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1 Abstract  

 

Objective  

To investigate the utility of ultrasonographic measures of synovitis in rheumatoid arthritis (RA) early 

phase clinical trials.  

 

Methods  

Study 1 contained a double-blind, placebo and comparator controlled two-centre study to 

investigate the effect of 28 days repeat daily oral dosing of 60 mg of an inducible nitric oxide 

synthase inhibitor GW274150 or 7.5 mg prednisolone in RA. 50 subjects (DAS28≥4.0) were 

randomized into 3 treatment arms of 17, 19 and 14 (on placebo, GW274150 and prednisolone 

respectively). Synovial vascularity was assessed in the transverse plane over the dorsum of all 10 

metacarpophalangeal joints (MCPJs) by ultrasonography and measured quantitatively as power 

Doppler area (PDA). Study 2 was a randomized, double-blind, parallel group, placebo controlled two-

centre study to assess the effects of oral prednisone (15 mg once daily) on DAS28(CRP) and 

ultrasonographic measures of MCPJ synovitis (quantitative and qualitative assessments of synovial 

vascularity and thickness measured in the longitudinal and transverse planes over the dorsum) in 18 

subjects (10 placebo and 8 prednisone) with RA (DAS28≥3.2) over 2 weeks; endpoints measured on 

Day 1 (baseline), Day 2, Day 8 and Day 15. 
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Results 

Study 1: At Day 28, there was a 55% decrease in PDA for GW274150, compared with placebo 

although the result was not statistically significant (p=0.375). Prednisolone 7.5 mg resulted in a 

highly statistically significant decrease of 95% (p=0.003). Study 2: In the prednisone group significant 

treatment effects were observed at all time points for a variety of US endpoints (largest effect 

size=1.82) but only at Day 15 for DAS28(CRP) (effect size=0.95, P=0.032). The parallel scan inter-

reader reliability of summated 10 MCPJ scores were good to excellent (ICC values >0.61) for the 

majority of ultrasound measures.  

 

Conclusion 

Ultrasonography of MCPJs could be utilized in early phase RA clinical trials to reduce patient 

numbers and trial length.  

 

Key words:  

 

Rheumatoid Arthritis  

Ultrasound  

Power Doppler Ultrasound 

Gray-Scale Ultrasound 

Corticosteroid 

Prednisolone 



6 

 

Prednisone 

GW274150 

iNOS (inducible nitric oxide synthase) 

Metacarpophalangeal Joints 

Synovitis  
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2 List of Abbreviations 

2D 2-dimensional 

3D 3-dimensional 

IIINyS Nitrosylated form of the N-telopeptide of human type III collagen 

ACR American College of Rheumatology 

AE Adverse event 

AIA Adjuvant-induced arthritis  

ALP Alkaline phosphatase 

ALT Alanine transaminase 

AST Aspartate transaminase 

AUC Area under the concentration-time curve 

AUC(0-t) Area under the concentration-time curve from time zero (pre-dose) to time t 

AUC(0- ) Area under the concentration-time curve from time zero (pre-dose) to infinity  

BLQ Below the level of quantification 

BMI Body mass index 

BP Blood pressure 

CCP Cyclic citrullinated peptide 

CC Correlation Coefficient  

CD Colour Doppler 

CE MRI Contrast enhanced magnetic resonance imaging 

CI Confidence interval 

CIA Collagen-induced arthritis 

CK Creatinine Kinase 

cm Centimetre 

Cmax Maximum observed concentration  

CRF Case report form 

CRP C-reactive protein 

CVb Between-subject coefficient of variation 

DAS Disease activity score 

DIPJ Distal interphalangeal joint 

DMARD Disease modifying anti-rheumatic drug 

ECG Electrocardiogram 

ESR Erythrocyte sedimentation rate 

EULAR European league against rheumatism 

FDA Food and Drug Administration 

GSK GlaxoSmithKline 

γGT γ-glutamyl transpeptidase  

g Gram 

h Hour(s) 

HAQ Health assessment questionnaire 

HAQ-DI Health assessment questionnaire disability index 

HFUS High-frequency ultrasound (gray-scale) 
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HR  Heart rate 

IA Intra-articular 

IC50 Concentration that causes 50% inhibition 

ICC Intraclass correlation coefficient 

IL Interleukin 

iNOS Inducible nitric oxide synthase 

IU International units 

kg Kilogram 

L Litre 

LDH Lactate dehydrogenase 

LFT Liver function test 

LLQ Lower limit of quantification 

Lt Left 

MAF Multidimensional assessment of fatigue scale questionnaire 

MCH mean corpuscular haemoglobin 

MCP Metacarpophalangeal 

MCPJ Metacarpophalangeal joint 

MCV Mean corpuscular volume 

mg Milligram 

min Minute(s) 

mL Millilitre 

mmol Millimole 

MMP Matrix metalloproteinase 

mRNA Messenger ribonucleic acid 

MTP Metatarsophalangeal 

MTPJ Metatarsophalangeal joint 

MTX Methotrexate 

N Number of subjects entered or randomized to the study 

n Number of subjects  

NICE National Institute for Health and Clinical Excellence 

ng Nanogram 

NO Nitric oxide 

NOAEL No observed adverse effect level 

OA Osteoarthritis 

PD Power Doppler 

PDA Power Doppler area 

PDUS Power Doppler ultrasound 

PGx Pharmacogenetic 

PIP Proximal interphalangeal 

PIPJ Proximal interphalangeal joint 

PGADA Patient's global assessment of disease activity 

PK Pharmacokinetics 

QTc Corrected QT interval 

RA Rheumatoid arthritis 

RBC Red blood cell count 

RESE Rates of early synovial enhancement 

RF  Rheumatoid factor 

ROI Region of interest 

Rt Right 
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SAE Serious adverse event 

SF Synovial fluid 

SJC Swollen joint count 

ST  Synovial thickness 

STA Synovial thickness area 

STi  Synovial thickness index (summated score) 

t1/2 Half-life 

TJC Tender joint count 

tmax  Time to maximum observed concentration 

TNF Tumour necrosis factor 

US Ultrasonography 

VAS Visual analogue scale 

VASC  Vascularity 

VASCi Vascularity Index (summated score) 

VEGF Vascular endothelial growth factor 

WBC White blood cell count 
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3 Background  

3.1 Rheumatoid arthritis 

3.1.1 Burden of rheumatoid arthritis  

Rheumatoid arthritis (RA) is a chronic inflammatory disease which is characterized by erosion of 

cartilage and bone. The underlying cause of RA is not fully understood but it is considered to be an 

autoimmune disease. RA has a prevalence of 0.5–1% worldwide. A study reporting RA duration of 

time from onset until work disability found that 10% of patients stopped working in the first year 

after onset and approximately half stop working in the first decade [1].  

Joint damage and disability both increase throughout the duration of treated RA. In the earliest 

phase of RA, x-ray damage and disability (measured by health assessment questionnaire [HAQ] 

score) are not related. By 5–8 years, there are significant correlations (correlation coefficients 

between 0.3 and 0.5). In late RA (>8 years) most studies show highly significant correlations between 

0.3 and 0.7 [2]. Therefore, avoiding or reducing joint damage in both early and late RA is likely to 

maintain function.  

 

3.1.2 Pathophysiology of rheumatoid arthritis  

It is a general belief that persisting inflammatory synovitis correlates with joint damage. Synovitis 

that is adherent to cartilage and locally invasive is termed ‘pannus’ and its development precedes 

destruction of cartilage and bone. Thus, it is a key event in the pathogenesis of RA [3]. Pannus in the 
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active phase of erosive disease is vascular [4, 5]. Therefore, assessment of synovial vascularity in RA 

is predicted to provide information concerning the destructive potential of synovitis.  

 

3.2 Clinical trials and drug development 

Once a drug has adequately passed a preclinical safety evaluation, its development can then 

progress to clinical trials. In humans, new drugs are developed through four phases:  

Phase I involves the initial human exposure to the drug and the subjects are usually young healthy 

male volunteers. Studies are initiated with single rising dose studies and are escalated to multiple 

dosing studies. Phase I studies usually have small subject numbers (20-100). This phase is principally 

a safety evaluation of the drug and includes assessments of pharmacokinetics and 

pharmacodynamics and determination of the dose range that is tolerated by healthy subjects. 

Sometimes investigations are performed to determine drug reactions with agents that are often 

commonly co-prescribed (referred to as a Phase Ib trial).    

Phase II trials are conducted if a drug has satisfactorily completed the Phase I studies. The phase II 

trials are the first patient studies. They aim to establish the safety profile of the drug in patients, to 

establish the clinical efficacy and also to determine the dose range to be used in the next, more 

extensive Phase III trials. The Phase II trials are usually randomized double-blind placebo-controlled 

trials and have relatively small patient numbers (100-500) compared with Phase III trials (1000-

5000). Phase II trials are useful in delivering a decision on whether further testing of the drug is 

indicated. Phase II studies are sometimes divided into Phase IIa and Phase IIb. Phase IIa is purposely 

designed to study efficacy whereas Phase IIb is designed to assess drug dosing requirements in order 

to select a dose for Phase III. Proof-of-concept (also known as proof-of-principle) studies are carried 

out to determine if there is early evidence of clinical efficacy, using a small targeted number of 
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subjects, to warrant taking a drug further in development. Proof-of-concept studies are considered 

to be Phase II clinical trials. These studies establish whether the essential attributes for success are 

present and the causes of failure are absent. They also focus on attributes that may represent a 

threat to the success of the drug in critical areas such as safety, pharmaceutics, as well as 

commercial and regulatory issues. In addition, proof-of-concept studies may define potential 

biological markers for clinical efficacy or toxicity.  

 

Phase III trials involve large numbers of patients (1000-5000) in typically multicenter randomized 

double-blind studies which can be either placebo-controlled or have active controls. The aims of 

these trials are to: determine the efficacy of the new drug often in comparison with drugs of 

established efficacy that are already available, identify groups of patients that respond more or less 

well to the drug, gauge the overall risk to benefit ratio of the drug, provide further drug safety 

information by discovering less common adverse reactions or drug interactions with drugs that have 

been co-prescribed, and ultimately obtain marketing approval if justified.  

 

Phase IV trials are performed after marketing approval and are prospective. They are usually studies 

that determine: drug interactions, any new adverse events or risk factors for drug toxicity, duration 

of treatment, dosage requirements or need for new formulations [6].  

 

 

3.3 RA clinical trials 

This section is mostly applicable to Phase III clinical trials but is also relevant to Phase II and to a 

much lesser extent to phase IV trials. There is no single quantitative measure to assess and monitor 

the clinical status in patients with RA due to the fact that patients with RA differ in their clinical 

manifestations and course of their disease [7, 8]. However many outcomes are recognized by 
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rheumatologists and health authorities to be important in assessing disease status. A variety of 

measures have been chosen to investigate these outcomes in RA clinical trials. These outcome 

measures are exemplified in the American College of Rheumatology (ACR) Core Data Set proposed in 

1993 [9]. The data set includes swollen joint count, tender joint count, physician assessment of 

global status, acute-phase reactant (erythrocyte sedimentation rate [ESR] or C-reactive 

protein[CRP]), functional status, pain, patient estimate of global status, and imaging (radiographs in 

studies over 1 year or longer for disease modifying studies). It was proposed that this core set of 

individual measures should be reported in clinical trials of RA. The ACR Core Data Set was 

subsequently endorsed by the World Health Organisation, the International League Against 

Rheumatism and the European League Against Rheumatism (EULAR) [10]. 

The outcome measures recognized by rheumatologists and health authorities to be important in 

assessing disease status can be broadly divided into three groups: clinical efficacy (includes signs and 

symptoms of disease), radiographic outcomes (bony structural) and long-term functional (disability) 

outcomes. The Food and Drug Administration (FDA) recommended that in clinical trials for product 

licensure, data on these three outcome groups should be collected, respectively, for no less than 6 

months to identify acute improvements in clinical signs and symptoms, 1 year to assess radiologic 

effects and 2 to 5 years to assess health-related quality of life. In those trials designed to support 

remission claims by measuring improvements in clinical signs and symptoms, such trials should be at 

least one year in duration, and longer trials may be needed for slow-acting agents [11]. For the 

purpose of this thesis it is worthwhile focusing on each of the three groups of outcome measures:  

Clinical efficacy: Individual response criteria based on the clinical variables were developed. The 

ACR20 is an example of such. The aim of Felson et al was to identify a single primary efficacy 

measure for clinical trials rather than report the average response in multiple outcome measures 

[12]. Their definition of improvement was a 20% improvement in tender and swollen joint counts 

and 20% improvement in 3 of the 5 remaining ACR core set measures: patient and physician global 
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assessments, pain, disability, and an acute phase reactant (measured by ESR or CRP) [Appendix 1]. 

Other definitions of improvement have been subsequently developed from these same core 

measures (ACR50 and ACR70) [13]. They have higher thresholds of determining improvement, are 

considered to be more robust measures of efficacy and are now extensively use in clinical trials.  

In Europe, Van der Heidje et al developed the Disease Activity Score (DAS), another individual 

response criteria based on the clinical variables [14, 15]. This original DAS score included a 52-joint 

count for tenderness, 44-joint count for swelling, the ESR and a general health score using a visual 

analogue scale. The newer modified DAS, the DAS28 which scores 28 joints, is a calculated, 

numerical score ranging from 2 to 10 [16]. It incorporates the following outcome measures: tender 

joint count, swollen joint count, ESR and the patients’ global assessment of their disease activity 

(100-mm visual analogue scale) [Appendix 2]. Specific cut-off points in the scores indicate low (<3.2), 

moderate (3.2-5.1) and high (>5.1) disease activity. EULAR has subsequently developed response 

criteria based on the DAS28. These responses are based on improvement in scores from baseline 

over time following therapy, and are dependent on the patient’s baseline condition. Good response 

was defined as >1.2 improvement in the DAS28 from baseline, and a DAS28 attained during follow 

up of ≤3.2. Nonresponders were patients with an improvement of ≤0.6 or patients with an 

improvement of >0.6 but ≤1.2, and a DAS28 attained during follow up of >5.1. The remaining 

patients would be classified as moderate responders [17, 18] [Appendix 3 – tabular representation 

of the EULAR response criteria].  A DAS28 score utilizing the CRP rather than the ESR has also been 

developed [19] [Appendix 2]. 

Radiographic outcomes: Measures of radiographic damage to bones and joints are often used by 

rheumatologists to determine efficacy in clinical trials. The modifications of the original Sharp 

scoring system [20] are currently the most widely utilized in clinical trials and include:  Sharp’s 

modification of his own method [21] and van der Heijde’s modification of Sharp’s method [22-24]. 

Other methods are the Larsen score [25] and Genant’s own modification of his original scoring 
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method [26, 27]. In general, they measure the number of erosions and extent of joint space 

narrowing in specified joint group areas in the hands and, in some scoring systems, also the feet. 

Only a few studies have demonstrated significant radiographic benefits at time periods of less than 

12 months: nine months – Weinblatt et al [28], and five months - Smolen et al and Jiang Y et al  [29 , 

30].  Therefore, not surprisingly the FDA has recommended a minimum of 1 year to assess 

radiographic effects.  

Long-term functional outcomes: Although disability is part of the ACR response criteria it is often 

reported separately in clinical trials. There are two validated tools that are frequently used in clinical 

trials to assess functional (disability) outcome. The first is the HAQ-DI (Health Assessment 

Questionnaire Disability Index), a relatively quick self-reporting measure. The less frequently used 

full HAQ (Health Assessment Questionnaire) assesses 5 dimensions of health outcome: disability, 

discomfort, drug side effects, dollar costs and death. The HAQ-DI asks patients about the difficulties 

they have with specific activities of daily living: dressing, walking, arising, reach, eating, grip, hygiene 

and outside activity [31-33]. The second is the SF-36 (Short Form 36) questionnaire, another self-

reporting measure [34]. It contains 36 items which measure: limitations in physical activities because 

of health problems, limitations in social activities because of physical or emotional problems, 

limitations in usual role activities because of physical health problems, bodily pain, general mental 

health (psychological distress and well-being), limitations in usual role activities because of 

emotional problems, vitality (energy and fatigue), and general health perceptions. To determine 

prevention of disability, the FDA has recommended that studies should be of 2 to 5 years duration.  

Despite all the above recommendations, in published clinical trials that led to approval, there are still 

wide differences in the evaluation of efficacy of new therapies and the reporting of results [35]. The 

ideal situation would be conformity between RA clinical trials. This may improve the interpretation 

of trial results, possibly facilitate comparisons of outcomes of therapies between different clinical 

trials and aid the pooling of trial results in meta-analyses. Attempts have been made recently to 
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standardise the reporting of disease activity in clinical trials. Aletaha et al have proposed that every 

trial should report the disease activity response and the disease activity state; disease activity 

response in the form of both the ACR response criteria (ACR20, ACR50, and ACR70) and the EULAR 

response criteria (good, moderate, and non-responders), and disease activity state in the form of 

composite indices of disease activity that are continuous measures to which cut-off points to define 

various disease activity states can be applied; includes the DAS28 [36, 37]. 

Considering the availability and validity of current outcome measures in clinical trials it would seem 

sensible for studies to utilize them as recommended. However, problems arise because the majority 

of the above measures require clinical trials with large patient numbers over long time periods to 

detect a significant treatment effect. This is a major concern because since the implementation of 

evidence based guidelines on the effective use of disease modifying anti-rheumatic drug (DMARD) 

therapy and the availability of biological agents for the suppression of active RA, there are fewer 

patients available for clinical trials of new therapeutic agents in Europe and the USA. Also, enrolling 

patients in long term placebo-controlled trials is becoming more difficult for ethical reasons and the 

resultant trend towards comparator controlled trials makes it more difficult to observe the 

treatment effect of new therapeutic agents. To address these issues, new definitions of clinical 

success, coupled with new and more-sensitive outcome measures, are needed to shorten trial 

durations and reduce patient numbers [38, 39].     

 

3.4 The current role of articular ultrasonography in rheumatoid 

arthritis 

3.4.1 Articular ultrasonography  

Three types of ultrasonography (US) will be discussed.  
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Gray-scale US  

In medicine, US employs high-frequency sound (ultrasound) waves to produce images of structures 

within the human body. These ultrasonic waves are sound waves that are above the frequency range 

of sound that is audible to humans. The ultrasonic waves are produced by the electrical stimulation 

of a piezoelectric crystal and can be aimed at a specific area of the body. As the waves travel through 

tissue they are reflected back at any point where there is a change in tissue density; for example, at 

the border between cartilage and bone. The reflected echoes are received by an electronic 

apparatus that determines the echo intensity level and the position of the tissue giving rise to the 

echoes [Figure 1]. Therefore, images created can be displayed in static form [Figure 2], or, in the use 

of rapid multiple sound scans, they can, in effect, provide a moving picture of the inside of the body. 

Gray-scale US is the simplest form of US and does not utilize the Doppler effect. 

 

T

P

U

U

E

M

C

 

Figure 1. Schematic diagram of gray-scale ultrasonography. P = piezoelectric crystal, T = transducer, 
U = ultrasound waves, C = change in tissue density, E = electronic apparatus, M = monitor. 
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Figure 2. A longitudinal gray-scale ultrasound image of a normal metacarpophalangeal (MCP) joint 
acquired with the GE Logiq9 ultrasound machine. C = cartilage (anechoic area), B = bone.  

