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Scientific summary

Background

Although biological therapies have transformed the outlook for those with rheumatoid arthritis, the lack
of any meaningful response in approximately 40% of patients, the potential side effects and the high cost
of these drugs have highlighted the need to define predictive biomarkers of response and to stratify
patients according to therapeutic outcome. The importance of B cells in rheumatoid arthritis pathogenesis
is supported by the efficacy of the B-cell-depleting agent rituximab (MabThera, F. Hoffman La-Roche Ltd,
Basel, Switzerland). Rituximab is licensed for use with rheumatoid arthritis following the failure of
conventional synthetic disease-modifying antirheumatic drugs and tumour necrosis factor inhibitor
biologicals. In this increasing therapeutically resistant cohort, only 30% of patients achieve a major
treatment response at 6 months. However, over 50% of patients show low/absent synovial B-cell
infiltration, suggesting that synovial inflammation is driven by alternative cell types. This prompted us
to test the hypothesis that, in synovial-biopsy B-cell-poor patients, tocilizumab (RoActemra, F. Hoffman
La-Roche Ltd, Basel, Switzerland) (targeting interleukin 6) is superior to rituximab (targeting CD20+/B cells).

Objectives

The main aim of this study was to test the hypothesis that the presence or absence of specific
synovial cellular and molecular signatures (B cells and B-cell-associated signatures), assessed following
a synovial tissue biopsy, will enrich for response/non-response to the B-cell-depleting anti-CD20
monoclonal antibody, rituximab.

Methods

Design
We conducted a Phase IV, open-label, multicentre, randomised controlled trial. Patients were randomised
to receive rituximab or tocilizumab and were stratified according to histological classification of
baseline synovial biopsy (B-cell poor, B-cell rich, germinal centre positive or unknown) and by site
(Queen Mary University of London vs. all other sites).

Patients were followed up at 4-weekly intervals throughout the 48-week trial treatment period, at
which times the rheumatoid arthritis disease activity measurements and safety data were collected.
An optional repeat synovial biopsy of the same joint sampled at baseline was performed at 16 weeks.

Setting
Rheumatology outpatient clinics in 19 European centres.

Participants
Patients aged ≥ 18 years fulfilling the 2010 American College of Rheumatology/European League
Against Rheumatism classification criteria for rheumatoid arthritis, and who were eligible for treatment
with rituximab therapy in accordance with UK National Institute for Health and Care Excellence guidelines
[i.e. failing on or intolerant to conventional synthetic disease-modifying antirheumatic drug therapy
and at least one biological therapy (excluding trial investigational medicinal products)], were eligible for
recruitment to the study and identified through rheumatology outpatient clinics at each study site.
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Sample size
A sample size of 82 B-cell-poor patients was planned to provide 90% power to detect a 35% difference
(assuming 55% response in tocilizumab and 20% response in rituximab) in the proportion of patients
who had a response. The assumed proportions of B-cell-poor, B-cell-rich and germinal centre-positive
recruited patients were 60%, 35% and 5%, respectively. After accounting for 10% ungradable biopsy
samples and a 5% dropout rate, we estimated that a total of 160 patients was required to achieve
90% power for the study. No power calculation was conducted for the B-cell-rich population.

Interventions
Patients underwent a synovial biopsy of a clinically active joint at trial entry. Synovial tissue was
retained for both histological analysis and ribonucleic acid extraction. Histological classification of
synovial tissue was performed following immunohistochemical staining for CD20+ B cells according
to a predefined algorithm to stratify patients into B-cell-rich and B-cell-poor categories. Following
synovial biopsy and subsequent randomisation, rituximab was administered at baseline as two
1000-mg infusions 2 weeks apart, or tocilizumab was administered at baseline as an 8-mg/kg infusion
at 4-weekly intervals.

Outcome measures
The study was powered to test in the B-cell-poor population superiority of tocilizumab over rituximab
at 16 weeks. The primary end point was defined as an improvement in the Clinical Disease Activity
Index (CDAI) score of ≥ 50% from baseline. In addition, patients were considered to be non-responders
if they did not reach an improvement in CDAI score of ≥ 50% and a CDAI score of < 10.1, defined for
simplicity as CDAI major treatment response (CDAI-MTR).

