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2.	EXECUTIVE SUMMARY

This work has been undertaken to partially update NICE technology appraisal 375 (TA375) to consider the cost-effectiveness of biologic disease-modifying antirheumatic drugs (bDMARDs) in patients with moderate-to-severe rheumatoid arthritis (RA). Moderate-to-severe RA is defined as a Disease Activity Score (28 joints) (DAS28) score between 3.2 and 5.1. The manufacturers of four bDMARDs (abatacept, adalimumab, etanercept and infliximab) paid to be considered within the partial update of NICE TA375. 

In addition to updating the prices of bDMARDs due to the emergence of biosimilars, the model used for TA375 was updated to account for the fact that patients with moderate-to-severe RA would receive bDMARDs when their RA was deemed severe, with a DAS28 score greater than 5.1. To action this change, the relationship between changes in Health Assessment Questionnaire (HAQ) score and changes in DAS28 scores was required. A systematic search of literature was conducted to source information on this parameter, focussing primarily on people with moderate-to-severe RA. One database was searched: Ovid MEDLINE 1946 to the 1st of October 2020. The systematic review was supplemented by company submissions and papers identified by clinical experts. 

Nine studies were identified meeting the inclusion criteria, with data reserved for consideration in sensitivity analyses provided in ten other studies, in subgroups of two of the nine included studies, and from one company submission. Estimates in the change in DAS28 score per 0.125 change in HAQ score was estimated using graphical software where necessary. 

There was a wide range in the estimated change in DAS28 score associated with a 0.125 change in HAQ score which ranged from -6.50 to 0.901. The Assessment Group believed that the best estimate was a value of 0.48 which was taken from a study with the intention of estimating the relationship between changes in DAS28 scores and HAQ scores and provided a value near the middle of other estimates. Sensitivity analyses were conducted using a lower value of ***** to an upper value of 0.90.

Cost-effectiveness results cannot be provided in this document due to the commercial-in-confidence nature of the prices of biosimilars and due to confidential patient access schemes. These results are contained in a confidential addendum.
[bookmark: _Toc60645241]
3	BACKGROUND
[bookmark: _Toc527473501]
[bookmark: _Toc60645242]3.1	Description of health problem
[bookmark: _Toc527473502]Rheumatoid arthritis (RA) is a chronic inflammatory disease which is characterised by progressive and irreversible joint damage, impaired joint function, pain and tenderness caused by swelling of the synovial lining of joints.2 RA is manifested with increasing disability and reduced quality of life.

[bookmark: _Toc60645243]3.2	Current service provision
[bookmark: _Toc527473503]
NICE Technology Appraisal (TA375)3 recommended adalimumab (ADA), etanercept (ETN), infliximab (IFX), certolizumab pegol, golimumab, tocilizumab (TCZ), and abatacept (ABA) in combination with methotrexate (MTX) is recommended for treating patients with RA only if: 1) RA is severe, that is a Disease Activity Score 28 joints (DAS28) score greater than 5.1; 2) the diseases has not responded to intensive therapy with a combination of conventional synthetic disease-modifying antirheumatic drug (csDMARDs); and 3) that the agreed patient access schemes (PAS) for ABA, certolizumab pegol, golimumab and TCZ are provided. ADA, ETN, certolizumab pegol or TCZ can be used as monotherapy for people who cannot take MTX because it is contraindicated or because of intolerance. NICE also stated that treatment should be started with the least expensive drug.

At the time of writing, no biologic disease-modifying antirheumatic drugs (bDMARDs) are recommended by NICE for the treatment of moderate-to-severe RA, which is defined as those patients with a DAS28 score between 3.2 and 5.1. The focus of this partial update is on estimating the cost-effectiveness of bDMARDs for patients with moderate-to-severe RA. Due to the emergence of biosimilars, and the resulting falls in acquisition price for a number of the technologies, it is anticipated that bDMARDs will now be more cost-effective than at the time of TA375.

[bookmark: _Toc60645244]3.3	Description of technologies under assessment
Whilst NICE TA375 provided recommendations on seven interventions, the update only focuses on four: ABA, ADA, ETN, and IFX, as the manufacturers of the omitted interventions did not pay the fee required by NICE for the intervention to be appraised.

ABA is a selective modulator of the T-lymphocyte activation pathway. It binds to molecules on the surface of antigen-presenting cells, preventing full activation of the T lymphocytes and interrupting the inflammatory process. It is provided in two formulations, intravenously (iv) and subcutaneously (sc). The dose regimen for ABA iv is 500 mg below 60 kg, 750 mg between 60 kg and 100 kg, 1000 mg above 100 kg; 0, 2 and 4 weeks, then every 4 weeks thereafter. For ABA sc the dose regimen is 125 mg weekly following a loading dose of 500mg below 60 kg, 750mg between 60 kg and 100 kg, 1000 mg above 100 kg.