 

Colour Doppler ultrasonography 

  

The apparent difference between the frequency at which sound waves leave a source and when 

they reach an observer, caused by the relative motion of the observer and the wave source, is the 

phenomenon known as the Doppler effect. It was first described in 1842 by the Austrian physicist 

Christian Doppler. In colour Doppler ultrasonography, the Doppler effect is combined with real-time 

imaging. The information from the Doppler US is superimposed onto the gray-scale image as a 

colour signal, thus allowing simultaneous visualization of anatomy and flow dynamics. The direction 

of blood flow is highlighted using the colour red or blue, indicating flow towards or away from the 

ultrasound transducer, respectively. Colour Doppler ultrasonography is especially utilized to assess 

blood flow within arteries.  
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Power Doppler ultrasonography  

Power Doppler ultrasonography (PDUS) encodes the amplitude of the power spectral density of the 

Doppler signal and is a sensitive method for demonstrating the presence of slow blood flow in small 

vessels. The power Doppler (PD) signal is actually a measure of the density of moving reflectors at a 

particular level, and thus of the fractional vascular volume [40, 41]. PD is insensitive to flow in 

submillimetre vessels and thus, as a result, is only an indirect surrogate for measurement of capillary 

flow. The total integrated PD is displayed in colour and incorporated into the gray-scale image 

[Figure 3].  

 

 

Figure 3. A longitudinal ultrasound image of a MCP joint of a patient with RA acquired with the GE 
Logiq9 ultrasound machine in the power Doppler mode. GS = gray-scale, PD = power Doppler. 
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3.4.2 Ultrasonographic imaging of normal and pathological structures 

Articular US involves imaging of joints, which include cartilage and bone as well as the various 

pathologies that can arise within these structures. These pathologies consist of effusions, synovitis, 

cartilage damage and bone erosions, which can each be assessed by US. The definitions of the 

normal structures (joint, cartilage and bone) and pathology (joint effusion, synovitis and bone 

erosion) used in this thesis, as related to US, will be discussed.  

Joint  

A joint is a structure that separates two or more adjacent elements of the bony skeleton. Joints such 

as the metacarpophalangeal joints (MCPJs), in which the separated elements move on one another, 

have a joint capsule profile that can usually be visualized by US and represents the outer margin of 

the joint. The articular surfaces are covered with cartilage. Within the MCPJs, a hypoechoic intra-

articular (IA) fat pad is often present and appears as an inverted triangular area with homogeneous 

echogenicity and is known as the triangular structure. The margins of the triangular structure are the 

metacarpal head, the phalangeal base and the joint capsule superiorly [42, 43] [Figures 4 and 5]. 
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Figure 4. A longitudinal gray-scale ultrasound image of a normal MCP joint acquired with the GE 
Logiq9 ultrasound machine. B = bone, C = cartilage, T = triangular structure.  

 

 

 

Figure 5. A longitudinal gray-scale ultrasound image of a MCP joint of a patient with RA acquired 
with the GE Logiq9 ultrasound machine. M = metacarpal head, P = phalangeal base, N = metacarpal 
notch, T = triangular structure, S = synovitis.  
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Cartilage  

Articular cartilage is visualized on US as a homogeneous anechoic layer with sharply defined outer 

and inner margins [44] [Figure 4].  

Bone  

The bony cortex is visualized on US as a continuous sharp hyperechoic line, which generates an 

acoustic shadow [44] [Figure 4].  

Joint effusion  

A joint effusion (synovial fluid) is visualized on US as an abnormal hypoechoic or anechoic (relative to 

subdermal fat, but sometimes may be isoechoic or hyperechoic) IA material that is displaceable and 

compressible, but does not exhibit Doppler signal [45].  

Synovitis  

Synovitis is visualized on US as synovial proliferation and is characterized by clusters of soft echoes 

(bushy and villous appearance) and/or homogeneous synovial hypertrophy. This is abnormal 

hypoechoic (relative to subdermal fat, but sometimes may be isoechoic or hyperechoic) IA tissue 

that is nondisplaceable and poorly compressible and may exhibit Doppler signal [44, 45] [Figures 5 

and 6].  
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Figure 6. A longitudinal power Doppler ultrasound image of a MCP joint of a patient with RA 
acquired with the GE Logiq9 ultrasound machine. M = metacarpal head, P = phalangeal base, N = 
metacarpal notch, T = triangular structure, S = synovitis.  

 

Bone erosion  

Bone erosion is visualized on US as an IA discontinuity of the bone surface that is visible in two 

perpendicular planes [45] [Figure 7]. 
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Figure 7. A transverse gray-scale ultrasound image of a MCP joint of a patient with long-standing RA 
acquired with the Esaote Technos Plus MPX ultrasound machine demonstrating bone erosions (BE). 

 

3.4.3 Current constraints in imaging (X-ray and MRI)  

Radiographic evaluation of rheumatoid joints is used both to provide an objective measure of the 

extent of anatomical joint damage and to predict further progression. It is considered as the 

traditional gold standard in assessing joint damage in RA patients and characteristic x-ray findings 

are part of the ACR classification criteria for RA [46] [Appendix 4]. It is relatively inexpensive, widely 

available and has standardized methods of interpretation, but has many limitations. These include 

the use of ionizing radiation and projectional superimposition. This can obscure erosions and mimic 

cartilage loss, an inevitable consequence of representing a 3-dimensional (3D) structure in only two 

planes. Experienced readers are required to interpret the films, often using time-consuming 

methods [47], and structural change has not been reliably determined over time periods of less than 

5 months. An additional limitation is that radiographic erosions are only present in a minority of 

patients with early RA, with a prevalence of 15–18% at 6 months disease duration [48, 49]. 



25 

 

Conventional radiography offers only late signs of preceding disease activity and the resulting 

cartilage and bone destruction. This is inadequate because, ideally, we need to take action on the 

cause of the erosions before they occur. Furthermore, radiographs taken at any given time point lack 

specificity for the identification of patients whose structural joint damage will not progress [50].  

MRI with gadolinium enhancement can reveal both the extent of pannus and vascularity [51]. In 

1996, Jevtic et al reported the prognostic value of gadolinium-enhanced synovitis for predicting 

erosions in the small finger joints of established RA patients [52]. Another study using dynamic 

enhanced MRI (which uses postcontrast analysis to determine the maximal and initial rate of 

enhancement) in early RA patients demonstrated that the severity of synovitis predicted MRI 

erosion as well [53]. Using MCPJs in 40 early RA patients, Conaghan et al were able to demonstrate 

that erosion progression was proportional to the level of synovitis in a given joint, and that no 

erosions occurred in joints without synovitis [54]. Rates of early synovial enhancement (RESE) have 

been demonstrated to correlate closely with the histological grade of synovitis [55, 56]. The use of 

MRI is unfortunately limited by restricted availability and high cost. The procedure itself is also time-

consuming. For example, a hand and wrist take approximately 50 minutes to scan. Nonetheless, MRI 

with contrast enhancement for the visualization of synovitis and erosive disease is thought of as the 

new gold standard. Therefore, comparisons of other imaging modalities are made against MRI. 

Randomized comparator controlled clinical trials utilizing contrast enhanced magnetic resonance 

imaging (CE MRI) support its position as the new gold standard [54, 57, 58]; the patient numbers in 

these studies were small (39-44) but the study lengths ranged from (4-12 months). 

The utility of US in several areas of RA will now be addressed. These include:  

 Assessment of disease severity  

 Diagnosis of RA  

 A tool for assisting IA aspirations and injections  
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 Monitoring the disease and the response to therapy  

 Development of new treatments  

 Predicting the course of the disease 

 Reliability of ultrasonography  

 

3.4.4 Ultrasonography in assessing disease severity  

The small joints of the hand are almost invariably involved in RA and therefore their evaluation is of 

considerable importance. Owing to their relatively shallow depth, they are easily amenable to 

evaluation with ultrasound, utilizing higher frequencies that produce high-resolution images.  

High-frequency (gray-scale) US (HFUS) can reproducibly delineate synovial thickening in small joints 

of the hands in patients with active RA. However, the analysis of such images does not necessarily 

demonstrate a clear relationship with clinical assessments of disease activity [45]. This observation 

probably reflects the fact that HFUS identifies synovial thickening without differentiating actively 

inflamed or fibrous tissue.  

Power Doppler ultrasonography enables visualization of synovial hyperaemia in the inflamed RA 

joint [59, 60]. MRI RESE after injection of gadolinium has been demonstrated to correlate closely 

with the histological grade of synovitis [55, 56]. In turn, the synovial vascular signal on PDUS is 

closely correlated with the RESE, calculated from dynamic CE MRI on the same day, in RA MCP joints 

[61, 62]. PDUS signal intensity in rheumatoid knee joints has been compared directly with the 

histological assessment of synovial membrane microvascular density [63] and they correlate well. 

Consequently, there is considerable value in visualizing small and large joints of RA patients using 

PDUS as a quick, noninvasive and relatively inexpensive alternative to CE MRI.  
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HFUS and PDUS in combination are sensitive and reproducible tools for determining joint effusions 

and synovitis and have been demonstrated to be more sensitive than clinical scoring in determining 

disease activity [64, 65].  

US has been demonstrated to be more sensitive for detecting bone erosions in the small joints of the 

hands and feet than conventional radiography [66-69]. Furthermore, in these easily accessible joints, 

detection of bone erosions by US is in high agreement with MRI [67-70]. Overall, the majority of 

studies have demonstrated less sensitivity in US for the detection of erosions than MRI, the 

reference method [67, 68, 70, 71]. However, one study detected more erosions using US than MRI 

[66].  

The use of microbubble-based US contrast agents may improve the detection of IA vascularisation in 

the finger joints of patients with RA [72, 73], but with the disadvantages of cost, time and 

invasiveness.  

Compared with 2-dimensional (2D) US, 3D US is in its relative infancy. A recent study compared the 

capability of 3D PDUS with CE MRI to visualize synovial vascularity in clinically inflamed wrists of 

patients with RA. 3D vascularity of each wrist joint was visualized by a free-hand sweep using a 2D 

transducer (probe) in PD mode. A region of interest in an area of high Doppler signal intensity was 

obtained and 3D vascularity score was determined using a semiquantitative (qualitative) scale, which 

took into account the number of blood vessels penetrating the joint capsule, the number of IA blood 

vessels, and the strength of blood flow. A 3D vascular tree consisting of peri- and IA blood vessels 

could be demonstrated in the same anatomical region of interest, in which an increased gadolinium 

enhancement was measured by MRI in all examined RA patients. Despite this, there was no 

statistically significant correlation between the estimation of synovial vascularity, by the use of the 

newly developed 3D score, and the calculated values of the MRI relative enhancement [74]. This 

study used a 2D US transducer, which was swept in one direction (free-hand technique) in order to 
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obtain a sequence of 2D PD images to provide the third dimension. Recent technological advances 

have permitted the development of dedicated 3D transducers that generate an internal 

ultrasonographic sweep [Figures 8 and 9]. This may improve the image acquisition and reduce 

operator-dependant variability. In fact a recent study has shown good to excellent agreement 

between conventional 2D US using a 2D transducer and 3D US using a dedicated 3D transducer in 

assessments of inflammation and erosions of RA hand and wrist joints [75].  

 

Figure 8: The 2D M12L Probe (left) and the 3D 4D16L Probe (right) for the GE Logiq9 ultrasound 
machine. 
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Figure 9: Images of a MCP joint of a patient with RA acquired with the 4D16L probe used with the GE 
Logiq9 ultrasound machine in the power Doppler mode. From top left (clockwise): transverse view, 
longitudinal view, power Doppler 3D image (gray-scale removed), and coronal view. 

 

3.4.5 Ultrasonography in the diagnosis of rheumatoid arthritis  

A number of studies investigated the potential for US to confirm or provide an earlier diagnosis of RA 

and also to differentiate it from other arthritides. US with the use of PDUS has been demonstrated 

to be superior to clinical evaluation in the detection of joint inflammation (effusions and synovitis). 

In addition, interobserver reliability was better for US findings than for clinical assessment [65].  
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By measuring MCP joint and proximal interphalangeal finger (PIP) joint cartilage thickness using 

gray-scale US, Moller et al could differentiate between early symptomatic osteoarthritis (OA) and 

early RA, but not RA from healthy joints. Early OA joints had significantly reduced cartilage thickness 

compared with early RA. They also found that in patients with RA, US cartilage thickness scores 

correlated with duration of treatment-resistant progressive RA. Therefore, direct visualization and 

quantification of cartilage in MCP and PIP joints can be useful for differentiating RA from OA in the 

context of an early arthritis clinic [76].  

Wakefield et al compared US with conventional radiography for the detection of erosions in the MCP 

joints of patients with early RA. A total of 40 patients underwent posteroanterior radiography and 

US of the MCP joints of the dominant hand. Erosion sites were recorded and subsequently compared 

using each modality. MRI was performed on the second MCP joints in 25 patients to confirm the 

pathologic specificity of sonographic erosions. US detected 6.5-fold more erosions than radiography, 

in 7.5-fold the number of patients. All sonographic erosions that were visible on radiography 

corresponded by site to MRI abnormalities. This study demonstrated that US is a reliable technique 

that detects more erosions than radiography in early RA [69].  

A retrospective study by Agrawal et al on the use of clinic-based musculoskeletal US has 

demonstrated its potential to improve the early diagnosis of inflammatory arthritis, which could 

ensure better outcomes with the appropriate treatment initiated at an earlier stage of the disease. 

Data were retrieved from new patient records and follow-ups. The impact of US on treatment 

decisions was noted. The most frequently scanned area was the hand (including the wrist). The 

results of the US were combined with clinical evaluation and blood tests that included serological 

markers such as IgM rheumatoid factor (RF). Among new patients, a decision was made, based on 

the patient records, as to whether: US had helped in confirming the clinical diagnosis, had helped in 

changing the clinical diagnosis, or had been of no additional help over clinical evaluation. Among 

follow-ups, conclusions were drawn based on the patient records as to whether a revision of the 
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existing diagnosis had been made based on US. Among new patients, 33.3% referred with 

inflammatory arthritis had no US evidence of inflammation in or around joints. In 76.3%, it helped in 

confirming or changing diagnosis. In 7.2% of follow-up it helped in the revision of diagnosis [77].  

Ultimately, the diagnosis of RA will depend on a number of factors including a compatible patient 

history and clinical examination, as well as serological tests, and is unlikely to ever rest solely on the 

result of a single imaging modality. However, by allowing improved detection of vascularity, synovial 

thickening and erosions, ultrasound can confirm the presence of synovitis and the resulting damage 

in joints. This, together with the pattern of joint involvement, can help clinicians in reaching a 

specific diagnostic decision in patients with early undifferentiated arthritis, or it may be able to 

differentiate RA from other forms of arthritis. Although standardization and validation are still 

incomplete, US is already widely used for investigating joint inflammation. 

  

3.4.6 Ultrasonography as a tool for assisting intra-articular aspirations & 

injections  

It has long been considered that musculoskeletal US could be of help in guiding the needle 

positioning in interventional manoeuvres. In RA, despite the use of US-guided therapeutic injections, 

both in clinical practice and clinical trials [78-80], US-guided treatments with IA injections have not 

yet been shown to be better than blind injections. Luz et al compared the efficacy and accuracy of 

blind and US-guided IA injections in RA patients with wrist synovitis. Their study was a prospective, 

double-blind, randomized controlled study, in which 60 RA patients were enrolled. Patients were 

blindfolded and equal numbers were randomly allocated to receive either IA wrist injections by blind 

injection or US-guided IA injections with a solution that included corticosteroid and contrast agent. 

All procedures were performed by an experienced rheumatologist. Radiographic films taken during 
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the procedures were analyzed at the end by a blinded radiologist. No statistically significant 

difference between groups was observed with regard to the presence of IA contrast agent after the 

procedure or clinical response after 12 weeks follow-up [81].  

US may have a place in clinical diagnostic aspiration and as a research tool for obtaining synovial 

fluid [82, 83]. Balint et al compared joint aspiration using a conventional technique with an US-

guided technique in patients that had been referred for joint aspiration. In the conventional group, 

successful aspiration was achieved in 32% of joints. In the US-guided group, successful aspiration 

was achieved in 97% of joints [82]. Raza et al compared the accuracy of palpation-guided and HFUS-

guided needle placement in MCP and PIP joints in patients with clinically evident synovitis in either 

of these joint groups. Needle positioning was IA in 59% of palpation-guided injections whereas with 

ultrasound guidance, initial needle placement was IA in 96% of cases. Raza et al developed a joint 

lavage technique to obtain synovial fluid from the joints that had ultrasound-guided needle 

placement, and synovial fluid cells were lavaged from 63% of these joints [83].  

In terms of therapeutic benefit, US-guided corticosteroid injections may not be superior to blind IA 

injections, but for the purpose of clinical trials involving IA aspiration and/or injection, 

ultrasonographic guidance is a method of improving synovial fluid collection and ensuring correct 

delivery placement of the therapeutic drug. By identifying areas of synovial hypertrophy, US has also 

demonstrated its utility in both guiding biopsies of synovial tissue in the small joints of RA patients 

and permitting a minimally invasive technique [84]. 
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3.4.7 Ultrasonography in monitoring the disease & response to therapy  

Ultrasonography is a tool that can accurately measure disease severity and therefore should also be 

useful in monitoring the course of the disease and hence, the response to therapy. Synovitis, 

cartilage thickness and bone erosions imaged by US have been investigated.  

A number of recent clinical studies have explored the potential for HFUS and PD technology to 

measure synovial thickening and vascularity, thereby delivering a reliable synovitis signal early 

during the course of therapy, which correlates with clinical outcome [85-88]. In a small open-label 

study of five RA subjects treated with etanercept for 1 month, a significant decrease in synovial 

vascularity of the MCP joints was observed (p < 0.001) with a median reduction of 88% [85]. This 

decline in vascularity was accompanied by a significant reduction in serum CRP levels as well as 

clinical parameters of disease activity (total rheumatic disease activity index and subjective pain 

score). Another pilot study of 11 RA subjects receiving infliximab (open label) for 6 weeks supported 

these observations with a significant reduction in ultrasound positive joints and in cumulative 

synovial thickness (p < 0.05). This reduction correlated with a decrease in disease activity [86]. PDUS 

has also demonstrated its utility for short-term monitoring of synovial vascularity changes induced 

by corticosteroids [89].  

Moller et al measured cartilage thickness of MCP and PIP joints with HFUS in patients with RA and 

found that reduction in cartilage thickness correlated with duration of treatment-resistant, 

progressive RA [76]. Rheumatoid arthritis follow-up studies have compared the abilities of 

conventional radiography, US and MRI to detect erosions. The majority of studies have 

demonstrated that MRI and/or US have a greater sensitivity than conventional radiography in the 

detection of erosions, and also a greater sensitivity to change [71, 90-92]. The majority of studies 

have shown superiority of MRI over US [71, 90, 92], yet in the study by Scheel et al, superiority of US 

over MRI for evaluation of PIP joints was observed [92]. Interestingly, two of the studies 
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demonstrated a decrease in MRI and US signs of synovitis as well as clinical signs of synovitis, while 

the number of bone erosions detected by both imaging modalities increased [67, 92]. Two studies by 

Brown et al may provide an explanation for this. They found that most RA patients on DMARDs, who 

satisfied the remission criteria with normal findings on clinical and laboratory studies, had 

detectable synovitis by US [93]. They followed this DMARD-treated clinical remission cohort for 12 

months and erosions were measured with US, MRI and conventional radiography. Synovitis detected 

by HFUS and PD in individual joints at baseline were significantly associated with progressive 

radiographic damage. In addition, there was a significant association between the PD score at 

baseline and structural progression over 12 months in totally asymptomatic MCP joints and 12-times 

higher odds of deterioration in joints with increased PD signal (odds ratio (OR): 12.21; p < 0.001) 

[94]. This subclinical inflammation explains the observed discrepancy between disease activity and 

outcome in RA in patients on conventional DMARDs. Therefore, although there may be a reduction 

in synovitis as documented in the previous studies [67, 92], the synovitis that might have still been 

present may have had erosive potential. Scire et al found that 41% of early arthritis patients in 

clinical remission on conventional DMARDs had a positive PD signal and that this predicted a short-

term relapse [95]. These studies suggest that US imaging assessment may be necessary for the 

accurate definition of true remission.  
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3.4.8 Ultrasonography in the development of new treatments  

Current practice in developing new therapeutics for RA involves clinical assessment of response by 

means of regulatory end points that include composite measures of disease activity, such as the 

Disease Activity Score (DAS28) [16], a continuous measure, and ACR categorical responses [12, 13]. 