Patients who were deemed to be responders at 16 weeks continued on their allocated treatment,
with rituximab infusions being repeated at 24 weeks. Non-responders were switched to the
alternative biological therapy (switch patients) and treatment response was determined at 16 weeks
post switch.

Secondary outcomes included assessment of CDAI response (as defined for primary outcome analysis)
at 16 weeks in the B-cell-rich cohort. Additional secondary efficacy analyses were performed in both
the B-cell-rich and the B-cell-poor populations with and without week 16 switch patients based on the
following parameters at week 16: mean improvement in Disease Activity Score in 28 joints (DAS28)
C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR); number of patients in remission,
defined as DAS28 of ≤ 2.6, or with low disease activity, defined as DAS28 of ≤ 3.2; and percentage
of patients with low disease activity, defined as a CDAI score of < 10.1. Additional key secondary
end points included the rates of low disease activity and remission as measured by DAS28(ESR) and
DAS28(CRP) and patient-reported outcomes such as fatigue up to week 48. The incidence and severity
of all adverse events were recorded.

Exploratory end points included the evaluation of change in synovial molecular signatures and
therapeutic response to tocilizumab or rituximab.

Analysis
The primary end point and other binary end points were analysed using a two-sided alpha of 0.05
significance level by chi-squared test or Fisher’s exact test, as appropriate. For continuous secondary
outcomes, an analysis of covariance was performed with treatment as the factor and baseline score as
the covariate. Changes from baseline within groups were analysed using paired Wilcoxon signed-rank
tests. All statistical analyses were carried out using R version 3.5.1 (The R Foundation for Statistical
Computing, Vienna, Austria).
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Results

Patients and demographics
Of the 212 patients screened, 190 consented and 164 were randomised. The trial ended because
the recruitment targets were reached. Eighty-three patients were randomised to receive rituximab and
81 patients were randomised to receive tocilizumab. A total of 161 patients received the investigational
medicinal product. Baseline characteristics, disease activity and histological groups were balanced
across the treatment groups. Most patients were female (80%) and the majority were seropositive for
rheumatoid factor (67%) or anticitrullinated peptide antibodies (77%). The median disease duration was
9 years (interquartile range 4–19 years). Disease activity was high [mean DAS28(ESR) of 5.8 (standard
deviation 1.2)] and a total of 49% of patients were classified as B-cell poor compared with 40% of
patients being classified as B-cell rich.

Treatment response in the B-cell-poor population
Seventy-nine (49%) patients who received the investigational medicinal product were classified as B-cell
poor histologically, 38 (48%) of whom were randomised to rituximab and 41 (52%) to tocilizumab. At
16 weeks, there was no significant difference between groups in the primary outcome, an improvement
in CDAI score of ≥ 50% response rate (risk ratio 1.25, 95% confidence interval 0.8 to 1.96). However, a
supplementary analysis of CDAI-MTR did reach statistical significance (risk ratio 1.96, 95% confidence
interval 1.01 to 3.78). When B-cell-poor classification was determined by ribonucleic acid sequencing,
67 (50%) patients were classified as B-cell poor, of whom 33 (49%) were randomised to rituximab and
34 (51%) to tocilizumab. In this case, the primary end point and CDAI-MTR were both met (risk ratio 1.72,
95% confidence interval 1.02 to 2.91, and risk ratio 4.12, 95% confidence interval 1.55 to 11.01,
respectively). Similar results were obtained for other secondary end points, with significantly more
patients in the tocilizumab group than in the rituximab group achieving DAS28(ESR) remission and DAS28
(ESR) moderate/good European League Against Rheumatism response and tocilizumab-treated patients
achieving significantly greater decreases in DAS28(ESR), DAS28(CRP) and Functional Assessment of
Chronic Illness Therapy (FACIT) fatigue score between baseline and week 16 than those in the rituximab
group. The area under the curve of mean change in DAS28(ESR/CRP) between baseline and 16 weeks
was also significantly greater in patients treated with tocilizumab than in those treated with rituximab.
We performed further analyses including patients who responded to first-line investigational medicinal
product and those who were switched to alternative investigational medicinal product after failing to
achieve the primary end point (improvement in CDAI score of ≥ 50%) or CDAI-MTR (improvement
in CDAI score of ≥ 50% and CDAI score of < 10.1) at 16 weeks. Treatment responses at 16 weeks
following treatment initiation again demonstrated significantly higher response rates to tocilizumab
through the majority of outcome measures evaluated. Per-protocol analyses showed results consistent
with the intention-to-treat analysis.

