROSPERO: CRD 42018105195).

2.2 |dentification of studies

The following bibliographic databases were searched :

e MEDLINE (Ovid)

MEDLINE In-Process & Other Non-Indexed Citations (Ovid)

Embase (Ovid)

Web of Science (Thomson Reuters)
e Cochrane Database of Systematic Reviews, CENTRAL (via the Cochrane library).

In addition, searches were carried out on the following websites: Proquest theses, British
Library theses, DART-Europe theses, Prospero, ARIF, HTA database, DARE, CRD, Open
Grey, Grey literature report, C-EBLM, British Society for Rheumatology, EULAR, American
Society for Rheumatology, Medion Grifols, Theradiag, Sanquin, R-Biopharm,
Immunodiagnostic, Biohit, Progenika, Clinical Trials.gov, WHO Registry and EU trials
register. The following resources: Clinical Trials.gov, WHO Registry and EU trials register

provide coverage for ongoing trials.
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The search strategies were developed by an information specialist in July 2018, and were
designed to be as sensitive as possible. They comprised terms for RA and terms for anti-
TNF inhibitors and terms for ELISA testing. No study type, language or date filters were
used; studies were limited to human only (not animal studies) where appropriate. The search

was conducted in late July 2018. An updated search was performed on 19 November 2018.

The full search strategies for each database are reported in Appendix 1. The search results
were exported to Endnote X7 (Thomson Reuters, NY, USA) and deduplicated using

automatic and manual checking.

Items included after full-text screening were forward and backward citation chased using
Scopus (Elsevier) in order to identify additional relevant studies. The reference lists of
potentially relevant systematic reviews were checked for additional relevant studies. The
references lists that were submitted by industry were also checked in order to identify

additional relevant studies.

2.2.1 Inclusion and exclusion criteria

The inclusion criteria for the clinical effectiveness review were as follows:

2.2.1.1 Population

The eligible population was people with RA receiving treatment with a TNF-a inhibitor (ADL,
ETN, IFX, CTZ and GLM), and:

¢ had achieved treatment target (remission or LDA) or,
e experienced a primary non-response or,

e experienced a secondary non-response.

2.2.1.2 Interventions

ELISA test kits or diagnostic services used to monitor response to TNF-a inhibitor treatments
for people with RA were eligible for inclusion. These tests run on an ELISA technology
platform, and are used to measure drug levels (ADL, ETN, IFX, CTZ, and GLM) or their anti-
drug antibodies (anti-ETN, anti-IFX, anti-ADL, anti-CTZ, and anti-GLM). A serum sample is
needed to perform an ELISA test.

Eligible ELISA tests can be run with or without automation platforms and may be used with
any ELISA platform or the Tritutus and SQIl platforms. Each test only needs to be run once,
potentially allowing for high throughput. The test should be intended for monitoring purpose

to inform treatment decisions to biologic therapies in people with RA.
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The ELISA testing kits or diagnostic services shown below were included:
Promonitor ELISA kits (Grifols-Progenika):

e Promonitor-ADL-1DV

e Promonitor-ANTI-ADL-1DV
e Promonitor-ETN-1DV

e Promonitor-ANTI-ETN-1DV
e Promonitor-GLM-1DV

e Promonitor-ANTI-GLM

e Promonitor- IFX-1DV

e Promonitor-ANTI-IFX-1DV

IDKmonitor ELISA kits (Immundiagnostik/BioHit Healthcare):

e IDKmonitor adalimumab drug level

IDKmonitor adalimumab free ADA

¢ |IDKmonitor adalimumab total ADA
¢ |IDKmonitor etanercept drug level
¢ |IDKmonitor etanercept free ADA

e IDKmonitor golimumab

e IDKmonitor golimumab free ADA

¢ IDKmonitor infliximab drug level

e IDKmonitor infliximab free ADA

e IDKmonitor infliximab total ADA

LISA-TRACKER ELISA kits (Theradiag):

e LISA-TRACKER Adalimumab (LTA002)

o LISA-TRACKER anti-Adalimumab (LTA003)
e LISA-TRACKER Duo Adalimumab (LTA005)
e LISA-TRACKER Certolizumab (LTC002)

e LISA-TRACKER anti-Certolizumab (LTC003)
e LISA-TRACKER Duo Certolizumab (LTC005)
e LISA-TRACKER Etanercept (LTE002)

o LISA-TRACKER anti-Etanercept (LTEO0Q3)

o LISA-TRACKER Duo Etanercept (LTE005)

o LISA-TRACKER Golimumab (LTG002)
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« LISA-TRACKER anti-Golimumab (LTG003)
 LISA-TRACKER Duo Golimumab (LTG005)
e LISA-TRACKER Infliximab (LTI002)

e LISA-TRACKER anti-Infliximab (LTI003)

e LISA-TRACKER Duo Infliximab (LTI005)

RIDASCREEN ELISA kits (R-Biopharm)

e RIDASCREEN ADM monitoring

e RIDASCREEN anti-ADM antibodies
e RIDASCREEN IFX monitoring

e RIDASCREEN anti-IFX antibodies

MabTrack ELISA kits (Sanquin)

e MabTrack level adalimumab M2910
e MabTrack ADA adalimumab M2950
e MabTrack level infliximab M2920
e MabTrack ADA infliximab M2960

Sanquin Diagnostic Services (testing service using validated ELISAs)

e ADL drug levels

e CTZdrug levels

e ETN drug levels

e ETN anti-drug antibodies
e GLM drug levels

o |FXdrug levels

The use of both free and total anti-drug antibody assays for these tests were assessed,
depending on the availability of assessment data relating to both assays. The intervention
tests were used in addition to current clinical practice (clinical assessment and monitoring

using a composite score such as disease activity score in 28 joints (DAS28).

2.2.1.3 Comparator

Standard care for people with RA where treatment decisions were based on clinical
judgements and monitoring using a composite score such as the disease acticivty score 28
joints (DAS28), without the knowledge of circulating drug levels and anti-drug antibodies by
ELISA tests.
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2.2.1.4 Ovutcomes

There was no restriction on when the outcomes were measured. The following outcomes
were included:

o Test (procedural) outcomes
o Number of inconclusive test results
o Time to test result
o Treatment and management outcomes:
o Number, direction and magnitude of dose changes
o Frequency of dose adjustment (e.g. dose reduction) due to monitoring
response
o Frequency of treatment switch to an alternative biologic
o Discontinuation of ineffective therapy
¢ Clinical outcomes:
o Change in disease activity
o Rates of disease response, relapse and remission
o Duration of response, relapse and remission
o Rates of hospitalisation
o Rates of surgical intervention
o Adverse effects (AEs) of treatment such as infections
o Patient-related outcomes
o Health related quality of life (HRQoL).

The primary clinical outcomes were clinical and patient-related outcomes including
improvement on disease activity and HRQoL. The clinically important intermediate outcomes
were change in number, direction and magnitude of anti-TNF dose, change in frequency of
dose adjustment due to monitoring response, change in frequency of treatment switch to an

alternative biologic, and discontinuation of ineffective therapy.

2.2.1.5 Study design

Both randomised controlled trials (RCTs) and non-randomised controlled studies comparing
therapeutic drug monitoring (TDM) by using ELISA tests with standard care were included.
Observational studies that evaluated the clinical effectiveness of the intervention tests to
monitor treatment response in peOople with RA were included, providing they reported any
of those relevant clinical outcomes for this assessment. Examples of observational studies
included: prospective cohort studies, retrospective cohort studies and historically controlled

studies.
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2.2.1.6 Exclusions

The following types of report were excluded: editorials and opinions; case reports; reports
focusing only on technical aspects of the technologies (such as technical descriptions of the
testing process). Non-English studies were excluded. Studies with a sample size of 20 or
less were excluded due to inadequate statistical power. For studies that included people with
RA, ankylosing spondylitis (AS) and psoriatic arthritis (PsA), studies with at least 70% of
people with RA were included providing other eligibility criteria were met. The relevance of
any studies that included less than 70% people with RA was consulted on with clinical
experts, and study authors were contacted to try and get subgroup data for people with RA.
In cases where there were multiple reports for a given study or when the possibility of
overlapping populations could not be excluded the most recent or most complete report was

selected.

2.2.2 Study selection strategy

Two reviewers screened independently the titles and abstracts (if available) of all reports
identified by the search strategy. Full text copies of all studies deemed to be potentially
relevant were obtained and two reviewers independently assessed them for inclusion. Any

disagreements were resolved by consensus.

2.2.3 Data extraction strategy

A data extraction form was developed and piloted. One reviewer independently extracted
details of study design, participants, interventions and outcome data. The data extraction

was checked by another reviewer. Any disagreements were resolved by consensus.

For studies reporting clinical event outcomes data were extracted on these as numbers of
people experiencing the specified outcome. For studies reporting continuous outcomes we
extracted data on these as mean and standard deviation. Where reported, mean differences,
relative risks, odds ratios or incidence rate ratios (with 95% confidence intervals) were
extracted from comparative studies. Where available, results adjusted for potential
confounding factors (such as age, gender and disease duration of rheumatoid arthritis) were

extracted preferentially.

For studies in which only a subgroup of people were eligible for inclusion in the review, data
were extracted and presented for this subgroup only. If some data were unclear or missing,

attempts were made to contact the study authors to obtain additional data.
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2.2.4 Critical appraisal strategy

One reviewer independently assessed the quality of included studies in terms of risk of bias.

If RCT een identified, the Cochrane Risk of Bias tool for RCilis wouId have
used. ran
adaptations

quality of uncontrolled observational studies with adaptations as approprlate although the
tool was primarily designed for non-randomised controlled studies. The risk of bias of

included studies was taken into account when interpreting results. The quality assessment

was checked by another reviewer. Any di ts were resolved by consensus.
2.2.5 Methods of data synthesw é (n ’ ‘ ’
Given the clinical heterogeneity associated with interventions, outcomes and length of

follow-up and the methodological heterogeneity identified (e.g. different study designs),

quantitative synthesis was not possible and clinical effectiveness data were synthesised in a

narrative fashion. Publication bi d e, igated u uantitative synthesis
was not possible.

2.3 Clinical effectiveness results

The next section provides information on the quantity of research available, including
characteristics and risk of bias of the included studies. This is then followed by the results
section with clinical effectiveness of therapeutic drug monitoring by using ELISA tests in

people with RA who were treated with TNF-a inhibitors.

2.3.1 Quantity and quality of research available

The literature searches of bibliographic databases identified 7,443 references. After initial
screening of titles and abstracts, 390 were considered to be potentially relevant and were
ordered for full paper screening. In total, eight studies reported in 11 articles'"21558-65 were
included in the systematic review of clinical effectiveness of using ELISA tests for monitoring
response to TNF-a inhibitors in people with RA. All the included trials with linked citations
are presented in Appendix 2. Figure 2 shows a flow diagram outlining the screening process

with reasons for exclusion of full-text papers.
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Figure 2: Flow diagram of study inclusion process for the clinical-effectiveness review
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Some studies were reported in multiple sources and abstracts, with considerable overlap in
data and reporting. The paper with the most up-to-date and complete data was selected for

the data extraction.

Number and type of studies excluded

A list of full-text papers that were excluded along with the reasons for their exclusions is
given in Appendix 3. These papers were excluded because they failed to meet one or more
of the inclusion criteria in terms of the type of study design, participants, interventions or

outcomes being reported.

2.3.2 Assessment of clinical effectiveness

2.3.2.1 Characteristics of included studies

The characteristics of included studies are presented in Table 14 and Table 15."1:12.15.58-65
Most studies recruited people with RA who had achieved treatment target (remission or
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LDA). Only one study®? recruited people with RA who had experienced a primary non-
respo secondary non-response.

-aterseded.-
levels. 98,63 ee stidies | r sourc u angt LI its t sure

drug levels and/or anti-drug antibody levels of three anti-TNFs (IFX, ADL, and ETN for the

treatment of RA. The type of Sanquin test kits used in these studies was not reported. Seven

studies were conducted in Spain while only one study®® was conducted in Asia (Taiwan).

Two studies (reported in three publicati ciartesMufido a@nd colleagues, 2016; Paredes
]

and colleagues 2015; Paredes and colleagues 2016 pwere spensored by pharmaceutical

companies but other studies did not state funding sources.8%6"63
Non-randomised controlled studies

Three abstracts'-'>% were identifi ' same pon-randomised control trial (the
INGEBIO study). In this trial, moni ing &H}r levels and anti-drug
antibodies were rev physi int iondarm. The meonitoring test results

were not revealed to physicians in the control arm. This reflected standard care in Spain

where treatment decisions were based on clinical judgements without the knowledge of drug
levels and anti-drug antibodies. Given that this was a pragmatic trial, it is likely that the
findings could be generalisable to routine practice settings. For standard care in the control
arm, clinicians did not follow any national guideline for the management of people with RA
as there were no national guidelines for monitoring in Spain at the time of the study.
Clinicians used their best judgements to optimise treatment doses. This trial recruited a
mixed population of 169 people with RA (n=63), PsA (n=54) and ankylosing spondylitis
(n=52) recruited from three sites in Spain. The study focused on the population who had
achieved treatment target (remission or LDA) and remained clinically stable for at least six

months.

The included abstracts reported a sample size of people with RA ranging from 54 to 63 at
baseline. The abstracts by Ucar and colleagues (2017) and Arango and colleagues (2017)
reported results on the basis of 18-month follow-up. The abstract by Gorostiza and
colleagues® reported results only based on 34-week follow-up. This trial reported the
following relevant clinical outcomes: change in disease response, dose adjustment due to
monitoring response (e.g. proportion of participants tapered), and participants’ HRQoL

outcomes.

The median duration of disease at baseline among participants in the three abstracts' 1564

ranged from 117 to 124 months. All participants were treated with adalimumab (ADL) 40 mg
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(via subcutaneous injection). ADL and anti-adalimumab antibody (ADAD) levels were

meas ing Promonitor-ADL and Promonitor-ANTI-ADL (Girifi -Progenl
freque testing i S {rie tal of
eight Visits during thetri Q etails Werggnotjprakide

Observational studies

Seven observational studies reported in eight articles'?5¢-636% assessed the clinical
effectiveness of using ELISA tests for monitoring ns TNF-a inhibitors in people with
RA. Paredes (2015)% and Pasedes (2016)8! e;éﬂ study at different follow-ups.

treatment target (remission or

Most observational studies recruited pe
LDA). Only one study®? recruited people who had experienced a primary non-response or a
secondary non-response. One observational study®® had a historical control while the
remaining observati dies were single-arm.trials with no comparator. These
observational studi lini change in disease
response, change indisease t|V|ra weMnme of therapeutic dose,

and discontinuation of ineffective therapy.

The majority of observational studies used Promonitor ELISA kits for monitoring drug levels
and/or anti-drug antibody levels. Three observational studies in four articles (51-54) used
Sanquin ELISA kits for measuring drug levels for three anti-TNFs (IFX, ETN, ADL). The
sample size of included studies ranged from 36 to 64. Where reported, the frequency of
measurement varied between included studies. The majority of observational studies

measured drug levels and/or anti-drug antibody levels once every four to six months.

Only three observational studies'?%%63 measured anti-TNF drug levels only. The majority of
included studies measured both anti-TNF drug levels and anti-drug antibody levels.
However, it was unclear whether the drug levels and anti-drug antibody levels were
assessed concurrently as the studies did not report the testing method (such as concurrent
testing and reflex testing). In studies where anti-drug antibody levels were measured, it was
unclear whether free anti-drug antibody assays or total anti-drug antibody assays were
assessed. For studies measuring drug levels, only two studies®3%® reported that serum drug
trough levels were measured by ELISA tests. It was unclear whether drug trough levels were

assessed in the remaining studies.

The included studies did not report other outcomes such as number of inconclusive results,
time to result, frequency of treatment switch to an alternative biologic, rates of hospitalisation

and rates of surgical interventions.
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These observational studies measured drug levels and/or anti-drug antibody levels in

partici eated with ADL, ETN and/or IFX. No studies were identified in which
partici werg treatec -
el ST S S LAE G
relevant studies (including both controlled trials and observational studies) were identified

that assessed other eligible ELISA kits including IDKmonitor ELISA kits, LISA-TRACKER
ELISA kits, RIDASCREEN ELISA kits and MabTrack ELISA kits.

— see
Erratum
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Table 14: Characteristics of the included studies — The INGEBO non-randomised controlled study

Study? Locatio Populati Sample Median Description of tests Description of Description of control Length Number
n on size disease intervention of of visits
duration follow-
(months up
(months)
Ucar 201777 Spain Remissi 169° 117 ADL/ADAb serum levels using 40mg 40mg subcutaneous 18 8
on/LDA Promonitor-ADL and subcutaneous ADL; TDM data not
for at Promonitor-ANTI-ADL (Grifols ADL; TDM data released to physician
least 6 - Progenika). released to
months physician
Gorostiza Spain Remissi  169°¢ 117 ADL/ADAD serum levels using 40mg 40mg subcutaneous 34-week 8
201664 on/LDA Promonitor-ADL and subcutaneous ADL; physician blinded
for at Promonitor-ANTI-ADL ADL; TDM data to TDM data
least 6 (Progenika, Spain) released to
months physician
Arango Spain Remissi 1694 124 ADL/ADAD serum levels using 40mg 40mg subcutaneous 18 8
201715 on/LDA Promonitor-ADL and subcutaneous ADL; TDM data not
Promonitor-ANTI-ADL (Grifols ADL; TDM data released to physician
- Progenika). released to
physician

Key: ADL: adalimumab; ADADb: anti-adalimumab antibody; LDA: low disease activity; NR: not reported, TDM: therapeutic drug monitoring

Notes:
@ Study date not reported

b Sample size for people with RA was 63
¢ Sample size for people with RA was 63
4 Sample size for people with RA was 54
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Table 15:

Characteristics of the included studies — Observational studies

Study Study Location
date
Pascual- 2006-2012 Spain
Salcedo
20135 study
Senabre  2011-2016 Spain Prospective
201712 uncontrolled
cohort study
Chen NR Taiwan Prospective
201695 uncontrolled
cohort study
Inciarte- NR Spain Prospective
Mundo uncontrolled
2016% cohort study
Lopez- 2000 Spain Prospective
Casla uncontrolled
201362 cohort study
Rosas 2013-2014 Spain Prospective
2015% uncontrolled
cohort study
Paredes NR Spain Retrospective
201560 uncontrolled
cohort study

Clinical
remission

Clinical

remission/LDA
I

Remission/LDA

for 23 months

Primary and

ry non-

Amsterdam)

Serum ADL and ETN drug levels
measured with Promonitor ELISA
kits (Progenika)

Serum trough levels of ADL, ETN or
IFX measured with Promonitor
ELISA kits (Progenika)

Serum drug (IFX) measured using

capture ELISA; anti-IFX antibody
sponde idgi
am

Remission for 6

consecutive
months

Remission/LDA

for at least 6
months

Serum drug and anti-drug antibodies
levels were measured using
promonitor-ADL, promonitor-ETN,
promonitor-Anti-ADL and
promonitor-Anti-ETN (Progenika,
Grifols, Spain)

Serum drug and anti-drug antibodies

were measured for ADL, IFX, ETN

Capture ELISA (Sanquin,

Amsterdam)

6 monthly

weeks

disease flare

Baseline, before

months and 1 year

Sample size Length of
follow-up
43 7 years
39 1 year
At baseline and at 24 64 24 weeks
Every 4 months; and at 47 1 year
23/36 primary 1 year
increasing dose, at 6 non-
responders;
13/36
secondary non-
responders
Before each injection 45 NR
Measured at baseline 54 2 years

and last available visit
during the 2-year follow-

up
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Study Study Location Study design Population Description of tests Frequency of Sample size Length of

date Measuring follow-up
Paredes NR Spain R ectivgl Remissi m nti ntipodi re paseline 52 4 years
201687 unco d | forat | as r (pre-visit)
cohlort st month C EL in d last e visit
stefdam) a yearsfollow-up
(final visit)

Key: ADL: adalimumab; ELISA: enzyme linked immunosorbent assay; ETN: etanercept; IFX: infliximab; LDA, low disease activity; NR, not reported

— See
Erratum
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2.3.2.2 Baseline characteristics of included studies

Baselife ch udi r se inT.
mean age tu n
of fem 0 | popul in stu

disease duration of RA ranged from nine to 17 years across studies.

Where reported, the definitions of remission, low LDA and flare used were generally

consistent between included studies (se le dT, 17). All studies used one or
more anti-TNF therapies (ADIEsIEX, or f RA. The mean treatment
duration for participants receiving anti-T ibi ran rom three to six years.

Where reported, the included studies used different types of co-therapies for the

management of pe ith RA. Co-therapies included methotrexate, sulfasalazine,
hydrochloroquine, steroids (e is , mide, i oids and other
DMARDSs). I
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Table 16: Baseline characteristics of included studies — The INGEBO* non-randomised controlled studies

Study/Author Mean Definition Definition % % remission % LDA at N Median Mean Co- Anti-TNF Dose
age of of LDA male at baseline baseline disease time on therapies received manipulation
remission duration biologic
(months) (years)
Ucar 20177 53.592 NR NR 58  70.0 30.0 169 117.0 NR Methotrexate ADL 40mg Dose
(1G: 73.4, (IG: 26.6, CG: subcutaneous tapering;
CG: 83.3)° 16.7)° physicians
alter dose
based on
their
judgement
Gorostiza NR NR NR NR 70.0 30.0 169 117.0 NR NR ADL 40mg Dose
201654 (1G: 73.4, (IG: 26.6, CG: subcutaneous tapering;
CG: 83.3)° 16.7)° physicians
alter dose
based on
their
judgement
Arango NR NR NR NR 67.3 32.7 169 124.0 NR NR ADL 40mg Dose
201715 (1G: 71.4, (IG: 28.6, CG: subcutaneous tapering;
CG: 82.7)° 17.3)° physicians
alter dose
based on
their
judgement

Key: ADL: Adalimumab; CG: control group; NR: not reported; IG: intervention group; RA: rheumatoid arthritis
Notes:

" Same study reported in three abstracts

2Weighted mean across arms

® Percentages are reported for the combined population of RA, psoriatic arthritis and ankylosing spondylitis
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Table 17: Baseline characteristics — observational studies

Study/ Mean Sampl Definition Definitio Definitio
Author age e size of n of LDA n of flare

(yrs) jo (DAS28) (DAS28)

AS
Pascual- NR 43
Salcedo
2013%
Senabre 61 39 NR NA NA
Gallego (range
201772 39-81)
—
Chen 2016%  55.452 64 <26 <32 23.2
Inciarte- 57 47 <26 > 3.2
Mundo (range
2016% 30-81)
Lopez-Casla 58 (SD 36 NA
201362 3.6) (non-
responder
s)

Rosas 2015%  60.5 45 <26 NA NA

(SD

18)

Dose
manipulation

% Mean Mean Co-therapies Anti-TNF
mal disease timeon received
e duratio  biologi
c (yu
ADL;
; ETN; IFX
9.38) (doses
NR)
18 14.95 4.21 Methotrexate, ADL; ETN
range (range Leflunomide, (dOSG NR)
2.15- 1.39- Hydrochloroquine,
7) Sulfasalazine, low-
dose corticosteroid
S e (doses NR)
.892 Methotrexate, ADL
Sulfasalazine, 40mg
Hydrochloroquine monthly
(doses NR) (route
NR)
Steroids (type and ADL;
doses NR) ETN; IFX
(doses
NR)
19.2 6.6 (SD Methotrexate, IFX 3-5
(SD 3. 8) other DMARDs and mg/kg
10.5) Prednisolone intraveno
(doses NR) us
13 15(SD ADL 5.1  Synthetic DMARDs ADL; ETN
9.8) (SD 1.3) (type and doses (dose NR)
ETN 5.1 NR)
(SD 1.8)

Optimization
strategy (adjusting
drug dose
according to
clinical activity)
Dose reduction by
extension of anti-
TNFa
administration
interval

Tapering, dose-
halving and
monitoring for 24
weeks

Tapering (47% on
reduced dose)

Dose increase
from minimum to
maximum
according to
response
Dose reduction by
decreasing
treatment
frequency
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Study/ Mean Sampl Definition Definitio Definitio % Mean Mean Co-therapies Anti-TNF Dose
Author age e size of nof LDA nofflare mal disease timeon received manipulation
(yrs) io (DAS28) (DAS28) e duratio  biologi
AS28)
Paredes 60.2 54 ADL; ETN; Optimisation
2015060 (SD nd IFX;(dose strategy (tapering
12) s NR) or increase in
(doses NR) interval of
administration
according to
response)
Paredes NR 52 <2.6 <3.2 >3.2 21 NR NR Methotrexate, ADL; Tapering involving
2016067 other DMARDs and ETN; IFX; dose reduction or
e prednisolone (doses discontinuation
(doses NR) NR)

Key: ADL: adalimumab; DMARDs: disease-moadifying anti-rheumatic drugs; ETN: etanercept; IFX:

TNF: tumour necrosis factor; yrs: years

Notes:
@ Weighted

b Same study, different follow-up time

¢ Grouped as ‘remission or LDA

Erratum
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2.3.2.3 Ongoing studies

One ongoing RCT was identified that met inclusion criteria for this systematic review of
clinical effectiveness: the Norwegian Drug Monitoring Study (NOR-DRUM).%¢ Study
characteristics are summarised in Table 18. Enrolment for the NOR-DRUM trial commenced
in March 2017, with expected primary completion date of March 2020 and study completion
date of March 2022.

The aim of this trial is to assess the clinical effectiveness of TDM in participants starting IFX
and in participants on maintenance IFX therapy. The type of ELISA testing is not reported.
The target recruitment for this study 600 people with RA, and those with other immunological

inflammatory diseases.

The intervention of this trial will be TDM with a treatment algorithm based on measurement
of serum drug levels and anti-drug antibodies. The control group is standard care where
clinicians will make treatment decisions without the knowledge of drug levels or status of

anti-drug antibodies.

The major primary outcomes are the proportions of participants in remission and the
proportions of participants in sustained disease control without disease worsening.
Secondary outcomes of interest include time to sustained remission, occurrence of drug
discontinuation, health utility (EQ-5D), HRQoL (SF-36), time to disease worsening and

clinical efficacy outcomes assessed by composite disease activity scores.

Table 18: Characteristics of the Norwegian Drug Monitoring Study (NOR-DRUM)®

Study title - A Norwegian Multicentre Randomised Controlled Trial Assessing the
Effectiveness of Tailoring IFX Treatment by Therapeutic DRUg Monitoring -
The NOR-DRUM Study

Study objectives - Effectiveness of TDM in participants starting IFX
- Effectiveness of TDM in participants on maintenance IFX
Immunological - RA
inflammatory - Spondyloarthritis
diseases enrolled - Ankylosing spondylitis

- Crohn’s disease
- Ulcerative colitis

- Psoriasis

- PsA
Intervention arm - TDM*
Comparator arm - Standard care**
N (expected) - 600
Start date - March 1, 2017
Estimated - March 1, 2020
primary
completion date
Estimated study - March 1, 2022
completion date
Outcomes Primary
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Study title - A Norwegian Multicentre Randomised Controlled Trial Assessing the
Effectiveness of Tailoring IFX Treatment by Therapeutic DRUg Monitoring -
The NOR-DRUM Study

- Proportion of participants in remission defined by disease specific composite
scores

- Sustained disease control throughout the study period without disease worsening
defined by disease specific composite scores

Secondary

- Time to sustained remission

- Patient's and physician's global assessment of disease activity

- Change in ESR

- Change in CRP

- Occurrence of anti-drug antibodies

- Reason for drug discontinuation

- Occurrence of drug discontinuation

- Cost effectiveness

- Health utility (EQ-5D)

- Quality of life (SF-36)

- Safety (adverse events frequency)

- Efficacy assessed by composite disease activity scores

- Time to disease worsening

Eligibility criteria  NOR-DRUM A

- Aclinical diagnosis of one of the following; RA, spondyloarthritis (including
ankylosing spondylitis), PsA*, ulcerative colitis, Crohn's disease or chronic plaque
psoriasis

- Male or non-pregnant female

- 218 and < 75 years of age at screening

- Aclinical indication to start IFX

- Subject not in remission according to diagnosis-specific disease activity scores

- Subject capable of understanding and signing an informed consent form

NOR-DRUM B

- Aclinical diagnosis of one of the following; RA, spondyloarthritis (including
ankylosing spondylitis), PsA*, ulcerative colitis, Crohn's disease or chronic plaque
psoriasis

- Male or non-pregnant female

- 218 and < 75 years of age at screening

- On maintenance therapy with IFX for a minimum of 30 weeks and a maximum of
3 years

- Aclinical indication for further IFX treatment

Key: IFX: inflixmab; PsA: psoriatic arthritis; RA: rheumatoid arthritis; TDM: therapeutic drug monitoring
Notes:

* Administration of IFX according to a treatment strategy based on TDM and assessments of anti-drug antibodies; treatment
algorithm based on assessments of serum drug levels and anti-drug antibodies

** Administration of IFX according to standard clinical care, without knowledge of drug levels or status of anti-drug antibodies;
treatment algorithm based on standard clinical assessments, without knowledge of serum drug levels and anti-drug antibodies

2.3.2.4 Risk of bias of included studies

The risk of bias of included studies was assessed using the Cochrane (ROBINS-1) tool for
non-randomised studies. The Cochrane (ROBINS-1) tool was also used to assess the
quality of uncontrolled observational studies with adaptations as appropriate, although the

tool was primarily designed for non-randomised controlled studies. The following domains
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relating to risk of bias were assessed for each individual study: confounding, selection, group

classifi co-interventions, missing data, outcome measurement and selective putcome
reporti q lality'as : ifs fort y and
of spedi C r ) a0 dre e quality

assessment of included Studies.

Table 19 presents the quality assessment of the non-randomised controlled study (the
INGEBIO study).' 564 This non-randomised controlled study was judged to be at moderate
risk of bias. There was an imbase ' i oportions of participants with
remission and LDA between the interversy n 0] s: 73.4% of participants were
in remission at baseline in the intervention group while 83.3% of participants were in
remission at baseline in the control group. The remaining participants (i.e., 26.6 % of
participants in the i
achieved LDA at ba

imbalance variable i

ion group and 16.7% of participants in the control group) had

line. Fu lackpof pgt t for this baseline
the anal sis ‘ cli ut¢omf's. Tiles: deciel cies resulted in
I

serious risk of bias associated with the INgs.

Table 21 presents the attrition rates for each outcome of the non-randomised controlled
study (the INGEBIO study).'" 564 As seen in Table 21 there were high attrition rates for three
outcomes (proportions of participants who remained in remission, proportions of participants
who changed from LDA to remission and proportions of participants who received dose
tapering). The attrition rates ranged from 11.2% to 30.8%, which can lead to attrition bias.
Furthermore, there were unbalanced attrition rates in these outcomes between the

intervention and control groups.

Table 20 presents the quality assessment of observational studies. Among all observational
studies, only one study®® had a historical control group but other studies were single arm
studies with no comparator group. The study by Pascual-Salcedo (2013)%° was judged to be
at moderate risk of bias because there was non-contemporaneous control bias due to the
use of historical control in this study. It should be noted that the same group of participants
were assessed during the first period (i.e. the historical control where TDM was not

introduced) and the second period (where TDM was implemented).

All single arm studies'2°8.60-6365 were judged to be at moderate risk of bias. Across these
studies, there were low to moderate risks of biases in the domains of confounding, selection,
group classification, co-interventions, missing data, outcome measurement and selective

outcome reporting. Therefore, these studies were deemed to be at moderate risk of bias. In
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particular, two studies®'62 had an issue of missing data, with the attrition rates ranging from

3.7% 9%, (see Table 22).
Overali, the non=ran Q @Sﬁﬂ , v\@ @ @
study and all the single arm studies were

For observational studies, the historically controlled

judged to be at moderate risk of bias.

— see
Erratum
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Table 19: Risk of bias in included studies — The INGEBIO non-randomised controlled study

Confounding Selection Group Co-intervention Missing Outcome Selective Overall risk of
Studies (differential prognesi ifi m outcome bias
between groups) reporting
Arango 201775 Serious | Low Serious
Gorostiza 2016%4 Serious Low NI Serious Moderate Low Serious
Ucar 20171 Serious Low Low NI NI Moderate Low Serious
Risk of bias judgement: low/moderate/serious/critical/NI NI: no information
Table 20: Risk of bias in included studies — observational studies
|
Confounding Selection Group Co-interve si Outcome Selective outcome Overall risk
Studies Classification measurement reporting of bias
Chen 20169 NA* Low Low Moderate Low Moderate Low Moderate
Inciarte-Mundo 201683  NA* Low Moderate Moderate NI Moderate Low Moderate
Lopez-Casla 201362 NA* Moderate Low Moderate Moderate Moderate Low Moderate
Paredes 201560 NA* Low Low NI NI Moderate Low Moderate
Paredes 201657 NA* Low Low derate oderate Low Moderate
Pascual-Salcedo 2013%° Moderate Moderate Moderate | Moderate Low Moderate
Rosas 2015%8 NA* Moderate Low | Moderate Low Moderate
Senabre Gallego 201772 NA* Low Low Moderate NI Low Low Moderate

Key: Risk of bias judgement: low/moderate/serious/critical/NI NI: no information, NA*: not applicable because of lack of comparator group (tool not originally designed for single-arm studies)
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Table 21: Attrition in the INGEBIO non-randomised controlled study

Outcome Baseline population Follow-up population

Percent attrition

a'YaVllda¥VWa cG

Overall

inate Indeterminate
D9-71/109) 23.3 (60-46/60)

Disease flare
% remaining in remission

% change from LDA to remission 7 3.4 (29-28/29) 30.0 (10-7/10)
ADL tapering 109 60 98 52 10.1 (109-98/109) 13.3 (60-52/60)
HRQoL 109 60 Unclear Unclear Indeterminate Indeterminate

Indeterminate

30.8 (169-117/169)
11.4 (39-35/35)
11.2 (169-150/169)
Indeterminate

Key: ADL: adalimumab; CG: control group; HRQoL: health-related quality of life; IG: intervention group; LDA: low diease activity

— See
Erratum
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Table 22: Attrition in observational studies

Outcomes Baseline population Follow-up p@pulation Percent attrition
Worsening of clinical I 1 Indeterminate
activity

Persistent remission © e rs e 4 0

Persistent LDA 64 64 0

Remission turned LDA Chen 2016°%5 64 64 0

Disease flare Chen 2016%° 64 64 0

Disease flare Inciarte-Mundo 201663 47 NI Indeterminate
Modified dosing frequency Rosas 201558 45 NI Indeterminate
Total doses avoided Rosas 2015°%8 NI Indeterminate
Disease flare Paredess20i56% NI Indeterminate
Pre-visit/final visit Paredes 2016%" 52 3.7% (2/54)*
remission

Mean drug levels Paredes 2016761 52 NI Indeterminate
Mean DAS scores Pascual-Salcedo 2013%° 43 NI Indeterminate
Weekly mean drug dose Pascual-Salcedo 2013%° 43 NI Indeterminate
Mean interval of drug -Salcedo 2013%° 43 NI Indeterminate
administration

Treatment discontinuation opez-Casla 201352 36 34 5.5% (2/36)**
AE (septic arthritis) llege 20 9 NI Indeterminate
Key: AE: adverse event; DAS: disease activity score; LDA: low disease activity; NI: no information

Notes:

* Paredes and colleagues (2016)%" incldued a population of 52 participants appeared to be a four-year follow up of the two-year Paredes and colleagues (2015) study (54 participants were enrolled in the
Paredes and colleagues (2015)% study)
** 26 of 36 (baseline denominator) = 72.2%, but this was reported as 76.5% implying two participants were not accounted for in the final analysis
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2.3.3 Results of clinical effectiveness

2.3.3.1 Non-randomised controlled trials
Three included abstracts'-'%54 reported the same non-randomised controlled trial (the
INGEBIO study). This trial recruited participantswho had achieved treatment target

(remission or LDA) and remained clinically stable for at least six months.

This trial recruited a mixed population of 169 participants including 63 people with RA. The
results of the total mixed population were reported in the review, as the authors were not
able to provide the results for the cohort of 63 people with RA (the study was not powered to
detect a meaningful difference between the intervention and control groups for the cohort of
people with RA only). The three cohorts of participants with different conditions (RA, PsA
and AS) may have different treatment responses to TNF-a inhibitor therapies. Therefore,
there was limited generalisability of findings from this mixed population to the RA population.
At baseline, median trough levels of ADL were 5.3 mg/L for the intervention group and 5.5
mg/L for the control group. The quality of included abstracts was judged to be at serious risk
of bias (see Section 2.3.2.4). Table 23 and Table 24 present the results of this non-

randomised controlled study.

Change in disease response

The abstract by Ucar and colleagues (2017)"" reported that at 18-month follow-up, the
number of participants who had experienced a disease flare in the intervention and control
groups was 69 and 53, respectively. In this study, a disease flare was defined as an increase
in DAS28 >1.2 or >0.6 if DAS28 23.2 following the criteria validated in the study by van der
Maas and colleagues (2013).%” As seen in Table 23, the rate of flares per patient-year is
0.463 for the intervention group and 0.639 for the control group, with rate difference of -
0.176 (95% confidence interval (Cl) -0.379 to 0.0289). There was a non-significant reduction
in risk of flare in the intervention group compared with the control group (incidence rate ratio
(IRR) 0.7252, 95% CI 0.4997 to 1.0578). Median time to first flare was 145 days in the

intervention group and 136.5 days in the control group.

The number of participants who remained in remission at 18-month follow-up was not
reported by Ucar and colleagues (2017);'" however, the abstract by Gorostiza and
colleagues 2016°%* reported that at 34-week follow-up, 76.1% (54/71) in the intervention
group remained in remission while 69.6% (32/46) in the control group remained in remission.
This analysis did not use an intention-to-treat (ITT) approach. By using the ITT analysis, the

finding showed that 67.5% (54/80) in the intervention group remained in remission while
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64.0% (32/50) in the control group remained in remission, with the difference in proportions
of 3.5% (95% CI -13.3% to 20.3%; p=0.68).

This abstract (Gorostiza and colleagues 2016)% further reported that in participants with LDA
at baseline, 35.7% (10/28) and 28.6% (2/7) were in remission at 34-week follow-up for the
intervention and control groups, respectively. Again, this analysis did not use an ITT
approach. Using the ITT analysis, the finding showed that in those participants with LDA at
baseline, 34.5% (10/29) and 20% (2/10) were in remission at 34-week follow-up for the

intervention and control groups, respectively.

Dose adjustment due to monitoring response

The abstract by Arango and colleagues 2017'® reported that ADL dose was tapered in 35
participants in the intervention group (35.7%) and in 18 participants in the control group
(34.6%). The results appeared to be generally similar between the intervention and control

groups.

Health-related quality of life

Table 24 presents the results of HRQoL outcomes. Both Ucar and colleagues 2017 and
Arango and colleagues 2017 reported the outcomes of participants’ HRQoL (EQ-5D-5L).
The results showed that participants’ HRQoL outcomes (EQ-5D-5L) measures were higher
in the intervention group at all visits compared with the control group (further details were not
reported). However, statistically significant results were only observed at Visit 2 (p=0.001)
and Visit 3 (p=0.035).

In summary, the findings from this non-randomised controlled trial (the INGEBIO study)
showed that there was a non-significant reduction in risk of flare in the intervention group
compared with the control group. Participants’ HRQoL measures were higher in the
intervention group at all visits compared with the control group, with statistically significant
results being observed at two visits. However, given that the quality of this trial was judged to

be at serious risk of bias, it may have compromised the reliability of the findings.
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Table 23: Changes in disease response, relapse and remission

Study Population Intervention group (N) Control group (N) Length of follow-up Outcome measure Relative measure?
(months).
Ucar 201711 Remission/LDA 109 60 18 Number of disease  IG =69, CG=53
flare
Incidence rate ratio  0.7252 (95% ClI =
(disease flare) 0.4997 to 1.0578)¢
Rate difference -0.176 (95% CI = -
(disease flare) 0.379 to0 0.0289)¢
Gorostiza 2016%4  Remission/LDA 109 60 18 (reported 34- % remained in 69.6% (32/46) (CG)
week follow-up data) remission® and 76.1% (54/71)
(IG)
Change from LDAto  35.7% (10/28) (IG)
remission® and 28.6% (2/7)
(CG)
Arango 201775 Remission/LDA 98 52 18 % tapered 18/52 (34.6%) (CG),
35/98 (35.7%) (I1G)
Rate of flare 0.639 (CG), 0.463
(IG) flares/patient-
year
Rate difference -0.176 (95% CI: -
0.379 to 0.0289)e
IRR 0.7252 (95% ClI:

0.4997 to 1.0578)°

Median time to 1st 136.5 (CG), 145 (IG)
flare days

Key: CG: control group; IG: intervention group; IRR incidence rate ratio; LDA: low disease activity

Notes:

@ The study population was mixed and included a total of 169 participants with RA, PsA, and ankylosing spondylitis
b 34-weeks follow-up results, as reported by authors

¢ Intention-to-treat (ITT) analysis; 67.5% (54/80) in IG and 64.0% (32/50) in CG remained in remission

4ITT analysis; 34.5% (10/29) (IG) and 20% (2/10) (CG)

¢ No specific number of patients for results specified
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Table 24: Health-related quality of life outcomes

Study Population IG CG Length of Outcome Relative P-value P-value

(N) (N) follow-up measure measure? (IGvs (IGvs

(months) CG) CG)
Visit2 Visit 3
Ucar Remission/ 109 60 18 Health-related Higherin IG 0.001 0.035
2017 LDA quality of life  throughout
(EQ-5D-5L) follow-up®

Arango Remission/ 98 52 18 Health-related Higherin IG 0.001 0.035
20179  LDA quality of life  throughout

(EQ-5D-5L) follow-up®
Key: CG: control group; IG: intervention group; LDA: low disease activity
Notes:
2 All data included a mixed population of 169 patients (rheumatoid arthritis (RA), psoriatic arthritis (PsA) and ankylosing
spondylitis)
® No specific number of patients for results specified

2.3.3.2 Observational studies
Eight gbserviational studies'?°8-6365 evaluated the effect of usmf EISA tests for manitoring

respon Nou b@@ Se e

Most observational studi€s included participants who had achieved treatment target
(remission or LDA). Only one observational study®? included participants who had
experienced a primary non-response or a secondary non-response. Only one observational

study®® had a historical control while the remaining observational studies were single-arm
studies with no comparatorJIhe study S e leagues (2013)%2 did not
report the definitions of primary non-res on-response.

All the observational studies were judged to be at moderate risk of bias (see Section
2.3.2.4).

23.3.2.1 Chang onse
Six observational st sessed|ch ns ople with RA who had

achieved remission or LDA. The majority of studies were prospective uncontrolled cohort
studies but two studies® ¢! were retrospective uncontrolled cohort studies. The sample size
of included studies ranged from 39 to 64. Where reported, two studies'?®! reported missing

data at follow-up. Two studies®®® had no missing data in the follow-up period.

The duration of follow-up of the included studies ranged from 24 weeks to four years. All
studies that assessed change in disease response focused on participants who had
achieved treatment target (remission or LDA). Table 25 presents the results of changes in

disease responses.
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Four studies®°6"636% gvaluated the effect of optimisation of anti-TNF therapies (by

decre se or treatment frequency) guided by TDM in partici nts who had aghieved
remis fi d flares
durin our years)ran 17 %yt

Only one study (Senabre 2017)'? assessed the effect of TDM in people with RA in remission
receiving anti-TNFs with extended interval of administration and reported the outcome of

proportions of participants who had experienced worsening of clinical activity during the

follow-up. The finding from this study (Séna 2 showed that 23% participants had
]

experienced worsening of clinical activityat ea DW-UP.

The findings from two prospective uncontrolled cohort studies®® showed that, following the

anti-TNF dose tapering strategy (dose reduction), the proportions of participants who
achieved persistent n at foIIow—up was t % and 92.0%, respectively The study by
f24

Chen and colleagu tiomof 24-weekstol the study by Rosas
and colleagues (20

One retrospective uncontrolled cohort study (Paredes and colleagues 2016)8" evaluated the
use of a tapering strategy (dose reduction or discontinuation) of anti-TNF in people with RA

with LDA or clinical remission and reported remission rates between pre-visit (baseline) and
final visit (four-year follow-up). The results from this retrospective cohort study (Paredes and
colleagues 2016)°' showed that, in comparison with the pre-visit (baseline) remission rate of

77%, 50% of participants maintained remission at final visit after four-year follow-up.

Overall, the evidence from four observational studies generally showed that there was a
positive effect in achieving persistent remission associated with TDM for optimising anti-TNF
therapies (by decreasing dose or treatment frequency) in participants who had achieved
remission or LDA. However, given that these studies were judged to be at moderate risk of

bias, there were considerable uncertainties on the reliability of these findings.
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Table 25: Changes in disease response, relapse and remission

Study Study design

Senabre 20172 Prospective
uncontrolled cohd
study

Chen 2016% Prospective

Inciarte-Mundo
201663

Rosas 20155

Paredes 201560

Paredes 201667

uncontrolled cohort
study

Prospective
uncontrolled cohort
study

Prospective
uncontrolled cohort
study

Retrospective
uncontrolled cohort
study
Retrospective
uncontrolled cohort
study

Population
siz

Remission/LDA 64

Remission/LDA 47

Patients on 45
remissi
Remission/LDA 54

Remission/LDA 52

Sample

Missing

at

24 weeks

o€

1 year

NR

ye

4 years

Length of

Outcome meagure

Findings

Persistent remission

Persistent LDA

Remission turned LDA

Disease flare
Disease flare

Patients with modified
dosing frequency
aintaining clinical
mission
veloped flares during
low-up

Pre-visit remission/LDA;

Final visit
remission/LDA/flare

23% (9/39)

92% (23/25)

62% (24/39)
0.08 (2/25)

23% (15/64)
17% (8/47)

87%?

35.2% (19/54)

77%(40/52)/33%(12/52)

50%(26/52)/27%(14/52/2
3%(12/52)

Key: LDA: low disease activity; NR: not reported

Notes:

20Only proportion reported without actual number
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2.3.3.2.2 Change in disease ac’rivity

Two opservatio 59,60 gy,
the duratio lo
had ac

people in remission or LDA for at least six months but the study by Pascual-Salcedo and

colleagues (2013)*° did not report relevant information. The sample size of included studies

ranged from 43 to 54. Table 26 presents the results of changes in disease activity.

The study by Pascual-Salcedeoand coIIeS @ @lstorical control (i.e. the first
period where TDM was not introduced) indi that the mean DAS28 score of

participants was 2.51 (standard deviation (SD) 0.85) during historical control period.
Compared with the historical control, there was a non-significant reduction in the mean

DAS28 score (mearii2i 398§D 0.52) at seven- yetfollow-up during the second period where

TDM was introduce r g l ! I m
The retrospective uncontrolled cohort by Pare and colleagues (2015)% assessed

the outcome measure of DAS28 score by anti-TNF received at pre-visit (baseline) and post-
visit with two-year follow-up. The findings showed that, for participants receiving ADL, the
mean DAS28 scores were 2.13 (SD 0.12) at pre-visit and 2.42 (SD 0.18) at post-visit
(p=0.064). For participants receiving IFX, the mean DAS28 scores were 2.32 (SD 0.11) at
pre-visit and 2.19 (SD 0.18) at post-visit (p=0.799). For participants receiving ETN, the mean
DAS28 scores were 2.36 (SD 0.12) at pre-visit and 2.93 (SD 0.20) at post-visit (p=0.056).
The results indicated that TDM was associated with a non-significant reduction in mean
DAS28 score at post-visit after two-year follow-up compared with pre-visit in participants
receiving IFX therapies, but non-signficant increases in mean DAS28 scores at two-year

follow-up were observed in participants receiving ADL and ETN.

Overall, the finding from the historically controlled study®® showed that TDM was associated
with a non-significant reduction in mean DAS28 scores at seven-year follow-up compared
with the historical control. However, mixed results were observed in the retrospective
uncontrolled cohort study by Paredes and colleagues (2015).%° Given the inconsistency in
the results, there was uncertainty concerning the impact of TDM on participants’ disease
activity. It should be noted that the quality of data was judged to be at moderate risk of bias,
which compromises the reliability of the findings.
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Table 26: Change in disease activity

Study Study design  Popul indings
s (e.g.
remission)
Pascual-  Historically Remis st period: 2.51 (SD 0.85)
Salcedo  controlled LDA 2 period*: 2.31(SD 0.52), p=0.061
2013% study
Paredes  Retrospective Remission/ 54 0 2 years Mean DAS28 score by ADL: 2.13 (SD 0.12), 2.42 (SD 0.18)
201560 uncontrolled LDA anti-TNFa received (p=0.064)
cohort study (pre-visit and post-visit, |FX:2.32 (SD 0.11), 2.19 (SD 0.18)

pectively) (p=0.799)
— ETN: 2.36 (SD 0.12), 2.93 (SD 0.20)
(p=0.056)

Key: ADL: adalimumab; DAS28: disease activity score in 28 joints; ETN: etanercept IFX: infliximab; LDA: low disease activity; TNF: tumour necrosis factor-alpha
Notes:
*Therapeutic drug monitoring was introduced in the second period

Erratum
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2.3.3.2.3 Change in direction and magnitude of therapeutic dose

in direction an

r A. Both
S Il (2016)

0 had achieved remission or LDA for at least six months, but the

Three @bsemational studies®°%%' evaluated the outcome of chang

magnitu herapeuti
the st o d

recruited participants w

gag 19) an t

study by Pascual-Salcedo and colleagues (2013) did not report relevant information. The
sample size of included studies ranged from 43 to 52. Table 27 presents the results of
change in direction and magnitude of th Id be noted that the results
from the study by Pascual-Salcedo et a$ e of therapeutic dose were
uding 43 people with RA and 45 people with PsA).

Therefore, there was limited generalisability of findings from this mixed population to the

presented for the mixed population (incl

target RA population.

The findings from th % demonstrated that,
compared with the torlcal (| @ S eUe T s not used), there
were statistically significant reductions in the weekly mean dose per participant by each drug
during the second period following the introduction of TDM. For participants receiving IFX, a
statistically significant reduction in the weekly mean dose per participant during the second
period was observed (mean 0.42 mg/kg/week, SD 0.12), compared with the first period
(mean 0.51 mg/kg/week, SD 0.14) (p<0.001). For participants receiving ADL, a statistically
significant reduction in the weekly mean dose per participant during the second period was
also observed (mean 15.52 mg/week, SD 4.81) for the second period, compared with the
first period (mean 19.19 mg/week, SD 3.72) (p<0.001). Similarly, for participants receiving
ETN, there was a statistically significant reduction in the weekly mean dose per participant

during the second period (mean 35.04 mg/kg/week, SD13.37) for the second period,
compared with the first period (mean 42.09 mg/kg/week, SD 13.25) (p=0.009).

The findings from the study by Pascual-Salcedo and colleagues (2013)%° further showed
that, compared with the historical control, there was a statistically significant increase in the
mean interval of administration for each drug during the second period where TDM was
implemented. For participants receiving IFX, a significantly increased mean interval of
administration was observed during the second period (mean 9.7 weeks, SD1.44),
compared with the first period (mean 8.52 weeks, SD 1.43) (p<0.001). For participants
receiving ADL, a significantly increased mean interval of administration was also observed
during the second period (mean 2.95 weeks, SD1.58), compared with the first period (mean
2.19 weeks, SD 0.58) (p=0.007). Likewise, for participants receiving ETN, a significantly

increased mean interval of administration was observed during the second period (mean
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1.61 weeks, SD 0.91), compared with the first period (mean 1.09 weeks, SD 0.27)

(p=0.0
the imp the 16 I do i-T oided™T

that the total number of doses avoided was 548 for ETN and 260 for ADL compared with

expected dosing schedule, respectively. The study did not report further details of units for

doses (e.g. milligrams). This led to cost saving associated with TDM. However, this study

did not report the duration of foIIow-up § @ @

One retrospective uncontrolled cohort stu y P colleagues (2016)%" assessed
the mean drug levels between the pre-visit (baseline) and post-visit (follow-up) for each anti-
TNF (ADL, ETN, and IFX) at the duration of four-year follow-up. The results showed that,

compared with thos visit, there were statitically significant reductions in the mean
drug levels at post-E r rr valuate r participants receiving ADL, a
statistically significa u ed|at post-visit (mean
1507.2, SD 322.7), compared with the pre-visit (mean 5251.9, SD 1205.9) (p=0.001). The
unit of measurement was not provided. For participants receiving ETN, a statistically
significant reduction in the mean drug level was also observed at post-visit (mean 1,114.9,
SD 283.2), compared with the pre-visit (mean 2,735.2, SD 347.4) (p=0.002). Again, for
participants receiving IFX, there was a statistically significant reduction in the mean drug

level at post-visit (mean 650.4, SD 290.1) compared with the pre-visit (mean 2358.4, SD
728.5) (p=0.008).

Overall, the limited data from three observational studies showed that TDM for optimisation
of anti-TNF therapies was associated with reductions in therapeutic dose of anti-TNFs in
people with RA who had achieved remission or LDA. This would be expected to lead to cost
saving associated with TDM. However, the reliability of findings may be compromised by the

poor quality of data being identified.
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Table 27: Changes in number, direction and magnitude of dose

Study Study design  Popu Sample Missing data Length of  Outcome

f - e

Findings

Pascual- Historically Remi
Salcedo  controlled study LDA
2013%

7 Year ek X (g k): 0.51 (SD 0.14), 0.42 ( SD 0.12)
dose per person  (p<0.001)
by drug (1% period ADL (mg/week): 19.19 (SD 3.72), 15.52 (SD 4.81)
vs. 2M period)* (p<0.001)

ETN (mg/week): 42.09 (SD 13.25), 35.04 (SD
13.37) (p=0.009)

r— S@ integval of  IFX: 8.52 (SD 1.43), 9.7 (SD 1.44) (p<0.001)
dmi ion by  ADL: 2.19 (SD 0.58), 2.95 (SD 1.58) (p=0.007)

drug (weeks) (1 TN 1,09 (SD 0.27), 1.61 (SD 0.91) (p=0.004)
period vs. 2

period)*
Rosas Prospective Remission 45 t otal ETNt: 548*
2015%  uncontrolied E r r a UMDL: 260
cohort study
Paredes Retrospective  Remission/ 52 DL: 5251.9 (SD 1205.9), 1507.2 (SD 322.7) (p =
201667 uncontrolled LDA levels*** (pre-visit 0.001)
cohort study vs. post-visit) ETN: 2735.2 (SD 347.4), 1114.9 (SD 283.2) (p =
0.002)
IFX: 2358.4 (SD 728.5), 650.4 (SD 290.1) (p =
0.008)
Key: ADL: adalimumab, ETN: etanercept, IFX: infliximab; LDA: low disease activity; NR: not reported; SD: standard deviation; vs.: versus

Notes:

*These results were from a mixed population of 43 people with RA and 45 people with PsA
** mg equivalent not reported

*** Unit of measurement not provided
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2.3.3.2.4 Discontinuation of ineffective therapy

pective uncontrolled cohort study b Lopez -Casla a

i colleagues (211 3)%2
evaluat e ct @ rt ‘
treatm s ss Mati
therapies (mcreasmg the'dose of IFX) was an effective therapeutic strategy in 36 people with

RA who had developed clinical inefficacy (including participants who had experienced a
primary non-response or a secondary non-response). The authors did not state the
definitions of primary and secondary norS e a

Table 28 presents the results of disconti erapy. This study (Lopez-
Casla and colleagues 2013)%? reported that 76.5% of participants discontinued their anti-

TNF therapies (IFX) in the one-year follow-up period due to ineffectiveness of anti-TNF

therapies. There wi issing data during the period of one-year follow-up in this study.

The study conclude id an effective option in
people with RA whoihad devebpe¢ cli ffita

2.3.3.2.5 Adverse effects of treatment

There was only one prospective uncontrolled cohort study (Senabre Gallego and colleagues
2017)'? reporting adverse effects (AEs) of anti-TNF therapies such as infections. This study
recruited 39 people with RA who had achieved remission. Other observational studies did

not report AEs of anti-TNF therapies.

The results of AEs of treatment ( Table 29) showed that one participant (0.03%) had septic
arthritis (serious infectious arthritis) associated with anti-TNF therapies (ADL or ETN) during
the one-year follow-up period. There were three participants who were lost to follow-up

during the one-year follow-up period.
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Table 28: Discontinuation of ineffective therapy

Study Study Po Missing data (at Length of follow- BOutcome N Findings
(First author/  design (e. I V% m m

year) remis

Lopez-Casla Prospective Pri T t 76.5%(26/36)2

201358 uncontrolle secondary discontinuation
d cohort non-
study responders

Note:
2As reported by the study authors. But the study authors reported that a total of 26 participants discontinued the IFX therapies.

]
Table 29: Adverse effects of treatment

Study Study Population Sample size Missing data (at Length of follow-up Outcome measure Findings
design (e.g. follow-up) (years)
remission)
Senabre  Prospective Remission 39 3 1 Septic arthritis 0.03% (1/39)

Gallego  uncontrolled
201712 cohort study
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2.3.4 Discussion

This systematic review has identified eight studies (reported in 11 publications)' 12

evaluate effect outco i

remis D e halha ri
secondary non-response. Three articles'"'>% reported the same non-randomised controlled
trial (the INGEBIO study). The remaining studies were observational studies evaluating the
impact of TDM.

Most studies recruited people with RA who had edremission or LDA. Only one study
|

(Lopez-Casla and colleagues 2013)% regrui 0 RA who had experienced a

primary non-response or a secondary non-response. The majority of included studies used

Promonitor ELISA kits for monitoring drug levels and/or anti-drug antibody levels. Three

studies in four sources®®-%? used Sanquin ELISA kits to measure drug levels and/or anti-drug

antibody levels. It was unclea t t re
service. The included studies [lheasure le ISM
participants who we treated wit . I

participants treated with certolizumab pegol or golimumab. No studies were identified
evaluating eligible ELISA kits including IDKmonitor ELISA kits, LISA-TRACKER ELISA Kkits,
RIDASCREEN ELISA kits and MabTrack ELISA kits.

the centralised testing

tibody levels in

ies were identified in

Comparative controlled evidence

Three abstracts'" 5% were identified reporting the same non-randomised controlled trial (the
INGEBIO study), which focused on the population who had achieved treatment target
(remission or LDA). In this trial, ADL and anti-ADAb levels were measured using Promonitor-
ADL and Promonitor-ANTI-ADL (Grifols-Progenika). This trial recruited a mixed population of
169 participants including a cohort of 63 people with RA. The results of the total mixed
population were reported in the review as the authors were not able to provide the results for

the subgroup of people with RA.

The findings from this non-randomised controlled trial (the INGEBIO study) showed that
there was a non-significant reduction in risk of flare in the intervention group compared with
the control group. In particular, participants’ HRQoL outcomes were higher in the intervention
group at all visits compared with the control group, with statistically significant results being
observed at two visits. However, as the quality of this trial was judged to be at serious risk of
bias, the results should be interpreted with caution. Ideally, randomising participants is
required to minimise the risk of bias for the study findings.
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Evidence from observational studies

Seve seryational studies (reported in eight publications) were identified evaluating the
effect o on clinigal F i : i$S
in tho a ri pri on- SE€ ( sponse.

observational study®® had a historical control while other studies were single-arm trials with

no comparator.

Change in disease response

Five observational studies (FEPBFEd in sﬁl olleagues 2016; Inciarte-
olleagues

Mundo and colleagues 2016; Paredes an 20715; Paredes and colleagues 2016;
Chen and colleagues 2016; Rosas and colleagues 2015),%860.61.6365 gssessed changes in
disease response in people with RA, with sample sizes ranging from 36 to 64. The duration

of follow-up of inclu ies ranged from 24 feks to four years. All studies focused on

people with RA wh hiFj eataar t wicm
Overall, the evidence from these observational studies generally showed that there was a

positive effect in achieving persistent remission associated with TDM for optimisation of anti-
TNF therapies (by decreasing dose or treatment frequency) in people with RA who had
achieved remission or LDA. However, given that these studies were judged to be at
moderate risk of bias, there were considerable uncertainties associated with the reliability of

the findings.

Change in disease activity

Two observational studies (Pascual-Salcedo and colleagues 2013; Paredes and colleagues
2015),%98° gvaluated the effect of TDM on change in disease activities at duration of follow-up
of two to seven years, with sample sizes ranging from 43 to 54. Both studies focused on
people who had achieved remission or LDA. Overall, the finding from the historically
controlled study (Pascual-Salcedo and colleagues 2013) showed that TDM was associated
with a non-significant reduction in mean DAS28 scores at seven-year follow-up compared
with the historical control (where TDM was not introduced). However, mixed results were
found in the retrospective uncontrolled cohort study by Paredes and colleagues (2015).(52)
Given the inconsistency of results, there was uncertainty on the impact of TDM on
participants’ disease activities. It should be noted that the quality of data was judged to be at

moderate risk of bias, which has compromised the reliability of the findings.
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Change in direction and magnitude of therapeutic dose

Three @bsemiational studies®%%%' evaluated the outcome of chang€s in direction a
magnit therapeutic i erith @ r A. The
samplelsi fi d filem 2!

Overall, the limited data from three observational studies showed that TDM for optimising

anti-TNF therapies was associated with reductions in therapeutic dose of anti-TNFs in people
with RA who had achieved remission or LDA. This would be expected to lead to cost saving
associated with TDM. Whegg,statisticallyssignifi re observed, these results
may be clinically significant. However, t b thewim@ings may be compromised by

the poor quality of data being identified.

2.3.4.1 Reliability of the findings

The non-randomised controll 119 a d tgb ious risk of bias (see
Section 2.3.2.4). In this trial, there was e fbHe balancelin disease severity
between the interve d ‘Control gr “Fu , there Was 'a lack of adjusting for

this variable in the analysis of clinical outcomes. There were higher attrition rates for some

outcomes, which can lead to attrition bias. These deficiencies resulted in serious risk of bias

associated with the findings. Therefore, the results should be interpreted with caution.

In terms of observational studies, the historically controlled study and all six single arm
studies were judged to be at moderate risk of bias (see Section 2.3.2.4). The study by
Pascual-Salcedo (2013)%° was judged to be at moderate risk of bias because there was non-
contemporaneous control bias due to the use of a historical control. It should be noted that
the same group of participants were assessed during the first period (the historical control
where TDM was not introduced) and the second period (where TDM was implemented).
However, most observational studies had a small sample size without a control group.
Therefore, the overall poor quality of included studies compromises the reliability of the

findings.

2.3.4.2 Generdlisability of the findings

Given that most studies were conducted in Spain, the findings from these studies may have
limited generalisability to the UK setting due to variations in clinical practice and health
policies between different countries. Furthermore, the findings from the non-randomised
controlled trial (the INGEBIO study) and the results of changes in therapeutic dose from the
study by Pascual-Salcedo and colleagues (2013)* were presented for a mixed population.
Therefore, there was limited generalisability of findings from the mixed population (including

RA, PsA and/or ankylosing spondylitis) to the target RA population.
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2.3.4.3 Implications for future research

One ongoing Norwegian multicentre RCT was identified (the NOR-DRUM Study)°®® that

evalua effect of TDM in people with RA in remission compaged with standardycare
(see ion 2.3.2.3).T o] I ide fi t e of TDM
in the'target lation.

Further controlled trials with a large sample size (especially RCTs) are required to assess the
impact of using Promonitor ELISA tests for monitoring anti-TNF therapies in people with RA

who had achieved remission or LDA.
No studies were identified MSseﬁ @@its including IDKmonitor
ELISA kits, LISA-TRACKER ELISA Kkits, SC N A kits and MabTrack ELISA kits.

Therefore, future large RCTs are required to assess the impact of using those ELISA tests

for monitoring anti-T, apies in people with RA who had achieved remission or LDA.
More robust evidence is also a impact i anquin tests for
monitoring anti-TNFtherapiesin this p n ' I

Future RCTs are warranted to evaluate the clinical effectiveness of using ELISA tests for
monitoring anti-TNF therapies in people with RA who had experienced a primary non-

response or a secondary non-response.

There were no studies identified for patients who were being treated with certolizumab pegol
and golimumab. Future RCTs are required to assess the clinical effectiveness of using

ELISA tests for monitoring such anti-TNF therapies in the target populations.

2.3.4.4 Conclusions

In relation to clinical effectiveness, limited data were identified evaluating TDM in the target
populations. One non-randomised trial compared TDM with standard care (the INGEBIO
study) had serious limitations in relation to the NICE scope: only one-third of the participants
had RA, many of the analyses were not by intention-to-treat, follow-up was for only 18
months, there was no explicit algorithm for guiding clinicians in how the results of testing
should change treatment (e.g. tapering), and the study was only reported in three abstracts.
In addition, seven observational studies (reported in eight publications) were also identified
but were of minimal value in informing whether ELISA test-based monitoring is clinically

effective or not.
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3 Systematic review of existing cost-effectiveness evidence

3.1 Objectives

The objectives of this systematic review of economic evaluations were as follows:

¢ To gain insights into the key drivers of cost-effectiveness of TNF testing.

o To get an overview of the alternative modelling approaches that have been adopted
to evaluate the use of therapeutic drug monitoring in people with RA.

¢ To provide a summary of the findings of previous relevant cost-utility, cost-

effectiveness, and cost-benefit studies.

3.2 Methods

3.2.1 Identification of studies

The following bibliographic databases were searched:

e MEDLINE (Ovid)

e MEDLINE In-Process & Other Non-Indexed Citations (Ovid)
¢ Embase (Ovid)

e Web of Science (Thomson Reuters)

e NHS EED and HTA (The Cochrane Library)

e EconlLit (EBSCO)

In addition, searches were carried out on the following websites: HUD (ScHARR), HERC
(Oxford), EQ-5D (EuroQol), CEA Registry and ISPOR.

The searches were developed and run by an information specialist (SR) in July 2018 and
updated in November 2018. They comprised terms for RA and terms for anti-TNF inhibitors
and terms for enzyme linked immunosorbent assay (ELISA) testing. Search filters were used

to limit the searches to cost-effectiveness studies. No date or language limits were used.

Separate searches were also carried out for appropriate health utilities and costs, using a
variety of search terms and filters. These searches were carried out in several iterations to

look for different aspects of costs and health utilities for RA and ELISA tests as needed.

The full search strategies for each database, for cost effectiveness and one example iteration
of the utilities searches are provided in Appendix 1. The database search results were
exported to, and deduplicated using Endnote (X7). Deduplication was also performed using

manual checking.
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Screening was done independently by two reviewers. Disagreements between reviewers
were resolved by consensus. All references considered for inclusion by either reviewer at the

title and abstract stage were included for full-text screening.

3.2.2 Eligibility criteria

Eligible studies for inclusion to the systematic review were selected according to inclusion
and exclusion criteria outlined in a PICO template. The inclusion criteria for population,
interventions and comparator were as described in Section 2.2.1.1 and Section 2.2.1.2. The
following types of economic evaluations were included: cost-utility analyses, cost-
effectiveness, cost-benefit, cost-consequence and cost-minimisation analyses. Systematic

reviews of economic studies were also considered.

3.2.3 Data extraction
Study characteristics and results were extracted and summarised by one reviewer (MR). The
evidence was assessed using narrative synthesis supported by summary data extraction

tables.