However, many of the component measurements are subjective, imprecise and insensitive to 

change. In general, their use necessitates lengthy clinical trials using large cohorts of patients to 

evaluate new therapeutic compounds. A consequence of this approach is that drug development 

programmes become very costly and time consuming. Of further general concern in drug trials, even 

compounds that have progressed as far as phase III have an unacceptable failure rate that is 

reported to be as high as 60% in the case of lung cancer studies [96]. Therefore, the development of 

novel, more sensitive and reliable means of evaluating response to therapy in early phase trials 

(Phase II) that inform a decision to abandon or continue further testing would have the potential 

advantage of enriching for success in later clinical trials employing regulatory endpoints necessary 

for drug licensing. One would anticipate that the new methodologies would be able to distinguish 

between treatment groups in cohort studies with small patient numbers over short time periods, for 

example at four weeks. Ideally, such measures would also be predictive of a longer-term response to 

repeated medication and give an early indication of disease modification. 

Conventional radiography, although objective, is relatively insensitive to change, and therefore also 

requires lengthy clinical trials using large cohorts of patients. MRI, while considered the new gold 

standard, is time consuming and often prohibitively expensive. US is a noninvasive and sensitive 

imaging method for objectively determining both synovial thickening and increased vascularity in RA 

and may therefore be an ideal tool for the purpose of early stage testing of therapeutics. It is also 

more readily accessible and relatively inexpensive compared with MRI. Its superiority over 
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conventional radiography to detect erosions in certain joints may also lend itself to early 

identification of disease modification by new therapeutic compounds using fewer patients in clinical 

trials of less than 12 months. 

  

By utilizing high frequency ultrasound to image the frequently affected small joints of RA patients, 

high resolution images are produced which have the potential to allow sensitive detection of 

change. In the first randomized, placebo-controlled study of infliximab in RA subjects on 

methotrexate (MTX), HFUS and PDUS assessments of MCPJ synovitis were compared with 

radiographic evaluation of joint damage after 54 weeks of treatment [87]. A total of 12 subjects per 

treatment arm (placebo plus MTX and infliximab plus MTX) were recruited and treated with placebo 

or 5 mg/kg infliximab infusions at baseline, 2 and 6 weeks and then every 8 weeks for the duration of 

the study. HFUS measured synovial thickening and PDUS measured synovial vascularity in all 10 

MCPJs were assessed at baseline and after 18 weeks of therapy. This was compared with hand 

radiographs after 54 weeks. A significant decrease in synovial thickness (13.7% placebo vs. 54.5% 

infliximab; p = 0.014) and synovial vascularity (26.6% placebo vs. 78.6% infliximab; p = 0.017) was 

observed at 18 weeks from baseline. There were striking positive correlations between baseline 

synovial thickness (r = 0.69, p = 0.02) and radiographic progression at 54 weeks as well as between 

baseline synovial vascularity (r = 0.78, p = 0.005) and radiographic progression in the placebo plus 

MTX group, however, treatment with infliximab abolished these relationships. The changes, over 54 

weeks in the case of total van der Heijde-Sharp score and 18 weeks in the case of the 

ultrasonographic measurements, permitted distinction between subjects treated with infliximab and 

MTX from subjects treated with placebo and MTX. 

Larché et al investigated the stability over two weeks of ultrasonographic assessments of synovial 

thickness and vascularity in all 10 MCPJs of RA subjects with a range of disease activities as 
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measured by the validated DAS28(ESR) score. 38 RA subjects were enrolled; 13 (mean DAS28 2.1), 

14 (mean DAS28 5.2), and 11 (mean DAS28 5.7) meriting oral corticosteroid treatment. The first two 

groups received no additional treatment to what they were already taking and the latter group 

received corticosteroid. In the corticosteroid group comparisons were made between the sensitivity 

of the US measurements, acute phase markers (CRP and ESR) and vascular endothelial growth factor 

(VEGF) to change in response to two weeks of oral prednisolone (7.5 mg daily). Synovial thickness 

and vascularity were assessed by ultrasonography at 3 time points (Day 1-baseline, Day 8 and Day 

15). Images were ranked by semiquantitative (qualitative) scale. Vascularity was also measured by 

quantitative determination of the power Doppler area (PDA). Baseline indices of synovial thickness 

and vascularity correlated with DAS28 (r = 0.51, p < 0.01 and r = 0.54, p < 0.001 respectively), as did 

PDA (r = 0.42, p < 0.05). In the RA groups on stable therapy, synovial thickness and vascularity 

(semiquantitative and quantitative measures) showed little variation over two weeks. In the 

corticosteroid group, PDA had fold changes of -1.9 (p < 0.05) after just one week and -2.2 (p < 0.05) 

after two weeks. These were the largest fold changes of all the measured parameters i.e. this 

measure was more sensitive at detecting change than other biomarkers (ESR, CRP, and VEGF). This 

study indicated that PDUS may have considerable value as an early objective marker of therapeutic 

response [97].  

In an open-label study, 2D and 3D US were utilized to assess the response of 24 patients with active 

arthritis (17 RA and seven psoriatic arthritis patients) to first-time treatment with the tumour 

necrosis factor (TNF) inhibitor adalimumab. Sequential clinical, laboratory and US examinations were 

performed at baseline and weeks 2, 6 and 12. 2D and 3D PDUS were completed by two independent 

investigators and the amount of colour pixels and voxels (volume pixels) were calculated, 

respectively. Treatment response was observed as early as week 2 with a significant reduction of 2D 

(p < 0.01) and 3D scores (p < 0.001). However, it is important to note that at baseline, every patient 

was screened by US at bilateral wrists, MCP, PIP and MTP joints 2nd – 5th , and the dominant joint 
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that showed the most intensive Doppler activity was selected as a target joint for the follow-up 

examinations [98].  

The potential of US in the early assessment of the anti-inflammatory effectiveness of new 

therapeutic agents, so-called ‘proof-of-concept’ studies, has yet to be fully explored. US also has the 

potential for patient selection by detecting those with synovitis who are most likely to respond to 

intervention and thereby reducing trial inclusion numbers further.  

 

3.4.9 Ultrasonography in predicting the course of the disease  

The severity of RA varies between patients, both in the extent and pattern of joint involvement and 

also in the rate of progression of erosions. The disease course of individuals who meet the criteria of 

classification for RA may vary greatly from self-limiting to progressive erosive disabling forms. For 

this reason, rheumatologists have even suggested sub-classifying RA according to different types of 

disease course [7].  

Reducing joint damage in both early and late RA is achievable by pharmacological means [99-102]. 

Current treatments include corticosteroids, nonsteroidal anti-inflammatory drugs (NSAIDs), DMARDs 

and biological agents such as the inhibitors of TNF. Although the progression of structural damage to 

joints can be completely inhibited in the majority of patients treated with anti-TNF biological 

therapies in combination with methotrexate [103], with particularly favourable results in the earliest 

stages of disease [104], the costs are very high and incremental over time, with the consequence 

that in the UK, according to current guidelines, biological therapies are rationed to patients who 

have failed to achieve an adequate response to at least two conventional DMARDs and have 

evidence of persistent disease activity. The difficulty with this form of rationing is that a significant 

proportion of patients with lower levels of disease activity continue to accrue structural damage to 
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joints with consequent loss of function over time. Furthermore, TNF inhibitors are generally not 

available at the earliest stages of disease when there is the highest potential to prevent joint 

damage and subsequent disability. This is despite clear evidence of such benefits in study 

populations and preliminary data suggesting that early treatment with an anti-TNF agent may permit 

induction of biologic-free remission [105, 106]. Cost-effective and optimal clinical use of expensive 

biological agents is further complicated by the fact that a significant proportion of RA patients are 

refractory to TNF blockade; suggesting that other proinflammatory molecules or immunological 

pathways drive the clinical syndrome in this population. Furthermore, serious adverse events, 

although relatively uncommon, can and do occur with anti-TNF therapy in an unpredictable manner. 

Therefore, it is highly desirable to predict which patients are at risk of erosions in those with early 

disease in order to initiate preventative measures as soon as possible. The patient’s treatment could 

then be adapted according to their risk, thereby more effectively preventing or retarding further 

erosions as well as avoiding the use of unnecessary treatments.  

Studies using MRI have shown the ability of gadolinium-enhanced synovitis in predicting erosions in 

early [53, 54] as well as in established RA [52]. The high level of agreement between US and MRI for 

synovitis and erosions suggests that US may have value in predicting prognosis in RA [61, 62, 68-70]. 

Articular US has a distinct advantage over CE MRI in that it is widely available and often immediately 

accessible, and therefore able to provide results that can be acted on immediately for the patient’s 

benefit. 

Naredo et al followed 42 early RA patients starting DMARD therapy for 1 year. The presence of 

synovitis was investigated in 28 joints using gray-scale US and PDUS at baseline, 3 months, 6 months 

and 1 year. Radiographic assessment was performed at baseline and at 1 year. There was no 

significant correlation between the baseline US parameters and the 1-year follow-up radiographic 

scores. However, time-integrated values of PDUS parameters demonstrated a highly significant 

correlation with radiographic progression (r = 0.59–0.66; p < 0.001) after 1 year [107].  
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In early RA patients randomized to either anti-TNF plus MTX or placebo plus MTX, baseline synovial 

thickening and degree of vascularity in the MCP joints assessed by US correlated with radiographic 

joint damage at 1 year in the placebo group, but not in the anti-TNF group [87].  

The importance of the detection of synovitis in patients with RA treated with conventional DMARDs 

was clearly demonstrated by Brown et al [93, 94]. Synovitis detected by US in RA patients on 

DMARDs was strongly associated with radiographic structural deterioration in joints over 12 months, 

despite satisfying clinical remission criteria.  

Another study by Naredo et al in 2008 [108], this time with 367 RA patients prospectively recruited, 

demonstrated the potential of PDUS in predicting radiological outcome; time-integrated values of an 

ultrasound joint count for PD signal had predictive value for progression of radiographic erosion (R = 

0.64).     

There is evidently much scope for further investigation of the potential for US in predicting erosive 

disease.  

 

3.4.10 2D Ultrasonographic endpoints: reliability and applicability to RA 

clinical trials 

Unlike MRI, US is much more operator dependent and the experience of the sonographer will 

influence the result of the ultrasound examination. However, when focusing on specific joint groups 

and basic pathology, the skill of US can be relatively easily and rapidly acquired, especially when 

taught by a more experienced sonographer [109, 110]. There are large numbers of different 

ultrasound machines with different capabilities on the market as well as older generation machines 

still being used in some centres. The ideal situation is that independent sonographers using different 

ultrasound machines in different hospitals are capable of obtaining examination results that are 
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comparable, both in clinical practice and for the purpose of research studies. Through bringing 

together experts in musculoskeletal US from all over Europe, the outcome measures in rheumatoid 

arthritis clinical trials (OMERACT) group have helped to standardize the definition of normal and 

pathological US findings [111, 112]. However, difficulties remain in the standardization of image 

acquisition, the grading of pathologies and in how to analyze dynamic examinations such as the 

PDUS clips, which are affected by the cardiac cycle.  

With respect to ultrasonographic imaging of limited joint sets as a means of assessing therapeutic 

response, assessment of reliability is essential but this field has been complicated by diversity of 

nomenclature employed by different investigators. Terms for assessment of reliability are redefined 

as below to avoid confusion.  The ultrasonographer is usually also a reader of the anonymised 

images. 

Definitions:  

Within scan intra-reader: 1 patient, 1 ultrasonographer acquires one scan set, 1 reader reads the 

scan set twice; each reading is separated by a fixed time period (in previous studies this has been 

called intra-reader [113] and also intraobserver [93, 107]). 

Within scan inter-reader: 1 patient, 1 ultrasonographer acquires one scan set, 2 independent 

readers (in previous studies this has been called inter-reader [113], interobserver [45, 108, 114, 115] 

and inter-investigator [116]). 

Parallel scan intra-reader: 1 patient, 1 ultrasonographer acquires two scan sets sequentially, 1 

reader independently reads both scan sets (in a previous study this has been called intraobserver 

[86]). 
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Parallel scan inter-reader: 1 patient, 2 ultrasonographers each acquire a scan set independently, 2 

readers each read their own acquired scan set independently (this has been called interobserver [86, 

89, 93, 98, 114, 117-120]). 

Arguably the most robust measure of reliability is the “parallel scan inter-reader” as defined because 

it is a comparison between two ultrasonographers/readers scanning the same patient. The images 

are read independently, as might be the case in multi-site clinical trials using the same model of US 

machine and settings.  

Reliability can be assessed using the above definitions on a joint by joint basis (comparing readings 

of individual joints) and on summated US scoring endpoints (comparing readings of a summation of 

scores for a selected group of joints). The majority of US studies have investigated reliability on a 

joint by joint basis. Few studies have assessed reliability of summated US measures of synovitis.  

A focused review of the literature since 2001 has yielded some valuable insights. Studies were 

selected from PubMed on the basis of ability to inform for future RA clinical trials using 2D US 

endpoints. Four other conditions for selection were required: all studies had ultrasonographic 

imaging of the MCPJ region, studies using contrast enhancement were excluded, studies using 

spectral Doppler were excluded and gray-scale synovitis was measured by assessing synovial 

thickness (synovial hypertrophy) i.e. studies that measured effusions alone were excluded. There 

were 27 studies selected. For simplicity, in Table 1 when/if any of the individual studies report 

reliability, the analysis has been performed on a joint by joint basis. The reliability of advocated 

summated endpoint scores will be dealt with separately; please note that there are some studies 

that advocated summated endpoints within Table 1 but when/if they reported reliability it had been 

performed on a joint by joint basis. Therefore there are 24 studies within Table 1. Where applicable, 

all reliability data have been interpreted and labelled with the above definitions. Within scan inter-

reader and parallel scan inter-reader are included. For clarity other methods to report reliability 
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(within scan intra-reader and parallel scan intra-reader) are excluded and will be dealt with 

separately. Note: Cohen's kappa coefficient is a statistical measure of inter-rater agreement or inter-

annotator agreement for qualitative items. It is generally thought to be a more robust measure than 

simple percent agreement calculation since κ takes into account the agreement occurring by chance. 

Kappa values of <0.40 reflect poor agreement, values of 0.40–0.75 reflect fair to good agreement, 

and values of >0.75 reflect excellent agreement. The intraclass correlation coefficient is a descriptive 

statistic that can be used when quantitative measurements are made on units that are organized 

into groups. It describes how strongly units in the same group resemble each other: ICC values of 

<0.40, poor to fair agreement; 0.41–0.60, moderate agreement; 0.61–0.80, good agreement; and 

0.81–1.00, excellent agreement.  

Table 1 reveals that over the past ten years there has been a large variety of US endpoints chosen to 

assess synovitis. They differ in: 

1. Joints assessed (besides MCPJs) 

2. Whether the dorsal or palmar aspect of the joint was scanned for the hands and dorsal or 

plantar for the feet 

3. Whether the transverse, longitudinal or both views were chosen for image acquisition 

4. Whether semiquantitative (qualitative) or quantitative measures were utilized to measure 

synovial thickness and vascularity 

5. Using varying scales with different numbers of points when semiquantitatively measuring 

synovial thickness and vascularity 

 

http://en.wikipedia.org/wiki/Statistical
http://en.wikipedia.org/wiki/Inter-rater_agreement
http://en.wikipedia.org/wiki/Descriptive_statistics
http://en.wikipedia.org/wiki/Descriptive_statistics
http://en.wikipedia.org/wiki/Statistical_unit
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Authors / 
Year  

Joint groups 
and views 

Quant ST (κ, ICC 
or other) 

SemiQ ST (κ, 
ICC or other) 

Quant 
VASC 
CD/PD  (κ, 
ICC or 
other) 

SemiQ VASC 
CD/PD (κ, ICC or 
other) 

Article type 

Stone et al 
2001 [121] 

Selected MCPJs 

Dorsal 

Long and Trans 

- - - 

 

Yes PD 4-point 
(na) 

Study to 
investigate 
the response 
of US 
assessment  
to treatment  

Quvistgaard 
et al 2001 
[45] 

Selected Wrists, 
MCPJs and PIPJs 

Dorsal/Palmar 
not stated. 
Dorsal pictured 
in article  

Long/Trans not 
stated in 
methods; Long 
pictured in 
article 

Yes (na) - Yes CD 
(Within 
scan inter-
reader 
ICC=0.81) 

- Exploratory 
study to 
investigate 
the 
assessment 
of synovitis 
by 
quantitative 
US  

Hau et al 
2002 [85] 

Right 2
nd

 MCPJs 

Dorsal 

Long and Trans 

- - Yes CD (na) - Exploratory 
study to 
investigate 
the effect of 
etanercept 

Ribbens et 
al 2003 [86] 

All Wrists, 
MCPJs and PIPJs 

Dorsal 

Long 

ADV SUMM 

Yes  

(Parallel scan 
inter-reader, 
variation 
coefficients were 
11.0%, 10.7%, 
and 10.2%, for 
the wrist, 
MCP joints and 
PIP joints 
respectively. The 
article did not 
differentiate ST 
and VASC 
reproducibility 
data) 

- - Yes PD 4-point 

(Parallel scan 
inter-reader, 
variation 
coefficients were 
11.0%, 10.7%, 
and 
10.2%, for the 
wrist, 
MCP joints and 
PIP joints 
respectively. The 
article did not 
differentiate ST 
and VASC 
reproducibility 
data) 

Exploratory 
study to 
investigate 
the effect of 
infliximab 
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Authors / 
Year  

Joint groups 
and views 

Quant ST (κ, ICC 
or other) 

SemiQ ST (κ, 
ICC or other) 

Quant 
VASC 
CD/PD  (κ, 
ICC or 
other) 

SemiQ VASC 
CD/PD (κ, ICC or 
other) 

Article type 

Terslev et al 
2003 [88] 

Selected Wrists 
and MCPJs 

Dorsal/Palmar 
not stated  

Long/Trans not 
stated in 
methods; Long 
pictured in 
article  

- - Yes CD (na) - Exploratory 
study to 
investigate 
the effect of 
etanercept 

Szkudlarek 
et al 2003 
[118] 

2
nd

 MCPJs,3
rd

 
MCPJs, 2

nd
 

PIPJs, 1
st

 MTPJs 
and 2

nd
 MTPJs 

Dorsal/Palmar 
not stated. 
Dorsal pictured 
in article  

Long/Trans not 
stated in 
methods. Long 
pictured in 
article 

 

- Yes 4-point 
(Parallel scan 
inter-reader 
ICC=0.81, 
κ=0.63) 