ADA, ETN and IFX, all inhibit the activity of tumour necrosis factor alpha, a pro-inflammatory mediator that is partly responsible for damage to the joints in RA. ADA and ETN are provided sc, whereas IFX is an iv administration. ADA is provided at doses of 40mg every other week, ETN at doses of 50mg every week, and IFX is provided at 3mg/kg at weeks 0, 2 and 6 and then every 8 weeks.

All four drugs being appraised are subject to PAS or pricing for biosimilars that are deemed commercial in confidence. As such, the prices cannot be reported in this document, but are contained in a confidential addendum.



[bookmark: _Toc60645245][bookmark: _Toc527473504]4	DEFINITION OF THE DECISION PROBLEM

The decision problem is to assess the cost-effectiveness of ABA, ADA, ETN, and IFX when used to treat patients with moderate-to-severe RA compared with the current treatment paradigm. NICE has requested that all parameters values preferred by the NICE Appraisal Committee when it produced guidance for TA375 should be maintained with the exception of two elements which are discussed below.

1) Updating of the prices, where applicable, of ABA, ADA, ETN, IFX, rituximab (RTX) and TCZ. 

This has been undertaken to ensure that any price reductions that have occurred since the introduction of biosimilars into the market, or through any changes in PAS are considered. Due to the sequence of interventions modelled, RTX and TCZ are also incorporated as these treatments would be used following discontinuation of the first bDMARD.

2) Amending the mathematical model to ensure that patients with moderate-to-severe RA who do not receive bDMARDs, will receive bDMARDs when their RA becomes severe. 

In the model constructed for TA375, patients with moderate-to-severe RA were modelled as having two potential treatment pathways. 1) receive bDMARDs immediately and then progress through a sequence that comprised of RTX, TCZ and then csDMARDs or 2) to forever stay on csDMARDs. This omitted the option for the patient to remain on csDMARDs until their RA became severe, at which point in accordance with NICE recommendations, bDMARDs could be provided. In order to action this change, the model needed to estimate the relationship between changes in Health Assessment Questionnaire (HAQ) score, which was the key metric used in the modelling, and changes in DAS28 score, which is the metric used to determine the severity of RA. The relationship between changes in the parameters were deemed more pertinent for the work than relationships between absolute HAQ and DAS28 scores, as the model explicitly monitors changes in HAQ, which is a scale from zero to 3.0 with steps of 0.125.

Once a relationship between changes in HAQ and changes in DAS28 has been assumed, the amended model monitors the DAS28 score of the patient. If the patient is on the csDMARD-first strategy they will be provided with a bDMARD once the patient reaches a DAS28 score greater than 5.1. Further details of the mechanics of this change are provided in Section 6.

[bookmark: _Toc60645246][bookmark: _Toc527473505]
5	ASSESSMENT OF CLINICAL EFFECTIVENESS

This chapter details the methods used to identify evidence related to the relationship between changes in HAQ and changes in DAS28, and also presents the results found. 

[bookmark: _Toc60645247]5.1 	Methods for reviewing effectiveness 
[bookmark: _Toc527473506]A systematic search of literature was conducted to source information on the relationship between the change in HAQ score and the change in DAS28 score.

Searches
One database was searched: Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Daily and Versions(R) 1946 to the 1st of October, 2020.

The MEDLINE search strategy is shown in Table 1:

[bookmark: _Ref54779985][bookmark: _Toc60645420]Table 1	MEDLINE search strategy: Search conducted October 01 2020
	#
	Searches
	Results

	1
	exp Arthritis, Rheumatoid/
	113387

	2
	((rheumatoid or early) adj arthritis).tw.
	107028

	3
	1 or 2
	149310

	4
	(("disease activity score" or das*) adj5 ("health assessment questionnaire" or haq*)).tw.
	738

	5
	(relationship or associat* or corrolat*).tw.
	5263889

	6
	3 and 4 and 5
	332

	7
	limit 6 to english language
	328



Additionally, references provided within company submissions were checked and papers known to our clinical expert added. The reference lists of relevant studies were checked.  All identified citations from the electronic searches and other resources were imported into, and managed using, Endnote X9 software (Clarivate analytics 2020 TM). 

Study selection
All titles and abstracts were independently examined for inclusion by two reviewers. Any citations that clearly did not meet the inclusion criteria were excluded.  Full text articles were sourced and independently checked by two reviewers. Disagreements were resolved by discussion, with involvement of a third member of the team. Study selection was based on the following inclusion and exclusion criteria.