3.2.4 Ciritical appraisal
The quality of the selected studies was evaluated by one reviewer according to the
Consensus Health Economic Criteria (CHEC).®® Studies based on decision models were

further quality-assessed using the checklist developed by Philips and colleagues (2006).%°

3.3 Resulis

Figure 3 shows a PRISMA flow diagram for the systematic review.>® After deduplication, 214
records were identified. All records were screened on title and abstract, and 29 citations were
screened at full text. In addition to the records identified from searches of electronic sources,
we were made aware of a PhD thesis (unpublished, personal communication) that met
inclusion criteria for the cost-effectiveness systematic review. Overall, 11 sources met the

inclusion criteria for the systematic review.
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Figure 3: PRISMA flow diagram: a description of study inclusion process for the cost-
effectiveness systematic review
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Five studies (reported in 11 publications) were eligible for inclusion (Table 30): three studies
were model-based economic evaluations. Of these, two were reported only in abstract
format: one was a non-randomised controlled trial (INGEBIO), and one was an observational
study (Pascual-Salcedo and colleagues 2013). The authors of the abstracts were contacted
and provided two poster presentations reporting outcomes of the INGEBIO study. These

sources are not included in the PRISMA diagram.
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Table 30: Characteristics of included studies

Author Type of reference Type of study Sources

INGEBIO Abstract Non- Arango and colleagues (2017),'5 Ucar
randomised  and colleagues (2017),"" and Gorostiza
controlled trial and colleagues (2016)%4

Krieckaert and Full text Model Krieckaert and colleagues (2012)70.71
colleagues Krieckaert and colleagues (2013)72.73
Krieckaert and colleagues (2015)"

Pascual-Salcedo and  Abstract Observational Pascual-Salcedo and colleagues
colleagues. (2013)%°

Laine, J. and Full text Model Laine and colleagues (2016)?
colleagues

Gavan, S. Dissertation Model Personal communication

Characteristics of the included studies are given in Table 31 and Table 32.
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Table 31: Observational cost-effectiveness studies of therapeutic drug monitoring tests in people with rheumatoid arthritis

pulation Setting Test TNF- Study N Outcome Cost Results Comments
i measures
C DAS28, Average Mean QALY Data is reported for
2017 RA,PsA and ASH Spain and ADADb rando participants months BASDAI, cost of ADL were 1.145  all participants and
(INGEBI treated with ADL measured by mised in IG and 60 BASFI and per patient- and 1.076 is not reported by
0) who remained Promonitor- contro in CG, of HAQ-DI, days year during follow- disease subgroup.
clinically stable ADA and lled which 30 with active up period per People with
for at least 6 Promonitor anti- trial and 33 disease person in IG rheumatic diseaase
and CG, have better quality

months adali b people with
(Progeni RA,
I . .
time poi respectively

respectively;
the average
cost of
Humira®
(ADL) per
patient-year
was
10,664.54€
vs 9,856.45€
(-808.08¢€,
8% savings)
in the CG
and IG,
respectively
(the results
reported for
the mixed
population)

of life, lower risk of
flares and incur
lower treatment
costs if
management is
complemented with
ELISA testing.
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Study Population Setting Test TNF- Study N Time- Outcome Cost Results Comments
a desig frame measures
inhi n
bitor
Pascual People with RA  Universit Drug levels by  ADL, Histori 43 DAS28 Monthly Decrease in  Data is reported for
- and SpA in y capture ELISA IFX, cal participants amount of  drug use: all participants and
Salcedo remission or Hospital, ETN contro with RA spared €91.62 per is not reported by
2013 LDA under Spain lled drug per person for subgroup.
treatment by cohort person IFX (70 kg of QALYs are not
IFX, ADA and mean reported
ETN weight),
€324 per
person for
ADL, €257
per person
for ETN

Key: ADAb: anti adalimumab antibody; ADL: adalimumab; AS: ankylosing arthritis; BASDAI: Bath Ankylosing Spondylitis Disease Activity Index; BASFI: Bath Ankylosing Spondylitis Functional
Index; CG: control group; DAS28: Disease activity score in 28 joints; ELISA: enzyme linked immunosorbent assay; ETN; etanercept; HAQ-DI: health assessment questionnaire disability index;

IFX: infliximab; IG: intervention group; LDA = low disease activity; PsA: psoriatic arthritis; RA: rheumatoid arthritis; SpA: spondyloarthritis
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Table 32: Modelling studies of using therapeutic drug monitoring in people with rheumatoid arthritis

Study Population Perspe Setting Test TNF- Model Time- Effectivenes Type of Comments
ctive a structur frame s and costs  study
inhib e parameters
itor
Krieckaert Cohort of 272  Societal, Clinic, Sanquin, ADL  Markov  3-year Direct Cost- The authors compared a cohort of
2015 people with Healthc Netherla DL horizon  medical and utility monitored by ELISA testing, with a
RA treated are nds with 3- productivity cohort from the URAC study at 28
with ADL for month costs, utilities weeks after starting ADL. Markov
3 years', and cycles states were defined by DAS28
data on direct categorisation.
medical costs Result: substantial reduction in costs
and HRQoL of medication, small change in
from the efficacy of treatment for ELISA
URAC study testing.
group
(N=1,034)
Laine Cohort of Healthc  Clinic, Sanquin, ADL, Markov  3-year Decreasing Cost- Economic impact of clinical decision-
2016 people treated are Finland  Promonitor, IFX horizon  proportion of effective making was modelled in a short-term
with ADL immunoass with 6- people on ness (3—6 months) scenario with 100
(N=486) and ay,DL and month non-optimal hypothetical patients for ADL and
IFX (N=1,137)? Ab cycles treatment; IFX. ELISA testing was performed in
costs of test non-responders. Result: using ELISA
and non- test was cost-saving.
optimal
treatment
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Study Population Perspe Setting Test TNF- Model Time- Effectivenes Type of Comments
ctive a structur frame s and costs  study
inhib e parameters
itor
Gavan People with NHS England ELISA ADL DES Lifetime  Costs of Cost- ELISA monitoring was investigated
2017 RAin England and tests, no treatment, utility for use during response and in
(BSRBR-RA) PSS specific hospitalisatio remission for dose adjustment.
ELISA test n and testing Result: ELISA testing is not likely to
stated be cost-effective.

Key: Ab: antibody; ADL: adalimumab; IFX: infliximab; DES: discrete-event simulation; DL: drug level; ELISA: enzyme linked immunosorbent assay; NHS: National Health Service; PSS: personal

social services; RA: rheumatoid arthritis; URAC: Utrecht Rheumatoid Arthritis Cohort

Notes:

"This was a prospective observational cohort study of 272 people with RA treated with ADL therapy at the Department of Rheumatology, Jan van Breemen Institute, Amsterdam, Netherlands. All
participants fulfilled the ACR 1987 revised criteria for RA and had active disease indicated by a DAS28 of at least 3.2, despite earlier treatment with two disease-modifying antirheumatic drugs
(DMARDSs) including methotrexate at 25 mg weekly or at the maximal tolerable dosage, according to the Dutch consensus statement on the initiation and continuation of TNF—blocking therapy in

RA.

2The data were obtained from the clinical sample registry of United Medix Laboratories Ltd in Helsinki, Finland. All the samples included in the database were sent to the laboratory on a clinical

basis.
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3.3.1 Non-model based studies

The two studies, Ucar and colleagues (2017) and Pascual-Salcedo and colleagues (2013),
were reported as abstracts. Ucar and colleagues (2017) investigated the impact of
monitoring of ADL drug level and anti-drug antibody level in people with RA, psoriatic
arthritis (PsA) and ankylosing spondylitis (AS) on annual direct costs to the Health System
and health outcomes compared to conventional practice in Spain. The economic analysis
reported in Ucar and colleagues (2017) was based on clinical outcomes from a pragmatic,
non-randomised, non-inferiority study. Trough ADL level and anti-drug antibody level were
measured with Promonitor-ADL and Promonitor-ANTI-ADL. Physicians were not obliged to
adhere to any therapeutic algorithm when making treatment decisions for participants in the
intervention group. In the control group, treatment decisions were based on clinical judgment
only. 169 people were recruited, of whom 63 (37.3%) had RA (30 people with RA in the
intervention group and 33 people with RA in the control group). Ucar and colleagues (2017)
reported the result for all participants and did not report results not by subgroup (disease
categories). It is therefore difficult to generalise the results to people with RA. The authors
reported that people with RA from the intervention group had better quality of life, lower risk
of flares and lower treatment costs when compared to the control group. The average cost of
Humira® (ADL) per patient-year was €10,664.54 vs. €9,856.45 (-€808.08, 8% savings) in the
control and intervention arms, respectively; the results were reported for the total (mixed)

population. The average annual cost of ADL treatment per participant was reported.

The Pascual-Salcedo and colleagues (2013) study aimed to compare the clinical and
economic impact of TDM, based on serum trough drug levels, in people with RA and SpA in
remission or with low disease activity (LDA). This was an observational study of routine
clinical practice. The study included a total of 88 participants (43 RA and 45 SpA), treated
with three TNF inhibitors (31 withlFX, 29 with ADL and 28 with ETN). Participants were
followed for seven years (2006-2012). Drug levels were measured using ELISA test. No
further information on the test was given in the abstract. For each participant two time
periods were examined, one before and the other during TNF drug monitoring, 2006-2009
and 2010-2012, respectively. All participants in this study had stable clinical activity in both
time periods. Pascual-Salcedo and colleagues (2013) reported the monthly amount of
spared drug as €91.62 per participant treated with IFX (assuming the mean participant
weight of 70 kg), €324 per participant on ADL, and €257 per participant on ETN.
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3.3.2 Model-based studies

Three model-based economic evaluations were identified in the systematic review (Table

32). All were conducted in Europe (Netherlands, Finland and the UK).

3.3.2.1 Krieckaert 2015
The study reported by Krickaert and colleagues (2015) was a cost-utility study investigating

the role of testing ADL drug levels in people with RA. Drug levels were measured using in-
house ELISA tests (Sanquin, Amsterdam) in a cohort of 272 ADL-treated people with RA
recruited at the Department of Rheumatology, Jan van Breemen Institute, Amsterdam, for
three years (Bartelds and colleagues, 201174). These participants were compared with a
cohort of 1,034 participants from the Utrecht Rheumatoid Arthritis Cohort (URAC) treated
with other treatments based on clinical judgment. The clinical characteristics of these
participants are not clearly discernible from the cited references. Participants in the
intervention cohort were tested at four, 16, 28, 40 and 52 weeks of treatment and every six
months thereafter. However, in the economic analysis, the authors modelled ELISA testing
at 28 weeks only (Figure 4). After three years, 76 of a total 272 participants (28%) developed
anti-ADL antibodies; 51 of these (67%) during the first 28 weeks of treatment. Over the
course of the study, participants with measurable antibody levels were 3.2 times less likely
(95% CI for HR 1.8, 7,2) to revert to minimal disease activity and 7.1 times less likely (95%
Cl for HR 2.1, 23.4) to enter sustained remission, based on DAS28 scores <3.2 and <2.6,
respectively. Clinical outcomes from Bartelds and colleagues (2011) are summarised in
Table 33.

Table 33: Clinical outcomes from Bartelds and colleagues (2011)

Antibody titre Drug Level Treatment Disease Sustained
(AU/mL) (median/IQR,mg/L) discontinuation activity remission
(%) (%) (%)
Undetectable(n=196) 12/9-16 28(14) Minimal = 67 (34)
95 (48)
13 to 100 (n=45) 5/3-9 29(38) Minimal = 3(7)
100 (n=31) 0/0-3 10(22)

Key: IQR: interquartile range
Source: Bartelds and colleagues (2011)™

Of note, this study was excluded from the clinical effectiveness systematic review because it
did not meet the inclusion criteria for the population (the population was treatment naive and
disease active). As this paper was excluded at the first screening stage (titles and abstracts),

it was not described in the list of excluded studies (Appendix 2).
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The treatment algorithm used in Krieckaert and colleagues (2015) is shown in Figure 4.

Figure 4: Algorithm for decision following the result of test in 28th week after
adalimumab in Krieckaert and colleagues (2015)

> 12 mg/l interval prolongation

yes —+ drug level test

¥

5-12 mg/l continuation

L 4

< 5 mg/l -+ stop

EULAR response at
28 weeks of
adalimumab
treatment
> 5 mg/l » switch to rituximab
no — drug level test
<5 mg/l -+ switch to etanercept

Source: Krieckaert and colleagues (2015)'

The authors used a Markov model with three month cycles and a time horizon of three years
using microsimulation for analysis. The analysis was performed probabilistically. Discounting
was applied at 4% for costs and 1.5% for utilities in accordance with Dutch national
guidelines. Results were reported from both healthcare and societal perspectives. The

Markov model health states were based on categorisation of DAS28 as below:

e remission (DAS28 <2.6)

e LDA (2.6sDAS28<3.2)

e moderate disease activity (3.2<sDAS28<5.1)
e high disease activity (DAS28>5.1).

Transition probabilities were estimated using a regression function derived from the URAC
cohort outcome data (Bartelds and colleagues, 201174). Costs included direct medical and
productivity costs. Utility was calculated based on the EQ-5D classification outcomes
recorded in the URAC study.
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ELISA testing was cost-saving from both the societal and healthcare perspective (Table 34).
The test-based treatment strategy resulted in lower costs (due to the reduction in the

treatment cost) and greater quality-adjusted life years (QALYSs).
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Table 34: Cost-effectiveness results reported in Krickaert and colleagues (2015)

Perspective Costs QALYs ICER
intervention control intervention control

Societal €15,466,869 €18,028,517 591.65 587.81 —€ 646,266

Healthcare €13,607,067 €16,153,357 591.65 587.81 —€ 666,541

provider

Key: ICER, incremental cost effectiveness ratio; QALYs, quality-adjusted life years.
Note: Cost year was not reported.

Probabilistic sensitivity analysis around the base case scenario predicted that ELISA testing
would dominate usual care in 72% of scenarios. Scenario sensitivity analyses around; e.g.
the drug level cut-offs used, or the definitions of a good EULAR response, showed that

ELISA testing is generally cost-saving, although some scenarios reported loss of QALYs.

3.3.2.2 Laine and colleagues 2014

Laine and colleagues (2016) conducted a cost-effectiveness study in Finland. The

interventien,involved assessment of drug and anti-drug antibody levels in people with RA
treatediwith ADIBor IEX.Fisiéydat ru i-dr tibg@nlev e from the
clinicahsam u @ c@ LF @1 @ ncluded
486 and 1,137 samples ffom participants on ADL and IFX, respectively. The drug levels

were measured using ELISA, while antibody level was assessed using radioimmunoassay.
All measurements of antibody and ADL drug levels were outsourced to Sanquin Diagnostic
Services (Amsterdam, Netherlands). Approximately half of IFX drug level was measured by

the United Medix Laboratories using Pr (o) it nica, Derio, Spain).

Clinical management decisions based on the test results followed the algorithm proposed by
Vincent et al (2013)" (Figure 5). Possible treatment decisions included increasing dose,

switching to another TNF-a inhibitor or switching to a bDMARD with a different mechanism

Erratum

of action.
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Figure 5: Algorithm for interpretation of test results

Suboptimal TNF inhibitor Suboptimal TNF inhibitor
ADADb - ADADb +

Non-response to
i itor

e

Optimal TNF inhibitor
ADAD -

Drug concentration and ADAb measurement

Optimal TNF inhibitor

Y \
Increase dose or Swilch to Switch to biologic with

injection frequency another TNF inhibitor another mechanism of action

Source: Vincent 2013

The economic impaf: of cIinimFeF)an uelmn-term (three to six

months) scenario with 100 hypothetical non-responders. They were compared with a non-
testing scenario in which the same participants were managed only by clinical judgment in
routine practice. The outcome measures were the changes in the probability of undergoing
periods of sub-optimal treatment, and the cost-effectiveness of routine monitoring compared
to clinical judgement only. An inappropriate clinical decision was defined to lead to
ineffective treatment for at least three to six months. The authors justified this time period
based on the typical follow-up visit frequencies of people with RA treated with biologics in
Finland (no data sources were provided). This meant that all participants in the control arm
experienced a three-month delay in receiving appropriate treatment. This delay was
estimated to cost €1,471 for every month, which included the drug cost estimate per month
of subcutaneous TNF-a inhibitor (€1,140), travel and lost working and leisure time costs for a
laboratory visit (€17.4), costs of the possible standard safety-related laboratory tests (€6.8),
travel and lost working and leisure time cost for a follow-up visit to an outpatient specialist
clinic (€66.6), and specialist visit (€240.6). Long-term efficacy-related costs were not
modelled. The cost of resource use was valued according to the national unit costs inflation
adjusted to the year 2013.
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The authors proposed a Markov model with six-month cycles and three-year time horizon.

Health states were defined as:

o first TNF-a blocker
e second biological (TNF-a blocker or non-TNF drug)

e quitting biologics.

The model predicted that over the three-year period, in the intervention arm, 40% of
participants on ADL and 50% of participants on IFX, respectively, will need drug
modification. Based on a hypothetical cohort of 100 participants, the cost of testing was
estimated to amount maximally to €20,000 (€200x100 participants). Dividing the cost of test
by the cost per month of non-optimised treatment then indicates the threshold number of
person-months of sub-optimal treatment that correspond with testing being considered cost-
effective. Laine and colleagues (2016) reported that the routine measurement of both drug
and antibody levels would be cost-saving comparing to the non-testing scenario, assuming
that a minimum of 2.5% or 5% of patients are treated non-optimally for six or three months,

respectively.

3.3.2.3 Gavan 2017

In the PhD thesis by Gavan (personal communication, 6 August, 2018), the cost-
effectiveness of using ELISA testing for monitoring of people with RA treated with ADL was
evaluated. Twelve different ELISA test-based strategies were compared against the current

practice in England (i.e. no TNF testing) (Table 35).

Table 35: Strategies compared in the Gavan (2017) study

Strategy Type of testing strategy Description

Current practice Not applicable Usual care for people with RA with no testing of
ADAD or drug level

Strategy 1 Monitoring ADADb and drug level testing every 3 months

Strategy 2 Monitoring ADADb and drug level testing every 6 months

Strategy 3 Monitoring and dose reduction ADADb and drug level testing every 3 months,
drug level test in remission after 2 years

Strategy 4 Monitoring and dose reduction ADADb and drug level testing every 3 months,
drug level test in remission after 3 years

Strategy 5 Dose reduction Drug level test in remission after 2 years

Strategy 6 Dose reduction Drug level test in remission after 3 years

Strategy 7 Monitoring ADAD testing only every 3 months

Strategy 8 Monitoring ADAD testing only every 6 months
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Strategy

Type of testing strategy

Description

Strategy 9

Strategy 10

Strategy 11

Strategy 12

Monitoring and dose reduction

Monitoring and dose reduction

Not applicable

Not applicable

ADAD testing only every 3 months, drug level
test in remission after 2 years

ADAD testing only every 3 months, drug level
test in remission after 3 years

No testing. Just half dose in remission after 2
years

No testing. Just half dose in remission after 3
years

Key: RA, Rheumatoid arthritis; ADAb, anti-adalimumab antibody.

Notes:

Monitoring was done in responding participants, dose reduction was implemented in patients in remission state.

Source: Gavan (2017)

These strategies were a combination of using monitoring tests during response to the drug

and after remission. The author considered a frequency of testing of every three or six

months in responders to therapy. For people in remission, testing was considered at two and

three years of being in remission.

In Gavan (2017), four lines of treatment were modelled as shown in Figure 6.

Figure 6: Service pathway of RA treatment in England

Order in Sequence:

Treatment:

Mode of

administration:

Test to stratify
treatment:

Source: Gavan 2017

First-line Second-line Third-line Fourth-line
Adalimumab Rituximab Tocilizumab Methotrexate
& & & L )
palliative care
methotrexate methotrexate metholrexate

Subcutancous Intravenous
injection mfusion
— —

(i) ADAD and
drug levels
while
responding; No testing

(ii) Drug levels in
remission

Oral
tablet
]

Intravenous
infusion
I

No testing No testing

Hospitalisation can occur at any time | Discase status

A discrete-event simulation (DES) modelling approach was employed. The following

competing events were considered: time to death, ADL failure, rituximab failure, tocilizumab

failure, time to development of antibodies against ADL, remission, EULAR response and

HAQ progression. The model simulated 20,000 hypothetical patients, representative of the
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population with RA in England using summary attributes of patients from the British Society
for Rheumatology Biologics Register — Rheumatoid Arthritis (BSRBR-RA).

One of the test strategies considered in Gavan (2017)%* was monitoring of drug and antibody

levels icipants respondlng to treatment in order to avoid the fgarm assomate
secon spdas ients in
remis&on, i of testing. e in the

Gavan study for managéd nent decisions in participant in whom TDM was performed

Figure 7: Algorithm for test interpretation used in Gavan (2017)

(i) Test adalimumab ADAb only during response

Test
adalimumab

> |Continuc adalimumab therapy I

ADAD -

(ii) Test adalimumab ADAb and drug levels during response

|Chan treatment to rituximab I

adalimumab

ADADb and

- |(i0ntinuc adalimumab therapy I Revert to
Any drug level initial injection
(iii) Test adalimumab drug levels during remission Flare 1ntcr‘va} &
. prescribe
Drug level high  ['pouble interval between intramuscular
Test adalimumab injections corticosteroids

adalimumab
drug level

No flare

I Continue adalimumab therapy

Drug level not high

Source: Gavan (2017)%*

Utilities were calculated based on mapping the HAQ score from the BSRBR-RA using a
quadratic mapping algorithm estimated previously for the NICE TA195 by Malottki and
colleagues (2011)." Costs included the costs of treatment, hospitalisations and testing.
Quantities of resource utilisation were derived from published sources (Stevenson and
colleagues, 2016;%° Jani and colleagues, 2016°%), unit costs were taken from the NHS
reference costs 2015-2016 and BNF (accessed 8 April 2016).

Based on the 12 scenarios tested (Table 35), Gavan (2017)%® concluded that routine use of
ADL testing was cost-effective compared to current practice, but was unlikely to be cost-
effective relative to dose reduction (without testing) for people in remission (Scenario 11).

Overall, two scenarios (7 and 10) showed a negative net monetary benefit compared to
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standard care in the analysis. Amongst the set of the remaining ten scenarios, all except

three own to be dominated or extendedly dominated by a

of the em_ini
and d leval t

three months, drug levellest in remission after two years) relative to strategy 11 (no testing,

just half dose in remission after two years) were £38,575 and £ 37,043. Since strategy 11
consists merely of dose reduction after two years for people in remission, the analysis of the
chosen scenarios therefore suggests that testing not be cost-effective. Strategy 11
shows an incremental net magsian/ bengré 6.72 relative to standard
care, with an associated mean QALY lo 0. 1 tient compared to standard

care.®

3.4 Quality of i
Table 36 shows the

Economic Criteria (

ntified cost-utility studies

; stuiie 1 e Consensus Health
uglity®f influded rfodeting studies assessed

is addressed in Table 37.

using the Philips checklist
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Table 36: Quality appraisal of cost-utility studies using the CHEC checklist

Item CHEC-list Ucar Pascual- Krieckaert Laine Gavan
2017 Salcedo 2015 2016 2017
2013
1 Is the study population clearly described? Y Y Y N Y
2 Are competing alternatives clearly described? Y Y Y Y Y
3 Is a well-defined research question posed in answerable form? Y Y Y Y Y
4 Is the economic study design appropriate to the stated objective? Y Y Y N Y
5 Is the chosen time horizon appropriate in order to include relevant costs and consequences? Y N Y Y Y
6 Is the actual perspective chosen appropriate? N N Y Y Y
7  Are all important and relevant costs for each alternative identified? N N N N Y
8  Are all costs measured appropriately in physical units? N N N N Y
9  Are costs valued appropriately? N N N N Y
10 Are all important and relevant outcomes for each alternative identified? Y N Y N Y
11  Are all outcomes measured appropriately? N N Y Y Y
12 Are outcomes valued appropriately? N N Y Y Y
13 Is an incremental analysis of costs and outcomes of alternatives performed? N N Y N Y
14  Are all future costs and outcomes discounted appropriately? N N Y N Y
16  Are all important variables, whose values are uncertain, appropriately subjected to sensitivity analysis? N N Y N Y
16 Do the conclusions follow from the data reported? Y Y Y Y Y
17  Does the study discuss the generalisability of the results to other settings and patient/client groups? N N N Y Y
18 Does the article indicate that there is no potential conflict of interest of study researcher(s) and funder(s)? N N N N Y
19  Are ethical and distributional issues discussed appropriately? N N Y Y Y

Source: Evers and colleagues (2005)%
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Table 37: Quality appraisal of cost-utility studies using the checklist developed by
Philips and colleagues

Krieckaert 2015 Laine 2016 Gavan 2017
Structure (S):
S1: Statement of decision problem/objective Yes Yes Yes
S2: Statement of scope/perspective Yes Yes Yes
S3: Rationale for structure No Yes Yes
S4: Structural assumptions No No Yes
S5: Strategies/comparators Yes Yes Yes
S6: Model type Yes Yes Yes
S7: Time horizon Yes Yes Yes
S8: Disease states/pathways Yes No Yes
S9: Cycle length Yes Yes NA
Data (D):
D1: Data identification Yes Yes Yes
D2: Pre-model data analysis No No No
D2a: baseline data Yes Yes Yes
D2b: treatment effects No No Yes
D2c: quality-of-life weights (utilities) Yes No Yes
D3: Data incorporation No No No
D4: Assessment of uncertainty
D4a: methodological No No No
D4b: structural No No No
D4c: heterogeneity Yes No Yes
D4d: parameter Yes No Yes
Consistency (C):
C1: Internal consistency Yes Yes Yes
C2: External consistency No No No

Key: NA, not applicable
Source: Philips and colleagues (2006)%°

3.5 Discussion

A systematic literature search performed in July 2018 and updated in November 2018
identified five publications relevant to the decision problem, with two of these available in
abstract format only. Furthermore, only two (out of six) TNF testing kits from the NICE scope
(Promonitor and Sanquin) and three (out of five) TNF-a inhibitors (ADL, ETN, and IFX) were

considered in the selected studies (Table 38).
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Table 38: Cost-effectiveness evidence relevant to specific combinations of TNF-a
inhibitors and test kits from the NICE scope

Promonitor IDKmonitor LISA-TRACKER RIDASCREEN Sanquin*

ADL drug v X X X V2
antibody V3 X4 X X v'5
ETN drug v X X X
antibody X X X X
IFX drug v X4 X X X
antibody X X X X v'e
Golimumab  drug X X X X
antibody X X X
Certolizumab drug X X
pegol antibody X
Key:

X Indicates availability of a test to measure drug or antibody level in participants treated with the specified TNF-a inhibitor and
that no studies have been identified in the clinical-effectiveness systematic review, reporting on using therapeutic drug
monitoring for the specified test kit and TNF-a inhibitor.

v Indicates availability of a test to measure drug or antibody level in participat treated with the specified TNF-a inhibitor and
that at least one source for the specified combination of the test kit and TNF-a inhibitor has been identified in the cost-
effectiveness systematic reviews.

ADL: adalimumab; ETN: etanercept; IFX: infliximab
Notes:

* The type of Sanquin test kits used in these studies (MabTrack or those used by Sanquin Diagnostic Services) was not
reported.

" Gavan (2017) (personal communication), Laine and colleagues (2016)? and Ucar 2017
2 Krieckaert and colleagues (2015)" and Laine and colleagues (2016)?
3 Laine and colleagues (2016)? and Ucar and colleagues (2017)

4 Indicates that a test for total anti-drug antibodies is also available (total anti-drug antibodies include both unbound, i.e. free,
antibodies and those bound to TNF-a inhibitor)

5 Gavan (2017) (personal communication) and Laine and colleagues (2016)?
6 Laine and colleagues (2016)?

Both Krieckaert and colleagues and Laine and colleagues reported that TDM was cost
saving compared to standard care, based on follow up periods of up to three years.
Krieckaert and colleagues reported a formal cost per QALY analysis in which TDM
dominated standard care in the base-case scenario in 72% of simulations. The ICERs are
arguably somewhat meaningless given the small QALY differentials involved. In a range of
sensitivity analyses, a net loss of QALY with respect to the intervention was associated with
drug level cut offs, the use of EULAR good response as an outcome, or the use of
biologicals other than TNF inhibitors. With regard to UK clinical practice, Krieckaert and
colleagues modelled testing at the 28th week, and considered dose reduction by
prolongation of the interval between drug administrations in responders with high levels of
ADL (DL >12mg/l). The Assessment Group (AG) is aware, however, that in the UK, there are
variations as to when treatment decisions in people with RA on biologics are made. In

responders to anti-TNF inhibitors, decisions could be made either nine to 12 months after
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treatment initiation, or adjusted approximately two years after the initiation of biologic
therapy. In non-responders, however, testing may be considered earlier to detect whether

non-response to biologics is due to low drug levels or the presence of anti-drug antibodies.

Laine and colleagues (2016) did not report a cost per QALY analysis, although the authors
attempted to analyse the frequency and cost impact of non-testing with regard to
inappropriate treatment decisions (e.g. continuation of ineffective therapy). The assumption
was made that participants in the routine practice arm would typically experience three
months’ delay in receiving optimal treatment compared to participants in the intervention
arm. This was justified based on the typical follow up intervals of participants in Finland. Of
note, is that in Finland, anti-drug antibody levels of at least 30 U/mL rather than 12 U/mL are

considered clinically significant.

Both the INGEBIO study (Arango and colleagues, 2017, n = 169) and Pascual-Salcedo and
colleagues (2013) (n = 88) recruited mixed populations featuring respectively 37% and 50%
of participants with a diagnosis of RA. In addition, there were only limited details of the input

parameters and analysis, specifically:

¢ No details of utility values or incremental QALY outcomes were provided.
e The studies did not consider specific test-based treatment algorithms.
e Pascual-Salcedo and colleagues (2013) did not specify which ELISA test kits were

used in their study.

Furthermore, the allocation of participants to groups in the INGEBIO was site dependent,
and physicians were not obliged to follow any particular algorithm with regard to treatment.
However, the statistical analysis plan was not documented, and the assumption of
independence of observations may not be appropriate. Therefore the statistical significance

of the reported results may be insecure.

The recent study by Gavan (2017) perhaps most closely matches the decision problem. In
this study, modelling was based on patient data from the BSRBR-RA register which is the
main source of evidence on the use of biologics in people with RA in the UK. Furthermore,
the research questions, addressed in Gavan 2017, are most relevant to the decision problem
considered in this report. Gavan however did not consider any specific test kit, and only

ADL treatment was modelled as firstline.
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Of Gavan’s three stated research questions (refer to Gavan p. 59), namely:

¢ Research Question 1: What was the existing economic evidence for stratified
medicine in RA?

e Research Question 2: How were treatment decisions with biologic therapies made for
patients with RA in current practice in England?

e Research Question 3: Are treatment decisions stratified by ADAb and drug level
testing, for patients with RA in England, a relatively cost-effective use of healthcare

resources?

Questions 1 and 2 have to some extent also been addressed by the searches and
consultations for this review. However, Gavan (2017) considered any test-based strategy of
a biomarker to stratify treatment decision with any pharmacological therapy whereas the
current review focuses on ELISA testing used to monitor response to TNF-a inhibitor
treatment. Question 3 aligns closely with the decision problem for this appraisal. Although
Gavan (2017) pointed out that there was a high degree of decision uncertainty and also
reported an expected value of perfect information (EVPI) estimate of £7,000,000. The

decision uncertainty was based around the cost of testing and test accuracy.

Based on these searches, it is clear that further exploration of this question, including de-
novo modelling, would be appropriate. Sufficient prior evidence with regard to the entirety of
the decision problem and/or UK populations upon which to base decision making, clearly
does not exist, especially given discrepancies in the conclusions of the studies presented.
Of these studies, only Gavan (2017) could be considered to be of sufficient quality.
However, we found no evidence with regard to either the use of test kits for certolizumab
pegol or golimumab treatments, and no studies were identified evaluating IDKmonitor ELISA
kits, LISA-TRACKER ELISA kits, RIDASCREEN ELISA kits or MabTrack ELISA kits.

3.6 Conclusions

The results of the cost-effectiveness systematic review conducted in this study indicate
limited evidence on the cost-effectiveness of therapeutic drug monitoring in people with RA.
Despite a comprehensive search of the literature, only five studies have been identified. Two
(out of five) TNF testing kits from the NICE scope (Promonitor and Sanquin) and three (out
of five) TNF inhibitors (ADL, ETN, and IFX) have been assessed in the selected studies.

Two out of five identified studies were reported in abstract format only and therefore limited

detail was reported.
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4 Independent economic assessment

4.1 Methods

4.1.1 {Summary of avgailable eviden
A systematiCiseview @ [ Insﬁo@d @ @n ble 38
provide ove f those tu necrosi or- a (TNF=q) tr ent enzyme

linked immunosorbent assay (ELISA) kits from the NICE scope which were considered in the

studies identified in the cost-effectiveness systematic review.

A systematic review of clinical effectiveness evidence was conducted (refer to Section 2).
Table 39 summarises whicWatiogr eLISA kits were used in the
included studies.

Table 39: Clinical-effectiveness evidence relevant to specific combinations of TNF-a
inhibitors and test kits from the NICE scope

SCREEN Sanquin*

ADL drug X %
antib X v?

ETN drug v’5 X X V2
antibody v’e X X V2

IFX drug V7 X4 X X V'8
antibody X X X X V8

GLM drug X X X X
antibody X X X

Crz drug X X
antibody X

Key:

X Indicates availability of a test to measure drug or antibody level in people treated with the specified TNF inhibitor and that no
studies have been identified in the clinical-effectiveness systematic review, reporting on using TDM for the specified test kit and
TNF inhibitor

¥ Indicates availability of a test to measure drug or antibody level in people treated with the specified TNFi and that at least one
source for the specified combination of the test kit and TNF inhibitor has been identified in the clinical-effectiveness systematic
review.

ADL: adalimumab; CTZ: certlizumab pegol; ETN: etanercept; GLM: golimumab; IFX: infliximab; TDM: therapeutic drug
monitoring; TNF-a: tumour necrosis factor-alpha

Notes:

* The type of Sanquin test kits used in these studies (MabTrack or those used by Sanquin Diagnostic Services) was not
reported.

" Arango and colleagues 2017, Ucar and colleagues 2017 and Gorostiza and colleagues 2016; Chen and colleagues 2016;
Inciarte-Mundo and colleagues 2016, Rosas and colleagues 2013 and Senabre Gallego and colleagues 2017

2 Paredes and colleagues 2015, Paredes and colleagues 2016 and Pascual-Salcedo and colleagues 2013

3 Arango and colleagues 2017, Ucar and colleagues 2017 and Gorostiza and colleagues 2016; Chen and colleagues 2016,
Rosas and colleagues 2013

4 Indicates that a test for total anti-drug antibodies is also available (total anti-drug antibodies include both unbound, i.e. free,
antibodies and those bound to TNF-a inhibitor)

5 Inciarte-Mundo and colleagues 2016, Rosas and colleagues 2013, and Senabre Gallego and colleagues 2017
8 Rosas and colleagues 2013
7 Inciarte-Mundo and colleagues 2016
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8 Lopez-Casla and colleagues 2013, Paredes and colleagues 2015 and Paredes and colleagues 2016

As sho
TRAC

Sanquin test kits, the type of kits was not reported. For two drugs from the NICE scope,

golimumab (GLM) and certolizumab pegol (CTZ), no studies were found that investigated

the use of therapeutic drug monitoring (TDM) in people with RA treated with TNF-a
inhibitors. In those studies where antibo tin C ted, the type of testing (reflex
or concurrent testing) was Aetfeperted. t&@ness systematic review, no
studies reporting on the use of ELISA tes inp ewl A receiving biosimilar products
were identified.

All of the included s

included people in rémission i ivity

xcept that reported by Lopez-Casla and colleagues (2013)52

opez-Casla and

colleagues (2013)%2|gonsidergd a mixe ation of pepple wit omprised of primary
and secondary non-responders who had developed clinical inefficacy to infliximab (IFX)
(refer to Section 2.3.3 for further details).

In two out of eight studies the study populations were mixed, with 37% of people with RA in
the INGEBIO study and 49% in Pascual-Salcedo and colleagues (2013).%° Moreover,
populations considered in the selected studies were relatively small, with the only exception
being the INGEBIO study which had a (mixed disease) population including 169 participants
(Section 2.3.2.1).

In the INGEBIO STUDY which compared test vs. no-test treatment strategies (Section
2.3.3.1), physicians were not obliged to follow any therapeutic algorithm based on TDM
results but could use testing to alter doses based on their clinical judgement in participants
from the intervention arm. The study was conducted in Spain. The longest follow-up of 18
months was reported by Arango and colleagues (2017)."> Some of the clinical outcomes are

shown in Table 40.

Table 40: Clinical outcomes and follow-up period from Ucar and colleagues (2017) and
Arango and colleagues (2017)

Outcome Ucar and Ucar and Arango and Arango and
colleagues colleagues colleagues colleagues
2017 2017 2017 2017
Intervention Control arm Intervention Control arm
arm arm

Proportion of patients with tapered dose, 35.8% 36.7% 35.7% 34.6%

%
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Outcome Ucar and Ucar and Arango and Arango and
colleagues colleagues colleagues colleagues

2017 2017 2017 2017
Intervention Control arm Intervention Control arm
arm arm

Rate of flares per patient-year 0.463" 0.639" 0.463" 0.639'

Mean duration of remission/LDA, days 475.2

544.6

though these sources reported ouf€omes for dn‘ferent foIIow -up perlods)
Source: Ucar and colleagues (2017)"" and Arango and colleagues (2017)®

The authors reported the mean cost of adalimumab (ADL) treatment per patient-year, and

mean quality-adjusted life years (QALYs accrued over the observed
|
period in the intervention and control arms. Sinceithest was reported in the abstract form

only, it was not clear how the mean QALY's were estimated.

4.1.1.1 Search for additional effectiveness evidence

Due to the lack of ra d controlled trial ( ) evidence on the effectiveness of the
tests that are define ttrf ﬁ s tetcj;e ew|of the literature was
conducted to identif luat or anti-TNF-a treatment in
people with RA. The aim of this search was to identify any evidence on the effectiveness of

any strategies of treatment monitoring that could be used to inform scenario analyses for the
modelling.

Searches were carried out in MEDLINE, MEDLINE In-Process, Embase, The Cochrane
Library and Web of Science. Searches were limited to RCTs and carried out in October

2018. The search strategy is provided in A3.2.

A total of 1,418 hits were identified and independently screened by two reviewers versus the

inclusion criteria shown in Table 41. No relevant papers were identified.

Table 41: Inclusion criteria

Criteria Specification

Population As for the clinical-effectiveness systematic review (see Section 2.2.1.1)

Interventions Any test outside of the scope for monitoring patients receiving TNF-a inhibitors
(ADL, ETN, IFX, CTZ, GLM).

Comparator Current practice (i.e. no testing)

Outcomes As for the clinical-effectiveness systematic review (see Section 2.2.1.4)
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Criteria Specification

Study design RCT

Key: ADL: adalimumab; CTZ: certolizumab pegol; ETN: etanercept; GLM: golimumab; IFX: infliximab; RCT: randomised
controlled trial

4.1.2 Choice of modelling approach

The choice of the modelling approach in this assessment was primarily driven by the
availability and quality of the evidence identified in the clinical-effectiveness systematic
review (refer to Section 2). Other factors influencing the choice of approach included: the
multifactorial nature of decisions to adjust treatments in people with RA,%° and the recent
changes in the biologics market, which contributed to the uncertainty in the prices of the

various biologics and their uptake within the UK (Section 4.1.9.1.3).

A simplified modelling approach, a threshold analysis, was therefore chosen to address the
decision problem. Although not a formal cost-effectiveness study, this approach allowed the
estimation of the cost of TNF testing, at which the test-based treatment has zero net
monetary benefit (NMB), while taking into consideration the major components of differential
costs and QALYs.

NMB represents the value of an intervention in monetary terms when a willingness-to-pay
(WTP) threshold for a unit of benefit (e.g. QALY) is known. NMB is estimated by first
assuming a WTP threshold (e.g. £20,000 or £30,000 per QALY) and then calculating thse
NMB as follows:

incremental benefit x threshold — incremental cost,

where incremental cost and incremental benefit represent differential costs and QALYs

for the health technologies under consideration.

The differential costs of drug acquisition, drug administration, and disease management
were considered; the latter comprised the costs of managing flares and adverse events
(AEs), and the costs associated with managing different health states. QALYs were
estimated from the rates of flares and AES, and the duration of remission in the intervention

and control arms. Refer to Section 4.1.4 for further details on the modelling approach.

In addition to the threshold analysis, incremental cost-effectiveness ratios (ICERs) were
estimated using the list prices of the originator products and their biosimilars (Table 50)
assuming similar clinical effectiveness across the TNF-inhibitors and similar performance of

the Promonitor test kits used for measuring the drug and antibody levels of the TNF
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inhibitors. Estimates of the cost of testing were based on Jani and colleagues (2016)> and
clinical advice. Clinical outcomes from the INGEBIO study were utilised in all of the

analyses.

4.1.3 Analyses

4.1.3.1 Patients in remission/low disease activity

The clinical and economic effect of ADL tapering in people with RA in remission/LDA was
evaluated in the INGEBIO study (Arango and colleagues 2017, Ucar and colleagues 2017
and Gorostiza and colleagues 2016),""1%64 with the longest follow-up reported in Arango and
colleagues 2017 (530.8 and 544.6 days, on average, in the intervention and control arms,
respectively). In this study, ELISA testing of drug and anti-drug antibody levels was
compared against usual practice of clinically driven monitoring alone. Arango and colleagues
(2017) reported improved HRQoL (EQ-5D-5L) and lower average cost of Humira® per
patient-year in the intervention group. Of note, the between-arm difference of -0.176 in the
rate of flares per patient-year was not statistically significant (95% confidence interval [CI]: -
0.379 to 0.0289) (Arango and colleagues 2017);"® flare was defined as an increase in
DAS28 >1.2, or an increase in DAS28 >0.6 if the current DAS28 >3.2.¢7

The INGEBIO study included a mixed population of 169 people treated with ADL for RA,
psoriatic arthritis (PsA) and ankylosing spondylitis (AS). A total of 63 people with RA (30 in
the intervention group and 33 in the control group), which constituted 37% of the total study
population." ADL frequency was adjusted based on physician criteria (i.e. physicians were
not required to follow any therapeutic algorithm based on TDM results but could use tests to
alter doses based on their clinical judgement). Drug and antibody levels were measured
using Promonitor test kits (Table 12). See Section 2.3.3.1 for a detailed description of the

study.

The clinical outcomes reported in Ucar and colleagues (2017)"" (Table 40) were
incorporated in this economic analysis in order to evaluate the cost of drug and antibody
testing, at which the addition of ELISA testing to usual clinical practice would result in zero
NMB. Importantly, Ucar and colleagues (2017)"" reported clinical outcomes for a slightly
shorter follow-up period compared with Arango and colleagues (2017)'® (Table 40).
However, these outcomes were based on the intention-to-treat (ITT) population while the
estimates reported in Arango and colleagues (2017)' did not include 19 participants lost to
follow-up. It may be argued that, because participants lost to follow-up often have a different
prognosis than those who complete the study, excluding such participants may bias the

results. Importantly, estimates from Ucar and colleagues (2017)'" were directly applied in the

Page 144 of 425



analysis as quantitative synthesis of evidence related to people in remission/LDA identified

in the

Lo 42
i osts

-effectiveness systematic review, was not possible (Sgction 2.2.5).

bios rs were

(Table 50), the annual acquisition cost was varied from £1,000 to £9,180 per patient-year in

the threshold analysis. The latter represents the annual cost of Humira® assuming the dose

of 40 mg every two weeks delivered by subcutaneous injection using a pre-filled pen and the
NHS indicative price from the British Na$ e e (Table 50).
The other major assumptions were as follows tails in ADL dose tapering is

implemented by increasing the interval between doses from two to three weeks (i.e. by

spacing doses).

Dose is tape rt of simulation.
Some peopl mayflar aft theldose o ibitors (Bykerk and

colleagues, 2016).
The full dose of ADL is restored in all people on tapered doses when they flare.
Treatment wastage is £370 per patient-year in people on full dose; it is reduced
proportionally to the reduction in treatment dose.
ADL is self-administered (usually at home), and, therefore, the administration cost is
zero.
The costs associated with flare management are:

o £423 per flare for diagnostic investigations

o £68 per month for treatment (excluding the cost of DMARDSs)
The annual per-patient costs of managing remission and LDA/active disease health
states are £11,409 and £18,889 respectively.
The cost of managing an AE is £1,622.
The utilities for remission and LDA/active disease health states are 0.717 and 0.586,
respectively.
The disutility of flare is 0.140.
The duration of flare is seven days.
The rates of AEs in people on full and tapered doses are 3/100 and 2/100 patient-
years, respectively.
The duration of AE is 28 days.

The time horizon is defined by the follow-up in Ucar and colleagues (2017).

Table 42:
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e ADL dose tapering is implemented by increasing the interval between doses from two
e weeks (i.e. by spacing doses).

Stipersecec

colleagues, 2016
e The full dose of ADL is restored in all people on tapered doses when they flare.

o Treatment wastage is £370 per patient-year in people on full dose; it is reduced

proportionally to the reduction in e e.
e ADL is self-administere@q@sually , ,@re, the administration cost is

zero.
e The costs associated with flare management are:
o £423 per flare for diagnostic investigations
o £68 h for treatment (excléding the cost of DMARDSs)
e The annual nstan r(jtsjn mctive disease health
states are £ nd £18,88 ti
e The cost of managing an AE is £1,622.
e The utilities for remission and LDA/active disease health states are 0.717 and 0.586,
respectively.
e The disutility of flare is 0.140.
e The duration of flare is seven days.
e The rates of AEs in people on full and tapered doses are 3/100 and 2/100 patient-
years, respectively.

e The duration of AE is 28 days.

e The time horizon is defined by the follow-up in Ucar and colleagues (2017).

Table 42: Model assumptions in the analyses with people in remission/low disease
activity

Assumption Estimate Source Relevant table/
sections in the
report

Dose tapering Spacing: from 40 1st dose reduction in the Section 4.1.9.1.5

strategy mg of ADL every 2  Exeter biologic clinic

weeks to 40 mg recommendations
every 3 weeks (Appendix 5)

Proportion of patients on tapered dose:
Intervention 35.8% Table 40

Control 36.7% Table 40
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Assumption Estimate Source Relevant table/
sections in the
report

Proportion of flared 100% Exeter biologic clinic Appendix 5

patients in whom the recommendations

Control 329 Table 40
Mean follow-up 505 As in the control arm Table 40
(days) (Ucar and colleagues,

017
Acquisition costs (per patient=yean)s Hum
Full dose’ £9,187 NF Section 4.1.9.1.3
Tapered dose £6,125 BNF, Exeter biologic clinic Appendix 5
recommendations

Flared patients?

Treatment wastage
on full dose

Appendix 5

Section 4.1.9.1.6

(per patient-year)

Administration cost £0 Clinical advice Section 4.1.9.1.7
for Humira® (ADL)

(per patient-year)?

Cost of flare £423/per flare Cost of diagnostic Section 4.1.9.1.19
management 3 4 investigations (Maravic

and colleagues, 20054)

£68/month Monthly cost of treatment
(excluding DMARDSs)
(Maravic and colleagues,
2005%)

Section 4.1.9.1.19

Cost of managing health states (per patient-year) °

Remission £11,409 Barbieri and colleagues
(2005),5 Radner and
colleagues (2014),8

Section 4.1.9.1.16

LDA/active disease ~ £18,889 National Schedule of Section 4.1.9.1.16
Reference Costs 2017-
187
Cost of managing £1,6226 TA3758 Section 4.1.9.1.20
AEs (per infection)
Utilities
Remission 0.717 Estimated from HAQ Section 4.1.9.2.1

scores for different HAQ
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Assumption Estimate Source Relevant table/
sections in the
report

LDA/active disease 0.5867 bands reported by Radner Section 4.1.9.2.1
and colleagues (2014)8

Disulfility of Hlar 1 se olle jon 4,19 2.2

59

Disutili e TA37 ong’a cti 3

colleagues 3)10
Flare rate

Intervention 0.463 Ucar and colleagues Section 4.1.8.1.1
2017

Control 0.639 Section 4.1.8.1.1

|

Mean time to first flare (days)

Derived from Kaplan- Section 4.1.8.1.3
Meier estimates (from the

INGEBIO study) of time to

first fléare, provided by
rson i
epte

Section 4.1.8.1.3

TA3758 Section 4.1.8.1.2

Intervention 208.07
Control 189.32
Flare duration (days)® 7
Rate of AEs
Patients on full ADL  3/100 patient-years
dose

2/100 patient-
years?®

Patients on reduced
ADL dose

Senabre Gallego and Section 4.1.8.2.1

colleagues (2017)2

Singh and colleagues Section 4.1.8.2.1

(2015)13
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Assumption Estimate Source Relevant table/
sections in the
report

Duration of AE (days) 28 TA375,8 Oppong and Section 4.1.8.2.2
colleagues (2013)10

: i ab AE: adverse event BNF Brltlsh national Formulary, HAQ: health as ssment questlonnalr HAD
high disea ivity; : m@derate
arthritis; RCTS? mijzed c Io
Notes:
" Assuming eks{by#stbcuta ion u e-fil rice

2The mean time to flrst flare was estimated from addltlonal evidence (Kaplan-| Meler curves for t|me to first flare) from the
INGEBIO study provided by Ucar and colleagues (2007)" (poster, personal communication).

3 The estimates were derived from the costs of managing a flare in a hypothetical person with a 10-year history of RA in the
French setting. The costs were converted to pound sterling based on PPP and inflated to 2017-18 prices using the healthcare
price index (Section 4.1.9.1.1).

4 The estimates from Maravic and colleagues (2005)* do not include the cost of rheumatology appointments.

5 The costs of managing health states were included by i.e. ning an annual cost to mutually
exclusive HAQ intervals.

8 The estimate of £1,479 per patient-yem sourc$e 7@ using the healthcare price index
(Section 4.1.9.1.11).

" The estimate was computed from a weighted average HAQ score for the LDA, MDA, HDA health states reported by Radner

and colleagues (2014)8 and mapped to EQ-5D values following Malottki and colleagues (2011)" (Section 4.1.9.2.1).

8 This estimate was used for calculation of QALYs only since it was assumed that the ADL dose in people with flares is
switched back to the full dose indefinitely.

9 Based on OR=1.31 for standard-dose biologics in people with RA reported by Singh and colleagues (2015)." The OR
estimate was obtained in a B twork meta-analysis (using lbmomlal likelihood model) of 11 publlshed RCTs

(n=4,788) to assess the risk of serious |nfitrs rléo rienci m

Of note, in the primary analysis, QALYs were estimated based on heath-state utilities as well
as disutilities of flares and AEs. It was assumed (based on Smolen and colleagues, 2017,7°)
that people in any health state (i.e. in remission, LDA and active disease) can experience
flares (Section 4.1.8.1). Utilities for the mixed disease population in the INGEBIO study were
assumed to be the same as those for the population of people with RA only since no
evidence on HRQoL directly relevant to the population considered in INGEBIO has been
identified.

When modelling the effect of AEs on HRQoL and costs, the Assessment Group (AG)
adopted the approach used in TA375 - it was assumed that only serious adverse events
(serious infections in particular) would carry a significant cost and disutility burden (p. 381,

TA3758). This was supported by the opinion of our clinical experts.

Mortality associated with RA was not modelled and no discounting was applied to the costs

and outcomes due to the short-term time horizon of about 18 months.

4.1.3.2 Primary and secondary non-responders

The only study identified in the clinical-effectiveness systematic review which considered
non-responders to TNF-a inhibitors (Lopez-Casla and colleagues 2013)% was a prospective

cohort study conducted in Spain to assess whether increasing infliximab (IFX) dose was an
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effective therapeutic option (refer to Section 2.3). The study included 36 people with RA (23

prima 3 secondary non- responders) who had developed cligical meffrcacyt IFX and
in who dofe in¢red 3
Servidgs we d Q

This study did not compare a test-based treatment strategy with standard clinical practice. It

was also considered low quality as it was a refrospective observational study judged to be at

a moderate risk of bias due to missing data or confounding factors, with a relatively small

number of patients (refer to Section 2.3.6(4). 4 reSultfdatayreported by Lopez-Casla and
|

colleagues (2013)%2 did not serve as thegpas) f& thegecdnomic analysis considering non-

responders.

Due to the lack of relevant data identified in the systematic review of clinical effectiveness,

the cost-effectivene F-testing in non-resgbnders could not be evaluated.
4.1.4 Modelstru I I a

The cost of TNF testing, under which the treatment strategy based on test results and
clinical judgement has zero NMB, was estimated in the following way:
Total cost of testing = ICER threshold * AQALYs — ACosts,

where Total cost of testing was comprised of the cost of the expected resource use and
costs associated with testing patient samples to monitor drug trough and anti-drug antibody
levels (refer to Section 4.1.9.1.8); and, ICER threshold represents the NICE cost-
effectiveness threshold of either £20,000 per QALY or £30,000 per QALY gained. Threshold
analyses were conducted for both thresholds.

The costs incurred in each arm were estimated as follows:

Costs = acquisition cost + administration costs + cost of managing health states

+ cost of managing flares + costs of managing adverse events

QALYs were derived as follows:

QALYs = duration of remission * utility score for remission
+ duration of active disease * utility score for active disease
— average duration of flare * rate of flare * disutility of flare

—average duration of adverse event x rate of adverse event * disutility of adverse event
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Based on Gavan (2017),* Figure 8 shows a graphical illustration of the cost and QALY
profile depending on whether the dose is tapered or not. The figure shows changes in the

acquisition cost and QALY's due to flares over time. Note that, for the sake of clarity, the

other dmporients ofgh co d nsj di n is, ar epicted
here.
S

Figure 8: Acquisition ts and QALY change in tapered and non-tapered patients
due to flare

(a) Tapered patients (b) Non-tapered patients
Acquisition cost profile
—
full dose
E _________________
© (o)
Ee 1-(p)
t 1
QALY profile’
5 a
3
Q-gr
to t tz to

Notes:

(t1—toyis the time on tapered dose; (t>—t1)is the duration of flare; gis the disutility of flare.
*Change in QALYs due to flare

Source: Based on Gavan (2017)%

In this scenario, all patients had their drug levels tested at (fo), and in some patients the dose
was tapered (Figure 8 (a)). A proportion (p) of patients on tapered doses were assumed to
flare at (t/), which prompted treatment to revert to its original dose. In those patients who
flared the disutility of flare, qr, was applied for the duration of flare, (f2—t;). In non-tapered
patients (Figure 8 (b)), the acquisition cost was based on the cost of the full dose of
adalimumab. It was assumed that these people do not experience flares.
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The impact of flares on costs and QALYs used by Gavan (as shown on Figure 8) was used
in the model. It was also assumed (based on Smolen and colleagues, 20177°) that flares

could occur in any health state (i.e. in remission, LDA and active disease) (Section 4.1.8.1).

= ~Superseded

characteristics of participantsiincluded in the INGEBIO study, used for model
parameterisation, along with the characteristics of people with RA, responding to biologics,

from the British Society for Rheumatology Biologics Register (BSRBR).

Table 43: Patient baseline characteristics
E—
Study #RA Age % females D reoncomltant Disease
patients duration, istory treatments state
years
INGEBIO Mixed 53.6" 42% Median=10 NR MTX2-76.7% 77% people
pop' in
remission,
people 23% LDA
with RA (at baseline)
of total
169
participan
ts
BSRBR data 10,186 56 76.3% Mean=13 Mean=3.90 NR* 30.6% —
for (years at  (previous good
responders? the time of DMARDS) responders
initiation of
1st
biologic)

Key: BSRBR: British Society for Rheumatology Biologics Register; DMARDs: disease modifying anti-rheumatic drugs; LDA: low
disease activity; MTX: methotrexate; NR: not reported; RA: rheumatoid arthritis; TNF: tumour necrosis factor

Notes:
" Weighted average across treatment arms

2 patients concurrently receiving anti-inflammatories or MTX are more likely to respond to anti-TNF (Dennison and colleagues,
2016)""

3 Table 189 (TA375,8 p.367). Of note, as stated in the source, the BSRBR database contained a very small number of MTX-
naive patients at the time the analysis was performed.

4 As stated in TA375,% (p. 354) the BSRBR database contains a very small number of MTX-naive patients.

Subgroups

People with RA can be grouped according to three clinical scenarios: primary non-response,
secondary non-response and remission. However, with regards to particular characteristics,
there are no subgroups for which the tests are expected to significantly vary. Therefore, no

subgroups were considered in this assessment.
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4.1.6 Interventions and comparators

Due to the paucity of data, not all test kits specified in the NICE scope could be evaluated in
this economic analysis. In particular, no economic analysis relevant to IDKmonitor ELISA
kits, LISA-TRACKER ELISA kits, RIDASCREEN ELISA kits and MabTrack ELISA kits was
conducted. The only test kits considered were Promonitor kits for measuring ADL trough and
antibody levels (Table 39).

The comparator was standard care where treatment decisions were based on clinical

judgements and other measures (such as DAS28), i.e. without the use of TDM.

4.1.7 Perspective, time horizon and discounting

The costs and resource use in this analysis were considered from the perspective of the

NHS and Personal Social Services.”

The time horizon was 18 months as defined by the observational period in the INGEBIO

study.

Cost and health outcomes were not extrapolated into the future as, due to the lack of long-
term evidence, external validation of extrapolated outcomes was not feasible. Therefore, no

discounting was applied to estimated costs and QALYs.

4.1.8 Considerations in the development of the independent economic assessment

4.1.8.1 Flares

The concept of flare remains challenging to understand as there are no generally recognised
definitions of or well-validated measures for flare in RA (Bykerk and colleagues, 20141).
Nevertheless patients, clinicians and scientists commonly resort to this term referring to
episodes of worsening disease activity which includes a range of symptoms of different

duration and magnitude (Bingham and colleagues, 20093%).

Three studies included in the clinical-effectiveness systematic review reported a definition of
flare: all used DAS28 >3.2 (refer to Section 2.3.2.1). In the INGEBIO study, a disease flare
was defined as an increase in DAS28 >1.2, or an increase in DAS28 >0.6 if the current
DAS28 23.2. This followed criteria validated by van der Maas and colleagues (2013) (this

information was provided by the authors on request by the AG).

The AG is aware of several RA flare criteria, which have been used in clinical research. For
instance, Van der Maas and colleagues, 2013 identified six previously published DAS28-

based flare criteria and Markusse and colleagues (2015)° reported three criteria (Table 44).
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Table 44: The definition of flares from Maas and colleagues (2013) and Markusse and
colleagues (2015)

Type DAS28
current previous increase
Van der Maas and colleagues (2013)%”
1 any NA >1.2
>51 NA >0.6
2 any NA >1.2
>3.2 NA >0.6
3 any NA >0.6
>3.2 NA any
4 any NA >1.2
5 >3.2 NA any
6 >2.6 NA any

Markusse and colleagues (2015)°

A >24 any 20.6
Minor B >24 <24 <0.6
Major B * >24 <24 20.6

Key: DAS28: disease activity score in 28 joints; NA, not applicable

Smolen and colleagues (2017)® compared people with RA treated with ETN, recruited in the
PRESERVE trial, who did or did not have flares. In the trial, flare was defined as either loss
of LDA with/without DAS28 change of 0.6 or relapse (DAS28 >5.1 or DAS28 >3.2 at 22 time

points).

The variation in flare criteria reported in the literature was confirmed by the clinical advisors

to be consistent with clinical practice.

4.1.8.1.1 Rate of flares

Annual per patient rates of flares in the intervention and control groups were reported in
Ucar and colleagues (2017)"" and Arango and colleagues (2017), (refer to Table 40 and
Section 2.3.3.1). These estimates were used in the primary and scenario analyses,

respectively.

4.1.8.1.2 Duration of flare

There is a substantial heterogeneity in the duration of flare. Dr Meghna Jani advised that

flare may last from two to three days up to two to three months depending on severity.

The duration of flares was estimated in the dynamic cohort Brigham RA Sequential Study
(BRASS), which included 1,105 people with established RA who had received usual care at
the Brigham and Women'’s Hospital in Boston, US (Bykerk and colleagues, 2014'%) (Table
45).
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Table 45: Flare duration in the BRASS study

Estimates
Duration, days <7 7-13 214
Proportion of patients, % 57% 14% 30%

Key: BRASS: Brigham RA Sequential Study
Source: Bykerk and colleagues, 2014

The estimate of seven days was adopted in the primary analysis. This was consistent with
the estimate used in TA375.%° In a scenario analysis, the effect on the results of a longer

duration of flare, 19 days, was examined. This estimate was a weighted average of data

reportedsimthe BRASS study'® (Table 45), and the estimates provided by Dr Meghma Jani.
~oHberseded
Arango and colleagues 20717)'® and Ucar and colleagues (2017)"" reported median time to
first flare observed in the intervention and control arms of the INGEBIO trial. However,

according to the NICE Guide to the Methods of Technology Appraisal,’”® mean estimates

should be utilised in economic analyses of health interventions.

The mean estimates for th(mmion$o ro were derived from Kaplan-Meier
(KM) curves for the time to first flare estimated in the INGEBIO study and reported in an
additional source (a poster presentation) provided by Ucar and colleagues(2007)"" (provided

to the AG on request in September, 2018) by using the area under the curve (AUC)

approach. The KM s were available for 800 days (Figure 9), and were extrapolated
for the duration of f reported in nd colleag 2017)""|(Table 40) and Arango
and colleagues (20 ble 40): Si p i offparticipants on tapered dose in

the intervention and control groups levelled at around 240 days after dose tapering, it was
assumed that these proportions remained the same until the end of the observational
periods in Ucar and colleagues (2017)"" and Arango and colleagues (2017)'® (i.e. no
parametric model fitting was performed). Estimates of the mean time to first flare are shown
in Table 46.
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Figure 9: Kaplan-Meier estimates from INGEBIO study
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Key: BDM: biologic drug monitoring

Table 46: Mean time to first flare (days)

l [ |
150 200 250

300

Intervention

Control

Primary analysis (Ucar and colleagues
2017)"

Scenario analysis (Arango and colleagues
2017)1%

208.07

189.32

4.1.8.2 Serious adverse events

When modelling the effect of AEs on patients’ HRQoL and costs, the AG adopted the

approach used in TA375 — it was assumed that only serious adverse events (serious

infections in particular) would carry a significant cost and disutility burden (p. 381, TA375%).

This assumption was considered appropriate in the opinion of the AG’s clinical advisors.

4.1.8.2.1 Rate of serious adverse events

One study includedin the clinical-effectiveness systematic review, Senabre Gallego and

colleagues (2017)," reporting AEs of anti-TNF therapies such as infections. This study

recruited 39 people with RA who had achieved remission. The finding showed that one
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participant (3%) had septic arthritis (serious infectious arthritis) associated with anti-TNF

therapies (ADL or ETN) in the one-year follow-up period (Table 47).

Since the identified evidence was limited, additional searches were conducted to identify
published estimates of the rate of serious infection in people with RA treated with biologics.
Data reported by Lahiri and colleagues (2015),”® indicated a time-dependent increase in the
risk of serious infections, with the maximum risk within the first six months of therapy and a
gradual decline thereafter. This time-dependent decrease in risk can be attributed both to
‘depletion of susceptibles’ (i.e. high-risk participants dropping out of the anti-TNF cohort due
to death, stopping therapy or loss to follow-up), accounting for two-thirds of the observed
difference, and to improvement in the inherent infection risk by an improvement in the
functional status and a decrease in the dose of glucocorticoid (GC). Consultation with clinical
advisors confirmed that serious infections in people with RA from the population of interest

are relatively rare.

According to Bruce at al. (2016),% the risk of pneumocystis jirovecii pneumonia (PJP) in
people with RA from the BSRBR register, treated with TNF-a inhibitors, was low, with an
incident rate of 2.0/10 000 person-years follow-up (95% CI 1.2 to 3.3) (Table 47).

The rate of tuberculosis in people with RA from the BSRBR register treated with anti-TNF
therapy, estimated by Dixon and colleagues (2010),%" was higher for ADL (144 events/100
000 person-years) and IFX (136/100 000 person-years) when compared to ETN (39/100 000
person-years) (Table 47).

The rate of serious adverse events reported in Burmester and colleagues (2017)% was 4.7
per 100 patient-years (Table 47). This estimate was derived from 15,132 people with RA
exposed to ADL in 28 global clinical trials. A serious adverse event was defined as fatal or
immediately life-threatening; requiring hospitalisation or prolonged hospitalisation; resulting
in persistent or significant disability/incapacity, congenital anomaly or requiring medical or
surgical intervention to prevent a serious outcome. Baseline characteristics of participants
considered in this study were as follows: mean age of 53.5 years, 78.8% female, a mean
disease duration of 9.1 years, and 16.5% and 10.9% of people on treatment for >2 years

and >5 years, respectively.

The rate of serious infections adopted in TA375,°° 35 per 1,000 patients, was based on
Singh and colleagues (2011).8 It was assumed that the rate of serious infections was
independent of the biological DMARDs (bDMARDSs) used (i.e. all biologic therapies were

assumed to have similar safety profiles). A sensitivity analysis was conducted setting the risk
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of AEs for ETN, ADL, and IFX to 0.03767, 0.04075 and 0.04075, respectively, based on the
Galloway BSRBR data (data were not available for other biologics from this BSRBR

analysis).

Table 47: Serious adverse events in RA patients treated with anti-TNF inhibitors

Source Type of serious Population Estimate
infections
Singh and Serious infection mostly 4,788 anti-TNF-experienced people  19/1000
colleagues included infections with RA recruited to 11 RCTs during
(2015)13 (a associated with death, 2005-2013, with mean RA duration
systematic hospitalisation, or the of 10.8 years
review) use of intravenous
antibiotics.
TA375 (based Serious infections Adults (aged 16 years or older) with  35/1000
on a systematic  included opportunistic any disease (except HIV/
review by Singh infections as well as AIDS) included in studies of any of

and colleagues,
201183)

Senabre
Gallego 201712

Dixon and
colleagues
(2010)87

Bruce at al.
(2016)80

Burmester and
colleagues
(2017)82

bacterial infections in
most studies.

Septic arthritis

Tuberculosis

Pneumocystis jirovecii
pneumonia

Serious adverse event
(defined as fatal or
immediately life-
threatening; required
hospitalisation or
prolonged

hospitalisation; resulted

in persistent or
significant
disability/incapacity,

the nine biologics (abatacept

(Orencia®), adalimumab (Humira®),

anakinra (Kineret®), certolizumab
pegol (Cimzia®), etanercept
(Enbrel®), golimumab (Simponi®),
infliximab (Remicade®), rituximab
(Rituxan or Mabthera®) and

tocilizumab (Actmera®))

39 people in clinical remission

People with RA from the BSRBR
register, treated with ADL, ETN or
IFX

People with RA from the BSRBR
register, treated with anti-TNF
ihibitors

15,132 people with RA exposed to
ADL in 28 global clinical trials

1 patients (out
of 39)
discontinued
treatment due
to the AE
(study FU —
12 months)

ADL - 144/100
000 pyrs,

ETN - 39/100

000 pyrs,

IFX - 136/100

000 pyrs

2.0/10 000
pyrs (95% CI
1.2t0 3.3)

4.7 per 100
pyrs
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Source Type of serious Population Estimate
infections

congenital anomaly or
required medical or
surgical intervention to
prevent a serious

outcome)

Jani and In the HL group: lower People from the BSRBR register Low/normal

colleagues (34%) and upper (16%) (safety data), and the Biologics in DL:

(2018)841 respiratory tract RA Genetics & Genomics Syndicate 54 (95% CI 30
infections, urinary tract (serological samples) to 98)2 per
infections (15%), skin 1000 pyrs;
infections including HL DL: 76
shingles (8%) (95% CI 55 to

104)3

Key: ADL: adalimumab; BSRBR: British Society for Rheumatology Biologics Register; DL: drug level; ETN: etanercept;
HL: high level (of dose); IFX: infliximab; pyrs: person-years; RA: rheumatoid arthritis; TNFi: tumour necrosis factor inhibitor
Notes:

1 TNFi drug levels were measured at 3/6/12 months after biologic initiation and stratified as low/normal or high drug levels as
per thresholds defined using concentration-effect curves for each drug. The risk of first and total infections within the first year
was analysed. Events occurring on drug or within 90 days of last dose were included.