- Yes PD 4-point 
(Parallel scan 
inter-reader 
ICC=0.72, κ=0.55) 

Reliability 
of US in RA 
small joints 
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Authors / 
Year  

Joint groups 
and views 

Quant ST (κ, ICC 
or other) 

SemiQ ST (κ, 
ICC or other) 

Quant 
VASC 
CD/PD  (κ, 
ICC or 
other) 

SemiQ VASC 
CD/PD (κ, ICC or 
other) 

Article type 

Filippucci et 
al 2004 [89] 

Selected Wrists, 
MTPJs, MCPJs, 
PIPJs, and DIPJs 

Dorsal/Ventral 
not stated  

Long/Trans not 
stated in 
methods 

- Yes 4-point 

(Parallel scan 
inter-reader 
κ=0.868 at 
baseline and 
0.853 at 
follow up) 

- Yes PD 4-point 

(Parallel scan 
inter-reader 
κ=0.953 at 
baseline and 
0.901 at follow 
up)  

Exploratory 
study to 
investigate the 
effect of IA 
steroid injection 

NB When 
scores assigned 
by the two 
examiners did 
not 
match, a 
consensus was 
reached by re-
examining the 
patient 
together as 
proposed by 
Walther et al 
[63] 

Taylor et al 
2004 [87] 

All 10 MCPJs 

Dorsal 

Long and Trans 

ADV SUMM 

- Yes 6-point 
scale 

Yes PD (na) - Randomized, 
placebo 
controlled 
study of 
infliximab 
therapy  

D’Agostino 
et al 2004 
[119] 

All MCPJs, PIPJs, 
and MTPJs 

Dorsal 

Long 

- Yes 2-point 
(Best overall 
parallel scan 
inter-reader 
κ=0.63 for all 
examined 
joints) 

- - US learning 
curve in the 
assessment of 
small joint 
synovitis 

Scheel et al 
2005 [117] 

Selected 
Shoulders, Rt 
Wrist, 2

nd
 

MCPJs, Knees, 
and Ankles 

Dorsal and 
Palmar/Plantar  

Long and Trans  

- Yes 2-point 
(Overall 
parallel scan 
inter-reader 
κ=0.76 for all 
examined 
joints) 
 

- - Reliability of 
rheumatologists 
performing US 
on a EULAR 
course 
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Authors / 
Year  

Joint groups 
and views 

Quant ST (κ, ICC 
or other) 

SemiQ ST (κ, 
ICC or other) 

Quant 
VASC 
CD/PD  (κ, 
ICC or 
other) 

SemiQ VASC 
CD/PD (κ, ICC or 
other) 

Article type 

Naredo et al 
2005 [65] 

Selected 
Shoulders, 
Elbows, Wrists, 
MCPJs, PIPJs, 
Hips, Knees, 
Ankles, MTPJs 

Dorsal 

Long 

- - - Yes PD 4-point 
(Within scan 
inter-reader 
κ=0.88 for MCPJ 
and κ=0.69 for 
wrists) 

Comparative 
study of 
clinical 
evaluation 
with US  

Scheel et 
al (2005) 
[122] 

2nd to 5th 
MCPJs and 
PIPJs in the 
clinically more 
affected hand  

Dorsal and 
Palmar  

Long and Tran 

ADV SUMM 

- Yes 4-point 
(within scan 
inter-reader 
agreement 
κ=0.88 for 
MCPJs and 
κ=0.93 for 
PIPJs) 

 

- - A study to 
determine 
the optimal 6 
joint 
summated 
score from 
HFUS 
scanning by 
comparing 
with MRI to 
assess joint 
inflammation 
in RA 

Naredo et 
al (2005) 
[123] 

bilateral 
wrists, 2nd and 
3rd MCPJs, 2nd 
and 3rd PIPJs, 
and knees 

Dorsal/Ventral 
not stated  

Long/Trans not 
stated in 
methods 

ADV SUMM 

- Yes 4-point 
(na) 

- Yes 4-point (na) A study to 
evaluate the 
potential of a 
limited 12 
joint US 
evaluation to 
assess overall 
inflammatory 
activity in RA 
patients 
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Authors / 
Year  

Joint groups 
and views 

Quant ST (κ, ICC 
or other) 

SemiQ ST (κ, 
ICC or other) 

Quant 
VASC 
CD/PD  (κ, 
ICC or 
other) 

SemiQ VASC 
CD/PD (κ, ICC or 
other) 

Article type 

Brown et al 
2006 [93] 

Dominant 2
nd

 to 
5

th
 MCPJs and 

Wrists 

Dorsal/Palmar 
not stated  

Long/Trans not 
stated in 
methods 

Long pictured in 
article 

- Yes 2-point 
(Parallel scan 
inter-reader 
exact 
agreement of 
91%; κ=0.6) 

Yes 4-point 
(Parallel scan 
inter-reader 
exact 
agreement of 
38%; κ=0.53) 

- Yes PD 2-point 
(Parallel scan 
inter-reader 
exact agreement 
of 92%) 

Yes PD 4-point 

(Parallel scan 
inter-reader 
exact agreement 
of 92%) 

Detecting 
synovitis in 
RA patients 
with DMARD 
induced 
remission 

Koski et al 
2006 [113] 

 

Selected knees, 
ankles, MTPJs, 
shoulders, 
elbows, and 
MCPJs 

Dorsal/Palmar 
or Plantar not 
stated 

Long/Trans not 
stated in 
methods 

- Yes 2-point 

(Within scan 
inter-reader 
κ=0.52) 

- Yes PD 2-point 

(Within scan 
inter-reader 
κ=0.66) 

Yes PD 4-point 
(Within scan 
inter-reader 
κ=0.57) 

Assessing 
reader 
reliability of 
ultrasono-
graphic clips 

Naredo et al 
2006 [114] 

Selected 
shoulders, 
wrists, hands, 
knees, ankles 
and feet 

Dorsal and 
Palmar/Plantar 

Long/Trans not 
stated in 
methods. Long 
pictured in 
article. 

- Yes 2-point 
(Parallel scan 
inter-reader 
overall 
agreement 
=91%) 

- Yes PD 2-point 
(Parallel scan 
inter-reader 
overall 
agreement =83%) 

Reliability of 
rheuma-
tologists 
performing 
US on a 
EULAR 
course 
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Authors / 
Year  

Joint groups 
and views 

Quant ST (κ, ICC 
or other) 

SemiQ ST (κ, 
ICC or other) 

Quant 
VASC 
CD/PD  (κ, 
ICC or 
other) 

SemiQ VASC 
CD/PD (κ, ICC or 
other) 

Article type 

Naredo et al 
2007 [107] 

Shoulders, 
elbows, wrists, 
MCPJ, PIPJs and 
knees 

Dorsal 

Long and Trans 

ADV SUMM 

- Yes 2-point 
(na) 

- Yes PD 4-point 
(na) 

Predictive 
value of US 
assessment 
in early RA: 
a 
longitudinal 
study 

Albrecht et 
al 2008 [98] 

Wrists, 2
nd

 to 
5

th
 MCPJs, 2

nd
 

to 5
th

 PIPJs and 
2

nd
 to 5

th
 MTPJs. 

Dorsal 

Long  

Yes (Parallel scan 
inter-reader 
ICC=0.85) 

Yes 4-point 
(Parallel scan 
inter-reader 
κ=0.83) 

Yes PD 
(Parallel 
scan inter-
reader 
ICC=0.8) 

Yes PD 4-point 
(Parallel scan 
inter-reader 
κ=0.87) 

Reliability of 
different 
ultrasono-
graphic 
quantificatio
n methods in 
RA 

Naredo et al 
2008 [115] 

Shoulders, 
Elbows, Wrists, 
Hips, Knees, 
Ankles, Mid-
tarsals, MCPJs, 
PIPJs, and 
MTPJs 

Dorsal and 
Palmar/Plantar 

Long and Trans 

ADV SUMM 

- - - Yes PD 4-point 
(Overall within 
scan inter-reader 
Kendall’s W 
coefficient=0.8) 

Exploratory 
study to test 
the reliability 
of a 12 joint 
US 
assessment 

Freeston et 
al 2008 
[120] 

Selected 2
nd

 
and 3

rd
 MCPJs, 

and Wrists 

- - - Yes PD 4-point 
(Overall parallel 
scan inter-reader 
κ=0.72 

Comparison 
between MRI 
(without 
contrast) and 
US to assess 
synovitis 
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Authors / 
Year  

Joint groups 
and views 

Quant ST (κ, ICC 
or other) 

SemiQ ST (κ, 
ICC or other) 

Quant 
VASC 
CD/PD  (κ, 
ICC or 
other) 

SemiQ VASC 
CD/PD (κ, ICC or 
other) 

Article type 

Naredo et al 
2008 [108] 

Shoulders, 
Elbows, Wrists, 
MCPJs, PIPJs 
and Knees 

Dorsal and 
Palmar 

Long/Trans not 
stated in 
methods. Long 
pictured in 
article. 

ADV SUMM 

- Yes 4-point 
(Overall 
within scan 
inter-reader 
Kendall’s W 
coefficient 
=0.64) 

- Yes 4-point 
(Overall within 
scan inter-reader 
Kendall’s W 
coefficient =0.85) 

Exploratory 
study to 
investigate 
the effect of 
anti-TNF 
therapy 

Rosenberg 
et al 2009 
[116] 

2
nd

 to 5
th

 MCPJs 

Dorsal and 
Palmar 

Long 

- Yes 2-point 
(Within scan 
inter-reader 
κ=0.61) 

Yes 4-point 
(Within scan 
inter-reader 
κ=0.49) 

- Yes PD 2-point 
(Within scan 
inter-reader 
κ=0.98) 

Yes PD 4-point 
[Stone method 
[121]] (Within 
scan inter-reader 
κ=0.79) 

Yes PD 4-point 
[Klauser method 
[73]] (Within 
scan inter-reader 
κ=0.90) 

Exploratory 
study to 
investigate 
the effect of 
US 
experience 
in 
diagnosing 
synovitis in 
RA  

Kamishima 
et al 2009 
[124] 

2
nd

 and 3
rd

 
MCPJs and 2

nd
 

PIPJs 

Dorsal/Palmar 
not stated. 
Dorsal pictured 
in article.  

Long 

- - Yes PD 
(Parallel 
scan inter-
reader 
ICC=0.95) 

Yes PD 4-point 
(Parallel scan 
inter-reader 
κ=0.8) 

Exploratory 
study to 
investigate 
the 
variability 
of PD 
endpoints  
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Authors / 
Year  

Joint groups 
and views 

Quant ST (κ, ICC 
or other) 

SemiQ ST (κ, 
ICC or other) 

Quant 
VASC 
CD/PD  (κ, 
ICC or 
other) 

SemiQ VASC 
CD/PD (κ, ICC or 
other) 

Article type 

Larché et al 
2010 [97] 

All 10 MCPJs 

Dorsal 

Transverse 

ADV SUMM 

- Yes 6-point 
(na) 

Yes PD (na) Yes PD 6-point 
(na) 

Exploratory 
study to 
determine 
the stability 
of  ultrasono-
graphic 
endpoints 
and the 
effect of low 
dose 
Prednisolone 

 

Table 1: Publications containing 2D US endpoints (quantitative and qualitative) for the measurement 
of synovitis in RA. Where applicable joint by joint within scan inter-reader and parallel scan inter-
reader are presented; other methods to report reliability are excluded. Key: Long = longitudinal; 
Trans = transverse; ADV SUMM = Investigators advocated a summated US score; Quant = 
quantitative; SemiQ = semiquantitative; ST = synovial thickness; VASC = vascularity; PD = power 
Doppler; CD = Colour Doppler; ICC = intraclass correlation coefficient; κ = Cohen’s kappa coefficient.  
 

Table 1 demonstrates the following: Scanning was most frequently performed over the dorsum of 

the joints, images were most often acquired in the longitudinal view but closely followed by the 

transverse view, only one study [98] used both semiquantitative and quantitative measures of 

synovial thickness and vascularity, and studies that assessed reproducibility used different 

ultrasonographer/reader comparisons. In addition, for vascularity and synovial thickness, the scales 

range from binary (2-point) scales to 6-point scales.  

There are significant gaps in the assessment of reliability of US endpoints. Studies have examined 

the within scan inter-reader for three out of the four different forms of measurement.  

Quantitative ST measurement: none  
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Semiquantitative ST measurement: binary scales κ values 0.52-0.61; ≥4-pointscales κ values 0.49-

0.93   

Quantitative VASC measurement: ICC value 0.81 

Semiquantitative VASC measurement: binary scales κ values 0.66-0.98; ≥4-point scales κ values 0.57-

0.90 

There are fewer gaps for parallel scan inter-reader reliability assessment. All of the four different 

forms of measurement have been investigated although there is a paucity of data for quantitative ST 

measurement and quantitative VASC measurement. 

Quantitative ST measurement: ICC value 0.85 

Semiquantitative ST measurement: binary scales κ values 0.6-0.76; ≥4-point scales κ values 0.49-

0.868, ICC value 0.81 

Quantitative VASC measurement: ICC values 0.8-0.95 

Semiquantitative VASC measurement: binary scales none; ≥4-point scales κ values 0.55-0.953, ICC 

value 0.72   

In general, binary scales have better reliability than ≥4-point scales for semiquantitative measures of 

synovial thickness and vascularity. This is not surprising. One would expect parallel scan inter-reader 

reproducibility to be lower than within-scan inter-reader, due to the potential loss of reproducibility 

due to image acquisition but κ and ICC values were similar. On the whole, semiquantitative scales 

have less agreement than quantitative scales for within scan inter-reader and parallel scan inter-

reader comparisons. Although the data is limited for quantitative vascularity measures it is 

reassuring to observe that in most cases vascularity measurements have good reproducibility for 

within scan inter-reader and parallel scan inter-reader comparisons. In addition, the more 
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experienced the sonographers, the higher the parallel scan inter-reader agreement; between two 

experienced sonographers ICC = 0.95 vs. between an experienced and an inexperienced sonographer 

ICC = 0.81 [124]. 

To summarise this section, there are advantages and disadvantages of all the scales. Although binary 

scales generally have better reproducibility than scales with a greater number of points [Table 1], 

they are relatively insensitive and larger patient numbers would be needed to detect the effect of 

treatment in an RA clinical trial. Scales with many points have the potential benefit of improved 

sensitivity but this may be at the expense of reproducibility which may result in a biomarker that 

does not reliably indicate a treatment effect in a clinical trial. So clearly there is a balance between 

sensitivity and reproducibility; in other words we need a scale with the maximum number of points 

to optimise sensitivity that also allows us to reliably distinguish the grade of synovitis.  

Within scan intra-reader reliability has been assessed by blinded rescoring by the same reader of 

archived US images, 3–12 months after the initial assessment in the same patient subset [Table 2]. 

Unexpectedly, these studies reported only fair to good agreement when assessing synovial 

thickening κ values 0.55-0.60. Assessments of vascularity were better with κ values 0.62-0.82.    



54 

 

 

Authors and Year Time period between 
readings 

ST reproducibility VASC reproducibility 

Koski et al 2006 [113] 3-4 months na SemiQ;2-point κ=0.82; 
4-point κ=0.72 

Brown et al 2006 [93] 12 months SemiQ; 2-point κ=0.60; 
4-point κ=0.55 

SemiQ; 2-point κ=0.62; 
4-point κ=0.59 

Naredo et al 2007 
[107] 

3 months na Summated 4-point 
SemiQ score ICC=0.99  

 

Table 2. Ultrasound studies reporting within scan intra-reader reproducibility. Key: SemiQ = 
semiquantitative; ST = synovial thickness; VASC = vascularity; ICC = intraclass correlation coefficient; 
κ = Cohen’s kappa coefficient. For further details of each study then see Table 1; all are present.  
 

To my knowledge, there is only one study reporting the parallel scan intra-reader reliability on a joint 

by joint basis that included MCPJ analysis [86]. Ribbens et al reported parallel scan intra-reader 

variation coefficients of 2.3% for the MCPJs. The article did not differentiate synovial thickness and 

vascularity reproducibility data (see Table 1 for further study details). 

 

Summated US scoring endpoints and reliability 

As mentioned above, the majority of US studies investigated reliability on a joint by joint basis; even 

when summated US scores were advocated [108] [86]. Few studies have assessed the reliability of 

summated US measures of synovitis i.e. a summation of scores for a selected group of joints.    

A study examining summation scores by Naredo et al assessed within scan intra-reader reliability 

with a resultant excellent ICC value of 0.99 [107] for summated 4-point semiquantitative PDUS 

imaging of 28 joints (bilateral shoulders, elbows, wrists, MCPJs, PIPJs and knees), called the “overall 

US joint index for power Doppler signal”. By using their technique to longitudinally assess RA 

patients commencing DMARD therapy, they demonstrated that time-integrated values of the overall 
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US joint index for power Doppler signal correlated with radiographic progression (r = 0.59–0.66, P < 

0.001). 

Backhaus et al (2009) [125] developed a summated US score which they have called the “German 

US7 score”. This US score includes the following joints of the clinically dominant hand and foot: 

wrist, second and third MCPJs, second and third PIPJs, and second and fifth MTPJs. They measured 

HFUS synovitis and PD synovitis using 4-point semiquantitative scales. In addition tenosynovitis (with 

HFUS and PDUS) and erosions (with HFUS) were scored for presence (i.e. binary). They examined 

patients with RA (91%) and psoriatic arthritis (9%) at three time points; baseline, 3 and 6 months 

after a change or initiation of DMARD therapy/anti-TNF therapy. Although advocating a 7 joint US 

score they only summated the separate types of measures rather than all the endpoints i.e. all joint 

synovitis scores measured by HFUS were summated per patient and presented as a number which 

was separate from the summated synovitis scores measured by PDUS. The within scan inter-reader 

kappa value for 4-point semiquantitative scoring endpoints was 0.6 and for binary scoring endpoints 

the kappa value was 0.65. Their scoring technique significantly reflected a treatment response after 

6 months for all summated endpoints except erosions, and after 3 months for all summated 

endpoints except PD synovitis and erosions.  

Finally Dougados et al 2010 [126] developed a 20 joint summated HFUS and PDUS scores (10 MCPJs 

plus 10 metatarsophalangeal joints [MTPJs] scored on 4-point semiquantitative scales). A unique 

form of parallel scan intra-reader reliability was assessed by comparing the screening summated 

score with the baseline summated score (a separation of 2-4 days) with the assumption that the 

disease activity was stable between the two visits. The reliability was evaluated using the ICC; 0.87 

for HFUS and 0.91 for PDUS. 

 



56 

 

3.4.11 3D Ultrasonographic endpoints and reliability  

The parallel scan inter-reader reliability of 3D US has also been explored. 3D assessments were 

acquired by a free-hand sweep using a 2D transducer (probe) in the following two studies. The first, 

an open-label study of an anti-inflammatory therapy in RA patients with US performed at the wrists, 

found that quantification of 3D PD images (voxel count) and synovial thickness showed higher 

parallel scan inter-reader agreement compared with 2D quantitative analyses [127]. The second, 

another open-label study by Albrecht et al, obtained similar parallel scan inter-reader ICC values for 

2D and 3D US (0.8 and 0.88 respectively), when measuring PD signal quantitatively (pixel count for 

2D and voxel count for 3D). Patients in this study had a mixture of arthritides (17 RA and 7 psoriatic 

arthritis) [98]. 3D US using a dedicated 3D transducer has the potential to enhance the parallel scan 

inter-reader agreement between two individual sonographers over that of 2D US. This is because 

possible inaccuracy created by the need for precise probe placement during 2D image acquisition is 

reduced or removed entirely depending on the target joint.  