Treatment response in the B-cell-rich population
Although the study was not powered for the analysis of the B-cell-rich group, 64 (40%) patients who
received investigational medicinal product were classified as B-cell rich. Of these, 33 (52%) were
randomised to the rituximab group and 31 (48%) to the tocilizumab group. At week 16, there were
no significant differences in the number or proportion of patients achieving the primary end point
(improvement in CDAI score of ≥ 50%: risk ratio 1.31, 95% confidence interval 0.76 to 2.26) or the
CDAI-MTR (an improvement in CDAI score of ≥ 50% and CDAI score of < 10.1: risk ratio 2.34, 95%
confidence interval 0.92 to 5.97) when patients were classified histologically or molecularly. Likewise,
there were no significant differences between treatment groups in secondary end points, except that
the number of patients achieving DAS28(ESR) remission was significantly larger in the tocilizumab
group than in the rituximab group, and that the mean decrease in DAS28(ESR) was significantly greater
in the tocilizumab group. Analyses included patients who switched to the alternative investigational
medicinal product at week 16 (following treatment failure to the primary drug) and per-protocol analyses,
which showed consistent results.
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Interaction between the treatment response and the B-cell status
The likelihood ratio test that was performed through logistic regression showed no evidence of an
interaction between the investigational medicinal product and the histologically defined B-cell
subgroups for the primary end point (p = 0.95) or CDAI-MTR (p = 0.82). When testing the interaction
between the ribonucleic acid sequencing-defined B-cell subgroup and the investigational medicinal
product, no significant interaction was observed when using the primary end point (p = 0.096), but
a significant interaction was observed when using the CDAI-MTR (p = 0.049). The study was not
powered for this analysis because this would require a larger number of patients.

Treatment response and immune histological parameters
There were no differences in the baseline histological parameters that were evaluated between the
rituximab-treated and tocilizumab-treated groups. A paired week 16 synovial biopsy was available in
41 patients who were treated with rituximab and 24 patients who were treated with tocilizumab. In the
rituximab group, we saw a significant decrease in CD20+ and CD79a+ B-cell scores, synovitis scores, CD138+

plasma cell scores and CD68+ sublining macrophage scores at 16 weeks. In the rituximab-treated group,
when patients were stratified into week 16 responder and non-responder (improvement in CDAI score of
≥ 50%) groups, CD20+ and CD79a+ B-cells decreased significantly between baseline and 16 weeks in both
groups, although the percentage decrease was larger in the responder group. For rituximab-treated patients,
the CD138+ plasma cell score was the only histological parameter that demonstrated a significant decrease in
the responder group only. In patients treated with tocilizumab in whom a paired biopsy was available, the
only significant change at week 16 was a decrease in CD68+ sublining macrophages. Changes in histological
parameters when tocilizumab-treated patients were stratified into responder and non-responder groups
were less notable than in the rituximab-treated group, with only CD68+ sublining macrophages showing a
significant change from baseline.

Ribonucleic acid sequencing analysis
Ribonucleic acid sequencing analysis was carried out in patients for whom high-quality data could be
obtained following quality control of library preparation and principal components analysis evaluation.
We analysed patients who were treated with rituximab (n = 101) and tocilizumab (n = 82) separately
to assess the change in gene expression between the baseline and the primary end point in responders
and non-responders to treatment (European League Against Rheumatism good/moderate vs. none).
As well as analysing the change in responders and non-responders individually, the difference in the
change between these two groups was also investigated.