2 Crude rate in patients with low/normal drug level (n=241)
3 Crude rate in patients with high drug level (n=462)

The AE rate for people receiving a full dose of biologics used in the model was 3/100 patient
years as reported in Senabre Gallego and colleagues (2017)."? The odds ratio (OR) reported
by Singh and colleagues (2015)"® (Table 48) was used to estimate the AE rate in tapered
patients, which was 2/100 patient-years. The OR for serious infections in people treated with
low-dose biologics compared to people treated with standard dose biologics (Table 48) were
obtained from a Bayesian network meta-analyses on the risk of serious infections people
with RA; they were 0.71 (95% Crl: 0.5, 1.01) and 0.7 (95% Crl: 0.27,1.68) for consistency

and inconsistency models, respectively.8
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Table 48: Comparison of effect estimates from consistency and inconsistency models
from Singh and colleagues (2015)

Compg Consistency

*

InconS|ste \

Key: Crl: credib
VS.: versus

Note:
* Dias and colleagues (2011; updated April 2014)% NICE technical support document 4.
Source: Appendix 10b, Singh and colleagues (2015)"

4.1.8.2.2 Duration of sefioUs ddvers

In TA375% serious infections were assumed to persist for 28 days. This estimate was

adopted in the primary analysis.

4.1.9 Model pa

e Parameter E r cr)aataj lys m remission/LDA are
shown in A ring is i Ure sing|thefinterval between
doses from two to three weeks (i.e. by spacing doses).

e Dose is tapered in a proportion of people in each arm at the start of simulation.

e Some people may flare after reducing the dose of their TNF inhibitors (Bykerk and
colleagues, 2016).

e The full dose of ADL is restored in all people on tapered doses when they flare.

o Treatment wastage is £370 per patient-year in people on full dose; it is reduced
proportionally to the reduction in treatment dose.

e ADL is self-administered (usually at home), and, therefore, the administration cost is
zero.

e The costs associated with flare management are:

o £423 per flare for diagnostic investigations
o £68 per month for treatment (excluding the cost of DMARDs)

e The annual per-patient costs of managing remission and LDA/active disease health
states are £11,409 and £18,889 respectively.

e The cost of managing an AE is £1,622.

e The utilities for remission and LDA/active disease health states are 0.717 and 0.586,
respectively.

e The disutility of flare is 0.140.

e The duration of flare is seven days.
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¢ The rates of AEs in people on full and tapered doses are 3/100 and 2/100 patient-
years, respectively.

e The duration of AE is 28 days.

e The time horizon is defined by the follow-up in Ucar and colleagues (2017).

Table 42. The derivation of the parameter values is detailed in the following sections.

4.1.9.1 Resources and costs

Costs considered in the economic evaluation included the costs of testing, the costs of
treatments received by people with RA, and healthcare costs. The costs of testing comprised
those of the test kits, staff time to perform test and staff training, the cost of testing service
and sample transport. Costs were obtained from the British National Formulary (BNF),%¢
NHS Reference Costs,” from documents provided by test manufacturers, and published and

unpublished sources.

41.9.1.1 Conversion to GBP

Where conversion from other currencies to GBP was required, IMF purchasing power parity
was used to convert within the year (e.g. from 2010 EUR to 2010 GBP), after which inflation
was applied. The Campbell and Cochrane Economic Methods Group (CCEMG) — EPPI-

Centre Cost Converter was used for the purchasing power parity (PPP) conversion.®’

4.1.9.1.2 Inflation to 2017-18 prices

Unit costs were inflated to 2017-18 prices by inflating to 2015-16 prices using the Hospital
and Community Health Services Pay and Prices Index (Table 49), and then to 2017-18
prices using the average increase in the index for the previous three years (from 2013-14 to

2015-16), with the average rate of 1.1% per annum.

Table 49: Hospital and Community Health Services combined pay and prices inflation
indices

Year Pay and prices (%)
2008-09 3.9
2009-10 0.6
2010-11 3.0
2011-12 2.1
2012-13 1.7
2013-14 1.1
2014-15 0.9
2015-16 1.3

Source: HCHS pay and price inflation, Pay and Price Series - Department of Health®

Page 161 of 425



4.1.9.1.3 Treatment costs

The biological medicines market will increase in complexity over the coming months and
years as more originator biological medicines lose patent exclusivity and additional biosimilar

medicines come to market.8°

The patent for ADL (known by brand name Humira®), expired on 16 October, 2018. New
medications with similar active properties (“biosimilar" versions) will become available in the
NHS in the end of 2018 (Table 10). The following ADL biosimilars have already been

approved for use in the UK but have not yet launched (as of 30 November, 2018):

¢ Amgevita® (Amgen)
e Hulio® (Mylan/Fujifilm Kyowa Kirin)
e Hyrimoz® (Sandoz)

e Imraldi® (Samsung Biogen)

According to Regional Medicines Optimisation Committee Briefing,* at least two further
biosimilars are expected to become available in the UK during 2019: Cyltezo® (from

Boehringer Ingelheim) and the second will be brought to the market by Fresenius Kabi.

The NHS has established a working group to provide oversight of implementing the use of
best-value ADL using a commissioning framework launched in September 2017.%' The
framework, authored by the NHS’ Medicines, Diagnostics, Personalized Medicine Policy
Team, proposes that “at least 90% of new patients be prescribed the best value biological
medicine” within three months of the launch of a biosimilar for a given reference product, and
that 80% of existing patients be prescribed the “best value” medicine within 12 months of a
biosimilar launch” (NHS England. Commissioning framework for biological medicines

[including biosimilar medicines]: Executive Summary, p4).%’

As for the current uptake of biosimilars in the UK, according to the Medicines Optimisation
Dashboard Data published by the NHS England (September 2018 release),® 92% and 85%
of people who were prescribed IFX and ETN, respectively, are taking biosimilars. However,

there are regional variations in the uptake of the different biosimilars.®?

In the Royal Devon and Exeter NHS Foundation Trust people with RA prescribed IFX or
ETN are usually given biosimilars (see Table 10); however, people prescribed golimumab
(GLM) or certolizumab pegol (CTZ) are given the originator products. Biosimilars for ADL
have become available only recently (Dr Rich Haigh, personal communication). In the

Greater Manchester area, the biosimilar Amgevita® is soon to be used in people prescribed
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ADL; for people prescribed IFX biosimilars (Inflectra® and Remsima®) are given; and, a
biosimilar (Benepali®) is used in some some people prescribed ETN (Dr Meghna Jani,

personal communication).

Although the NICE guidance recommends that people with RA patients receive the anti-TNF
treatment with the lowest acquisition and administration costs, in practice other non-cost
factors such as patient characteristics, hospital characteristics and changes in regional

rheumatology clinical guidelines may influence treatment selection (Gavan, 2017).%°

4.1.9.1.4 Drug acquisition costs

isition costs of the TNF-inhibitors, assumed in the cost-utility analyses;were
ingllist pric ce wit E i @ n
oS i r uI (T ):

Table 50: Acquisition costs of biologics

Biologic Dosing regimen Cost per dose Cost per year  Additional cost

in Year 1
ADL 40 mg, every 2
weekS™IR"oh-
Humira®* responsive 4 £9,187.08

patient dose may

Amgevita® be increased to NR
9 40 mg, once
Cyltezo® weekly. NR
Imraldi® R
Solymbic® I I a R
Hyrimoz® NR
Halimatoz® NR
ETN 50 mg, once
weekly
Enbrel®* £178.75 (25 mg/ £9,326.92
0.5 ml)
Benepali/ £164 £8,557.29
Brenzys
Erelzi £160.88 £8,394.23
Lifmior® NR
CTZ Loading dose:
400 mg, at
Cimzia®* Weeks 0, 2, and £357.50 £ 9,326.92 £1,072.502
4. Maintenance
dose: 200 mg

every 2 weeks'
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Biologic Dosing regimen Cost per dose Cost per year  Additional cost

in Year 1
GLM 50 mg once per
month, on the
Simponi®* same date each £762.97 £9,155.644
month.3
IFX 3 mg/kg at Week
0,2 and 4. Then
Remicade®* 3 mg/kg every 8 £419.62 per vial £5,747.48 £1,982.70
weeks.5 (100 mg powder (assuming no
for concentrate wastage),
for solution for £8,210.69
infusion vials), 2 (assuming full
or 3 vials per wastage)
administration
Inflectra® & £377.66 (100 mg £5,172.76 £1,784.44
Remsima®® powder for (assuming no
concentrate for wastage),
solution for £7,389.66
infusion vials) (assuming full
wastage)
Flixa £377.00 (100 mg 63.7 1,781.33
Renfl wder fi ing no S
onc tag
) 78
infusion vials) (assuming fu
wastage)
Zessly® NR
Ixifi®
—
Key: NR: not reported; PAS: patient access scheme
Notes:

* Originator/ reference products

3Body weight up to 100 kg, 50 mg once per month, on the same date each month. Body weight exceeding 100 kg, initially
51f treatment response is in

" Once clinical response is confirmed, 400 mg every four weeks may be considered
2 Assuming no PAS arrangement
50 mg once a month (one t te) for three to four doses, ifftreatment response is inadequate dose may be increased to
100 mg once a month.
“Based on standard dosin or patient Weighing less'than'100

equate after|12 weeks, belihcreased in'1.5mg/kgincrements every eight weeks to a
maximum dose of 7.5 mg/k ight WeeksFAlter te doses may be feéduced, to a minimum dosing
interval of 3 mg/kg every four weeks
8 Cost per year was calculated assuming patient weight of 70 kg (as in TA375%)
The annual costs of ADL, ETN, GLM and CTZ were estimated from the price of solution for
injection pre-filled pens since these biologics are administered subcutaneously and can
therefore be self-administered. Consultation with clinical experts confirmed that all the TNF

inhibitors considered in this study except IFX are usually self-administered by people with
RA at home.
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Consistent with acquisition cost calculations in TA375,%° the cost per annum of IFX was

estimated using average weight of 70 kg.® IFX is administered intravenously (Section

4.1.9.1
ek s & 5 © efﬁ@ﬁ
as the do a'patient™@ccess sch (P rrangement, d

not affect the annual costs presented in Table 50 as these are based on the assumption that

a patient weighs less than 100 kg.

Of note, the acquisition costs of the che available p or each drug are equivalent to
the cost of the cheapest avaitablé™dose, sition costs for the self-
administration route are equivalent to acquisition s for biologics administered during

outpatient visits.

The estimates for th nal acquisition costs for the first year (the last column of Table

50) are presented far informa uséed i yses since the
population in this assessmentiare peo rienced inbiologics.

4.1.9.1.5 Dose tapering

According to EULAR recommendations for the management of RA with synthetic and
bDMARDs,? tapering of bDMARDSs should be considered in people in persistent remission
after having tapered GC, especially if this treatment is combined with a conventional
synthetic DMARD. In this context, tapering means reduction of dose (e.g. reducing
etanercept 50 mg to 25 mg/ week (Smolen and colleagues, 2013%) or extension of interval
between applications, ‘spacing’ (e.g. increasing the interval between ADL injections to 10
days rather than one week as in the Exeter biologic clinic recommendations described in

Appendix 5).

The AG is aware that there is no gold standard on how dose tapering should be performed.
Studies evaluating dose tapering have used different approaches. In clinical practice, dose
tapering varies extensively depending on clinical opinion. For example, according to Exeter
biologic clinic recommendations, when tapering the ADL dose, the dose should be reduced
by one-third to 40 mg every three weeks and further reduced at three months to 40 mg every

four weeks in people with LDA or remission (Appendix 5).

In the primary analysis, the assumption of reducing the dose by one-third (the first dose
reduction in the Exeter biologic clinic recommendations, Appendix 5) was implemented (ADL
dose tapering is implemented by increasing the interval between doses from two to three

weeks (i.e. by spacing doses).
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Dose is tapered in a proportion of people in each arm at the start of simulation.
Some people may flare after reducing the dose of their TNF inhibitors (Bykerk and
colleagues, 2016).
The full dose of ADL is restored in all people on tapered doses when they flare.
Treatment wastage is £370 per patient-year in people on full dose; it is reduced
proportionally to the reduction in treatment dose.
ADL is self-administered (usually at home), and, therefore, the administration cost is
zero.
The costs associated with flare management are:
£423 per flare for diagnostic investigations
£68 per month for treatment (excluding the cost of DMARDSs)
The annual per-patient costs of managing remission and LDA/active disease health
states are £11,409 and £18,889 respectively.
The cost of managing an AE is £1,622.
The utilities for remission and LDA/active disease health states are 0.717 and 0.586,
respectively.
The disutility of flare is 0.140.
The duration of flare is seven days.

o The rates of AEs in people on full and tapered doses are 3/100 and 2/100

patient-years, respectively.
o The duration of AE is 28 days.

o The time horizon is defined by the follow-up in Ucar and colleagues (2017).

Table 42), while the assumption of halving the dose (the second dose reduction) was

explored in a sensitivity analysis (Table 73).

41.9.1.6 Wastage

The dose tapering strategy suggested in the Exeter biologic clinic recommendations

(Appendix 5) is spacing. Therefore, when this tapering strategy is used, there is no wastage

of the self-administered drugs due to partial use of the dose in pre-filled pens. Clinical advice

(Dr Rich Haigh, Royal Devon and Exeter NHS Foundation Trust) indicated that wastage of

IFX due to partial use of vials is usually avoided.

In the primary analyses, however, wastage of £370 per patient-year was incorporated
(ADL dose tapering is implemented by increasing the interval between doses from
two to three weeks (i.e. by spacing doses).

Dose is tapered in a proportion of people in each arm at the start of simulation.
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e Some people may flare after reducing the dose of their TNF inhibitors (Bykerk and
colleagues, 2016).
e The full dose of ADL is restored in all people on tapered doses when they flare.
o Treatment wastage is £370 per patient-year in people on full dose; it is reduced
proportionally to the reduction in treatment dose.
o ADL is self-administered (usually at home), and, therefore, the administration cost is
zero.
e The costs associated with flare management are:
o £423 per flare for diagnostic investigations
o £68 per month for treatment (excluding the cost of DMARDS)
e The annual per-patient costs of managing remission and LDA/active disease health
states are £11,409 and £18,889 respectively.
e The cost of managing an AE is £1,622.
e The utilities for remission and LDA/active disease health states are 0.717 and 0.586,
respectively.
e The disutility of flare is 0.140.
e The duration of flare is seven days.
e The rates of AEs in people on full and tapered doses are 3/100 and 2/100 patient-
years, respectively.
e The duration of AE is 28 days.
e The time horizon is defined by the follow-up in Ucar and colleagues (2017).
Table 42). This estimate was based on a survey conducted at the Royal Devon and Exeter
NHS Foundation Trust (Dr Rich Haigh, personal communication). It was derived from data
from 119 people with RA treated with biologics, and included missed doses and over-supply
(defined as a delivery of treatment even if >4 weeks supply was available at home). It was
assumed that £370 per year was wasted, on average, in people on a full dose of a TNF
inhibitor, while in people on a tapered dose, wastage was reduced proportionally to the
reduction in treatment dose. In scenario analyses for other biologics, the treatment wastage
was assumed to be proportionate to the drug acquisition price. The effect on the outcome of

no wastage was explored in a sensitivity analysis (Table 73).

4.1.9.1.7 Drug administration costs

ADL, ETN, GLM, and CTZ are usually self-administered via subcutaneous injection using a
pre-filled pen. In this scenario, there is no administration cost for delivery. Alternatively,
these drugs may be administered by a district nurse. The average administration cost

assumed in TA3752 (which was based on an estimate reported in TA247%°) was £2.61 (cost
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year 2012). Since this cost is quite low and self-administration of the drugs listed above is
very common, the effect of the assumption that subcutaneous administration of the drugs is

performed by a nurse was not considered in the analyses reported here.

The administration cost for IFX is considerably higher since it is administered intravenously
over a two-hour period. Patients are observed for at least one to two hours post-infusion for
acute infusion-related reactions. Patients may be pre-treated with; e.g. an antihistamine,
hydrocortisone and/or paracetamol and infusion rate may be slowed in order to decrease the
risk of infusion-related reactions especially if infusion-related reactions have occurred

previously.® Clinical advice indicated that IFX is typically administered in outpatient settings.

In the analysis for DG22°" (Table 51), administration cost for IFX was estimated to be
£287.93 per infusion; in a more recent technology appraisal, TA329, the administration cost

was £297 per administration.

Table 51: Administration cost of infliximab

Source Cost per administration Cost year
reported in the source

TA329% £297 2015

DG22% £287.93 2014

Grant Smith (specialist pharmacist, Royal Devon & Exeter NHS Foundation Trust), advised
us that in the NHS Foundation Trust, the cost of IFX administration is based on healthcare
resource groups (HRGs) for Inflammatory Bowel Disease without Interventions, with
Complications and Comorbidities (CC) scores depending on patient type. The relevant
HRGs from the National Schedule of Reference Costs (Year 2017-18)" are shown in Table
52.

Table 52: HRG codes from the National Schedule of Reference Costs — Year 2017-18,
day case

Currency Currency Description Number of National
code FCE's Average Unit
Cost
FDO2E Inflammatory Bowel Disease without Interventions, with 254 £317
CC Score 5+
FDO2F Inflammatory Bowel Disease without Interventions, with 1,496 £287
CC Score 34
FD02G Inflammatory Bowel Disease without Interventions, with 15,187 £282
CC Score 1-2
FDO2H Inflammatory Bowel Disease without Interventions, with 81,985 £283
CC Score 0

Key: FCE: finished consultant episodes
Source: National Schedule of Reference Costs, year 2017-187
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The weighted average administration cost of £283/administration estimated across the unit
costs for the HRG codes presented in Table 52 was adopted in the scenario analysis
considering people with RA treated with IFX (Table 75).

4.1.9.1.8 Cost of testing

The cost of concurrent testing of drug and antibody levels in patients treated with ADL and
tested using Promonitor kits was estimated by Jani and colleagues (2016).5® The study
assumed the NHS perspective for identifying the resource use and cost per patient of
providing anti-TNF inhibitor drug level and ADL antibody (ADAD) testing. Direct medical
costs associated with providing the test were identified. The costs were determined from the
point of a patient established on treatment (for 23 months) presenting to clinic, to the results
being fed back to the clinician to inform a treatment decision (see Section 4.1.9.1.8 for
further details on the cost components). In this study, it was assumed that most hospital
laboratories would have the necessary room requirements and stock standard equipment
required to perform ELISAs, and the following items of resource use were therefore
excluded: equipment costs of centrifuge systems, ELISA readers, pipettes, personal
protective equipment, phlebotomy equipment costs, overhead and capital costs. The mean
cost per patient per test was £152.52 (2015 prices) if 40 samples were tested
simultaneously. The pre-testing phase incurred the highest costs, which included booking an
additional appointment to acquire trough blood samples, which was the key driver of costs
per patient (67% of the total cost); labour accounted for 10% and consumables for 23% of
the total costs. This study was an audit of practice in North West England. Refer to Table 53

and the following sections for further details on the cost components.

Table 53: Resource use and costs of implementing drug level and immunogenicity
testing per patient in a hospital setting (Jani and colleagues, 2016)

Type of resource use Cost

Phase 1: pre-testing

Outpatient appointment for discussion about need for test £2.35
Clerical staff (fo book the appointment and send out a letter to patient) £1.15
Appointment for trough blood levels £102

Phase 2: analysis of samples
Receipt and labelling of samples — central specimen reception £2.22

Data entry of patient information to lab system £2.22
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Type of resource use Cost

Sample preparation — extraction of serum from blood £2.22
Transport, receipt and storage of sample — immunology lab £2.22
Preparation of reagents (wash solution, setting up assay, conjugate) £3.20
ELISA kit £700
Pipette tips for ELISAs £6.00
Semi-deep well plates for ELISAs £2.20
Troughs for ELISAs £1.00
Retrieval of patient/IQC samples from storage £2.13
Checking and sorting samples to match worklist £2.13
Pipetting samples onto ELISA plate £4.26
Pipetting calibrators, IQC samples and incubation of samples £2.13
Washing ELISA plate and addition of conjugate £2.13
Washing ELISA plate and addition of substrate £2.13
Addition of stop solution £1.06
ELISA plate reading and printing of results £2.13
Technical validation involving review of Internal quality control £1.06
Results transcribed to worksheet £1.06
Data entry of results to patient record in lab system £2.13
Transcribed results/data entry reviewed by a second independent biomedical £1.06
scientist

Clinical authorisation using reference range/delta check failure results £2.54
Hardcopy report sent to clinician £2.11

Phase 3: Treatment decision

Interpretation of results by rheumatologist £3.92
Discussion with patient (phone call) £3.47
Letter with results and decision £2.16
Total costs (best case to worst case scenario) £152.52

(£147.68-159.24)

Source: Table 1 in Jani and colleagues (2016)%
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At the Exeter Clinical Laboratory (Royal Devon and Exeter NHS Foundation Trust) which

conducts approximately 80% of testing for monitoring biologics in the UK, the fully recovered

cost of sting (staff, reagents, consumables, over-heads andgdepreciation of
equip is per t T' eﬂ- Q nj ; ludes
testingiof bo g and evels and ggvers dllthe go g nt§,in ported

in Jani and colleagues (2015)% (Table 53). Of note, at the Exeter Clinical Laboratory only

IDKmonitor test kits are currently used for clinical services.

Dr Timothy McDonald advised us that laboratories which conduct TNF testing have

previously negotiated arrangements withithe u bDMARDS to cover the cost
]

of biological monitoring, including assays,andipeksonmeleostsr However, based on advice

from Dr Meghna Jani, that might vary by geographical area and only for certain biologics

(e.g. newer biosimilars).

41.9.1.9 Assay vided by the mangfacturers
For the economic a - thI cof ndiconcurrentftesting for each assay were
derived from informati ugst docu ubmait the manufacturers of the test kits.

Along with the list prices for the Promonitor test kits (Table 54 and Table 55), Grifols
proposed price discounts (which depend on the uptake of testing) for test kits used in singlet
or duplicate, concurrent or reflex testing with different number of tests per year. Therefore,
additional cost-utility analyses were conducted for each level of discount and each type of
testing. The resulting ICERs are not presented in the report due to the fact that they are very

uncertain. However, the results are available in the model developed by the AG.

Grifols states in the request for information document that Promonitor only needs to be run
once while the other ELISA-based tests are run in duplicate. However, our clinical expert
Timothy McDonald advised us that the statement from Grifols is not correct — the other
ELISA tests do not need to be analysed in duplicate (personal communication, December
2018).

The quality of information provided by manufacturers regarding the cost of testing, varied
considerably. Only the manufacturer of Promonitor test kits (Grifols) and LISA-TRACKER
(Cambridge Life Sciences) provided both the cost of reflex testing and concurrent testing
(Table 54 and Table 55).

Data provided by the manufacturers regarding RIDASCREEN and IDK Monitor, reported

only the costs of reflex testing. Furthermore, the information submitted regarding MabTrack
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ELISA and Sanquin Diagnostic Services was impossible to interpret as some data appeared

to be missing. Consequently, it was not possible to calculate the assay costs.

Dr Timothy McDonald advised us that the number of samples analysed per assay and,
therefore, the cost per sample may vary in clinical practice. However, at large laboratories
receiving a high number of referrals, it is likely that the maximum number of samples would
be analysed. Therefore, in order to estimate the lower bound for the cost of testing, we

assummed that the maximum number of samples per assay is analysed.

4.1.9.1.10 Processing costs

In addition to assay costs, the cost of testing also depends on processing costs, such as
administration and laboratory personnel time. In the study conducted by Jani and colleagues
(2016),%% it was assumed that during the pre-testing phase (Phase 1, Table 53), one
outpatient appointment with a consultant rheumatologist is required to discuss the need for
testing, followed by an appointment with a phlebotomist or clinical support worker to obtain
blood trough levels. Regarding the testing phase (Phase 2, Table 53), it was assumed that
hospit
resou
additi
incurred during the testing phase (Table 53).

Finally, Jani and colleagues (2016)% reported that the treatment decision stage requires

interpretation of results by a consultant rheumatologist, discussion of the results with

patients via a telephone call, and Iastly and treatment decision
(Phase 3, Table 53).

Table 54: Costs of reflex testing provided by the manufacturers of the test kits

Singlet testing of Duplicate testing of
patient samples patient samples
Number Cost per[ Cost per Number of Cost per Cost per
mpl assay sample
pl analyse
lys er assa
assay
IDK Monitor? Drug levels 80 £855.00 £10.69 40 £855.00 £21.38
monitoring
Anti-drug 90 £775.00 £8.61 45 £775.00 £17.22
antibody
monitoring
Promonitor® Drug level 80 £704 £8.80 40 £700 £17.50
monitoring
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Singlet testing of Duplicate testing of

patient samples patient samples
Test Number Costper Costper Number of Costper Cost per
of assay sample samples assay sample
samples analysed
analysed per assay
per
assay
Anti-drug 80 £704 £8.80 40 £700 £17.50
antibody
monitoring
RIDASCREE Drug level
N2 monitoring 96 £565.00 £5.89 48 £565.00 £11.77
Anti-drug £775.00
antibody 96 £8.07 48 £775.00 £16.15
monitoring

monitoring

MabTrack Drug
monitoring TBC TBC
Anti-drug
antibody TBC TBC
monitoring

Sanquin Drug —

Diagnostics  monitoring TBC
Anti-drug
antibody TBC TBC
monitoring

Key: ADM, Adalilumab; IFX, Infliximab; TBC: to be confirmed

Notes:

2 Costs exclude VAT
b Cost inclusive of VAT

¢ Unclear whether cost includesor excludes MAT
4 In the information request do ents, the manufaCturer

assay was not provided as the

ed on theuZl m the cost of the 96-well
assay i

Table 55: Costs of concurrent testing provided by the manufacturers of the test kits

Singlet testing Duplicate testing Information
of patient samples of patient samples source
Test N Cost per Costper N Cost per Cost per
samples assay sample samples assay sample
analysed analysed
per per
assay assay
Request for
Promonitor® 80 £700 £875 40 £700 g17.50  Information
submitted by
Grifols
Request for
LISA- information
TRACKERa 96 £1,550.77 £16.15 48 £1,550.77 £32.31 submitted by
Cambridge Life
Science
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“Superseded

4.1.9.1.11 Cost of sample transport

One of the very minor cost components considered by Jani and colleagues (2016)% was

“Transport, receipt and storage of samplegwhic s £ (2015 prices) per batch of 40
samples (refer to Table 1 insdanisand ¢

Blood samples are received at the Exeter Clinical Laboratory (Royal Devon and Exeter NHS
Foundation Trust) as small parcels via Royal Mail. Clinical advice from Dr Timothy McDonald

indicated that it is extremely unlikely that samples would be sent to Sanquin Diagnostic

Services in the Netherlands n tionscest weul igher compared to that
within the UK. Postage costs are approxi I 4aﬂ | shipped within the UK and
approximately £10 el"shipped anquin'D stic Sefvices."” Moreover, sending

samples abroad would lead to a longer turnaround time and take expertise out of the NHS

(Timothy McDonald, personal communication, December 2018).

Therefore, in all analyses relevant to MabTrack and Sanquin Diagnostic Services, the cost of
sample transport of £10 was applied, while for all the other tests the postage of £4 per parcel
was assumed (i.e. it was assumed that parcel would be posted to a laboratory within the
UK)."”

4.1.9.1.12 Frequency of testing

Rosas and colleagues (2015)% reported the total number of drug and anti-drug antibody
monitoring tests in RA patients in remission over a two-year period (94 tests in 45 patients),
which is approximately one test per patient per year (refer to Section 2.3 for further details

on this study).

Dr Meghna Jani, confirmed that in people in remission/under routine follow up, TNF testing
may be conducted once a year. However, if tapering is performed on the basis of drug level,
a clinician would typically check drug levels at least every six-months to ensure that the level

has not dropped too low.

In the primary analysis, one TNF test per patient-year was assumed, while six-monthly
testing was modelled in a sensitivity analysis (Table 73).
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4.1.9.1.13 Reflex versus concurrent testing

Dr Timothy McDonald (Exeter Clinical Laboratory, Royal Devon and Exeter NHS Foundation
Trust), advised that TNF testing for blood and antibody levels is usually done concurrently.
Blood samples sent to the Exeter Clinical Laboratory are kept frozen for one month, and the
likelihood of performing antibody testing one month after testing trough levels is extremely

low.

In this unlikely scenario when reflex testing is performed, an additional phlebotomy
appointment (which is the key driver of the testing cost) would not be required (assuming
that storage of blood samples is a common practice at test laboratories). Hence, the cost
difference between reflex and concurrent testing would be defined by the proportion of
patients with undetectable drug levels (for whom antibody testing would be requested) and
the cost of phone calls to the laboratory to request antibody testing. However, there is no
universal agreement on which drug levels should be considered undetectable (Dr Timothy

McDonald, personal communication, December 2018).

To estimate the cost difference between reflex and concurrent testing, the proportion of
people with low drug levels was derived from Chen and colleagues (2015).%° The authors
investigated the impact of ADL dose-halving on therapeutic responses and drug levels in
people with RA. Serum ADL trough levels were determined at baseline and at Week 24 of
dose-halving therapy using sandwich ELISA (Progenika Biopharma). The minimal detectable
ADL levels were 0.002 mg/mL. In this study, three of 64 (4.7%) participants, who developed
anti-adalimumab antibodies at Week 24 of dose-halving, had very low drug levels. In these
participants, ADL trough levels markedly declined to very low levels (2.28, 1.92 and 2.21
mg/mL at baseline to 0.024, 0.024 and 0.004 mg/mL at Week 24 of dose-halving,

respectively).

Laine and colleagues (2016),? reported low drug levels (<5 pg/mL) in 35.8% of people with
RA, treated with ADL, from the clinical sample registry of United Medix Laboratories Ltd in
Helsinki, Finland. All the samples included in the database had been sent to the laboratory
on a clinical basis (i.e. none of the samples were from clinical studies). Drug levels were

measured at Sanquin Diagnostic Services.

However, there is no universal agreement as to what to consider low drug level in people
with RA treated with biologics (Dr Timothy McDonald, personal communication, December
2018).
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The estimate of 35.8% for the proportion of people with low drug level was adopted in a

scenario analysis for reflex testing.

In Jani and colleagues (2016),%® a phone call to discuss a treatment decision with a patient
was assumed to take, on average, 5.3 minutes at a cost of £3.47. Dr Timothy McDonald
confirmed that this would also be a reasonable cost estimate for an additional phone call to

the Laboratory to request additional testing on stored blood.

4.1.9.1.14 Singlet versus duplicate testing
The estimated costs of performing ELISAs once per patient (singlet) and duplicate reflex and

concurrent testing using Promonitor are shown in Table 56.

Table 56: Costs of singlet and duplicate reflex and concurrent testing using
Promonitor test kits

Phlebotomy % of patients tested Cost of Total cost, per
appointment phone patient
call
Initial Additional Trough Ab level Duplicate  Singlet
level
Concurrent Yes No 100% 100% NA £161.73* £141.66
Reflex Yes No 100% 4.7%" £3.47 £146.15 £135.65
Reflex Yes No 100% 35.8%?2 £3.47 £152.39 £138.77
Concurrent No No 100% 100% NA £56.30 £36.23
Reflex No No 100% 4.7% £3.47 £40.72 £30.22
Reflex No No 100% 35.8%2 £3.47 £46.96 £33.34

Key: NA: not applicable

Notes: All costs are in 2017-18 prices inclusive of the cost of sample transport of £4 (for a small parcel shipped within the UK).
* Cost assumed in the primary analysis

" Based on Chen and colleagues (2015)%

2 Based on Laine and colleagues (2016)?

Singlet testing incurs a lower cost compared to duplicate testing. However, it is less precise.
Therefore, duplicate testing was selected in the base-case analysis conducted by Jani and
colleagues in the microsocting study (Jani and colleagues, 2016).5> However, based on
clinical advice, singlet testing is more common in the UK (Dr Timothy McDonald, personal
communication, December 2018). Therefore, we adopted this approach in our primary

analysis, and we conducted an additional analysis assuming duplicate testing.

In the primary analysis, the costs for reflex and concurrent testing using Promonitor test kits

were based on the assumption that a phlebotomy appointment would be needed for
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collecting the initial blood sample (Table 56). A scenario analysis assuming that samples are
taken during an existing appointment was also conducted, as clinical advice indicated that
this is common in clinical practice (Dr Timothy McDonald, Royal Devon and Exeter NHS

Foundation Trust).

Of note, in all analyses, it was assumed that the maximum number of samples analysed per
assay. Also, the test costs in Table 56 include postage of £4 per blood sample (assuming

that it would be sent to a UK laboratory).

4.1.9.1.15 Training
Grifols stated in the request for information document that minimal additional training would
be required before healthcare staff could use Promonitor safely and effectively. This was

confirmed by clinical experts.

The company also wrote: “All NHS laboratories will have experience with ELISA technology.
The training for the Grifols Triturus Automated ELISA platform takes two days and Grifols
provide full technical and service support for the duration of the contract. Grifols also provide

on-site support and demonstrations for users when running the assays manually.”

4.1.9.1.16 Cost of managing disease health states

Ucar and colleagues (2017)"" and Arango and colleagues (2017)'® provided results on the
median duration of remission. However, none of the sources related to the INGEBIO study
provided definitions of remission. In the primary analysis, we incorporated the effect on costs
and health outcomes of different duration of remission in the intervention and control arms.
Based on published literature, active disease in people with RA is more costly to manage
compared to disease in people in remission/LDA. The major healthcare costs (apart from
drug acquisition costs) in people with RA relate to joint replacement surgeries, hospital stays

and doctor appointments.

There are a range of classification systems and scales that have been developed to
measure and monitor disease activity in RA (as well as scales that are commonly used to
measure other domains such as disability or activity level, such as the Health Assessment
Questionnaire (HAQ).*? Functional capacity measured with the HAQ was found to be the
strongest predictor of costs (Kobelt and colleagues, 2005).%° Therefore, direct medical costs
for hospitalisations, joint replacements and the number of outpatient visits were included by

HAQ-dependency, by assigning an annual cost to mutually exclusive HAQ intervals.
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4.1.9.1.17 Resource utilisation in RA patients stratified by HAQ

Barbieri and colleagues (2005)° reported resource utilisation in people with RA treated with
IFX, stratified by four HAQ bands (Table 57). These estimates were used by Barbieri and
colleagues (2005)° to evaluate the costs of managing people with RA beyond the first year of
therapy and were based on data from the Norfolk Arthritis Register (NOAR). The NOAR
cohort includes 1,236 adults who had swelling of at least two joints that had persisted from
more than four weeks. This study reported that on average, the number of outpatient visits,
hospital days and the proportion undergoing joint replacement surgery increased
substantially with HAQ score (Table 57).

Table 57: The average six-month resource utilisation stratified by HAQ status (the
estimates were based on an average for five years follow-up)

Hospital Number of % of patients who had joint Total costs,
days' outpatient replacement’ per year
visits'

HAQO 0.2 0.6 0.3 £3,474
O0<HAQ=<1 0.5 1 0.8 £9,0602
1<HAQ<2 1.2 1.5 2.3 £25,4502
2<HAQ=<3 5.1 2.1 4 £46,602
Key: HAQ: health assessment questionnaire; NA: not applicable

Notes:

"The estimates of resource use for different HAQ scores are based on the NOAR cohort reported in Barbieri and colleagues
(2005).5

2 The costs were estimated from the unit costs in Table 58.

Average costs of an inpatient day, outpatient appointment and joint replacement surgery
derived from the relevant HRG codes from the National Schedule of Reference Costs - Year
2017-18" are shown in Table 58 (derivation of the cost of surgery is explained in the next

section).
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Table 58: Unit costs

Cost Source

National Schedule of Reference Costs - Year
2017-18

National Schedule of Reference Costs - Year
2017-18 — elective inpatient excess bed day for

Outpatient attendance rheumatology  £146

Inpatient day £413 inflammatory, Spine, Joint or Connective Tissue
Disorders, with CC Score 0-2 (HD23J)
National Schedule of Reference Costs - Year
Joint replacement surgery £5.002 2017-18, weighted average over currencies fo hip

and knee procedures for non-trauma: HN12- HN14
and HN22- HN24

Source: National Schedule of Reference Costs - Year 2017-187

Mean HAQ scores for different levels of disease activity (remission, LDA, moderate disease
activity [MDA] and high disease activity [HAD]) in people with RA were estimated by Radner
and colleagues (2014)8 (Table 59): the mean HAQ score based on the Simple Disease
Activity Index (SDAI) was 0.39, the mean HAQ score for LDA was 0.72, and the moderate
disease activity (MDA) and high disease activity (HAD) was characterised by the mean HAQ
of 1.24.

Table 59: HAQ scores for the states of disease activity according to the SDAI, CDAI
and DAS28

Type of Remission LDA MDA/HDA
index

Mean SD Mean SD Mean SD
SDA/ 0.39 0.58 0.72 0.68 1.24 0.75
CDAI 0.38 0.56 0.75 0.70 1.23 0.74
DAS28 0.46 0.62 0.60 0.66 1.24 0.74

Key: CDAI: Clinical Disease Activity Index; DAS28: disease activity score in 28 joints; HAD: high disease activity; HAQ: health
assessment questionnaire; LDA: low disease activity; MDA: moderate disease activity; SD: standard deviation; SDAI: the
Simple Disease Activity Index

Using this classification and the cost estimates from Table 57, the costs for remission (the
analysis for Ucar 2017) and active disease (Arango 2017) were estimated from the relevant
distributions weighted by the annual health management costs for different HAQ scores. The
costs of managing mixed health states (such as remission/LDA in the analysis for Arango
2017, and LDA/active disease for Ucar 2017) were based on joint distributions for the
relevant health states weighted by the annual health management costs for the different
HAQ bands (Appendix 9).
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Cost of joint replacement surgery

The weighted average cost of joint replacement surgery estimated from HRGs relevant to
hip and knee procedures for non-trauma across all clinical codes (HN12- HN14 ans HN22-
HN24, respectively) is £5,222 per surgery (National Schedule of Reference Costs (year
2017-18).

Burn at al. (2018)'% estimated the hospital reimbursement for total knee replacement (TKR)
and total hip replacement (THR) surgeries in the English NHS between 1997 and 2014.
Primary TKR and THR were about £6,000 per surgery, while revision surgeries were about
£8,000 per surgery in 2016/17 prices. These estimates were derived from the NHS primary
care records on 21,128 people with osteoarthritis or RA were included in the analysis. The

authors reported on the downward trends in the costs of TKR and THR.

The average cost of joint replacement surgery in people with RA from the Royal Devon &
Exeter NHS Foundation Trust is £5,061.80 (Appendix 8). The estimate was based on 15
surgeries conducted in April 2017 - September 2018. Of note, this estimate is lower
compared to those from the National Schedule of Reference Costs (Year 2017-18),” Table
58) and Burn at al. (2018)."% This might reflect the trend in the cost of surgery reported by
Burn and colleagues'® However, the sample size was very low and therefore this estimate
may not be representative of the average cost of surgery for the RA patient population in the
UK (SE £5,153).

The average costs of managing remission and LDA/active disease health states (Table 57)
derived from the average cost of joint replacement surgery based on the HRGs from the
National Schedule of Reference Costs (Year 2017-18)7 (£5,222 per joint replacement
surgery, Table 58) were used in the primary analysis; a sensitivity analysis was conducted

using the average cost of surgery reported in Appendix 8.

In the analyses reported here it was assumed, based on clinical advice, that surgery may be
performed anywhere in the treatment pathway. The AG is aware however that older people

are more likely to require surgery for RA.

4.1.9.1.18 Resource utilisation in RA patients stratified by DAS28 score

Barnabe and colleagues (2013)'" investigated health service utilisation and costs
associated with managing people with RA. This study was conducted in Canada and costs
were estimated in 2008 Canadian dollars. In this study, patient costs were stratified by
disease status: sustained remission was defined as DAS28 <2.6 for more than one year,

while non-sustained remission was defined as DAS28 <2.6 for less than one year; non-
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sustained low disease activity was defined as DAS28 >2.6 but <3.2 for less than one year,
and persistent MDA or HDA was categorised as DAS28 >3.2.

This study reported hospital costs, emergency room costs, outpatient clinic costs, physician
visit costs, and other outpatient costs in addition to annual crude mean costs, by disease
status. The annual crude mean costs reported by Barnabe and colleagues (2013)'"" did not
include drug costs. In this study, the mean (SD) age of participants was 55.1 (13.3) years,
while the mean (SD) disease duration was 13.6 (9.5) years. The cost estimates reported in

this study are presented in Table 60.

Beresniak and colleagues (2011) also investigated the costs of managing people with RA.
This study stratified patients by disease status but did not consider duration of remission.'?
Participants were categorised as either in remission (DAS28 <2.6), LDA (DAS28 <3.2), or
MDA to HDA (DAS28 >3.2). The authors reported direct costs for the first six months
(excluding drug costs), and the direct costs incurred for each subsequent six month period
(Table 60).
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Table 60: Cost of managing disease (Barnabe and colleagues [2013] and Beresniak and colleagues [2011])

Barnabe and Sustained Non-sustained Non-sustained Persistent MDA or Study Patient population
colleagues (2013)"°" remission (DAS28 remission (DAS28 LDA (DAS28 >2.6 HDA (DAS28 >3.2) characteristics and characteristics
<2.6 21 year) <2.6 <1 year) but <3.2, <1 year) (n=338)
(n=175) (n=400) (n=138)

Hospital costs 738 (1699) 2249 (7450) 1665 (4157) 3423 (8561) Country: Canada Population:

Emergency room costs 196 (34) 240 (525) 235 (555) 459 (1008) gi;ey”:j;gﬁ?f Lol W R F

Outpatient clinic costs 585 (822) 667 (948) 725 (1120) 823 (1614) Reference period: therapy enrolled in the

. Annual costs per Alberta Biologics

Other outpatient costs 275 (473) 398 (614) 422 (714) 598 (1038) patient Pharmacosurveillance

Physician visit costs 1337 (894) 1592 (1266) 1564 (1078) 2089 (1774) (F’A'rg?;?,’r‘:arm)_

Total annual crude 3131 (3259) 5146 (9110) 4611 (6020) 7392 (11212)

mean cost (2008 Age’ years mean

CAND) (SD): 55.1 (13.3)
Disease duration,
years, mean (SD):
13.6(9.5)

Beresniak and Remission Not achieving LDA state (DAS28 MDA to HDA Study Patient population

colleagues (2011)'°2  (DAS28 <2.6) remission <3.2) (DAS28 >3.2) characteristics? and characteristics

Direct costs for each 511 (162) 1,159 (339) per 6- 696 (240) 1,215 (405) per 6- Country: France NA'

subsequent 6-month month period month period Currency: Euros

period, excluding drug Cost year: 2008

costs.

Reference period:
Costs per patient per
six month period

Key: CAND: Canadian dollars; DAS28: disease activity score in 28 joints; NA: not applicable; RA: rheumatoid arthritis; SD: standard deviation; TNF: tumour necrosis factor
Notes:

1. Data is hypothetical and is not based on a real patient sample, therefore no patient characteristics are reported.

2. This study estimated the resource use, stratified by disease activity states, using clinical guidelines, standard practice and exisiting evidence.
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The average annual costs of managing remission and LDA/active disease estimated from
those in Barnabe 2013 and Beresniak 2011 (in GBP 2017-18 prices) are presented in Table
61.

Table 61: Average annual costs of managing remission and LDA/active disease based
on Barnabe and colleagues (2013) and Beresniak and colleagues (2011) (in GBP 2017-
18 prices)

Source Remission LDA/active disease

Barnabe and colleagues £5,695" £7,0902
(2013)701

Beresniak and colleagues £6,1708 £7,1964
(2011)102

Key: GBP: Great Britain Pounds; LDA: low disease activity

Notes:

"The cost for sustained remission from Barnabe 2013 was used to approximate the cost of managing remission.

2The esrtimate was calculated from the costs of non-sustained low disease activity and persistent, moderate or high disease
activity reported in Barnabe 2013.

3 Estimated from the cost of remission in Beresniak 2011.

4The estimate was calculated from the costs of LDA and MDA to HDA reported in Beresniak and colleagues (2011)'%

The costs reported in Barnabe and colleagues (2013)'°" and Beresniak and colleagues (2011)'%? were first converted to pound
sterling based on purchasing power parities (PPP) and inflated to 2017-18 prices using the healthcare price index (Section
4.1.9.1.1). Then the average cost of joint replacement surgery of £5,222 was added to all the estimates.

Importantly, the estimates of the costs of managing disease in people with RA in remission
and LDA/active disease based on the French and Canadian studies (Table 61) are similar,
but they differ substantially from those based on the HAQ bands (see Table 57 in the
previous section). However, the data on costs used in Barnabe and colleagues (2013)'" and
Beresniak and colleagues (2011),'%2 were from 2008, and therefore might not reflect the
current clinical practice. Furthermore, these estimates are not directly relevant to the NHS;
they were not used in any analyses and are presented here for information only to enable

reader to better understand potential differences in clinical practice across the countries.

4.1.9.1.19 Cost of managing flares

The cost of managing flares is another important consideration that needs to be
parameterised in the model. A study published by Maravic and colleagues (2005)*
investigated the costs associated with managing flare-ups in people with RA. This study
used a survey method to collect data regarding rheumatology practice for managing a
hypothetical case of a flare-up, in an individual with a 10-year history of RA in a French

setting.

A survey questionnaire was completed by 917 practicing rheumatologists. Over 80% of the
respondents recommended measuring laboratory inflammation parameters, complete blood

cell counts, liver enzymes, serum creatinine, and radiographs (hands, anteroposterior
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cervical spine view, wrists, knees); 50-70% recommended additional cervical spine
incidences, elbow and chest radiographs, and bone absorptiometry. Adding anti-TNF
therapy (24%) or another DMARD (10%), increasing the methotrexate (MTX) dosage (24%),
and substituting leflunomide for MTX were the main recommended treatments. Most
respondents suggested continuing the GC in the same dosage (61%) or a higher dosage
(36%). Analgesics and non-steroidal anti-inflammatory drugs were recommended by 65%

and 41% of respondents and rehabilitation therapy by 83%.

This study focused on investigational costs and treatment costs; rheumatology appointments
were not considered. Only the fotal costs of various types of tests and treatments were
reported (Table 62).

Table 62: Cost of managing flares reported in Maravic and colleagues (2005) (2001
prices)

Mean
Diagnostic investigations
Laboratory tests 80
Other tests 276
Total 1 356
Treatment for one month
DMARDs (n=884) 724
Glucocorticoids (n=901) 11
Analgesics (n=588) 17
Anti-inflammatory drugs (n=348) 14
Other treatments (n=130) 6
Total 2 746
Total cost 1+2 1,105

Key: DMARDs: disease modifying anti-rheumatic drugs
Note: Costs were based on dosages reported by respondents and brand names.

Source: Maravic and colleagues (2005)*

The total monthly cost of DMARDs (€724) was composed of the costs of MTX + ETN or IFX,
MTX alone and other combinations with MTX. ETN and IFX are the major cost components
contributing to the monthly cost because methotrexate is relatively inexpensive compared
with the biologics. Since we modelled the cost of biologics separately, we did not include the

cost of DMARD:s in the cost of managing flares to avoid double-counting.

The cost of diagnostic investigations per flare (€356, Table 62) and the monthly cost of
treatment excluding DMARDs (€24) were converted to pound sterling based on PPP and
inflated to 2017-18 prices using the healthcare price index (Section 4.1.9.1.1) resulting in

£423 and £68 for diagnostic investigations (per flare) and monthly treatment, respectively
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(ADL dose tapering is implemented by increasing the interval between doses from two to

three weeks (i.e. by spacing doses).
Dose is tapered in a proportion of people in each arm at the start of simulation.

e Some people may flare after reducing the dose of their TNF inhibitors (Bykerk and
colleagues, 2016).

e The full dose of ADL is restored in all people on tapered doses when they flare.

o Treatment wastage is £370 per patient-year in people on full dose; it is reduced
proportionally to the reduction in treatment dose.

o ADL is self-administered (usually at home), and, therefore, the administration cost is
zero.

¢ The costs associated with flare management are:

e £423 per flare for diagnostic investigations

e £68 per month for treatment (excluding the cost of DMARDSs)

e The annual per-patient costs of managing remission and LDA/active disease health
states are £11,409 and £18,889 respectively.

e The cost of managing an AE is £1,622.

e The utilities for remission and LDA/active disease health states are 0.717 and 0.586,
respectively.

e The disutility of flare is 0.140.

e The duration of flare is seven days.

o The rates of AEs in people on full and tapered doses are 3/100 and 2/100
patient-years, respectively.
o The duration of AE is 28 days.

o The time horizon is defined by the follow-up in Ucar and colleagues (2017).

Table 42).

4.1.9.1.20 Cost of managing adverse events

In TA375, the weighted average cost of serious infection in RA patients was estimated to be
£1,479 based on relevant NHS costs (NHS reference costs schedules 2010-11), weighted
by inpatient activity (TA375 report, p. 311). Relevant HRG codes were identified based on
Lekander and colleagues (2010). Conservatively the without complications and

contraindications HRG costs were used.

The average cost inflated to 2017-18 prices using the healthcare price index (Section

4.1.9.1.1) was £1,622 (per infection). This cost was incorporated in our analysis (ADL dose
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tapering is implemented by increasing the interval between doses from two to three weeks
(i.e. by spacing doses).
Dose is tapered in a proportion of people in each arm at the start of simulation.
e Some people may flare after reducing the dose of their TNF inhibitors (Bykerk and
colleagues, 2016).
e The full dose of ADL is restored in all people on tapered doses when they flare.
o Treatment wastage is £370 per patient-year in people on full dose; it is reduced
proportionally to the reduction in treatment dose.
o ADL is self-administered (usually at home), and, therefore, the administration cost is
zero.
e The costs associated with flare management are:
e £423 per flare for diagnostic investigations
e £68 per month for treatment (excluding the cost of DMARDSs)
e The annual per-patient costs of managing remission and LDA/active disease health
states are £11,409 and £18,889 respectively.
e The cost of managing an AE is £1,622.
e The utilities for remission and LDA/active disease health states are 0.717 and 0.586,
respectively.
e The disutility of flare is 0.140.
e The duration of flare is seven days.
o The rates of AEs in people on full and tapered doses are 3/100 and 2/100
patient-years, respectively.
o The duration of AE is 28 days.
o The time horizon is defined by the follow-up in Ucar and colleagues (2017).
Table 42).

4.1.9.2 Health related quality of life

A review of health-related quality-of-life (HRQoL) studies was conducted to inform the
selection of utilities for the economic analysis. Utilities of remission/LDA and active disease
health states, and disutilities for flares and serious adverse events (e.g. severe infections)

identified in the review are described below.

4.1.9.2.1 Health state utility values
Ucar and colleagues (2017)'" and Arango and colleagues (2017)" (INGEBIO) provided

results on the average duration of remission in the intervention and control arms. However,

none of the sources reporting INGEBIO study provided definitions of remission.
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In Krieckaert and colleagues (2015)," health states were based on categorisation of DAS28

as below:

e remission (DAS28 <2.6)
e LDA (2.6sDAS28<3.2)
e MDA (3.2sDAS28<5.1)
e HDA (DAS28>5.1).

The DAS28 is calculated from four components: tender, joint count, swollen joint count
(performed by the clinician), visual analogue scale (VAS) score of the patient’s global health
and the laboratory parameter erythrocyte sedimentation rate (ESR). C-reactive protein
(CRP) is more accurate as indicator of inflammation than ESR and it is also more sensitive
to short-term changes. Disease activity states are defined in Table 63. The values are those
reported in Bykerk and colleagues (2014)'® using the DAS28-CRP score.

Table 63: Definition of disease activity types in Bykerk and colleagues (2014)

Type of disease activity DAS28-CRP*
Severe >5.1
Moderate 3.2-51
Low 26<and<3.2
Remission <26

Key: CRP: C-reactive protein; DAS28: disease activity score in 28 joints; ESR: erythrocyte sedimentation rate

Note: * DAS28-CRP is a modification of the DAS28 which includes the measured C-Reactive Protein (CRP) value, while the
DAS28 uses the erythrocyte sedimentation rate (ESR) value instead.

Source: Bykerk and colleagues (2014)'®

In the study conducted by Bartelds and colleagues (2011)™ (Section 3.3.2.1), remission was
defined as a DAS28 of less than 2.6 (at all consecutive measurements after a certain time
point, with a minimum of two measurements of less than 2.6 for participants who

discontinued treatment prematurely).

In Barnabe and colleagues (2013),""" sustained remission was defined as DAS28 <2.6 for
more than one year, while non-sustained remission was defined as DAS28 <2.6 for less than

one year (Section 4.1.9.1.18).

In TA375,%° non-responders, moderate responders and good responders were defined

based on EULAR response criteria (see Table 64).
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Table 64: The EULAR response criteria using the DAS28

DAS28 at endpoint Improvement in DAS28 from baseline
<1.2 >0.6and<1.2 <0.6
<3.2 good
>3.2 and <5.1 moderate
>5.1 none

Key: DAS28: disease activity score in 28 joints
Source: Fransen and colleagues (2005)*

HSUVs estimated from HAQ according to SDAI, CDAI and DAS28

There are several composite scores to assess disease activity in RA. In this section, we
consider the definitions of the disease states (i.e. remission, LDA, MDA and HDA) according
to the SDAI, the Clinical Disease Activity Index (CDAI) and the DAS28 from Aletaha and
colleagues (2007)'% (Table 65).

Table 65: Cut-off points to separate the states of remission, and low, moderate and
high disease activity using composite indices SDAI and CDAI and DAS28 score

Index Remission LDA MDA/HDA
CDAI <2.8 <10 <22
SDAI <3.3 <11 <26
DAS28 <2.6 <3.2 <5.1

Key: CDAI: Clinical Disease Activity Index; DAS28: Disease Activity Score for 28 joints; HDA: high disease activity; LDA: low
disease activity; MDA: moderate disease activity; SDAI: Simplified Disease Activity Index

Radner and colleagues (2014) collected data on clinical and laboratory characteristics
(including CRP, ESR, number of swollen and tender joints, pain by VAS, patient global
assessment of disease activity, evaluator global assessment of disease activity, and physical
function by health assessment questionnaire [HAQ])), from 356 consecutive people with RA
at routine clinic visits (every three to four months).® In total 716 visits were documented

(median two clinic visits per person (range one to four).®

At baseline (according to the SDAI), 87 participants (24.4%) were in remission, 150 (42.1%)
in LDA, 103 (28.9%) in MDA and 16 (4.5%) in HDA, but due to the low number of

participants in the latter group, the last two groups were combined in further analysis.

The differences in functional disability envisaged by HAQ scores at three levels of disease

activity (according to the SDAI) were evident, and similar conclusions were reached during a
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sensitivity analysis, when the disease states were assessed according to the CDAI and

s (Table 59).
~atRerseded-
4.1.9.2. pre djin“Fable 66"

Table 66: EQ-5D scores for the states of disease activity according to the SDAI, CDAI
and DAS28

Type of Remission MDA/HDA
index Mean - Range Mean SD
SDAI 0.717 (0.56, 0.80) . 0.483 (0.22, 0.69)
CDAI 0.72 (0.57, 0.80) 0.63 (0.42,0.79) 0.49 (0.23, 0.69)
DAS28 0.70 (0.53, 0.80) 0.67 (0.48, 0.80) 0.48 (0.23, 0.69)

Key: CDAI: Clinical Disease Activity Index; DAS28: Disease Activity Score for 28 joints; HDA: high disease activity; LDA: low

disease activity; MDA: mod isease activity; SDAI: Simplified Disease Activity Index
The utility values of I.SSLao nU/a ivefdisgase health states,

respectively, were used in the primary analysis, while HSUVs obtained from HAQ scores

reported in TA375% (as described in the next section) were assumed in a scenario analysis.

The AG is aware of several algorithms for converting the HAQ score to utility in RA and that
the estimates of utilities may vary when different mapping algorithms are used.'® To
address this uncertainty, HSUVs were estimated using a quadratic equation proposed by
Malottki and colleagues (2011) and used in TA375 to map HAQ to EQ-5D scores.'** In
TA375 a comparison of published relationships between utility and HAQ was conducted.°
Three of the eight studies in the comparison in TA375 reported data from the UK. Of the
three studies, Bansback and colleagues (2007)'%b included data for UK and Canadian
patients and Kobelt and colleagues (2002)'% included data for UK and Swedish patients and
were therefore not considered relevant for the purposes of this analysis. Hurst and
colleagues (1997)'% included only people with RA in Scotland. Malottki and colleagues
(2011)' used the data set from Hurst and colleagues (1997)'%" to estimate the coefficients of

their mapping equation and therefore there is little difference between the two sources.

HSUVs estimated from HAQ by EULAR response category

In TA375,%° the model was based on EULAR response category (good/moderate/none) for
consistency with NICE guidance on biologics in RA and to align more closely to UK clinical

practice in terms of the assessment of response to therapies.
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The HAQ scores were estimated from the BSRBR-RA database (which contains values
measured at six-month intervals for up to three years for all people with RA on the register),
restricted to those with full set of baseline characteristics and at least two additional HAQ
measurements while on bDMARDs.*® The database included data from 10,186 patients. Of
these, 2,417, 5,492 and 2,277 were classed as EULAR good responders, moderate

responders and non-responders, respectively (Table 64).

Figure 10 shows the HAQ trajectory in people with RA treated with bDMARDs. It was
observed that the mean HAQ scores for patients with good, moderate or no response
(according to EULAR response criteria shown in Table 64) decrease during the first six
month since the start of biologic therapy (where the scale of decrease grows with the level of
EULAR response), then stabilise at around six months and remain quite flat over the

remaining 2.5 years of measurement (Figure 10).

Figure 10: Mean HAQ by EULAR response category for patients receiving biologics
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Source: Reproduced from Figure 94, in TA375,% p. 366)

The HAQ scores after six months of the biologic therapy for all three categories of
responders were mapped to EQ-5D utilities using the same approach as that described in

Section 4.1.9.2.2 , which elicited values shown in Table 67.
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Table 67: Utility values based on BSRBR data

Type of patients Number of patients in the HAQ score Utility
BSRBR-RA dataset

Non-responders 2,277 1.95 0.237

Moderate responders 5,492 1.7 0.329

Good responders 2,417 1.2 0.496

Key: BSRBR-RA: British Society for Rheumatology Biologics Register in Rheumatoid Arthritis; HAQ: health assessment
questionnaire

Source: TA375%

Hernandez Alava and colleagues (2013)'% argued that pain should be included as an
explanatory variable when estimating QALYs from HAQ scores in people with RA. This
approach was used in TA375.5° However, the estimates presented in Table 67 were

obtained without pain scores because the AG did not have access to patient-level data.

The utility for the remission health state was based on the utility value for good responders
(0.496 in Table 67), while the utility for the LDA/active disease health state was estimated as
a weighted average of the utility values for moderate responders and non-responders,

resulting in the utility value of 0.302. These HSUVs were used in a sensitivity analysis.

4.1.9.2.2 Disutility of flare

The values of utility losses due to flares were obtained from the Dutch multi-centre, clinical
study ‘BeSt’ which involved 508 participants treated-to-target for 10 years to achieve disease
activity score (DAS28) of at most 2.4.° Since the concept of flare is not yet well-defined and
no generally-accepted measure of its severity currently exists,>'%° the BeSt study considers
three types of flares named as ‘A’, ‘minor B’ and ‘major B’ (where the latter is a sub-category
of the first) whose number of occurrences (observed during a total of 11,485 visits of all
patients to a rheumatologist) is shown in Figure 11 and whose definitions, frequencies and
HAQ scores are described in Table 68 (sufficient follow-up data were available only for 480

patients).
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Figure 11: Three types of flares considered in Markusse and colleagues (2015)
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Source: Markusse and colleagues (2015)°

Table 68: The definition of flares and their Health Assessment Questionnaire values

Type of DAS28 Frequency HAQ

flare current previous increase Mean SD
A >2.4 any 20.6 321/480 (67%) 1.04 0.63
Minor B >2.4 <24 <0.6 159/480 (33%) 0.85 0.55
Major B * >2.4 <24 20.6 304/480 (63%) 0.96 0.60

Key: DAS28: disease activity score in 28 joints; HAQ: health assessment questionnaire; SD: standard deviation
Note:
* Major B is a subcase of A

Functional mobility of patients with respective types of flares was measured using the HAQ
values (whose mean and standard deviation are also included in the table), which were

mapped to the EQ-5D scores according to a quadratic equation

EQ5D = a — bsHAQ — boHAQ?

where coefficients a = 0.804, b1 = 0.203 and b, = 0.045 were estimated from the UK data.™
As this formula may return negative values for some high HAQ scores, which is sometimes
regarded as controversial, it is recommended to adjust the values to zero. The loss of

QALYs was computed as the difference between the utility values in the respective types of
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flares and in the absence of flares (HAQ of 0.53). The estimated utility values are shown in
Table 69.

Table 69: The definition of flares and their utility values

Type of Utility HAQ Disutility
flare mean - SD mean mean + SD mean SD

A 0.339 0.544 0.713 1.04 0.63 -0.140
Minor B 0.432 0.599 0.739 0.85 0.55 -0.085
Major B * 0.378 0.568 0.725 0.96 0.60 -0.116

Key: HAQ: health assessment questionnaire; SD: standard deviation

4.1.9.2.3 Disutility of serious adverse events

People with RA have increased susceptibility to serious infections due to features of RA,
comorbidity and immunosuppressive treatment.''® TNF-a inhibitors increase the risk of

serious infection up to two-fold.™"

A scenario analysis including serious adverse events was performed. The disutility value for
England of 0.156 over four weeks (equivalent to the loss of QALYs of 0.012) associated with
severe infections was estimated using the EuroQol’s measure EQ-5D reported in the
observational study “Genomics to combat Resistance against Antibiotics in Community-
acquired lower respiratory tract infections (LRTI) in Europe” (GRACE) of the management of
patients with acute cough/LRTI in primary care.'® Data were collected in 13 European
countries (including England and Wales) from adults (aged 18 years-plus) who reported to
their primary care clinician with cough and LRTI."® The EQ-5D index scores were generated
using the country-specific UK value set (the original data were collected from non-
institutionalised adults in England, Scotland and Wales between August and December 1993

with a total of 2,997 participants).

4.1.9.24 Consistency between utility values

The observed discrepancies between utility values calculated in different countries may be
due to differences in distinct preference sets for those countries. Based on data reported in
Gulfe and colleagues (2016),'"2 Figure 12 shows the discrepancies between EQ-5D scores
obtained using British and Swedish preference sets for people with established RA being
treated with TNF-inhibitors.
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Figure 12: EQ-5D utility according to British (UK) and Swedish (SD) preference sets of
patients with established rheumatoid arthritis treated with TNF-inhibitors
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Source: Glilfe and colleagues (2016)'"?

It should be noted that in the analyses considering the duration of remission/LDA together
with flares or AEs, there is a risk of double-counting of the effect of flares and AEs on
HRQoL since it is possible that the disutilities have already been incorporated into the

mapping equation from HAQ to utility. This is a limitation of these analyses.

In the INGEBIO study, a mixed disease population of patients was considered. This trial
recruited 169 people including those with RA (n=63), PsA (n=54) and ankylosing spondylitis
(AS) (n=52) (Section 2.3.2.1). A similar mixed disease population was condidered in Gilfe
and colleagues (2010).""® One of the aims of this study, was to analyse trends in baseline
health utilities in people diagnosed with three types of arthritis (2,554 with RA, 574 with PsA
and 586 with spondylarthritis [SpA]) who started treatment with TNF-a inhibitors, to address
changes of utility during treatment and to understand the influence of previous courses of
treatment. Data for the period from May 2002 to December 2008 were provided from the
Swedish Arthritis Treatment Group (SSATG) register, which was set up in 2002 and has
been collecting health utility data from routine clinical follow-up (time points of 0, 0.5, 1.5, 3,
6, 12, 24, 30, 36 months), and treatment courses were classified as either first, second, or
third or more anti-TNF. Among three sub-populations, people with RA were characterised by
older age, had tried more DMARDs, were more often treated with a concomitant DMARD,

and were more often female compared to the other populations.'"?
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Figure 13 shows trends of baseline utility values at the start of treatment with TNF-a
inhibitors for different diagnoses, and Figure 14 shows different response patterns in people
with RA and those with PsA, and SpA.

Figure 13: EQ-5D at first initiation of treatment with TNF-inhibitors for rheumatoid
arthritis, psoriatic arthritis, and spondyloarthritis during 2002-08

0.6

2001 2002 2003 2004 2005 2006 2007 2008 2009
Time (years)

—0—PsA —e—RA SpA

Key: PsA: psoriatic arthritis; RA: rheumatoid arthritis; SpA; spondyloarthritis
Source: Gilfe and colleagues, 2010

Figure 14: EQ-5D during the first courseof treatment with TNF-inhibitors in 2002-08 for
people with rheumatoid arthritis, psoriatic arthritis, and spondyloarthritis
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Key: PsA: psoriatic arthritis; RA: rheumatoid arthritis; SpA; spondyloarthritis
Source: Giilfe and colleagues, 2010
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People with RA also demonstrated lower utility gain upon termination of the therapy
independently of the reason for withdrawal of treatment compared to the other sub-
populations. Figure 15 provides another possible way of estimating the disutility of adverse
events as the averaged difference between the plotted values for ongoing treatment and

those for withdrawal due to an AE.

Figure 15: EQ-5D during follow-up upon withdrawal from treatment
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Since it is dlfficult t0 obtaif] cOmplete data in the Observational setting. e using a

available data increases the generalisability of the study, it also leads to lower improvement

estimates as compared to using data only for those participants for whom complete follow-up

information is available from all visits (incomplete data sets may be caused by withdrawal

from treatment, for example) ‘Figure 16).S e e
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Figure 16: EQ-5D for people with rheumatoid arthritis (all participants versus
participants with complete data) during the first and second lines of anti-TNF-a
treatment
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4.1.9.2.5 Mortality

Whilst there is evidence of an association between HAQ improvement and reduced mortality
risk, the impact of TNF testing on mortality was not considered due to the short-term time
horizon adopted in this study and a relatively small difference in the mean duration of
remission/LDA across the treatment a n dy.