 

3.4.12 Intermachine agreement  

Albrecht et al found moderate intermachine agreement with a κ value of 0.57 for 2D PDUS score 

(utilizing a 4-point semiquantitative scale). This intermachine agreement was based on a comparison 

between a more advanced machine (used for their main study) and an older device [98]. Therefore, 

agreement may improve when comparisons are made between similar generation machines. 
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3.5 Current treatments for rheumatoid arthritis 

Current treatments for RA include corticosteroids, NSAIDs, DMARDs and UK NICE (National Institute 

for Health and Clinical Excellence) approved biological agents such as the inhibitors of TNF, 

rituximab (a chimeric murine-human monoclonal antibody directed against the CD20 antigen), 

tocilizumab (a humanized monoclonal antibody against the interleukin[IL]-6 receptor) and abatacept 

(a selective T-cell co-stimulation modulator). The biological therapies are either administered 

subcutaneously or intravenously. The aims of therapy are to relieve pain and stiffness and to prevent 

erosions, thereby halting the progression of disease and subsequent disability. A variety of DMARDs 

taken singly or in combination have proven efficacy in slowing the development of erosions but do 

not arrest the disease [99-102]. Anti-TNF therapies more directly target the disease process by 

neutralizing the proinflammatory cytokine TNF. Taken alone or in combination with DMARDs, they 

have had a major impact by improving the functional status of patients and further reducing 

progression in radiographic disease [103, 128]. Despite this success, there are limitations to the use 

of anti-TNF agents that include intravenous or subcutaneous administration, high cost, and that a 

significant proportion of patients (approximately 40%) do not respond. The other biological agents 

(rituximab, tocilizumab and abatacept) have similar limitations as the anti-TNF agents. Furthermore, 

in the UK there is rationing of the biological therapies, the majority of which are restricted to RA 

patients who have failed DMARD therapy and have severe disease activity (DAS28 ≥5.1) [129] (the 

exception is tocilizumab - patients with DAS28 ≥3.2 eligible), despite evidence that patients with 

moderate disease activity (DAS28 3.2 to 5.1) benefit from these therapies both radiographically 

[130] and in terms of disability [131]. Therefore there is a need to develop agents that have efficacy 

at reducing inflammation, prevent erosions, are administered orally and have a good safety profile. 

 

 

http://en.wikipedia.org/wiki/Humanize
http://en.wikipedia.org/wiki/Monoclonal_antibody
http://en.wikipedia.org/wiki/Interleukin-6_receptor
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3.6 Rationale for developing inducible Nitric Oxide Synthase (iNOS) 

inhibitors for rheumatoid arthritis  

Nitric oxide synthase (NOS) synthesizes a gaseous free radical nitric oxide (NO) from the oxidation of 

L-arginine to L-citrulline. NOS enzymes are usually referred to as 'dimeric' in their active form, 

ignoring the two required calmodulins associated with the two NOS monomers, which mean that 

they are in fact tetramers. There are three known isoenzymes of NOS. Two are constitutively 

expressed. The first is found predominantly in vascular endothelial cells (eNOS – endothelial NOS) 

and acts as a mediator of smooth muscle relaxation [132]. The second is found in the central and 

peripheral nervous system (nNOS – neuronal NOS) and is a neurotransmitter [133]. The third 

isoenzyme, iNOS, is induced in pathological states by a variety of inflammatory cytokines including 

TNFα, interferon gamma, and IL-1 [134]. Once induced, iNOS will generate NO as long as L-arginine is 

available and as a result accessibility of L-arginine is vital to the production of NO [135]. NO has a 

very short half-life making direct measurement difficult. In the presence of oxygen, NO rapidly forms 

nitrite and nitrate. Reactions with other reactive oxygen intermediates can yield peroxynitrite. These 

compounds are significantly more stable than NO and are therefore more amenable to 

measurement [136].  

Recent studies suggest that activation of iNOS may be important in the pathogenesis and 

perpetuation of inflammatory arthritis. iNOS has been shown to be expressed in RA synovium. 

Immunohistochemistry has demonstrated that the majority of cells in the synovium expressing iNOS 

are fibroblasts and although a limited proportion of macrophages expressed high levels of iNOS, 

most did not [137]. In addition, immunostaining of biopsy specimens from patients with rheumatoid 

arthritis has demonstrated iNOS in synovial lining cells, chondrocytes, endothelial cells and vascular 

smooth muscle cells. No evidence of iNOS was found in non-inflammatory synovium or in cartilage 
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derived from normal joints [138]. Sakurai et al have also found iNOS expression in the endothelial 

cells of inflamed joints of patients with RA [139].  

iNOS expression and products of NO metabolism have been found in RA synovial fluid (SF). In chronic 

arthritis patients, high levels of iNOS expression have been observed in SF leucocytes (chiefly 

granulocytes and to a lesser extent monocyte/lymphocyte populations) compared to blood 

leucocytes. In addition, subnormal levels of the substrate for NO production, L-arginine, have been 

observed in the plasma in arthritic patients compared to controls yet it was present in high 

concentrations in the synovial fluid from the patients [140]. This suggests that where there is joint 

inflammation there are also mechanisms that provide iNOS with the substrate to perpetuate its role.  

Other studies have demonstrated the presence of NO and products of NO metabolism in the serum 

[141], [142] and urine of RA patients [143], and confirmed their presence in SF [144]. Elevated levels 

of NO (indirectly measured by nitrate concentration using a calorimetric assay) have been found in 

the serum of RA patients and shown to correlate significantly with markers of disease activity such 

as CRP levels, number of swollen and tender joints, and disease activity scores [142].  Similarly serum 

levels of NO (determined by measuring chemiluminescence produced by the reaction of NO with 

ozone after conversion from nitrate in the samples) in RA patients correlated significantly with 

morning joint stiffness, number of tender and swollen joints, CRP and also serum TNF-α and IL-6 

levels. Moreover, SF NO concentration was significantly higher than that of serum in patients with 

RA [141]. Further evidence for production of NO in human synovium was provided by Farrell et al 

who observed an increased concentration of nitrite (determined by measuring chemiluminescence 

produced by the reaction of NO with ozone after conversion from nitrite in the samples) in serum 

and synovial fluid of RA patients compared with normal controls and elevated levels of nitrite in the 

synovial fluid relative to the serum in RA patients [144]. Grabowski et al found elevated urinary 

nitrate/creatinine ratios in RA compared with controls [143]. Overall, the elevated levels of iNOS, NO 
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and nitrotyrosine-containing proteins in the serum, SF and synovium of RA subjects suggest that NO 

may contribute to inflammatory processes, tissue damage, and pathology of RA. 

 

A few studies have proposed mechanisms by which iNOS could mediate inflammation and joint 

damage in RA. Healthy cartilage is made up of collagen, glycoproteins and proteoglycans. Bone is 

made up of a mineralized collagen matrix. A range of cytokines can activate proteinases (such as the 

matrix metalloproteinases [MMPs]) in RA which can lead to cartilage and bone destruction. iNOS 

knockout mice are resistant to IL-1-induced bone resorption, indicating that the iNOS pathway is 

essential for IL-1-induced bone resorption and that NO may play a central role in the pathogenesis of 

bone erosions in RA [145]. Another study showed that cytokine stimulated NO production by 

induced NO synthase activity in normal cartilage up regulates MMP (collagenase and stromelysin) 

production [146]. Hauselmann et al demonstrated that in the normal joint, IL-1 suppression of 

proteoglycan synthesis is partly dependent upon NO production [147]. Peroxynitrite, a metabolism 

product of NO and a cytotoxic oxidant which has the ability to induce cellular injury, has been 

demonstrated to contribute to the inflammatory response in murine collagen induced arthritis [148] 

and protein nitrotyrosine, a marker of exposure to peroxynitrite in diseased tissue, has been found 

in the synovium of RA subjects to a significantly greater extent than in osteoarthritis subjects [149].  

 

Animal models of inflammatory arthritis treated with iNOS inhibitors and genetic knockouts of iNOS 

have been used to evaluate the role of iNOS in the inflammatory disease process of arthritis. 

Collagen-induced arthritis (CIA) in mice and adjuvant-induced arthritis (AIA) in rats are typical animal 

models of human chronic arthritis. The development of arthritis is accompanied by the induction of 

iNOS and subsequent NO production in these models [150]. PPA250 is an iNOS inhibitor that 

prevents the dimerization of iNOS. It has no effect on transcription or translation. PPA250, 

administered after the appearance of clinical signs, suppressed the development of destructive 
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polyarthritis in both the CIA and AIA models [151]. In the CIA model the inflammation score was 

reduced in a dose dependent manner after oral administration of PPA250. In addition, paw swelling 

was found to be reduced in the AIA model within a few days of treatment with PPA250. GW274150, 

a potent selective inhibitor of iNOS activity, also showed a beneficial effect in the CIA model. Mice 

treated with GW274150 showed a decrease in paw swelling and a reduction in the histological 

damage score in comparison with the no treatment group (mice subjected to collagen induced 

arthritis only). Radiographic analysis also showed a significant reduction in radiographic damage 

compared to the no treatment group. Plasma nitrite/nitrate levels were reduced in GW274150 

treated mice and immunohistochemical analysis of joint sections found no positive staining of 

nitrotyrosine, whereas joint sections from untreated CIA mice revealed positive staining for 

nitrotyrosine localised in the articular cartilage. Similar results were observed in iNOS knockout 

(targeted deletion of the iNOS gene) mice as those found in CIA mice treated with GW274150 [152]. 

iNOS may have a important role in the inflammatory process of RA and inhibition of iNOS appears to 

be therapeutically beneficial in terms of preventing inflammation and reducing joint erosion in 

animal models. Therefore selective inhibition of iNOS may have a beneficial effect in human RA 

patients.  

An agent, Tripterygium wilfordii Hook F (TWHF), traditionally used as a herbal remedy for 

rheumatoid arthritis has been shown to inhibit the transcription of the iNOS gene in mice [153]. A 

small phase II study demonstrated a beneficial effect of TWHF in RA subjects as measured by the 

ACR20 improvement criteria. However, it has not yet been investigated if the inhibition of iNOS 

transcription in RA patients accounts for its beneficial effects [154].  
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3.7 GW274150, a highly selective inhibitor of iNOS 

As already mentioned, the iNOS enzyme, similar to other NOS enzymes, is often referred to as 

'dimeric' in its active form but is actually a tetramer because it also possesses two calmodulins which 

are essential to its function. The iNOS enzyme contains tightly-bound cofactors (6R)-5,6,7,8-

tetrahydrobiopterin, flavin adenine dinucleotide, flavin mononucleotide and iron protoporphyrin IX 

and probably catalyses a reaction of L-arginine [Figure 10], nicotinamide adenine dinucleotide 

phosphate hydrogen (NADPH), and oxygen to the free radical NO, citrulline and nicotinamide 

adenine dinucleotide phosphate (NADP) [155-159] 

GW274150 [(S)-2-Amino- (1-iminoethylamino)-5-thioheptanoic acid] [160] also written as S-[2-[(1-

iminoethyl)amino]ethyl]-L-homocysteine [158] [Figure 11], has been identified from a series of 

acetamidine amino acids which has a very high degree of selectivity for human iNOS versus both 

eNOS and nNOS [Table 3] [161]. It is a sulphur-substituted acetamidine amino acid acting in 

competition with L-arginine [158] [160]. The effect of GW274150 goes beyond simple binding in 

competition with L-arginine. It requires active iNOS enzyme and NADPH substrate to permit 

inhibition to proceed from the initial relatively weak binding to the enzyme to potent 

inhibition/inactivation. The inhibition of human eNOS and nNOS is rapidly reversible. This efficacy 

and selectivity of GW274150 is maintained in intact cells and tissues [158, 159]. 
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Figure 10.  Chemical structure of L-Arginine 

 

 

Figure 11.  Chemical structure of GW274150 
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ISOFORM IC50     (µM) 

iNOS 1.4 

eNOS 466 

nNOS 145 

eNOS/iNOS 333 

nNOS/iNOS 104 

 

Table 3. IC50 (Concentration that causes 50% inhibition) values for GW274150 inhibition of human 

NOS isoforms [161].  

 

3.8 Previous Clinical studies with GW274150 

The safety and tolerability of GW274150 has been assessed in six completed clinical studies in over 

120 patients (healthy volunteers and asthmatics).  

The first two studies were single-dose studies in healthy volunteers and mild asthmatics 

(GlaxoSmithKline [GSK] studies INO10001 and INO10002 respectively). The following two studies 

were 14 day repeat dose studies in healthy volunteers and mild asthmatics (GSK studies INO10004 

and INO101247 respectively). In these four studies there were no clinically significant changes in 

blood pressure, ECG recordings, or platelet function. There were minor, asymptomatic changes (less 

than twice the upper limit of normal) in clinical laboratory measures (serum amylase, trypsin, liver 

enzymes, total cholesterol and/or triglycerides) in a small proportion of volunteers after 7 days 

repeat dosing. All of the changes seen were reversible and monitorable. The clinical significance of 

these findings and relationship to GW274150 has not yet been established. After oral administration 

the parent drug was the major circulating component in the plasma of humans. The major route of 

elimination was as unchanged drug in the urine.  
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Information on clinical safety was augmented by a 28 day repeat dose study in healthy volunteers 

given 90 mg GW274150 once daily (GSK study NOS104230). In this group (n=15), treatment with 

GW274150 was safe and well tolerated with only a few adverse events and no serious adverse 

events.  In particular there were no clinical laboratory abnormalities of concern.  

A published study by Singh et al [162] investigated the effect of GW274150 on allergen challenge in 

asthma. 28 subjects with asthma participated in a double-blind, randomized, double-dummy, 

placebo controlled, three-period cross-over study.  Subjects received a maximum of 90 mg 

GW274150 once daily for 14 days. Comparisons were made with montelukast and placebo. They 

demonstrated that GW274150 significantly reduced the levels of nitric oxide in exhaled air but did 

not affect airway hyperreactivity or airway inflammatory cell numbers after allergen challenge in 

subjects with asthma. The most frequently reported adverse events was headache (reported by 27% 

taking GW274150, 24% taking montelukast, and 29% taking placebo). No treatment-related trends 

were observed in safety laboratory parameters, blood pressure, or ECG recordings.  

 

 

Some sections of the Background were reproduced/adapted from parts of a review article by Dr 

Matthew Seymour (primary authorship) and Prof Peter Taylor for the International Journal of Clinical 

Rheumatology, October 2009, Vol. 4, No. 5, Pages 583-595 with the permission of Future Medicine 

Ltd. 
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4 Hypotheses 

Hypothesis 1 

Ultrasonographic measures of synovitis of metacarpophalangeal joints have utility in early phase 

rheumatoid arthritis clinical trials in determining the potential of new treatments.  

 

Hypothesis 2 

Ultrasonography of rheumatoid arthritis metacarpophalangeal joints is a valid means to objectively 

measure the severity of rheumatoid arthritis and the response to treatment.  

 

Hypothesis 3 

Quantitative measures of power Doppler signal are superior to qualitative measures with respect to 

sensitivity and reproducibility when assessing synovitis in rheumatoid arthritis metacarpophalangeal 

joints. 

    

Hypothesis 4 

A single 90 mg dose of GW274150 results in exposure in rheumatoid arthritis subjects similar to that 

expected from healthy volunteers and asthmatics. (Study 1 part A) 
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Hypothesis 5 

Selective inhibition of inducible nitric oxide synthase significantly reduces inflammation measured by 

ultrasonography in patients with active rheumatoid arthritis. (Study 1 part B)  

 

Hypothesis 6 

Prednisone 15 mg daily will have greater change from baseline of the 10MCP Trans PDA (a 

summated score of PDUS synovitis quantitatively measured in all 10 MCPJs scanned in the 

transverse plane over the dorsum of the joints)  compared with placebo after 15, 8, and 2 days of 

treatment.  An effect size of ~1 is targeted.  Effect size is the difference in the reduction between 

prednisone and placebo divided by within-treatment pooled SD. (Study 2) 

 

Hypothesis 7 

Prednisone 15 mg daily will have greater change from baseline in DAS28(CRP) compared with 

placebo at 15 days.  An effect size of ~1 is targeted. (Study 2) 
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5 Study Objectives 

5.1 Study 1 part A  

The objective of Study 1 part A was to investigate the safety, tolerability and pharmacokinetics of a 

single 90 mg dose of a selective iNOS inhibitor (GW274150) in adult and elderly RA subjects on 

stable doses of methotrexate. The study was open label. The purpose of this initial single dose iNOS 

inhibitor study was to indicate the optimum dose regime for a repeat dose study with a view to 

investigating the biology of iNOS in vivo and to investigate the utility of articular US in a rheumatoid 

arthritis early phase (IIa) clinical trial. The expectation was that a single 90 mg dose of GW274150 

would result in exposure in RA subjects similar to that expected from healthy volunteers and 

asthmatics. However, subjects with a diagnosis of RA were expected to be older than the healthy 

subjects and patients with mild asthma previously studied in Phase I trials; renal function tends to 

decline with age and GW274150 is largely renally excreted. Another aim was to address the 

potential issue of methotrexate interactions with GW274150, as only subjects receiving concomitant 

methotrexate were eligible (other additional DMARDs were also allowed). Based on the data 

generated in this Phase II study, a dose would be selected for the subsequent study (Study 1 part B). 
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5.2 Study 1 part B  

The overall objective of Study 1 part B was to determine the utility of 2D ultrasonographic measures 

of synovitis in a Phase IIa RA clinical trial which involved assessing the effect of repeated doses of the 

selective iNOS inhibitor GW274150 in RA subjects with active disease over 28 days. The dose was 

determined by the results of Study 1 part A. The study was a double-blind, placebo-controlled, 

double-dummy, parallel group multi-centre study to investigate the safety and tolerability and the 

effect on synovial thickness and vascularity of 28 days repeat daily dosing of 60 mg GW274150, 7.5 

mg prednisolone or placebo in RA subjects. Synovial thickness and vascularity, as well as markers of 

iNOS inhibition were measured after 14 and 28 days dosing. One group of 50 subjects, split into 3 

treatment arms of 17, 19 and 14 subjects (on placebo, GW274150 60 mg and prednisolone 7.5 mg 

respectively) were recruited into the study. The objectives for Study 1 part B can be subdivided as 

follows: 

Primary 

To investigate the effect of GW274150 on synovial vascularity after 28 days repeat dosing. 

Secondary 

a. To investigate the effect of GW274150 on synovial thickness after 28 days repeat dosing. 

b. To investigate the pharmacokinetics (PK) of GW274150 in RA subjects on stable therapy after 
repeat dosing. 

c. To test the safety and tolerability of GW274150 in RA subjects after repeat dosing. 

Tertiary 

a. To investigate the effect of GW274150 on serum CRP in RA subjects after repeat dosing. 

b. To investigate the effect of GW274150 on disease activity after repeat dosing as measured by 

DAS28(ESR). 

c. To investigate the effect of GW274150 on a potential serum biomarker of inducible nitric oxide 

synthase (iNOS) activity (IIINyS) in RA subjects after repeat dosing. 

d. To investigate the effect of GW274150 on pain and fatigue after repeat dosing. 
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5.3 Study 2  

The study was a randomized, double-blind, parallel group, placebo controlled study to assess the 

effects of oral prednisone (15 mg once daily) on clinical efficacy and 2D ultrasonographic measures 

of MCPJ synovitis in subjects with RA over 2 weeks. Prednisone is a prodrug which is converted by 

the liver to prednisolone, the active drug. By using a known efficacious treatment for RA, the 

objectives were: 

1. To confirm that quantitative ultrasonographic imaging of synovial vascularity in MCPJs can be 

used as a tool for an early and reliable indicator of a therapeutic response to treatment intervention 

in rheumatoid arthritis.   