Inclusion criteria
Population
Adults (aged 18 years and over) with active RA. If data allow, there is a preference for studies reporting on patients with moderate-to-severe RA (DAS28 3.2-5.1). If there are insufficient data, then any severity of RA would be considered.
Outcome
Change in HAQ/ Health Assessment Questionnaire Disability Index (HAQ-DI) and the associated change in DAS28 (DAS28-erythrocyte sedimentation rate (DAS28-ESR) or DAS28-c-reactive protein (DAS28-CRP).
Study design
Studies were required to provide relevant data, and were not required to be designed solely to address the question of relative changes in HAQ and DAS28.

Exclusion criteria
Population
Children. Studies of several types of arthritis where data not available separately for RA.
Outcomes
Data that cannot be used to calculate change in HAQ and the associated change in DAS28, over the same time period, and in the same group of RA patients. No DAS28 data reported (disease activity score 44 joints (DAS44) is excluded). No HAQ / HAQ-DI data reported (The Japanese version of the Health Assessment Questionnaire (J-HAQ) is excluded as overall disability index higher in the J-HAQ than in the original HAQ4).
Study design 
Animal models; preclinical and biological studies; narrative reviews, editorials, opinions; and non-English-language papers. Publication type: articles published as abstracts only where insufficient information is available on outcomes or methods.

Where data meeting inclusion criteria are lacking, some allowance may be given (in severity of RA or prior treatment with biologics) for studies to be used in sensitivity analyses.



Data extraction and synthesis
Data relevant to the decision problem were extracted by one reviewer, and checked by another. Data were extracted without blinding to authors or journal. Graphical data of change in HAQ or DAS28 were estimated using Engauge software [version 12.1; Mark Mitchell, Los Angeles, CA, USA (2011)]. Data of change in HAQ and DAS28 over the same time period, in the same population of patients, were used to calculate an estimated change in DAS28 for a change in HAQ of 0.125 points. 

[bookmark: _Toc60645248]5.2	Results
The MEDLINE search was conducted on the 1st of October 2020. It identified 328 records (without removing duplicates). Twenty-six articles were referenced by company submissions, three articles were recommended by our clinical advisor. The bibliography search yielded four additional articles.  The search total, following removal of duplicates was 340 (Figure 1). 

Following title/abstract sift, 48 full-text articles were checked. The 29 studies excluded at the full-text stage are listed (with rationale for exclusion) in Appendix 1, leaving 19 studies containing relevant information. Of these nineteen, which nine met the inclusion criteria, and eleven provided data that would be considered for sensitivity analyses if the included studies could not provide sufficient data – two studies provided information for both categories. Results from the studies which met the inclusion criteria are provided in the main text, whereas data for studies which provide data considered for sensitivity analyses are shown in Appendix 2. The reasons for exclusion were having patients with an average baseline DAS28 score > 5.1 (n=8), using DAS44 rather than DAS28, (n=2) and having patients with an average baseline DAS28 score <3.2 (n=1). Additionally, AbbVie provided potentially useful data, although having examined the studies referred to, it appeared probable that these were for patients with an average baseline DAS28 score > 5.1. Data from the AbbVie submission are summarised at a high-level in Appendix 2.

Characteristics of included studies are shown in Table 2. Only one paper (Boyd et al 20135) had a primary outcome to investigate the relationship between function and disease activity over time, and this was a sub-study of the Canadian Early Arthritis Cohort (CATCH). In all nine studies, HAQ and DAS28 were assessed by qualified clinicians (rheumatologists or rheumatology nurses), as part of ongoing patient care, and are unlikely to be subject to biases. As validated, widely used measures, HAQ and DAS28 were not subject to change throughout the follow-up periods of studies. 
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[bookmark: _Ref55227862]Figure 1 	Flow diagram of study selection (based on PRISMA guidelines http://prisma-statement.org/)Additional records identified through other sources
(company submissions n=26)
(Bibliography searching n=4)
(Clinical advisor n=3)
Records excluded at title/abstract sift
(n =292)
Full-text articles assessed for eligibility
(n=48)
Records screened
(n = 340)
Records after duplicates removed
(n=340)
[bookmark: _Toc60645249]Identification
[bookmark: _Toc60645250]Eligibility
[bookmark: _Toc60645251]Included
[bookmark: _Toc60645252]Screening
Records identified through database searching
(n=328)


















Full-text articles excluded
(n =29)
Reasons for exclusion
Data insufficient or unusable (n= 28)
J-HAQ (n=1)









Studies included in narrative synthesis
(n = 9*)
Studies with potential for sensitivity analyses
(n=12*)