4.1.10 Checking the model for wiring errors

The Excel code was checked in the following ways: all calculations were performed by one

person and checked by another person, and the reasonableness of outputs given extreme
input values was ¢hecked. t
4.2 Cost effeE ELIa u | I l

4.2.1 Addalimumab and Promonitor

4.2.1.1 Threshold analysis

The results of the threshold analysis, assuming the Promonitor test kit is used to monitor
people with RA in remission/LDA recieving originator ADL (Humira®) are presented in Table
70 and Figure 17. Figure 17 shows the annual cost of ELISA-based testing at which TDM
would become cost-effective at the two WTP thresholds used in NICE decision making for
the range of ADL acquisition costs of £1,000—£9,180. Since the data reported in Arango and

colleagues (2017)'® are for a longer follow-up than that reported in Ucar and colleagues
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(2017)", the results using the two different reports of the outcomes of the INGEBIO study
are pr

~2HRPOISe6RE
origina L, t ee e'Chea an 1p ar i er foPTDM to be

Utd n
judged as cost-effective. Using the the results presented in Arango and colleagues (2017);'°

however, there would be no cost of testing at which testing becomes cost-effective (because

using these outcomes testing was estimated to be both more costly and less effective than

standard care). S @
|
Table 70: Threshold value for the cost esting at w NMB is zero

ICER threshold Results based on INGEBIO Results based on INGEBIO
study, Ucar and colleagues study, Arango and colleagues
2017 2017

£20,000 -£233

£30,000 -£295

Key: ICER: incremental co
Source: Ucar and colleagues (2017)"! and Arango and colleagues (2017)®

Such differences in the results are due to differences in the mean duration of remission (as
reported in Ucar 2017) and remission/LDA (Arango 2017) between the control and
intervention arms. Arango reported a longer duration of remission/LDA in the control group
than in the intervention group (475.2 versus 460.2 days), while Ucar and colleagues 2017

reported a longer duration in the intervention group (344 versus 329 days in the control

group).
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Figure 17: Results of the threshold analyses using Ucar and colleagues (2017) and

Aran olleagues (2017)
| 9 si®ld a s b 7
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Erratum

Results of the threshold analysis based on Arango 2017
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Source: Ucar and colleagues (2017)"" and Arango and colleagues (2017)®

These results are inconclusive for two reasons. First, because they are in opposite directions
and, second because they are based on very small and uncertain differences in outcomes
(QALY differences of less than 0.01). The negative value of the cost of testing at which
NMB equal zero means that, when using the trial results as presented in Arango and
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colleagues (2017),' there are no (positive) values of the cost of testing at which it would be

a cost-, ive option.
~Hperseded
The inc ntal sfand incre tal'costs™for tes ers n care egy are

shown in Table 71, assuming:

e regular testing is undertaken in people with RA in remission/LDA treated with

Humira® and tested using Promonj
o the costs of testing aiesassin Jan %6)
e the frequency of testing is one te p -ye d

o that testing of drug and antibody levels is done concurrently (singlet dilution) in a UK

laboratory.

The outcome data v re of the ING , Ucar 2017 and
Arango 2017. rra U I I I

As can be seen from Table 71, the main cost components are drug acquisition and the costs
of managing health states. The main differences in costs between the intervention and
control arms are the costs of managing health states and flares, and the cost of phlebotomy

appointment. The main QALY components are those for the health states. The differences in

QALYs for flares and AEs between the intervention and control arms are very small.

Table 71: Cost-effectiveness results in patients in remission/LDA treated with Humira®
and tested using Promonitor

Intervention arm Control arm Intervention vs. control

Based on Ucar and colleagues (2017)

Costs

Drug acquisition £12,078 £12,120 -£42
Drug admin £0 £0 £0
Drug wastage £486 £488 -£2
Cost of managing health states £19,071 £19,379 -£307
Cost of flare management £281 £388 -£107
Cost of managing AEs £64 £64 £0
Cost of phlebotomy £162 £0 £162
appointment

Other costs of testing £30 £0 £30
Cost of sample transport £6 £0 £6
Total costs (mean) £32,178 £32,438 -£260
QALYs
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Intervention arm Control arm Intervention vs. control

Remission 0.675 0.646 0.029

LDA/actj [sease 0.258 0.282 -0.024
Flares -0.001
uperseded:
Total . 1. 0.004
ICER (Cost / QALY gaine

ICER not relevant -

Intervention dominates
standard care

Based on Arango and colleagues (2017)

Costs
Drug acquisition E— ,149 -£74
Drug admin £0 £0
Drug wastage £527 £530 -£3
Cost of managing health states £22,112 £21,757 £355
Cost of flare manage £303 £418 -£115
Cost of managing AE. £0
Cost of phlebotomy a1 £162
appointment
Other costs of testing £30 £0 £30
Cost of sample transport £6 £0 £6
Total costs (mean) £36,284 £35,923 £361
QALYs
Remission/LDA 0.838 0.865 -0.027
Active disease 0.112 0.092 0.020
Flares 0.002 0.003 -0.001
AEs 0.187 0.188 -0.001
Total QALYs (mean) 1.138 1.147 -0.009
ICER (Cost / QALY gained) ICER not relevant -
Standard care dominates
Intervention

Key: ICER: incremental cost effectiveness ratio; QALY quality-adjusted life year; vs: versus
Note: The postage was £4 per parcel

As with the threshold analyses, these results are inconclusive. First, because they are in
opposite directions and, second because they are based on very small and uncertain
differences in outcomes (QALY differences of less than 0.01). Furthermore, it is not possible
to argue that either the analysis based of Ucar and colleagues (2017)"" or that based on
Arango and colleagues (2017) is more valid than the other — they both have significant
weaknesses (refer to Section 2). The follow-up in Arango and colleagues (2017)° is over a

longer time horizon (545 days in the control arm) that Ucar and colleagues (2017) (505 days

Page 201 of 425



in the control arm)."" The fact that these different analyses from the same study produce
opposite estimates of effects and costs further highlights the uncertainty, which the

economic analysis for this appraisal may only serve to amplify.

4.2.1.3 Sensitivity analyses

A number of sensitivity analyses were undertaken to explore the impact of parametric and

structural uncertainty on the outcomes reported in Table 71 as follows:

¢ the impact of study follow-up on the outcomes of the economic analysis

o the percentage of people in whom the biologic was tapered

e the tapering strategy of dose halving

o the differential flare rate

e the duration of flare

o the disutility of flare

¢ the proportion of patients with flares in whom increase in medication dose is
implemented

o the effect on the results of the uncertainty in the costs of managing remission and
LDA/active disease states

¢ the health state utility values

o the effect on the results of flares only, i.e. when health states and AEs are not
considered (as in Scenario C, Gavan, 2017)

e the total cost of treatment wastage (it was assumed to be zero)

o the effect of excluding the cost of the initial phlebotomy appointment

o the effect of testing in duplicates

o the effect of reflex testing for two assumptions on the proportion of people with low
drug level: 4.7% (the lower bound) and 35.8% (the upper bound)

¢ the frequency of testing of two tests per year

These sensitivity analyses are detailed below and the results are shown in Table 73.

42.1.3.1 Treatment wastage

The assumption of no treatment wastage was explored in a sensitivity analysis, and had no

impoact on the results, see Table 73.

4.2.1.3.2 Flare duration

A sensitivity analysis was conducted to evaluate the impact of increasing the duration of flare

from 7 days (as assumed in Section 4.2.1.2) to 19 days (based on the weighted average
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duration of flare derived from Bykerk and colleagues (2014)'®and expert advice). Increasing

the estimated duration of flare did not affect the results, see Table 73.

4.2.1.3.3 Proportion of flared patients in whom increase in medication dose was
implemented

A US study conducted by Bykerk and colleagues (2014) reports statistics on flares
management which shows that at least 45% of treatment strategies for coping with flares did
not involve dose increase or any other change of medication (Bykerk and colleagues,
2014).%6

Dr Rich Haigh (clinical advisor), confirmed that in about two-thirds of all flared patients on

tapered doses the dose would be switched back to full.

We evaluated the effect of this assumption on the model results by assuming that 45% of
people with flares would stay on the same (tapered) dose. It was also assumed that 100% of
flared patients would stay on the same (tapered) dose.'*''5 Neither assumption impacted

on the results, see Table 73.

4.2.1.3.4 Health state utility values

In this scenario analysis, utility values for remission and LDA/active disease health states
were as shown in Table 72. Further details on how those values were derived are provided

in Section 4.1.9.2.1. The result of the sensitivity analysis is shown in Table 73.

Table 72: Health state utility values

Health state Utility value Source
Remission 0.496 (Section 4.1.9.2.1)
LDA/active disease 0.302 (Section 4.1.9.2.1)

4.2.1.3.5 Impact of the cost of initial phlebotomy appointment

A scenario analysis assuming that trough samples are taken at the time of an existing
appointment was also conducted, as clinical advice (Dr Timothy McDonald) indicated that
this is quite common in clinical practice. The costs for reflex and concurrent testing for
scenario analyses shown in Table 56 were assumed. Changing this assumption had no

impact on the results, see Table 73.
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Table 73: Sensitivity analyses (people in remission/low disease activity)

Sensitivity analysis

Assumptions ICER

Ucar and colleagues

Impact of flares only (health
states and AEs are not
included)

Tapering strategy

Treatment wastage

Flare duration, days

Proportion of flared patients

in whom full dose is restored

Utilities?
Remission

LDA/active disease

Only fla
differential costs and
QALYs

Standard care dominates Standard care dominates

Intervention

Intervention

ICER not relevant -
Standard care dominates

ICER not relevant -
Intervention dominates

Spacing: reduction of
ADA dose to 40mg every

4 weeks standard care ntervention

No wastage ICER=noimelevant vant -
Intervention domi n re dominates
standard care Intervention

19 ICER not relevant - ICER not relevant -

Standard care dominates
Intervention

ICER not -
andard €are dominates
| ti

ICER not relevant -
Standard care dominates
Intervention

Intervention dominates

dard care
55% R
Interventionfdomi
ca

0% ICER not relevant -
Intervention dominates
standard care

ICER not relevant -
Standard care dominates
Intervention

0.496 ICER not relevant -
Intervention dominates

0.302 standard care

Source (relevant sections)

ario C (people in remission,
avan 2017, Section 3.3.2.3Error! R
eference source not found.)

2nd dose reduction Exeter biologic
clinic recommendations (Appendix 5)

Assumption

Weighted average based on Bykerk
and colleagues (2014)'¢ and clinical
advice

Bykerk and colleagues (2014)'¢ and
clinical advice

Clinical advice

Estimated from HAQ scores reported in
TA3755% (Fig. 94, p.366) (Section
4.1.9.2.1)
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Sensitivity analysis

Assumptions

Disutility of flare

Frequency of testing
(tests/year)

Cost of testing

Duplicate concurrent testing
with initial phlebotomy
appointment

Duplicate reflex testing without
initial phlebotomy appointment,
35.8% of ptxs w/LDL3#

Duplicate reflex testing with
initial phlebotomy appointment,
35.8% of ptxs w/LDL*

Singlet reflex testing without
initial phlebotomy appointment,
35.8% of ptxs w/LDL3*

Singlet reflex testing with initial
appointment, 35.8% of ptxs
w/LDL#

0.085

0.116

Refer to Table 56 for the
cost of testing

ICER

Ucar and colleagues

Intervention

standard care

ICER not relevant -
Standard care dominates

ICER not relevant -
Intervention dominates

standard care Intervention

ICER not relevant evant -
IntervenRtion®domin n e dominates
standard care fi

In all analyses, ICER not In all analyses, ICER not
relevant - Standard care

dominates Intervention

ant -Intervention
ominates standard care

Source (relevant sections)

B type of utility (Table 69,
on 4.1.9.2.2)

Major B type of utility, (Table 69,
Section 4.1.9.2.2)

Rosas and colleagues 2015,%r clinical
advice (Section 4.1.9.1.20)

Jani and colleagues (2015)'"4
(Section 4.1.9.1.14)
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Sensitivity analysis Assumptions ICER Source (relevant sections)

Ucar and colleagues Arango and col

Duplicate concurrent testing
without initial phlebotomy
appointment3

Duplicate reflex testing without
initial phlebotomy appointment,
4.7% of ptxs w/LDL3?%

Duplicate reflex testing with e
initial phlebotomy appointment,
4.7% of ptxs w/LDL3%

Singlet concurrent testing
without initial phlebotomy
appointment?

Singlet reflex testing without
initial phlebotomy appointment,
4.7% of ptxs w/LDL35%

Singlet reflex testing with initial
appointment, 4.7% of ptxs
w/LDL?®

Key: AE: adverse events; HAQ: health assessment questionnaire; ICER, incremental cost-effectiveness ratio; LDA: low disease activity; LDL: low drug level

Notes:

All costs are reported in 2017-18 prices.

1 Based on the average cost of joint replacement surgery in rheumatoid arthritis patients from the Royal Devon & Exeter NHS Foundation Trust (Appendix 8).

2 Utilities for the mixed disease population (as in the INGEBIO study) were assumed to be the same as those for people with RA

3 The cost of testing does not include the cost of an additional phlebotomy appointment which might not be required if people will be receiving regular hematological analysis as part of on-going treatement.
4 Assuming 35.8% of people have low drug level (Laine and colleagues 2016)2

5 Assuming 4.7% of people have low drug level (Chen and colleagues 2015)%
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In all but one sensitivity analysis based on Ucar and colleagues (2017),"" the intervention

domin ndard care. When the impact of flares only was modelled (i.e. healthstates
and A n@t included), s (Table
73).1 sensi Q se 9 017)15

was there any change taithe finding that standard care dominates the intervention.

4.2.1.4 Deterministic sensitivity analysis

One-way sensitivity analyses for some of the parameters used to estimate the ICERs based
on data from Arango and collea ues (2$woeted (Table 74). Changing
these parameters had no impact on the was estimated to dominate
the intervention in all analyses.

Table 74: One-way deterministic sensitivity analyses based on data from Arango and
colleagues (2017)

Parameter s Source

Percentage of people  +20% in the ICER not relevant - Arango and

in whom the biologic intervention arm and - Standard care dominates colleagues (2017)

was tapered 20% in the control arm Intervention

Flare rate -20% in the ICER not relevant - Arango and
intervention arm, +20% Standard care dominates colleagues (2017)
in the control arm Intervention

Differential time in +10% in the ICER not relevant - Arango and

remission intervention arm, - Standard care dominates colleagues (2017)

10% in the control arm Intervention
of the differential time

in remission
Costs of managing -20% ICER not relevant - Arango and
health states Standard care dominates colleagues (2017),
Intervention Radner and
colleagues (2014),
Barbieri and

colleagues (2005)

Key: ICER: incremental cost-effectiveness ratio

4.2.1.5 Probabilistic sensitivity analysis

Probabilistic sensitivity analysis was deemed inappropriate because of a very substantial
variation in clinical practice with respect to disease management in people with RA in
England.
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4.2.2 Etanercept and Infliximab and Promonitor

The ¢ tiveness of TNF testlng in people treated with Etaneftept (originator @nd
biosim lixi r : enario
analy umed,ased ¢ ifyice

evidence to the contrary)j that the clinical effectiveness of the different TNF inhibitors is likely

to be the same, and the clinical effectiveness estimates from Ucar and colleagues (2017)

were adopted, with all assumptions, except acquisition and administration costs, as in Table

42. The information on the actual costs t inhibitors was not available to
the AG at the time of writingmamdstherefo biologics were assumed. The
results are presented in Table 75.

Table 75: Cost-effectiveness results for the other tests and TNF inhibitors: people in
remission/LDA

Treatment
go and colleagues
(2017)
ETN
Enbre/®* 9,327 ICER not relevant - ICER not relevant -
Intervention dominates Standard care dominates
standard care Intervention
Erelzi 8,394 ICER not relevant - ICER not relevant -
Intervention dominates Standard care dominates
standard care Intervention
IFX"
Flixabi/ Renflexis (no 5164 ICER not relevant - ICER not relevant -
wastage) Intervention dominates Standard care dominates
standard care Intervention
Key: ETN: etanercept; ICER: incremental cost-effectiveness ratio; IFX: infliximab
Notes:

It was assummed that blood samples would be sent for testing to UK laboratories, and the postage of £4 (per small parcel) was
applied"”.

* The originator (or reference) product

" IFX administration cost was assumed to be 283 per injection (Section 4.1.9.1.7).

Source: Ucar and colleagues (2017)"" and Arango and colleagues (2017)®

Other scenario analyses considered but not conducted due to no or low quality clinical data
were: analysis of testing in the context of primary or secondary non-response; analysis for
non-responders who did not adhere to treatment with biologic therapies, including switching

to intravenously administered IFX.
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4.3 Discussion

Despite substantial weaknesses in the clinical effectiveness evidence base (Section 2), a

simple was developed to estimate the cost-utility of ELISA tgst-based monitering for
ife) ueb e r a d
The an S CO inco sive'and ges sid uncertaint e cost-

effetciveness of therapeutic monitoring of TNF-alpha inhibitors in RA. Data from 2 reports of
the same study produced very different conclusions on the cost-effectiveness of Promonitor

testing in people receiving ADL who are in remission/LDA. The results based on the longer

follow-up (Arango and colleagues 20178} sugggsted itoring is more costly and
]

produces fewer QALY than standard care.

Of the sensitivity analyses conducted, only the assumption that the rate of flares alone

changes as a consequence of monitoring, impacted on the results. This was when evidence

from Ucar and colle 017)"" was used ang resulted in standard care dominating the

intervention. ri | l l m

Exploratory analyses of using Promonitor to monitor patients in remission/LDA receiving

ETN or INF were undertaken, and showed the same results as that for ADL: using the longer

follow-up (Arango and colleagues 2017'%) monitoring is more costly and produces fewer
QALYs than standard care.

The main effectiveness evidence in the model was from the poorly reported INGEBIO study
(a non-randomised controlled trial from Spain, where <40% of participants had RA), heavily
supplemented by input parameters from other studies and expert advice. The results of the
economic analysis should therefore be viewed as exploratory and highly speculative. For
example, although the INGEBIO study only evaluated testing using Promonitor ELISA Kits,
for those in remission/LDA treated with Humira® (ADL), with further assumptions these
results have been used to estimate the threshold testing costs at which TDM would become
cost-effective with people taking other TNF inhibitors (and taking either originator products or

biosimilars.

In summary, there is much uncertainty in relation to key potential drivers of the effectiveness
and cost-effectiveness of using ELISA based testing to monitoring treatment with bDMARDs

in people with RA, that no firm conclusions can be drawn.
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5 Discussion

5.1 Statement of principal findings

5.1.1 Clinical effectiveness

Eight studies,(reported in 11 publications)'"121558-65 yere included ig the systematicgeview
of the tion [6f usihg t r onifofiag ||| 0 al
outcomes in people a hieved,re no & a @ [ ], orin

those who had experienc@d a primary non-response or a secondary non-response. Three

articles'" 564 reported the same non-randomised controlled trial (the INGEBIO study). The
remaining studies were observational studies evaluating the impact of TDM. The non-
randomised controlled study'"'%%* was judged to be at serious risk of bias. One
observational study®® had a historical co [ tional studies were single-
arm studies with no comparator. For obs n ie istorical controlled study
and all the single arm studies were judged to be at moderate risk of bias. However, the study

design should be taken into consideration in interpreting the risk of bias assessment (non-

randomised controll vs. observational studies).
The majority of inclu iersfiao Lu ming drug levels
and/or anti-drug anti ISt Three in es! (Pascual-Salcedo 2013;

Paredes and colleagues (2015); Paredes and colleagues (2016); Lopez-Casla and
colleagues (2013)%°2 ysed Sanquin ELISA kits to measure drug levels and/or anti-drug
antibody levels. The included studies measured drug levels and/or anti-drug antibody levels
in patients who were being treated with adalimumab (ADL), etanercept (ETN) and/or
infliximab (IFX). There were no studies identified for people who were being treated with
certolizumab pegol (CTZ) and golimumab (GLM). No studies were identified evaluating
eligible ELISA kits including IDKmonitor ELISA kits, LISA-TRACKER ELISA kits,
RIDASCREEN ELISA kits and MabTrack ELISA kits. Most studies enrolled rheumatoid
arthritis patients who had achieved remission or low disease activities. Only one
observational study (Lopez-Casla and colleagues 2013)% recruited people with RA who had

experienced a primary non-response or a secondary non-response.

5.1.1.1 Comparative controlled evidence

Three articles'"'%54 reported the same non-randomised controlled trial (the INGEBIO study),
which focused on the population who had achieved treatment target (remission or low
disease activity [LDA]). In this trial, ADL and anti-ADL antibody levels were measured using
Promonitor-ADL and Promonitor-ANTI-ADL (Grifols-Progenika). Monitoring testing results

were revealed to physicians in the intervention arm. Such monitoring test results were not
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revealed to physicians in the control arm. This reflected standard care in Spain where

treatment decisions were based on clinical judgements without the knowledge of drug levels

and anti- antibodies of patients. This INGEBIO study recruited @ mixed population of
169 includi cehortgof eoplepwi ul he ien were
reported in th rﬂs @ '@:FSO@ rt of
people wi A. ee|cohorts different’conditions (rhe

psoriatic arthritis [PsA] and ankylosing spondylitis [AS]), may have different treatment
responses to TNF-a inhibitor therapies. Therefore, there was limited generalisability of

findings from this mixed population to the target RA population.

The findings from this trial (J€arand coll% @d that, at 18-month follow-up,
the rate of flares per patient-year was 0.463 for the intervention group and 0.639 for the
control group, with rate difference of -0.176 (95% CI -0.379 to 0.0289). There was a non-
significant reduction in risk of flare in the intervention group compared with the control group
(incidence rate ratio .71252, 95% CI 0.4997%to 1.0578). Median time to first flare was
145 days for particip hff@u ntfis mrﬁcipants in the
control group. This t r and colle 207" erpresented the results of
health-related quality of life (HRQoL) outcomes. Results showed that HRQoL (EQ-5D-5L)
measures were higher in the intervention group at all visits compared with the control group.

However, the statistically significant results were only observed at Visit 2 (p=0.001) and Visit

3 (p=0.035). Further details of results for this outcome were not reported.

Overall, the findings from this non-randomised controlled trial (the INGEBIO study) showed
that there was a non-significant reduction in risk of flare in the intervention group (where
treatment decisions were made on the basis of the results of therapeutic drug monitoring)
compared with the control group (i.e. standard care where treatment decisions were based
on clinical judgements without the knowledge of drug levels and anti-drug antibodies of
patients). HRQoL outcomes were higher in the intervention group at all visits compared with
the control group, with statistically significant results being observed at two visits. However,
the quality of this trial was judged to be at serious risk of bias due to potential attrition bias
and baseline imbalance in disease severity between the two groups. Therefore, the results

should be interpreted with caution.

5.1.1.2 Evidence from observational studies

Seven observational studies (reported in eight publications) were identified that evaluated
the effect of TDM on clinical outcomes in people with RA who had achieved remission or
LDA, or in those people who had experienced a primary non-response or a secondary non-

response.
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5.1.1.2.1 Change in disease response

Five obs al studies ( reported in six publications) (Chen and ca
Mundo an es lle
Chen an llgagu 8.50

disease response in people*with RA. All studies focused on people with RA who had
achieved treatment target (remission or LDA). Three uncontrolled observational studies (in
four sources) (Chen and colleagues 2016; Inciarte-Mundo et al/. 2016; Paredes and
colleagues 2015; Paredes and colleagues € d the effect of optimisation
of anti-TNF therapies (by decWoseS@ ) by applying TDM in peple
who had achieved remission or LDA. The findings s ed that proportions of people who
developed flares during follow-up (24 weeks to four years) ranged from 17% to 35.2%. Only
one observational study (Senabre and colleagues, 2017)12 assessed the effect of TDM in
people with RA in remi ceiving anti-TNFs with extended interval of administration and
reported the outcome rF\ cipantsiwh

clinical activity. The fin is stud

worsening of clinical activity at one-year follow-up.

ha ced worsening of

ad experienced

The findings from two prospective uncontrolled cohort studies (Chen and colleagues 2016;
Rosas and colleagues 2015)%85% showed that, following the anti-TNF dose tapering strategy
(dose reduction), the proportions of participants who achieved persistent remission at follow-
up was 87.0% and 92.0%.The study by Chen and colleagues (2016)% had a duration of 24-
week follow-up but the study by Rosas and colleagues (2015)® did not report duration of
follow-up. One retrospective uncontrolled cohort study (Paredes and colleagues 2016)°%"
evaluated the use of a tapering strategy (dose reduction or discontinuation) of anti-TNF in
people with RA with LDA or clinical remission and reported the comparative result of
remission rates between pre-visit (baseline) and final visit at the duration of four-year follow-
up. The results from this retrospective cohort study (Paredes and colleagues 2016)®"
showed that, in comparison with the baseline remission rate of 77%, 50% of patients

maintained remission at final visit after four-year follow-up.

Overall, the evidence from these observational studies generally showed that there was a
positive effect in achieving persistent remission associated with TDM for optimisation of anti-
TNF therapies (by decreasing dose or treatment frequency) in people who had achieved
remission or LDA. However, given that these studies were judged to be at moderate risk of
bias, there were considerable uncertainties associated with the reliability of these findings.
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5.1.1.2.2 Change in disease activity

Two observational studies (Pascual-Salcedo and colleagues 2013; Paredes and colleagues

2015)% luated the effect of TDM on change in disease activities at duration ofgfollow-up
of two (
partic A. ual

examined two dlfferen e periods, pre- and during-TDM practice. The study showed a

non-significant reduction in the mean DAS28 score following the implementation of TDM at
seven-year follow-up (pre-TDM: mean 2.51 [SD 0.85] vs.during-TDM: 2.31, [SD 0.52];
p=0.061).

Another observational stud{6y"Parede § % outcome measure of DAS28
score in patients receiving TNF-inhibitor therapies at pre-visit (baseline) and post-visit with 2-
year follow-up. The results showed that therapeutic drug monitoring for optimisation of anti-

TNF therapies was associated with a non-significant reduction in mean DAS28 score at

post-visit after 2-ye -up compared with pfe-visit in patients receiving infliximab
therapies, but non- reases n -year follow-up were
observed in those p efcep

Overall, the finding from the historically controlled study (Pascual-Salcedo 2013)% showed
that therapeutic drug monitoring was associated with a non-significant reduction in mean
DAS28 scores at seven-year follow-up compared with the historical control period. However,
mixed results were found in a retrospective uncontrolled cohort study by Paredes (2015).(52)
Given the inconsistency of results, there was uncertainty on the impact of TDM on disease
activity. It should be noted that the quality of data was judged to be at moderate risk of bias,

which compromises the reliability of the findings.

5.1.1.2.3 Change in direction and magnitude of therapeutic dose

Three observational studies (Pascual-Salcedo 2013; Rosas 2015; Paredes 2016)5%8596"
evaluated the outcome of changes in direction and magnitude of therapeutic dose in people
with RA who had achieved remission or LDA. The sample size of included studies ranged
from 43 to 52.

The findings from the study by Pascual-Salcedo (2013)%° demonstrated that, compared with
the historical control period without TDM, there were statistically significant reductions in
weekly mean dose per patient by each anti-TNF (AFX, ADL, ETN) during the 2nd period
where TDM was introduced. The findings from this study further showed that, compared with
the historical control, there were statistically significant increases in the mean interval of

administration for each anti-TNF during the 2nd period when TDM was implemented.
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Only one prospective observational study by Rosas and colleagues (2015)°® assessed the
impact of TDM on the total dose of anti-TNFs avoided. The results demonstrated that the

total n of doses avoided was 548 for ETN theraples and 26Qgfor ADL therapi

respe
retrosPectiv rvatio es@n & )°Rass mean
r

drug levels between the |pre-visit (basellne ) and post-visit (foIIow up) for each anti-TNF

(adalimumab, etanercept and infliximab) at the duration of four-year follow-up. The results
showed that, compared with baseline measurements, there were statistically significant
reductions in mean drug levels at post-visit for each anti-TNF evaluated.

Overall, the limited data from three obs ed that TDM for optimising
anti-TNF therapies was associated with reductions in therapeutic dose of anti-TNFs in

people with RA who had achieved remission or LDA. This would be expected to lead to cost

saving associated with TDM. However, the reliability of the findings may be compromised by

the poor quality of tEs t

5.1.1.24 Discont nﬁa u I I I

There were limited data identified for the assessment of an impact of therapeutic drug
monitoring on treatment decision making and management. Among included studies, only
one prospective observational study by Lopez-Casla and colleagues (2013)%? assessed the
impact of therapeutic drug monitoring on treatment decision making and reported the
outcome of treatment discontinuation. This study assessed whether therapeutic drug
monitoring for optimising anti-TNF therapies (e.g. increasing the dose of IFX) was an
effective therapeutic strategy in 36 people with RA who developed clinical inefficacy (i.e.
participants who had experienced a primary non-response or a secondary non-response).
The study by Lopez-Casla and colleagues (2013)% reported that 76.5% of participants
discontinued their anti-TNF therapies (IFX) in the one-year follow-up period due to
ineffectiveness of anti-TNF therapies. The study concluded that increasing the dose of IFX
did not seem to be an effective option in people with RA who had developed clinical

inefficacy.

5.1.2 Cost effectiveness

The analyses conducted are inconclusive and suggest considerable uncertainty in the cost-
effetciveness of therapeutic monitoring of TNF-alpha inhibitors in RA. Data from 2 reports of
the same study produced very different conclusions on the cost-effectiveness of Promonitor

testing in people receiving ADL who are in remission/LDA. The results based on the longer
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follow-up (Arango and colleagues 2017'°) suggested that monitoring is more costly and

produces fewer QALY than standard care.

Of thelsensitVityanalysessendu o) u ien impacted er s: that the
rate offlaresfalone chan @ e(FZS@ @ e\ @ ce from
Ucar an ea wa edandr ed andard care inating the
intervention.

Exploratory analyses of using Promonitor to monitor patients in remission/LDA receiving

ETN or INF were undertaken, and show: S es that for ADL: using the longer
follow-up (Arango and colleagues™=2017" i@ ostly and produces fewer

QALYs than standard care.

5.2 Strengths and limitations of the assessment

5.2.1 Clinical eff ss

Extensive literature S lereﬁavt umm\ize the retrieval of
potentially relevant iessforithe syst e ical effectiveness. These included

electronic searches of a variety of bibliographic databases as well as screening of clinical
trial registers and conference proceedings to identify unpublished studies. The search
strategy did not restrict by study design. The review process followed recommended
methods to minimise the potential for error and/or bias. The quality of included studies was
assessed and accounted for when interpreting the review results. Appropriate synthesis

methods were employed by taking into account the heterogeneity of study characteristics.

In terms of limitations, only studies in English were included, therefore some potentially
relevant non-English language studies may have been missed. There was scarce evidence
relating to clinical effectiveness of TDM on clinical outcomes in people RA who had
experienced a primary non-response or a secondary non-response. No studies were
identified assessing ELISA kits including IDKmonitor ELISA kits, LISA-TRACKER ELISA kits,
RIDASCREEN ELISA kits and MabTrack ELISA kits. There was considerable clinical
heterogeneity associated with interventions, outcomes and length of follow-up between
included studies. We were unable to investigate publication bias, because quantitative
synthesis was not possible in this systematic review due to considerable clinical

heterogeneity.

5.2.2 Cost effectiveness

A systematic review of published economic evaluations of using ELISA tests relative to the

alternatives and standard care was undertaken to help inform the type and structure of the
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decision model. The results of this review indicate limited evidence on the cost-effectiveness
of TDM in people with RA. Despite a comprehensive search of the literature, only five
studies have been identified. Two (out of five) TNF testing kits from the NICE scope
(Promonitor and Sanquin) and three (out of five) TNF inhibitors (ADL, ETN, IFX) have been
assessed in the selected studies. The systematic review was also limited by reporting as two

(out of five) selected studies were reported in the abstract form.

Only in the INGEBIO study, selected in the clinical-effectiveness systematic review, was a
test-based treatment compared against usual care. In this study, however, physicians were
not obliged to follow any test-based treatment algorithm but could use testing to alter doses,
based on their judgement, in patients from the intervention arm. Moreover, the study was
reported in the abstract form only, and the reported outcomes were not directly relevant to
the NHS since the study was conducted in Spain. Therefore, an additional systematic
literature review to identify RCTs evaluating any tests used to monitor anti-TNF-a treatment
of people with RA was conducted to support the economic assessment. However, no

relevant sources were identified.

Due to the limited evidence available on clinical effectiveness of TNF monitoring in people
with RA, the multifactorial nature of decisions to adjust treatments in people with RA,*° and
the recent changes in the biologics market, which contributed to the uncertainty in the prices
of biologics and their uptake within the UK, a simplified modelling approach, a threshold
analysis, was chosen to address the decision problem. In this analysis, the cost of
measuring drug concentrations and anti-drug antibody levels at which addition of TNF
testing to usual practice is likely to have zero net monetary benefit (NMB), was estimated in
people with RA treated with ADL for a range of annual acquisition costs. The estimates
obtained under the cost-effectiveness thresholds of £20,000 per QALY gained and £30,000
per QALY gained were compared against those derived from literature and provided to the

AG by our external advisors.

The most important limitations of the economic analysis undertaken in this study are

described below:

e The major challenge in this assessment was limited evidence on clinical
effectiveness, health-related quality of life (HRQoL) and costs associated with test-
based treatment strategies. Due to the paucity of data, not all test kits and TNF
inhibitors, and not all populations specified in the NICE scope were considered in the
economic analysis. In particular, the evidence related to primary non-responders and

secondary non-responders, identified in the clinical-effectiveness systematic review,
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did not directly compare the intervention under evaluation to the alternative, and this
evidence was not sufficient for conducting an economic analysis relevant to non-
responders. Moreover, no economic evaluations relevant to IDKmonitor ELISA kits,
LISA-TRACKER ELISA kits, RIDASCREEN ELISA kits and MabTrack ELISA kits
have been conducted. Furthermore, separate economic assessment of testing for
free and total anti-drug antibodies was not possible since it was unclear whether free
anti-drug antibody assays or total anti-drug antibody assays were performed in the
selected studies.

Several test-based treatment algorithms have been proposed and used, by
physicians in the UK; e.g. Exeter biologic clinic recommendations for biologic dose
reduction (Appendix 5) and recommendations by NHS Greater Glasgow and Clyde
on biologic drug monitoring (Appendix 6). However, to our knowledge, there is no
unified treatment algorithm based on TNF testing. Importantly, in the INGEBIO study
(conducted in Spain), clinicians were not expected to follow any test-based strategy
when making treatment decisions based on test results and clinical judgement.
Therefore, it is unclear whether and to what extent the economic results based on
this study are relevant to clinical practice in England.

To our knowledge, there is no unified recommendation on managing flares in the UK
people with RA. To address this limitation, several sensitivity analyses informed by
literature and based on clinical expert advice were carried out. It is not clear,
however, which of those analyses is most relevant to the NHS.

The time horizon of the threshold analysis undertaken in this study was defined by
the observational period in the INGEBIO ftrial, which was conducted for 18 months.
Cost and health outcomes were not extrapolated into the future, since, due to the
lack of long-term clinical studies, external validation of extrapolated outcomes would
not be feasible. Furthermore, given multifactorial nature of treatment decisions in
people with RA, long-term extrapolation of cost and health outcomes would be prone
to even greater uncertainties, which would not be possible to quantify given
substantial limitations in the evidence base.

Due to limited reporting, it is not clear to what extent selection bias in the INGEBIO
study (which was a non-randomised trial) could have influenced the results of the
economic analysis.

In this study, as in many other economic evaluations in RA, health state utility values
were estimated from HAQ scores using published regression functions. These
functions have demonstrated a relatively strong correlation between the HAQ and

several HRQoL instruments. The AG adopted this approach since the evidence on
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HRQoL from the INGEBO study was limited. We recognise, however, that the HAQ is
a functional measure, and does not capture the full impact of RA on quality of life.
o Utility values estimated from HRQoL data for people with RA were applied based on

| outputs from the INGEBIO study which had a mixedgpopulation of pgople with

sA,and peopl a (6} d i e
m en pare h peo i ASyt y Values le with

RA, used in the economic analysis, are likely to be lower than those for the mixed

population (since men tend to value health states higher than women, and the same

applies to younger versus older people).'® This may have overestimated the

incremental cost-effectiveness ratios (ICERs).
e Since the rates of Alzsweresnot r d Ve study, the impact of AEs
was modelled using evidence fro oth dy, h is a limitation of this

analysis. However, based on clinical advice and published literature on adverse
events in people with RA treated with TNF inhibitors, those AEs which carry a
significant ¢ isutility burden are relatively rare.

¢ Finally, limit iden ties, based on/EQ , directly relevant to
people with flares eﬁn ﬂa ritu:m as well as people
with remission/LDA or active disease health status in the UK settings was identified
in this study. Therefore, utilities were derived from HAQ scores which were estimated

in studies conducted in people with RA in non-UK settings. It should be noted

however that utilities were estimated by mapping to EQ-5D outcomes from UK tariffs.

5.3 Uncertainties

5.3.1 Clinical effectiveness

In this assessment we identified limited data that evaluated clinical effectiveness of using
ELISA tests for monitoring response to TNF-a inhibitors in people with RA who had achieved
remission or LDA, or in those people who had experienced a primary non-response or a
secondary non-response. There were scarce data identified for people who had experienced
a primary non-response or a secondary non-response. In particular, we did not identify any
RCTs evaluating patient-related outcomes and disease activities associated with using

ELISA tests for TDM in the target populations.

The non-randomised controlled study'"'5¢* was judged to be at serious risk of bias. For
observational studies, the historically controlled study and all the single arm studies were
judged to be at moderate risk of bias. In the non-randomised controlled trial (the INGEBIO
study), there was baseline imbalance in disease severity between the intervention and

control groups. Furthermore, there was a lack of adjusting for this variable in the analysis of
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clinical outcomes. There were high attrition rates for some outcomes, which could lead to
attrition bias. The historically controlled study by Pascual-Salcedo and colleagues (2013)%°

was associated with non-contemporaneous control bias due to the use of a historical control.

Most o tional studies had a small sample size without a control group Given
qualit lud ifica
monit se tar Q

5.3.2 Cost effectiveness
Since there is neither gold standards nor guidelines available to monitor the TNF inhibitors

e poor

pact on

considered in this assessment, economic analyses of test-based treatment strategies with

biologics represent a substantial challer$ e
Due to data limitations and the lack of clarity with regard to test-based treatment strategies,

the AG deliberately refrained from data-intensive modelling approaches, which would be

impossible to implement without making strong assumptions not supported by evidence.

The studies identifi em d used to inform the
model structure and arametﬁr a S dtun ong of the studies were
randomised, seven out of eight studies were observational). Furthermore, those studies are
characterised by relatively small sample sizes. Only in one study (INGEBIO), treatment of
RA patients based on the results of TNF testing was compared against usual care, and this
was in a mixed disease population with only 37% of RA patients. The overall majority of the

selected studies, including the INGEBIO study, were reported as abstracts only. Of note, the

studies were sponsored by pharmaceutical companies.

The AG is aware of several test-based treatment algorithms used by physicians in England.
However, in the only study comparing test versus no-test treatment strategies, the INGEBIO
study (which was utilised in our economic analysis), physicians were not required to follow
any therapeutic algorithm based on TDM results but could use tests to alter doses based on
their clinical judgement. It is unclear, however, whether there are variations in clinical

practice between England and Spain, which could have impacted the results presented here.

Only three studies included in the clinical-effectiveness systematic review reported the
definitions of flare, and those definitions were consistent between the studies (DAS28 > 3.2).
However, the AG is aware of several RA flare criteria, which have been used in clinical
research.®®” QOur clinical advisors confirmed that such a variation also exists in clinical

practice. To address this uncertainty, the effect of the variation in the definition of flare was
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explored in a number of sensitivity analyses by altering assumptions on the duration of flare

and the effect of flare on health-related quality of life.

In the INGEBIO study, the rates of adverse events in the intervention and control arms were
not reported. Therefore, the impact of AEs on costs and QALY's was investigated assuming

AE rates from another study selected in the systematic review of clinical effectiveness.

Since the INGEBIO study was carried out in Spain, and the reported outcomes (average
acquisition costs per patient-year, and QALY accrued over the duration of the study) were
not directly relevant to the NHS, some important assumptions had to be made in the
analyses conducted by the AG. In particular, it was assumed that clinical practice in England

with respect to treatment decisions in people with RA on biologics is similar to that in Spain.

Finally, since the actual costs to the NHS of adalimumab (Humira®), its biosimilars and other
TNF treatments were not known to the AG at the time of writing, the effect of variation in the
annual acquisition costs of the biologics within the range of £1,000-£9,200 per patient was
examined in the threshold analysis. However, given the fact that: (1) the actual costs of the
originator products and their biosimilars vary considerably across England, (2) there is also a
variation in the uptake of biosimilars across the UK, and (3) the proportion of people treated
with biosimilars is likely to increase in the near future due to very recent changes in the
biologics market, it is not clear which estimates obtained in our economic analyses are most
relevant to the NHS.

5.4 Generalisability of the findings

5.4.1 Clinical effectiveness

Given that most studies were conducted in Spain, the generalisability of their findings to the
UK settings remains uncertain due to variations in clinical practice and health policies
between different countries. Furthermore, the findings from the non-randomised controlled
trial (the INGEBIO study) and the results of changes in therapeutic dose from the study by
Pascual-Salcedo and colleagues (2013)%° were presented for a mixed population. Therefore,
there was limited generalisability of findings from the mixed population (including RA, PsA,

and/or AS) to the target RA population.

5.4.2 Cost effectiveness

Outcomes from the INGEBIO study were utilised in the economic analysis for patients in
remission/LDA. It was a pragmatic trial, and therefore it is likely that the results could be

generalisable to routine practice settings. However, the generalisability to the UK settings of
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the findings in the INGEBIO study and the economic results reported in this assessment

remain uncertain due to likely variations in clinical practice between Spain and England.

Since findings from the mixed population considered in the INGEBIO study might not be
generalisable to the RA population, and the quality of this trial was judged to be at serious

risk of bias, the economic results presented here should be considered with caution.

Due to the paucity of data, not all test kits and TNF inhibitors from the NICE scope could be
modelled using reported clinical outcomes considered in this study, and it is not clear
whether and to what extent the economic estimates obtained for patients treated with

adalimumab are applicable to people treated with the other anti-TNF treatments.

Moreover, data limitations did not allow the assessment of the long-term economic impact of
TNF testing since TDM in people with RA is relatively new, and therefore there is no data
relevant to the long-term outcomes of test-based treatment strategies. Given the dynamic
nature of RA treatment and limited data, it is not known whether the reported clinical effects
and associated incremental costs of test-based treatment decisions would persist beyond

this time.

According to NHS England,®' some originator manufacturers have offered discounts, further
enhancing the competitiveness of the market and potential for cost saving for the NHS.
Therefore, the list prices of TNF inhibitors assumed in the analyses reporting ICERs (Table
71, Table 73, Table 74 and Table 75) might not adequately reflect the actual costs of the
biologics to the NHS.
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6 Conclusions

6.1 Implications for service provision

The findings from this assessment demonstrate very limited evidence on the effect of TDM

based SA tests for optimising anti-TNF therapies in people with RA, either ingthose
who h ieved remi ri 0 e -
respoRise or @ secondar esponse.

In relation to clinical effectiveness, limited data were identified evaluating TDM in the target

populations. One non-randomised trial compared TDM with standard care (the INGEBIO

study) had serious limitations in relation to the NICE scope: only one-third of the participants

had RA, many of the analyses were not @y | -trigat, follow-up was for only 18
|

months, there was no explicit algorithm climicians_im how the results of testing

should change treatment (e.g. tapering), and the study was only reported in three abstracts.

In addition, seven observational studies (reported in eight publications) were also identified

but were of minimal value in informing whether ELISA test-based monitoring is clinically

effective or not.
Despite these substanti ﬂLali uivmence base, a simple

model was developed to estimate the cost-utility of ELISA test-based monitoring for people
with RA taking bDMARDS. The main effectiveness evidence in the model was also from the
poorly reported INGEBIO study, heavily supplemented by input parameters from other
studies and expert advice. The results of the economic analysis should therefore be viewed
as exploratory and highly speculative. For example, although the INGEBIO study only
evaluated testing using Promonitor ELISA kits, for those in remission/LDA treated with
Humira® (ADL), with further assumptions these results have been used to estimate the
threshold testing costs at which TDM would become cost-effective with people taking other

TNF inhibitors (and taking either originator products or biosimilars.

In summary, there is limited valid and applicable research evidence, and much uncertainty in
relation to key potential drivers of the effectiveness and cost-effectiveness of using ELISA
based testing to monitoring treatment with bDMARDSs in people with RA, that no firm

conclusions regarding the implications for service provision can be drawn

6.2 Suggested research priorities

One ongoing Norwegian multicentre randomised controlled trial (the NOR-DRUM Study)®®

that evaluates the effect of TDM in people with RA in remission compared with standard
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care. This ongoing trial will provide further useful data on the impact of TDM in the target

population.

Furthef'Controlled trials with a large sample size (especially randomised controlled frials
[RCTs] quiredfto as <Iof ing P oring
anti-T pies, ) it h@ ha [ r

No studies were identified evaluating other eligible ELISA kits including IDKmonitor ELISA
kits, LISA-TRACKER ELISA kits, RIDASCREEN ELISA kits and MabTrack ELISA kits.
Therefore, future large RCTs are required to assess the impact of using those ELISA tests
for monitoring anti-TNF therapies in peogle wit ofhadfachieved remission or LDA.
More robust evidence is almm to$ﬁ using Sanquin tests for

monitoring anti-TNF therapies in this population.

There were no studies identified for people with RA treated with CTZ or GLM. Future RCTs

are required to ass linical effectiveness of using ELISA tests for monitoring such

anti-TNF therapies i rg ti
There were scarce identified for t la ple with RAlwho had experienced

a primary non-response or a secondary non-response. Future RCTs are warranted to
assess the clinical effectiveness of using ELISA tests for monitoring anti-TNF therapies in

those who had developed clinical inefficacy.

Limited evidence on healthcare resource use and utilities, based on EQ-5D scores, directly
relevant to the population considered in this assessment was identified in this study. This
warrants further research on medium/long term cost and health outcomes in people with RA
treated with TNF inhibitors.
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Appendix 1. Literature search strategies

ELISA for anti-TNF inhibitors in rheumatoid arthritis — clinical-effectiveness

searches

Database: MEDLINE

Host: Ovid

Data Parameters: 1946 to July Week 2 2018
Date Searched: 20/7/2018

Searcher: SR

Hits: 1703

Strategy:

1. (anti-TNF* or antiTNF* or (TNF* adj2 (inhibit* or block™))).tw.

2. anti* tumo?r* necrosis* factor*.tw.

3. Tumor Necrosis Factor-alpha/

4. (biologic* adj2 DMARD*).tw.

5. ((antirheumati* or anti rheumati* or anti-rheumati*) adj4 biologic*).tw.

6. ((disease modify* or disease-modify*) adj4 biologic*).tw.

7. exp Antibodies, Monoclonal/

8. anti* drug* antibod*.tw.

9. ADADb.tw.

10. etanercept.tw. or ETANERCEPT/

11. (tnr001 or "tnr 001" or tnr-001 or 18524 3-69-0).tw.

12. (ETA or ETN).tw.

13. (enbrel or erelzi or benepali or lifmior or brenzys).tw.

14. (anti-etanercept® or antietanercept® or (anti adj3 etanercept®)).tw.

15. adalimumab.tw. or ADALIMUMAB/

16. (d 2e7 or d2e7 or d-2e7 or 331731-18-1).tw.

17. (ADA or ADL or ADM).tw.

18. (humira or amgevita or cyltezo or imraldi or solymbic or hyrimoz or halimatoz).tw.
19. (anti-adalimumab* or antiadalimumab* or (anti adj3 adalimumab*)).tw.

20. infliximab.tw. or INFLIXIMAB/
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21. (170277-31-3 or ta650 or ta 650 or ta-650).tw.

22. (INF or IFX).tw.

23. (anti-infliximab* or antiinfliximab* or (anti adj3 infliximab*)).tw.

24. (remicade or inflectra or remsima or flixabi or zessly or renflexis or ixifi).tw.
25. Certolizumab Pegol/ or certolizumab.tw.

26. (cdp870 or cdp 870 or cdp-870 or 428863-50-7 or 1132819-27-2).tw.
27. (CER or CZP).tw.

28. cimzia.tw.

29. (anti-certolizumab® or anticertolizumab* or (anti adj3 certolizumab*)).tw.
30. golimumab.tw.

31. (cnto 148 or cnto148 or cnto-148 or 476181-74-5).tw.

32. (GOL or GLM).tw.

33. simponi.tw.

34. (anti-golimumab* or antigolimumab™ or (anti adj3 golimumab*)).tw.

35. (biologic* adj2 agent™).tw.

36. (CT-P13 or CTP13 or CT P13 or SB2 or SB-2 or SB 2 or SB4 or SB-4 or SB 4 or SB-
5 or SB5 or

SB 5).tw.
37. (biosimilar* or (bio* adj1 similar)).tw.
38. or/1-37
39. exp Enzyme-Linked Immunosorbent Assay/
40. (immundiagnostik* or immunodiagnostik* or immunediagnostik®).tw.
41. biohit healthcare.tw.
42. (proteomika* or *).tw.
43. (enzyme* adj3 immunoassay®).tw.
44. (enzyme* adj3 (immuno* assay” or immuno* test*)).tw.
45. ELISA*.tw.
46. (idkmonitor* or (idk adj3 monitor*) or idk-monitor*).tw.
47. ((lisa adj3 tracker®) or lisa-tracker* or lisatracker*).tw.
48. (ridascreen* or (rida adj3 screen*) or rida-screen®).tw.
49. (mabtrack* or (mab adj3 track™) or mab-track™).tw.

50. sanquin.tw.
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51.
52.
53.
54.
55.
56.
57.
58.
59.

60.
61.
62.
63.
64.
65.
66.

theradiag.tw.

(grifols or progenika).tw.

(r-biopharm or rbiopharm or r biopharm).tw.
((drug® or trough) adj3 (level* or concentration)).tw.
or/39-54

exp Arthritis, Rheumatoid/

RA.tw.

Rheumarthrit*.tw.

((Rheumatoid* or rheumatic* or inflammat* or idiopathic* or deforman*®) adj4 (arthrit*
or arthros* or polyarthrit* or factor®)).tw.

(Chronic* adj4 (polyarthrit* or poly arthrit* or poly-arthrit* or rheumati*)).tw.
((Inflammat™ or pain* or swell* or stiff*) adj4 (joint* or synovial*)).tw.
(Beauvais*® adj2 disease*).tw.

or/56-62

38 and 55 and 63

animals/ not humans/

64 not 65

Database: MEDLINE In-Process & Other Non-Indexed Citations

Host: Ovid

Data Parameters: July 19 2018

Date Searched: 20/7/2018

Searcher: SR

Hits: 70
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Database: EMBASE

Host: Ovid

Data Parameters: 1974 to 2018 July 19
Date Searched: 20/7/2018

Searcher: SR

Hits: 3807

Strategy:

1. (anti-TNF* or antiTNF* or (TNF* adj2 (inhibit* or block*))).tw.

2. anti* tumo?r* necrosis* factor*.tw.

3. Tumor Necrosis Factor-alpha/

4. (biologic* adj2 DMARD*).tw.

5. ((antirheumati* or anti rheumati* or anti-rheumati*) adj4 biologic*).tw.
6. ((disease modify* or disease-modify*) adj4 biologic*).tw.

7. disease modifying antirheumatic drug/

8. monoclonal antibody/

9. anti* drug* antibod*.tw.

10. ADADb.tw.

11. etanercept.tw. or ETANERCEPT/

12. (tnr001 or "tnr 001" or tnr-001 or 18524 3-69-0).tw.

13. (ETA or ETN).tw.

14. (enbrel or erelzi or benepali or lifmior or brenzys).tw.

15. (anti-etanercept® or antietanercept® or (anti adj3 etanercept®)).tw.
16. adalimumab.tw. or ADALIMUMAB/

17. (d 2e7 or d2e7 or d-2e7 or 331731-18-1).tw.

18. (ADA or ADL or ADM).tw.
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19. (humira or amgevita or cyltezo or imraldi or solymbic or hyrimoz or halimatoz).tw.
20. (anti-adalimumab* or antiadalimumab™ or (anti adj3 adalimumab*)).tw.

21. infliximab.tw. or INFLIXIMAB/

22. (170277-31-3 or ta650 or ta 650 or ta-650).tw.

23. (INF or IFX).tw.

24. (anti-infliximab* or antiinfliximab* or (anti adj3 infliximab*)).tw.

25. (remicade or inflectra or remsima or flixabi or zessly or renflexis or ixifi).tw.
26. Certolizumab Pegol/ or certolizumab.tw.

27. (cdp870 or cdp 870 or cdp-870 or 428863-50-7 or 1132819-27-2).tw.

28. (CER or CZP).tw.

29. cimzia.tw.

30. (anti-certolizumab* or anticertolizumab* or (anti adj3 certolizumab*)).tw.
31. golimumab/ or golimumab.tw.

32. (cnto 148 or cnto148 or cnto-148 or 476181-74-5).tw.

33. (GOL or GLM).tw.

34. simponi.tw.

35. (anti-golimumab* or antigolimumab* or (anti adj3 golimumab*)).tw.

36. (biologic* adj2 agent™).tw.

37. (CT-P13 or CTP13 or CT P13 or SB2 or SB-2 or SB 2 or SB4 or SB-4 or SB 4 or SB-
5 or SB5 or
SB 5).tw.

38. biological product/ or biosimilar agent/
39. (biosimilar* or (bio* adj1 similar*)).tw.
40. or/1-39

41. exp Enzyme-Linked Immunosorbent Assay/
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42. (immundiagnostik* or immunodiagnostik* or immunediagnostik®).tw.
43. biohit healthcare.tw.

44. (proteomika* or promonitor*).tw.

45. (enzyme* adj3 immunoassay®).tw.

46. (enzyme™ adj3 (immuno* assay* or immuno™ test*)).tw.
47. ELISA*.tw.

48. (idkmonitor* or (idk adj3 monitor*) or idk-monitor*).tw.
49. ((lisa adj3 tracker*) or lisa-tracker* or lisatracker*).tw.
50. (ridascreen” or (rida adj3 screen*) or rida-screen*).tw.
51. (mabtrack® or (mab adj3 track*) or mab-track®).tw.

52. sanquin.tw.

53. theradiag.tw.

54. (grifols or progenika).tw.

55. (r-biopharm or rbiopharm or r biopharm).tw.

56. ((drug* or trough) adj3 (level* or concentration)).tw.
57. or/41-56

58. exp Arthritis, Rheumatoid/

59. RA.tw.

60. Rheumarthrit*.tw.

61. ((Rheumatoid* or rheumatic* or inflammat* or idiopathic* or deforman*) adj4 (arthrit*

or arthros* or polyarthrit* or factor*)).tw.
62. (Chronic* adj4 (polyarthrit* or poly arthrit* or poly-arthrit* or rheumati*)).tw.
63. ((Inflammat* or pain* or swell* or stiff*) adj4 (joint* or synovial*)).tw.
64. (Beauvais® adj2 disease™).tw.

65. or/58-64
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66. 40 and 57 and 65
67. (exp animal/ or nonhuman/) not exp human/

68. 66 not 67

Database: Web of Science (SCI and CPCI-S)
Host: Thomson Reuters

Data Parameters: n/a

Date Searched: 20/7/2018

Searcher: SR

Hits: 3633

Strategy:

#1 TS=(anti-TNF* or antiTNF* or (TNF* near/1 (inhibit* or block*))) OR TS=tumo$r* necrosis*
factor* alpha OR TS= (biologic* near/1 DMARD*) OR TS=(biologic* near/3 antirheumati*)
OR TS=(anti rheumati* near/3 biologic*) OR TS=(disease modify* near/3 biologic*) OR
TS=anti* drug* antibod* OR TS=ADAb OR TS=anti* tumo$r* necrosis* factor* OR

TS=monoclonal antibod*

#2 TS=etanercept OR TS=(tnr001 or tnr 001 or tnr-001 or 185243-69-0) OR TS=(ETA or
ETN) OR TS=(enbrel or erelzi or benepali or lifmior or brenzys) OR TS=(anti-etanercept*

or antietanercept* or anti near/2 etanercept®)

#3 TS=adalimumab OR TS=(d 2e7 or d2e7 or d-2e7 or 331731-18-1) OR TS=(ADA or ADL
or ADM) OR TS=(humira or amgevita or cyltezo or imraldi or solymbic or hyrimoz or

halimatoz) OR TS=(anti-adalimumab* or antiadalimumab® or anti near/2 adalimumab*)

#4 TS= infliximab OR TS=(170277-31-3 or ta650 or ta 650 or ta-650) OR TS=(INF or IFX)
OR TS=(anti-infliximab* or antiinfliximab* or anti near/2 infliximab*) OR TS=(remicade or

inflectra or remsima or flixabi or zessly or renflexis or ixifi)

#5 TS=certolizumab OR TS=(cdp870 or cdp 870 or cdp-870 or 428863-50-7 or 1132819-
27-2) OR TS=(CER or CZP) OR TS=cimzia OR TS=(anti-certolizumab* or

anticertolizumab* or anti near/2 certolizumab*)

#6 TS=golimumab OR TS=(cnto 148 or cnto148 or cnto-148 or 476181-74-5) OR TS=(GOL
or GLM) OR TS=simponi OR TS=(anti-golimumab* or antigolimumab* or anti near/2

golimumab®)
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#7 TS=(biologic* near/1 agent*) OR TS=(CT-P13 or CTP13 or CT P13 or SB2 or SB-2 or
SB 2 or SB4 or SB-4 or SB 4 or SB-5 or SB5 or SB 5) OR TS=(biosimilar* or bio*
similar®)

#8 #7 OR #6 OR #5 OR #4 OR #3 OR #2 OR #1

#9 TS=(immundiagnostik* or immunodiagnostik* or immunediagnostik*) OR TS=biohit
healthcare OR TS=(proteomika* or promonitor*) OR TS=(enzyme* near/2
immunoassay*) OR TS=(enzyme* near/2 immuno* assay*) OR TS=(enzyme* near/2
immuno* test*) OR TS=ELISA*

#10 TS= (idkmonitor* or idk near/2 monitor* or idk-monitor*) OR TS=(lisa near/2 tracker* or
lisa-tracker™ or lisatracker*) OR TS=(ridascreen* or rida near/2 screen”* or rida-screen®)
OR TS=(mabtrack* or mab near/2 track* or mab-track*) OR TS=(sanquin or theradiag)
OR TS=(grifols or progenika) OR TS=(r-biopharm or rbiopharm or r biopharm) OR TS=

((drug* or trough) near/2 (level* or concentration))
#11 #10 OR#9

#12 TS=RA OR TS=Rheumarthrit* OR TS=((Rheumatoid* or rheumatic* or inflammat* or
idiopathic* or deforman*) near/3 (arthrit* or arthros* or polyarthrit* or factor*)) OR
TS=(chronic* near/3 polyarthrit*) OR TS=(chronic* near/3 poly arthrit*) OR
TS=(chronic* near/3 rheumati*) OR TS=((Inflammat* or pain* or swell* or stiff*) near/3

(joint* or synovial*)) OR TS=(Beauvais* adj2 disease™)

#13 #12 AND #11 AND #8
Indexes=SCI-EXPANDED, CPCI-S Timespan=1900-2018;

Database: Cochrane Library

Host: Cochrane Collaboration

Data Parameters: CDSR Issue 7 of 12, July 2018; CENTRAL Issue 6 of 12, June 2018
Date Searched: 20/7/2018

Searcher: SR

Hits: 255

Strategy:

#1 (anti-TNF* or antiTNF* or (TNF* near/2 (inhibit* or block*))):ti,ab,kw

#2 "anti* tumo*r* necrosis* factor*":ti,ab,kw
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#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19

#20

MeSH descriptor: [Tumor Necrosis Factor-alpha] this term only
(biologic* near/2 DMARD?):ti,ab,kw

*n

((antirheumati* or "anti rheumati*" or anti-rheumati*) near/4 biologic*):ti,ab,kw

*N

(("disease modify*" or disease-modify*) near/4 biologic*):ti,ab,kw
MeSH descriptor: [Antibodies, Monoclonal] explode all trees
"anti* drug* antibod*":ti,ab,kw

ADADb:ti,ab

etanercept:ti,ab,kw

MeSH descriptor: [Etanercept] this term only

(tnr001 or "tnr 001" or tnr-001 or 185243-69-0):ti,ab

(ETA or ETN):ti,ab

(enbrel or erelzi or benepali or lifmior or brenzys):ti,ab,kw
(anti-etanercept™* or antietanercept® or (anti near/3 etanercept®)):ti,ab,kw
adalimumab:ti,ab,kw

MeSH descriptor: [Adalimumab] this term only

("d 2e7" or d2e7 or d-2e7 or 331731-18-1):ti,ab

(ADA or ADL or ADM):ti,ab

(humira or amgevita or cyltezo or imraldi or solymbic or hyrimoz or

halimatoz):ti,ab,kw

#21
#22
#23
#24
#25
#26
#27
#28

#29

(anti-adalimumab* or antiadalimumab* or (anti near/3 adalimumab®)):ti,ab,kw
infliximab:ti,ab,kw

MeSH descriptor: [Infliximab] this term only

(170277-31-3 or ta650 or "ta 650" or ta-650):ti,ab

(INF or IFX):ti,ab

(anti-infliximab* or antiinfliximab* or (anti near/3 infliximab*)):ti,ab,kw

(remicade or inflectra or remsima or flixabi or zessly or renflexis or ixifi):ti,ab,kw
certolizumab:ti,ab,kw

MeSH descriptor: [Certolizumab Pegol] this term only
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#30
#31
#32
#33
#34
#35
#36
#37
#38
#39

#40

#41

#42

#43
#44
#45
#46
#47
#48
#49
#50
#51
#52
#53

#54

(cdp870 or "cdp 870" or cdp-870 or 428863-50-7 or 1132819-27-2):ti,ab

(CER or CZP):ti,ab

cimzia:ti,ab,kw

(anti-certolizumab™ or anticertolizumab* or (anti near/3 certolizumab*)):ti,ab,kw
golimumab:ti,ab,kw

("cnto 148" or cnto148 or cnto-148 or 476181-74-5):ti,ab

(GOL or GLM):ti,ab

simponi:ti,ab,kw

(anti-golimumab* or antigolimumab™ or (anti near/3 golimumab®*)):ti,ab,kw
(biologic* near/2 agent®):ti,ab,kw

(CT-P13 or CTP13 or "CT P13" or SB2 or SB-2 or "SB 2" or SB4 or SB-4 or "SB 4" or
SB-5 or SB5 or "SB 5"):ti,ab

(biosimilar* or "bio* similar*"):ti,ab,kw
#1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14
or #15 or #16 or #17 or #18 or #19 or #20 or #21 or #22 or #23 or #24 or #25 or #26

or #27 or #28 or #29 or #30 or #31 or #32 or #33 or #34 or #35 or #36 or #37 or #38
or #39 or #40 or #41

MeSH descriptor: [Enzyme-Linked Immunosorbent Assay] explode all trees
(immundiagnostik* or immunodiagnostik* or immunediagnostik*):ti,ab,kw
"biohit healthcare":ti,ab,kw

(proteomika® or promonitor*):ti,ab,kw

(enzyme* near/3 immunoassay®):ti,ab,kw

(enzyme* near/3 ("immuno* assay*" or "immuno* test*")):ti,ab,kw
ELISA*:ti,ab,kw

(idkmonitor* or (idk near/3 monitor*) or idk-monitor*):ti,ab,kw

((lisa near/3 tracker*) or lisa-tracker™ or lisatracker):ti,ab,kw
(ridascreen* or (rida near/3 screen*) or rida-screen*):ti,ab,kw

(mabtrack® or (mab near/3 track®) or mab-track®):ti,ab,kw

(sanquin or theradiag):ti,ab,kw

242



#55
#56
#57

#58

#59
#60
#61

#62

#63
#64
#65
#66

#H67

(grifols or progenika):ti,ab,kw
(r-biopharm or rbiopharm or "r biopharm"):ti,ab,kw
((drug™ or trough) near/3 (level* or concentration)):ti,ab,kw

#43 or #44 or #45 or #46 or #47 or #48 or #49 or #50 or #51 or #52 or #53 or #54 or
#55 or #56 or #57

MeSH descriptor: [Arthritis, Rheumatoid] explode all trees
RA:ti,ab
Rheumarthrit*.ti,ab,kw

((Rheumatoid* or rheumatic* or inflammat* or idiopathic* or deforman*) near/4

(arthrit* or arthros™ or polyarthrit* or factor*)):ti,ab,kw

(Chronic* near/4 (polyarthrit* or poly arthrit* or poly-arthrit* or rheumati*)):ti,ab,kw
((Inflammat* or pain* or swell* or stiff*) near/4 (joint* or synovial*)):ti,ab,kw
(Beauvais* near/2 disease*):ti,ab,kw

#59 or #60 or #61 or #62 or #64 or #65

#42 and #58 and #66

Number of hits per database and in total

Database Hits

MEDLINE 1,703
MEDLINE In-Process 70
EMBASE 3,807
Web of Science (SCI and SCCI) 3,633
Cochrane 255
Total records 9,468
Duplicates 2,851
Total unique records 6,617

Backward citation chasing

Citation chasing yielded 42 further references (after de-duplicating and checking against

already screened papers), on 12 September 2018.
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ELISA for anti-TNF inhibitors in rheumatoid arthritis — cost-effectiveness searches
Database: MEDLINE

Host: Ovid

Data Parameters: 1946 to July Week 2 2018

Date Searched: 26/7/2018

Searcher: SR

Hits: 4

Strategy:

1. (anti-TNF* or antiTNF* or (TNF* adj2 (inhibit* or block*))).tw.

2. anti* tumo?r* necrosis* factor*.tw.

3. Tumor Necrosis Factor-alpha/

4. (biologic* adj2 DMARD*).tw.

5. ((antirheumati* or anti rheumati* or anti-rheumati*) adj4 biologic*).tw.
6. ((disease modify* or disease-modify*) adj4 biologic*).tw.

7. exp Antibodies, Monoclonal/

8. anti* drug* antibod*.tw.

9. ADADb.tw.

10. etanercept.tw. or ETANERCEPT/

11. (tnr001 or "tnr 001" or tnr-001 or 18524 3-69-0).tw.

12. (ETA or ETN).tw.

13. (enbrel or erelzi or benepali or lifmior or brenzys).tw.

14. (anti-etanercept® or antietanercept® or (anti adj3 etanercept®)).tw.
15. adalimumab.tw. or ADALIMUMAB/

16. (d 2e7 or d2e7 or d-2e7 or 331731-18-1).tw.

17. (ADA or ADL or ADM).tw.

18. (humira or amgevita or cyltezo or imraldi or solymbic or hyrimoz or halimatoz).tw.
19. (anti-adalimumab® or antiadalimumab* or (anti adj3 adalimumab*)).tw.
20. infliximab.tw. or INFLIXIMAB/

21.(170277-31-3 or ta650 or ta 650 or ta-650).tw.

22. (INF or IFX).tw.
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23. (anti-infliximab* or antiinfliximab* or (anti adj3 infliximab*)).tw.