2. To investigate the sensitivity and reliability of 2D ultrasonographic endpoints (quantitative and 

semiquantitative measures of synovial thickness and vascularity in MCPJs imaged in the dorsal 

longitudinal and transverse planes) and make comparisons between different endpoints. Table 1 

demonstrated that the joints imaged most frequently were the MCPJs, scanning was performed 

mostly over the dorsum of the joints and images were most often acquired in the longitudinal view 

but closely followed by the transverse view. Therefore one of the aims of the study was to include 

these views of the MCPJs. We have investigated the reliability of a summation of 10 MCPJs rather 

than the reliability on a joint by joint basis.  Sensitivity was investigated by calculation of point 

estimate of effect size of each endpoint relative to placebo with 90% confidence intervals (CI).  

3. To compare the ultrasound endpoints with DAS28(CRP) and to explore the potential of composite 

endpoints (DAS28 and US measures of synovitis) to improve the registration of a significant 

treatment effect.  
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6 Patients and Methods  

6.1 Study 1 part A 

Patients  

The study was an open label, single dose study to test the safety, tolerability and pharmacokinetics 

of GW274150 in adult and elderly RA subjects taking stable doses of methotrexate (GSK protocol 

number RA4104916 and Clinical Trials number NCT00370435). The study was performed in 

collaboration with GSK. Subjects were eligible for inclusion in this study if all of the following criteria 

applied: subjects had a diagnosis of RA according to the revised 1987 criteria of the ACR [46], were 

adult male or female over the age of 18 (without clinically significant cardiac, pulmonary, 

gastrointestinal, hepatic, renal, haematological, metabolic, genitourinary, neurological and 

psychiatric disease as determined by history, physical examination and screening investigations), 

were on stable dose oral methotrexate (7.5 mg – 25 mg per week) for 8 weeks prior to enrolment, 

on stable folate supplements, if on another DMARD (sulphasalazine and hydroxychloroquine) in 

addition to methotrexate the DMARD(s) had to be at stable doses for 8 weeks prior to enrolment, 

had body weight  50 kg for males and  45 kg for females, if using NSAIDs, glucocorticoids or COX 

(cyclooxygenase)-2 inhibitors subjects must have been on stable doses for 2 weeks prior to 

screening, liver function tests (ALT, AST, ALP) must have been ≤ 1.5 x upper limit of normal (ULN) at 

screening and have been stable on at least 2 occasions in the 7 months prior to screening, were able 

to provide signed and dated written informed consent prior to admission to the study, and were 

able to understand and comply with protocol requirements, instructions and protocol-stated 

restrictions. Subjects were excluded from study participation if any of the following criteria applied: 

subjects had past or present disease, which, as judged by the investigator, may have affected the 
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outcome of this study or as a result of the medical interview, physical examination or screening 

investigations, the physician responsible considered the subject unfit for the study; had clinically 

significant abnormalities in safety laboratory analysis at screening, were pregnant or nursing 

women, women of childbearing potential who were unwilling or unable to use an appropriate 

method of contraception [Appendix 5], were taking >10 mg/day prednisolone or equivalent dose of 

another oral glucocorticoid, had received intramuscular glucocorticoids within 6 weeks of 

enrolment, were concurrently receiving any anti-rheumatic biological therapy or had received their 

final dose of infliximab or adalimumab within 3 months of enrolment/received their final dose of 

etanercept or anakinra within 1 month of enrolment, had received an investigational drug or 

participated in any other new chemical entity research trial within 30 days or 5 half-lives, or twice 

the duration of the biological effect of any trial drug (whichever is longer) prior to enrolment, were 

regularly drinking more than 28 units of alcohol in a week if male, or 21 units per week if female 

(one unit of alcohol is defined as a medium 125 mL glass of wine, half a pint 250 mL of beer or one 

measure 24 mL of spirits); had a screening QTc value of >430 msec (males) or >450 msec (females), 

PR interval outside the range 120 to 200 msec or an ECG that was not suitable for QT measurements 

(e.g. poorly defined termination of the T-wave); a history of liver or renal disease in the 6 months 

prior to screening, current renal insufficiency (subject must have had an estimated creatinine 

clearance 50 mL/min as estimated from the serum creatinine using the Cockroft-Gault formula 

[163] [Appendix 6]), have donated a unit of blood within the previous month or intended to donate 

in the month after completing the study, a history of or risk factors for HIV, Hepatitis B and Hepatitis 

C, and a history of drug abuse.  

The study was conducted in a single centre. All subjects gave informed written consent to participate 

in the study. The study design was performed according to the Helsinki Declaration and approved by 

the institutional review board for human research.  
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Methods  

Each subject attended the unit on the following occasions (for a summary of procedures at each 

respective study day see the time and events table, Table 4): 
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Informed 
consent * 

                      

Medical 
history * 

                      

Physical 
exam * 

                      

Lab. safety 
tests‡ 

                      

Pregnancy 
test 
(females 
only) ‡ 

                      

Dosing‡                       

ECG‡
 

 
1                     

Vital signs 

(BP & HR) ‡
 

 
1                     

PK 

sample*‡ 

                      

24 h urine 
collection‡ 

 ------------------------------------------------------------------------------------------------------------------------------------

---  

    

Serum 
creatinine

2

‡
 

  ---------------------------------------------------------------------------------------------------------------------------

--  

    

AE assess-

ment*‡ 

  ---------------------------------------------------------------------------------------------------------------------------

--  

    

PGx 

sample
3
‡

 

                      

1. Measured in triplicate, assessments separated by at least 5 minutes 
2. Serum creatinine sample to be collected at a single time point during the 24 h urine collection period 
3. PGx sample (1 sample per subject) to be collected at the earliest opportunity during the study after the PGx  
informed consent has been obtained 

Assesments and procedures were performed by the study doctor* (MS) and the study nurses ‡ (KH and CM) – all  
results were reviewed by MS.   

 

 

Table 4. Time and events for Study 1 part A. 
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Screening: Subjects underwent screening procedures within 21 days before Day 1 of the treatment 

period. Before enrolling in the study and having any study procedures, each subject signed the 

informed consent document. The following assessments were completed at the screening visit: 

1. Complete medical history, physical examination and review of concurrent medication 

2. Collection of demographic data (e.g. age, weight and height)  

3. RA history, including date of diagnosis and prior treatment regimens 

4. Supine vital signs; blood pressure (BP) and heart rate (HR) 

5. 12-lead ECG 

6. Laboratory safety tests (haematology, biochemistry, and urinalysis) 

7. History of risk factors for HIV, hepatitis B and C 

8. RF and anti-cyclic citrullinated peptide (CCP) antibodies 

9. Pregnancy test (females only) 

10. AE assessment [Appendix 7] 

Day 1: GW274150 was administered on the same day as the subject’s weekly methotrexate dose in 

order to maximise the chances of detecting any interaction. All subjects received GW274150 90 mg 

(3 x 30 mg GW275150 tablets). Dosing took place in the morning; the single dose was administered 

orally, without chewing, with approximately 240 mL water. Dosing was supervised and logged by a 

study nurse.  

On Day 1, the time of the morning dose of study medication was designated Time 0.  All other times 

were relative to this time.  All post-dose assessment times were nominal so that assessments 

performed within: 2 minutes (0-45 minute assessments), 5 minutes (1-4 hour [h] assessments), 15 

minutes (6-12 h assessments) and 3 h (24-96 h assessments) of the scheduled assessment time were 
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not considered protocol deviations.  Pre-dose assessments were all performed within 1 h of the 

scheduled time of dosing.  Actual times of all assessments were recorded in the case report form 

(CRF). 

The following assessments were performed: 

1. Blood samples for pharmacokinetics (pre-dose then post-dose at 5 min, 10 min, 20 min, 30 

min, 45 min, 1 h, 1.5 h, 2 h, 3 h, 4 h, 6 h and 12h) 

2. Pre-dose laboratory safety tests (haematology, biochemistry, and urinalysis) 

3. Pregnancy test for females (pre-dose) 

4. 12-lead ECG (triplicate measurements required pre-dose only) 

5. Vital signs (BP & HR) (triplicate measurements required pre-dose only) 

6. 24 h urine collection for creatinine clearance (including single serum creatinine sample) 

7. AE assessment 

8. Blood sample collected for genotyping 

Subjects remained available for assessments until after the 12 h assessments had been completed 

when they could be discharged at the discretion of the investigator. 

Days 2, 3, 4 and 5: Subjects returned to the Unit on the morning of each day for the following 

assessments to be performed: 

1. Day 2 only: completion of 24 h urine collection 

2. Blood sample for pharmacokinetics 

3. Laboratory safety tests (haematology, biochemistry, and urinalysis) 

4. 12-lead ECG (Days 2 and 5 only) 
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5. Vital signs (BP & HR) (Days 2 and 5 only) 

6. AE assessment 

Follow up:  Subjects were required to return for a follow up visit between 7 and 14 days after the 

completion of assessments at 96 h.  The following assessments were performed at the follow up 

visit: 

1. Laboratory safety tests (haematology, biochemistry, and urinalysis) 

2. Pregnancy test for females 

3. AE and concomitant medication  

 

Safety assessments (laboratory and clinical): Laboratory safety assessments were carried out at 

screening, pre-dose and at 24 h, 48 h, 72 h, 96 h, 120 h and follow-up.  

Haematology: Approximately 4mL blood was collected into a tube coated with EDTA.  Samples were 

then inverted gently several times to ensure thorough mixing, and (if required) stored between 4-

25 C before being transferred to the laboratory (Charing Cross Hospital Haematology Department). 

Haematological evaluation was as follows: haemoglobin, red blood cell count (RBC), mean 

corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), haematocrit, platelets, total 

white blood cell count (WBC), differential white cell count (neutrophils, lymphocytes, monocytes, 

eosinophils, basophils) and reticulocytes.  

Biochemistry: Approximately 5mL blood was collected into a plain or serum separator tube. Samples 

were allowed to clot at room temperature and (if required) stored between 4-25 C before being 

transferred to the laboratory (Charing Cross Hospital Biochemistry Department). Biochemical 

evaluation was as follows: sodium, potassium, magnesium, urea, creatinine, chloride, calcium, 

phosphatase, random glucose, total protein, albumin, uric acid, bicarbonate, cholesterol, 
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triglycerides, bilirubin, lactate dehydrogenase (LDH), aspartate transaminase (AST), alanine 

transaminase (ALT), alkaline phosphatase (ALP), γ-glutamyl transpeptidase (γGT), creatinine kinase 

(CK), amylase, lipase (performed at TDL laboratories).  

Urinalysis: Approximately 30mL urine (mid-stream) was collected into a sterile universal container 

for urinalysis.  Samples were tested by dipstick for protein, ketones, glucose, red blood cells and 

white blood cells. If any of the dipstick tests were abnormal the samples were stored between 4-

25 C before being transferred to the laboratory for microscopy (for RBC, WBC, granular casts, and 

cellular casts). Urine beta-human chorionic gonadatrophin (β-hCG) pregnancy test was performed on 

the urine samples of all female subjects.  

ECG analysis: 12-lead ECGs were recorded whilst the subject was in a supine position having rested 

in that position for at least 10 minutes before each reading. Full 12-lead ECGs were recorded using 

an ECG machine that automatically calculated the heart rate and measured PR, QRS, QT and 

corrected QT (QTc) intervals. Paper ECG traces were recorded at a standard paper speed of 25 

mm/sec and gain of 1 mV/10 mm, format with lead II as the rhythm strip. 3 ECG recordings were 

made pre-dose on Day 1 to provide a baseline for that subject. Recordings were separated by at 

least 5 minutes.  At all other relevant time-points only 1 ECG recording was made.  

Vital signs (BP and HR): Vital signs were recorded whilst the subject was in a supine position having 

rested in that position for at least 10 minutes before each reading. Three recordings of vital signs 

were made pre-dose on Day 1 to provide a baseline for that subject. Recordings were separated by 

at least 5 minutes. At all other time-points only 1 recording of vital signs was made. 

 

24 h Urine collection: To determine the creatinine clearance, subjects were required to collect their 

urine for the 24 h period following dosing on Day 1.  Immediately prior to dosing, subjects were 
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instructed to void their bladders, passing urine into the toilet.  Following this they were instructed 

that for the next 24 h they must collect any urine that they pass into the urine collection container 

provided.  In order to complete the collection at 24 h (i.e. immediately before dosing on Day 2), 

subjects were asked to void their bladders into the container. Serum creatinine: A single blood 

sample for measurement of creatinine was collected on Day 1 during the same 24 h period of the 

urine collection.  Samples (approximately 5 mL) were collected into a plain or serum separator tube 

and allowed to clot at room temperature before being transferred to the local laboratory for 

analysis. 

Pharmacokinetics: A venous cannula, for ease of repeated blood sampling, was inserted at the 

discretion of the investigator.  If used, the cannula remained in situ for a maximum of 12 h. To 

determine plasma concentrations of GW274150, blood samples of approximately 2.0 mL each were 

collected into evacuated tubes containing EDTA which had been appropriately labelled.  Once the 

sample had been collected, the tubes were mixed by gentle inversion 3 or 4 times and placed on ice 

until centrifugation. Samples were centrifuged as quickly as possible after collection (and within 10 

minutes) at a temperature of 4oC, for 10 minutes at approximately 1500 g (gravity) (absolute speed 

in rpm was dependent on centrifuge size) i.e. using the NAPCO 2028R centrifuge machine the 

samples were centrifuged at 3000 rpm. After centrifugation, plasma were decanted into labelled 

Nunc 1.8 mL cryotubes, and stored upright at approximately –80 oC until shipment. At the end of the 

study the samples were shipped together to GSK and were assayed for GW274150 using an 

approved analytical methodology.   

 

Pharmacogenetic Assessments: All six subjects (100%) had a blood sample collected for genotyping. 

Samples for pharmacogenetic (PGx) analysis were stored frozen as whole blood.  These samples 

were shipped to Quest Diagnostics in a single shipment when the study had been completed. 
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Statistical methods 

No formal sample size calculation was performed as the study only consisted of one treatment group 

and therefore no treatment comparisons were planned. However, an estimation approach was 

adopted in order to assess the width of the confidence interval based on a sample size of 6 subjects. 

The sample size calculation was based on estimates of between-subject variability for area under the 

concentration-time curve (AUC) and maximum observed concentration (Cmax) obtained from study 

INO101247 (14 day repeat dose studies in mild asthmatics). The between subject standard deviation 

for 90 mg treatment arm on Day 1 was 0.1666 for log transformed AUC and 0.252 for log 

transformed Cmax. Based on these estimates, for a study with 6 subjects, the upper and lower 90% 

confidence intervals lie within 15% of the geometric mean value for AUC and within 23% of the 

mean value for Cmax.  

Plasma GW274150 concentration-time data were listed, summarized and plotted.  Individual 

subject, mean and median linear and semi-logarithmic concentration-time plots were produced. 

Missing data was identifiable in the listing and ignored in the calculation of the summary statistics.  

The derivation of the PK parameters was performed by GSK using WinNonlin™ Professional version 

4.1 according to the PK SOP, GlaxoSmithKline Document Number SOP-CPK-0001. The following PK 

parameters were derived for each subject from the concentration-time data: Cmax,, time to maximum 

observed concentration (tmax), area under the concentration-time curve from time zero (pre-dose) to 

a stated finite time [AUC(0-t)], area under the concentration-time curve from time zero (pre-dose) to 

infinity [AUC(0- )], and half-life (t1/2). The derived PK parameters were listed and summarised. The 

summary table included 95% confidence intervals for both the arithmetic and geometric mean, with 

the exception of tmax, for which only confidence intervals for the arithmetic mean were presented.  
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There was no formal statistical analysis of the derived PK parameters. Safety data were listed and 

summarized only. (To view results for Study 1 part A go to page 119). 

 

6.2 Study 1 part B 

Patients 

The study was a double-blind, randomized, placebo and comparator controlled, two-centre study to 

investigate the effect on synovial thickness and vascularity of 28 days repeat daily oral dosing of 

60 mg of GW274150 or 7.5 mg prednisolone in RA subjects (GSK protocol number RA4104917 and 

Clinical Trials number NCT00379990). The study was performed in collaboration with GSK. The two 

centres were the Kennedy Institute of Rheumatology, London, UK and the Institute of 

Rheumatology, Belgrade, Serbia. The second European centre was selected due to the difficulties 

encounterd when recruiting RA patients in the UK for clinical trials following the Parexel incident in 

London (unrelated to the Kennedy Institute). The aim was to attain study completion with 45 

subjects (15 per treatment arm; placebo, GW274150 and prednisolone). All subjects had a diagnosis 

of RA according to the revised 1987 ACR criteria [46], disease activity defined as DAS28(ESR) ≥4.0, 

and at least one MCPJ with either ultrasound detectable vascularity or synovial thickening or both. 

Ideally the cut-off of DAS28 ≥5.1 would have been preferred, however, due to the effective use of 

DMARD and biological therapies in Europe it is becoming increasingly difficult to recruit patients 

with severe disease activity. Therefore DAS28 ≥4 was chosen as a compromise between successful 

recruitment and selecting subjects with levels of disease activity amenable to demonstrate a 

treatment response to therapeutic intervention. Despite the requirement of DAS28 ≥4 at screening, 

in each treatment arm the mean DAS28 score at baseline was ≥5.1. All subjects were adult male or 

females ≥18 years of age. If subjects were taking small molecule DMARDs then they had to be on 

stable doses for 8 weeks prior to enrolment and could continue taking these DMARDs during the 
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study. DMARDs included but were not restricted to methotrexate, sulphasalazine and 

hydroxychloroquine in any combination. Other inclusion criteria were: liver function tests (LFTs) ALT, 

AST and ALP ≤ 1.5 x upper limit of normal at screening and which had been stable on at least 2 

occasions in the 7 months prior to screening, the subject had to provide signed and dated written 

informed consent prior to admission to the study and the subject had to be able to understand and 

comply with protocol requirements, instructions and protocol-stated restrictions. Subjects who had 

received oral glucocorticoids within 8 weeks, intramuscular glucocorticoids within 6 weeks, IA 

glucocorticoids within 6 weeks, infliximab or adalimumab within 3 months and etanercept or 

anakinra within 1 month of enrolment were excluded from the study. Other exclusion criteria were: 

as a result of the medical interview, physical examination or screening investigations, the physician 

responsible considered the subject unfit for the study, pregnant or nursing women, women of 

childbearing potential who were unwilling or unable to use an appropriate method of contraception 

[Appendix 5], the subject had received an investigational drug or participated in any other new 

chemical entity research trial within 30 days or 5 half-lives, or twice the duration of the biological 

effect of any drug (whichever is longer) prior to enrolment (with the exception of subjects who had 

taken part in Study 1, who were not excluded from entering this study within the above stated time 

limit), the subject regularly drank more than 28 units of alcohol in a week if male, or 21 units per 

week if female, the subject had a screening QTc value of >430 msec (males) or >450 msec (females), 

PR interval outside the range 120 to 200 msec or an ECG that was not suitable for QT measurements 

(e.g. poorly defined termination of the T-wave), history of liver or renal disease in the 6 months prior 

to screening, current renal insufficiency (subject must have had an estimated creatinine clearance 

≥50 mL/min as estimated from the serum creatinine using the Cockroft-Gault formula [163], 

donated a unit of blood within the previous month or intended to donate in the month after 

completing the study, history of, or risk factors for, HIV, Hepatitis B and Hepatitis C, history of drug 

abuse and has symptomatic atopy.  
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All subjects gave informed written consent to participate in the study. The study design was 

performed according to the Helsinki Declaration and approved by the institutional review board for 

human research.  