In the gene-level analysis, the expression of MS4A1 (the gene encoding CD20) decreased significantly
(p < 0.05) in the rituximab-treated group in both responders and non-responders, but the reduction
in MS4A1 expression over time was more significant in responders, which may suggest that individuals
responded better because of improved B-cell depletion in synovial tissue. The expression of the
interleukin-6 gene in the tocilizumab-treated group decreased in responders (p < 0.05), but there was
no significant change in non-responders.

Next, we examined the change in module or pathway expression between groups and found a significant
decrease in B-cell module expression in the responders (p < 0.05), but not in the non-responders in the
rituximab-treated group. There were no significant changes in the degree of interleukin-6 pathway
expression in the tocilizumab-treated group in either the responders or the non-responders.

Safety and adverse events
There were more adverse events in patients treated with tocilizumab than in those treated with rituximab
(327 vs. 284), and also more serious adverse events (18 vs. 8, respectively). One patient in the rituximab-
treated group and three patients in the tocilizumab-treated group discontinued the investigational
medicinal product because of serious adverse events. The serious adverse events included six infections,
three in each group, and five ischaemic cardiac events, four in the tocilizumab group and one in the
rituximab group. One death because of suicide was reported in the rituximab group. No malignancies
were reported. Importantly, no serious adverse events related to synovial biopsy were reported.
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Conclusions

To our knowledge, this is the first biopsy-based, multicentre, randomised controlled trial for rheumatoid
arthritis, and we were unable to demonstrate that tocilizumab is more effective than rituximab in
patients with a B-cell-poor pathotype in our primary analysis. However, superiority was shown in some
supplementary and secondary analyses. The supplementary and secondary analyses overcame possible
unavoidable weaknesses in our original study plan, in which the histological method of determining B-cell
status may have misclassified some participants, and our chosen primary outcome that was insufficiently
sensitive. In more detail, when synovial B-cell-poor status was defined histologically, no significant
difference was observed in the primary outcome. However, superiority was found in the supplementary
analyses that examined the proportion of patients treated with tocilizumab or rituximab who achieved
CDAI-MTR. In addition, when B-cell-poor classification was determined molecularly, both the primary end
point and the CDAI-MTR were met. Other secondary end points showed similar findings, with statistically
more tocilizumab-treated patients than rituximab-treated patients achieving favourable outcomes.

Although the study was not powered to detect differences in a B-cell-rich rheumatoid arthritis
population, the results of the analyses, whether patients were classified histologically or molecularly,
suggested that clinical outcomes were similar when patients were treated with rituximab or tocilizumab.
Importantly, our results were consistent in both the intention-to-treat and the per-protocol cohort
analyses, and similar outcome results were demonstrated through to week 24.

Analysis of the synovial histological response to rituximab is in line with previously published data from
observational cohorts, which report significant decreases in synovial B cells following treatment with
rituximab, although no significant associations between the degree of synovial B-cell depletion and
the clinical response were observed. This result may have been influenced by a skewed population of
participants who agreed to have a second biopsy and which included a larger number of non-responder
patients. Importantly, in line with previous reports, our data identified CD138+ plasma cell depletion
as a significant marker of response to rituximab. In addition, the significant decrease in expression of
genes associated with B cells, at both module and single-gene level (MS4A1, the gene encoding CD20,
which is the target of rituximab) in responders but not in non-responders, suggests that modulation of
specific target expression levels measured by ribonucleic acid sequencing may be a more sensitive
method than analysing the number of B cells histologically to determine the mechanisms of
treatment response.

The safety analysis showed a larger number of serious adverse events and adverse events in patients
treated with tocilizumab than in those treated with rituximab; these adverse events were largely
unrelated to the study drug but may suggest, in this first head-to-head trial of rituximab and tocilizumab,
that tocilizumab is less well tolerated than rituximab. Importantly, there were no serious adverse events
related to synovial biopsy.