24. (remicade or inflectra or remsima or flixabi or zessly or renflexis or ixifi).tw.
25. Certolizumab Pegol/ or certolizumab.tw.

26. (cdp870 or cdp 870 or cdp-870 or 428863-50-7 or 1132819-27-2).tw.
27. (CER or CZP).tw.

28. cimzia.tw.

29. (anti-certolizumab* or anticertolizumab* or (anti adj3 certolizumab*)).tw.
30. golimumab.tw.

31. (cnto 148 or cnto148 or cnto-148 or 476181-74-5).tw.

32. (GOL or GLM).tw.

33. simponi.tw.

34. (anti-golimumab™ or antigolimumab* or (anti adj3 golimumab®)).tw.

35. (biologic* adj2 agent®).tw.

36. (CT-P13 or CTP13 or CT P13 or SB2 or SB-2 or SB 2 or SB4 or SB-4 or SB 4 or SB-
5 or SB5 or SB 5).tw.

37. (biosimilar* or (bio* adj1 similar)).tw.

38. or/1-37

39. exp Enzyme-Linked Immunosorbent Assay/

40. (immundiagnostik* or immunodiagnostik* or immunediagnostik®).tw.
41. biohit healthcare.tw.

42. (proteomika* or promonitor®).tw.

43. (enzyme* adj3 immunoassay®).tw.

44. (enzyme* adj3 (immuno* assay* or immuno* test*)).tw.
45. ELISA*.tw.

46. (idkmonitor* or (idk adj3 monitor*) or idk-monitor*).tw.
47. ((lisa adj3 tracker®) or lisa-tracker* or lisatracker™).tw.
48. (ridascreen* or (rida adj3 screen*) or rida-screen®).tw.
49. (mabtrack® or (mab adj3 track®) or mab-track™).tw.

50. sanquin.tw.

51. theradiag.tw.

52. (grifols or progenika).tw.

53. (r-biopharm or rbiopharm or r biopharm).tw.
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54. ((drug* or trough) adj3 (level* or concentration)).tw.
55. or/39-54

56. exp Arthritis, Rheumatoid/

57. RA.tw.

58. Rheumarthrit*.tw.

59. ((Rheumatoid* or rheumatic* or inflammat* or idiopathic* or deforman*) adj4 (arthrit*
or arthros* or polyarthrit* or factor*)).tw.

60. (Chronic* adj4 (polyarthrit* or poly arthrit* or poly-arthrit* or rheumati*)).tw.
6

—

. ((Inflammat* or pain* or swell* or stiff*) adj4 (joint* or synovial®)).tw.
62. (Beauvais* adj2 disease™).tw.

63. or/56-62

64. 38 and 55 and 63

65. animals/ not humans/

66. 64 not 65
67. Economics/

68. exp "Costs and Cost Analysis"/
69. Economics, Nursing/

70. Economics, Medical/

71. Economics, Pharmaceutical/
72. exp Economics, Hospital/

73. Economics, Dental/

74. exp "Fees and Charges"/

75. exp Budgets/

76. budget®*.ti,ab,kf.

77. (economic* or cost or costs or costly or costing or price or prices or pricing or
pharmacoeconomic* or pharmaco-economic*® or expenditure or expenditures or
expense or expenses or financial or finance or finances or financed).ti,kf.

78. (economic* or cost or costs or costly or costing or price or prices or pricing or
pharmacoeconomic* or pharmaco-economic*® or expenditure or expenditures or
expense or expenses or financial or finance or finances or financed).ab. /freq=2

79. (cost* adj2 (effective™ or utilit* or benefit* or minimi* or analy* or outcome or
outcomes)).ab,kf.

80. (value adj2 (money or monetary)).ti,ab,kf.

81. exp models, economic/
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82.
83.
84.
85.
86.
87.
88.

89.
90.

economic model*.ab,kf.

markov chains/

markov.ti,ab kf.

monte carlo method/

monte carlo.ti,ab,kf.

exp Decision Theory/

(decision* adj2 (tree* or analy* or model*)).ti,ab,kf.

or/67-88
66 and 89

Database: MEDLINE In-Process & Other Non-Indexed Citations

Host: Ovid

Data Parameters: July 25 2018

Date Searched: 25/7/2018

Searcher: SR

Hits:

1

Strategy:

1. (anti-TNF* or antiTNF* or (TNF* adj2 (inhibit* or block*))).tw.

2. anti* tumo?r* necrosis* factor*.tw.

3. (biologic* adj2 DMARD*).tw.

4. ((antirheumati* or anti rheumati* or anti-rheumati*) adj4 biologic*).tw.

5. ((disease modify* or disease-modify*) adj4 biologic*).tw.

6. anti* drug* antibod*.tw.

7. ADAD.tw.

8. etanercept.tw.

9. (tnr001 or "tnr 001" or tnr-001 or 185243-69-0).tw.

10. (ETA or ETN).tw.

11. (enbrel or erelzi or benepali or lifmior or brenzys).tw.

12. (anti-etanercept® or antietanercept® or (anti adj3 etanercept®)).tw.
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13. adalimumab.tw.

14. (d 2e7 or d2e7 or d-2e7 or 331731-18-1).tw.

15. (ADA or ADL or ADM).tw.

16. (humira or amgevita or cyltezo or imraldi or solymbic or hyrimoz or halimatoz).tw.
17. (anti-adalimumab® or antiadalimumab* or (anti adj3 adalimumab®)).tw.
18. infliximab.tw.

19. (170277-31-3 or ta650 or ta 650 or ta-650).tw.

20. (INF or IFX).tw.

21. (anti-infliximab* or antiinfliximab* or (anti adj3 infliximab*)).tw.

22. (remicade or inflectra or remsima or flixabi or zessly or renflexis or ixifi).tw.
23. certolizumab.tw.

24. (cdp870 or cdp 870 or cdp-870 or 428863-50-7 or 1132819-27-2).tw.
25. (CER or CZP).tw.

26. cimzia.tw.

27. (anti-certolizumab™ or anticertolizumab® or (anti adj3 certolizumab*)).tw.
28. golimumab.tw.

29. (cnto 148 or cnto148 or cnto-148 or 476181-74-5).tw.

30. (GOL or GLM).tw.

31. simponi.tw.

32. (anti-golimumab* or antigolimumab* or (anti adj3 golimumab®)).tw.

33. (biologic* adj2 agent™).tw.

34. (CT-P13 or CTP13 or CT P13 or SB2 or SB-2 or SB 2 or SB4 or SB-4 or SB 4 or SB-5
or SB5 or SB 5).tw.

35. (biosimilar* or (bio* adj1 similar*)).tw.

36. or/1-35

37. (immundiagnostik* or immunodiagnostik* or immunediagnostik®).tw.
38. biohit healthcare.tw.

39. (proteomika* or promonitor*).tw.

40. (enzyme* adj3 immunoassay®).tw.

41. (enzyme* adj3 (immuno* assay* or immuno* test*)).tw.
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42. ELISA*.tw.

43. (idkmonitor* or (idk adj3 monitor*) or idk-monitor*).tw.
44. ((lisa adj3 tracker*) or lisa-tracker* or lisatracker*).tw.
45. (ridascreen” or (rida adj3 screen*) or rida-screen®).tw.
46. (mabtrack* or (mab adj3 track*) or mab-track™).tw.
47. sanquin.tw.

48. theradiag.tw.

49. (grifols or progenika).tw.

50. (r-biopharm or rbiopharm or r biopharm).tw.

51. ((drug* or trough) adj3 (level* or concentration)).tw.
52. or/37-51

53. RA.tw.

54. Rheumarthrit*.tw.

55. ((Rheumatoid* or rheumatic* or inflammat* or idiopathic* or deforman*) adj4 (arthrit* or
arthros™ or polyarthrit* or factor®)).tw.

56. (Chronic* adj4 (polyarthrit* or poly arthrit* or poly-arthrit* or rheumati*)).tw.
57. ((Inflammat* or pain* or swell* or stiff*) adj4 (joint* or synovial*)).tw.

58. (Beauvais* adj2 disease™).tw.

59. or/53-58

60. 36 and 52 and 59

61. budget®.ti,ab,kf.

62. (economic® or cost or costs or costly or costing or price or prices or pricing or
pharmacoeconomic* or pharmaco-economic* or expenditure or expenditures or
expense or expenses or financial or finance or finances or financed).ti,kf.

63. (economic* or cost or costs or costly or costing or price or prices or pricing or
pharmacoeconomic* or pharmaco-economic* or expenditure or expenditures or
expense or expenses or financial or finance or finances or financed).ab. /freq=2

64. (cost* adj2 (effective™ or utilit* or benefit* or minimi* or analy* or outcome or
outcomes)).ab,kf.

65. (value adj2 (money or monetary)).ti,ab,kf.

66. economic model*.ab,kf.
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67. markov.ti,ab,kf.
68. monte carlo.ti,ab,kf.
69. (decision* adj2 (tree* or analy* or model*)).ti,ab,kf.

70. or/61-69
71.60 and 70

Database: EMBASE

Host: Ovid

Data Parameters: 1974 to 2018 July 25
Date Searched: 26/7/2018

Searcher: SR

Hits: 102

Strategy:
1. (anti-TNF* or antiTNF* or (TNF* adj2 (inhibit* or block™))).tw.

2. anti* tumo?r* necrosis* factor*.tw.

3. Tumor Necrosis Factor-alpha/

4. (biologic* adj2 DMARD*).tw.

5. ((antirheumati* or anti rheumati* or anti-rheumati*) adj4 biologic*).tw.
6. ((disease modify* or disease-modify*) adj4 biologic*).tw.

7. disease modifying antirheumatic drug/

8. monoclonal antibody/

9. anti* drug* antibod*.tw.

10. ADADb.tw.

11. etanercept.tw. or ETANERCEPT/

12. (tnr001 or "tnr 001" or tnr-001 or 18524 3-69-0).tw.

13. (ETA or ETN).tw.

14. (enbrel or erelzi or benepali or lifmior or brenzys).tw.

15. (anti-etanercept® or antietanercept® or (anti adj3 etanercept®)).tw.

16. adalimumab.tw. or ADALIMUMAB/
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17. (d 2e7 or d2e7 or d-2e7 or 331731-18-1).tw.

18. (ADA or ADL or ADM).tw.

19. (humira or amgevita or cyltezo or imraldi or solymbic or hyrimoz or halimatoz).tw.
20. (anti-adalimumab* or antiadalimumab™ or (anti adj3 adalimumab®)).tw.

21. infliximab.tw. or INFLIXIMAB/

22. (170277-31-3 or ta650 or ta 650 or ta-650).tw.

23. (INF or IFX).tw.

24. (anti-infliximab* or antiinfliximab* or (anti adj3 infliximab*)).tw.

25. (remicade or inflectra or remsima or flixabi or zessly or renflexis or ixifi).tw.
26. Certolizumab Pegol/ or certolizumab.tw.

27. (cdp870 or cdp 870 or cdp-870 or 428863-50-7 or 1132819-27-2).tw.

28. (CER or CZP).tw.

29. cimzia.tw.

30. (anti-certolizumab™ or anticertolizumab* or (anti adj3 certolizumab*)).tw.
31. golimumab/ or golimumab.tw.

32. (cnto 148 or cnto148 or cnto-148 or 476181-74-5).tw.

33. (GOL or GLM).tw.

34. simponi.tw.

35. (anti-golimumab* or antigolimumab* or (anti adj3 golimumab®)).tw.

36. (biologic* adj2 agent™).tw.

37. (CT-P13 or CTP13 or CT P13 or SB2 or SB-2 or SB 2 or SB4 or SB-4 or SB 4 or SB-
5 or SB5 or
SB 5).tw.

38. biological product/ or biosimilar agent/

39. (biosimilar* or (bio* adj1 similar*)).tw.

40. or/1-39

41. exp Enzyme-Linked Immunosorbent Assay/

42. (immundiagnostik* or immunodiagnostik* or immunediagnostik*).tw.
43. biohit healthcare.tw.

44. (proteomika* or promonitor).tw.
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45. (enzyme* adj3 immunoassay®).tw.

46. (enzyme* adj3 (immuno* assay* or immuno* test*)).tw.

47. ELISA* tw.

48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.

62.
63.
64.
65.
66.
67.
68.

(idkmonitor* or (idk adj3 monitor*) or idk-monitor*).tw.
((lisa adj3 tracker™) or lisa-tracker* or lisatracker).tw.
(ridascreen” or (rida adj3 screen”) or rida-screen™).tw.
(mabtrack® or (mab adj3 track®) or mab-track™).tw.
sanquin.tw.

theradiag.tw.

(grifols or progenika).tw.

(r-biopharm or rbiopharm or r biopharm).tw.

((drug™ or trough) adj3 (level* or concentration)).tw.
or/41-56

exp Arthritis, Rheumatoid/

RA.tw.

Rheumarthrit*.tw.

((Rheumatoid* or rheumatic* or inflammat* or idiopathic* or deforman*) adj4 (arthrit*
or arthros* or polyarthrit* or factor®)).tw.

(Chronic* adj4 (polyarthrit* or poly arthrit* or poly-arthrit* or rheumati*)).tw.
((Inflammat* or pain* or swell* or stiff*) adj4 (joint* or synovial*)).tw.
(Beauvais* adj2 disease™).tw.

or/58-64

40 and 57 and 65

(exp animal/ or nonhuman/) not exp human/

66 not 67

69. Economics/

70. Cost/

71

. exp Health Economics/

72. Budget/
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73. budget*.ti,ab,kw.

74. (economic* or cost or costs or costly or costing or price or prices or pricing or
pharmacoeconomic* or pharmaco-economic* or expenditure or expenditures or
expense or expenses or financial or finance or finances or financed).ti,kw.

75. (economic* or cost or costs or costly or costing or price or prices or pricing or
pharmacoeconomic* or pharmaco-economic*® or expenditure or expenditures or
expense or expenses or financial or finance or finances or financed).ab. /freq=2

76. (cost* adj2 (effective™ or utilit* or benefit* or minimi* or analy* or outcome or
outcomes)).ab,kw.

77. (value adj2 (money or monetary)).ti,ab,kw.

78. Statistical Model/

79. economic model*.ab,kw.

80. Probability/

81. markov.ti,ab,kw.

82. monte carlo method/

83. monte carlo.ti,ab,kw.

84. Decision Theory/

85. Decision Tree/

86. (decision* adj2 (tree* or analy* or model*)).ti,ab,kw.

87. or/69-86
88. 68 and 87

Database: Web of Science (SCI and CPCI-S)
Host: Thomson Reuters

Data Parameters: n/a

Date Searched: 2/7/2018

Searcher: SR

Hits: 63

Strategy:

1. #1 TS=(anti-TNF* or antiTNF* or (TNF* near/1 (inhibit* or block*))) OR TS=tumo$r*
necrosis* factor* alpha OR TS= (biologic* near/1 DMARD*) OR TS=(biologic* near/3
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10.

11.

antirheumati*) OR TS=(anti rheumati* near/3 biologic*) OR TS=(disease modify* near/3
biologic*) OR TS=anti* drug* antibod* OR TS=ADAb OR TS=anti* tumo$r* necrosis*

factor* OR TS=monoclonal antibod*

#2 TS=etanercept OR TS=(tnr001 or tnr 001 or tnr-001 or 185243-69-0) OR
TS=(ETA or ETN) OR TS=(enbrel or erelzi or benepali or lifmior or brenzys) OR

TS=(anti-etanercept® or antietanercept® or anti near/2 etanercept®)

#3 TS=adalimumab OR TS=(d 2e7 or d2e7 or d-2e7 or 331731-18-1) OR TS=(ADA
or ADL or ADM) OR TS=(humira or amgevita or cyltezo or imraldi or solymbic or
hyrimoz or halimatoz) OR TS=(anti-adalimumab* or antiadalimumab* or anti near/2

adalimumab®)

#4 TS= infliximab OR TS=(170277-31-3 or ta650 or ta 650 or ta-650) OR TS=(INF
or IFX) OR TS=(anti-infliximab* or antiinfliximab* or anti near/2 infliximab*) OR

TS=(remicade or inflectra or remsima or flixabi or zessly or renflexis or ixifi)

#5 TS=certolizumab OR TS=(cdp870 or cdp 870 or cdp-870 or 428863-50-7 or
1132819-27-2) OR TS=(CER or CZP) OR TS=cimzia OR TS=(anti-certolizumab* or

anticertolizumab* or anti near/2 certolizumab*)

#6 TS=golimumab OR TS=(cnto 148 or cnto148 or cnto-148 or 476181-74-5) OR
TS=(GOL or GLM) OR TS=simponi OR TS=(anti-golimumab* or antigolimumab™* or

anti near/2 golimumab®)

#7 TS=(biologic* near/1 agent*) OR TS=(CT-P13 or CTP13 or CT P13 or SB2 or
SB-2 or SB 2 or SB4 or SB-4 or SB 4 or SB-5 or SB5 or SB 5) OR TS=(biosimilar*
or bio* similar®)

#8 #7 OR #6 OR #5 OR #4 OR #3 OR #2 OR #1

#9 TS=(immundiagnostik* or immunodiagnostik* or immunediagnostik*) OR
TS=biohit healthcare OR TS=(proteomika* or promonitor*) OR TS=(enzyme* near/2
immunoassay*) OR TS=(enzyme* near/2 immuno* assay*) OR TS=(enzyme* near/2
immuno* test*) OR TS=ELISA*

#10 TS= (idkmonitor* or idk near/2 monitor* or idk-monitor*) OR TS=(lisa near/2
tracker* or lisa-tracker* or lisatracker*) OR TS=(ridascreen* or rida near/2 screen* or
rida-screen*) OR TS=(mabtrack* or mab near/2 track* or mab-track*) OR
TS=(sanquin or theradiag) OR TS=(grifols or progenika) OR TS=(r-biopharm or

rbiopharm or r biopharm) OR TS= ((drug* or trough) near/2 (level* or concentration))

#11 #10 OR #9
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12. #12 TS=RA OR TS=Rheumarthrit* OR TS=((Rheumatoid* or rheumatic* or
inflammat™ or idiopathic* or deforman*) near/3 (arthrit* or arthros* or polyarthrit* or
factor*)) OR TS=(chronic* near/3 polyarthrit*) OR TS=(chronic* near/3 poly arthrit*)
OR TS=(chronic* near/3 rheumati*) OR TS=((Inflammat* or pain* or swell* or stiff*)

near/3 (joint* or synovial*)) OR TS=(Beauvais* adj2 disease™)

13.#13 #12 AND #11 AND #8

14. TS=((pharmacoeconomic* or socioeconomics or economic* or pric* or cost* or cba or

cea or cua or "health utilit*" or "value for money"))
15. #14 and #15

Indexes=SCI-EXPANDED, CPCI-S Timespan=1900-2018;

Database: NHS EED

Host: Cochrane Library

Data Parameters: Issue 2 of 4 April 2015

Date Searched: 26/7/2018

Searcher: SR

Hits: O

Strategy:

#1 (anti-TNF* or antiTNF* or (TNF* near/2 (inhibit* or block*))):ti,ab,kw
#2 "anti* tumo*r* necrosis* factor*":ti,ab,kw

#3 MeSH descriptor: [Tumor Necrosis Factor-alpha] this term only

#4 (biologic* near/2 DMARD?):ti,ab,kw

#5 ((antirheumati* or "anti rheumati*" or anti-rheumati*) near/4 biologic*):ti,ab,kw
#6 (("disease modify*" or disease-modify*) near/4 biologic*):ti,ab,kw
#7 MeSH descriptor: [Antibodies, Monoclonal] explode all trees

#8 "anti* drug* antibod*":ti,ab,kw

#9 ADADb:ti,ab

#10  etanercept:ti,ab,kw

#11  MeSH descriptor: [Etanercept] this term only
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#12
#13
#14
#15
#16
#17
#18
#19
#20

(tnr001 or "tnr 001" or tnr-001 or 185243-69-0):ti,ab

(ETA or ETN):ti,ab

(enbrel or erelzi or benepali or lifmior or brenzys):ti,ab,kw
(anti-etanercept™® or antietanercept® or (anti near/3 etanercept®)):ti,ab,kw
adalimumab:ti,ab,kw

MeSH descriptor: [Adalimumab] this term only

("d 2e7" or d2e7 or d-2e7 or 331731-18-1):ti,ab

(ADA or ADL or ADM):ti,ab

(humira or amgevita or cyltezo or imraldi or solymbic or hyrimoz or

halimatoz):ti,ab,kw

#21
#22
#23
#24
#25
#26
#27
#28
#29
#30
#31
#32
#33
#34
#35
#36
#37
#38

(anti-adalimumab* or antiadalimumab* or (anti near/3 adalimumab*)):ti,ab,kw
infliximab:ti,ab,kw

MeSH descriptor: [Infliximab] this term only

(170277-31-3 or ta650 or "ta 650" or ta-650):ti,ab

(INF or IFX):ti,ab

(anti-infliximab* or antiinfliximab* or (anti near/3 infliximab*)):ti,ab,kw
(remicade or inflectra or remsima or flixabi or zessly or renflexis or ixifi):ti,ab,kw
certolizumab:ti,ab,kw

MeSH descriptor: [Certolizumab Pegol] this term only

(cdp870 or "cdp 870" or cdp-870 or 428863-50-7 or 1132819-27-2):ti,ab

(CER or CZP):ti,ab

cimzia:ti,ab,kw

(anti-certolizumab™ or anticertolizumab* or (anti near/3 certolizumab®)):ti,ab,kw
golimumab:ti,ab,kw

("cnto 148" or cnto148 or cnto-148 or 476181-74-5):ti,ab

(GOL or GLM):ti,ab

simponi:ti,ab,kw

(anti-golimumab* or antigolimumab* or (anti near/3 golimumab®)):ti,ab,kw
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#39  (biologic* near/2 agent*):ti,ab,kw

#40 (CT-P13 or CTP13 or "CT P13" or SB2 or SB-2 or "SB 2" or SB4 or SB-4 or "SB 4" or
SB-5 or SB5 or "SB 5"):ti,ab

#41  (biosimilar* or "bio* similar*"):ti,ab,kw

#42  #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14
or #15 or #16 or #17 or #18 or #19 or #20 or #21 or #22 or #23 or #24 or #25 or #26
or #27 or #28 or #29 or #30 or #31 or #32 or #33 or #34 or #35 or #36 or #37 or #38
or #39 or #40 or #41

#43  MeSH descriptor: [Enzyme-Linked Immunosorbent Assay] explode all trees
#44  (immundiagnostik* or immunodiagnostik* or immunediagnostik™):ti,ab,kw
#45  "biohit healthcare":ti,ab,kw

#46  (proteomika® or promonitor®):ti,ab,kw

#47  (enzyme* near/3 immunoassay®):ti,ab,kw

#48  (enzyme® near/3 ("immuno* assay*" or "immuno* test*")):ti,ab,kw

#49  ELISA*:ti,abkw

#50  (idkmonitor* or (idk near/3 monitor*) or idk-monitor*):ti,ab,kw

#51  ((lisa near/3 tracker™) or lisa-tracker* or lisatracker*):ti,ab,kw

#52  (ridascreen* or (rida near/3 screen®) or rida-screen®):ti,ab,kw

#53  (mabtrack* or (mab near/3 track*) or mab-track*):ti,ab,kw

#54  (sanquin or theradiag):ti,ab,kw

#55  (grifols or progenika):ti,ab,kw

#56  (r-biopharm or rbiopharm or "r biopharm"):ti,ab,kw

#57  ((drug* or trough) near/3 (level* or concentration)):ti,ab,kw

#58  #43 or #44 or #45 or #46 or #47 or #48 or #49 or #50 or #51 or #52 or #53 or #54 or
#55 or #56 or #57

#59  MeSH descriptor: [Arthritis, Rheumatoid] explode all trees
#60 RA:ti,ab

#61 Rheumarthrit*.ti,ab,kw

257



#62  ((Rheumatoid* or rheumatic* or inflammat* or idiopathic* or deforman*) near/4

(arthrit* or arthros™ or polyarthrit* or factor*)):ti,ab,kw
#63  (Chronic* near/4 (polyarthrit* or poly arthrit* or poly-arthrit* or rheumati*)):ti,ab,kw
#64  ((Inflammat* or pain* or swell* or stiff*) near/4 (joint* or synovial*)):ti,ab,kw
#65  (Beauvais* near/2 disease®):ti,ab,kw
#66  #59 or #60 or #61 or #62 or #64 or #65

#67  #42 and #58 and #66

Database: EconlLit
Host: EBSCO
Data Parameters: n/a
Date Searched: 2/7/2018
Searcher: SR
Hits: 56
Strategy:

1. TX Rheumarthrit*

2. TX((Rheumatoid* or rheumatic* or inflammat* or idiopathic* or deforman*) N4 (arthrit*

or arthros* or polyarthrit* or factor®))
3. TX ((Chronic* N4 (polyarthrit* or poly arthrit* or poly-arthrit* or rheumati*))
4. TX ((Inflammat* or pain* or swell* or stiff*) N4 (joint* or synovial*))

5. S1ORS20R S3 OR S4

Number of hits per database and in total

Database Hits

MEDLINE 5
MEDLINE In-Process 1
EMBASE 102
Web of Science (SCI and SCCI) 63
Cochrane — HTA and NHS EED 0
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Database Hits

Econlit
Total records
Duplicates

Total unique records

56
227
13
214

ELISA for anti-TNF inhibitors in rheumatoid arthritis — utilities searches

Database: MEDLINE

Host: Ovid

Data Parameters: 1946 to July Week 3 2018
Date Searched: 30/7/2018

Searcher: SR

Hits: 136

Strategy:

—_—

. (anti-TNF* or antiTNF* or (TNF* adj2 (inhibit* or block*))).tw.
. anti* tumo?r* necrosis* factor*.tw.

. Tumor Necrosis Factor-alpha/

. (biologic* adj2 DMARD?).tw.

. ((antirheumati* or anti rheumati* or anti-rheumati*) adj4 biologic*).tw.

2
3
4
5
6. ((disease modify* or disease-modify*) adj4 biologic*).tw.
7. exp Antibodies, Monoclonal/

8. anti* drug* antibod*.tw.

9. ADADb.tw.

10. etanercept.tw. or ETANERCEPT/

11. (tnr001 or "tnr 001" or tnr-001 or 18524 3-69-0).tw.

12. (ETA or ETN).tw.

13. (enbrel or erelzi or benepali or lifmior or brenzys).tw.

14. (anti-etanercept™ or antietanercept® or (anti adj3 etanercept®)).tw.

15. adalimumab.tw. or ADALIMUMADB/

259



16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

37.
38.
39.
40.
41.
42.
43.

(d 2e7 or d2e7 or d-2e7 or 331731-18-1).tw.

(ADA or ADL or ADM).tw.

(humira or amgevita or cyltezo or imraldi or solymbic or hyrimoz or halimatoz).tw.
(anti-adalimumab* or antiadalimumab* or (anti adj3 adalimumab®)).tw.
infliximab.tw. or INFLIXIMAB/

(170277-31-3 or ta650 or ta 650 or ta-650).tw.

(INF or IFX).tw.

(anti-infliximab* or antiinfliximab* or (anti adj3 infliximab*)).tw.

(remicade or inflectra or remsima or flixabi or zessly or renflexis or ixifi).tw.
Certolizumab Pegol/ or certolizumab.tw.

(cdp870 or cdp 870 or cdp-870 or 428863-50-7 or 1132819-27-2).tw.
(CER or CZP).tw.

cimzia.tw.

(anti-certolizumab* or anticertolizumab* or (anti adj3 certolizumab®)).tw.
golimumab.tw.

(cnto 148 or cnto148 or cnto-148 or 476181-74-5).tw.

(GOL or GLM).tw.

simponi.tw.

(anti-golimumab™ or antigolimumab® or (anti adj3 golimumab*)).tw.
(biologic* adj2 agent™).tw.

(CT-P13 or CTP13 or CT P13 or SB2 or SB-2 or SB 2 or SB4 or SB-4 or SB 4 or SB-
5 or SB5 or SB 5).tw.

(biosimilar* or (bio* adj1 similar)).tw.

or/1-37

exp Enzyme-Linked Immunosorbent Assay/

(immundiagnostik* or immunodiagnostik* or immunediagnostik®).tw.
biohit healthcare.tw.

(proteomika® or promonitor*).tw.

(enzyme* adj3 immunoassay*).tw.
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44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.

60.
61.
62.
63.
64.

65.
66.
67.
68.
69.
70.
71.
72.

(enzyme* adj3 (immuno* assay* or immuno* test*)).tw.
ELISA*.tw.

(idkmonitor* or (idk adj3 monitor*) or idk-monitor*).tw.
((lisa adj3 tracker*) or lisa-tracker* or lisatracker®).tw.
(ridascreen® or (rida adj3 screen®) or rida-screen*).tw.
(mabtrack® or (mab adj3 track®) or mab-track™).tw.
sanquin.tw.

theradiag.tw.

(grifols or progenika).tw.

(r-biopharm or rbiopharm or r biopharm).tw.

((drug™ or trough) adj3 (level* or concentration)).tw.
or/39-54

exp Arthritis, Rheumatoid/

RA.tw.

Rheumarthrit*.tw.

((Rheumatoid* or rheumatic* or inflammat* or idiopathic* or deforman*) adj4 (arthrit*
or arthros* or polyarthrit* or factor*)).tw.

(Chronic* adj4 (polyarthrit* or poly arthrit* or poly-arthrit* or rheumati*)).tw.
((Inflammat* or pain* or swell* or stiff*) adj4 (joint* or synovial*)).tw.
(Beauvais* adj2 disease*).tw.

or/56-62

38 and 55 and 63

animals/ not humans/

64 not 65
"Value of Life"/

Quality of Life/

quality of life.ti,kf.

((instrument or instruments) adj3 quality of life).ab.
Quality-Adjusted Life Years/

quality adjusted life.ti,ab,kf.
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73.
74.
75.
76.

77.

78.

79.

80.

81.

82.
83.
84.
85.
86.

87.
88.
89.
90.
91.

92.

93.
94.
95.
96.
97.
98.

(qaly* or gald* or gale* or gtime* or life year or life years).ti,ab,kf.
disability adjusted life.ti,ab,kf.
daly*.ti,ab,kf.

(sf36 or sf 36 or short form 36 or shortform 36 or short form36 or shortform36 or sf
thirtysix or sfthirtysix or sfthirty six or sf thirty six or shortform thirtysix or shortform
thirty six or short form thirtysix or short form thirty six).ti,ab, kf.

(sf6 or sf 6 or short form 6 or shortform 6 or sf six or sfsix or shortform six or short
form six or shortform6 or short form6).ti,ab,kf.

(sf8 or sf 8 or sf eight or sfeight or shortform 8 or shortform 8 or shortform8 or short
form8 or shortform eight or short form eight).ti,ab,kf.

(sf12 or sf 12 or short form 12 or shortform 12 or short form12 or shortform12 or sf
twelve or sftwelve or shortform twelve or short form twelve).ti,ab,kf.

(sf16 or sf 16 or short form 16 or shortform 16 or short form16 or shortform16 or sf
sixteen or sfsixteen or shortform sixteen or short form sixteen).ti,ab,kf.

(sf20 or sf 20 or short form 20 or shortform 20 or short form20 or shortform20 or sf
twenty or sftwenty or shortform twenty or short form twenty).ti,ab kf.

(hqgl or hgol or h gol or hrqgol or hr gol).ti,ab,kf.
(hye or hyes).ti,ab kf.

(health* adj2 year* adj2 equivalent*).ti,ab kf.
(pgol or qgls).ti,ab,kf.

(quality of wellbeing or quality of well being or index of wellbeing or index of well
being or qwb).ti,ab,kf.

nottingham health profile*.ti,ab,kf.
sickness impact profile.ti,ab,kf.

exp health status indicators/

(health adj3 (utilit* or status)).ti,ab,kf.

(utilit* adj3 (valu* or measur* or health or life or estimat* or elicit* or disease or
score* or weight)).ti,ab,kf.

(preference* adj3 (valu* or measur* or health or life or estimat® or elicit* or disease
or score* or instrument or instruments)).ti,ab,kf.

disutilit*.ti,ab,kf.

rosser.ti,ab kf.

willingness to pay.ti,ab,kf.

standard gamble*.ti,ab,kf.

(time trade off or time tradeoff).ti,ab,kf.

tto.ti,ab,kf.
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99. (hui or hui1 or hui2 or hui3).ti,ab,kf.

100. (eq or euroqol or euro qol or eq5d or eq 5d or euroqual or euro qual).ti,ab,kf.
101. duke health profile.ti,ab,kf.

102. functional status questionnaire.ti,ab,kf.

103. dartmouth coop functional health assessment*.ti,ab kf.

104. or/67-103

105. 66 and 104

Database: MEDLINE In-Process & Other Non-Indexed Citations
Host: Ovid

Data Parameters: July 27 2018

Date Searched: 30/7/2018

Searcher: SR

Hits: 2

Strategy:

1. (anti-TNF* or antiTNF* or (TNF* adj2 (inhibit* or block™))).tw.

2. anti* tumo?r* necrosis* factor*.tw.

3. (biologic* adj2 DMARD*).tw.

4. ((antirheumati* or anti rheumati* or anti-rheumati*) adj4 biologic*).tw.
5. ((disease modify* or disease-modify*) adj4 biologic*).tw.

6. anti* drug* antibod*.tw.

7. ADADb.tw.

8. etanercept.tw.

9. (tnr001 or "tnr 001" or tnr-001 or 185243-69-0).tw.

10. (ETA or ETN).tw.

11. (enbrel or erelzi or benepali or lifmior or brenzys).tw.

12. (anti-etanercept® or antietanercept® or (anti adj3 etanercept®)).tw.
13. adalimumab.tw.

14. (d 2e7 or d2e7 or d-2e7 or 331731-18-1).tw.

263



15. (ADA or ADL or ADM).tw.

16. (humira or amgevita or cyltezo or imraldi or solymbic or hyrimoz or halimatoz).tw.
17. (anti-adalimumab® or antiadalimumab* or (anti adj3 adalimumab*)).tw.

18. infliximab.tw.

19. (170277-31-3 or ta650 or ta 650 or ta-650).tw.

20. (INF or IFX).tw.

21. (anti-infliximab* or antiinfliximab* or (anti adj3 infliximab*)).tw.

22. (remicade or inflectra or remsima or flixabi or zessly or renflexis or ixifi).tw.
23. certolizumab.tw.

24. (cdp870 or cdp 870 or cdp-870 or 428863-50-7 or 1132819-27-2).tw.

25. (CER or CZP).tw.

26. cimzia.tw.

27. (anti-certolizumab* or anticertolizumab* or (anti adj3 certolizumab™)).tw.
28. golimumab.tw.

29. (cnto 148 or cnto148 or cnto-148 or 476181-74-5).tw.

30. (GOL or GLM).tw.

31. simponi.tw.

32. (anti-golimumab* or antigolimumab™ or (anti adj3 golimumab*)).tw.

33. (biologic* adj2 agent™).tw.

34. (CT-P13 or CTP13 or CT P13 or SB2 or SB-2 or SB 2 or SB4 or SB-4 or SB 4 or SB-5
or SB5 or SB 5).tw.

35. (biosimilar* or (bio* adj1 similar*)).tw.

36. or/1-35

37. (immundiagnostik* or immunodiagnostik* or immunediagnostik®).tw.
38. biohit healthcare.tw.

39. (proteomika* or promonitor*).tw.

40. (enzyme* adj3 immunoassay®).tw.

41. (enzyme* adj3 (immuno* assay* or immuno* test*)).tw.

42. ELISA* tw.
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43. (idkmonitor* or (idk adj3 monitor*) or idk-monitor*).tw.
44. ((lisa adj3 tracker®) or lisa-tracker* or lisatracker*).tw.
45. (ridascreen* or (rida adj3 screen*) or rida-screen®).tw.
46. (mabtrack® or (mab adj3 track™) or mab-track™).tw.
47. sanquin.tw.

48. theradiag.tw.

49. (grifols or progenika).tw.

50. (r-biopharm or rbiopharm or r biopharm).tw.

51. ((drug® or trough) adj3 (level* or concentration)).tw.
52. or/37-51

53. RA.tw.

54. Rheumarthrit*.tw.

55. ((Rheumatoid* or rheumatic* or inflammat* or idiopathic* or deforman*) adj4 (arthrit* or
arthros™ or polyarthrit* or factor®)).tw.

56. (Chronic* adj4 (polyarthrit* or poly arthrit* or poly-arthrit* or rheumati*)).tw.
57. ((Inflammat* or pain* or swell* or stiff*) adj4 (joint* or synovial*)).tw.

58. (Beauvais® adj2 disease™).tw.

59. or/53-58

60. 36 and 52 and 59
61. quality of life.ti,kf.

70. ((instrument or instruments) adj3 quality of life).ab.

71. quality adjusted life.ti,ab,kf.

72. (qaly* or qald* or gale* or qtime* or life year or life years).ti,ab,kf.

73. disability adjusted life.ti,ab,kf.

74. daly* ti,ab kf.

75. (sf36 or sf 36 or short form 36 or shortform 36 or short form36 or shortform36 or sf

thirtysix or sfthirtysix or sfthirty six or sf thirty six or shortform thirtysix or shortform thirty
six or short form thirtysix or short form thirty six).ti,ab,kf.
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76.

77.

78.

79.

80.

81.
82.
83.
84.
85.

86.
87.
88.
89.

90.

91.
92.
93.
94.
95.
96.
97.
98.
99.

(sf6 or sf 6 or short form 6 or shortform 6 or sf six or sfsix or shortform six or short form
six or shortform6 or short form6).ti,ab,kf.

(sf8 or sf 8 or sf eight or sfeight or shortform 8 or shortform 8 or shortform8 or short
form8 or shortform eight or short form eight).ti,ab,kf.

(sf12 or sf 12 or short form 12 or shortform 12 or short form12 or shortform12 or sf
twelve or sftwelve or shortform twelve or short form twelve).ti,ab,kf.

(sf16 or sf 16 or short form 16 or shortform 16 or short form16 or shortform16 or sf
sixteen or sfsixteen or shortform sixteen or short form sixteen).ti,ab,kf.

(sf20 or sf 20 or short form 20 or shortform 20 or short form20 or shortform20 or sf
twenty or sftwenty or shortform twenty or short form twenty).ti,ab kf.

hqgl or hqol or h qgol or hrgol or hr gol).ti,ab,kf.
hye or hyes).ti,ab,kf.

(
(
(health* adj2 year* adj2 equivalent*).ti,ab,kf.
(pgol or gls).ti,ab,kf.
(

quality of wellbeing or quality of well being or index of wellbeing or index of well being
or qwb).ti,ab,kf.

nottingham health profile*.ti,ab,kf.
sickness impact profile.ti,ab,kf.
(health adj3 (utilit* or status)).ti,ab,kf.

(utilit* adj3 (valu* or measur* or health or life or estimat* or elicit* or disease or score*
or weight)).ti,ab,kf.

(preference* adj3 (valu* or measur* or health or life or estimat® or elicit* or disease or
score* or instrument or instruments)).ti,ab,kf.

disutilit*.ti,ab, kf.

rosser.ti,ab,kf.

willingness to pay.ti,ab,kf.

standard gamble*.ti,ab,kf.

(time trade off or time tradeoff).ti,ab,kf.

tto.ti,ab,kf.

(hui or hui1 or hui2 or hui3).ti,ab,kf.

(eq or euroqol or euro qol or eq5d or eq 5d or euroqual or euro qual).ti,ab,kf.

duke health profile.ti,ab,kf.

100. functional status questionnaire.ti,ab,kf.

101. dartmouth coop functional health assessment®.ti,ab,kf.
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102. or/61-101
103. 60 and 102

Database: EMBASE

Host: Ovid

Data Parameters: 1974 to 2018 July 27

Date Searched: 30/7/2018
Searcher: SR

Hits: 64

Strategy:

1. (anti-TNF* or antiTNF* or (TNF* adj2 (inhibit* or block™))).tw.
2. anti* tumo?r* necrosis* factor*.tw.

3. Tumor Necrosis Factor-alpha/

4. (biologic* adj2 DMARD*).tw.

5. ((antirheumati* or anti rheumati* or anti-rheumati*) adj4 biologic*).tw.
6. ((disease modify* or disease-modify*) adj4 biologic*).tw.

7. disease modifying antirheumatic drug/

8. monoclonal antibody/

9. anti* drug* antibod*.tw.

10. ADADb.tw.

11. etanercept.tw. or ETANERCEPT/

12. (tnr001 or "tnr 001" or tnr-001 or 18524 3-69-0).tw.

13. (ETA or ETN).tw.

14. (enbrel or erelzi or benepali or lifmior or brenzys).tw.

15. (anti-etanercept® or antietanercept® or (anti adj3 etanercept*)).tw.
16. adalimumab.tw. or ADALIMUMAB/

17. (d 2e7 or d2e7 or d-2e7 or 331731-18-1).tw.

18. (ADA or ADL or ADM).tw.

19. (humira or amgevita or cyltezo or imraldi or solymbic or hyrimoz or halimatoz).tw.
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20. (anti-adalimumab* or antiadalimumab® or (anti adj3 adalimumab®)).tw.
21. infliximab.tw. or INFLIXIMAB/

22.(170277-31-3 or ta650 or ta 650 or ta-650).tw.

23. (INF or IFX).tw.

24. (anti-infliximab* or antiinfliximab* or (anti adj3 infliximab*)).tw.

25. (remicade or inflectra or remsima or flixabi or zessly or renflexis or ixifi).tw.
26. Certolizumab Pegol/ or certolizumab.tw.

27. (cdp870 or cdp 870 or cdp-870 or 428863-50-7 or 1132819-27-2).tw.
28. (CER or CZP).tw.

29. cimzia.tw.

30. (anti-certolizumab™ or anticertolizumab* or (anti adj3 certolizumab®)).tw.
31. golimumab/ or golimumab.tw.

32. (cnto 148 or cnto148 or cnto-148 or 476181-74-5).tw.

33. (GOL or GLM).tw.

34. simponi.tw.

35. (anti-golimumab™ or antigolimumab* or (anti adj3 golimumab®)).tw.

36. (biologic* adj2 agent®).tw.

37. (CT-P13 or CTP13 or CT P13 or SB2 or SB-2 or SB 2 or SB4 or SB-4 or SB 4 or
SB-5 or SB5 or
SB 5).tw.

38. biological product/ or biosimilar agent/

39. (biosimilar* or (bio* adj1 similar®)).tw.

40. or/1-39

41. exp Enzyme-Linked Immunosorbent Assay/

42. (immundiagnostik* or immunodiagnostik* or immunediagnostik®).tw.
43. biohit healthcare.tw.

44. (proteomika® or promonitor®).tw.

45. (enzyme* adj3 immunoassay®).tw.

46. (enzyme* adj3 (immuno* assay* or immuno* test*)).tw.

47. ELISA* tw.
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48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.

62.
63.
64.
65.
66.
67.

68.
69.

70.

71.

72.

73.

74.

(idkmonitor* or (idk adj3 monitor*) or idk-monitor*).tw.
((lisa adj3 tracker™) or lisa-tracker* or lisatracker).tw.
(ridascreen” or (rida adj3 screen”) or rida-screen™).tw.
(mabtrack® or (mab adj3 track®) or mab-track™).tw.
sanquin.tw.

theradiag.tw.

(grifols or progenika).tw.

(r-biopharm or rbiopharm or r biopharm).tw.

((drug™ or trough) adj3 (level* or concentration)).tw.
or/41-56

exp Arthritis, Rheumatoid/

RA.tw.

Rheumarthrit*.tw.

((Rheumatoid* or rheumatic* or inflammat* or idiopathic* or deforman*) adj4 (arthrit*
or arthros* or polyarthrit* or factor®)).tw.

(Chronic* adj4 (polyarthrit* or poly arthrit* or poly-arthrit* or rheumati*)).tw.
((Inflammat* or pain* or swell* or stiff*) adj4 (joint* or synovial*)).tw.
(Beauvais*® adj2 disease™).tw.

or/58-64

40 and 57 and 65

(exp animal/ or nonhuman/) not exp human/

66 not 67
socioeconomics/

exp Quality of Life/

quality of life.ti,kw.

((instrument or instruments) adj3 quality of life).ab.
Quality-Adjusted Life Year/

quality adjusted life.ti,ab,kw.
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75. (qaly* or gald* or gale* or gtime* or life year or life years).ti,ab,kw.

76. disability adjusted life.ti,ab,kw.

77. daly*.ti,ab,kw.

78. (sf36 or sf 36 or short form 36 or shortform 36 or short form36 or shortform36 or sf
thirtysix or sfthirtysix or sfthirty six or sf thirty six or shortform thirtysix or shortform

thirty six or short form thirtysix or short form thirty six).ti,ab,kw.

79. (sf6 or sf 6 or short form 6 or shortform 6 or sf six or sfsix or shortform six or short
form six or shortform6 or short form6).ti,ab,kw.

80. (sf8 or sf 8 or sf eight or sfeight or shortform 8 or shortform 8 or shortform8 or short
form8 or shortform eight or short form eight).ti,ab,kw.

81. (sf12 or sf 12 or short form 12 or shortform 12 or short form12 or shortform12 or sf
twelve or sftwelve or shortform twelve or short form twelve).ti,ab,kw.

82. (sf16 or sf 16 or short form 16 or shortform 16 or short form16 or shortform16 or sf
sixteen or sfsixteen or shortform sixteen or short form sixteen).ti,ab,kw.

83. (sf20 or sf 20 or short form 20 or shortform 20 or short form20 or shortform20 or sf
twenty or sftwenty or shortform twenty or short form twenty).ti,ab,kw.

84. (hql or hqol or h gol or hrgol or hr qol).ti,ab,kw.
85. (hye or hyes).ti,ab,kw.

86. (health* adj2 year* adj2 equivalent*).ti,ab,kw.
87. (pqol or gls).ti,ab,kw.

88. (quality of wellbeing or quality of well being or index of wellbeing or index of well
being or qwb).ti,ab,kw.

89. nottingham health profile*.ti,ab,kw.
90. nottingham health profile/

91. sickness impact profile.ti,ab,kw.
92. sickness impact profile/

93. health status indicator/
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94. (health adj3 (utilit* or status)).ti,ab,kw.

95. (utilit* adj3 (valu* or measur* or health or life or estimat* or elicit* or disease or
score* or weight)).ti,ab,kw.

96. (preference* adj3 (valu* or measur® or health or life or estimat® or elicit* or disease
or score* or instrument or instruments)).ti,ab,kw.

97. disutilit*.ti,ab,kw.

98. rosser.ti,ab,kw.

99. willingness to pay.ti,ab,kw.

100. standard gamble*.ti,ab,kw.

101. (time trade off or time tradeoff).ti,ab,kw.

102. tto.ti,ab,kw.

103. (hui or hui1 or hui2 or hui3).ti,ab,kw.

104. (eq or euroqol or euro qol or eq5d or eq 5d or euroqual or euro qual).ti,ab,kw.
105. duke health profile.ti,ab,kw.

106. functional status questionnaire.ti,ab,kw.

107. dartmouth coop functional health assessment®*.ti,ab,kw.
108. or/67-107

109. 68 and 108

Database: NHS EED

Host: Cochrane Library

Data Parameters: Issue 2 of 4 April 2015

Date Searched: 30/7/2018

Searcher: SR

Hits: O

Strategy:

#1 (anti-TNF* or antiTNF* or (TNF* near/2 (inhibit* or block*))):ti,ab,kw

#2 "anti* tumo*r* necrosis* factor*":ti,ab,kw
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#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20

MeSH descriptor: [Tumor Necrosis Factor-alpha] this term only

(biologic* near/2 DMARD?):ti,ab,kw

((antirheumati* or "anti rheumati*" or anti-rheumati*) near/4 biologic*):ti,ab,kw
(("disease modify*" or disease-modify*) near/4 biologic*):ti,ab,kw

MeSH descriptor: [Antibodies, Monoclonal] explode all trees

"anti* drug* antibod*":ti,ab,kw

ADADb:ti,ab

etanercept:ti,ab,kw

MeSH descriptor: [Etanercept] this term only

(tnr001 or "tnr 001" or tnr-001 or 185243-69-0):ti,ab

(ETA or ETN):ti,ab

(enbrel or erelzi or benepali or lifmior or brenzys):ti,ab,kw
(anti-etanercept™® or antietanercept® or (anti near/3 etanercept®)):ti,ab,kw
adalimumab:ti,ab,kw

MeSH descriptor: [Adalimumab] this term only

("d 2e7" or d2e7 or d-2e7 or 331731-18-1):ti,ab

(ADA or ADL or ADM):ti,ab

(humira or amgevita or cyltezo or imraldi or solymbic or hyrimoz or

halimatoz):ti,ab,kw

#21
#22
#23
#24
#25
#26
#27
#28
#29
#30
#31
#32
#33
#34

(anti-adalimumab* or antiadalimumab* or (anti near/3 adalimumab®)):ti,ab,kw
infliximab:ti,ab,kw

MeSH descriptor: [Infliximab] this term only

(170277-31-3 or ta650 or "ta 650" or ta-650):ti,ab

(INF or IFX):ti,ab

(anti-infliximab™* or antiinfliximab* or (anti near/3 infliximab*)):ti,ab,kw
(remicade or inflectra or remsima or flixabi or zessly or renflexis or ixifi):ti,ab,kw
certolizumab:ti,ab,kw

MeSH descriptor: [Certolizumab Pegol] this term only

(cdp870 or "cdp 870" or cdp-870 or 428863-50-7 or 1132819-27-2):ti,ab

(CER or CZP):ti,ab

cimzia:ti,ab,kw

(anti-certolizumab* or anticertolizumab* or (anti near/3 certolizumab*)):ti,ab,kw

golimumab:ti,ab,kw
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#35
#36
#37
#38
#39
#40

#41
#42

#43
#44
#45
#46
#HAT
#48
#49
#50
#51
#52
#53
#54
#55
#56
#57
#58

#59
#60
#61
#62

#63

("cnto 148" or cnto148 or cnto-148 or 476181-74-5):ti,ab

(GOL or GLM):ti,ab

simponi:ti,ab,kw

(anti-golimumab* or antigolimumab™ or (anti near/3 golimumab®*)):ti,ab,kw
(biologic* near/2 agent*):ti,ab,kw

(CT-P13 or CTP13 or "CT P13" or SB2 or SB-2 or "SB 2" or SB4 or SB-4 or "SB 4"
or SB-5 or SB5 or "SB 5"):ti,ab

(biosimilar* or "bio* similar*"):ti,ab,kw

#1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13 or
#14 or #15 or #16 or #17 or #18 or #19 or #20 or #21 or #22 or #23 or #24 or #25
or #26 or #27 or #28 or #29 or #30 or #31 or #32 or #33 or #34 or #35 or #36 or
#37 or #38 or #39 or #40 or #41

MeSH descriptor: [Enzyme-Linked Immunosorbent Assay] explode all trees
(immundiagnostik* or immunodiagnostik* or immunediagnostik®):ti,ab,kw
"biohit healthcare":ti,ab,kw

(proteomika® or promonitor*):ti,ab,kw

(enzyme* near/3 immunoassay®):ti,ab,kw

(enzyme* near/3 ("immuno* assay*" or "immuno* test*")):ti,ab,kw
ELISA*:ti,ab,kw

(idkmonitor* or (idk near/3 monitor*) or idk-monitor*):ti,ab,kw

((lisa near/3 tracker*) or lisa-tracker* or lisatracker*):ti,ab,kw
(ridascreen* or (rida near/3 screen*) or rida-screen*):ti,ab,kw

(mabtrack® or (mab near/3 track®) or mab-track*):ti,ab,kw

(sanquin or theradiag):ti,ab,kw

(grifols or progenika):ti,ab,kw

(r-biopharm or rbiopharm or "r biopharm"):ti,ab,kw

((drug* or trough) near/3 (level* or concentration)):ti,ab,kw

#43 or #44 or #45 or #46 or #47 or #48 or #49 or #50 or #51 or #52 or #53 or #54
or #55 or #56 or #57

MeSH descriptor: [Arthritis, Rheumatoid] explode all trees
RA:ti,ab
Rheumarthrit*.ti,ab,kw

((Rheumatoid* or rheumatic* or inflammat* or idiopathic* or deforman*) near/4
(arthrit* or arthros* or polyarthrit* or factor)):ti,ab,kw

(Chronic* near/4 (polyarthrit* or poly arthrit* or poly-arthrit* or rheumati*)):ti,ab,kw
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#64
#65
#66
#H67

((Inflammat* or pain* or swell* or stiff*) near/4 (joint* or synovial*)):ti,ab,kw
(Beauvais™® near/2 disease®):ti,ab,kw

#59 or #60 or #61 or #62 or #64 or #65

#42 and #58 and #66

Database: Web of Science (SCI and CPCI-S)

Host: Thomson Reuters

Data Parameters: n/a
Date Searched: 30/7/2018
Searcher: SR

Hits: 187

Strategy:

1.

#1 TS=(anti-TNF* or antiTNF* or (TNF* near/1 (inhibit* or block*))) OR TS=tumo$r*
necrosis* factor* alpha OR TS= (biologic* near/1 DMARD*) OR TS=(biologic* near/2
antirheumati*) OR TS=(anti rheumati* near/3 biologic*) OR TS=(disease modify*
near/3 biologic*) OR TS=anti* drug* antibod* OR TS=ADAb OR TS=anti* tumo$r*
necrosis* factor* OR TS=monoclonal antibod*

#2 TS=etanercept OR TS=(tnr001 or tnr 001 or tnr-001 or 185243-69-0) OR
TS=(ETA or ETN) OR TS=(enbrel or erelzi or benepali or lifmior or brenzys) OR
TS=(anti-etanercept® or antietanercept® or anti near/2 etanercept*)

#3 TS=adalimumab OR TS=(d 2e7 or d2e7 or d-2e7 or 331731-18-1) OR
TS=(ADA or ADL or ADM) OR TS=(humira or amgevita or cyltezo or imraldi or
solymbic or hyrimoz or halimatoz) OR TS=(anti-adalimumab* or antiadalimumab*
or anti near/2 adalimumab®)

#4 TS= infliximab OR TS=(170277-31-3 or ta650 or ta 650 or ta-650) OR TS=(INF
or IFX) OR TS=(anti-infliximab* or antiinfliximab* or anti near/2 infliximab*) OR
TS=(remicade or inflectra or remsima or flixabi or zessly or renflexis or ixifi)

#5 TS=certolizumab OR TS=(cdp870 or cdp 870 or cdp-870 or 428863-50-7 or
1132819-27-2) OR TS=(CER or CZP) OR TS=cimzia OR TS=(anti-certolizumab*
or anticertolizumab™* or anti near/2 certolizumab®)

#6 TS=golimumab OR TS=(cnto 148 or cnto148 or cnto-148 or 476181-74-5) OR
TS=(GOL or GLM) OR TS=simponi OR TS=(anti-golimumab* or antigolimumab*
or anti near/2 golimumab*)

#7 TS=(biologic* near/1 agent*) OR TS=(CT-P13 or CTP13 or CT P13 or SB2 or
SB-2 or SB 2 or SB4 or SB-4 or SB 4 or SB-5 or SB5 or SB 5) OR TS=(biosimilar*
or bio* similar®)

#8 #7 OR#6 OR #5 OR #4 OR #3 OR #2 OR #1

#9 TS=(immundiagnostik* or immunodiagnostik* or immunediagnostik*) OR
TS=biohit healthcare OR TS=(proteomika* or promonitor*) OR TS=(enzyme*
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near/2 immunoassay*) OR TS=(enzyme* near/2 immuno* assay*) OR
TS=(enzyme* near/2 immuno* test*) OR TS=ELISA*

10. #10 TS= (idkmonitor* or idk near/2 monitor* or idk-monitor*) OR TS=(lisa near/2
tracker* or lisa-tracker* or lisatracker*) OR TS=(ridascreen* or rida near/2 screen*
or rida-screen*) OR TS=(mabtrack* or mab near/2 track* or mab-track*) OR
TS=(sanquin or theradiag) OR TS=(grifols or progenika) OR TS=(r-biopharm or
rbiopharm or r biopharm) OR TS= ((drug* or trough) near/2 (level* or
concentration))

11.#11 #10 OR#9

12. #12 TS=RA OR TS=Rheumarthrit* OR TS=((Rheumatoid* or rheumatic* or
inflammat* or idiopathic* or deforman*) near/3 (arthrit* or arthros* or polyarthrit* or
factor*)) OR TS=(chronic* near/3 polyarthrit*) OR TS=(chronic* near/3 poly
arthrit*) OR TS=(chronic* near/3 rheumati*) OR TS=((Inflammat* or pain* or swell*
or stiff*) near/3 (joint* or synovial*)) OR TS=(Beauvais* adj2 disease*)

13. #12 AND #11 AND #8

14. TS=(quality of life OR quality adjusted life OR qaly* OR gald* OR qale* OR qgtime*
OR life year OR life years OR disability adjusted life OR daly* OR sf36 OR sf 36 OR
short form 36 OR shortform 36 OR short form36 OR shortform36 OR sf6 OR sf 6 OR
short form 6 OR sféd OR sf 6d OR short form 6d OR sf8 OR sf 8 OR short form 8
OR sf12 OR sf 12 OR short form 12 OR sf16 OR sf 16 OR sf20 OR sf 20 OR short
form 20 OR hgl OR hqol OR h gol OR hrgol OR hr gol OR hye OR hyes OR healthy
year equivalent* OR healthy years equivalent* OR pqgol OR gls OR quality of well
being OR index of wellbeing OR qwb OR nottingham health profile* OR sickness
impact profile OR health utilit* OR health status OR disutilit* OR rosser OR
willingness to pay OR standard gamble* OR time trade off OR time tradeoff OR tto
OR hui OR hui1 OR hui2 OR hui3 OR eurogol OR euro gol OR eg5d OR eq 5d OR
euroqual OR euro qual OR duke health profile OR functional status questionnaire
OR dartmouth coop functional health assessment* OR (utilit* AND (valu* OR
measur* OR health OR life OR estimat* OR elicit* OR disease OR score* OR
weight)) OR (preference® AND (valu®* OR measur* OR health OR life OR estimat*
OR elicit* OR disease OR score* OR instrument OR instruments)))

15. #14 and #15
Indexes=SCI-EXPANDED, CPCI-S Timespan=1900-2018;

Website: SCHARR HUD
Date searched: 30/7/2018
Searcher: SR

Hits: 33

Website: HERC Oxford
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Date searched: 30/7/2018
Searcher: SR

Hits: 1

Website: EQ-5D EuroQol
Date searched: 30/7/2018
Searcher: SR

Hits: 174

CEA Registry

Date searched: 30/7/2018
Searcher: SR

Hits: 103

Number of hits per database and in total

Database Hits

MEDLINE 136
MEDLINE In-Process 2
EMBASE 64
Cochrane - NHS EED 0
Web of Science 187
HUD - ScHARR 33
HERC - Oxford 1
EQ-5D - EuroQol 174
CEA Registry 103
Total records 700
Duplicates 70
Total unique records 630
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Appendix 2. Included and excluded studies

Table 76: Studies included in the clinical-effectiveness systematic review

Source Title Article type Contribute
d data
C. G. Arango, M. L. G. Vivar, E. U.  Arthritis and Rheumatology. Conference: Prospective, intervention, multicenter, non- Conference Yes
Angulo, I. Gorostiza, C. E. Perez, J. American College of inferiority study of utility of therapeutic drug abstract
R. De lvarez, A. R. Rheumatology/Association of Rhetimatology monitaring with respect to the efficacy and
Escrib . Stoye, Vasgqgues, J. It al al fic gstfladalimumab tapering in patients
B. Otano, A¥Escabar, ; ting, A H sumatic diseases
R. De Rigy C que
A. Marti d D re

D. Y. Chen, Y. M. Chen, T®Y. Hsieh, Rheumatology Drug trough levels predict therapeutic Full article Yes
W. T. Hung, C. W. Hsieh, H. H. responses to dose reduction of
Chen, K. T. Tang and J. L. Lan adalimumab for rheumatoid arthritis
patients during 24 weeks of follow-up
I. Gorostiza, E. U. Angulo, C. G. Arthritis and Rheumatology Prospective, intervention, multicenter study Conference  Yes
Arango, C. E. Perez, J. R. De Dios, of utility of biologic drug monitoring with abstract
B. Alvarez, A. R. Escribano, Gams respect to the efficacy and cost of
Stoye, M. Vasques, J. B. Otano, A. adalimumab tapering in patients with
Escobar, Z. Trancho, A. R. Del rheumatic diseases (34-week descriptive
Agua, L. Del Rio, A. Martinez and D. data)
Nagore
J. Inciarte-Mundo, M. Hernandez, V. Annals of the Rheumatic Diseases Prediction of flare in rheumatoid arthritis Conference Yes

Ruiz-Esquide, J. Ramirez, A. and psoriatic arthritis patients with low abstract
Cuervo, S. Cabrera- disease activity receiving TNF inhibitors:

Pascal, J. Yague, J. dR Role of calprotectin and drug trough serum
Sanmarti levels. A one-year prospective cohort study
M. T. Lopez-Casla, D. - nn e ic|Diseases. The infliximab dose increase is not Conference Yes

Salcedo, C. Plasencia, P. Alcozer, S. Conference: Annual European Congress of  correlated with clinical improvement in RA  abstract
Garcia-Carazo, G. Bonilla, A. Rheumatology of the European League patients

Villalba, D. Peiteado, F. Arribas, E. Against Rheumatism, EULAR

Martin-Mola and A. Balsa
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Source Title Article type Contribute

d data
B. Paredes, C. Plasencia, D. Annals of the Rheumatic Diseases Influence of tapering biological therapies in Conference Yes
Pascual-Salcedo, I. Monjo, A. immunogenicity in a cohort of rheumatoid  abstract
Pieren, C. Tornero, P. arthritisfivith low disease activity
Bogas, A
Villalba,
Jurado,
A. Balsa
B. Paredes, C. Plasencia, D Annals of the Rheumatic Diseases Influence of optimization of biological Conference Yes
Pascual-Salcedo, I. Monjo, A. therapies on immunogenicity in a cohort of abstract
Pieren, E. Moral, C. Tornero, G. rheumatoid arthritis with low disease
Bonilla, L. Nuno, A. Villalba, D. activity

Peiteado, S. Ramiro, T. Jurado, J.

Diez, E. Martin-Mola and A. Balsa
D. Pascual-Salcedo, C. PlasengigmlagAnnals [ es. Therapeutic drug monitoring (TDM) in Conference Yes
Gonzalez Del Valle, T. Lopez Casla, Conference ual eangCongress of rheumatic day clinic enables to reduce

gy o Eur

F. Arribas, A. Villalba, G. Bonilla, E.  Rheum n League pharmaceutical cost maintaining clinical
Lopez Granados, E. Martin Mola and Against Rheumatism, EULAR efficacy
A. Balsa
J. Rosas, F. Llinares-Tello, J. Miguel Arthritis and Rheumatology. Conference: Economic impact of decreasing Conference Yes
Senabre, G. Santos-Soler, E. Salas- American College of adalimumab and etanercept doses and abstract
Heredia, X. Barber, A. S C. Rheumatology/Association of Rheumatology drug monitoring in patients with rheumatoid
Cano, M. Lorente and J:iMolina Pro ISIAnNnEal i arthritis in clinical remission: Preliminary
ing H study from a local biologics unit
J. M. Senabre Gallego, R tic/Disease Clinical activity, ultrasound assessment Conference Yes
Gomez De Salazar, M. Marco and drug monitoring in rheumatoid arthritis abstract
Mingot, A. Naranjo, F. Llinares-Tello, patients receiving anti-TNF-alpha therapy
A. Pons, X. Barber-Valles, G. with extended interval of administration

Santos-Soler, E. Salas-Heredia, C.
Cano, M. Lorente, J. A. Garcia
Gomez and J. Molina
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Table 77: Excluded studies (with reasons)

Authors Source Title Reasons for
exclusion

R.; Rodriguez-Vidal Alcobendas, A.; Clinical & Experimental Rheumatology Monitoring serum etanercept levels in juvenile Population

Pascual-Salcedo, D.; Murias, S.; idiopathic arthritis: a pilot study

Remesal, A.; Diego, C.; Merino, R.

P.; Plasencia Alcocer, C.; Pascual, D.; Annals of the Rheumatic Diseases. Conference: Imnunogenicity and clinical practice in patients ~ Population

Garcia Carazo, S.; Franco, K. N,; Annual European Congress of Rheumatology of the  treated with anti-TNF therapy

Cagijas, D.; Lojo, L.; Bonilla, G.; European League Against Rheumatism, EULAR

Nuno, L.; Villalba, A.; Lopez Casla,

M. T.; Balsa, A.; Martin Mola, E.

P.; Plasencia Alcocer, C.; Pascual, D.; Annals of the Rheumatic Diseases. Conference: Imnunogenicity and clinical practice in patients ~ Population

Garcia Carazo, S.; Franco, K. N,; Annual European Congress of Rheumatology of the  treated with anti-TNF therapy

Cagijas, D.; Lojo, L.; Bonilla, G.; European League Against Rheumatism, EULAR

Nuno, L.; Villalba, A.; Lopez Casla,

M. T.; Balsa, A.; Martin Mola, E.

C.; Scrivo Alessandri, R.; Spinelli, F. Autoimmunity, Part B Novel Applications of Basic ~ Autoantibody production in anti-TNF-alpha- Design

R.; Ceccarelli, F.; Magrini, L.; Priori, Research treated patients

R.; Valesini, G.

A.; Rivera Ametzazurra, N.; Balsa, A.;  Annals of the Rheumatic Diseases Point-of-care monitoring of anti-infliximab Population

Arreba, M. P.; Ruiz, E.; Plasencia, C.; antibodies in patients treated with the reference

Ortiz, J.; Pascual-Salcedo, D.; Munoz, infliximab or CT-P13 in routine clinical practice

M. C.; De Aysa, C.; Allande, M. J.;

Torres, N.; Hernandez, A. M.; Recalde,

X.; Martinez, A.; Nagore, D.

C.; Pomirleanu Ancuta, C.; Belibou, Annals of the Rheumatic Diseases Clinical outcomes of immunogenicity in Population

C.; Maxim, R.; Petrariu, L.; Strugariu, rheumatoid arthritis patients under anti-TNF

G.; Chirieac, R. biologics: Results from an observational study

C.; Pomirleanu Ancuta, C.; Maxim, R.; Revista De Chimie Clinical Relevance of Rituximab Intervention

Ancuta, E.; Tordache, C.; Dascalu, C.;
Chirieac, R.