 

Methods 

Each subject attended the unit on the following occasions: Screening, Day 1, Day 8, Day 15, Day 22, 

Day 28 and follow up. For a simplified schematic representation of the study design, see Figure 12. 

For a detailed summary of procedures at each respective study day, see table 5.  

Screening: Within 21 days of Day 1 of the study treatment period. 

Day 1: Subjects attended the unit on the morning of Day 1 of the treatment period and remained in 

the unit for a minimum of 3 h and a maximum of 6 h post-dose after which they were discharged – 

visit included ultrasonography and safety tests.   

Day 8 and 22: Subjects attended the unit on Day 8 and Day 22 for the collection of laboratory safety 

samples. 

Day 15 and 28: Subjects were required to return to the unit on Day 15 and Day 28 for dosing and 

additional assessments and remained in the unit for a minimum of 3 h and a maximum of 6 h post 

dose – visits included ultrasonography and safety tests. Subjects who were randomized to the 

prednisolone treatment group were required to taper the dose down over a 2 week period after the 

completion of the 28 day dosing period.  Subjects received prednisolone 5 mg on Day 29 to Day 35 

and prednisolone 2.5 mg on Day 36 to Day 42.  In order to maintain the study blind, subjects who 

were randomized to receive GW274150 or placebo received placebo medication in this 2 week 

period.   
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Follow up: Between 14 and 21 days after the completion of dosing on Day 28 (i.e. between Day 42 

and Day 49). Each subject's participation in the study was for a maximum of 70 days (from Screening 

to Follow-up).   

 

 

Figure 12. Simplified schematic representation of the design of Study 1 part B.  
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 Screen Day 
1 

Days 
2-7 

Day 
8 

Days 
9-14 

Day 
15 

Days 
16-
21 

Day 
22 

Days 
23-
27 

Day 
28 

Days 
29-
35 

Days 
36-
42 

Follow 
up 

Informed 
consent

8
* 

             

Medical history*              
Physical 
examination* 

             

Laboratory safety 

tests‡ 
 

3  
 

3, 

7
 

 
3
  

3
  

3
    

Pregnancy test 
(females only) ‡ 

 
3
            

Rheumatological 

assessments
 
‡

1 

 
3
    

3
    

3
    

Dosing (study 
medication) ‡ 

          
4 


4 

 

Dosing 

(methotrexate) ‡ 
             

Outpatient visit              

PDUS/HFUS*‡  
5 

   
5 

   
5 

   
ECG‡ 

 


2, 

3 
   

3 
   

3 
   

Vital signs (BP & 

HR) ‡ 


 


2, 

3 
   

3 
   

3 
   

Blood for NO 
biomarker (III 
NyS) ‡ 

 
3 

   
3 

   
3 

   

Blood for PK 

samples
 
*‡

 
             

Blood for ESR, CRP 
& IL-6‡

 
 

3 
   

3 
   

3 
   

AE assessment*‡              

PGx sample*‡  
6  

           

1. Rheumatological assessments included all components of the DAS28, HAQ-DI, ESR, fatigue & subject 
assessment of pain (ACR20 and EULAR Response Criteria were calculated on Day 15 and Day 28). 

2. Measured in triplicate, assessments separated by at least 5 minutes. 
3. Pre-dose only. 
4. Subjects receiving prednisolone in the study received tapering doses of  prednisolone, remaining subjects 

received placebo treatment   
5. All subjects had an assessment performed pre-dose 
6. Pharmacogenetic sample (1 sample per subject) was collected at the earliest opportunity during the study 

after the pharmacogenetic informed consent had been obtained. 
7. Steady-state trough PK analysis  at pre-dose only 

8. Consent for the main study as well as PGx 
In the UK assesments and procedures were performed by the study doctor* (MS) and the study nurses ‡ 

(KH, LH and CM) – all results were reviewed by MS.   

 

Table 5. Time and events for Study 1 part B. 
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Dosing of study medication 

Subjects received their medication in the unit on Days 1, 15 and 28.  On Days 2 to 14 and Days 16 to 

27, subjects took the medication at home.  Subjects were asked to complete a dosing diary on these 

days to record the dates, time and doses.  Subjects were also required to record adverse events and 

concomitant medication on the diary card.  The diary card was checked by the staff during scheduled 

visits to the unit. The dosing took place in the morning and the doses were administered orally, 

without chewing, with approximately 240 mL water. To ensure that patients’ complied with their 

methotrexate medication during the study and thereby remained on a stable dosing regimen, 

subjects who regularly took methotrexate were required to take their methotrexate dose in the unit 

at the same time as the study medication i.e. on Days 1, 8, 15, 22 and 28. 

  

Safety assessments (laboratory and clinical) 

Laboratory safety tests (haematology, biochemistry, and urinalysis) and applicable pregnancy tests 

were performed in the same manner as Study 1 part A.  

ECGs were performed in the same manner as Study 1 part A. 

Vital signs were performed in the same manner as Study 1 part A. 

  

Rheumatological assessments 

Rheumatological assessments were conducted on Days 1, 15 and 28 by an independent assessor to 

the ultrasonographer. The assessments consisted of: 

1. Number of tender joints (TJC): 28 joint count. 
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2. Number of swollen joints (SJC): 28 joint count. 

3. Acute phase reactants (ESR and CRP). 

4. Patient global assessment of diseases activity (visual analogue scale). 

5. DAS28(ESR) [Appendix 2]. 

6. Duration of morning stiffness (minutes). 

7. Patient self-assessed disability, HAQ-DI (score 0-3) [33], specifically for the ACR20 [Appendix 

1].  

8. Physician’s global assessment of diseases activity, specifically for the ACR20.  

9. Fatigue (multi-dimensional assessment score) [164]. 

10. Patient assessment of pain (VAS). A 100mm ungraded VAS ranging from ‘no pain’ to 

‘unbearable pain’ was used for the subjective assessment of joint pain. Subjects were asked 

to indicate, by drawing a single vertical line, the point along the horizontal line that best 

represents their joint pain at the time of the assessment. The study nurse measured this 

distance with a standard ruler scored in mm starting from ‘no pain’ to the line marked by the 

subject and recorded the measurement (in mm) on the appropriate CRF. 

11. ACR20 [Appendix 1] and EULAR Response Criteria [Appendix 3] were calculated on Day 15 

and Day 28.  
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Ultrasonographic imaging    

Using the Esaote Technos Plus MPX ultrasound machine with a 13MHz transducer (LA424 14-8) at 

both sites (UK and Serbia), subjects had ultrasonographic assessment of all 10 MCPJs in the 

transverse plane over the dorsal surface at Day 1 (baseline), Day 15 and Day 28. With a view to 

standardization of data acquisition, the hands were maintained in a position of rest by a splint 

(identical splints at both sites). To obtain the transverse plane image, the probe is first aligned in the 

longitudinal axis to place the maximum height of the dorsal triangular structure (an inverted 

triangular area whose margins are the metacarpal head, the phalangeal base and the joint capsule 

superiorly) in the centre of the screen image [Figure 13]. At this point the probe is rotated by 90° to 

achieve the transverse view [Figure 14 and 15]. Care was taken when scanning to avoid undue 

pressure with the probe in case this altered blood flow in the joint. This was achieved by maintaining 

a distance of at least 1 mm of gel between the probe and the subject as visualised on the US 

monitor. MS and SP spent approximately 10 h before the study in Belgrade to gain a consensus on 

image acquisition.  
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Figure 13. Dorsal longitudinal HFUS image of a MCP joint of patient with RA. T = triangular structure, 
Arrow = maximum height of the dorsal triangular structure, M = metacarpal head, P = phalangeal 
base.  



89 

 

 

 
Figure 14. Dorsal HFUS image demonstrating the maximum depth of the triangular structure in the 
transverse plane of a MCP joint of a study subject with RA. Arrow = maximum height of the dorsal 
triangular structure. 

 

 

Figure 15. Dorsal transverse PD image of a MCP joint of a study subject with RA demonstrating 
synovial vascularity.  D and S denote the digital vessels and synovial vascularity respectively. 
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The time of day of the measurements at each visit was within 1 h of the time of the baseline visit. 

The same sonographer (MS) scanned the joints of each subject at all visits at the Kennedy Institute, 

London, to ensure consistency. At the Institute of Rheumatology, Belgrade, the same sonographer 

(SP) scanned the joints of each subject at all visits. Both sonographers were blinded to the allocation 

of the patients to their respective groups.  

HFUS images were recorded for synovial thickness in the transverse plane for future analysis. US 

images were anonymised and evaluated in the UK by MS. HFUS images of synovial thickness in the 

transverse plane were assigned a score of 0-5 by MS. A semiquantitative 0-5 scale of transverse 

synovial thickness was utilized and related to hypoechoic areas, as follows: grade 0, normal; grade 1, 

minimal; grade 2, mild ; grade 3, moderate; grade 4, marked; grade 5 maximal [Figure 16].  Images 

were graded against this library of representative images i.e. for each acquired image MS visually 

estimated the magnitude of the synovial thickness area, compared this with the library, decided 

which representative image was the closest fit and allocated a score. The total synovial thickness 

score was calculated as the sum of individual joint scores (minimum score of 0 and a maximum of 

50). 
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Figure 16. Semiquantitative ultrasound scale of synovial thickness (0-5) relating to hypoechoic areas: 
grade 0, normal; grade 1, minimal; grade 2, mild ; grade 3, moderate; grade 4, marked; grade 5 
maximal. Images have been cropped for clarity. Reproduced with permission from the Journal of 
Rheumatology (Larché and Seymour et al [97]: J Rheumatol. 2010;37(12):2493-501). 

 

All MCPJs were scanned in the power Doppler mode (13 MHz) with a fixed PRF of 750 Hz, Gain of 
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because the PD signal fluctuates with the cardiac cycle and the aim was to evaluate the maximum 

signal. Anonymised images demonstrating maximal synovial vascularity were assessed on a  

semiquantitative scale relating to colour signal (grade 0, normal; grade 1, minimal; grade 2, mild ; 

grade 3, moderate; grade 4, marked; grade 5 maximal) [Figure 17]. For each selected image MS 

visually estimated the amount of coloured pixels within the joint capsule, compared this with the 

library, decided which representative image was the closest fit and allocated a score. The total 

vascularity score was calculated as the sum of individual joint scores (with a minimum score of 0 and 

a maximum of 50). In addition, the images were analysed using in house software written in MATLAB 

(The Mathworks, Waltham, MA) by R. Eckersley (RE) allowing a rapid automated measurement of 

the number of colour pixels in a region of interest (ROI). The ROI on each transverse power Doppler 

MCP image enveloped the MCP joint synovium from the upper margin of the joint capsule to the 

lowest point of the triangular structure, excluding digital vessels and reflection artefacts [Figure 18]. 

This gave a quantitative value referred to as the power Doppler Area (PDA) which was summated for 

all 10MCP joints to give the total PDA.  

4-point semiquantitative scales (0-3) have been frequently published in the literature for both 

synovial hypertrophy and power Doppler [65, 93, 118, 165]. However, the aim of the 6-point scale 

was to explore the potential of improving the sensitivity of these ultrasonographic qualitative 

outcome measures. The scale has been used in a recent study in which anonymised images were 

read by three investigators (a rheumatology research fellow, a consultant radiologist and a 

consultant rheumatologist) who together assigned a score of 0-5 by consensus. This study 

demonstrated that PDA correlated with baseline DAS28 scores (r = 0.42, p<0.05) and that this 

measure was more sensitive at detecting change than other biomarkers (ESR, CRP, and VEGF) in 

patients with active RA treated with low dose corticosteroid over a two week period [97]. Baseline 

synovial vascularity and synovial thickness indices correlated more closely with baseline DAS28 

scores (r = 0.51, p < 0.01 and r = 0.54, p < 0.001 respectively); the former had similar sensitivity to 



93 

 

CRP. The ultrasonographic outcome measures in the transverse view were chosen as these have 

previously shown their utility in differentiating two groups in a randomized placebo controlled trial 

[87].  

 

  

  

  

 

Figure 17. Semiquantitative ultrasound scale of vascularity (0-5) relating to power Doppler signal: 
grade 0, normal; grade 1, minimal; grade 2, mild; grade 3, moderate; grade 4, marked; grade 5 
maximal. Images have been cropped for clarity. Reproduced with permission from the Journal of 
Rheumatology (Larché and Seymour et al [97]: J Rheumatol. 2010;37(12):2493-501). 
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Figure 18. A MCP joint scanned in the transverse plane demonstrating grade 5; marked synovial 
vascularity.  The region of interest (ROI) is within the red line. D and S denote the digital vessels and 
synovial vascularity respectively. Reproduced with permission from Clinical and Experimental 
Rheumatology (Seymour et al: Clin Exp Rheumatol in press. 2012). 

 

Blood samples for the serum biomarker (IIINyS) 

At Day 1, 15 and 28 approximately 18 ml of blood for biomarkers were taken in 4x4.5 ml EDTA tube 

and mixed by gently inverting the tubes four times. Samples were then transferred on ice and 

centrifuged to separate serum at approximately 1500 g (gravity) for 15 minutes at 4 C (absolute 

speed in rpm was dependent on centrifuge size) i.e. blood for biomarkers were centrifuged at 3000 

rpm using the NAPCO 2028R centrifuge machine. The samples were centrifuged within 10 minutes of 

taking the blood from the subjects. Serum samples were stored in 10 ml cryotubes in a -80oC freezer 

before shipment.  

Measurement of serum IIINyS (an unvalidated exploratory biomarker): As detailed in the background 

section, NO has a very short half life making direct measurement difficult. Peroxynitrite is produced 

by the reaction of NO with superoxide. Peroxynitrite can then react with certain amino acids of 
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proteins such as tyrosine to form the post-translationally modified amino acid nitrotyrosine. 

Increased NO and nitrotyrosine-containing proteins have been found in the joints of patients with RA 

and OA especially in synovial tissue, although the exact protein and sequences have not yet been 

identified [149]. iNOS-mediated protein nitrosylation may therefore be useful to monitor iNOS 

activity in RA.  

Charni-Ben Tabassi et al have developed a viable polyclonal antibody-based ELISA that recognises 

the nitrosylated form of the N-telopeptide of human type III collagen, a main constituent of synovial 

membrane tissue [166]. They produced rabbit polyclonal antibodies against a synthetic peptide 

QY*DSY*DVKSG named IIINyS (Y* is 3-nitrotyrosine) derived from the sequence of the N-telopeptide 

of human type III collagen to develop a polyclonal antibody based ELISA to provide a quantitative 

measure. They demonstrated that:  

1. IIINyS antibody has a high specificity for the nitrosylated type III collagen sequence of the N-

telopeptide: it does not cross react with intact nitrated and non-nitrated type III collagen 

and non-nitrosylated N-telopeptide sequence. 

2.  IIINyS fragments were detectable in the synovial membrane of RA and OA patients but not 

in healthy synovial tissue suggesting that IIINyS is a specific marker of oxidative-induced 

synovial tissue metabolism. 

3. Serum IIINyS assay has adequate analytical performances in terms of precision, sensitivity 

and linearity.  

4. Serum IIINyS levels are up-regulated in RA patients vs. healthy controls (+202% p < 0.0001), 

ankylosing spondylitis patients vs. healthy controls (+162% p < 0.0001), osteoarthritis vs. 

healthy controls (+42% p = 0.0002). 
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Based on their observations there is a biological rationale to support the hypothesis that serum 

levels of IIINyS may reflect the activity of iNOS in RA, and therefore this biomarker has potential as a 

pharmacodynamic marker of iNOS activity and could be useful for assessing the pharmacodynamics 

of Study 1 part B. However, a possible caveat is that the marker may not reflect iNOS activity right 

away; there may be a delay between iNOS inhibition and serum levels of IIINyS. The assay is not yet 

commercialised and needs further validation studies. Since the completion of Study 1 part B, Charni-

Ben Tabassi et al further investigated the potential of the IIINyS assay and observed that in patients 

with RA, serum IIINyS levels modestly correlated with CRP (r = 0.33, p = 0.005) [167].  

 

Blood for PK samples 

On days 15 and 28 blood samples to determine plasma concentrations of GW274150 were taken at 

the following times: pre-dose, post-dose 0.5 h, 1 h and 2 h. An additional trough sample was 

obtained in a blinded manner from each subject on Day 8. Samples were collected, processed, 

stored and shipped in the same manner as Study 1 part A.  

 

Blood for CRP, ESR & IL-6 

Blood samples collected for laboratory safety tests at Days 1, 15 and 28 were also used for 

determination of the ESR and serum CRP by the Westergren method in the Charing Cross 

Haematology Laboratory (UK) and by a laboratory Latex test in the Charing Cross Biochemistry 

Laboratory (UK) respectively. In Serbia the Westergren method was also used to measure ESR. 

However, the assay used to measure the CRP levels had a different sensitivity compared with the UK 

site. The lower level of quantification (LLQ) for the UK was set to 2 mg/L, whereas in Serbia no LLQ 

was defined and values below 2 mg/L could be detected. Additional blood samples (approximately 4 

mL) were taken into serum separator tubes on Day 1, 15 and 28 for measurement of IL-6. UK 
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samples were assayed for IL-6 by immunoassay at Charing Cross Immunology Laboratory. Serbian 

samples were assayed for IL-6 by immunoassay by a local laboratory.  

 

Pharmacogenetics 

A blood sample collected for genotyping was collected from each subject. Samples for 

pharmacogenetic analysis were stored frozen as whole blood.  These samples were shipped to Quest 

Diagnostics in a single shipment when the study had been completed. 

 

Lifestyle and dietary restrictions 

Subjects were advised to refrain from alcohol for 24 h before each study visit. No more than 4 units 

of alcohol per day (males), or 3 units of alcohol per day (females), was allowed from the time of 

screening until the final study visit had been completed. Subjects were advised to refrain from all 

strenuous physical exercise for 24 h before each study visit and whilst resident in the Unit. Subjects 

were advised to refrain from all recreational drugs from screening until the follow-up visit. Subjects 

were advised to refrain from eating a heavy breakfast (high in fat and protein) on mornings before 

each study visit and to have a light breakfast instead (e.g. tea/coffee and toast was permitted). The 

main reason for these restrictions was the affect that the above may have on vascular flow within 

the joints; specific advice related to medication, e.g. for alcohol intake in association with 

methotrexate, was given as it would in the clinic setting. Female subjects had to be willing to follow 

the contraception requirements of the protocol [Appendix 5]. 
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Statistical methods  

The primary endpoint was baseline vs. Day 28 synovial vascularity (quantitatively measured) 

summated score of 10 MCPJs scanned using PD in the transverse plane over the dorsum of the 

joints, called the total PDA. The sample size was chosen such that 15 subjects per treatment arm 

would detect a 60% decrease in total PDA (called the total vascularity score in the previous study 

[87]) for GW274150 versus placebo, with 90% power at the two-sided 5% level.  This calculation was 

based on a between subject standard deviation of 0.74 seen in the previous study [87]. A decrease 

of over 60% in total score for infliximab versus placebo was seen in the previous study. 