*Two studies provided data for both categories.
Unpublished data provided by company submissions could also be included. This resulted in one additional data set with the potential for use in sensitivity analyses


[bookmark: _Ref55142464][bookmark: _Toc60645421]Table 2 	Included study characteristics
	Reference
	Study type
	Study objective
	Sample size
	Follow-up (months)

	Ariza-Ariza et al 20066

	Prospective multicentre study
	To compare the utility values and quality-adjusted life years (QALYs) obtained by the Time Trade-Off
instrument (TTO) and the European Quality of Life -5 Dimensions (EQ-5D)
	300
	12

	Augustsson et al 20101
	Database study
	Investigating Tumour Necrosis Factor inhibitor (TNFi) and workforce participation
	594
	60

	Boyd et al 20135
	Data from Canadian Early Arthritis Cohort (CATCH)

	Sub-study investigating function and disease activity in early arthritis
	1,143
	24 

	de Andrade et al 20177
	Single centre prospective cohort study
	Investigating disease activity and physical function after treat-to-target strategy
	229


	108

	Fioravanti et al 2019 8
	Prospective cohort from two centres in Italy
	Investigating TCZ therapy
	44
	6 

	Gwinnutt et al   20209
	the Rheumatoid Arthritis Medication Study, a UK multicentre cohort study
	Investigating clusters of symptoms associated with poor outcomes in early RA
	1,127
	12

	Ling et al 201610
	data from two cohorts: the Norfolk Arthritis Register (NOAR); and the Early Rheumatoid Arthritis Study (ERAS)
	[bookmark: _Toc60645253]Investigating effect of HLA-DRB1
on disease activity
	NOAR n=2,158
ERAS n=329

	60

	Nair et al  201411
	data from clinical practice from the observational Nijmegen Early Rheumatoid Arthritis inception cohort
	Investigating whether treatment effects of pragmatic clinical trials are generalisable to data from daily clinical practice (DCP),
	DCP n=198
	6 

	Twigg et al 201712
	Data from Yorkshire Early Arthritis Register (YEAR)
	To assess patient-reported variables as predictors of change in disease activity and disability
	1,415
	12


TNFi=tumour necrosis factor inhibitor; TCZ=tocilizumab; DCP=Data from daily clinical practice; NOAR= Norfolk Arthritis Register; ERAS = Early Rheumatoid Arthritis Study



[bookmark: _Toc527473508]Baseline variables of included trials are shown in Table 3. Mean/median DAS28 scores were between 3.2 and 5.1 (that is, moderate-to-severe) in all nine studies although, this was only for one of the two cohorts in Nair et al  201411).  

Baseline ages were similar across studies, with the lowest mean age 40 years,1 and highest age  median 60 years.9  All six studies had a majority of female patients, as is to be expected from prevalence of RA. Baseline disease duration ranged from six months10 5 to 10.6 years.7 This is considered by our clinical advisor to be generalisable to the RA population seeking treatment in England.

The estimated change in DAS28 associated with a 0.125 change in HAQ are provided in Table 4. In all studies apart from Ariza-Ariza et al.6  and cluster 6 of Gwinnutt et al. 9 HAQ and DAS28 scores decreased indicating an improvement, on average, in the condition of the patients. As such, the assessment group has had to assume that the relationship between decreases in HAQ score and in decreases in DAS28 are generalisable to when there are increases in the HAQ score.

A wide range was observed in the estimated relationship between the change in DAS28 score when HAQ changes. Ariza-Ariza et al.6 reported a large, negative correlation whilst a positively correlated estimate of 0.90 was derived from Twigg et al.12 The ERG believes that the most appropriate estimate (0.48) would be provided by Boyd et al.5 which has the advantage of the relationship being the primary outcome of the study, having a reasonable long follow-up of 24 months, having no bDMARD use, and with an estimate that was not too removed from the remaining  studies. 

Acknowledging the uncertainty in the parameter the ERG ran two sensitivity analyses using a higher value and a lower value.  The higher value (0.90) was estimated from Twigg et al.12 which was a fairly recent, large, study of reasonable length without the use of bDMARDs. For the lower value, the ERG preferred to use data reserved for sensitivity analyses and use the values estimated by AbbVie which regressed change in DAS28 on HAQ based on individual patient data from four RCTs of upadacitinib. The reason for choosing this source is that the estimated value (*****) is amongst the lowest observed, that individual patient data had been used, and importantly that this was the only source where both HAQ and DAS score was assumed to increase.
[bookmark: _Ref55142518][bookmark: _Toc60645422]Table 3 	Baseline characteristics of included studies
	Reference
	Study Sample size
	Baseline DAS28*
	Baseline HAQ
	Prior Treatment
	Treatment during study
	Baseline age
(years)
	Gender
(% female)
	Baseline disease duration