Immunogenicity in Rheumatoid Arthritis A
pilot study
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Authors Source Title Reasons for
exclusion
LI; Kapleryte Arstikyte, G.; Butrimiene, BioMed Research International Influence of Immunogenicity on the Efficacy of = Population
LI.; Venalis, A. Long-Term Treatment with TNF alpha Blockers
in Rheumatoid Arthritis and Spondyloarthritis
Patients
A. S.; Aleksandrova Avdeeva, E. N.; Annals of the Rheumatic Diseases. Conference: Association of clinical efficacy with serum level Population
Novikov, A. A.; Karateev, D. E.; Annual European Congress of Rheumatology of the  of adalimumab (ADA) and anti-adalimumab
Luchihina, E. L.; Cherkasova, M. V_; European League Against Rheumatism, EULAR antibody levels in patients with early
Nasonov, E. L. rheumatoid arthritis (RA)
W.; Pilari Awni, S.; Ahmed, G.; Arthritis and Rheumatism The effect of methotrexate on adalimumab Design
Noertersheuser, P. pharmacokinetics: Pooled analysis of
adalimumab pharmacokinetics in patients with
rheumatoid arthritis after subcutaneous
administration
L. L; Solberg Bader, S. M.; Kaada, S. Scandinavian Journal of Immunology Assays for Infliximab Drug Levels and Design
H.; Bolstad, N.; Warren, D. J.; Antibodies: AMatter of Scales and Categories
Gavasso, S.; Gjesdal, C. G.; Vedeler,
C.A.
A.; Sanmarti Balsa, R.; Rosas, J.; Arthritis and Rheumatology Immunogenicity of anti-TNF therapies in Outcome
Castro, S. G.; Cabez, A.; Martin, V ; patients with inflammatory rheumatic diseases
Montoro, M. and secondary failure: A multicentre study of
570 patients
A.; Sanmarti Balsa, R.; Rosas, J.; Rheumatology Drug immunogenicity in patients with Outcome
Martin, V.; Cabez, A.; Gomez, S.; inflammatory arthritis and secondary failure to
Montoro, M. tumour necrosis factor inhibitor therapies: the
REASON study
S.; Salvatierra Bandres Ciga, J.; Lopez- JCR: Journal of Clinical Rheumatology An examination of the mechanisms involved in ~ Design

Sidro, M.; Garcia-Sanchez, A.; Duran,

R.; Vives, F.; Raya-Alvarez, E.

secondary clinical failure to adalimumab or
etanercept in inflammatory arthropathies
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Authors Source Title Reasons for
exclusion
S.; Salvatierra Ossorio Bandres Ciga, Annals of the Rheumatic Diseases. Conference: The utility of the mechanistic model in Design
J.; Lopez-Sidro, M.; Garcia Sanchez, Annual European Congress of Rheumatology of the  inflammatory arthropaties with secondary
A.; Duran Ogalla, R.; Vives Montero, European League Against Rheumatism, EULAR clinical failure to adalimumab, but not to
F.; Raya-Alvarez, E. etanercept
F. I1.; Krauchi Bantleon, S.; Schuster, T. Journal of Crohn's and Colitis Quantum blue<sup></sup> adalimumab: Design
B.; Schneider, M.; Abel Buhlmann, A. Development of the first point of care rapid test
for therapeutic drug monitoring of serum
adalimumab levels
F. I.; Krauchi Bantleon, S.; Schuster, T. Annals of the Rheumatic Diseases Quantum blue adalimumab: Evaluation of a Design
B.; Schneider, M.; Weber, J. M. point of care rapid test for therapeutic drug
monitoring of serum adalimumab levels
S.; Plasencia Baos, C.; Ramiro, S.; Arthritis and Rheumatism. Conference: Annual Effect on rheumatoid factor and anti-cyclic Design
Moral, R.; Diez, J.; Martin-Mola, E.; Scientific Meeting of the American College of citrullinated peptide antibodies levels of
Balsa, A. Rheumatology and Association of Rheumatology treatment with infliximab and adalimumab in
Health Professionals patients with theumatoid arthritis
N. L.; Mohammed Barlow, P.; Berg, J.  Clinical Chemistry and Laboratory Medicine Clinical study of serum trough infliximab Design
D. concentrations and anti-infliximab antibodies in
a cohort of gastroenterology and rheumatology
patients
N. L.; Mohammed Barlow, P.; Berg, J.  Annals of Clinical Biochemistry Serum trough infliximab and anti-infliximab Design
D. antibodies in a cohort of gastroenterology and
rheumatology patients' infliximab therapeutic
drug monitoring
G. M.; de Groot Bartelds, E.; Arthritis Research & Therapy Surprising negative association between IgG1 Design
Nurmohamed, M. T.; Hart, M. H.; van allotype disparity and anti-adalimumab
Eede, P. H.; Wijbrandts, C. A.; formation: a cohort study
Crusius, J. B.; Dijkmans, B. A.; Tak, P.
P.; Aarden, L.; Wolbink, G. J.
G. M.; Krieckaert Bartelds, C. L.; Arthritis and Rheumatism Immunogenicity in a 3-year follow-up cohort of  Design

Nurmohamed, M. T.; Van

adalimumab treated rheumatoid arthritis patients
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Authors Source Title Reasons for
exclusion
Schouwenburg, P.; Dijkmans, B. A_;
Wolbink, G. J.
G. M.; Krieckaert Bartelds, C. L.; JAMA Development of antidrug antibodies against Population
Nurmohamed, M. T.; van adalimumab and association with disease
Schouwenburg, P. A.; Lems, W. F.; activity and treatment failure during long-term
Twisk, J. W.; Dijkmans, B. A.; Aarden, follow-up
L.; Wolbink, G. J.
G. M.; Wolbink Bartelds, G. J.; Stapel, = Annals of the Rheumatic Diseases High levels of human anti-human antibodies to Design
S.; Aarden, L.; Lems, W. F.; Dijkmans, adalimumab in a patient not responding to
B. A. C.; Nurmohamed, M. T. adalimumab treatment [4]
C.; Ruiz Bastida, V.; Pascal, M.; British Journal of Clinical Pharmacology Is there potential for therapeutic drug Design
Yague, J.; Sanmarti, R.; Soy, D. monitoring of biologic agents in rheumatoid
arthritis?
N. K.; Heilig Bender, C. E.; Droll, B.; Rheumatology International Immunogenicity, efficacy and adverse events of  Design
Wohlgemuth, J.; Armbruster, F. P.; adalimumab in RA patients
Heilig, B.
K. Bendtzen Arthritis and Rheumatism Is there a need for immunopharmacologic Design
guidance of anti-tumor necrosis factor
therapies?
K. Bendtzen Immunotherapy Anti-TNF-alpha biotherapies: Perspectives for Design
evidence-based personalized medicine
K. Bendtzen Discovery Medicine Personalized Medicine: Theranostics Design
(Therapeutics Diagnostics) Essential for
Rational Use of Tumor Necrosis Factor-alpha
Antagonists
M.; Damiani Benucci, A.; Li Gobbi, F.; Biologics Correlation between HLA haplotypes and the Design

Bandinelli, F.; Infantino, M.; Grossi,
V.; Manfredi, M.; Noguier, G.; Meacci,
F.

development of antidrug antibodies in a cohort
of patients with rheumatic diseases
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Authors Source Title Reasons for
exclusion

M.; Gobbi Benucci, F. L.; Meacci, F.; Biologics: Targets and Therapy Antidrug antibodies against TNF-blocking Design
Manfredi, M.; Infantino, M.; Severino, agents: Correlations between disease activity,
M.; Testi, S.; Sarzi-Puttini, P.; Ricci, hypersensitivity reactions, and different classes
C.; Atzeni, F. of immunoglobulins
M.; Infantino Benucci, M.; Manfredi, Annals of the Rheumatic Diseases. Conference: Anti-drug-antibodies but not IGG-4 antibodies Design
M.; Olivito, B.; Sarzi-Puttini, P.; Annual European Congress of Rheumatology of the  against TNF blockers influence the activity of
Atzeni, F. European League Against Rheumatism, EULAR anti-TNF drugs in rheumatoid arthritis
M.; Li Gobbi Benucci, F.; Meacci, F.; Biologics Antidrug antibodies against TNF-blocking Design
Manfredi, M.; Infantino, M.; Severino, agents: correlations between disease activity,
M.; Testi, S.; Sarzi-Puttini, P.; Ricci, hypersensitivity reactions, and different classes
C.; Atzeni, F. of immunoglobulins
E.; Mansson Berthold, B.; Gullstrand, Scandinavian Journal of Rheumatology Tumour necrosis factor-alpha/etanercept Design
B.; Geborek, P.; Saxne, T.; Bengtsson, complexes in serum predict long-term efficacy
A. A.; Kahn, R. of etanercept treatment in seronegative

rheumatoid arthritis
C. O.; Ince Bingham, A.; Haraoui, B.; Current Medical Research and Opinion Effectiveness and safety of etanercept in Design
Keystone, E. C.; Chon, Y.; subjects with RA who have failed infliximab
Baumgartner, S. therapy: 16-week, open-label, observational

study
P.; Plasencia Bogas, C.; Pascual- Annals of the Rheumatic Diseases Discontinuation of first biologic therapy in Design
Salcedo, D.; Bonilla, G.; Moral, E.; rheumatoid arthritis: Main causes and
Tornero, C.; Nuno, L.; Villalba, A.; correlation between secondary inefficacy and
Peiteado, D.; Martinez, A.; Hernandez, development of immunogenicity
B.; Balsa, A.
P.; Plasencia Bogas, C.; Pascual- Annals of the Rheumatic Diseases Influence of immunogenicity to the first TNF-I Design

Salcedo, D.; Bonilla, G.; Moral, E.;
Tornero, C.; Nuno, L.; Villalba, A.;
Peiteado, D.; Martinez, A.; Hernandez,
B.; Balsa, A.

therapy on response to the second biologic
agent in RA patients
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Authors Source Title Reasons for
exclusion
P.; Plasencia-Rodriguez Bogas, C.; Arthritis and Rheumatology. Conference: American Influence of immunogenicity to the first anti- Design
Balsa, A.; Pascual-Salcedo, D.; College of Rheumatology/Association of TNF therapy on response to the second biologic
Bonilla, G.; Coro, E. M.; Tornero, C.; Rheumatology Health Professionals Annual agent in RA patients
Nuno, L.; Peiteado, D.; Martinez, A.; Scientific Meeting, ACR/ARHP
Hernandez, B.
Y.; Ben Horin Braun-Moscovici, S.; Annals of the Rheumatic Diseases. Conference: The input of measuring of infliximab and Design
Dagan, A.; Toledano, K.; Markovits, Annual European Congress of Rheumatology of the  adalimumab levels and levels of antibodies to
D.; Saffouri, A.; Beshara, R.; Rozin, European League Against Rheumatism, EULAR these drugs in the management of patients with
A.; Nahir, M. A.; Chowers, Y.; Balbir- autoimmune diseases treated with anti TNF
Gurman, A. monoclonal antibodies
F.; Cao Cao, H. L.; Cao, X. C. International Journal of Clinical Pharmacology and A review of six methods for monitoring Design
Therapeutics infliximab concentrations and antibodies to
infliximab
M.; Ramsey Casal, M.; Moreland, L. Arthritis and Rheumatology A cytometric assay for monitoring adalimumab ~ Design
W.; Fernandez, C. immunogenicity and drug concentrations can
distinguish anti-adalimumab antibodies from
interference
N. V.; Buurman Casteele, D. J.; Alimentary Pharmacology & Therapeutics Detection of infliximab levels and anti- Design
Sturkenboom, M. G. G.; Kleibeuker, J. infliximab antibodies: a comparison of three
H.; Vermeire, S.; Rispens, T.; van der different assays
Kleij, D.; Gils, A.; Dijkstra, G.
M. J. Cates Rheumatology (United Kingdom) Anti-tumour necrosis factor a drug levels and Design
anti-drug antibodies in guiding clinical decision
making in rheumatology: A draft algorithm and
illustrative cases
S.; Payne Cavan, K.; Barton, A. Value in Health MEASURING ADALIMUMAB DRUG Design

LEVELS BY ELISA TO DETECT
TREATMENT RESPONSE IN
RHEUMATOID ARTHRITIS: A
SYSTEMATIC REVIEW AND BIVARIATE
META-ANALYSIS
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Authors Source Title Reasons for
exclusion
P. R.; Pascual-Salcedo Chamaida, D.; Annals of the Rheumatic Diseases. Conference: The early infliximab levels monitoring can Design
Bonilla, M.; Villalba, A.; Lopez-Casla, = Annual European Congress of Rheumatology of the  predict the developement of anti-drug
M.; Peiteado, D.; Garcia-Carazo, S.; European League Against Rheumatism, EULAR antibodies in a cohort of rheumatoid arthritis
Ramiro, S.; Franco, K.; Cajigas, D.; patients treated with infliximab
Martin-Mola, E.; Balsa, A.
E.; Mulleman Chasseuil, D.; Aubourg, = Fundamental and Clinical Pharmacology Determination of infliximab cut-off Design
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M.; Chinoy Jani, H.; Warren, R. B.; Fu, Annals of the Rheumatic Diseases. Conference: Influence of immunogenicity and drug levels on ~ Design
B.; Griffiths, C. E.; Morgan, A. W_; Annual European Congress of Rheumatology of the  the efficacy of long-term treatment of
Wilson, G.; Hyrich, K. L.; Isaacs, J. D.; European League Against Rheumatism, EULAR rheumatoid arthritis with adalimumab and
Barton, A. etanercept: A uk-based prospective study
M.; Chinoy Jani, H.; Warren, R. B.; Arthritis and Rheumatology Clinical utility of random anti-TNF drug level Design
Griffiths, C. E. M.; Morgan, A. W_; testing and measurement of anti-drug antibodies
Wilson, A. G.; Hyrich, K. L.; Isaacs, J.; on long-term treatment response in rheumatoid
Plant, D.; Barton, A. arthritis
M.; Chinoy Jani, H.; Isaacs, J.; Arthritis and Rheumatology. Conference: American  Clinical utility and factors associated with Population
Morgan, A. W.; Wilson, A.; Hyrich, K. College of Rheumatology/Association of certolizumab pegol drug levels and anti-drug
L.; Plant, D.; Barton, A. Rheumatology Health Professionals Annual antibodies in the long-term treatment of
Scientific Meeting, ACR/ARHP rheumatoid arthritis
M.; Chinoy Jani, H.; Warren, R. B.; Arthritis & Rheumatology Clinical utility of random anti-tumor necrosis Design

Griffiths, C. E.; Plant, D.; Fu, B.;
Morgan, A. W.; Wilson, A. G.; Isaacs,
J. D.; Hyrich, K.; Barton, A.; Biologics
in Rheumatoid Arthritis, Genetics;
Genomics Study Syndicate,
Collaborators

factor drug-level testing and measurement of
antidrug antibodies on the long-term treatment
response in rheumatoid arthritis.[Erratum
appears in Arthritis Rheumatol. 2015
Nov;67(11):3096; PMID: 26508467]
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M.; Chinoy Jani, H.; Warren, R. B.; Lancet Clinical utility of random anti-tumour necrosis Design
Griffiths, C. E.; Plant, D.; Morgan, A. factor drug testing and measurement of anti-
W.; Wilson, A. G.; Hyrich, K. L.; drug antibodies on long-term treatment response
Isaacs, J.; Barton, A. in rtheumatoid arthritis
M.; Chinoy Jani, H.; Warren, R. B.; Rheumatology CLINICAL UTILITY OF RANDOM ANTI- Design
Griffiths, C. E. M.; Plant, D.; Fu, B.; TNF DRUG LEVEL TESTING AND
Morgan, A. W.; Wilson, A. G.; Isaacs, MEASUREMENT OF ANTI-DRUG
J. D.; Hyrich, K. L.; Barton, A. ANTIBODIES ON LONG-TERM
TREATMENT RESPONSE IN
RHEUMATOID ARTHRITIS
M.; Isaacs Jani, J.; Morgan, A. W.; Rheumatology HIGH FREQUENCY OF ANTI-DRUG Design
Wilson, A. G.; Plant, D.; Hyrich, K.; ANTIBODIES AND CORRELATION OF
Chinoy, H.; Barton, A. LOW RANDOM DRUG LEVELS WITH
LACK OF EFFICACY IN CERTOLIZUMAB
PEGOL-TREATED PATIENTS WITH
RHEUMATOID ARTHRITIS
M.; Isaacs Jani, J. D.; Morgan, A. W.; Rheumatology Detection of anti-drug antibodies using a Design
Wilson, A. G.; Plant, D.; Hyrich, K. L.; bridging ELISA compared with
Chinoy, H.; Barton, A. radioimmunoassay in adalimumab-treated
rheumatoid arthritis patients with random drug
levels
M.; Isaacs Jani, J. D.; Morgan, A. W.; Annals of the Rheumatic Diseases High frequency of antidrug antibodies and Design
Wilson, A. G.; Plant, D.; Hyrich, K. L.; association of random drug levels with efficacy
Chinoy, H.; Barton, A.; Braggss, in certolizumab pegol-treated patients with
rheumatoid arthritis: results from the
BRAGGSS cohort
M.; Isaacs Jani, J. D.; Morgan, A. W_; Annals of the Rheumatic Diseases High frequency of antidrug antibodies and Design

Wilson, A. G.; Plant, D.; Hyrich, K. L;
Chinoy, H.; Barton, A.; Braggss,

OPEN ACCESS association of random drug
levels with efficacy in certolizumab pegol-
treated patients with theumatoid arthritis: results
from the BRAGGSS cohort
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E.; Garcia Jimenez, M.; De Guadiana, Clinical Chemistry and Laboratory Medicine Comparison of two different immunoassays to Design
L. G.; Conesa, P.; Hernando, A.; De measure levels of infliximab and autoantibodies
Bejar, A.; Pedregosa, J.; Vilchez, J. A.;
Garcia, [.; Albaladejo, M. D.
A.; Martinez-Feito Jochems, A.; Annals of the Rheumatic Diseases Optimal circulating adalimumab levels range Design
Plasencia, C.; Hernandez-Breijo, B.; associated with good clinical response in
Mezcua, A.; Villalba, A.; Monjo, L.; rheumatoid arthritis patients
Nozal, P.; Balsa, A.; Pascual-Salcedo,
M. D.
K. K.; Goll Jorgensen, G. L.; Sexton, Journal of Crohn's and Colitis Long-term efficacy and safety of biosimilar Population
J.; Olsen, I. C.; Bolstad, N.; Lundin, K. infliximab (CT-P13) after switching from
E.; Berset, 1. P.; Haavardsholm, E. A.; originator infliximab: Explorative subgroup
Mork, C.; Kvien, T. K.; Jahnsen, J. analyses in IBD from the NOR-SWITCH
EXTENSION trial
P. D.; Juan Antonio Jose, V. A.; Irene,  Clinical Chemistry and Laboratory Medicine Comparison of determination of adalimumab Design
G. G.; Pablo, P. C.; Carlos, R. R.; levels between two enzyme immunoassays
Africa, D. B. A.; Ana, H. H.; Enrique (promonitor and sanquin)
Martin, J. S.; Iris, M. G.; Henar, G. L.;
Ruben, M. T.; Maria Dolores, A. O.
P. D.; Juan Antonio Jose, V. A.; Pablo, Clinical Chemistry and Laboratory Medicine Comparison of determination of infliximab Design
P. C.; Irene, G. G.; Carlos, R. R.; Ana, levels between two enzyme immunoassays
H. H.; Henar, G. L.; Enrique Martin, J. (promonitor and sanquin)
S.; Iris, M. G.; Africa, D. B. A.; Ruben,
M. T.; Maria Dolores, A. O.
S. M.; Lee Jung, J. H.; Lee, J.; Suh, Y.  International Journal of Rheumatic Diseases Immunogenicity of anti-TNF therapy in Korean =~ Design
S.; Koh, J. H.; Min, H. K.; Lee, J. Y ; patients with RA and AS
Kwok, S. K.; Park, K. S.; Park, S. H.;
Ju,J. H.
T.; Plasencia Jurado, C.; Martin, S.; Annals of the Rheumatic Diseases Comparison of golimumab levels detected by Design

Navarro, R.; Bonilla, G.; Villalba, A.;

two different enzyme-linked immunosorbent
assays: Promonitor vs sanquin
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Ramiro, S.; Jochems, A.; Balsa, A.;
Pascual-Salcedo, D.
T.; Plasencia Jurado, C.; Martinez- Annals of the Rheumatic Diseases Low levels of infliximab at early stages predict ~ Design
Feito, A.; Navarro-Compan, V.; the loss of drug levels and the clinical response
Olariaga, E.; Diego, C.; Martin-Mola, at one year of treatment in patients with
E.; Balsa, A.; Pascual-Salcedo, D. rheumatoid arthritis
T.; Plasencia-Rodriguez Jurado, C.; Arthritis and Rheumatology Infliximab low levels at early stages predict the ~ Design
Martinez, A.; Navarro-Compan, V.; loss of drug levels and the clinical response at
Olariaga-Merida, E.; Peiteado, D.; one year of treatment in patients with
Villalba, A.; Bonilla, G.; Diego, C.; rheumatoid arthritis
Balsa, A.; Pascual-Salcedo, D.
G.; Czibula Kadar, A.; Szalay, B.; Annals of the Rheumatic Diseases Predictors of disease course after the Design
Nagy, K.; Pusztai, A.; Balog, A.; discontinuation of biologic therapy in
Monostori, E.; Vasarhelyi, B.; rheumatoid arthritis patients with long-term
Szekanecz, Z.; Kovacs, L. remission
J. R.; Schulze-Koops Kalden, H. Nature Reviews Rheumatology Immunogenicity and loss of response to TNF Design
inhibitors: implications for rheumatoid arthritis
treatment
H. Kameda Nippon Rinsho - Japanese Journal of Clinical [TNF inhibitors] Design
Medicine
H. Kameda Clinical Calcium [Diagnosis and treatment of rheumatoid Design
arthritis:toward the best practice. The best
practice for TNF inhibitors.]
J.; Chopra Kay, A.; Chandrashekara, Annals of the Rheumatic Diseases. Conference: A phase 3, randomized, double-blind, active Design

S.; Olakkengil, D. J.; Bhojani, K. S.;
Bhatia, G.; Rathi, G.; Thomas, M.;
Maroli, S.; Thomson, E. S.; Shneyer,
L.; Wyand, M. S.

Annual European Congress of Rheumatology of the
European League Against Rheumatism, EULAR

comparator study of the efficacy and safety of
BOWOL15, a biosimilar infliximab, in patients
with active rheumatoid arthritis on stable
methotrexate doses
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P.; Hock Keating, B.; Barclay, M.; European Journal of Immunology Application of an ELISA based competitive Design

Stamp, L.; Spellerberg, M.; O'Donnell,
J.

M.; Codreanu Keiserman, C.; Handa,
R.; Xibille-Friedmann, D.; Mysler, E.;
Briceno, F.; Akar, S.

J.; Drynda Kekow, S.

P. D. Kiely

J. S.; Kim Kim, S. H.; Kwon, B.;
Hong, S.

E. L.; Pascual-Salcedo Kneepkens, D.;
Plasencia, C.; Krieckaert, C. L. M.;
Van Der Kleij, D.; Nurmohamed, M.
T.; Lopez-Casla, M. T.; Rispens, T.;
Wolbink, G.

E. L.; Plasencia Kneepkens, C.;
Krieckaert, C. L.; Pascual-Salcedo, D.;
van der Kleij, D.; Nurmohamed, M. T.;
Lopez-Casla, M. T.; Wieringa, R.;
Rispens, T.; Wolbink, G.

E. L.; Pouw Kneepkens, M. F.;
Wolbink, G. J.; Schaap, T.;
Nurmohamed, M. T.; de Vries, A.;
Rispens, T.; Bloem, K.

Expert Review of Clinical Immunology

Arthritis and Rheumatology

Rheumatology

Expert Review of Clinical Immunology

Arthritis and Rheumatism

Annals of the Rheumatic Diseases

British Journal of Clinical Pharmacology

binding assay to measure concentration of anti-
TNF biologics and neutralising anti-drug
antibodies in the clinical laboratory

The effect of antidrug antibodies on the Design
sustainable efficacy of biologic therapies in
rheumatoid arthritis: practical consequences

Long persistence of anti-drug antibodies in Design
adalimumab treated RA patients

Biologic efficacy optimization--a step towards Design
personalized medicine

Comparison of immunogenicity test methods Design
used in clinical studies of infliximab and its
biosimilar (CT-P13)

Golimumab levels, anti-drug antibodies and Design
clinical response in rheumatoid arthritis patients
at 28 week of follow-up

Golimumab trough levels, antidrug antibodies Population
and clinical response in patients with

rheumatoid arthritis treated in daily clinical

practice

Dried blood spots from finger prick facilitate Design
therapeutic drug monitoring of adalimumab and
anti-adalimumab in patients with inflammatory

diseases
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E. L.; Van Den Oever Kneepkens, 1. Annals of the Rheumatic Diseases. Conference: Tocilizumab levels are associated with clinical Intervention

A.; Plasencia, C.; Salcedo Pascual, D.;  Annual European Congress of Rheumatology of the  response in patients with rheumatoid arthritis

Lopez-Casla, M. T.; Van Der Kleij, D.; European League Against Rheumatism, EULAR

Nurmohamed, M. T.; Rispens, T.;

Balsa, A.; Wolbink, G. J.

E. L.; Wei Kneepkens, J. C. C.; Annals of the Rheumatic Diseases Immunogenicity, adalimumab levels and Population

Nurmohamed, M. T.; Yeo, K. J.; Chen, clinical response in ankylosing spondylitis

C. Y.; van der Horst-Bruinsma, I. E.; patients during 24 weeks of follow-up

van der Kleij, D.; Rispens, T.;

Wolbink, G.; Krieckaert, C. L. M.

E.; van den Oever Kneepkens, I. A. M.; Scandinavian Journal of Rheumatology Serum tocilizumab trough concentration can be  Intervention

Plasencia, C. H.; Pascual-Salcedo, D.; used to monitor systemic IL-6 receptor blockade

de Vries, A.; Hart, M.; Nurmohamed, in patients with rheumatoid arthritis: a

M. T.; Balsa, A.; Rispens, T.; Wolbink, prospective observational cohort study

G.

Y.; Otal Koyama, T.; Miura, T. Annals of the Rheumatic Diseases Analysis of patients with detectable trough Design
serum levels of infliximab revealed significant
predictors associated with non-response to
"actual infliximab in rheumatoid arthritis

A. Kozmar Biochemia Medica The role of laboratories in optimizing biological ~ Population
therapy

C.; Rispens Krieckaert, T.; Wolbink, Current Opinion in Rheumatology Immunogenicity of biological therapeutics: Design

G. From assay to patient

C.; Vogelzang Krieckaert, E.; Pouw, Annals of the Rheumatic Diseases. Conference: Adalimumab serum concentrations in patients Population

M.; Nurmohamed, M.; Wolbink, G. Annual European Congress of Rheumatology of the  with rheumatoid arthritis or psoriatic arthritis

European League Against Rheumatism, EULAR taking concomitant DMARD therapy
B.; King Kuang, L.; Wang, H. F. Bioanalysis Therapeutic monoclonal antibody concentration  Design

monitoring: Free or total?
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J.; Jokiranta Laine, T. S.; Eklund, K. Biologics Cost-effectiveness of routine measuring of Design
K.; Vakevainen, M.; Puolakka, K. serum drug concentrations and anti-drug
antibodies in treatment of rheumatoid arthritis
patients with TNF-alpha blockers
D.; Wong Langguth, P.; Bowling, A.; Arthritis and Rheumatology. Conference: American  Serum trough levels of adalimumab inversely Population
Bagga, H.; Freeman, D.; Ford, E. College of Rheumatology/Association of correlate with disease activity in patients with
Rheumatology Health Professionals Annual inflammatory arthritis
Scientific Meeting, ACR/ARHP
Y.; Youssef Leow, P.; Richards, B. International Journal of Rheumatic Diseases Correlation of adalimumab trough level with Population
disease activity in patients with inflammatory
arthritides
J.H.; Xu Leu, Z.; Hu, C.; Mendelsohn,  Arthritis and Rheumatism Importance of Steady-State Trough Design
A.; Ford, J.; Davis, H. M.; Zhou, H. Concentrations After Intravenous Golimumab
with Concomitant Methotrexate in Subjects
with Active Rheumatoid Arthritis
M. H.; Li Li, H. Z.; Gao, K.; Wang, M.  Journal of Immunological Methods A simple and cost-effective assay for measuring  Design
Y.; An, W. Q.; Zhu, Y. R.; Ding, L.; anti-drug antibody in human patients treated
Wang, L.; Gu, J. L.; Zuo, G. L.; Sun, L. with Adalimumab
F.; de Salazar Llinares-Tello, J. R. G.;  Rheumatology International Practical application of acid dissociation in Design
Senabre-Gallego, J. M.; Santos-Soler, monitoring patients treated with adalimumab
G.; Santos-Ramirez, C.; Salas-Heredia,
E.; Barber-Valles, X.; Molina-Garcia,
J.; Aire-Mb Grp
F.; de Salazar Llinares-Tello, J. R. G; Clinical Chemistry and Laboratory Medicine Analytical and clinical evaluation of a new Design
Senabre-Gallego, J. M.; Santos-Soler, immunoassay for therapeutic drug monitoring
G.; Santos-Ramirez, C.; Salas-Heredia, of etanercept
E.; Molina-Garcia, J.; Aire-Mb Grp
F.; Rosas Llinares-Tello, J.; De La Annals of the Rheumatic Diseases. Conference: Comparative study of both versions of an Design

Torre, 1.; Valor, L.; Senabre, J. M.;
Barber, X.; Hernandez, D.; Carreno, L.;

Annual European Congress of Rheumatology of the
European League Against Rheumatism, EULAR

immunoassay commercialized for therapeutic
drug monitoring of adalimumab
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Santos-Soler, G.; Salas, E.; Santos-

Ramirez, C.; Sanchez-Barrioluengo,

M.; Molina-Garcia, J.

F.; Rosas Llinares-Tello, J.; de la Reumatologia Clinica Comparative study of both versions of an Design

Torre, 1.; Valor, L.; Barber, X.; immunoassay commercialized for therapeutic

Senabre, J. M.; el Grupo Aire-Mb, drug monitoring of adalimumab in rheumatoid

Hugm arthritis

F.; Rosas Llinares-Tello, J.; Senabre- Annals of the Rheumatic Diseases. Conference: Usefulness of the acid dissociation in Design

Gallego, J. M.; Molina, J.; Salas, E.; Annual European Congress of Rheumatology of the  inmunogenicity detection in patients in

Santos-Soler, G.; Santos Ramirez, C.; European League Against Rheumatism, EULAR treatment with anti-TNF drugs

Ortega, R.; Barber, X.; Pons, A.; Cano,

C.; Lorente, M.; Sanchez-Barrioluengo,

M.

F.; Rosas Llinares-Tello, J.; Senabre- Arthritis and Rheumatology Implementation of an acid dissociation Design

Gallego, J. M.; Santos-Soler, G.; procedure for immunogenicity detection in

Santos-Ramirez, C.; Salas-Heredia, E.; patients treated with anti-TNF drugs

Barber, X.; Molina, J.; Cano, C.; Pons,

A.

F.; Rosas-Gomez de Salazar Llinares- Rheumatology International Practical application of acid dissociation in Design

Tello, J.; Senabre-Gallego, J. M.; monitoring patients treated with

Santos-Soler, G.; Santos-Ramirez, C.; adalimumab.[Erratum appears in Rheumatol Int.

Salas-Heredia, E.; Barber-Valles, X.; 2014 Dec;34(12):1709]

Molina-Garcia, J.; Aire-Mb Group

J. A.; Golikova Lopatnikova, E. A.; Scandinavian Journal of Rheumatology Analysis of the levels of tumour necrosis factor ~ Design

Shkaruba, N. S.; Sizikov, A. E.; (TNF), autoantibodies to TNF, and soluble TNF

Sennikov, S. V. receptors in patients with rheumatoid arthritis

R.; Martinez Lopez-Rodriguez, A.; Annals of the Rheumatic Diseases Increased frequency of anti-drug antibodies in Design

Plasencia, C.; Jochems, A.; Pascual-
Salcedo, D.; Balsa, A.; Gonzalez, A.

patients carrying compatible IgG1 allotypes and

treated with anti-TNF antibodies
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G.; Sigidin Lukina, Y.; Alexandrova, Annals of the Rheumatic Disease. Conference: Clinical significance of antibodies to infliximad  Population
E.; Novikov, A.; Aronova, E.; Annual European Congress of Rheumatology of the  in rheumatoid arthritis (RA) patients
Kanonirova, M.; Glukhova, S.; European League Against Rheumatism, EULAR
Nasonov, E.
E.; Vultaggio Maggi, A.; Matucci, A. Expert Review of Clinical Immunology Acute infusion reactions induced by monoclonal Design
antibody therapy
P.; Real Maid, R.; Pedersen, R.; Shen, Journal of Clinical Rheumatology Incidence of anti-drug antibodies in patients Design
Q.; Hidalgo, R. with rheumatoid arthritis from argentina treated
with adalimumab, etanercept, or infliximab in a
real-world setting
J. R.; Salgado Maneiro, E.; Gomez- JAMA Internal Medicine Immunogenicity of monoclonal antibodies Design
Reino, J. J. against tumor necrosis factor used in chronic
immune-mediated Inflammatory conditions:
systematic review and meta-analysis
B.; Botti Marinari, E.; Bavetta, M.; Drug Development Research Detection of adalimumab and anti-adalimumab  Population
Spallone, G.; Zangrilli, A.; Talamonti, levels by ELISA: clinical considerations
M.; Richetta, A.; Chimenti, S.;
Costanzo, A.
H.; Maslinski Marotte, W.; Miossec, P.  Arthritis Research & Therapy Circulating tumour necrosis factor-alpha Population
bioactivity in rheumatoid arthritis patients
treated with infliximab: link to clinical response
H.; Rinaudo Marotte, M.; Paul, S.; Annals of the Rheumatic Diseases No prediction of relapse by TNF blocker Design
Fautrel, B. concentrations or detection of antibodies against
anti-TNF: Data from strass study
H.; Rinaudo-Gaujous Marotte, M.; Arthritis and Rheumatology TNF blocker concentrations or detection of Design

Paul, S.; Fautrel, B.

antibodies against anti-TNF before a tapering
process are not predictive to relapse
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A.; L'Ami Marsman, M.; Kneepkens, Annals of the Rheumatic Diseases Patient reported reasons for refraining from Design
E.; Kienhorst, L.; Nurmohamed, M.; participation in dose reduction studies with
Krieckaert, C.; Wolbink, G. biologics
L.; Olivera Martelli, P.; Roblin, X.; Journal of Gastroenterology Cost-effectiveness of drug monitoring of anti- Design
Attar, A.; Peyrin-Biroulet, L. TNF therapy in inflammatory bowel disease and
rheumatoid arthritis: a systematic review
S.; Del Agua Martin, A. R.; Torres, N.;  Arthritis and Rheumatology. Conference: American  Validation and comparison study of Design
Pascual-Salcedo, D.; Plasencia, C.; College of Rheumatology/Association of immunoassays for the measurement of
Jurado, T.; Ruiz- Arguello, B.; Rheumatology Health Professionals Annual golimumab and antibodies to golimumab in
Martinez, A.; Navarro, R.; Nagore, D. Scientific Meeting, ACR/ARHP rheumatic patients
L. P.; Valor Martinez Estupinan, L.; Annals of the Rheumatic Diseases. Conference: Relation between serum infliximab levels and Population
Hernandez, D.; Naredo, E.; Montoro, Annual European Congress of Rheumatology of the  changes of rheumatoid factor and antibodies to
M.; Nieto-Gonzalez, J. C.; Mata- European League Against Rheumatism, EULAR citrullinated peptides levels in patients with
Martinez, C.; Ovallez-Bonilla, J.; rheumatoid arthritis
Serrano-Benavente, B.; Gonzalez-
Fernandez, C.; Lopez-Longo, J.;
Monteagudo, I.; Carreno-Perez, L.
L.; Hernandez-Florez Martinez- Clinical & Experimental Rheumatology An exploratory study to determine whether Design
Estupinan, D.; Janta, I.; Ovalles- infliximab modifies levels of rheumatoid factor
Bonilla, J. G.; Nieto, J. C.; Gonzalez- and antibodies to cyclic citrullinated peptides in
Fernandez, C. M.; Del Rio, T.; rheumatoid arthritis patients
Monteagudo, I.; Lopez-Longo, F. J.;
Naredo, E.; Valor, L.
A.; Bravo Gallego Martinez-Feito, L. Annals of the Rheumatic Diseases Clinical relevance of detecting anti-adalimumab  Design

Y.; Hernandez-Breijo, B.; Plasencia,
C.; Jochems, A.; Gonzalez, M. A.;
Monjo, L.; Peiteado, D.; Bonilla, G.;
Nozal, P.; Balsa, A.; Pascual-Salcedo,
D.

antibodies with a drug-tolerant assay
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A.; Plasencia Martinez-Feito, C.; Annals of the Rheumatic Diseases Effect of methotrexate in the presence of drug Design
Villalba, A.; Jurado, T.; Mezcua, A.; and the appearance of antibodies against TNF
Martin-Mola, E.; Bonilla, G.; Balsa, inhibitors in patients with theumatoid arthritis
A.; Pascual-Salcedo, D.
M.; Carmona Martin-Lopez, L.; Balsa, = Rheumatology International Serum drug levels of biologic agents in the Design
A.; Calvo-Alen, J.; Sanmarti, R.; management of theumatoid arthritis and
Tornero, J.; Rosas, J. spondyloarthritis: a systematic review
Y.; Narazaki Matsuura, M.; Nishide, Arthritis and Rheumatology. Conference: American  Optimization of treatment intervals of Design
M.; Kato, Y.; Yorifuji, H.; Hirano, T.; College of Rheumatology/Association of tocilizumab and golimumab by measuring
Shima, Y.; Tanaka, T.; Ogata, A.; Rheumatology Health Professionals Annual serum trough levels in rheumatoid arthritis
Kumanogoh, A. Scientific Meeting, ACR/ARHP patients
A.; Petroni Matucci, G.; Nencini, F.; Allergy: European Journal of Allergy and Clinical Anti-infliximab antibodies production and Population
Pratesi, S.; Maggi, E.; Vultaggio, A. Immunology clinical consequences: Adverse reactions and
loss of response
A.; Vultaggio Matucci, A.; Nencini, F.;  Allergy: European Journal of Allergy and Clinical Adverse reactions to biological agents: Role of ~ Design
Pratesi, S.; Rossi, O.; Parronchi, P.; Immunology anti-infliximab antibodies and analysis of
Romagnani, S.; Maggi, E. potential risk factors
D.; Gainaru Mazilu, C.; Apetrei, N.; International Journal of Rheumatic Diseases Methotrexate and Infliximab immunogenicity Design
Luca, G.; Gudu, T.; Peltea, A.;
Constantinescu, C.; Saulescu, 1.;
Bojinca, V.; Balanescu, A.; Predeteanu,
D.; Tonescu, R.; Opris, D.
D.; Opris Mazilu, D.; Gainaru, C.; BioMed Research International Monitoring drug and antidrug levels: a rational ~ Population
Iliuta, M.; Apetrei, N.; Luca, G.; approach in rheumatoid arthritis patients treated
Borangiu, A.; Gudu, T.; Peltea, A.; with biologic agents who experience inadequate
Groseanu, L.; Constantinescu, C.; response while being on a stable biologic
Saulescu, I.; Bojinca, V.; Balanescu, treatment
A.; Predeteanu, D.; Ionescu, R.
D.; Opris Mazilu, D.; Iachim, E.; Arthritis and Rheumatology. Conference: American  Time to first signs of loss of response in Design

Deaconu, C.; Saulescu, I.; Borangiu,

College of Rheumatology/Association of

rheumatoid arthritis patients treated with time to
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A.; Grosanu, L.; Constantinescu, C.; Rheumatology Health Professionals Annual first signs of loss of response in rheumatoid
Balanescu, A.; Predeteanu, D.; Ionescu, Scientific Meeting, ACR/ARHP arthritis patients treated with anti TNF agents:
R. Correlations with serum drug level,
immunogenicity and csDMARD association
F.; Plasencia Medina, C.; Goupille, P.;  Therapeutic Drug Monitoring Current Practice for Therapeutic Drug Design
Ternant, D.; Balsa, A.; Mulleman, D. Monitoring of Biopharmaceuticals in
Rheumatoid Arthritis
J. C.; Mulleman Meric, D.; Paintaud, Arthritis and Rheumatism Infliximab concentration monitoring improves Design
G.; Ducourau, E.; Magdelaine- the control of disease activity in theumatoid
Beuzelin, C.; Valat, J. P.; Goupille, P. arthritis
P. L.; Valentini Meroni, G.; Ayala, F.; Autoimmunity Reviews New strategies to address the Design
Cattaneo, A.; Valesini, G. pharmacodynamics and pharmacokinetics of
tumor necrosis factor (TNF) inhibitors: A
systematic analysis
P.; Charlotte Mieke, K.; Michael, N.; Clinical Chemistry and Laboratory Medicine Measurement of anti-TNF drugs levels is the Population
Margreet, H.; Henk, T. V.; Desiree, V. key to optimal, personalized and cost-effective
D. K; Lucien, A.; Theo, R.; Gertjan, treatment
Ww.
V. I.; Cavalier Mistretta, E.; Collette, Revue Medicale de Liege Interest of monoclonal antibodies in the Design
J.; Lutteri, L.; Chapelle, J. P. biomedical laboratory analysis. [French]
T.; Momohara Mochizuki, S.; Ikari, K.; Modern Rheumatology The serum concentration of infliximab in cases Design
Okamoto, H.; Kobayashi, S.; of autologous blood donation for patients with
Tsukahara, S.; Iwamoto, T.; rheumatoid arthritis
Kawamura, K.; Saito, S.; Tomatsu, T.
C. C.; Fong Mok, B.; Ho, L. Y.; To, C.  Annals of the Rheumatic Diseases Serum levels of the anti-TNF biologics correlate  Design

H.

with clinical efficacy in patients with
inflammatory arthritis
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C.C.; Fong Mok, L. S.; Ho, L. Y.; To,  Arthritis and Rheumatology. Conference: American Serum levels of the anti-TNF biologics correlate  Design
C.H. College of Rheumatology/Association of with clinical efficacy in patients with
Rheumatology Health Professionals Annual inflammatory arthritis
Scientific Meeting, ACR/ARHP
C. C.; Tsai Mok, W. C.; Chen, D. Y ; Expert Opinion on Biological Therapy Immunogenicity of anti-TNF biologic agents in ~ Design
Wei, J. C. the treatment of rheumatoid arthritis
C. C.; Van Der Kleij Mok, D.; Annals of the Rheumatic Diseases. Conference: Anti-drug antibodies, drug levels and clinical Population
Wolbink, G. Annual European Congress of Rheumatology of the  efficacy of the anti-TNF biologics in theumatic
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Vignault, C.; Watier, H.; Lequerre, T.; relationship of adalimumab in rheumatoid
Le Loet, X.; Vittecoq, O.; Goupille, P.; arthritis
Mulleman, D.; Paintaud, G.
D.; Fuzibet Ternant, P.; Ducourau, E.; Fundamental and Clinical Pharmacology Adalimumab pharmacokinetics and Design
Vittecoq, O.; Lequerre, T.; Goupille, concentration-effect relationship in rheumatoid
P.; Mulleman, D.; Paintaud, G. arthritis
S. S.; Borazan Thomas, N.; Barroso, BioDrugs Comparative Immunogenicity of TNF Design
N.; Duan, L.; Taroumian, S.; Inhibitors: Impact on Clinical Efficacy and
Kretzmann, B.; Bardales, R.; Elashoff, Tolerability in the Management of Autoimmune
D.; Vangala, S.; Furst, D. E. Diseases. A Systematic Review and Meta-
Analysis
X.; Su Tian, Y.; He, D.; Zhang, Z.; International Journal of Rheumatic Diseases A prospective open-label study comparing Population
Zhang, F. immunogenicity and clinical efficacy of
etanercept and infliximab in Chinese patients
with RA or AS
C.; Plasencia Tornero, C.; Pascual, D.;  Annals of the Rheumatic Diseases Tapering strategy in patients with rheumatoid Intervention
Jurado, T.; Monjo, 1.; Paredes, M. B.; arthritis receiving tocilizumab
Moral, E.; Pieren, A.; Nuno, L.;
Bonilla, G.; Peitedo, D.; Mola, E. M.;
Balsa, A.
C.; Plasencia Tornero Marin, C.; Annals of the Rheumatic Diseases Tocilizumab serum trough levels correlate with ~ Intervention

Pascual Salcedo, D.; Jurado, T.;
Paredes, M. B.; Monjo, I.; Moral, E.;
Pieren, A.; Bonilla Hernan, G.;

clinical activity in rheumatoid arthritis
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Authors Source Title Reasons for
exclusion
Peiteado, D.; Bogas, P.; Nuno, L.;
Villalba Yllan, A.; Martin Mola, E.;
Balsa Criado, A.
L.; Van Den Bemt Tweehuysen, B. J. Arthritis and Rheumatology Clinical and immunogenicity outcomes after Population
F.; Van Ingen, I. L.; De Jong, A. J. L; switching treatment from innovator infliximab
Van Der Laan, W. H.; Van Den to biosimilar infliximab in rheumatic diseases in
Hoogen, F. H. J.; Den Broeder, A. A. daily clinical practice
L.; Van Den Ende Tweehuysen, C.; Annals of the Rheumatic Diseases Prediction of successful dose reduction or Design
Beeren, F.; Been, E.; Van Den Hoogen, discontinuation of biologics in patients with
F.; Den Broeder, A. rheumatoid arthritis: A systematic review
L.; Van Den Ende Tweehuysen, C. H.;  Arthritis and Rheumatology No strong evidence supporting predictors for Design
Beeren, F. M. M.; Been, E. M. J.; Van successful dose reduction or discontinuation of
Den Hoogen, F. H. J.; Den Broeder, A. a biologic in rheumatoid arthritis: A systematic
A. review
L.; van den Ende Tweehuysen, C. H.; Arthritis & Rheumatology Little Evidence for Usefulness of Biomarkers Design
Beeren, F. M.; Been, E. M.; van den for Predicting Successful Dose Reduction or
Hoogen, F. H.; den Broeder, A. A. Discontinuation of a Biologic Agent in
Rheumatoid Arthritis: A Systematic Review
L.; van den Ende Tweehuysen, C. H.; Arthritis and Rheumatology Little Evidence for Usefulness of Biomarkers Design
Beeren, F. M. M.; Been, E. M. J.; van for Predicting Successful Dose Reduction or
den Hoogen, F. H. J.; den Broeder, A. Discontinuation of a Biologic Agent in
A. Rheumatoid Arthritis: A Systematic Review
L.; Hernandez-Florez Valor, D.; de la Clinical and Experimental Rheumatology Investigating the link between disease activity Design
Torre, 1.; del Rio, T.; Nieto, J. C.; and infliximab serum levels in rheumatoid
Gonzalez, C.; Lopez-Longo, F. J.; arthritis patients
Monteagudo, I.; Llinares, F.; Rosas, J.;
Garrido, J.; Naredo, E.; Carreno, L.
L.; Hernandez-Florez Valor, D.; de la Clinical & Experimental Rheumatology Agreement in assessment of infliximab and Design

Torre, 1.; Llinares, F.; Rosas, J.; Yague,
J.; Garrido, J.; Naredo, E.

adalimumab levels in rheumatoid arthritis:
interlaboratory and interassay comparison

322



Authors Source Title Reasons for
exclusion

L.; Hernandez Florez Valor, D.; De La  Annals of the Rheumatic Diseases. Conference: Infliximab and adalimumab levels and antidrug ~ Design

Torre, 1.; Llinares, F.; Rosas, J.; Yaque, Annual European Congress of Rheumatology of the  antibodies detection in patients with rheumatoid

J.; Naredo, E.; Gonzalez, C.; Lopez- European League Against Rheumatism, EULAR arthritis (RA): An interlaboratory comparison

Longo, J.; Monteagudo, 1.; Montoro, using a commercial Elisa assay

M.; Carreno Perez, L.

J. S.; Koch van Bezooijen, B. C.; van Therapeutic Drug Monitoring Comparison of Three Assays to Quantify Design

Doorn, M. B.; Prens, E. P.; van Gelder, Infliximab, Adalimumab, and Etanercept Serum

T.; Schreurs, M. W. Concentrations

B.; Den Broeder Van den Bemt, A. A.;  Pharmacy World & Science Predictive value of infliximab serum trough Population

Wolbink, G. J.; Hekster, Y. A.; Van levels for response in patients with rheumatoid

Riel, Plem; Benraad, B.; Van den arthritis

Hoogen, F. H. J.

B. J.; den Broeder van den Bemt, A. Annals of the Rheumatic Diseases Sustained effect after lowering high-dose Population

A.; Snijders, G. F.; Hekster, Y. A.; van infliximab in patients with rheumatoid arthritis:

Riel, P. L.; Benraad, B.; Wolbink, G. a prospective dose titration study

J.; van den Hoogen, F. H.

B. J.; Den Broeder Van Den Bemt, A. BMC Musculoskeletal Disorders Anti-infliximab antibodies are already Population

A.; Wolbink, G.; Hekster, Y. A.; Van detectable in most patients with rheumatoid

Riel, P. L.; Benraad, B.; Van Den arthritis halfway through an infusioncycle: An

Hoogen, F. H. open-label pharmacokinetic cohort study

B. J. F.; den Broeder van den Bemt, A.  British Journal of Clinical Pharmacology The combined use of disease activity and Population

A.; Wolbink, G. J.; van den Maas, A.; infliximab serum trough concentrations for

Hekster, Y. A.; van Riel, Plcm; early prediction of (non-)response to infliximab

Benraad, H. B.; van den Hoogen, F. H. in rheumatoid arthritis

J.

B. J. F.; Den Broeder Van Den Bemt, Pharmaceutisch Weekblad Therapeutic drug monitoring of tumour necrosis  Design

A.A. factor inhibitors in rheumatoid arthritis. [Dutch]

C. J.; Voskuyl van der Laken, A. E.; Annals of the Rheumatic Diseases Imaging and serum analysis of immune Design

Roos, J. C.; Stigter van Walsum, M.;

complex formation of radiolabelled infliximab
and anti-infliximab in responders and non-
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Authors Source Title Reasons for
exclusion
de Groot, E. R.; Wolbink, G.; responders to therapy for rheumatoid
Dijkmans, B. A.; Aarden, L. A. arthritis.[Reprint in Ned Tijdschr Geneeskd.
2008 Jul 26;152(30):1672-7; PMID: 18714521]
M. P. M.; Batstra Van Der Linden, M. Arthritis and Rheumatism Toward a data-driven evaluation of the 2010 Population
R.; Bakker-Jonges, L. E.; Detert, J.; American College of Rheumatology/European
Bastian, H.; Scherer, H. U.; Toes, R. E. League Against Rheumatism criteria for
M.; Burmester, G. R.; Mjaavatten, M. rheumatoid arthritis: Is it sensible to look at
D.; Kvien, T. K.; Huizinga, T. W. J.; levels of rheumatoid factor?
Van Der Helm-Van Mil, A. H. M.
A.; Den Broeder Van Der Maas, A. A.;  Arthritis and Rheumatism Prevalence and persistence of low infliximab Design
Wolbink, G. J.; Van Den Hoogen, F. H. serum trough levels in RA patients with low
J.; Van Riel, P. L. C. M.; Van Den disease activity in daily clinical practice
Bemt, B. J. F.
A.; van den Bemt van der Maas, B. J.; BMC Musculoskeletal Disorders Low infliximab serum trough levels and anti- Population
Wolbink, G.; van den Hoogen, F. H.; infliximab antibodies are prevalent in
van Riel, P. L.; den Broeder, A. A. rheumatoid arthritis patients treated with
infliximab in daily clinical practice: results of
an observational cohort study
A.; Van Den Bemt Van Der Maas, B.; Annals of the Rheumatic Diseases. Conference: Can baseline (anti-)infliximab serum trough Design
Van Den Hoogen, F.; Van Riel, P.; Den Annual European Congress of Rheumatology of the  levels predict successful down-titration or
Broeder, A. European League Against Rheumatism, EULAR discontinuation of infliximab in rheumatoid
arthritis patients with long term low disease
activity?
A_; Van Den Bemt Van Der Maas, B.; International Journal of Clinical Pharmacy Baseline (anti-)infliximab serum trough levels Design
Van Der Hoogen, F.; Van Riel, P.; Den do not predict successful down-titration or
Broeder, A. cessation of infliximab in Rheumatoid Arthritis
patients with long term low disease activity
Y.; Te Velthuis Van Hensbergen, H. Annals of the Rheumatic Diseases Ready to use CE-IVD smart ELISA kits from Design

sanquin for infliximab and adalimumab levels
correlate with the golden standard and can be
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Authors Source Title Reasons for
exclusion
used for optimisation of personalised treatment
in RA patients
N.; Bouman van Herwaarden, C. A.; Annals of the Rheumatic Diseases Adalimumab and etanercept serum (anti)drug Outcome
van der Maas, A.; van Vollenhoven, R. levels are not predictive for successful dose
F.; Bijlsma, J. W.; van den Hoogen, F. reduction or discontinuation in rheumatoid
H.; den Broeder, A. A.; van den Bemt, arthritis
B.J.
N.; Van Den Bemt Van Herwaarden, Expert Opinion On Drug Metabolism & Toxicology Clinical utility of therapeutic drug monitoring in  Design
B.J. F.; Wientjes, M. H. M.; Kramers, biological disease modifying anti-rheumatic
C.; Den Broeder, A. A. drug treatment of rheumatic disorders: a
systematic narrative review
P. A.; Bartelds van Schouwenburg, G.  Journal of Immunological Methods A novel method for the detection of antibodies Design
M.; Hart, M. H.; Aarden, L.; Wolbink, to adalimumab in the presence of drug reveals
G. J.; Wouters, D. "hidden" immunogenicity in rheumatoid
arthritis patients
P. A.; Krieckaert van Schouwenburg, Annals of the Rheumatic Diseases Long-term measurement of anti-adalimumab Design
C. L.; Rispens, T.; Aarden, L.; using pH-shift-anti-idiotype antigen binding test
Wolbink, G. J.; Wouters, D. shows predictive value and transient antibody
formation
P. A.; Rispens van Schouwenburg, T.; Nature Reviews Rheumatology Immunogenicity of anti-TNF biologic therapies  Design
Wolbink, G. J. for rheumatoid arthritis
T.; Lu Van Stappen, J.; Geukens, N.; United European Gastroenterology Journal Point-of-care assays for rapid quantification of Design
Spasic, D.; Delport, F.; Zali, N.; infliximab
Kolmel, Y.; Rameil, S.; Lammertyn, J.;
Vande Casteele, N.; Gils, A.
T.; Vande Casteele Van Stappen, N.; Gut Clinical relevance of detecting anti-infliximab Population

Van Assche, G.; Ferrante, M.;
Vermeire, S.; Gils, A.

antibodies with a drug-tolerant assay: post hoc
analysis of the TAXIT trial
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Authors Source Title Reasons for
exclusion
M.; Guillou Verdet, C.; Potier, M. L.; Arthritis and Rheumatism Immunogenicity of infliximab is related to Population
Hiron, M.; Jouen, F.; Boyer, O.; reduction of frequency of infliximab
Lequerre, T.; Vittecoq, O. administration in rheumatoid arthritis and
spondyloarthritis patients
M.; Guillou Verdet, C.; Golinski, M. Annals of the Rheumatic Diseases. Conference: Prolonging between-infusions interval is Population
L.; Hiron, M.; Jouen, F.; Boyer, O.; Annual European Congress of Rheumatology of the  associated with positivity to anti-infliximab
Lequerre, T.; Vittecoq, O. European League Against Rheumatism, EULAR antibodies in rheumatoid arthritis and
spondyloarthritis patients
A.; Plasencia Villalba, C.; Peiteado, D.; Annals of the Rheumatic Diseases. Conference: Influence of immunogenicity of anti-TNF Population
Nuno, L.; Bonilla, G.; Lojo, L.; Annual European Congress of Rheumatology of the  therapy in RA patients with a long-term
Pascual, D.; Del Moral, R.; Lopez European League Against Rheumatism, EULAR treatment with infliximab or adalimumab
Casla, M. T.; Balsa, A.; Martin Mola,
E.
A.; Navarro Compan Villalba Yllan, Annals of the Rheumatic Diseases Influence of body mass index (BMI) on serum Design
M. V.; Plasencia Rodriguez, C.; levels of infliximab in patients with rheumatoid
Peiteado Lopez, D.; Bonilla Hernan, arthritis (RA)
G.; Nuno Nuno, L.; Pascual-Salcedo,
D.; Olariaga, E.; Balsa Criado, A.;
Martin Mola, E.
F. B.; Morand Vincent, E. F.; Murphy, = Annals of the Rheumatic Diseases Antidrug antibodies (ADAD) to tumour necrosis ~ Design
K.; Mackay, F.; Mariette, X.; Marcelli, factor (TNF)-specific neutralising agents in
C. chronic inflammatory diseases: A real issue, a
clinical perspective
F. B.; Pavy Vincent, S.; Krzysiek, R.; Joint Bone Spine Effect of serum anti-tumour necrosis factor Design
Lequerre, T.; Sellam, J.; Taoufik, Y.; (TNF) drug trough concentrations and antidrug
Mariette, X.; Miceli-Richard, C. antibodies (ADAD) to further anti-TNF short-
term effectiveness after switching in rheumatoid
arthritis and axial spondyloarthritis
E.; Hebing Vogelzang, R.; Annals of the Rheumatic Diseases Assessing adherence of RA patients treated with  Design

Nurmohamed, M.; L'Ami, M.;
Krieckaert, C.; Wolbink, G.

etanercept using etanercept serum trough
concentrations and patient self-report
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exclusion
E. H.; Pouw Vogelzang, M. F.; Annals of the Rheumatic Diseases Adalimumab trough concentrations in patients Population
Nurmohamed, M.; Kneepkens, E. L.; with rheumatoid arthritis and psoriatic arthritis
Rispens, T.; Wolbink, G. J.; Krieckaert, treated with concomitant disease-modifying
C.L.M. antirheumatic drugs
E.; Kneepkens Vogelzang, E.; Annals of the Rheumatic Diseases. Conference: A diminished clinical response at 28 and 52 Population
Nurmohamed, M.; Van Kuijk, A.; Annual European Congress of Rheumatology of the =~ weeks of adalimumab treatment in patients with
Rispens, T.; Wolbink, G.; Krieckaert, European League Against Rheumatism, EULAR psoriatic arthritis is associated with anti-drug
C. antibodies
J.; Jokiranta Westerlund, T. S. Scandinavian Journal of Rheumatology Monitoring of tnf-alpha blockers infliximab and  Design
adalimumab bymeasuringtroughlevel
concentrations and anti-drug antibodies
G.; Goupille Wolbink, P.; Sandborn, Arthritis and Rheumatology Association between plasma certolizumab pegol  Population
W.; Marotte, H.; Mulleman, D.; concentration and improvement in disease
Ternant, D.; Paul, S.; De Longueville, activity in rheumatoid arthritis and Crohn's
M.; Vande Casteele, N.; Zamacona, disease
M.; O'Brien, C.; Kvien, T. K.;
Kavanaugh, A. F.
G. J.; Aarden Wolbink, L. A ; Current Opinion in Rheumatology Dealing with immunogenicity of biologicals: Design
Dijkmans, B. A. C. Assessment and clinical relevance
G. J.; Voskuyl Wolbink, A. E.; Lems, Annals of the Rheumatic Diseases Relationship between serum trough infliximab Population
W. F.; de Groot, E.; Nurmohamed, M. levels, pretreatment C reactive protein levels,
T.; Tak, P. P.; Dijkmans, B. A.; and clinical response to infliximab treatment in
Aarden, L. patients with rheumatoid arthritis
G. J.; Vis Wolbink, M.; Lems, W.; Arthritis & Rheumatism Development of antiinfliximab antibodies and Population
Voskuyl, A. E.; de Groot, E.; relationship to clinical response in patients with
Nurmohamed, M. T.; Stapel, S.; Tak, rheumatoid arthritis
P. P.; Aarden, L.; Dijkmans, B.
P.; Bowling Wong, A.; Ford, E.; Internal Medicine Journal Serum trough levels of adalimumab and Population

Freeman, D.; Bagga, H.; Langguth, D.

infliximab inversely correlate with disease
activity in patients with inflammatory arthritis
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exclusion

C.; Wang Wu, S.; Xian, P.; Yang, L.; BioMed Research International Effect of Anti-TNF Antibodies on Clinical Design
Chen, Y.; Mo, X. Response in Rheumatoid Arthritis Patients: A

Meta-Analysis
M.; Becher Zanker, G.; Arbach, O.; Clinical & Experimental Rheumatology Improved adalimumab dose decision with Population
Maurer, M.; Stuhlmuller, B.; Schafer, comprehensive diagnostics data
A.; Strohner, P.; Brand, J.
M.; Becher Zanker, G.; Arbach, O.; Clinical and Experimental Rheumatology Improved adalimumab dose decision with Population
Maurer, M.; Stuhlmuller, B.; Schafer, comprehensive diagnostics data
A.; Strohner, P.; Brand, J.
P.; Jeanfavre Zufferey, M. F. D ; Arthritis and Rheumatology Is it possible to predict which patients treated Design
Dumusc, A.; Benaim, C.; Perreau, M.; with biologic agents for rheumatic diseases will
So, A. K. develop anti-drug antibodies ?
Jani M, Chinoy H, Warren RB, Arthritis and Rheumatology Clinical utility of random anti-tumour necrosis Population
Griffiths CEM, Plant D, Fu B, Morgan factor drug testing and measurement of anti-
AW, Wilson AW, Isaacs JD, Hyrich drug antibodies on long-term treatment response
KL, Barton AB on behalf of in rtheumatoid arthritis
BRAGGSS.
Jani, M, Isaacs, J. D., Morgan, A. W., Annals of the Rheumatic Diseases High frequency of antidrug antibodies and Population
Wilson, A. G., Plant, D., Hyrich, K. association of random drug levels with efficacy
Chinoy, H, Barton, A. in certolizumab pegol-treated patients with

rheumatoid arthritis: results from the

BRAGGSS cohort
Jani, M, Isaacs, J. D., Morgan, A. W., Rheumatology Detection of anti-drug antibodies using a Population
Wilson, A. G., Plant, D., Hyrich, K, bridging ELISA compared with
Chinoy H, Barton, A radioimmunoassay in adalimumab-treated

rheumatoid arthritis patients with random drug

levels
M. Jani, W.G. Dixon, M. Lunt, D. De Ann Rheum Dis The association of biologic drug-levels with Population

Cock, J.D. Isaacs, A.W. Morgan, A.G.

infection risk: results from the british society for
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exclusion

Wilson, D. Plant, K. Watson, A. rheumatology biologics register for rheumatoid
Barton, K. Hyrich arthritis Ann Rheum
Jani M,{Bi GgluntgM, k iti e 1 Association of Biologic Drug-Levels with Population
D, Isaacs an A, Wats tion Risk: Results from the British Society
Wilso , Hyric xheumatology Biologics Register for

matoid Arthritis
I'Ami MJ, Krieckaert CL, Ann Rheum Dis Successful reduction of overexposure in patients Population
Nurmohamed MT, van Vollenhoven with rheumatoid arthritis with high serum
RF, Rispens T, Boers M, Wolbink GJ adalimumab concentrations: an open-label, non-

inferiority, randomised clinical trial

— see
Erratum
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Appendix 3. Quality Assessment

A3.1 (Part 1): Quality assessment on the basis of specific outcomes

Table pelowgpresents the risk of bias assessment on the basis of specific outcomesi clinical disease activity (disease flare, remission, and
change ase activi fipati e ted quality of life (HQoL), discontinuation of treatment and
treatm e- Q e hs e lOWi i ains were assessed: bias due to confounding, bias in

selection of participants into the study, bias in measurement of interventions, bias due to departures from intended interventions, bias due to

missing data, bias in taking measurements, and bias in selection of the reported result.

In terms of outcome-specific assessments, both the treatment dose-related outcome and the outcome of clinical activity (disease flare,
remission and change in diggasg,activit e t moderate risk of bias, given that there was moderate risk in the domain of bias
due to confounding. For both outcomes, erate risks of biases for the remaining bias domains: bias in selection of

participants into the study, bias in measurement of interventions, bias in taking measurements, and bias in selection of the reported results.
The outcome of discontinued treatment was judged to be at moderate of bias because there was moderate risk in the domain of bias due to
missing data. For thi§ outcome, e W derate risks of biases for the remaining bias domains: bias in selection of participants into
the study, bias in m ent of iterv iohs fbia§|dueto departurgs from intended interventions, bias in taking measurements, and bias in
selection of the rep ults.

Regarding outcomes of health related quality of life (HRQoL) and proportion of patients receiving dose tapering, both outcomes were judged to
be at moderate risk of bias because there was moderate risk of bias for two bias domains (bias in taking measurements and bias due to
confounding). For both outcomes, there was low risk of bias for the remaining bias domains: bias in selection of participants into the study, bias

in measurement of interventions, and bias in selection of the reported results.
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Risk of bias in outcome-spec

ific assessments

Domain Clinical activity Proportion tapered Health related Discontinued Dose-related
(disease flare, quality of life treatment outcomes
remission, change

i S ivi

Bias due fo Serious NA* Moderate

Bias i lecti Low Moderate Low — moderate

Bias in reme o Low Low Low - moderate

Bias due to departures from intended interventions NI NI Moderate NI

Bias due to missing data Low to serious NI Serious Moderate NI

Bias in taking measurements Moderate Moderate Moderate Moderate Moderate

Bias in selection of the reported result Low Low Low Low Low

Overall risk of bias Serious Moderate Serious Moderate Moderate

Key: Risk of bias judgement: low/moderate/serious/criti

cS: remime*'not applicable because of lack of comparator group; HQoL: health-related quality of life

Erratum
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A3.2 (Part I1): Quality assessment of individual studies

lon-randomized Studies — of Interventions (ROBINSH) assessment tool | I

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

ROBINS-I tool (Stage I): At protocol stage

Specify the review question

Participants ary non-responders

Experimental intervention

Comparator

Outcomes 13 outcomes; inconclusive results, time to results, dose changes, dose adjustment, treatment switch, discontinuation, changes in disease activity, rate of disease response,
relapse and remission, hospitalization, rates of surgical intervention, adverse effects, health-related quality of life

List the confounding domains relevant to all or most studies

From protocol; time of testing, testing method e.g. reflex VS. CO rrent)

onse/follow-up, type of drug manipulation (e.g. optimisation or tapering)

List co-interventions that pact on outcomes

Others (suggested); drug S Fres

Methotrexate, other DMARDs, combination or monotherapy

ROBINS-I tool (Stage Il): For each study

Specify a target randomized trial specific to the study

Design Individually randomized / Cluster randomized / Matched (e.g. cross-over)

Participants Adult patient treated with Adalimumab (40mg sc) who remained clinically stable for at least 6 months
Experimental intervention Adjustment of ADL frequency (tapering) plus therapeutic drug monitoring (TDM) data to revealed to physicians
Comparator Adjustment of ADL frequency (tapering), physicians blinded to TDM data

Is your aim for this study...?

O to assess the effect of assignment to intervention
N to assess the effect of starting and adhering to intervention
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Specify the outcome

Specify which outcome is being assessed for risk of bias (typically from among those earmarked for the Summary of Findings table). Specify whether this is a proposed benefit or harm of intervention.

[ Proportion of patients tapered (benefit), rate of flare (harm)

(95% C @ 2.77) and/or a reference (e.g. to a table, figure or paragraph) that uniquely defines the result being

Speci numericallr in S
In case ultipletalterhative anz ng presented) specify the ic result %
assessed.

roportion tapered; 34.6% 35.7%
| Proportion t d; 34.6% (CG)85.7% (IG)

— see
Erratum
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Preliminary consideration of confounders

Complete a row for each important confounding domain (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors identified as potentially important.