The study does have limitations, including uncertainty about the optimal B-cell-poor/-rich classification
(cellular vs. molecular) and the inclusion of an active comparator (tocilizumab), which, similar to
rituximab, modulates B-cell function and survival. The selection of tocilizumab was a pragmatic choice
based largely on the accessibility of NHS trusts participating in the trial to this biological treatment.
An additional limitation is the lack of double blinding for the investigational medicinal product. Finally,
the adoption of the CDAI as a primary outcome measure rather than the DAS28/European League
Against Rheumatism response has significantly influenced the clinical response rates to investigational
medicinal products.

In conclusion, the trial failed to demonstrate superiority of tocilizumab over rituximab when the biopsy
was analysed histologically, suggesting that this method cannot be used for drug selection. However, the
molecular classification showed stronger correlations with clinical responses indicating that in B-cell-poor
rheumatoid arthritis patients tocilizumab is significantly more likely to induce a clinical response than
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rituximab. Future studies will be required to establish whether or not molecular pathology analysis of
synovial tissue has clinical utility in accurately identifying patients with low B-cell infiltrate and in guiding
biological choice (e.g. rituximab) in rheumatoid arthritis.

Trial registration

This trial is registered as ISRCTN97443826.

Funding

This project was funded by the Efficacy and Mechanism Evaluation (EME) programme, a Medical
Research Council and National Institute for Health and Care Research (NIHR) partnership. This will be
published in full in Efficacy and Mechanism Evaluation; Vol. 9, No. 7. See the NIHR Journals Library
website for further project information.

SCIENTIFIC SUMMARY: THE R4-RA RCT

NIHR Journals Library www.journalslibrary.nihr.ac.uk

viii



Efficacy and Mechanism Evaluation

ISSN 2050-4365 (Print)

ISSN 2050-4373 (Online)

Efficacy and Mechanism Evaluation (EME) was launched in 2014 and is indexed by Europe PMC, DOAJ, Ulrichsweb™ (ProQuest
LLC, Ann Arbor, MI, USA) and NCBI Bookshelf.

This journal is a member of and subscribes to the principles of the Committee on Publication Ethics (COPE)
(www.publicationethics.org/).

Editorial contact: journals.library@nihr.ac.uk

The full EME archive is freely available to view online at www.journalslibrary.nihr.ac.uk/eme.

Criteria for inclusion in the Efficacy and Mechanism Evaluation journal
Reports are published in Efficacy and Mechanism Evaluation (EME) if (1) they have resulted from work for the EME
programme, and (2) they are of a sufficiently high scientific quality as assessed by the reviewers and editors.

EME programme
The Efficacy and Mechanism Evaluation (EME) programme funds ambitious studies evaluating interventions that have the
potential to make a step-change in the promotion of health, treatment of disease and improvement of rehabilitation or long-term
care. Within these studies, EME supports research to improve the understanding of the mechanisms of both diseases and
treatments.

The programme supports translational research into a wide range of new or repurposed interventions. These may include
diagnostic or prognostic tests and decision-making tools, therapeutics or psychological treatments, medical devices, and public
health initiatives delivered in the NHS.

The EME programme supports clinical trials and studies with other robust designs, which test the efficacy of interventions, and
which may use clinical or well-validated surrogate outcomes. It only supports studies in man and where there is adequate proof of
concept. The programme encourages hypothesis-driven mechanistic studies, integrated within the efficacy study, that explore the
mechanisms of action of the intervention or the disease, the cause of differing responses, or improve the understanding of adverse
effects. It funds similar mechanistic studies linked to studies funded by any NIHR programme.

The EME programme is funded by the Medical Research Council (MRC) and the National Institute for Health and Care Research
(NIHR), with contributions from the Chief Scientist Office (CSO) in Scotland and National Institute for Social Care and Health
Research (NISCHR) in Wales and the Health and Social Care Research and Development (HSC R&D), Public Health Agency in
Northern Ireland.

This report
The research reported in this issue of the journal was funded by the EME programme as project number 11/100/76. The
contractual start date was in December 2012. The final report began editorial review in September 2019 and was accepted for
publication in May 2020. The authors have been wholly responsible for all data collection, analysis and interpretation, and for
writing up their work. The EME editors and production house have tried to ensure the accuracy of the authors’ report and would
like to thank the reviewers for their constructive comments on the final report document. However, they do not accept liability
for damages or losses arising from material published in this report.