	Ariza-Ariza et al. 20066

	300
	DAS28-ESR
Mean 4.5
SD1.5
	HAQ
Mean 1.2
SD0.9
	csDMARDs, or bDMARDs at physician discretion
	csDMARDs, or bDMARDs at physician discretion
	Mean 59.6 
SD 13.3
	82
	Years 
Mean 10.3 SD 8.7

	Augustsson et al. 20101

	594
	DAS28 
Mean 4.7
SD 1.4
N=521
	HAQ
Mean 1.0 
SD 0.6
N=528
	No prior bDMARD
	First treatment with TNFi
IFX (52.9%)
ETN (34.5%) 
ADA (12.6%)
	Mean 40.0
SD 9.3
	66
	Years
Mean 9.4
SD 8.5

	Boyd et al. 20135
	1,143
	DAS28 
mean 4.53
SD 1.99

	HAQ
Mean 0.94
SD 0.72
	csDMARDs with or without prednisone (physician discretion) or csDMARD naive
	csDMARDs with or without prednisone (physician discretion)
	Mean 52.2
SD 15.8
	71.2
	Months
Mean 6.3
SD 3.7

	de Andrade et al. 20177


	229


	DAS28 
Mean 4.6
SD 1.5

	HAQ-DI 
Mean 1.4
SD 0.05

	csDMARD
	T2T strategy, two courses of csDMARDs followed by bDMARD (TNFi, with physician discretion for ABA, TCZ, RTX) 
	Mean 55
SD 11
	83.8
	Years
Mean 10.6
SD 7.4

	Fioravanti et al. 20198
	44
	DAS28-ESR Median 4.630 IQR 4.23-5.25
	HAQ 
Median 1.68
IQR 1.04-2.38 
	At least two csDMARDs
	TCZ (n=20);
TCZ+MTX (n=24)
	Median 58.50 
IQR 48-69.75
	86.4
	Years
Median 8
IQR 5-15

	Gwinnutt et al.   20209
	1,127
	DAS28-CRP 
median 4.1 
IQR 3.2, 5.2
	HAQ
Median 1.00
IQR 0.38, 1.63
	MTX naive
	Starting MTX
	Median 60
IQR 50, 69
	63.4
	Median 6 months,
IQR 4, 10

	Ling et al. 201610
	2,158 NOAR cohort;
329 ERAS cohort

	DAS28-ESR 

NOAR
Median 3.76
IQR 2.79, 4.78

ERAS
Median 5.06
IQR 4.19, 5.84

	HAQ 

NOAR
Median 0.875
IQR 0.25, 1.5

ERAS
Median 1
IQR 0.625, 1.6875
	csDMARDs, and/or corticosteroids
	csDMARDs, and/or corticosteroids

	Age at symptom onset
NOAR
Median 55 
IQR 43–67

ERAS
Median 54 
IQR 44–62
	NOAR 65

ERAS 67
	Months
NOAR
Median 6
IQR 3, 12

ERAS
Median 6
IQR 3, 11

	Nair et al.  201411
	198 Data from DCP 
	DAS28

DCP
Mean 5.0
SD 1.3


	HAQ

DCP
Mean 0.8
SD 0.7

	csDMARD naive, no prior corticosteroids
	csDMARDs, NSAIDS and/or corticosteroids, and/or biologics
	DCP
Mean 54.7
SD 15.2
	DCP 61.3
	<1 year

	Twigg et al. 201712
	1,415
	DAS28-CRP
Mean 5.01
SD 1.33
	HAQ-DI
Mean 1.22
SD0.57
	csDMARDs
	csDMARDs, and/or corticosteroids

	Mean 57.7
SD 14.2
	66
	Months
Mean 7.1
SD 4.3


*unless otherwise stated, unclear if calculated with ESR or CRP
DAS28=Disease Activity Score 28 joints; ESR= erythrocyte sedimentation rate; CRP= C-reactive protein; HAQ = Health Assessment Questionnaire; HAQDI = Health Assessment Questionnaire Disease Index; csDMARD=conventional synthetic disease-modifying antirheumatic drug; NOAR= Norfolk Arthritis Register; ERAS = Early Rheumatoid Arthritis Study; DCP=Data from daily clinical practice;
TNFi=tumour necrosis factor inhibitor; MTX=methotrexate; ABA=abatacept; TCZ=tocilizumab; RTX=rituximab; IQR=interquartile range; IFX=infliximab; ADA=adalimumab; ETN=etanercept; NSAIDS=non-steroidal anti-inflammatories; T2T=treat-to-target