“Important” confounding domains are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the

(i) Confou

able or variables fully measure the domain, while “reliability” refers to the

Confounding domain

Measured variable(s)

Is there evidence that controlling for this
variable was unnecessary?*

Is the confounding domain measured
validly and reliably by this variable (or
these variables)?

OPTIONAL: Is failure to adjust for this
variable (alone) expected to favour the
experimental intervention or the
comparator?

Yes / No / No information

Favour experimental / Favour comparator
/ No information

Time of assessment for response

Serum Adalimum

Serum anti-Adalimumab i ve)

No information

Disease stage (proportion in No Yes Expected to favour control group
remission/LDA) (28.6% IG had LDA vs. 17.3% of CG)
No No information

but likely to be unimportant. Measurement
believed to be done at similar time points
(at 8 scheduled visits over 18 months)

Yes

NA — serum ADL levels 5.76mg/L in the
CG and 5.04mg/L in IG.

No information

No information

(ii) Additional confounding domains re

levant to the setting of this particular study, or which the study authors identified as important

Confounding domain

Measured variable(s)

Is there evidence that controlling for this
variable was unnecessary?*

Is the confounding domain measured
validly and reliably by this variable (or
these variables)?

OPTIONAL: Is failure to adjust for this
variable (alone) expected to favour the
experimental intervention or the
comparator?

Yes / No / No information

Favour experimental / Favour comparator
/ No information

* In the context of a particular study, variables can be demonstrated not to be confounders and so not included in the analysis: (a) if they are not predictive of the outcome; (b) if they are not predictive of intervention; or
(c) because adjustment makes no or minimal difference to the estimated effect of the primary parameter. Note that “no statistically significant association” is not the same as “not predictive”.
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Preliminary consideration of co-interventions

Complete a row for each important co-intervention (i) listed in the review protocol; and (i) relevant to the setting of this particular study, or which the study authors identified as important.

“Important” co-interventions are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated

Co-interV - - - siifiere SNigefice thateonfrolingiedhis co-intervention was unnecessary |Is presence of this co-intervention likely to favour outcomes in the
(e.g. because it was not administered)? experimental intervention or the comparator

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information

which the study authors identified as important

idence that controlling for this co-intervention was unnecessary |Is presence of this co-intervention likely to favour outcomes in the
cause it was not administered)? experimental intervention or the comparator

(ii) Additional co-interventions relgvantto.the setti

Co-intervention

(e,, o)
Methotrexate and other DMARDs No Favour experimental / Favour comparator / No informationy

Erratum

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information
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Risk of bias assessment

Responses underlined in green are potential markers for low risk of bias, and responses in red are potential markers for a risk of bias. Where questions relate only to sign posts to other questions, no formatting is used.

Signalling questions | Description

Response options

Bias du founding

s thef@\potential for confounding of the effect of intervention in this

1:/the st beat lo f bi
unding and ng¢ signalling guestions pee

If YIPY to 1.1: determine whether there is a need to assess time-
varying confounding:
1.2. Was the analysis based on splitting participants’ follow up
time according to intervention received?
If N/PN, answer questions relating to baseline confounding
(1.4 to 1.6)
If YIPY, go to question 1.3.

1.3. Were intervention discontinuations or s lik
related to factors that are prognostic for the ome?
If N/PN, answer ques%g to bas 0
(1.4 t0 1.6)
If YIPY, answer questions relating to both baseline and time-

varying confounding (1.7 and 1.8)

c

Questions relating to baseline confounding only
1.4. Did the authors use an appropriate analysis method that
controlled for all the important confounding domains?

1.5. If Y/PY to 1.4* onfounding domains that w
controlled for mgasured valid iably vaji S
available in this I

1.6. Did the auth@rs control fofany post-in variables that
could have beenaff y the interventi
Questions relating e and time-vary| onfounding

1.7. Did the authors use an appropriate analysis method that
controlled for all the important confounding domains and for time-
varying confounding?
1.8. If Y/PY to 1.7: Were confounding domains that were
controlled for measured validly and reliably by the variables
available in this study?

Risk of bias judgement

Optional: What is the predicted direction of bias due to confounding?

3

Yes, diffef€ntial baseline

LDA raIs and no information on co-intervention

Y/PYV/PN/N

NA/Y/PY/PN/N~/NI

NA/Y /PY/PN/N/NI

NA/Y/PY/PN/N~/NI

NAY /Y /PY/PN/N/NI

NAY /Y /PY/PN/N/NI

NA /Y /PY/PN/NY /NI

NAY /Y /PY/PN/N/NI

Low / ModerateV / Serious / Critical / NI
Favours experimental / Favours
comparator / Unpredictable

Bias in selection of participants into the study

2.1. Was selection of participants into the study (or into the analysis)
based on participant characteristics observed after the start of
intervention?

If N/PN to 2.1: goto 2.4
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2.2.If YIPY to 2.1: Were the post-intervention variables that
influenced selection likely to be associated with intervention?
2.3 If YIPY to 2.2: Were the post-intervention variables that
influenced selection likely to be influenced by the outcome or a

causeofsthe outcome?
2.4. Do @w—up and start of interventlon coincide for most
participa BE B i~

|| [ |
25 1fYIP nd 2.3, or| N/BN to s ent
techniq used that likely to|€orrectffor ncel of s
biases? S | = —__| — -

Risk of bias judgement N l o o
Optional: What is the predicted diféction of bias due to selection of
participants into the study?

5

NA/Y /PY/PN/N/NI

NA/Y /PY/PN/N/NI
Y /PYN /PN/N/NI
NA~N/Y/PY/PN/N/NI
Low v / Moderate / Serious / Critical / NI
Favours experimental / Favours

comparator / Towards null /Away from null
/ Unpredictable

Bias in classification of interventions

3.1 Were intervention groups clearly defined?

3.2 Was the information used to define intervention gro Q
recorded at the start of the intervention?

3.3 Could classification of interventiof status have bee@d G
knowledge of the outcome or risk of the outcome?

Risk of bias judgement o o
Optional: What is the predicted direction of bias due to

classification of interventions?

YN/PY/PN/N/NI
YN /PY/PN/N/NI

Y /PY/PN/NV /NI

LowY / Moderate / Serious / Critical / NI
Favours experimental / Favours
comparator / Towards null /Away from null
/ Unpredictable

Bias due to deviations from in interventions
If your aim for this study ms the effect of assngnmenio mtervention, answer questions 4.1 and 4.2
4.1. Were there deviations ffom the inte ti n
what would be expected in h l ' ‘ ‘ I II .I I.

4.2. If YIPY to 4.1: Were these devnatlo rom iAtend
intervention unbalanced be; nd likely to
If your aim for this study is to assess the effect of starting and adhering to intervention, answer questions 4.3 to 4.6

the outcome?

4.3. Were important co-interventions balanced across intervention
groups?

4.4. Was the intervention implemented successfully for most
participants?

4.5. Did study participants adhere to the assigned intervention
regimen?

4.6. If N/PN to 4.3, 4.4 or 4.5: Was an appropriate analysis used to
estimate the effect of starting and adhering to the intervention?
Risk of bias judgement

Optional: What is the predicted direction of bias due to deviations
from the intended interventions?

j-

Y/PY/PN/N/NI

NAY /Y /PY/PN/N/NI

Y /PY/PN/N/NN
YAN/PY/PN/N/NI
Y /PYN /PN/N/NI

NAY /Y /PY/PN/N/NI

Bias due to missing data

5.1 Were outcome data available for all, or nearly all, participants?
5.2 Were participants excluded due to missing data on intervention
status?
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5.3 Were participants excluded due to missing data on other
variables needed for the analysis?

5.4 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Are the proportion of
participants and reasons for missing data similar across

interventionsam. -

55If P@or Y/PY to 5.20r5.3: Is there ewdence that

results bust tole pr'enm i A

Risk of bias judge [ | ) | [ |

DR

D
C
q,
C

Y /PY/PN/N/NN
NAV /Y /PY/PN/N/N

NAV /Y/PY/PN/N/N

Low / Moderate / Serious / Critical / NIV
Favours experimental / Favours
comparator / Towards null /Away from null
/ Unpredictable

Optional@What is e ctlon sdue rism
data?

Bias in measurement of outcomes

6.1 Could the outcome measure have been influenced by

knowledge of the intervention received?

6.2 Were outcome assessors aware of the intervention received by

study participants?

6.3 Were the methods of outcome assessment compar; 0S Q
intervention groups?

6.4 Were any systematic errors in measuremant of the @ G
related to intervention received?

Risk of bias judgement o
Optional: What is the predicted direction of bias due to

measurement of outcomes?

—

Y /PY/PN~Y/N/NI
Y~/PY/PN/N/NI
Y /PY/PN/N/NN
Y /PY/PN/N/NKN
Low / ModerateV / Serious / Critical / NI
Favours experimental / Favours

comparator / Towards null /Away from null
/ Unpredictable

Bias in selection of the report

Is the reported effect estim ikely 1o be selected, on the basis o

the results, from...

7.1. ... multiple outcome m hin the outcome I

domain? I I I I
2 ... multiple analyses of mtlc!-outc!ne rM7 L ".‘_ | | ! !

7.3 ... different subgroups?
Risk of bias judgement

Optional: What is the predicted direction of bias due to selection of
the reported result?

Y /PY/PN/NV /NI

Y /PY/PN/NY /NI
Y /PY/PN/NY /NI
Lowv / Moderate / Serious /
Critical / NI
Favours experimental / Favours
comparator / Towards null
/Away from null / Unpredictable

Overall bias

Risk of bias judgement

Optional: What is the overall predicted direction of bias for this
outcome?

Low / ModerateV / Serious /
Critical / NI
Favours experimental / Favours
comparator / Towards null
/Away from null / Unpredictable

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.
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The Risk Of Bias In Non—randomized Studies — of Interventions (ROBINS) assessment tool
(version for cohort-type studies) CHEN 2016
Version 19 September 2016

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

ROBINS- | (Stage |): At protocol stage

Participants Remission/primary non-responders/secondary non-responders

Experimental intervention Therapeutic drug monitoring

Comparator Standard care

Outcomes 13 outcomes; inconclusive results, time to results, dose changes, dose adjustment, treatment switch, discontinuation, changes in disease activity, rate of disease response,
relapse and remission, hospitalization, rates of surgical intervention, adverse effects, health-related quality of life

List the confounding domains relevant t

From protocol; time of testing, testing method (e.g. r
Others (suggested); drug dose/levels, disease stage

ent for response/follow-up, type of drug manipulation (e.g. optimisation or tapering)

List co-interventions that could be different between intervention groups and that could impact on outcomes

Methotrexate, other DMARDs, combination or monotherapy

Erratum
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ROBINS-I tool (Stage Il): For each study

Specify a target randomized trial specific to the study

Design Individually randomlzed / Cluster randomized / Matched (e.g. cross-ove
Partici P i in re jonllowdiseas 'V|t
Experlm adalimumab and anti-drug antibody (Sandwich and bridging ELISA)
Comp n _ “ d -
oW w A \_J '

Is your aim for this studya..?

0 to assess the effect of assignment to intervention
y to assess the effect of starting and adhering to intervention

Specify the outcome

Specify which outcome is being assessed for risk of bi armarked for the Summary of Findings table). Specify whether this is a proposed benefit or harm of intervention.

| Persistent remission/LDA (beneficial) and disease flar

Specify the numerical result being assessed

In case of multiple alternative analyses being presented, specify the numeric result (e.g. RR = 1.52 (95% CI 0.83 to 2.77) and/or a reference (e.g. to a table, figure or paragraph) that uniquely defines the result being
assessed.

| Persistent remission/LDAE 23 + 24 =
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Preliminary consideration of confounders

Complete a row for each important confounding domain (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors identified as potentially important.

“Importants,confounding domains are those for which, in the context of this study, ijustment is expected to lead to a clinically important change in the

estim effectjof the i ti t
precision of easur easure

(i) Confounding domains listed in the review protocol

ble or variables fully measure the domain, while “reliability” refers to the

Confounding domain Measured variable(s) Is there evidence that controlling for this | Is the confounding domain measured OPTIONAL: Is failure to adjust for this
variable was unnecessary?* validly and reliably by this variable (or variable (alone) expected to favour the
these variables)? experimental intervention or the
comparator?

Favour experimental / Favour comparator

Yes / No / No information / No information

Disease stage (proportion in
remission/LDA)

Time of assessment for response

Serum Adalimumab levels

Serum anti-Adalimumab

(ii) Additional confound ich the study authors identified as important

Confounding domain evidence that controlling for this | Is the confounding domain measured OPTIONAL: Is failure to adjust for this

variable was unnecessary?* validly and reliably by this variable (or variable (alone) expected to favour the
these variables)? experimental intervention or the
comparator?

Favour experimental / Favour comparator

Yes / No / No information / No information

* In the context of a particular study, variables can be demonstrated not to be confounders and so not included in the analysis: (a) if they are not predictive of the outcome; (b) if they are not predictive of intervention; or
(c) because adjustment makes no or minimal difference to the estimated effect of the primary parameter. Note that “no statistically significant association” is not the same as “not predictive
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Preliminary consideration of co-interventions

Complete a row for each important co-intervention (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors identified as important.

o-interventions are those for which, in the context of thi

nent is expected to lead to

a clinically important change in the estimated

Co-intervention

Is there evidence that controlling for this co-intervention was unnecessary
(e.g. because it was not administered)?

Is presence of this co-intervention likely to favour outcomes in the
experimental intervention or the comparator

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information

(ii) Additional co-interventions relevant to the setti

Co-intervention

Favour experimental / Favour comparator / No information

which the study authors identified as important

evidence that controlling for this co-intervention was unnecessary
(e.g. because it was not administered)?

Is presence of this co-intervention likely to favour outcomes in the
experimental intervention or the comparator

Methotrexate

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information

Erratum

Favour experimental / Favour comparator / No information
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Risk of bias assessment

Responses underlined in green are potential markers for low risk of bias, and responses in red are potential markers for a risk of bias. Where questions relate only to sign posts to other questions, no formatting is used.

Signalling questions

| Description

Response options

Bias du founding

s thef@\potential for confounding of the effect of intervention in this

1:/the st t lo
nga S lling guestions

If Y/PY to 1.1: determine Whether there is a need to assess time-
varying confounding:
1.2. Was the analysis based on splitting participants’ follow up
time according to intervention received?
If N/PN, answer questions relating to baseline confounding
(1.4 to 1.6)
If Y/PY, go to question 1.3.

1.3. Were intervention discontinuations or s
related to factors that are rognostic for the
If N/PN, answer que g to bas
(1.4 t0 1.6)
If YIPY, answer questions relating to both baseline and time-

varying confounding (1.7 and 1.8)

Questions relating to baseline confounding only
1.4. Did the authors use an appropriate analysis method that
controlled for all the important confounding domains?

1.5. If Y/PY to 1.4* onfounding domains that w
controlled for mgasured valid iably vaji s
available in this I

1.6. Did the aut rs control f st-in variables that
could have bee e mt enti
Questions relating d time-vary onfounding

1.7. Did the authors use an approprlate analysis method that
controlled for all the important confounding domains and for time-
varying confounding?
1.8. If Y/PY to 1.7: Were confounding domains that were
controlled for measured validly and reliably by the variables
available in this study?

Risk of bias judgement

Optional: What is the predicted direction of bias due to confounding?

eded

28
111

Y /PY/PN/NY

NA/Y/PY/PN/N/NI

NA/Y /PY/PN/N/NI

NA/Y /PY/PN/N/NI

NA/Y /PY/PN/N/NI

NA/Y /PY/PN/N/NI

NA/Y /PY/PN/N/NI

NA/Y /PY/PN/N/NI

Low / Moderate / Serious / Critical / NI
Favours experimental / Favours
comparator / Unpredictable

Bias in selection of participants into the study

2.1. Was selection of participants into the study (or into the analysis)
based on participant characteristics observed after the start of
intervention?

If N/PN to 2.1: goto 2.4

‘We enrolled 64 initially biologic-naive patients who fulfilled the 1987 ACR criteria for RA
and had achieved remission or LDA after receiving ADA full-dose therapy..................
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2.2. If YIPY to 2.1: Were the post-intervention variables that
influenced selection likely to be associated with intervention?
2.3 If YIPY to 2.2: Were the post-intervention variables that

influe lection likely to be influenced by the outcome or a
cauge’of thejeutcome?
participants®
2.5. If YIRY to 2.2and 2.3, or N/PN to 2.4: djustment
technith u toMrntI of SQ U

biases?
Risk of bias judgement u

Optional: What is the predicted direction of bias due to selection of
participants into the study?

NA /Y /PY/PN/N/NI

NA/Y /PY/PN/N/NI
Y /PYN/PN/N/NI
VNA /Y /PY/PN/N/NI
Low\ / Moderate / Serious / Critical / NI
Favours experimental / Favours

comparator / Towards null /Away from null
/ Unpredictable

Bias in classification of interventions

3.1 Were intervention groups clearly defined?

3.2 Was the information used to define intervention gro
recorded at the start of the intervention® »
3.3 Could classification of intervention status have beefaffggtéd
knowledge of the outcome or risk of the outcome?

V =Y

limumaBydose-halving (40mg monthly) and a concomitant stable dose of methotrexate

\ W 4

Not relevant

Risk of bias judgement
Optional: What is the predicted direction of bias due to
classification of interventions?

YN/PY/PN/N/NI
Y V/PY/PN/N/NI

Y /PY/PN/N/NI

Low \/ Moderate / Serious / Critical / NI
Favours experimental / Favours
comparator / Towards null /Away from null
/ Unpredictable

Bias due to deviations from in

If your aim for this study i i i
4.1. Were there deviations lm the intel]ed in"venm‘ud u ‘ I I I I
what would be expected in ic

4.2.If YIPY to 4.1: Were these deviations from intended .~ |
intervention unbalanced between groups and likely to have affected
the outcome?

If your aim for this study is to assess the effect of starting and adhering to intervention, answer questions 4.3 to 4.6
4.3. Were important co-interventions balanced across intervention Not relevant

groups?

4.4. Was the intervention implemented successfully for most
participants?

4.5. Did study participants adhere to the assigned intervention
regimen?

4.6. If N/PN to 4.3, 4.4 or 4.5: Was an appropriate analysis used to
estimate the effect of starting and adhering to the intervention?
Risk of bias judgement

Optional: What is the predicted direction of bias due to deviations
from the intended interventions?

Y/PY/PN/N/NI

NA/Y /PY/PN/N/NI

Y /PY/PN/N/NI
Y /PYN/PN/N/NI
Y /PYN/PN/N/NI

NAY/Y/PY/PN/N/NI

moderate

Bias due to missing data

5.1 Were outcome data available for all, or nearly all, participants? ‘after 24 weeks of dose-halving, persistent remission was observed in 23 patients, remission

turned LDA in 2, persistent LDA in 24 and disease flare in 15 patients....... !
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5.2 Were participants excluded due to missing data on intervention
status?

5.3 Were participants excluded due to missing data on other
variables needed for the analysis?

5.4 If PN/ , or Y/PY to 5.2 or 5.3: Are the proportion of
panicip@sons for missmg data similar across

interven B B . I

5.5 If PN/ lPY ’5 :t mef th
results \lre robu e presen i 7

Risk of biassjudge N W 1 —
Optional: What is the predlcted dIlC on of bias due to missing
data?

)
)

(

@
D

(

Y /PY/PN/NY/NI

Y /PY/PN/NY/NI
NAY/Y/PY/PN/N/NI

NAY/Y/PY/PN/N/NI

Low Y/ Moderate / Serious / Critical / NI
Favours experimental / Favours
comparator / Towards null /Away from null
/ Unpredictable

Bias in measurement of outcomes

6.1 Could the outcome measure have been influenced by
knowledge of the intervention received?

6.2 Were outcome assessors aware of the intervention ed b,
study participants?

6.3 Were the methods of outcome asSe8SMent compar
intervention groups?

6.4 Were any systematic errors in measurement of the outcome
related to intervention received?

Risk of bias judgement

Optional: What is the predicted direction of bias due to
measurement of outcomes?

applica

Y /PY/PN/NY/NI
Y /PY N/PN/N/NI
Y/PY/PN/N/NI

Not applicable
Y /PY/PNyY/N/NI

Low / Moderatey / Serious / Critical / NI
Favours experimental / Favours
comparator / Towards null /Away from null
/ Unpredictable

Bias in selection of the report
Is the reported effect estim
the results, from...
7.1. ... multiple outcome m
domain?

7.2 ... multiple analyses of the intervention-outcome relationship?
7.3 ... different subgroups?
Risk of bias judgement

Optional: What is the predicted direction of bias due to selection of
the reported result?

Y /PY/PN/NY/NI

Y /PY/PN/N+/NI
Y /PY/PN/N/NI
Lowy / Moderate / Serious /
Critical / NI
Favours experimental / Favours
comparator / Towards null
/Away from null / Unpredictable

Overall bias

Risk of bias judgement

Optional: What is the overall predicted direction of bias for this
outcome?

Low / ModerateY / Serious /
Critical / NI
Favours experimental / Favours
comparator / Towards null
/Away from null / Unpredictable
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Erratum
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The Risk Of Bias In Non—randomized Studies — of Interventions (ROBINS-) assessment tool

(version for cohort-type studies) GOROSTIZA 2016
Version 19

ROBINS-I tool (Stage I): At protocol stage

Specify the review question

Participants Remission/prim

Experimental intervention

[y non-responders/secondary non-responders

Comparator

Outcomes

List the confounding domains relevant to all or most studies

From protocol; time of testing, testing method (e.g. reflex vs. concurrent)
Others (suggested); drug s, disease stage at enrolimeg

List co-interventions

Methotrexate, other DMARDs, combination or monotherapy

, time of assessment for response/follow-up, type of drug manipulation (e.g. optimisation or tapering)

-‘ N a i s and that could impact on outcomes
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ROBINS-I tool (Stage Il): For each study

Specif et randomized trial specific to the study
Design r)
Partici e for at least six months
Experlm

Comparator Physmans were bllnded to BMD data

Is your aim for this study...?

0 to assess the effect of assignment to intervention

y to assess the effect of starting and adhering
Specify the outcome ‘ ’ ‘ ’

Specify which outcome is being assessed for risk of bias (typically from among those earmarked for the Summary of Findings table). Specify whether this is a proposed benefit or harm of intervention.

| Proportion remaining in remission (benefit)

Specify the numerical result being assessed

In case of multiple alternative analyses b 52 (95% Cl 0.83 to 2.77) and/or a reference (e.g. to a table, figure or paragraph) that uniquely defines the result being

assessed.

| Promotion remaining in remission = 69 )
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Preliminary consideration of confounders

Complete a row for each important confounding domain (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors identified as potentially important.

“Important.confounding domains are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the

estim effectjof the intefenti li t her
precision of easur @ easure

(i) Confounding domains listed in the review protocol

o) in ble or variables fully measure the domain, while “reliability” refers to the

Confounding domain Measured variable(s) Is there evidence that controlling for this | Is the confounding domain measured OPTIONAL: Is failure to adjust for this
variable was unnecessary?* validly and reliably by this variable (or variable (alone) expected to favour the
these variables)? experimental intervention or the
comparator?

Favour experimental / Favour comparator

Yes / No / No information / No information

]
Disease stage (proportion in No Yes Expected to favour control group
remission/LDA) (26.6% IG had LDA vs. 16.7% of CG)
No No information
Time of assessment f e No information but _Iiker to be unimportgnt_. Me_asurement
believed to be done at similar time points
(at 8 scheduled visits over 18 months)
. NA — serum ADL levels 5.5mg/L in the
Serum Adalimumab levels Yes CG and 5.3mg/L in IG.
Serum anti-Adalimumab ve No information No information

(ii) Additional confounding domains relevant to the setting of this particular study, or which the study authors identified as important

Confounding domain Measured variable(s) Is there evidence that controlling for this | Is the confounding domain measured OPTIONAL: Is failure to adjust for this
variable was unnecessary?* validly and reliably by this variable (or variable (alone) expected to favour the
these variables)? experimental intervention or the
comparator?

Favour experimental / Favour comparator

Yes / No / No information / No information

* In the context of a particular study, variables can be demonstrated not to be confounders and so not included in the analysis: (a) if they are not predictive of the outcome; (b) if they are not predictive of intervention; or
(c) because adjustment makes no or minimal difference to the estimated effect of the primary parameter. Note that “no statistically significant association” is not the same as “not predictive”.
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Preliminary consideration of co-interventions

Complete a row for each important co-intervention (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors identified as important.

o-interventions are those for which, in the context of thi

nent is expected to lead to

a clinically important change in the estimated

Co-intervention

Is there evidence that controlling for this co-intervention was unnecessary
(e.g. because it was not administered)?

Is presence of this co-intervention likely to favour outcomes in the
experimental intervention or the comparator

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information

(ii) Additional co-interventions relevant to the setti

Co-intervention

Favour experimental / Favour comparator / No information

which the study authors identified as important

evidence that controlling for this co-intervention was unnecessary
(e.g. because it was not administered)?

Is presence of this co-intervention likely to favour outcomes in the
experimental intervention or the comparator

Methotrexate and other DMARDs

No

Favour experimental / Favour comparator / No informationy

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information

Erratum

Favour experimental / Favour comparator / No information
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Risk of bias assessment

Responses underlined in green are potential markers for low risk of bias, and responses in red are potential markers for a risk of bias. Where questions relate only to sign posts to other questions, no formatting is used.

Signalling questions | Description

Response options

Bias du founding

s thef@\potential for confounding of the effect of intervention in this

1:/the st beat lo f bi
unding and ng¢ signalling guestions pee

If YIPY to 1.1: determine whether there is a need to assess time-
varying confounding:
1.2. Was the analysis based on splitting participants’ follow up
time according to intervention received?
If N/PN, answer questions relating to baseline confounding
(1.4 to 1.6)
If YIPY, go to question 1.3.

1.3. Were intervention discontinuations or s lik
related to factors that are prognostic for the ome?
If N/PN, answer ques%g to bas 0
(1.4 t0 1.6)
If YIPY, answer questions relating to both baseline and time-

varying confounding (1.7 and 1.8)

Yes, diffef€ntial baseline

c

Questions relating to baseline confounding only
1.4. Did the authors use an appropriate analysis method that
controlled for all the important confounding domains?

1.5. If Y/PY to 1.4* onfounding domains that w
controlled for mgasured valid iably vaji S
available in this I

1.6. Did the auth@rs control fofany post-in variables that
could have beenaff y the interventi
Questions relating e and time-vary| onfounding

1.7. Did the authors use an appropriate analysis method that
controlled for all the important confounding domains and for time-
varying confounding?
1.8. If Y/PY to 1.7: Were confounding domains that were
controlled for measured validly and reliably by the variables
available in this study?

Risk of bias judgement

Optional: What is the predicted direction of bias due to confounding?

3

LDA raIs and no information on co-intervention

Y/PYN/PN/N

NA/Y/PY/PN/NV/NI

NA/Y /PY/PN/N/NI

NA /Y /PY/PN/N~/NI

NA /Y /PY/PN/N/NI

NAY/Y /PY/PN/N/NI

NA /Y /PY/PN/NY/NI

NAY/Y/PY/PN/N/NI

Low / Moderatev / Serious / Critical / NI
Favours experimental / Favours
comparator / Unpredictable

Bias in selection of participants into the study

2.1. Was selection of participants into the study (or into the analysis)
based on participant characteristics observed after the start of
intervention?

If N/PN to 2.1: goto 2.4
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2.2.If YIPY to 2.1: Were the post-intervention variables that
influenced selection likely to be associated with intervention?

2.31If 0 2.2: Were the post-intervention variables that
influénced ction likely to be influenced by the outcome ora
cau the outcBine? i BN AN

LA SN
2.4. Do sta w-Up and startof interve| ide for
participants? ‘ID 1 f 1' ' H\
en

(

D
D

2.5. If Y/Figte202" 4: \Wesgafliustin
technlques used that are |ke|y to rrect for the presence of selectlon

biases?

Risk of bias judgement

Optional: What is the predicted direction of bias due to selection of
participants into the study?

NA/Y /PY/PN/N/NI

NA/Y /PY/PN/N/NI
Y /PYN/PN/N/NI
NAYV/Y/PY/PN/N/NI
Low v/ Moderate / Serious / Critical / NI
Favours experimental / Favours

comparator / Towards null /Away from null
/ Unpredictable

Bias in classification of interventions
3.1 Were intervention groups clearly defined?
3.2 Was the information used to defife Intervention grou
recorded at the start of the intervention?
3.3 Could classification of intervention status have been affected by
knowledge of the outcome or risk of the outcome?
Risk of bias judgement
Optional: What is the predicted direction of bias due to
classification of interventions?

released only to IG

YNV/PY/PN/N/NI
YN/PY/PN/N/NI

Y /PY/PN/NV/NI

Low~ / Moderate / Serious / Critical / NI
Favours experimental / Favours
comparator / Towards null /Away from null
/ Unpredictable

Bias due to deviations from in
If your aim for this study

Sss i e i entio i
4.1. Were there deviations ffom the |nte d interventi
what would be expected in

4.2. If YIPY to 4.1: Were these Hewa tions from intended -
intervention unbalanced between groups and likely to have affected
the outcome?

If your aim for this study is to assess the effect of starting and adhering to intervention, answer questions 4.3 to 4.6

4.3. Were important co-interventions balanced across intervention
groups?

4.4. Was the intervention implemented successfully for most
participants?

4.5. Did study participants adhere to the assigned intervention
regimen?

4.6. If N/PN to 4.3, 4.4 or 4.5: Was an appropriate analysis used to
estimate the effect of starting and adhering to the intervention?
Risk of bias judgement

Optional: What is the predicted direction of bias due to deviations
from the intended interventions?

Y/PY/PN/N/NI

VNA/Y /PY/PN/N/NI

Y /PY/PN/N/NN
Y V/PY/PN/N/NI
Y /PYN/PN/N/NI

NAY/Y/PY/PN/N/NI

Bias due to missing data

5.1 Were outcome data available for all, or nearly all, participants?
5.2 Were participants excluded due to missing data on intervention
status?
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5.3 Were participants excluded due to missing data on other
variables needed for the analysis?

Y /PY/PN/N/NN

6.2 Were outcome assessors aware of the intervention e
study participants?

6.3 Were the methods of outcome asSeSeMent compara
intervention groups?

6.4 Were any systematic errors in measurement of the ou
related to intervention received?

Risk of bias judgement

Optional: What is the predicted direction of bias due to
measurement of outcomes?

D

utco

me

5.4 If PN/ , or Y/PY to 5.2 or 5.3: Are the proportion of NAV/Y/PY/PN/N/NI
particip. sons for missing data similar across
intervenabl BRSNS AN\ I I\AII'\AI
55|fPN/N1\ lPYtISirSBtmer'eth H ( l H ( l NAN/Y /PY/PN/N/NI
results Were robu e presence of missi 2 _ — _
Risk of biasjud@ementus Nt e’ 0 e’ QG Sl Sl Al Low / Moderate / Serious / Critical / NIV
Optional: What is the predicted dilction of bias due to missing Favours experimental / Favours
data? comparator / Towards null /Away from null
/ Unpredictable

Bias in measurement of outcomes
6.1 Could the outcome measure have been influenced by Y /PY/PNV/N/NI
knowledge of the intervention received?

YN/PY/PN/N/NI
Y /PY/PN/N/NN
Y /PY/PN/N/NKN
Low / Moderatev / Serious / Critical / NI
Favours experimental / Favours

comparator / Towards null /Away from null
/ Unpredictable

Bias

in selection of the report

Is the reported effect estim
the results, from...
7.1. ... multiple outcome m
domain?

7.2 ... multiple analyses of the intervention-outcome relationship?
7.3 ... different subgroups?

Risk of bias judgement

Optional: What is the predicted direction of bias due to selection of
the reported result?

Y /PY/PN/NV/NI

Y /PY/PN/NV/NI
Y /PY /PN /NV/NI
Low~ / Moderate / Serious /
Critical / NI
Favours experimental / Favours
comparator / Towards null
/Away from null / Unpredictable

Overall bias

Risk of bias judgement

Optional: What is the overall predicted direction of bias for this
outcome?

Low / Moderatev / Serious /
Critical / NI
Favours experimental / Favours
comparator / Towards null
/Away from null / Unpredictable

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.
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The Risk Of Bias In Non—randomized Studies — of Interventions (ROBINS) assessment tool
(version for cohort-type studies) INCIARTEAVIUNDO 2016
Version 19 September 2016

Specify the review question

Participants Remission/primary non-responders/secondary non-responders

Experimental intervention Therapeutic drug monitoring

Comparator Standard care

Outcomes @ esults, dose changes, dose adjustment, treatment switch, discontinuation, changes in disease activity, rate of disease response,

s of surgical intervention, adverse effects, health-related quality of life

List the confounding domains relevant to all or most studies

From protocol; time of testing, testing method (e.g. reflex vs. concurrent)
Others (suggested); drug dose/levels, disease stage at enrollment, time of assessment for response/follow-up, type of drug manipulation (e.g. optimisation or tapering)

List co-interventionsithat coul iffer ps and that could impact on outcomes

Methotrexate, other DMARDs, combin n orfmonot
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ROBINS-I tool (Stage Il): For each study

Specify a target randomized trial specific to the study

Individually randomized / Cluster randomized / Matched (e.g. cross-ove

Patignts,in clinicabre on

easured every 4 months for 1 year

S ST O T o Y 4m :ymam.'
ne 0 gy b |

0 to assess the effect of assignment to intervention
y to assess the effect of starting and adhering to intervention

Design
Partici
Experlm
Comp

Is your aim for this stud

Specify the outcome

Specify which outcome is being assessed for risk of bias (t llytfrom among those,earmarked for the Summary of Findings table). Specify whether this is a proposed benefit or harm of intervention.

[ Disease flare

Specify the numerical result being assessed

In case of multiple alternative analyses being presented, specify the numeric result (e.g. RR = 1.52 (95% CI 0.83 to 2.77) and/or a reference (e.g. to a table, figure or paragraph) that uniquely defines the result being
assessed.

| Disease flare = 17.0% amehg Rheumatoi
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Preliminary consideration of confounders

Complete a row for each important confounding domain (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors identified as potentially important.

“Importants,confounding domains are those for which, in the context of this study, ijustment is expected to lead to a clinically important change in the

estim effectjof the i ti t
precision of easur easure

(i) Confounding domains listed in the review protocol

ble or variables fully measure the domain, while “reliability” refers to the

Confounding domain Measured variable(s) Is there evidence that controlling for this | Is the confounding domain measured OPTIONAL: Is failure to adjust for this
variable was unnecessary?* validly and reliably by this variable (or variable (alone) expected to favour the
these variables)? experimental intervention or the
comparator?

Favour experimental / Favour comparator

Yes / No / No information / No information

]
Disease stage (proportion in NA
remission/LDA)

Time of assessment for response NA

Serum Adalimumab levels NA

Serum anti-Adalimumab NA

(ii) Additional confound ich the study authors identified as important
Confounding domain : (s) evidence that controlling for this | Is the confounding domain measured OPTIONAL: Is failure to adjust for this
variable was unnecessary?* validly and reliably by this variable (or variable (alone) expected to favour the
these variables)? experimental intervention or the
comparator?

Favour experimental / Favour comparator

Yes / No / No information / No information

* In the context of a particular study, variables can be demonstrated not to be confounders and so not included in the analysis: (a) if they are not predictive of the outcome; (b) if they are not predictive of intervention; or
(c) because adjustment makes no or minimal difference to the estimated effect of the primary parameter. Note that “no statistically significant association” is not the same as “not predictive”.

356



Preliminary consideration of co-interventions

Completgia row for e impgorta intervention (i) listed n th
“Importa -i:uti éﬂ?hi
effect te n

iew pr

t

I; and (i evant e setti

S

is particular study, or which the study authors identified as important.

ent is expected to lead to a clinically important change in the estimated

(i) Co-interventions listed in the review protocol

Co-intervention

Is there evidence that controlling for this co-intervention was unnecessary
(e.g. because it was not administered)?

Is presence of this co-intervention likely to favour outcomes in the
experimental intervention or the comparator

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information

=S€

Favour experimental / Favour comparator / No information

(ii) Additional co-interventions relevant to the setting of this particula

r study, or which the study authors identified as important

Co-intervention

Is there evidence that controlling for this co-intervention was unnecessary
(e.g. because it was not administered)?

Is presence of this co-intervention likely to favour outcomes in the
experimental intervention or the comparator

d bDMARD

NA (no comparator group)

Favour experimental / Favour comparator / No informationy

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information
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Risk of bias assessment

Responses underlined in green are potential markers for low risk of bias, and responses in red are potential markers for a risk of bias. Where questions relate only to sign posts to other questions, no formatting is used.

Signalling questions

| Description

Response options

Bias du founding

s thef@\potential for confounding of the effect of intervention in this

1:/the st beat lo f bi
unding and ng¢ signalling guestions pee

If YIPY to 1.1: determine whether there is a need to assess time-
varying confounding:
1.2. Was the analysis based on splitting participants’ follow up
time according to intervention received?
If N/PN, answer questions relating to baseline confounding
(1.4 to 1.6)
If YIPY, go to question 1.3.

1.3. Were intervention discontinuations or s lik
related to factors that are prognostic for the ome?
If N/PN, answer ques%g to bas 0
(1.4 t0 1.6)
If YIPY, answer questions relating to both baseline and time-

varying confounding (1.7 and 1.8)

Questions relating to baseline confounding only
1.4. Did the authors use an appropriate analysis method that
controlled for all the important confounding domains?

1.5. If Y/PY to 1.4* onfounding domains that w
controlled for mgasured valid iably vaji s
available in this I

1.6. Did the auth@rs control fof any post-in variables that
could have beenaff y the interventi
Questions relating e and time-varyl onfounding

1.7. Did the authors use an appropriate analysis method that
controlled for all the important confounding domains and for time-
varying confounding?
1.8. If Y/PY to 1.7: Were confounding domains that were
controlled for measured validly and reliably by the variables
available in this study?

Risk of bias judgement

Optional: What is the predicted direction of bias due to confounding?

ded

28
111

Y /PY /PN/NV

NA/Y/PY/PN/N/NI

NA/Y /PY/PN/N/NI

NA/Y /PY/PN/N/NI

NA/Y /PY/PN/N/NI

NA/Y /PY/PN/N/NI

NA/Y /PY/PN/N/NI

NA/Y /PY/PN/N/NI

Low / Moderate / Serious / Critical / NI
Favours experimental / Favours
comparator / Unpredictable

Bias in selection of participants into the study

2.1. Was selection of participants into the study (or into the analysis)
based on participant characteristics observed after the start of
intervention?

If N/PN to 2.1: goto 2.4

s patients in clinical remission (CR) (DAS28-ESR < 2.6) or low disease activity (LDA)
(DAS28-ESR < 3.2) in = 2 consecutive visits treated with adalimumab (ADA), etanercept
(ETN) or infliximab (IFX) for 2 3 months....... ’
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2.2.If YIPY to 2.1: Were the post-intervention variables that
influenced selection likely to be associated with intervention?

2.31If 0 2.2: Were the post-intervention variables that
influénced ction likely to be influenced by the outcome ora

caus@f the outcBine? [l ™ N MW N P = N

2.4. Do sta W ancltarrf intieMl('for N H ‘ l
participants? _
en )\ -

(

D

2.5. If Y/Figte202" “4: \Weseatiusti
technlques used that are |ke|y to rrect for the presence of selectlon

biases?

Risk of bias judgement

Optional: What is the predicted direction of bias due to selection of
participants into the study?

NA/Y /PY/PN/N/NI

NA/Y /PY/PN/N/NI
Y /PYN/PN/N/NI
VNA /Y /PY/PN/N/NI
Low V/ Moderate / Serious / Critical / NI
Favours experimental / Favours

comparator / Towards null /Away from null
/ Unpredictable

Bias in classification of interventions

3.1 Were intervention groups clearly defined? in clinical remission (CR) (DAS28-ESR < 2.6) or low disease activity (LDA)
I

3.2) in 2 2 consecutive visits treated with adalimumab (ADA), etanercept (ETN)

No control group
3.2 Was the information used to define intervention groups
recorded at the start of the intervention?

3.3 Could classification of intervention status have been affected by
knowledge of the outcome or risk of the outcome?

Risk of bias judgement [JE—— d
Optional: What is the predi i
classification of interventio

Not relevant

Y /PYN/PN/N/NI

Y/ PYN/PN/N/NI
Y /PY/PN/N/NI

Low / Moderate / Serious / Critical / NI
Favours experimental / Favours
comparator / Towards null /Away from null
/ Unpredictable

Bias due to deviations from int rvention

If your aim for this study is to assess the effect of assignment to intervention, answer questions 4.1 and 4.2
4.1. Were there deviations from the intended intervention beyond
what would be expected in usual practice?

4.2 If YIPY to 4.1: Were these deviations from intended
intervention unbalanced between groups and likely to have affected
the outcome?

If your aim for this study is to assess the effect of starting and adhering to intervention, answer questions 4.3 to 4.6
4.3. Were important co-interventions balanced across intervention Not relevant

groups?

4.4. Was the intervention implemented successfully for most
participants?

4.5. Did study participants adhere to the assigned intervention
regimen?

4.6. If N/PN to 4.3, 4.4 or 4.5: Was an appropriate analysis used to
estimate the effect of starting and adhering to the intervention?
Risk of bias judgement

Optional: What is the predicted direction of bias due to deviations
from the intended interventions?

Y/PY/PN/N/NI

NA/Y /PY/PN/N/NI

Y /PY/PN/N/NI
Y /PYN/PN/N/NI
Y /PY~NIPN/N/NI

NA/Y/PY/PN/N/NI

moderate
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Bias

due to missing data

5.1 Were outcome data available for all, or nearly all, participants?

5.2 Were ieipants excluded due to missing data on intervention
status?

5.3 Wer%ts tcludli dﬂsimn
variables n r the analysis

541fP to 5.1, or ¥/PY to 5.20r 5.3fAre the pri orl)n of
participa asol iss si SS

interventions?

5.5 If PN/N to 5.1, or Y/PY to 5.2%r 5.3: Is there evidence that
results were robust to the presence of missing data?

Risk of bias judgement

Optional: What is the predicted direction of bias due to missing
data?

12 patients (8 RA, 4 psoriasis) with flare was reported as 13% implying the denominator was
lower than the total population of 103 (47 RA, 56 PsA)

Ja¥e PaYe

Y /PY/PNN/N/NI

Y /PYN/PN/N/NI

Y /PY/PN/N/NI
VNA/Y/PY/PN/N/NI

NA/Y/PY/PN/N/NKN

Low / Moderate / Serious / Critical / NIV
Favours experimental / Favours
comparator / Towards null /Away from null
/ Unpredictable

Bias

in measurement of outcomes

6.1 Could the outcome measure hav enced b
knowledge of the intervention received?

6.2 Were outcome assessors aware of the intervention received by
study participants?

6.3 Were the methods of outcome assessment comparable across
intervention groups?

6.4 Were any systematic errors in measurement of the outcome
related to intervention received?

Risk of bias judgement = d
Optional: What is the predi irecti
measurement of outcomes

Bias

in selection of the reported resu

Not applicable (No control group)

Y /PY/PN/NV/NI
Y /PYN/PN/N/NI
Y /PY/PN/N/NI
Y /PY/PN~V/N/NI
Low / Moderate / Serious / Critical / NI
Favours experimental / Favours

comparator / Towards null /Away from null
/ Unpredictable

Is the reported effect estimate likely to be selected, on the basis of
the results, from...

7.1. ... multiple outcome measurements within the outcome
domain?

7.2 ... multiple analyses of the intervention-outcome relationship?
7.3 ... different subgroups?

Risk of bias judgement

Optional: What is the predicted direction of bias due to selection of
the reported result?

Y /PY /PNV/N /NI

Y /PY /PN~/N /NI
Y /PY /PNY/N /NI
Low \/ Moderate / Serious /
Critical / NI
Favours experimental / Favours
comparator / Towards null
/Away from null / Unpredictable

Overall bias

Risk of bias judgement

Optional: What is the overall predicted direction of bias for this
outcome?

Low / Moderate / Serious /
Critical / NI
Favours experimental / Favours
comparator / Towards null
/Away from null / Unpredictable
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The Risk Of Bias In Non—randomized Studies — of Interventions (ROBINS-) assessment tool
(version for cohort-type studies) LOPEZ-CASLA 2013
Version 19 September 2016

T MG RD

Specify the review question

Participants Remission/primary non-responders/secondary non-responders

Experimental intervention Therapeutic drug monitoring

Comparator Standard care

Outcomes m esults, dose changes, dose adjustment, treatment switch, discontinuation, changes in disease activity, rate of disease response,

s of surgical intervention, adverse effects, health-related quality of life

List the confounding domains relevant to all or most studies

From protocol; time of testing, testing method (e.g. reflex vs. concurrent)
Others (suggested); drug dose/levels, disease stage at enrollment, time of assessment for response/follow-up, type of drug manipulation (e.g. optimisation or tapering)

List co-interventions gould be different betwge

n intervention groups and that could impact on outcomes

Methotrexate, other DMAF
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ROBINS-I tool (Stage Il): For each study

Specify a target randomized trial specific to the study

Design Individually randomized / Cluster randomized / Matched (e.g. cross-over)
Participants Primary/secondary non-responders

Experim rvention Infliximab dose escalation plus therapeutic drug menitoring

Compar None

Is your@im fo hu
D to assess the effect of assignment to intervention

to assess the effect of starting and adhering to intervention

Specify the outcome

Specify which outcome is being assessed for risk of bias ically fr ong { earmarked for the Summary of Findings table). Specify whether this is a proposed benefit or harm of intervention.

| Treatment discontinuation rate (harmful)

Specify the numerical result being assess

In case of multiple alternative analyses being presented, specify the numeric result (e.g. RR = 1.52 (95% CI 0.83 to 2.77) and/or a reference (e.g. to a table, figure or paragraph) that uniquely defines the result being
assessed.

| Treatment discontinuation rate = 26 (76.5%)

Erratum
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Preliminary consideration of confounders

Complete a row for each important confounding domain (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors identified as potentially important.

onfounding domains are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the

“Import
estim effectjof the intefenti li t heg
precision of easur @ easure @

(i) Confounding domains listed in the review protocol

o} in ble or variables fully measure the domain, while “reliability” refers to the

Confounding domain Measured variable(s) Is there evidence that controlling for this | Is the confounding domain measured OPTIONAL: Is failure to adjust for this
variable was unnecessary?* validly and reliably by this variable (or variable (alone) expected to favour the
these variables)? experimental intervention or the
comparator?

Favour experimental / Favour comparator

Yes / No / No information / No information

]
Disease stage (proportion in Confoundin in icab
remission/LDA) there is no comparison group

Time of assessment for response

Serum Adalimumsa

Serum anti-Adalimumab

(ii) Additional confound ich the study authors identified as important

Confounding domain evidence that controlling for this | Is the confounding domain measured OPTIONAL: Is failure to adjust for this
variable was unnecessary?* validly and reliably by this variable (or variable (alone) expected to favour the
these variables)? experimental intervention or the
comparator?

Favour experimental / Favour comparator

Yes / No / No information / No information

Methotrexate, other DMARDs, Domain not applicable as there is no
combination or monotherapy comparison group

* In the context of a particular study, variables can be demonstrated not to be confounders and so not included in the analysis: (a) if they are not predictive of the outcome; (b) if they are not predictive of intervention; or
(c) because adjustment makes no or minimal difference to the estimated effect of the primary parameter. Note that “no statistically significant association” is not the same as “not predictive”.
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Preliminary consideration of co-interventions

Complete a row for each important co-intervention (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors identified as important.

o-interventions are those for which, in the context of thi

pnent is expected to lead to

a clinically important change in the estimated

Co-intervention

Is there evidence that controlling for this co-intervention was unnecessary
(e.g. because it was not administered)?

Is presence of this co-intervention likely to favour outcomes in the
experimental intervention or the comparator

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information

(ii) Additional co-interventions relevant to the setti

Co-intervention

Favour experimental / Favour comparator / No information

which the study authors identified as important

evidence that controlling for this co-intervention was unnecessary
(e.g. because it was not administered)?

Is presence of this co-intervention likely to favour outcomes in the
experimental intervention or the comparator

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information

Erratum

Favour experimental / Favour comparator / No information
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Risk of bias assessment

Responses underlined in green are potential markers for low risk of bias, and responses in red are potential markers for a risk of bias. Where questions relate only to sign posts to other questions, no formatting is used.

Signalling questions | Description | Response options

Bias du founding
s thef@\potential for confounding of the effect of intervention in this | Domain ngt applicable Y/PY/PN/N
1:/the st beat lo f bi
unding and ng¢ signalling guestions pee

If Y/PY to 1.1: determine Whether there is a need to assess time-
varying confounding:

1.2. Was the analysis based on splitting participants’ follow up NA/Y/PY/PN/N/NI
time according to intervention received?
If N/PN, answer questions relating to baseline confounding
(1.4 to 1.6)
If YIPY, go to question 1.3.
NA/Y/PY/PN/N/NI

1.3. Were intervention discontinuations or s lik
related to factors that are prognostic for the ome?
If N/PN, answer ques%g to bas o
(1.4 t0 1.6)
If YIPY, answer questions relating to both baseline and time-

varying confounding (1.7 and 1.8)

Questions relating to baseline confounding only
1.4. Did the authors use an appropriate analysis method that NA/Y/PY/PN/N/NI
controlled for all the important confounding domains?

1.5. If Y/PY to 1.4* onfounding domains that w NA/Y/PY/PN/N/NI
controlled for mgasured valid iably vaji S
available in this I m

1.6. Did the auth@rs control fofany post-in variables that NA/Y /PY/PN/N/NI
could have beenaff y the interventi
Questions relating e and time-vary| onfounding

1.7. Did the authors use an appropriate analysis method that NA/Y/PY/PN/N/NI
controlled for all the important confounding domains and for time-
varying confounding?
1.8. If Y/PY to 1.7: Were confounding domains that were NA/Y/PY/PN/N/NI
controlled for measured validly and reliably by the variables
available in this study?
Risk of bias judgement Low / Moderate / Serious / Critical / NI
Optional: What is the predicted direction of bias due to confounding? Favours experimental / Favours
comparator / Unpredictable

Bias in selection of participants into the study

2.1. Was selection of participants into the study (or into the analysis) ‘Study enrolled 36 RA patients treated since 2000 with ifx at La Paz University Hospital, in Y /PY/PN/NA/NI
based on participant characteristics observed after the start of whom a Ifx dose increase was implemented due to inefficacy.....’
intervention?

If N/PN to 2.1: goto 2.4
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2.2. If YIPY to 2.1: Were the post-intervention variables that
influenced selection likely to be associated with intervention?
2.3 If YIPY to 2.2: Were the post-intervention variables that

influe lection likely to be influenced by the outcome or a
caummomw
LASTTIYETS O
participants
2.5 If YIRY to 2. stment
techniqu at ence|l of s i

biases?
Risk of bias judgement u
Optional: What is the predicted direction of bias due to selection of

participants into the study?

Q.
O

o
\

NA /Y /PY/PN/N/NI

NA/Y /PY/PN/N/NI
Y /PY/PNY/N/NI
VNA /Y /PY/PN/N/NI
Low / Moderate / Serious / Critical / NI
Favours experimental / Favours

comparator / Towards null /Away from null
/ Unpredictable

Bias in classification of interventions

3.1 Were intervention groups clearly defined?

3.2 Was the information used to define intervention gro

recorded at the start of the interventi

3.3 Could classification of intervention status have beer
knowledge of the outcome or risk of the outcome?

Risk of bias judgement

Optional: What is the predicted direction of bias due to
classification of interventions?

(T

... laWhem a ifx dose increase was implemented due to inefficacy....’

Y /PYAN/PN/N/NI
Y /PYN/PN/N/NI

Y /PY/PN/N/NI

Low~ / Moderate / Serious / Critical / NI
Favours experimental / Favours
comparator / Towards null /Away from null
/ Unpredictable

Bias due to deviations from inWervention
If your aim for this study i§|to assess theléffectiof asSigam uﬁrver.orlMstions 4.1 and 4.2
4.1. Were there deviations W‘ T 'ventﬂn b I I l '
what would be expected in gsual practic
4.2 If YIPY to 4.1: Were thBSg,deviationgifrom tendw h W1 01 1 B
intervention unbalanced between groups and likely to have affecte:
the outcome?
If your aim for this study is to assess the effect of starting and adhering to intervention, answer questions 4.3 to 4.6
4.3. Were important co-interventions balanced across intervention Not relevant
groups?
4.4. Was the intervention implemented successfully for most
participants?
4.5. Did study participants adhere to the assigned intervention
regimen?
4.6. If N/PN to 4.3, 4.4 or 4.5: Was an appropriate analysis used to
estimate the effect of starting and adhering to the intervention?
Risk of bias judgement

Optional: What is the predicted direction of bias due to deviations
from the intended interventions?

Not aplicable
Y /PY/PN/N/NI

NA/Y /PY/PN/N/NI

Y /PY/PN/N/NI

Y /PYAN/PN/N/NI

Y /PYN/PN/N/NI
VNA/Y /PY/PN/N/NI

moderate

Bias due to missing data

5.1 Were outcome data available for all, or nearly all, participants? 26 of 36 (baseline denominator) = 72.2%, but this was reported as 76.5% implying two patients

were not accounted for in the final analysis
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5.2 Were participants excluded due to missing data on intervention
status?

5.3 Were participants excluded due to missing data on other
variables needed for the analysis?

| =
541fP to 5.1)or Y/PY to 5 2 or 5.3: Are the proportion of
WP QaAana
intervention
FR A= b sy FSeded
results - -
Risk of bias judgement

Optional: What is the predicted dIECtIOH of bias due to missing
data?

Y /PY/PN/N/NK

Y /PY/PN/N/NN
VNA/Y/PY/PN/N/NI

NA/Y/PY/PN/N/NKN

Low / ModerateV / Serious / Critical / NI
Favours experimental / Favours
comparator / Towards null /Away from null
/ Unpredictable

Bias

in measurement of outcomes

6.1 Could the outcome measure have been influenced by
knowledge of the intervention received?

Y o P
6.2 Were outcome assessors aware of the intervention ived H
study participants? “ K — —

6.3 Were the methods of outcome assessment comparWos a
intervention groups?

6.4 Were any systematic errors in measurement of the outcome

related to intervention received?

Risk of bias judgement

Optional: What is the predicted direction of bias due to

measurement of outcomes?

Y /PY/PN/NV/NI
YV/PY/PN/N/NI

Y /PY/PN/N/NI
NAY
Y /PY/PN/NV/NI

Low / Moderate \/ Serious / Critical / NI
Favours experimental / Favours
comparator / Towards null /Away from null
/ Unpredictable

Bias

in selection of the report

Is the reported effect estim
the results, from...
7.1. ... multiple outcome measurements within the outcome
domain?

7.2 ... multiple analyses of the intervention-outcome relationship?
7.3 ... different subgroups?

Risk of bias judgement

Optional: What is the predicted direction of bias due to selection of
the reported result?

Y /PY/PN/NV/NI

Y /PY/PN/N~/NI
Y /PY /PN /NvV/NI
Lowv / Moderate / Serious /
Critical / NI
Favours experimental / Favours
comparator / Towards null
/Away from null / Unpredictable

Overall bias

Risk of bias judgement

Optional: What is the overall predicted direction of bias for this
outcome?

Low / Moderatev / Serious /
Critical / NI
Favours experimental / Favours
comparator / Towards null
/Away from null / Unpredictable
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The Risk Of Bias In Non—randomized Studies — of Interventions (ROBINS-) assessment tool
(version for cohort-type studies) PARADES 2015
Version 19 September 2016

Specify the review question

Participants Remission/primary non-responders/secondary non-responders

Experimental intervention Therapeutic drug monitoring

Comparator Standard care

Outcomes m esults, dose changes, dose adjustment, treatment switch, discontinuation, changes in disease activity, rate of disease response,

s of surgical intervention, adverse effects, health-related quality of life

List the confounding domains relevant to all or most studies

From protocol; time of testing, testing method (e.g. reflex vs. concurrent)
Others (suggested); drug dose/levels, disease stage at enrollment, time of assessment for response/follow-up, type of drug manipulation (e.g. optimisation or tapering)

List co-interventions ps and that could impact on outcomes

Methotrexate, other DMAF
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ROBINS-I tool (Stage Il): For each study

Specify a target randomized trial specific to the study

Indmdually random|zed / Cluster randomized / Matched (e.g. cross-ovg

ant: or LDA at | ponth
Y o w mwmm pering)
/N _ | Ty

Design
Partici
Experlm
Comp

Is your aim for this stud

0 to assess the effect of assignment to intervention
y to assess the effect of starting and adhering to intervention

Specify the outcome

Specify which outcome is being assessed for risk of bias (t llyefrom among those,earmarked for the Summary of Findings table). Specify whether this is a proposed benefit or harm of intervention.

[ Flare (harmful)

Specify the numerical result being assessed

In case of multiple alternative analyses being presented, specify the numeric result (e.g. RR = 1.52 (95% CI 0.83 to 2.77) and/or a reference (e.g. to a table, figure or paragraph) that uniquely defines the result being

assessed.
[ Rate offIares=19(35.2°/I - - E |
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Preliminary consideration of confounders

Complete a row for each important confounding domain (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors identified as potentially important.

onfounding domains are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the

“Import
estim effectgof theg i ti li t heg
precisjon of easur easure @

(i) Confounding domains listed in the review protocol

o} in ble or variables fully measure the domain, while “reliability” refers to the

Confounding domain Measured variable(s) Is there evidence that controlling for this | Is the confounding domain measured OPTIONAL: Is failure to adjust for this
variable was unnecessary?* validly and reliably by this variable (or variable (alone) expected to favour the
these variables)? experimental intervention or the
comparator?

Favour experimental / Favour comparator

Yes / No / No information / No information

]
Disease stage (proportion in Confoundin in icab
remission/LDA) there is no comparison group

Time of assessment for response

Serum Adalimumab levels

Serum anti-Adalimumab antibody levels

(ii) Additional confounding,dema insrelev: e set ar s which the study authors identified as important

2vidence that controlling for this | Is the confounding domain measured OPTIONAL: Is failure to adjust for this
as unnecessary?* validly and reliably by this variable (or variable (alone) expected to favour the
these variables)? experimental intervention or the
comparator?

Confounding domain

Favour experimental / Favour comparator

Yes / No / No information / No information

* In the context of a particular study, variables can be demonstrated not to be confounders and so not included in the analysis: (a) if they are not predictive of the outcome; (b) if they are not predictive of intervention; or
(c) because adjustment makes no or minimal difference to the estimated effect of the primary parameter. Note that “no statistically significant association” is not the same as “not predictive”.
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Preliminary consideration of co-interventions

Complete a row for each important co-intervention (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors identified as important.

o-interventions are those for which, in the context of thi

pnent is expected to lead to

a clinically important change in the estimated

Co-intervention

Is there evidence that controlling for this co-intervention was unnecessary
(e.g. because it was not administered)?

Is presence of this co-intervention likely to favour outcomes in the
experimental intervention or the comparator

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information

(ii) Additional co-interventions relevant to the setti

Co-intervention

Favour experimental / Favour comparator / No information

which the study authors identified as important

evidence that controlling for this co-intervention was unnecessary
(e.g. because it was not administered)?

Is presence of this co-intervention likely to favour outcomes in the
experimental intervention or the comparator

Favour experimental / Favour comparator / No information

Methotrexate, other DMARDs, combination or monotherapy

Domain not applicable as there is no comparison group

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information
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Risk of bias assessment

Responses underlined in green are potential markers for low risk of bias, and responses in red are potential markers for a risk of bias. Where questions relate only to sign posts to other questions, no formatting is used.

Signalling questions | Description | Response options

Bias du founding
s thef@\potential for confounding of the effect of intervention in this_ | Confounding not applicable Y/PY/PN/N
1:/the st beat lo f bi
unding and ng¢ signalling guestions pee

If Y/PY to 1.1: determine Whether there is a need to assess time-
varying confounding:

1.2. Was the analysis based on splitting participants’ follow up NA/Y/PY/PN/N/NI
time according to intervention received?
If N/PN, answer questions relating to baseline confounding
(1.4 to 1.6)
If YIPY, go to question 1.3.
NA/Y/PY/PN/N/NI

1.3. Were intervention discontinuations or s lik
related to factors that are prognostic for the ome?
If N/PN, answer ques%g to bas o
(1.4 t0 1.6)
If YIPY, answer questions relating to both baseline and time-

varying confounding (1.7 and 1.8)

Questions relating to baseline confounding only
1.4. Did the authors use an appropriate analysis method that NA/Y/PY/PN/N/NI
controlled for all the important confounding domains?

1.5. If Y/PY to 1.4* onfounding domains that w NA/Y/PY/PN/N/NI
controlled for mgasured valid iably vaji S
available in this I m

1.6. Did the auth@rs control fofany post-in variables that NA/Y /PY/PN/N/NI
could have beenaff y the interventi
Questions relating e and time-vary| onfounding

1.7. Did the authors use an appropriate analysis method that NA/Y/PY/PN/N/NI
controlled for all the important confounding domains and for time-
varying confounding?
1.8. If Y/PY to 1.7: Were confounding domains that were NA/Y/PY/PN/N/NI
controlled for measured validly and reliably by the variables
available in this study?
Risk of bias judgement Low / Moderate / Serious / Critical / NI
Optional: What is the predicted direction of bias due to confounding? Favours experimental / Favours
comparator / Unpredictable

Bias in selection of participants into the study

2.1. Was selection of participants into the study (or into the analysis) ‘.....a cohort of RA patients in LDA or remission (measured by DAS28 < 3.2 or < 2.6, Y /PY/PN/NV/NI
based on participant characteristics observed after the start of respectively) for at least 6 months..’
intervention?

If N/PN to 2.1: goto 2.4
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2.2. If YIPY to 2.1: Were the post-intervention variables that
influenced selection likely to be associated with intervention?
2.3 If YIPY to 2.2: Were the post-intervention variables that

influe lection likely to be influenced by the outcome or a
causge’of th tcome?

2.4. Do ffoIIow~I) ancltarm mckr
participants?

biases?

Risk of bias judgement u

Optional: What is the predicted direction of bias due to selection of
participants into the study?

2.5 If YIRY to 2. djustment
technlth u toMrntI of SQ U

Q.
O

o
\

NA /Y /PY/PN/N/NI

NA/Y /PY/PN/N/NI
Y /PYN/PN/N/NI
VNA /Y /PY/PN/N/NI
Low V/ Moderate / Serious / Critical / NI
Favours experimental / Favours

comparator / Towards null /Away from null
/ Unpredictable

Bias in classification of interventions

3.1 Were intervention groups clearly defined? P
3.2 Was the information used to define intervention gro
recorded at the start of the interventi

3.3 Could classification of intervention status have beer
knowledge of the outcome or risk of the outcome?

Risk of bias judgement

Optional: What is the predicted direction of bias due to
classification of interventions?

timizgfiomstrategy

- -

Y /PYN/PN/N/NI
Y /PYN/PN/N/NI

Y /PY/PN/N/NI

Low~ / Moderate / Serious / Critical / NI
Favours experimental / Favours
comparator / Towards null /Away from null
/ Unpredictable

Bias due to deviations from inWervention
If your aim for this study iS|to assess theleffectiof MeL| rventionjlanSwerGuestions 4.1 and 4.2

4.1. Were there deviations W‘ T entiGn beydhd I
what would be expected in gsual practic

4.2 If YIPY to 4.1: Were thBSg,deviationgifrom tendw
intervention unbalanced between groups and likely to have affecte:

the outcome?

If your aim for this study is to assess the effect of starting and adhering to intervention, answer questions 4.3 to 4.6

4.3. Were important co-interventions balanced across intervention
groups?

4.4. Was the intervention implemented successfully for most
participants?

4.5. Did study participants adhere to the assigned intervention
regimen?

4.6. If N/PN to 4.3, 4.4 or 4.5: Was an appropriate analysis used to
estimate the effect of starting and adhering to the intervention?
Risk of bias judgement

Optional: What is the predicted direction of bias due to deviations
from the intended interventions?

Not applicable

Not applicable
Y /PY/PN/N/NI

NA/Y /PY/PN/N/NI

Y /PY/PN/N/NI

Y /PYAN/PN/N/NI

Y /PY/PN/N/NIN
VNA/Y /PY/PN/N/NI

NI

Bias due to missing data

5.1 Were outcome data available for all, or nearly all, participants?
5.2 Were participants excluded due to missing data on intervention
status?

Proportion of flares to baseline population is appropriate (19; 35.2%)
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5.3 Were participants excluded due to missing data on other
variables needed for the analysis?
5.4 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Are the proportion of

participan easons for missing data similar across
interven

e = e oy
results were e presencge of m

Risk of Bias judgém

Optional:Viihatgi§the M Vf bVo rﬁsm
data?

Y /PY/PNY/N/NI
VNA/Y/PY/PN/N/NI

VNA/Y/PY/PN/N/NI

Low / Moderate / Serious / Critical / NIV
Favours experimental / Favours
comparator / Towards null /Away from null
/ Unpredictable

study participants? Y
6.3 Were the methods of outcome as ment compa Cro
intervention groups? w K
6.4 Were any systematic errors in measurement of thew
related to intervention received?

Risk of bias judgement

Optional: What is the predicted direction of bias due to
measurement of outcomes?

Bias in measurement of outcomes
6.1 Could the outcome measure have been influenced by Y /PY/PNY/N/NI
knowledge of the intervention received?
6.2 Were outcome assessors aware of the intervention received by Y /PYN/PN/N/NI

Y/PY/PN/N/NI
Not applicable
Y /PY/PN~V/N/NI

Low / Moderatev / Serious / Critical / NI
Favours experimental / Favours
comparator / Towards null /Away from null
/ Unpredictable

Bias

in selection of the report

Is the reported effect estim
the results, from...

7.1. ... multiple outcome m
domain?

7.2 ... multiple analyses of the intervention-outcome rel‘ﬁo'shlp’?
7.3 ... different subgroups?

Risk of bias judgement

Optional: What is the predicted direction of bias due to selection of
the reported result?

likely to b
urements Within t

Y /PY/PN/NV/NI

Y /PY/PN/NV/NI
Y /PY/PN/NA~/NI
Low~ / Moderate / Serious /
Critical / NI
Favours experimental / Favours
comparator / Towards null
/Away from null / Unpredictable

Overall bias

Risk of bias judgement

Optional: What is the overall predicted direction of bias for this
outcome?

Low / Moderatev / Serious /
Critical / NI
Favours experimental / Favours
comparator / Towards null
/Away from null / Unpredictable

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.
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The Risk Of Bias In Non—randomized Studies — of Interventions (ROBINS-) assessment tool
(version for cohort-type studies) PAREDES 2016
Version 19 September 2016

Specify the review question

Participants Remission/primary non-responders/secondary non-responders

Experimental intervention Therapeutic drug monitoring

Comparator Standard care

Outcomes m esults, dose changes, dose adjustment, treatment switch, discontinuation, changes in disease activity, rate of disease response,

s of surgical intervention, adverse effects, health-related quality of life

List the confounding domains relevant to all or most studies

From protocol; time of testing, testing method (e.g. reflex vs. concurrent)
Others (suggested); drug dose/levels, disease stage at enrollment, time of assessment for response/follow-up, type of drug manipulation (e.g. optimisation or tapering)

List co-interventions ps and that could impact on outcomes

Methotrexate, other DMAF
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ROBINS-I tool (Stage Il): For each study

Specify a target randomized trial specific to the study

Design Indmdually randomlzed/ Cluster randomized / Matched (e.g. cross-ovg
Partici ients i or LDA at lea ponths
Experlm vmzmm&@wmu-'
Comp Nere™— F @ g™ § F ™ |

A\ oW 4 \_J N4

Is your aim for this stud

0 to assess the effect of assignment to intervention
y to assess the effect of starting and adhering to intervention

Specify the outcome

Specify which outcome is being assessed for risk of bias (t llytfrom among those,earmarked for the Summary of Findings table). Specify whether this is a proposed benefit or harm of intervention.