This report presents independent research. The views and opinions expressed by authors in this publication are those of the
authors and do not necessarily reflect those of the NHS, the NIHR, the MRC, the EME programme or the Department of
Health and Social Care. If there are verbatim quotations included in this publication the views and opinions expressed by the
interviewees are those of the interviewees and do not necessarily reflect those of the authors, those of the NHS, the NIHR,
the EME programme or the Department of Health and Social Care.

© Queen’s Printer and Controller of HMSO 2022. This work was produced by Humby et al. under the terms of a commissioning
contract issued by the Secretary of State for Health and Social Care. This issue may be freely reproduced for the purposes of
private research and study and extracts (or indeed, the full report) may be included in professional journals provided that
suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for
commercial reproduction should be addressed to: NIHR Journals Library, National Institute for Health and Care Research,
Alpha House, University of Southampton Science Park, Southampton SO16 7NS, UK.

Published by the NIHR Journals Library (www.journalslibrary.nihr.ac.uk), produced by Prepress Projects Ltd, Perth, Scotland
(www.prepress-projects.co.uk).



NIHR Journals Library Editor-in-Chief

NIHR Journals Library Editors

Professor Ken Stein   Professor of Public Health, University of Exeter Medical School, UK

Professor John Powell Consultant Clinical Adviser, National Institute for Health and Care Excellence (NICE), UK, 
and Professor of Digital Health Care, Nuffield Department of Primary Care Health Sciences, University of Oxford, UK

Professor Andrée Le May  Chair of NIHR Journals Library Editorial Group (HSDR, PGfAR, PHR journals) and 
Editor-in-Chief of HSDR, PGfAR, PHR journals

Professor Matthias Beck  Professor of Management, Cork University Business School, Department of Management
and Marketing, University College Cork, Ireland

Dr Tessa Crilly  Director, Crystal Blue Consulting Ltd, UK

Dr Eugenia Cronin   Consultant in Public Health, Delta Public Health Consulting Ltd, UK

Dr Peter Davidson   Interim Chair of HTA and EME Editorial Board.  Consultant Advisor, School of Healthcare Enterprise 
and Innovation, University of Southampton, UK

Ms Tara Lamont   Senior Adviser, School of Healthcare Enterprise and Innovation, University of Southampton, UK

Dr Catriona McDaid  Reader in Trials, Department of Health Sciences, University of York, UK

Professor William McGuire   Professor of Child Health, Hull York Medical School, University of York, UK

Professor Geoffrey Meads   Emeritus Professor of Wellbeing Research, University of Winchester, UK

Professor James Raftery   Professor of Health Technology Assessment, School of Healthcare Enterprise 
and Innovation, University of Southampton, UK

Dr Rob Riemsma   Consultant Advisor, School of Healthcare Enterprise and Innovation, University of 
Southampton, UK

Professor Helen Roberts   Professor of Child Health Research, Child and Adolescent Mental Health, Palliative Care 
and Paediatrics Unit, Population Policy and Practice Programme, UCL Great Ormond Street Institute of Child Health, 
London, UK

Professor Jonathan Ross  Professor of Sexual Health and HIV, University Hospital Birmingham, UK

Professor Helen Snooks  Professor of Health Services Research, Institute of Life Science, College of Medicine, 
Swansea University, UK

Professor Ken Stein   Professor of Public Health, University of Exeter Medical School, UK

Professor Jim Thornton  Professor of Obstetrics and Gynaecology, Faculty of Medicine and Health Sciences, 
University of Nottingham, UK 

Please visit the website for a list of editors: www.journalslibrary.nihr.ac.uk/about/editors

Editorial contact:  journals.library@nihr.ac.uk



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 100
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 100
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU (Web PDFs for NIHR Journals Library article summaries \(executive summary, scientific summary, lay summary\). RGB colour space, low-resolution images.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