[bookmark: _Ref58756098][bookmark: _Toc60645423][bookmark: _Toc527473509]Table 4 	Step changes estimated
	Reference
	Sample size [providing data]
	Baseline DAS
	Baseline HAQ
	Treatment during study
	Follow-up
(Months)
	Change in DAS associated with 0.125-point change in HAQ

	Ariza-Ariza et al. 20066

	163
	DAS28-ESR
Mean 4.5
SD1.5
	HAQ
Mean 1.2
SD0.9
	csDMARDs, or bDMARDs at physician discretion
	12
	-6.5

DAS28 decrease
HAQ increase

	Augustsson et al.20101

	528
	Mean 4.7
SD 1.4
N=521
	Mean 1.0 
SD 0.6
N=528
	First treatment with TNFi

IFX (52.9%)
 ETN (34.5%) 
ADA (12.6%)
	60
	0.59*

HAQ and DAS28 score decrease

	Boyd et al. 20135
	214
	mean 4.53
SD 1.99

	Mean 0.94
SD 0.72
	DMARDs with or without prednisone (physician discretion)
	24 
	0.48*

HAQ and DAS28 score decrease

	de Andrade et al. 20177


	229

[156 at year 9]
	Mean 4.6
SD 1.5

	Mean 1.4
SD 0.05

	T2T strategy, two courses of csDMARDs followed by biologic (TNFi, with physician discretion for ABA, TCZ, RTX) 
	108
	0.39*

HAQ and DAS28 score decrease

	Fioravanti et al. 20198
	44
	Median 4.630 IQR 4.23-5.25
	Median 1.68
IQR 1.04-2.38 
	TCZ (n=20);
TCZ+MTX (n=24)
	6 
	0.34

HAQ and DAS28 score decrease

	Gwinnutt et al. 20209


	Cluster 5
71

Cluster 6
46

	DAS28-CRP
 
Cluster 5
Median 3.4

Cluster 6
Median 3.8

[at month 6 of study – baseline of calculation]
	Cluster 5 HAQ
Median 1.5

Cluster 6 HAQ
Median 1.25


[at month 6 of study – baseline of calculation]
	Starting MTX
	6 

[change from months 6 to 12 of the study]
	Cluster 5
0.56

HAQ and DAS28 score decrease

Cluster 6
Not calculable

No change in HAQ, DAS28 score decrease

	Ling et al. 201610
	NOAR 2,158
ERAS 329

	NOAR
Median 3.76
IQR 2.79, 4.78
ERAS
Median 5.06
IQR 4.19, 5.84

	 NOAR
Median 0.875
IQR 0.25, 1.5
ERAS
Median 1
IQR 0.625, 1.6875
	csDMARDs, and/or corticosteroids

	60
	NOAR = 0.13

ERAS = 0.11

HAQ and DAS28 score decrease 

	Nair et al.  201411
	198
(DCP)
	Mean 5.0
SD 1.3
	HAQ

Mean 0.8
SD 0.7

	csDMARDs, NSAIDS and/or corticosteroids, and/or biologics
	6 
	0.33

HAQ and DAS28 score decrease

	Twigg et al. 201712
	1,415
	5.01
	1.22
	csDMARDs, and/or corticosteroids

	12
	0.90

HAQ and DAS28 score decrease


*estimated from graph 
DCP=Data from daily clinical practice; TNFi=tumour necrosis factor inhibitor; NOAR= Norfolk Arthritis Register; ERAS = Early Rheumatoid Arthritis Study;





[bookmark: _Toc60645254]6	INDEPENDENT ECONOMIC ASSESSMENT 
[bookmark: _Toc527473513]
[bookmark: _Toc60645255]6.1 	Methods
As stated, NICE requested that that all parameters values preferred by the NICE Appraisal Committee when it produced guidance for TA375 should be maintained bar updating the prices of interventions and allowing patients to receive bDMARDs when their DAS28 score was greater than 5.1. Comprehensive details of the modelling approach are provided in Stevenson et al.13 In TA375, the sequence after the first bDMARD was accepted, to be the use of RTX and then TCZ, providing TCZ was not used earlier in the treatment sequence then csDMARDs. 

The following first line bDMARDs were evaluated: ABA iv, ABA sc, ADA, ETN, and IFX. Each was followed by RTX and then TCZ reverting to csDMARDs following the failure of TCZ. The comparator arm was csDMARDs until a patient reached a DAS score of greater than 5.1 where on the advice of our clinical expert a sequence of ADA, RTX and TCZ was used. For all analyses it was assumed that MTX was used in combination with the bDMARD, and that following TA375 guidance, the results for combination therapy would also be used to generalise to the bDMARDs being used in monotherapy.