[ Flare (harmful)

Specify the numerical result being assessed

In case of multiple alternative analyses being presented, specify the numeric result (e.g. RR = 1.52 (95% CI 0.83 to 2.77) and/or a reference (e.g. to a table, figure or paragraph) that uniquely defines the result being

assessed.
| Flare (final visit) = 12 (23] = = E | :
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Preliminary consideration of confounders

Complete a row for each important confounding domain (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors identified as potentially important.

onfounding domains are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the

“Import
estim effectjof the intefenti li t heg
precision of easur @ easure @

(i) Confounding domains listed in the review protocol

0 in ble or variables fully measure the domain, while “reliability” refers to the

Confounding domain Measured variable(s) Is there evidence that controlling for this | Is the confounding domain measured OPTIONAL: Is failure to adjust for this
variable was unnecessary?* validly and reliably by this variable (or variable (alone) expected to favour the
these variables)? experimental intervention or the
comparator?

Favour experimental / Favour comparator

Yes / No / No information / No information

. o Confounding domain not applicable as
Disease stage (proportion in there is no comparison group
remission/LDA)

Time of assessment for response

Serum AdalimumabTevels

Serum anti-Adalimumab

(ii) Additional confoun ich the study authors identified as important

Confounding domain Measured variable(s) Is there evidence that controlling for this | Is the confounding domain measured OPTIONAL: Is failure to adjust for this
variable was unnecessary?* validly and reliably by this variable (or variable (alone) expected to favour the
these variables)? experimental intervention or the
comparator?

Favour experimental / Favour comparator

Yes / No / No information / No information

* In the context of a particular study, variables can be demonstrated not to be confounders and so not included in the analysis: (a) if they are not predictive of the outcome; (b) if they are not predictive of intervention; or
(c) because adjustment makes no or minimal difference to the estimated effect of the primary parameter. Note that “no statistically significant association” is not the same as “not predictive”.
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Preliminary consideration of co-interventions

Complete a row for each important co-intervention (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors identified as important.

o-interventions are those for which, in the context of thi

nent is expected to lead to

a clinically important change in the estimated

Co-intervention

Is there evidence that controlling for this co-intervention was unnecessary
(e.g. because it was not administered)?

Is presence of this co-intervention likely to favour outcomes in the
experimental intervention or the comparator

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information

(ii) Additional co-interventions relevant to the setti

Co-intervention

Favour experimental / Favour comparator / No information

which the study authors identified as important

evidence that controlling for this co-intervention was unnecessary
(e.g. because it was not administered)?

Is presence of this co-intervention likely to favour outcomes in the
experimental intervention or the comparator

Favour experimental / Favour comparator / No information

Methotrexate, other DMARDs, combination or monotherapy

Domain not applicable as there is no comparison group

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information
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Risk of bias assessment

Responses underlined in green are potential markers for low risk of bias, and responses in red are potential markers for a risk of bias. Where questions relate only to sign posts to other questions, no formatting is used.

Signalling questions | Description | Response options

Bias du founding
s thef@\potential for confounding of the effect of intervention in this_ | Confounding not applicable Y/PY/PN/N
1:/the st beat lo f bi
unding and ng¢ signalling guestions pee

If Y/PY to 1.1: determine Whether there is a need to assess time-
varying confounding:

1.2. Was the analysis based on splitting participants’ follow up NA/Y/PY/PN/N/NI
time according to intervention received?
If N/PN, answer questions relating to baseline confounding
(1.4 to 1.6)
If YIPY, go to question 1.3.
NA/Y/PY/PN/N/NI

1.3. Were intervention discontinuations or s lik
related to factors that are prognostic for the ome?
If N/PN, answer ques%g to bas o
(1.4 t0 1.6)
If YIPY, answer questions relating to both baseline and time-

varying confounding (1.7 and 1.8)

Questions relating to baseline confounding only
1.4. Did the authors use an appropriate analysis method that NA/Y/PY/PN/N/NI
controlled for all the important confounding domains?

1.5. If Y/PY to 1.4* onfounding domains that w NA/Y/PY/PN/N/NI
controlled for mgasured valid iably vaji S
available in this I m

1.6. Did the auth@rs control fofany post-in variables that NA/Y /PY/PN/N/NI
could have beenaff y the interventi
Questions relating e and time-vary| onfounding

1.7. Did the authors use an appropriate analysis method that NA/Y/PY/PN/N/NI
controlled for all the important confounding domains and for time-
varying confounding?
1.8. If Y/PY to 1.7: Were confounding domains that were NA/Y/PY/PN/N/NI
controlled for measured validly and reliably by the variables
available in this study?
Risk of bias judgement Low / Moderate / Serious / Critical / NI
Optional: What is the predicted direction of bias due to confounding? Favours experimental / Favours
comparator / Unpredictable

Bias in selection of participants into the study

2.1. Was selection of participants into the study (or into the analysis) s all patients were in LDA or remission (DAS28 < 3.2 or < 2.6, respectively) for at least Y /PY/PN/NV/NI
based on participant characteristics observed after the start of 6 months prior to start of the tapering strategy...... ’
intervention?

If N/PN to 2.1: goto 2.4
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2.2. If YIPY to 2.1: Were the post-intervention variables that
influenced selection likely to be associated with intervention?
2.3 If YIPY to 2.2: Were the post-intervention variables that

influe lection likely to be influenced by the outcome or a
causge’of th tcome?

ST TYY Y
participants

2.5 If YIRY to 2.

techniqu
biases?
Risk of bias judgement u

Optional: What is the predicted direction of bias due to selection of
participants into the study?

af a
w2l FJ A W it ) S

Q.
O

o
\

NA /Y /PY/PN/N/NI

NA/Y /PY/PN/N/NI
Y /PYN/PN/N/NI
VNA /Y /PY/PN/N/NI
Low / Moderate / Serious / Critical / NI
Favours experimental / Favours

comparator / Towards null /Away from null
/ Unpredictable

Bias in classification of interventions

3.1 Were intervention groups clearly defined?

3.2 Was the information used to define intervention gro
recorded at the start of the interventi

3.3 Could classification of intervention status have beer
knowledge of the outcome or risk of the outcome?

Risk of bias judgement

Optional: What is the predicted direction of bias due to
classification of interventions?

erlmgy

Y /PYAN/PN/N/NI
Y /PYN/PN/N/NI

Y /PY/PN/N/NI

Low~ / Moderate / Serious / Critical / NI
Favours experimental / Favours
comparator / Towards null /Away from null
/ Unpredictable

Bias due to deviations from inWervention
If your aim for this study i§|to assess theléffectiof asSigam
4.1. Were there deviations W‘ f 'ventﬂn b I
what would be expected in gsual practic
4.2.If YIPY to 4.1: Were thgsg,deviation§ifrom tendw h
intervention unbalanced between groups and likely to have affect

the outcome?

LI rventionflafnSwer@uestions 4.1 and 4.2

If your aim for this study is to assess the effect of starting and adhering to intervention, answer questions 4.3 to 4.6

4.3. Were important co-interventions balanced across intervention
groups?

4.4. Was the intervention implemented successfully for most
participants?

4.5. Did study participants adhere to the assigned intervention
regimen?

4.6. If N/PN to 4.3, 4.4 or 4.5: Was an appropriate analysis used to
estimate the effect of starting and adhering to the intervention?
Risk of bias judgement

Optional: What is the predicted direction of bias due to deviations
from the intended interventions?

Not applicable

Not applicable
Y /PY/PN/N/NI

NA/Y /PY/PN/N/NI

Y /PY/PN/N/NI

Y /PYAN/PN/N/NI

Y /PY/PN/N/NIN
VNA/Y /PY/PN/N/NI

NI

Bias due to missing data

5.1 Were outcome data available for all, or nearly all, participants?

Paredes et al 2015 (which appears to be a mid-way report for this study) reported baseline
population of 54 as opposed to 52 reported in final assessment
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5.2 Were participants excluded due to missing data on intervention
status?

5.3 Were participants excluded due to missing data on other
variables needed for the analysis?

| =
541fP to 5.1)or Y/PY to 5 2 or 5.3: Are the ropomon of

participa d reas for

intervention

55IfP to 5.1 th
results
Risk of bias juc judgement

Optional: What is the predicted dIECtIOH of bias due to missing
data?

Y /PY/PN/N/NI

Y /PY/PN/N/NI
VNA/Y/PY/PN/N/NI

NA/Y/PY/PN/N/NKN

Low / ModerateV / Serious/ Critical / NI
Favours experimental / Favours
comparator / Towards null /Away from null
/ Unpredictable

Bias in measurement of outcomes

6.1 Could the outcome measure have been influenced by
knowledge of the intervention received?

N P
6.2 Were outcome assessors aware of the intervention ived H
study participants? “ K — —

6.3 Were the methods of outcome assessment comparWos a
intervention groups?

6.4 Were any systematic errors in measurement of the outcome

related to intervention received?

Risk of bias judgement

Optional: What is the predicted direction of bias due to

measurement of outcomes?

Y /PY/PNV/N/NI
Y /PYNIPN/N/NI
Y /PY/PN/N/NI

Not applicable
Y /PY /PNY/N/NI

Low / Moderatev / Serious / Critical / NI
Favours experimental / Favours
comparator / Towards null /Away from null
/ Unpredictable

Bias in selection of the report
Is the reported effect estim
the results, from...
7.1. ... multiple outcome measurements within the outcome
domain?

7.2 ... multiple analyses of the intervention-outcome relationship?
7.3 ... different subgroups?
Risk of bias judgement

Optional: What is the predicted direction of bias due to selection of
the reported result?

Y /PY/PN/NV/NI

Y /PY/PN/N~/NI
Y /PY /PN /NvV/NI
Lowv / Moderate / Serious /
Critical / NI
Favours experimental / Favours
comparator / Towards null
/Away from null / Unpredictable

Overall bias

Risk of bias judgement

Optional: What is the overall predicted direction of bias for this
outcome?

Low / Moderatev / Serious/
Critical / NI
Favours experimental / Favours
comparator / Towards null
/Away from null / Unpredictable
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The Risk Of Bias In Non—randomized Studies — of Interventions (ROBINS-) assessment tool

(version for cohort-type studies) PASCUAL-SALCEDO 2013
Version 19

ROBINS-I tool (Stage I): At protocol stage

Specify the review question

Participants Remission/prim

Experimental intervention

[y non-responders/secondary non-responders

Comparator

Outcomes

List the confounding domains relevant to all or most studies

From protocol; time of testing, testing method (e.g. reflex vs. concurrent)
Others (suggested); drug s, disease stage at enrolimeg

List co-interventions

Methotrexate, other DMARDs, combination or monotherapy

, time of assessment for response/follow-up, type of drug manipulation (e.g. optimisation or tapering)

-‘ N a i s and that could impact on outcomes
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ROBINS-I tool (Stage Il): For each study

Specify a target randomized trial specific to the study

atched (e.g. cross-ove

Individually randomized / Cluster randomized /

RAgRatients i or LDA

) Qown-tittatioRor céssation ofdinfliximab, Adalimumap, etanafcep lerapeutic monitoring period
|0 m%um@ lor cessationof \Illallltl! hab, etanerce] therapeutic monitoring period

Design

Participants

Experim rvention
Comparuator

Is your aim for this studya..?
0 to assess the effect of assignment to intervention
y to assess the effect of starting and adhering to intervention

Specify the outcome

Specify which outcome is being assessed for risk of bi armarked for the Summary of Findings table). Specify whether this is a proposed benefit or harm of intervention.

| Mean DAS28 score (harmful), weekly mean dose (lo r), ation (higher better)

Specify the numerical result being assessed

In case of multiple alternative analyses being presented, specify the numeric result (e.g. RR = 1.52 (95% CI 0.83 to 2.77) and/or a reference (e.g. to a table, figure or paragraph) that uniquely defines the result being
assessed.

Mean DAS28 score; 1% pafiod: 2.510.
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Preliminary consideration of confounders

Complete a row for each important confounding domain (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors identified as potentially important.

“Importants,confounding domains are those for which, in the context of this study, ijustment is expected to lead to a clinically important change in the

estim effectjof the i ti t
precision of easur easure

(i) Confounding domains listed in the review protocol

ble or variables fully measure the domain, while “reliability” refers to the

Confounding domain Measured variable(s) Is there evidence that controlling for this | Is the confounding domain measured OPTIONAL: Is failure to adjust for this
variable was unnecessary?* validly and reliably by this variable (or variable (alone) expected to favour the
these variables)? experimental intervention or the
comparator?

Favour experimental / Favour comparator

Yes / No / No information / No information

]
Disease stage (proportion in No No information No information
remission/LDA)
Time of assessment for response No No information No information
Serum Adalimumab levels No information No information
Serum anti-Adalimumab No information No information

(ii) Additional confoun ich the study authors identified as important

Confounding domain Measured variable(s) Is there evidence that controlling for this | Is the confounding domain measured OPTIONAL: Is failure to adjust for this
variable was unnecessary?* validly and reliably by this variable (or variable (alone) expected to favour the
these variables)? experimental intervention or the
comparator?

Favour experimental / Favour comparator

Yes / No / No information / No information

* In the context of a particular study, variables can be demonstrated not to be confounders and so not included in the analysis: (a) if they are not predictive of the outcome; (b) if they are not predictive of intervention; or
(c) because adjustment makes no or minimal difference to the estimated effect of the primary parameter. Note that “no statistically significant association” is not the same as “not predictive”.
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Preliminary consideration of co-interventions

Complete a row for each important co-intervention (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors identified as important.

o-interventions are those for which, in the context of thi

pnent is expected to lead to

a clinically important change in the estimated

Co-intervention

Is there evidence that controlling for this co-intervention was unnecessary
(e.g. because it was not administered)?

Is presence of this co-intervention likely to favour outcomes in the
experimental intervention or the comparator

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information

(ii) Additional co-interventions relevant to the setti

Co-intervention

Favour experimental / Favour comparator / No information

which the study authors identified as important

evidence that controlling for this co-intervention was unnecessary
(e.g. because it was not administered)?

Is presence of this co-intervention likely to favour outcomes in the
experimental intervention or the comparator

Methotrexate, other DMARDs, combination or monotherapy

Not done/no information

Favour experimental / Favour comparator / No informationy

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information
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Risk of bias assessment

Responses underlined in green are potential markers for low risk of bias, and responses in red are potential markers for a risk of bias. Where questions relate only to sign posts to other questions, no formatting is used.

Signalling questions

| Description

Response options

Bias du founding

1:/the st beat lo f bi
unding and ng¢ signalling guestions pee

If YIPY to 1.1: determine whether there is a need to assess time-
varying confounding:
1.2. Was the analysis based on splitting participants’ follow up
time according to intervention received?
If N/PN, answer questions relating to baseline confounding
(1.4 to 1.6)
If YIPY, go to question 1.3.

1.3. Were intervention discontinuations or s lik
related to factors that are prognostic for the ome?
If N/PN, answer ques%g to bas 0
(1.4 t0 1.6)
If YIPY, answer questions relating to both baseline and time-

varying confounding (1.7 and 1.8)

Questions relating to baseline confounding only
1.4. Did the authors use an appropriate analysis method that
controlled for all the important confounding domains?

1.5. If Y/PY to 1.4* onfounding domains that w
controlled for mgasured valid iably vaji S
available in this I

1.6. Did the auth@rs control fof any post-in variables that
could have beenaff y the interventi
Questions relating e and time-varyl onfounding

1.7. Did the authors use an appropriate analysis method that
controlled for all the important confounding domains and for time-
varying confounding?
1.8. If Y/PY to 1.7: Were confounding domains that were
controlled for measured validly and reliably by the variables
available in this study?

Risk of bias judgement

Optional: What is the predicted direction of bias due to confounding?

s thef@\potential for confounding of the effect of intervention in this

ded

28
111

Y /PYV/PN/N

NA/Y/PY/PN/NV/NI

NA/Y /PY/PN/N/NI

NA /Y /PY/PNV/N/NI

VNA/Y/PY/PN/N/NI

NA /Y /PY/PN/NV/NI

NA /Y /PY/PNV/N/NI

VNA/Y/PY/PN/N/NI

Low / Moderatev / Serious / Critical / NI
Favours experimental / Favours
comparator / Unpredictable

Bias in selection of participants into the study

2.1. Was selection of participants into the study (or into the analysis)
based on participant characteristics observed after the start of
intervention?

If N/PN to 2.1: goto 2.4

....... a total of 88 patients (43 RA and 45 SpA), treated with three TNF inhibitors
......... were included...’
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2.2.If YIPY to 2.1: Were the post-intervention variables that
influenced selection likely to be associated with intervention?

2.31If 0 2.2: Were the post-intervention variables that
influénced ction likely to be influenced by the outcome ora
cau the outcBine? i BN AN

LA SN
2.4. Do sta w-Up and startof interve| ide for
participants? flo 1 f 1' ' H\
en

2.5. If Y/Figte202" 4: \Wesgafliustin
technlques used that are |ke|y to rrect for the presence of selectlon

(

D
D

biases?

Risk of bias judgement

Optional: What is the predicted direction of bias due to selection of
participants into the study?

VNA/Y /PY/PN/N/NI

YNA/Y /PY/PN/N/NI
Y /PY/PN/N/NN
VNA /Y /PY/PN/N/NI
Low / Moderate\ / Serious / Critical / NI
Favours experimental / Favours

comparator / Towards null /Away from null
/ Unpredictable

Bias in classification of interventions
3.1 Were intervention groups clearly defined?
3.2 Was the information used to defife Intervention grou
recorded at the start of the intervention?

3.3 Could classification of intervention status have been affected by

knowledge of the outcome or risk of the outcome?
Risk of bias judgement

Optional: What is the predicted direction of bias due to
classification of interventions?

YNV/PY/PN/N/NI
Y /PY/PN/NV/NI

Y /PY/PN/NvV/NI

Low / Moderate \/ Serious / Critical / NI
Favours experimental / Favours
comparator / Towards null /Away from null
/ Unpredictable

Bias due to deviations from in
If your aim for this study

Sss i e i entio i
4.1. Were there deviations ffom the |nte d interventi
what would be expected in

4.2. If YIPY to 4.1: Were these Hewa tions from intended -
intervention unbalanced between groups and likely to have affected
the outcome?

If your aim for this study is to assess the effect of starting and adhering to intervention, answer questions 4.3 to 4.6

4.3. Were important co-interventions balanced across intervention
groups?

4.4. Was the intervention implemented successfully for most
participants?

4.5. Did study participants adhere to the assigned intervention
regimen?

4.6. If N/PN to 4.3, 4.4 or 4.5: Was an appropriate analysis used to
estimate the effect of starting and adhering to the intervention?
Risk of bias judgement

Optional: What is the predicted direction of bias due to deviations
from the intended interventions?

Not applicable
Y /PY/PN/N/NI

NA/Y /PY/PN/N/NI

Y /PY/PN/N/NN

Y /PYN/PN/N/NI

Y /PY/PN/N/NKN
YNA/Y /PY/PN/N/NI

NI

Bias due to missing data

5.1 Were outcome data available for all, or nearly all, participants?
5.2 Were participants excluded due to missing data on intervention
status?

Results reported were basically means (SD); difficult to determine

389

Y/PY/PN/N/NIW

Y /PY/PN/N/NI




5.3 Were participants excluded due to missing data on other
variables needed for the analysis?

Y /PY/PN/N/NI

6.2 Were outcome assessors aware of the intervention e
study participants?

6.3 Were the methods of outcome asMompara@y
intervention groups?

6.4 Were any systematic errors in measurement of the ou

related to intervention received?

Risk of bias judgement

Optional: What is the predicted direction of bias due to
measurement of outcomes?

D

5.4 If PN/ , or Y/PY to 5.2 or 5.3: Are the proportion of VNA/Y /PY/PN/N/NI
particip. sons for missing data similar across
intervenabl BRSNS AN\ I I\AII'\AI
55|fPN/N1\ lPYilSirSBtmer'eth H( l H( l VNA/Y /PY /PN/N/NI
results Were robu e presence of missi 7 _ — _
Risk of biasjud@ementus Nt e’ 0 e’ QG Sl Sl Al Low / Moderate / Serious / Critical / NIV
Optional: What is the predicted dilction of bias due to missing Favours experimental / Favours
data? comparator / Towards null /Away from null
/ Unpredictable

Bias in measurement of outcomes
6.1 Could the outcome measure have been influenced by Y /PY/PNY/N/NI
knowledge of the intervention received?

Y V/PY/PN/N/NI
Y /PYN/PN/N/NI
Y /PY /PNY/N/NI
Low / Moderate \/ Serious / Critical / NI
Favours experimental / Favours

comparator / Towards null /Away from null
/ Unpredictable

Bias

in selection of the report

Is the reported effect estim
the results, from...
7.1. ... multiple outcome m
domain?

7.2 ... multiple analyses of the intervention-outcome relationship?
7.3 ... different subgroups?

Risk of bias judgement

Optional: What is the predicted direction of bias due to selection of
the reported result?

Y /PY/PN/NV/NI

Y /PY/PN/N~/NI
Y /PY /PN /NV/NI
Low~ / Moderate / Serious /
Critical / NI
Favours experimental / Favours
comparator / Towards null
/Away from null / Unpredictable

Overall bias

Risk of bias judgement

Optional: What is the overall predicted direction of bias for this
outcome?

Low / Moderatev / Serious /
Critical / NI
Favours experimental / Favours
comparator / Towards null
/Away from null / Unpredictable

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.
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The Risk Of Bias In Non—randomized Studies — of Interventions (ROBINS-) assessment tool
(version for cohort-type studies) ROSAS 2015
Version 19 September 2016

ROBINS-I tool (Stage I):fAt protocol stage

Specify the review question

Participants Remission/primary non-responders/secondary non-responders
Experimental intervention Therapeutic drug.monitoring

Comparator Standard ca

Outcomes esults, dose changes, dose adjustment, treatment switch, discontinuation, changes in disease activity, rate of disease response,

of surgical intervention, adverse effects, health-related quality of life

List the confounding domains relevant to all or most studies

From protocol; time of testing, testing method (e.g. reflex vs. concurrent)
Others (suggested); drug dose/levels, disease stage at enrollment, time of assessment for response/follow-up, type of drug manipulation (e.g. optimisation or tapering)

List co-intervention s and that could impact on outcomes

Methotrexate, other DMA
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ROBINS-I tool (Stage Il): For each study

Specify a target randomized trial specific to the study

Design Indmdually randomlzed / Cluster randomized / Matched (e.g. cross-ove
Partici > iQ
Experlm
Comp n _ “ d - l d
w A \_J 4 \_J

Is your aim for this stud

0 to assess the effect of assignment to intervention
y to assess the effect of starting and adhering to intervention

Specify the outcome

Specify which outcome is being assessed for risk of bias (t llytfrom among those,earmarked for the Summary of Findings table). Specify whether this is a proposed benefit or harm of intervention.

| Clinical remission maintenance (benefit)

Specify the numerical result being assessed

In case of multiple alternative analyses being presented, specify the numeric result (e.g. RR = 1.52 (95% CI 0.83 to 2.77) and/or a reference (e.g. to a table, figure or paragraph) that uniquely defines the result being
assessed.

[ Proportion with modified ing freque
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Preliminary consideration of confounders

Complete a row for each important confounding domain (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors identified as potentially important.

“Important” confounding domains are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the

(i) Confou

able or variables fully measure the domain, while “reliability” refers to the

Confounding domain

Measured variable(s)

Is there evidence that controlling for this
variable was unnecessary?*

Is the confounding domain measured
validly and reliably by this variable (or
these variables)?

OPTIONAL: Is failure to adjust for this
variable (alone) expected to favour the
experimental intervention or the
comparator?

Yes / No / No information

Favour experimental / Favour comparator
/ No information

Disease stage (proportion in
remission/LDA)

Confounding domain not applicable as
there is no comparator group

Time of assessment for response

Serum anti-Adalimumab

(ii) Additional confoun

ich the study authors identified as important

Confounding domain

Measured variable(s)

Is there evidence that controlling for this
variable was unnecessary?*

Is the confounding domain measured
validly and reliably by this variable (or
these variables)?

OPTIONAL: Is failure to adjust for this
variable (alone) expected to favour the
experimental intervention or the
comparator?

Yes / No / No information

Favour experimental / Favour comparator
/ No information

* In the context of a particular study, variables can be demonstrated not to be confounders and so not included in the analysis: (a) if they are not predictive of the outcome; (b) if they are not predictive of intervention; or
(c) because adjustment makes no or minimal difference to the estimated effect of the primary parameter. Note that “no statistically significant association” is not the same as “not predictive”.
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Preliminary consideration of co-interventions

Complete a row for each important co-intervention (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors identified as important.

o-interventions are those for which, in the context of thi

nent is expected to lead to

a clinically important change in the estimated

Co-intervention

Is there evidence that controlling for this co-intervention was unnecessary
(e.g. because it was not administered)?

Is presence of this co-intervention likely to favour outcomes in the
experimental intervention or the comparator

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information

(ii) Additional co-interventions relevant to the setti

Co-intervention

Favour experimental / Favour comparator / No information

which the study authors identified as important

evidence that controlling for this co-intervention was unnecessary
(e.g. because it was not administered)?

Is presence of this co-intervention likely to favour outcomes in the
experimental intervention or the comparator

Methotrexate, other DMARDs, combination or monotherapy

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information
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Risk of bias assessment

Responses underlined in green are potential markers for low risk of bias, and responses in red are potential markers for a risk of bias. Where questions relate only to sign posts to other questions, no formatting is used.

Signalling questions

| Description

Response options

Bias du founding

s thef@\potential for confounding of the effect of intervention in this

1:/the st beat lo f bi
unding and ng¢ signalling guestions pee

If YIPY to 1.1: determine whether there is a need to assess time-
varying confounding:
1.2. Was the analysis based on splitting participants’ follow up
time according to intervention received?
If N/PN, answer questions relating to baseline confounding
(1.4 to 1.6)
If YIPY, go to question 1.3.

1.3. Were intervention discontinuations or s lik
related to factors that are prognostic for the ome?
If N/PN, answer ques%g to bas o
(1.4 t0 1.6)
If YIPY, answer questions relating to both baseline and time-

varying confounding (1.7 and 1.8)

Questions relating to baseline confounding only
1.4. Did the authors use an appropriate analysis method that
controlled for all the important confounding domains?

1.5. If Y/PY to 1.4* onfounding domains that w
controlled for mgasured valid iably vaji S
available in this I

1.6. Did the auth@rs control fofany post-in variables that
could have beenaff y the interventi
Questions relating e and time-vary| onfounding

1.7. Did the authors use an appropriate analysis method that
controlled for all the important confounding domains and for time-
varying confounding?
1.8. If Y/PY to 1.7: Were confounding domains that were
controlled for measured validly and reliably by the variables
available in this study?

Risk of bias judgement

Optional: What is the predicted direction of bias due to confounding?

ded

28
111

Y/PY/PN/N

NA/Y/PY/PN/N/NI

NA/Y /PY/PN/N/NI

NA/Y /PY/PN/N/NI

NA/Y /PY/PN/N/NI

NA/Y /PY/PN/N/NI

NA/Y /PY/PN/N/NI

NA/Y /PY/PN/N/NI

Low / Moderate / Serious / Critical / NI
Favours experimental / Favours
comparator / Unpredictable

Bias in selection of participants into the study

2.1. Was selection of participants into the study (or into the analysis)
based on participant characteristics observed after the start of
intervention?

If N/PN to 2.1: goto 2.4

......... patients with rheumatoid arthritis (RA) in clinical remission............clinical
remission was defined as sustained DAS28-ESR < 2.6 during 6 consecutive months....’
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2.2.If YIPY to 2.1: Were the post-intervention variables that
influenced selection likely to be associated with intervention?
2.31If 0 2.2: Were the post-intervention variables that
inﬂu@ction likely to be influenced by the outcome ora
cau the outcBine? Ml ™. N M N
2.4. Do stmwt ancltarrf intieMl(' for N
participants?
2.5. If Y/Figte202" "4: Weseatustiien
technlques used that are |ke|y to rrect for the presence of selectlon

biases?

Risk of bias judgement

Optional: What is the predicted direction of bias due to selection of
participants into the study?

(

D
D

NA/Y /PY/PN/N/NI

NA/Y /PY/PN/N/NI
Y /PYN/PN/N/NI
VNA /Y /PY/PN/N/NI
Low / Moderate / Serious / Critical / NI
Favours experimental / Favours

comparator / Towards null /Away from null
/ Unpredictable

Bias in classification of interventions

3.1 Were intervention groups clearly defined? (ADL) and etanercept (ETN) dose reductlon (by decreasing treatment
I

drug monitoring in patients.............

3.2 Was the information used to define intervention grov
recorded at the start of the intervention?

3.3 Could classification of intervention status have been affected by
knowledge of the outcome or risk of the outcome?

Risk of bias judgement

Optional: What is the predicted direction of bias due to
classification of interventions?

Y V/PY/PN/N/NI
Y /PYN/PN/N/NI
Y /PY/PNY/N/NI
Low\ / Moderate / Serious / Critical / NI
Favours experimental / Favours

comparator / Towards null /Away from null
/ Unpredictable

Bias due to deviations from in

If your aim for this study i 2

4.1. Were there deviations r"ed intérven

what would be expected in Wl 'V M u u I I l
4.2 If YIPY to 4.1: Were these deviations from intended
intervention unbalanced between groups and likely to have affected
the outcome?

If your aim for this study is to assess the effect of starting and adhering to intervention, answer questions 4.3 to 4.6
4.3. Were important co-interventions balanced across intervention Not applicable

groups?

4.4. Was the intervention implemented successfully for most
participants?

4.5. Did study participants adhere to the assigned intervention
regimen?

4.6. If N/PN to 4.3, 4.4 or 4.5: Was an appropriate analysis used to
estimate the effect of starting and adhering to the intervention?
Risk of bias judgement

Optional: What is the predicted direction of bias due to deviations
from the intended interventions?

Not applicable
Y/PY/PN/N/NI

NA/Y /PY/PN/N/NI

Y /PY/PN/N/NI

Y /PYN/PN/N/NI

Y /PY/PN/N/NW
YNA/Y /PY/PN/N/NI

NI

Bias due to missing data

5.1 Were outcome data available for all, or nearly all, participants? |

396

Y /PY/PN/N/NIN




5.2 Were participants excluded due to missing data on intervention
status?

5.3 Were participants excluded due to missing data on other
variables needed for the analysis?

| =
541fP to 5.1)or Y/PY to 5 2 or 5.3: Are the ropomon of

participa d reas for

intervention

55IfP to 5.1 th
results
Risk of bias juc judgement

Optional: What is the predicted dlﬂctlon of bias due to missing
data?

Y /PY/PN/N/NN

Y /PY/PN/N/NN
NA/Y/PY/PN/N/NKN

NA/Y/PY/PN/N/NKN

Low / Moderate / Serious / Critical / NIV
Favours experimental / Favours
comparator / Towards null /Away from null
/ Unpredictable

Bias in measurement of outcomes

6.1 Could the outcome measure have been influenced by
knowledge of the intervention received?

Y o P
6.2 Were outcome assessors aware of the intervention ived H
study participants? “ K — —

6.3 Were the methods of outcome assessment comparWos a
intervention groups?

6.4 Were any systematic errors in measurement of the outcome

related to intervention received?

Risk of bias judgement

Optional: What is the predicted direction of bias due to

measurement of outcomes?

Y /PY/PNY/N/NI
YN/PY/PN/N/NI
Y /PY/PN/N/NI

Not applicable
Y /PY /PNY/N/NI

Low / Moderatev / Serious / Critical / NI
Favours experimental / Favours
comparator / Towards null /Away from null
/ Unpredictable

Bias in selection of the report
Is the reported effect estim
the results, from...
7.1. ... multiple outcome measurements within the outcome
domain?

7.2 ... multiple analyses of the intervention-outcome relationship?
7.3 ... different subgroups?
Risk of bias judgement

Optional: What is the predicted direction of bias due to selection of
the reported result?

Y /PY/PN/N~/NI

Y /PY/PN/NV/NI
Y /PY /PN /NvV/NI
Low v/ Moderate / Serious /
Critical / NI
Favours experimental / Favours
comparator / Towards null
/Away from null / Unpredictable

Overall bias

Risk of bias judgement

Optional: What is the overall predicted direction of bias for this
outcome?

Low / Moderate / Serious /
Critical / NI
Favours experimental / Favours
comparator / Towards null
/Away from null / Unpredictable
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The Risk Of Bias In Non—randomized Studies — of Interventions (ROBINS) assessment tool

(version for cohort-type studies) SENABRE GALLEGO 2017
Version 19

ROBINS-I tool (Stage I): At protocol stage

Specify the review question

Participants Remission/prim

Experimental intervention

[y non-responders/secondary non-responders

Comparator

Outcomes

List the confounding domains relevant to all or most studies

From protocol; time of testing, testing method (e.g. reflex vs. concurrent)
Others (suggested); drug s, disease stage at enrolimeg

List co-interventions

Methotrexate, other DMARDs, combination or monotherapy

, time of assessment for response/follow-up, type of drug manipulation (e.g. optimisation or tapering)

-‘ N a i s and that could impact on outcomes
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ROBINS-I tool (Stage Il): For each study

Specify a target randomized trial specific to the study

Design Ind|V|duaIIy randomlzed / Cluster randomized / Matched (e.g. cross-ov:
Partici S C
Experlm " m lab) ,ﬁﬁ ercept wilh extended m W .m E’ \ (tapering) pius therapeutic drug monitoring
Comp | Adalimumablor Etanercephwith extended n, no ug monitoring (comparator not available for Senabre et al)
W w o ' '
Is your aim for this stud
0 to assess the effect of assignment to intervention
y to assess the effect of starting and adhering to intervention

Specify the outcome

Specify which outcome is being assessed for risk of bias (t Ily'from among those,earmarked for the Summary of Findings table). Specify whether this is a proposed benefit or harm of intervention.

| Worsening of clinical activity (harm)

Specify the numerical result being assessed

In case of multiple alternative analyses being presented, specify the numeric result (e.g. RR = 1.52 (95% CI 0.83 to 2.77) and/or a reference (e.g. to a table, figure or paragraph) that uniquely defines the result being
assessed.

| Patients with worsening of €linical activi
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Preliminary consideration of confounders

Complete a row for each important confounding domain (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors identified as potentially important.

“Important” confounding domains are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the

(i) Confou

able or variables fully measure the domain, while “reliability” refers to the

Confounding domain

Measured variable(s)

Is there evidence that controlling for this
variable was unnecessary?*

Is the confounding domain measured
validly and reliably by this variable (or
these variables)?

OPTIONAL: Is failure to adjust for this
variable (alone) expected to favour the
experimental intervention or the
comparator?

Yes / No / No information

Favour experimental / Favour comparator
/ No information

Disease stage (proportion in
remission/LDA)

Confounding domain not applicable as
there is no comparator group

Time of assessment for response

Serum Adalimumabl levels

Serum anti-Adalimumab ve)

(ii) Additional confounding domains re

levant to the setting of this particular study, or which the study authors identified as important

Confounding domain

Measured variable(s)

Is there evidence that controlling for this
variable was unnecessary?*

Is the confounding domain measured
validly and reliably by this variable (or
these variables)?

OPTIONAL: Is failure to adjust for this
variable (alone) expected to favour the
experimental intervention or the
comparator?

Yes / No / No information

Favour experimental / Favour comparator
/ No information

* In the context of a particular study, variables can be demonstrated not to be confounders and so not included in the analysis: (a) if they are not predictive of the outcome; (b) if they are not predictive of intervention; or
(c) because adjustment makes no or minimal difference to the estimated effect of the primary parameter. Note that “no statistically significant association” is not the same as “not predictive”.
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Preliminary consideration of co-interventions

Complete a row for each important co-intervention (i) listed in the review protocol; and (i) relevant to the setting of this particular study, or which the study authors identified as important.

“Important” co-interventions are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated

Co-interV - - - siifiere SNigefice thateonfrolingiedhis co-intervention was unnecessary |Is presence of this co-intervention likely to favour outcomes in the
(e.g. because it was not administered)? experimental intervention or the comparator

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information

which the study authors identified as important

idence that controlling for this co-intervention was unnecessary |Is presence of this co-intervention likely to favour outcomes in the
cause it was not administered)? experimental intervention or the comparator

(ii) Additional co-interventions relgvantto.the setti

Co-intervention

(e,, o)
Methotrexate, other DMARDSs, combination or monotherapy Not relevant (no comparator)

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information

Favour experimental / Favour comparator / No information

I . . E | - = Favour experimental / Favour comparator / No information

402



Risk of bias assessment

Responses underlined in green are potential markers for low risk of bias, and responses in red are potential markers for a risk of bias. Where questions relate only to sign posts to other questions, no formatting is used.

Signalling questions | Description | Response options

Bias du founding
s thef@\potential for confounding of the effect of intervention in this_ | Not applicable Y/PY/PN/N
1:/the st beat lo f bi
unding and ng¢ signalling guestions pee

If Y/PY to 1.1: determine Whether there is a need to assess time-
varying confounding:

1.2. Was the analysis based on splitting participants’ follow up NA/Y/PY/PN/N/NI
time according to intervention received?
If N/PN, answer questions relating to baseline confounding
(1.4 to 1.6)
If YIPY, go to question 1.3.
NA/Y/PY/PN/N/NI

1.3. Were intervention discontinuations or s lik
related to factors that are prognostic for the ome?
If N/PN, answer ques%g to bas o
(1.4 t0 1.6)
If YIPY, answer questions relating to both baseline and time-

varying confounding (1.7 and 1.8)

Questions relating to baseline confounding only
1.4. Did the authors use an appropriate analysis method that NA/Y/PY/PN/N/NI
controlled for all the important confounding domains?

1.5. If Y/PY to 1.4* onfounding domains that w NA/Y/PY/PN/N/NI
controlled for mgasured valid iably vaji S
available in this I m

1.6. Did the auth@rs control fofany post-in variables that NA/Y /PY/PN/N/NI
could have beenaff y the interventi
Questions relating e and time-vary| onfounding

1.7. Did the authors use an appropriate analysis method that NA/Y/PY/PN/N/NI
controlled for all the important confounding domains and for time-
varying confounding?
1.8. If Y/PY to 1.7: Were confounding domains that were NA/Y/PY/PN/N/NI
controlled for measured validly and reliably by the variables
available in this study?
Risk of bias judgement Low / Moderate / Serious / Critical / NI
Optional: What is the predicted direction of bias due to confounding? Favours experimental / Favours
comparator / Unpredictable

Bias in selection of participants into the study

2.1. Was selection of participants into the study (or into the analysis) s RA patients in clinical remission, receiving adalimumab (ADL) or etanercept (ETN) Y /PY/PN/NA/NI
based on participant characteristics observed after the start of with EIA....... ’
intervention?

If N/PN to 2.1: goto 2.4
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2.2. If YIPY to 2.1: Were the post-intervention variables that
influenced selection likely to be associated with intervention?
2.31If 0 2.2: Were the post-intervention variables that
inﬂu@ction likely to be influenced by the outcome or a
cau the outcBine? M R A
2.4. Do stm ~I) ancltarrf |nt1 Mu for
participants?
2.5. If Y/Migte222'and2:3,40H N V Mstlent
techniques used that are likely to|€orrect for the presence of selection

biases?

Risk of bias judgement

Optional: What is the predicted direction of bias due to selection of
participants into the study?

()

D

YNA/Y /PY/PN/N/NI

YNA/Y /PY/PN/N/NI
Y /PYN/PN/N/NI
VNA /Y /PY/PN/N/NI
Low v/ Moderate / Serious / Critical / NI
Favours experimental / Favours

comparator / Towards null /Away from null
/ Unpredictable

Bias in classification of interventions

3.1 Were intervention groups clearly defined? eceiving anti-TNFa therapy with extended
|

nistration (EIA).....’

\ 4

3.2 Was the information used to define intervention grov
recorded at the start of the intervention?

3.3 Could classification of intervention status have been affected by
knowledge of the outcome or risk of the outcome?

Risk of bias judgement

Optional: What is the predicted direction of bias due to
classification of interventions?

Prospective

YN/PY/PN/N/NI
Y N/PY/PN/N/NI
Y /PY/PN/NA/NI
Low V/ Moderate / Serious / Critical / NI
Favours experimental / Favours

comparator / Towards null /Away from null
/ Unpredictable

Bias due to deviations from in

If your aim for this study i 2

4.1. Were there deviations m r"ed |n.'venM u u i B l
what would be expected in usual practic

4.2 If YIPY to 4.1: Were these deviations from intended
intervention unbalanced between groups and likely to have affected
the outcome?

If your aim for this study is to assess the effect of starting and adhering to intervention, answer questions 4.3 to 4.6
4.3. Were important co-interventions balanced across intervention Not applicable

groups?
4.4. Was the intervention implemented successfully for most RTTTR 2 patients never reduced anti-TNFa due to low drug levels
participants?

4.5. Did study participants adhere to the assigned intervention
regimen?

4.6. If N/PN to 4.3, 4.4 or 4.5: Was an appropriate analysis used to
estimate the effect of starting and adhering to the intervention?
Risk of bias judgement

Optional: What is the predicted direction of bias due to deviations
from the intended interventions?

Not applicable
Y/PY/PN/N/NI

NA/Y /PY/PN/N/NI

Y /PY/PN/N/NI

YV/PY/PN/N/NI

Y /PY~NIPN/N/NI
VNA/Y /PY/PN/N/NI

Moderate

Bias due to missing data

5.1 Were outcome data available for all, or nearly all, participants? |
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5.2 Were participants excluded due to missing data on intervention
status?

5.3 WerWts excluded due to missing data on other
variablegifieededfor the analysns’7

541fP 5.1, or fjPY t
participants for
interventibns?

5.5I1f P tha
results were robust to the presen of mlssmg data’>

Risk of bias judgement =

Optional: What is the predicted direction of bias due to missing
data?

Y /PY/PNY/N/NI

Y /PY/PN/N/NN
VNA/Y/PY/PN/N/NI

NA/Y/PY/PN/N/NKN

Low / Moderate / Serious / Critical / NIV
Favours experimental / Favours
comparator / Towards null /Away from null
/ Unpredictable

Bias in measurement of outcomes

6.1 Could the outcome measure have been influenced o
knowledge of the intervention received?

6.2 Were outcome assessors aware Of the Mtafvention @
study participants?

6.3 Were the methods of outcome assessment comparable across
intervention groups?

6.4 Were any systematic errors in measurement of the outcome
related to intervention received?

Risk of bias judgement
Optional: What is the predi
measurement of outcomes

q

....... one patient was excluded due to blindness violation....."

Y /PY/PN/N~/NI
Y /PY /PNY/N/NI
Y /PY/PN/N/NI

Not applicable
Y /PY /PNY/N/NI

Low \/ Moderate / Serious / Critical / NI
Favours experimental / Favours
comparator / Towards null /Away from null
/ Unpredictable

Bias in selection of the reporte
Is the reported effect estimategdi
the results, from...
7.1. ... multiple outcome measurements within the outcome
domain?
7.2 ... multiple analyses of the intervention-outcome relationship?
7.3 ... different subgroups?
Risk of bias judgement

Optional: What is the predicted direction of bias due to selection of
the reported result?

Y /PY/PN/NV/NI

Y /PY/PN/N~/NI
Y /PY /PN /NvV/NI
Lowv / Moderate / Serious /
Critical / NI
Favours experimental / Favours
comparator / Towards null
/Away from null / Unpredictable

Overall bias

Risk of bias judgement

Optional: What is the overall predicted direction of bias for this
outcome?

Low / Moderatev / Serious /
Critical / NI
Favours experimental / Favours
comparator / Towards null
/Away from null / Unpredictable
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The Risk Of Bias In Non—randomized Studies — of Interventions (ROBINS-) assessment tool
(version for cohort-type studies) UCAR 2017
Version 19.8eptember 2016

ROBINS-I tool (Stage I): At protocol stage

Specify the review question

Participants Remission/primary non-responders/secondary non-responders

Experimental

intervention

Comparator Standard care

Outcomes 13 outcomes; inconclusive e changes, dose adjustment, treatment

switch, discontinuation, changes in dlsease acthlty, rate of disease response, relapse and
remission, hospitalization, rates of surgical intervention, adverse effects, health-related quality
of life

From protocol; time of tes
Others (suggested); drug dose/levels, dis
manipulation (e.g. optimisation or tapering)

r response/follow-up, type of drug

List co-interventions that could be different between intervention groups and that could

impact on outcomes

Methotrexate, other DMARDs, combination or monotherapy
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ROBINS-I tool (Stage Il): For each study

Specif; et randomized trial specific Fhe study I I

Design Individually randomized V/ Cluster randomized / Matched (e.g. cross-over)

Participants Patient treated with adalimumab (40mg sc) who remained clinically stable for at least six months
Experimental Biological monitoring data (BMD) were released to physicians

intervention

Comparator Physicians were blinded to BMD data

Is your aim for this study...?
0 to assess the effect of assignment to intervegtion
N to assess the effect of starting and adhering Qi en

Specify the outcome

Specify which outcome is being assessed for risk of bias (typically from among those earmarked for the Summary of Findings
table). Specify whether thisi ed benefit or harm of intervention.

| Disease flare (harm)

Specify the numerical result b

In case of multiple alternative analyses being presented, specify the numeric result (e.g. RR = 1.52 (95% Cl 0.83 to 2.77)
and/or a reference (e.g. to a table, figure or paragraph) that uniquely defines the result being assessed.

[ IRR = 0.7252 (95% CI = 0.49997 to 1.0578)
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Preliminary consideration of confounders

Complet each important confounding domain (i) listed in the review protocol; and¥ii) relevant to the setting of this
particulagstudy, or whigh thegstud Q ti import

“Impogtant” cenfounding : e fo i t justment
is expe ole rtant ch in i eff th ention.

“Validity” refers to whether the confounding variable or variables fully measure the domain,

while “reliability” refers to the precision of the measurement (more measurement error

means less reliability).

(i) Confounding domains listed iMw_prot
Confounding domain Measured variable(s) |Is

nfounding OPTIONAL: Is failure to

con measured adjust for this variable
variable was validly and reliably by |(alone) expected to
unnecessary?* this variable (or these |favour the experimental
variables)? intervention or the
comparator?
Yes / No / No Favour experimental /
. . Favour comparator / No
information
N Expected to favour

Disease stage
(proportion in
remission/LDA)

control group

(26.6% IG had LDA vs.
16.7% of CG)

Time of assessment No No information No information
for response but likely to be
unimportant.

Measurement believed
to be done at similar
time points (at
scheduled visits)

Serum Adalimumab No Yes NA — serum ADL levels
levels 5.5mg/L in the CG and
5.3mg/L in IG.
Serum anti- No No information No information
Adalimumab antibody
levels

(ii) Additional confounding domains relevant to the setting of this particular study, or which the study authors
identified as important

Confounding domain Measured variable(s) | Is there evidence that | Is the confounding OPTIONAL: Is failure to
controlling for this domain measured adjust for this variable
variable was validly and reliably by |(alone) expected to
unnecessary?* this variable (or these |favour the experimental

variables)? intervention or the
comparator?
Yes / No / No Favour experimental /

Favour comparator / No

information . .
information

* In the context of a particular study, variables can be demonstrated not to be confounders and so not included in the analysis:
(a) if they are not predictive of the outcome; (b) if they are not predictive of intervention; or (c) because adjustment makes no or
minimal difference to the estimated effect of the primary parameter. Note that “no statistically significant association” is not the
same as “not predictive”.
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Preliminary consideration of co-interventions

Completeia row
particula

“Impo

e impgrta
or whigh the'stu
interventi

intervention (i) listed n th iew pratocol; and (i
id m as .
orwhich,

evant e setting.of
S Studya

expected to lead to a clinically important change in the estimated effect of the intervention.

(i) Co-interventions listed in the review protocol

Co-intervention

co-intervention was unnecessary (e.g.
because it was not administered)?

Is there evidence that controlling for this

Is presence of this co-intervention
likely to favour outcomes in the
experimental intervention or the
comparator

Favour experimental / Favour
comparator / No information

Favour experimental / Favour
comparator / No information

Favour experimental / Favour
comparator / No information

Favour experimental / Favour
comparator / No information

(ii) Additional co-interve
as important

Co-intervention

co-intervention was unnecessary (e.g.
because it was not administered)?

2 study authors identified

presence of this co-intervention
likely to favour outcomes in the
experimental intervention or the
comparator

Methotrexate and other DMARDs

No

Favour experimental / Favour
comparator / No information

Favour experimental / Favour
comparator / No information

Favour experimental / Favour
comparator / No information

Favour experimental / Favour
comparator / No information
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Risk of bias assessment

ers for a risk of bias. Where questions relate only to sign posts to other questions,

| Response options

If NIPN to 1.1: the study cah be considered to be at low risk of bias
due to confounding and no further signalling questions need be
considered

If YIPY to 1.1: determine whether there is a need to assess time-
varying confounding:
1.2. Was the analysis based on splitting participants’ follow up
time according to intervention received?
If N/PN, answer questions relating to baseline’¢o
(1.4 to 1.6) ]
If Y/PY, go to question 1.3. -
1.3. Were intervention discontinuations or SMHKEM
related to factors that are prognostic for the outcome?
If N/PN, answer questions relating to baseline confounding
(1.4 to0 1.6)
If YIPY, answer questions relating to both baseline and time-
varying confounding (1.7 and 1.8)
4
Questlons relatlng‘ baseline confounding only

EEEIE o 1 i 3
controlled for al onfoundin
1.5. If YIPY to 1:4: Were conlundl m t
controlled for m lidlyl and Feliabl ri
available in this study?
1.6. Did the authors control for any post-intervention variables that
could have been affected by the intervention?

Questions relating to baseline and time-varying confounding
1.7. Did the authors use an appropriate analysis method that
controlled for all the important confounding domains and for time-
varying confounding?
1.8. If Y/PY to 1.7: Were confounding domains that were
controlled for measured validly and reliably by the variables

available in this study?
Risk of bias judgement

Optional: What is the predicted direction of bias due to confounding?

m

s and no information on co- Y /PYV/PN/N

NA/Y/PY/PN/NV/NI

NA/Y/PY/PN/N/NI

NA /Y /PY/PN/N~/NI

NAYV/Y/PY/PN/N/NI

NAY/Y /PY/PN/N/NI

NA/Y/PY/PN/N~/NI

NAY/Y/PY/PN/N/NI

Low / Moderatev / Serious / Critical /
NI
Favours experimental / Favours
comparator / Unpredictable

Bias in selection of participants into the study
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2.1. Was selection of participants into the study (or into the analysis)
based on participant characteristics observed after the start of

participants?

2.5.1f YIPY to 2.2 and 2.3, or N/PN to 2.4: Were adjustment
techniques used that are likely to correct for the presence of selection
biases?

Risk of bias judgement

R SRR
Optional: What is the predicted direction of bias due to ction
participants into the study? —

Y /PY/PN/NV/NI

NA/Y /PY/PN/N/NI

NA/Y/PY/PN/N/NI
Y /PYN/PN/N/NI

NAY /Y /PY/PN/N/NI

Lowv / Moderate / Serious / Critical /
NI
Favours experimental / Favours
comparator / Towards null /Away from
null / Unpredictable

Bias in classification of interventions

3.1 Were intervention groups clearly defined? BDM data were released only to IG
3.2 Was the information used to define intervention groups
recorded at the start of the intervention?

3.3 Could classification of intervention status have been affected by
knowledge of the outcome Me outcome? d

ettt | T YN
Optional: What is the predicted direction of biasfdue t
classification of interventio

Y N/PY/PN/N/NI
YN/PY/PN/N/NI

Y /PY /PN/NA/NI

Low V/ Moderate / Serious / Critical /
NI
Favours experimental / Favours
comparator / Towards null /Away from
null / Unpredictable

Bias due to deviations from intended interventions

If your aim for this study is to assess the effect of assignment to intervention, answer questions 4.1 and 4.2
4.1. Were there deviations from the intended intervention beyond
what would be expected in usual practice?

4.2 If YIPY to 4.1: Were these deviations from intended
intervention unbalanced between groups and likely to have affected
the outcome?

If your aim for this study is to assess the effect of starting and adhering to intervention, answer questions 4.3 to 4.6
4.3. Were important co-interventions balanced across intervention
groups?

4.4. Was the intervention implemented successfully for most
participants?

4.5. Did study participants adhere to the assigned intervention
regimen?
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4.6. If N/PN to 4.3, 4.4 or 4.5: Was an appropriate analysis used to
estimate the effect of starting and adhering to the intervention?
Risk of biasgjudgement

NAV/Y/PY/PN/N/NI

NI

5.1 Were outcome data availableffor all, or nearly all, participants?
5.2 Were participants excluded due to missing data on intervention
status?
5.3 Were participants excluded due to missing data on other
variables needed for the analysis?
5.4 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Are the proportion of
participants and reasons for missing data similar across
interventions? V .
5.5 If PN/N to 5.1, or Y/PY to 5.2 orm-:' evide H
results were robust to the presence of missing data? o -~ -~
" 4

Risk of bias judgement

03,

Optional: What is the predicted direction of bias due to missing
data?

Y /PY/PN/N/NN
Y /PY/PN/N/NN

Y /PY/PN/N/N
NAV/Y/PY/PN/N/NI

NA/ Y /PY/PN/N/NI

Low / Moderate / S\/erious / Critical /
NI
Favours experimental / Favours
comparator / Towards null /Away from
null / Unpredictable

Bias

in measurement of outco
6.1 Could the outcome measure have been influenced by
knowledge of the intervention received? /MW AW S

[ |
6.2 Were outcome assesst tl'inter'ntiorﬁ ived b I

study participants?
6.3 Were the methods of ou_eslnent l)mpaMos‘
intervention groups?

6.4 Were any systematic errors in measurement of the outcome
related to intervention received?

Risk of bias judgement

/

(

Optional: What is the predicted direction of bias due to
measurement of outcomes?

Y /PY/PNY/N/NI
YN/ PY/PN/N/NI
Y/PY/PN/N/NN
Y /PY/PN/N/NN
Low / Moderatev / Serious / Critical /
Favours experi’::ental / Favours

comparator / Towards null /Away from
null / Unpredictable

Bias

in selection of the reported result

Is the reported effect estimate likely to be selected, on the basis of
the results, from...

7.1. ... multiple outcome measurements within the outcome
domain?

7.2 ... multiple analyses of the intervention-outcome relationship?
7.3 ... different subgroups?
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Risk of bias judgement

Optional: \\Whalis the predicted direction of bias due to selection of

Optional: What is the overall preoﬁted direction of bias for this
outcome?

Low~ / Moderate / Serious / Critical /
NI
Favours experimental / Favours
comparator / Towards null /Away from
null / Unpredictable

Low / ModerateV / Serious / Critical /
NI
Favours experimental / Favours
comparator / Towards null /Away from
null / Unpredictable

"
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Appendix 4. Search strategy for the additional search

The MEDLINE search strategy was:

1. (anti-TNF* or antiTNF* or (TNF* adj2 (inhibit* or block™))).tw.

2. anti* tumo?r* necrosis* factor*.tw.

3. Tumor Necrosis Factor-alpha/

4. (biologic* adj2 DMARD*).tw.

5. ((antirheumati* or anti rheumati* or anti-rheumati*) adj4 biologic*).tw.
6. ((disease modify* or disease-modify*) adj4 biologic*).tw.

7. exp Antibodies, Monoclonal/

8. anti* drug* antibod*.tw.

9. ADAD.tw.

10. etanercept.tw. or ETANERCEPT/

11. (tnr001 or "tnr 001" or tnr-001 or 18524 3-69-0).tw.

12. (ETA or ETN).tw.

13. (enbrel or erelzi or benepali or lifmior or brenzys).tw.

14. (anti-etanercept® or antietanercept® or (anti adj3 etanercept®)).tw.
15. adalimumab.tw. or ADALIMUMAB/

16. (d 2e7 or d2e7 or d-2e7 or 331731-18-1).tw.

17. (ADA or ADL or ADM).tw.

18. (humira or amgevita or cyltezo or imraldi or solymbic or hyrimoz or halimatoz).tw.
19. (anti-adalimumab* or antiadalimumab* or (anti adj3 adalimumab®)).tw.
20. infliximab.tw. or INFLIXIMAB/

21.(170277-31-3 or ta650 or ta 650 or ta-650).tw.

22. (INF or IFX).tw.

23. (anti-infliximab* or antiinfliximab* or (anti adj3 infliximab*)).tw.

24. (remicade or inflectra or remsima or flixabi or zessly or renflexis or ixifi).tw.
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25. Certolizumab Pegol/ or certolizumab.tw.

26. (cdp870 or cdp 870 or cdp-870 or 428863-50-7 or 1132819-27-2).tw.
27. (CER or CZP).tw.

28. cimzia.tw.

29. (anti-certolizumab® or anticertolizumab* or (anti adj3 certolizumab*)).tw.
30. golimumab.tw.

31. (cnto 148 or cnto148 or cnto-148 or 476181-74-5).tw.

32. (GOL or GLM).tw.

33. simponi.tw.

34. (anti-golimumab* or antigolimumab* or (anti adj3 golimumab*)).tw.
35. (biologic* adj2 agent®).tw.

36. (CT-P13 or CTP13 or CT P13 or SB2 or SB-2 or SB 2 or SB4 or SB-4 or SB 4 or SB-5 or
SB5 or SB 5).tw.

37. (biosimilar* or (bio* adj1 similar)).tw.
38. or/1-37

39. exp Arthritis, Rheumatoid/

40. RA tw.

41. Rheumarthrit*.tw.

42. ((Rheumatoid* or rheumatic* or inflammat* or idiopathic* or deforman*) adj4 (arthrit* or
arthros* or polyarthrit* or factor)).tw.

43. (Chronic* adj4 (polyarthrit* or poly arthrit* or poly-arthrit* or rheumati*)).tw.
44. ((Inflammat* or pain* or swell* or stiff*) adj4 (joint* or synovial*)).tw.

45. (Beauvais* adj2 disease™).tw.

46. or/39-45

47. Radioimmunoassay/

48. (radioimmuno* or radio immuno* or radio-immuno®).tw.

49. RIA tw.

50. reporter* gene* assay*.tw.

51. RGA.tw.
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52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.

71.

(semi* fluid* phase* adj3 enzyme* immuno®).tw.

EIA.tw.

((homogenous* or homogeneous*) adj1 mobilit* shift* assay*).tw.
HMSA.tw.

(Biomonitor* or iLite or Euro Diagnostica* or Wieslab or Svar).tw.
(ARUP or Q-ETA or EURIA).tw.

(Matriks™ Biotek™ or Shikari*).tw.

(Prometheus™ or Anser®).tw.

or/47-59

38 and 46 and 60

randomized controlled trial.pt.

controlled clinical trial.pt.

randomized.ab.

placebo.ab.

clinical trials as topic.sh.

randomly.ab.

trial.ti.

or/62-68

exp animals/ not humans.sh.

69 not 70
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Appendix 5. Exeter biologic clinic recommendations for biologic
dose reduction

Patient selection:

¢ Biologic treatment > 2 years & sustained Low Disease Activity or Clinical Remission
(DAS 28 <2.6 +/- USS remission) or BASDAI & Pain VAS <4

¢ No radiographic progression

Strategy for Biologic Dose Reduction:

Clinical assessment
o DAS 28 < 2.6 or LDA +/- USS remission

o BASDAI & Pain VAS <4 — expect to be much less than 4 and >50%
improvement from pre biologic

e Reduce biologic drug by one third
e Follow up at 3 months (plus Advice Line)
o |[f flares — retreat at full dose

o [f LDA or remission, review every 6 month, consider further reduction

Table 78: Exeter biologic clinic recommendations on dose reduction strategies

Biologic Drug 1st dose reduction 2" dose reduction

Adalimumab  40mg every 3 weeks 40mg every 4 weeks

Etanercept 50mg every 10 days 50mg every 14 days

Certolizumab  200mg every 3 weeks 200mg every 4 weeks

Golimumab 50/100mg every 6 weeks 50/100mg every 8 weeks

Infliximab IV 2mg/kg every 8 weeks / per infusion 2mg/kg every 12 weeks / per infusion
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Appendix 6. Recommendations by NHS Greater Glasgow and
Clyde

Serum sample required for trough level should be taken pre-infusion for infliximab and no
earlier than 3-5 days prior to injection date for adalimumab. Test results are interpreted as
follows (Table 79, Figure 18 and Figure 19):

o Levels below the lower limit suggest secondary failure of response or poor
compliance. Presence of neutralising antibody may be present in the former.
e Levels above the upper limit suggest overtreatment.

Table 79: Interpretation

Analyte Lower limit of assay Upper limit of measurement Units
Adalimumab 0.4 14 ug/mL
Infliximab 0.3 14 ug/mL

Figure 18: Interpretation: 3-6/12 after initiation of therapy to guide drug dose/infusion
time interval

High drug levels with no
antibodies: consider
tapering.
Remission/Low disease
activity
Undetectable drug levels
with antibodies: consider
3/12 testing of early review

adalimumab and

infliimab levels
following initiation Undetectable drug evels

with antibodies:

considerer switching to
less immunogenic drug

Moderate/high DAS

Normal drug level and no
antibodies consider
switching te drug with
different MOA
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Figure 19: Interpretation: anti-TNF failure of response

Flare patient /high DAS:
check levels & antibodies

Undetectable drug level
with antibodies: secondary
non-responder- consider
switching to less
immunogenic drug

Normal drug level and no
antibodies: consider
switching to drug with
different MOA

Interpretation: considering dose reduction

e High/normal drug levels confer favourable likelihood of success.
¢ Undetectable drug levels with presence of antibodies suggest drug is not required for
the patient’s remission. Consider stopping therapy.
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Appendix 7. NICE reference case

Table 80: Summary of the reference case

Element of health
technology
assessment

Reference case

Notes

Defining the decision
problem

Comparator(s)

Perspective on
outcomes

Perspective on costs

Type of economic
evaluation

Time horizon

Synthesis of
evidence on health
effects

Measuring and
valuing health
effects

Source of data for
measurement of
health-related quality
of life

Source of preference
data for valuation of
changes in health-
related quality of life
Equity
considerations

Evidence on
resource use and
costs

The scope developed by NICE

As listed in the scope developed by
NICE

All direct health effects, whether for
patients or, when relevant, carers

NHS and PSS

Cost-utility analysis with fully
incremental analysis

Long enough to reflect all important
differences in costs or outcomes
between the technologies being
compared

Based on systematic review

Health effects should be expressed in
QALYs.The EQ-5D is the preferred
measure of health-related quality of life
in adults.

Reported directly by patients and/or
carers

Representative sample of the UK
population

An additional QALY has the same
weight regardless of the other
characteristics of the individuals
receiving the health benefit

Costs should relate to NHS and PSS
resources and should be valued using
the prices relevant to the NHS and PSS

The time horizon was 18
months (due to
limitations in clinical
effectiveness evidence
base)

Based on the only
relevant study identified
from the systematic
review.

All costs except the cost
of managing flares were
relevant to the NHS. The
cost of managing flares
was sources from a
study conducted in
France.
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Element of health Reference case Met / Notes

technology not met
assessment
Discounting The same annual rate for both costs and N Discounting was not

applied because of short-
term time horizon
adopted in this study.

health effects (currently 3.5%)

Key: NICE, National Institute for Health and Care Excellence; NHS, National Health Service; PSS, personal social services;
QALYs, quality-adjusted life years; EQ-5D, standardised instrument for use as a measure of health outcome.
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Appendix 8. Average cost of joint replacement surgery (the Royal
Devon & Exeter NHS Foundation Trust)

Estimates related to the cost of surgery in rheumatoid arthritis patients (the Royal Devon &
Exeter NHS Foundation Trust) are shown in Table 81. International classification of diseases
(ICD) 10 codes included any codes from categories M05 or M06 or code M08.0 in
conjunction with the OPCS procedure codes which could be any from categories W37 .-
W38.- W39.-W40.- W41.- W42.- W43.- W44 .- W45.-W46.- W47 .- W48.-W49.- W54.- W5S.-
W93.- W94 .- W95.- W96.- WI7.- W9I8.- O06.- O07.- O08.- O18.- 021.- 022.- O23.- 024 .-
025.- 026.- 032.- Those categories are all relevant to joint replacement surgeries. The time
period considered was April 2017 - September 2018. This data was provided to the AG by
Nicola Finch, Leanne Brown, Keith Oldfield and Rob Storey from the Royal Devon & Exeter
NHS Foundation Trust.

Table 81: Estimates related to the cost of surgery in people with rheumatoid arthritis
(the Royal Devon & Exeter NHS Foundation Trust, April 2017 - September 2018)

Specialty POD ICD10 OPCS (Procedure) Cost Actual Episode Average
Group Group (Diagnostic) Count Cost per
Description Descripti episode
on

Orthopaedic In Patients M0596 W401 Primary total £7,418.75 2 £3,709.37
s Seropositive  prosthetic

rheumatoid replacement of knee

arthritis, joint using cement

unspecified
Orthopaedic In Patients M0645 W371 Primary total £4,613.91 1 £6,242.08
s Inflammatory prosthetic

polyarthropat replacement of hip

hy joint using cement
Orthopaedic In Patients M0690 0211 Primary total £6,351.26 1 £6,351.26
S Rheumatoid prosthetic

arthritis, replacement of elbow

unspecified  joint using cement
Orthopaedic In Patients M0691 0071 Primary hybrid £4,037.03 1 £4,037.03
S Rheumatoid prosthetic

arthritis, replacement of

unspecified  shoulder joint using
cemented glenoid

component
Orthopaedic In Patients M0694 W541 Primary £5,388.32 1 £5,388.32
S Rheumatoid prosthetic
arthritis, replacement of
unspecified  articulation of bone
NEC
Orthopaedic In Patients M0696 W401 Primary total £33,273.88 5 £6,654.78
s Rheumatoid prosthetic
arthritis, replacement of knee

unspecified  joint using cement
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Specialty POD ICD10 OPCS (Procedure) Cost Actual Episode Average
Group Group (Diagnostic) Count Cost per
Description Descripti episode
on

Orthopaedic In Patients M0697 0321 To be defined £2,076.00 1 £2,076.00
s Rheumatoid

arthritis,

unspecified
Orthopaedic In Patients M0699 W371 Primary total £4,590.18 1 £4,590.18
s Rheumatoid prosthetic

arthritis, replacement of hip

unspecified  joint using cement
Plastic and  In Patients M0694 W541 Primary £6,857.30 2 £3,428.65
Reconstructi Rheumatoid prosthetic
ve surgery arthritis, replacement of

unspecified  articulation of bone

NEC

Total £74,606.62 15 £5,061.80
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Appendix 9. Estimation of the costs of managing disease health
states

Figure 20: Distributions and costs for different HAQ bands
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