The model operationalises the change to bDMARD when the patient has severe RA by calculating the number of HAQ increases, in steps of 0.125, that would be required for the DAS28 score of the patient to be greater than 5.1. Once these net number of HAQ step increases have been reached the patient is assumed to receive ADA.

The model structure has the capacity to run 10 cohorts of patients. Having evaluated early results, the Assessment Group decided that 2 cohorts would be used for the csDMARD strategy, 2 for each of the ADA, ETN, and IFX strategies and 1 each for ABA iv and ABA sc. This was because more precision may be needed for the interventions with biosimilars available as the uncertainty associated with the simulated experience of identical patients (often referred to as first-order uncertainty) would be reduced by apportioning two cohorts. 

50,000 patients per cohort were simulated, at that point the Monte Carlo sampling error was low, as for both QALYs and costs, the range between the highest and lowest value from the runs for each bDMARD-first strategy being less than 0.5% of the average value. These variations in costs and QALYs were correlated as younger patients would, on average, accrue both greater QALYs and costs.

Only deterministic results were run as there were shown to be little difference between probabilistic and deterministic results in TA375. Each simulation took in the order of 9 hours to complete.

[bookmark: _Toc60645256]6.2 	The assumed efficacy of the interventions.
The assumed efficacy of each intervention used in the model is provided in Table 5. A good European League Against Rheumatism (EULAR) response is better than a moderate EULAR response, which is better than no response. In line with TA375, both ABA sc and RTX was assumed to have the same efficacy of ABA iv.

[bookmark: _Ref59552386][bookmark: _Toc60645424]Table 5: 	Assumed efficacy associated with each treatment, all bDMARDs with MTX
	EULAR response
	ABA iv
	ADA
	csDMARDs
	ETA
	IFX
	TCZ

	Good
	26.3%
	28.1%
	9.7%
	53.0%
	25.6%
	57.2%

	Moderate
	41.4%
	40.5%
	35.5%
	32.4%
	42.8%
	33.0%

	No response
	32.3%
	31.4%
	54.8%
	14.6%
	31.6%
	9.8%



Further details on the consequences of each EULAR response is provided in Stevenson et al.13 If there is no EULAR response to a bDMARD after 6 months the next treatment in the strategy is used.



[bookmark: _Toc60645257]6.3	Model results
As there are biosimilars for RTX, and TCZ has a commercial-in-confidence PAS, full results are not provided here but are supplied to the NICE Appraisal Committee in a confidential addendum. However, to provide some transparency, the QALYs gained by each strategy are provided in Figure 2. For csDMARDs there are three values, each associated with a different relationship between changes in HAQ and change in DAS score. As the results for bDMARDs should not be affected by this parameter, and differences are just Monte-Carlo sampling error, the value for each bDMARD is the average of the three runs. It is seen that when the DAS score of patients with moderate-to-severe RA increases more rapidly, more QALYs are gained due to the earlier use of bDMARDs. However, this would also be associated with additional intervention costs.
[bookmark: _Toc527473515]

[bookmark: _Ref59614659][bookmark: _Toc60645516]Figure 2:	QALYs gained by each strategy






 




As stated, the cost-effectiveness results cannot be presented in this document due to commercial-in-confidence pricing. However, the results were not overly sensitive to the choice of parameter value for the relationship between HAQ score changes and DAS28 changes.


[bookmark: _Toc60645258][bookmark: _Toc527473517]7	CONCLUSIONS 
There appears to be considerable uncertainty in the relationship between changes in HAQ scores and changes in DAS28 scores. A limitation within the published literature is that HAQ score was increasing in only one study; as such the Assessment Group had to assume that the relationship associated with decreasing HAQ scores would also apply when HAQ scores increased.

Our best estimate (0.48) is that reported by Boyd et al.5 which was a study designed for the purpose of establishing such a relationship and provided a value near the middle of other estimates. Sensitivity values were provided for higher (0.90) and lower values (*****) for this relationship.

Cost-effectiveness results cannot be provided in this document, but the incremental cost-effectiveness results were not overly sensitive to the assumed relationship between change in HAQ score and change in DAS28 score.
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[bookmark: _Toc437935235][bookmark: _Toc60645261]Appendix 1: 	Excluded studies with rationale for exclusion

Full-text articles excluded (n =29)


Reasons for exclusion

Data insufficient or unusable (n= 28)
Adams et al. 201014
Baganz et al. 201915  
Bechman et al. 201816 
Bergstra et al. 201917
Boers et al. 201518  
Bremander et al. 201919 
Campbell et al. 201220
Carvalho et al. 202021 
Drossaers-Bakker et al. 199922 
Fatima et al. 202023
Heinimann et al. 201824  
Lee et al. 201725
Linde et al. 200926
Michaud et al. 201127 
Nikiophorou et al. 201628
Norton et al. 201329
Norton et al. 201430
Pan et al. 201931
Prevoo et al. 199532
Rydell et al. 201833 
Scott et al. 200034
Shadick et al. 201935
Sokka et al. 200036
Tanaka et al. 200837 
Ten Klooster et al. 201938
van der Heijde et al. 200639
Ward et al. 201540 
Welsing et al. 200141

J-HAQ (n=1)
Tanaka et al. 201242






[bookmark: _Toc60645262]Appendix 2 	Potential sensitivity analyses

Studies with potential for inclusion in sensitivity analyses

Eleven published studies were considered for sensitivity analyses if the included studies could not provide sufficient data. Data from a cohort presented in one of the included studies, Nair et al  2014 11 had baseline DAS over 5.1 and is presented in this appendix. Details are provided in Table 6.

Most of the studies had a population with no prior biologic treatment, however three studies included patients with prior biologics at baseline (Genovese et al 201643 Wendler et al 2014.44 Koizumi et al  202045).

In all eleven studies, HAQ and DAS were assessed by physicians. Blinding of outcome assessors was explicit in two studies46 43 and a third study had DAS calculations by a blinded research nurse.47

Furthermore, unpublished data presented by AbbVie in its submission to NICE has been included in Table 6.

[bookmark: _Ref59525858][bookmark: _Toc60645425]Table 6	Study characteristics of studies providing data, but excluded 
	Reference
	Study
	Sample size
	Follow-up
	Reason not meeting inclusion criteria

	Abbvie unpublished data
	“upadacitinib trials’ data”
	>1000
	≥ 3 months
	Baseline DAS28 score > 5.1

	Andersson et al. 201748

	Comparing outcomes of two cohorts of RA patients, data from the BARFOT study
	Cohort 1 n=928
Cohort 2 n=1010
	8 years
	Baseline DAS28 score > 5.1

	Baker et al.  201746


	MRI sub-study of GOBEFORE, RCT of golimumab among methotrexate-naïve patients
	291
	12 months

	Baseline DAS28 score > 5.1

	Behrens et al.  201949

	Data from multicentre observational trial, full cohort and restricted cohort data, to determine a statistically
defined critical difference for HAQ-DI
	2740
	6 months
	Baseline DAS28 score > 5.1 (for cohort providing data)

	Genovese et al. 201643
	Investigating baricitinib treatment, RA-BEACON RCT
	527
	24 weeks
	Baseline DAS28 score > 5.1

	Gwinnutt et al.    20209
Clusters 1-4

	Investigating clusters of symptoms associated with poor outcomes in early RA in the Rheumatoid Arthritis Medication Study, a UK multicentre cohort study
	455
	12 months 6 months of HAQ and DAS28 score changes
	Baseline DAS28 score > 5.1

	Koizumi et al.   202045

	Investigating factors for maintaining long-term functional remission, data from database of patient records
	205
(of whom Remission n=154; 
No remission n=51)
	1 year
	Baseline DAS28 score < 3.2.
Data from Japanese treatment, and so probably J-HAQ (not HAQ)

	Nair et al.    201350 

	Investigating disease activity and
functional disability in T2T of RA, data from three cohorts, Netherlands
	1, 034
(of whom Pyramid cohort n=551; CAMERA I n=299; CAMERA II n=236)
	120 months 
	Baseline DAS28 score > 5.1

	Nair et al. 201411
	Investigating whether treatment effects of pragmatic clinical trials are generalisable to clinical practice, 
data from pragmatic clinical trials of the Utrecht Rheumatoid Arthritis Cohort 

	Data from RCTs n=398;

	6 months
	Baseline DAS28 score > 5.1

	Norton et al.  201329


	to identify subgroups with distinct trajectories of functional (HAQ) progression, Consecutive patients diagnosed with RA with symptoms
<2 years (median 6 months) and prior to disease-modifying treatment were recruited into the Early RA Study
(ERAS)

	1460
	10 years
	DAS44 used (not DAS28)

	Radner et al.  201551

	investigating the
course of physical function in patients with sustained (24 weeks) DAS28 remission (DAS28CRP≤2.6),
Information from clinical trials in RA patients and newly introduced TNFi or csDMARDs 

	610  
	24 weeks
	Baseline DAS28 score > 5.1

	van der Kooi et al. 201147
	Investigating DAS and functional
ability during DAS-steered treatment, data from BeST RCT

	508
	5years
	DAS44 used (not DAS28)

	Wendler et al.  201444
	Investigating RTX in RA, prospective observational study (GERINIS study)
	1658




	8 months


	Baseline DAS28 score > 5.1
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