There was no formal interim analysis. The final planned analyses were performed after all subjects 

had completed the study and after the database freeze and treatment code unblinding. 

Box plots of data for all imaging endpoints over time by treatment were produced. Formal statistical 

analyses were carried out on the loge-transformed imaging endpoints, i.e. total thickness score, total 

vascularity score, and total PDA using a repeated measures model including country as a covariate.  

Plots of adjusted geometric means with 95% confidence intervals (CI) and adjusted treatment ratios 

with 95% CI were produced.  Due to the necessity of loge-transforming the data and to the presence 

of some 0 values within the data for total synovial vascularity score, total synovial thickness score 

and total PDA, a sensitivity analysis was carried out by reanalysing the data imputing all 0 values to 

1.  

All efficacy endpoints, i.e. DAS28, ACR20, European league against rheumatism (EULAR) response, 

tender/painful joint count, swollen joint count, subject’s global assessment of arthritis and subject’s 

assessment of pain data were listed and summarised.  A box plot of DAS28 data over time by 

treatment was produced. A formal statistical analysis of DAS28 data was carried out as well as the 
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corresponding plot of the adjusted treatment differences of DAS28 data by day and treatment 

comparisons.  A statistical analysis was carried out on tender/painful joint count data, on swollen 

joint count data, on subject’s assessment of pain and on subject’s global assessment of arthritis.   

Health outcome endpoints, i.e. Multidimensional assessment of fatigue scale questionnaire (MAF) 

data and HAQ-DI data were listed and summarised. 

Pharmacokinetic individual plasma concentration-time data were listed and summarised.  Plasma 

concentration-time data, mean and median plasma concentration-time profiles for GW274150 were 

plotted on a linear and semi-logarithmic scale.  A listing and a summary table were produced for 

maximum observed concentration (Cmax) (ng/mL) and for trough (ng/mL) only.   

Pharmacodynamic data (CRP and serum IIINyS) were listed and summarised. No formal statistical 

analysis was performed. 

Safety data was listed and summarised.  No formal statistical analysis was performed on safety data.   

All the above statistical analyses were performed by GSK using SAS for UNIX, version 8.2 (SAS 

Institute, Cary, North Carolina, USA). 

Within scan intra-reader reproducibility was determined by randomly selecting 18 anonymised US 

data sets of 10MCPJs (9 UK and 9 Serbia). MS reread the images and clips two years after the first 

reading in a blinded fashion. Joint by joint comparisons and summated score (summation of 

10MCPJs) comparisons were made between the second reading and the first reading for each US 

endpoint. Intraclass correlation coefficient (ICC) values were determined using the free online 

calculation software provided by the Department of Obstetrics and Gynaecology of the Chinese 

University of Hong Kong [168]. (To view results for Study 1 part B go to page 129). 
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6.3 Study 2 

 

Patients 

The study was a randomized, double-blind, two-centre, placebo-controlled study to assess the 

effects of 15 mg daily oral prednisone on clinical efficacy and ultrasonographic measures of synovitis 

in subjects with rheumatoid arthritis (Merck protocol number MK-0000-088 and Clinical Trials 

number NCT00746512). The study was performed in collaboration with Merck. The aim was to attain 

study completion with 18 subjects (9 per treatment arm; placebo and prednisolone). All subjects had 

a diagnosis of RA according to the revised 1987 ACR criteria [46], disease activity defined as 

DAS28(CRP) ≥3.2, and evidence of mildly active synovitis in at least 2 MCPJs characterized by a score 

of ≥2 or high synovial activity in at least 1 MCPJ characterized by a score of 4. The synovitis was 

assessed by a 2-dimensional Transverse Synovial Vascularity Score (Trans VASCi) of synovial blood 

flow on PDUS of the MCP joint, using a 0 to 4 scale, with 4 being severe PDUS signal (see 

ultrasonographic imaging).  All subjects were adult males or females ≥18 years of age and females 

were not pregnant or breast feeding. If subjects were taking small molecule DMARDs then they had 

to be on stable doses for ≥6 weeks prior to enrolment and could continue taking these DMARDs 

during the study. DMARDs included but were not restricted to methotrexate, sulphasalazine, 

hydroxychloroquine in any combination. The exceptions were leflunomide, and azathioprine; 

subjects were required to be taking stable doses for ≥8 weeks and ≥12 weeks prior to the prestudy 

visit respectively. Subjects were permitted: opiates as long as the dose and regimen had been stable 

for ≥2 weeks prior to prestudy visit, NSAIDs as long as the dose and regimen had been stable for ≥4 

weeks prior to prestudy visit (NSAIDs were not permitted to taken on an as-needed basis), and 

paracetamol for breakthrough pain but subjects had to discontinue paracetamol at least 12 h prior 

to each clinic visit. Other inclusion criteria were: newly diagnosed RA subjects must have had clinical 

symptoms consistent with rheumatoid arthritis for at least 6 months; excepting rheumatoid arthritis, 
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subjects were judged to be in good health based on medical history, physical examination, vital 

signs, and laboratory safety tests performed at the prestudy visit and/or prior to administration of 

the initial dose of study drug; no clinically significant abnormality on ECG performed at the prestudy 

visit; subjects were able to understand the study procedures, complete study questionnaires, comply 

with contraception requirements if applicable [Appendix 8] and agree to participate in the study by 

giving written informed consent.  

Other additional inclusion criteria were: subjects were willing to limit alcohol intake (≤3 units/day) 

for the duration of the study and until after all post-dose procedures are completed following the 

last study drug administration (excepting where specific advice had already been given on alcohol 

intake in association with a DMARD[s]), subjects were willing to continue their normal activities and 

willing to avoid unaccustomed strenuous physical activity (e.g., unaccustomed weight lifting, 

initiation of new physical therapy program) for the duration of the study and the follow-up period. 

The main reason for these restrictions was the affect that the above may have on vascular flow 

within the joints.  

Other exclusion criteria were: intra-articular injections of glucocorticoids within 3 months of baseline 

to the MCP joints (Day 1) or oral glucocorticoids within 4 weeks of the prestudy visit; concurrent 

biological therapies (infliximab, etanercept, adalimumab, abatacept, rituximab, and tocilizumab) or 

had taken them within 2 weeks of the prestudy visit; subjects had a history of any illness that, in the 

opinion of the study investigator, might confound the results of the study or pose an additional risk 

to the patient by their participation in the study; an estimated creatinine clearance of <40 mL/min 

based on the Cockcroft-Gault equation [Appendix 6] [163] (an actual creatinine clearance, as 

determined by a 24-hour urine collection, was permitted in place of, or in conjunction with, the 

Cockcroft-Gault equation); major surgery, donation or loss of one unit of blood (approximately 500 

mL); participated in another investigational study within 4 weeks prior to the prestudy (screening) 

visit; regular use (including “recreational use”) of any illicit drugs or has a history of drug (including 
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alcohol) abuse within approximately 2 years; a history of leukaemia, lymphoma, melanoma, 

myeloproliferative or myelodysplastic disease at any time prior to prestudy; a history of any other 

tumour ≤1 year prior to prestudy, with the exception of adequately treated basal cell carcinoma or 

carcinoma in situ of the cervix or subject has a history of any other tumour >1 year prior to prestudy 

visit and has had evidence of recurrence or who, in the opinion of the investigator, had either not 

been adequately treated or had not been adequately monitored for the presence of a recurrence; a 

vaccination with live or live attenuated vaccination within 2 weeks prior to prestudy visit and 

clinically significant abnormalities on physical examination or laboratory testing at prestudy 

unrelated to RA.  

All subjects gave informed written consent to participate in the study. The study design was 

performed according to the Helsinki Declaration and approved by the institutional review board for 

human research.  

 

Methods  

Each subject attended the unit on the following occasions: Screening, Day 1 (Baseline), Day 2, Day 8 

and Day 15. For a simplified schematic representation of the study design, see Figure 19. For a 

detailed summary of procedures at each respective study day, see table 6.  

Screening: Within 14 days of Day 1 of the study treatment period. 

Day 1: Subjects attended the unit on Day 1. Baseline laboratory safety samples, rheumatological 

assessments, US measurements and AE monitoring [Appendix 7] were performed. After baseline 

measures subjects were randomized and received their first dose of study medication in the clinic.  

Days 2, 8 and 15: Subjects attended the unit for the collection of laboratory safety samples, 

rheumatological assessments, US measurements and AE monitoring. Subjects who had had systemic 
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glucocorticoid treatment lasting 3 weeks or longer within 1 year of the screening visit were tapered 

off study medication after Day 15. Subjects received prednisolone 10 mg for 3 days then 5 mg for 2 

days. In order to maintain the study blind, subjects who were randomized to receive placebo 

received matched placebo medication in this 5 day period.   

Follow up: 14 days after the completion of dosing. The duration of the study was approximately up 

to 8 weeks for a given patient (from screening to follow-up). This follow up evaluation was 

conducted by telephone and documented.  AE monitoring was performed.  
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Figure 19. Simplified schematic representation of the design of Study 2. 
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Procedure Screening 

Treatment Period 

Follow up 

Day 15 
Day 
25 

Day 
85 

Day 15 / Early 
Withdrawal5 

End of 
Drug 

Taper6 

Visit Window 
≤14 days 
prior Day 

1 

Within 14 
days of 

screening 

±6 
hrs 

±30 
hrs 

-30 hrs  

≥14 days 
after 

treatment 
period 

Obtain Consent (Main 
study and PGX) * 

 
      

Review 
Inclusion/Exclusion 

criteria, Medical History, 
Prior/Concomitant 

medications* 

 

      

Collect Vital Signs1
‡        

Physical Examination*        

ECG 12-lead ECG‡        

Laboratory Safety 
Tests2

‡ 
 

      

Urine Pregnancy Test3
‡        

Blood Sample for 
Genetic Analysis4

*‡ 
 

      

Blood for CRP‡        

DAS28(CRP) ‡        

Ultrasound 
Examination*

  7 


8 
9 

9 
8   

Blood for RF‡        

Blood for CBC including 
WBC differential ‡ 

 
      

Dispense Study 
Medication ‡ 

 
      

Observed dosing in 
Clinic 10

‡ 
 

      

Patient Diary  
Distribution‡ 

 
      

Return Study 
Medication / Patient 

Diary Collection‡ 
 

      

Pill Count‡        

Adverse Experience11
*‡

    ----------------------------------------------------------------------------------- 
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1  Vital signs include HR, BP, and respiratory rate after resting for 10 minutes in a semi-recumbent 
position with back supported and hands and legs uncrossed.   

2   Laboratory safety tests include hematology, blood chemistry, urinalysis, serum β-hCG test for 
women of childbearing potential, and FSH test for post-menopausal women.  HIV/Hepatitis 
testing was performed at the investigator's discretion. 

3    Urine pregnancy test was performed for women of childbearing potential.    
4  Genomics sample were collected only from patients who had consented to genomics collection 

and was drawn once at any time in the study after randomization. 
5  Study procedures were performed at approximately the same time of day and within the 

windows listed in the flowchart. Day 2 should have ideally occurred 24 hrs after the Day 1 visit 
within a 6-hour window. Day 8 should have occurred 7 days after Day 1, within a 30-hour 
window.  Day 15 should have ideally occurred 14 days after Day 1, but may have occured up to 
30 hours early for scheduling reasons. Day 1 assessments were pre-dose. Clinical and 
ultrasound assessments on Day 2, 8 and 15 should always have occured after the patient had 
been observed to ingest the day's study medication approximately 1 hour before the US 
measurements.  All procedures on Day 2, Day 8, and Day 15 should have occured at the same 
time relative to the procedures on Day 1.   

6  This visit is only for patients who have had systemic glucocorticoid treatment lasting 3 or more 
weeks within 1 year of the prestudy visit. At this visit the study medication was returned and the 
subjects’ vital signs checked. 

7 At the screening visit, the ultrasound examination was limited to a single 2D transverse 
examination of 10 MCP joints. 

8   At the Day 1 and Day 15 visits, 10 MCP joints were imaged thrice.  First by the trained ultrasound 
examiner associated with the clinical site, followed by imaging by a second trained ultrasound 
examiner and finally the third imaging was performed again by the first ultrasound examiner.   

9   At Day 2 and Day 8, the US measurements were performed only once by a trained US examiner 
associated with the clinical site. 

10   Observed dosing in clinic.  Study medication was taken after the collection of US data at Visit 2 on 
Day 1.  On Days 2, 8 and 15 the subjects had witnessed dosing in the clinic approximately 1 hour 
before the collection of US data. 

11  Patients were followed for adverse experiences for 14 days following the last study dose.  The post 
study evaluation was done by telephone and documented. 

At KIR assesments and procedures were performed by the study doctor* (MS) and the study nurses ‡ (AF and CM) – all 
results were reviewed by MS.   

 

Table 6. Time and events for Study 2. 

 

Rheumatological assessments 

Rheumatological assessments were conducted on Days 1, 2, 8 and 15 by an independent assessor to 

the ultrasonographer. The assessments consisted of: 



107 

 

1. TJC: 28 joint count 

2. SJC: 28 joint count 

3. Acute phase reactant (CRP) 

4. Patient global assessment of diseases activity (visual analogue scale) 

 

Ultrasonographic imaging    

Ultrasonographic imaging was performed at two centres (KIR- Kennedy Institute of Rheumatology 

and B&L- St Bartholomew’s and the London NHS Trust) by two ultrasonographers MS and SK, each 

with over 2 years experience. MS and SK were also the readers. MS and SK spent approximately 16 h 

together before the study to gain a consensus on image acquisition and analysis. To determine 

reliability (within scan inter-reader, parallel scan intra-reader and parallel scan inter-reader) three 

scans were sequentially acquired at baseline (Day 1) and on Day 15 according to table 7.  MS based 

at KIR travelled to B&L for the subjects’ Day 1 and Day 15 imaging and vice versa for SK who was 

based at B&L. The scans acquired and read by the site reader (indicated in italics) were used to 

calculate treatment effects. 
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Site Scan  Ultrasonographer Reader 

1 (KIR) 1 1 (MS) 1 (MS) 

2 (SK) 

2 2 (SK) 2 

3 1 1 

2 (B&L) 1 2 (SK) 2 (SK) 

1 (MS) 

2 1 (MS) 1 

3 2 2 

  
Table 7. Scan/Reader Scheme: Within scan inter-reader reproducibility was obtained by comparing 
scan 1 values across the two readers. Parallel scan intra-reader reproducibility was obtained by 
comparing scan 1 read by the first reader and scan 3 read by the first reader. Parallel scan inter-
reader reproducibility was obtained by comparing scan 1 read by the first reader and scan 2 read by 
the second reader.     

 

Using a GE Logiq9 ultrasound machine with a M12L transducer [Figure 8] at each centre, subjects 

underwent ultrasonographic assessment of all 10 MCPJs at Day 1 (baseline), Day 2, Day 8 and Day 

15. With a view to standardization of data acquisition, the hands were maintained in a position of 

rest by a splint (identical splints at both sites). The time of day of scanning at each visit was within 1 

h of the time of the baseline visit. Care was taken when scanning to avoid undue pressure with the 

probe in case this altered blood flow in the joint. This was achieved by maintaining a distance of at 

least 1 mm of gel between the probe and the subject as visualised on the US monitor. Scanning was 

performed in one room at each centre with a delay of at least 60 minutes if patients arrived from the 

outside. This procedure was followed to avoid confounding effects from differences in ambient 

temperatures. 

HFUS (gray-scale) and power Doppler settings were identical on both GE Logiq9 ultrasound machines 

at the two centres. HFUS: Frequency 14MHz, Gain 50, Depth 2.0 cm, Frame Rate 24. Power Doppler 

settings: Frequency 7.5 MHz, Gain 41, Depth 2.0 cm, PRF 1.4 kHz, Wall Filter 127 Hz.  
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HFUS and PDUS scanning were performed over the dorsum of the MCPJs in the longitudinal and 

transverse planes. To obtain the longitudinal view the probe is first aligned in a longitudinal axis 

defined by the metacarpal and proximal phalange so that the probe is bisecting the joint [Figure 20]. 

The probe is adjusted in the longitudinal axis to place the maximum height of the dorsal triangular 

structure (an inverted triangular area whose margins are the metacarpal head, the phalangeal base 

and the joint capsule superiorly [42, 43]) in the centre of the screen image [Figures 21 and 22]. At 

this point to obtain the transverse view, the probe the probe is then rotated by 90° [Figures 23, 24 

and 25]. Both sonographers were blinded to the allocation of the patients to their respective groups. 

Stored clips and images were anonymised before reading.  

 

 

Figure 20. 2D Ultrasonography of the right 3rd MCP Joint in the longitudinal plane. 
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Figure 21. HFUS image in the longitudinal plane of a MCP joint of a patient with RA acquired with the 
GE Logiq9 ultrasound machine. M = metacarpal head, P = phalangeal base, N = metacarpal notch, T = 
triangular structure, S = synovitis. 

 

 
Figure 22. PDUS image in the longitudinal plane of a MCP joint of a patient with RA acquired with the 
GE Logiq9 ultrasound machine. M = metacarpal head, P = phalangeal base, N = metacarpal notch, T = 
triangular structure, S = synovitis.  
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Figure 23. 2D Ultrasonography of the right 3rd MCP Joint in the transverse plane. 

 

 

Figure 24. HFUS scan in the transverse plane of a MCPJ of a patient with RA acquired with the GE 

Logiq9 ultrasound machine. S denotes synovitis. 
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Figure 25. PDUS image in the transverse plane of a MCP joint of a patient with RA acquired with the 
GE Logiq9 ultrasound machine. S and D denote synovitis and digital vessels respectively.   

 

Each PD scan consisted of a 3 second movie clip that contained approximately 3 or 4 cardiac cycles.  

After data storage and anonymisation, PD measures were made on the image frame at the peak of 

PD signal.   

The Power Doppler Area (PDA) is a count of the number of pixels with PD signal, uncorrected by 

pixel intensity, within a defined region of interest (ROI) in a standardized 2D image of the joint. The 

PDA measurements from each of the 10 metacarpophalangeal (MCP) joints were summated to 

create the 10MCP PDA.  PDA was calculated from both transverse as well as longitudinal images to 

obtain 2 separate measures of vascularity: 10MCP Trans PDA and 10MCP Long PDA [Table 8]. The 

10MCP Trans PDA was the primary endpoint for this study.   

PDUS was also graded in each MCP joint using a semiquantitative (qualitative) vascularity scale, on 

an ordinal scale of 0 to 4, with 0 representing the lack of PDUS signal (normal) and 4 being severe 
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PDUS signal.  Images were graded against a library of representative images [Figure 26] i.e. for each 

selected image MS and SK visually estimated the amount of coloured pixels within the joint capsule, 

compared this with the library, decided which representative image was the closest fit and allocated 

a score. The scores from each of the 10 MCP joints were summated into a Vascularity Index, the 

10MCP VASCi (minimum score of 0 and a maximum of 40).  Vascularity index was calculated from 

both transverse as well as longitudinal images to obtain 2 separate measures of the vascularity 

index: 10MCP Trans VASCi and 10MCP Long VASCi [Table 8].   

After data storage and anonymisation, synovial area measures were made from the first technically 

qualified image frame on HFUS imaging. 

The Synovial Thickness Area (STA) is a count of the number of pixels within a defined ROI in a 

standardized 2D image of the joint.  The Synovial Thickness Area measurements from 2D scans from 

each of the 10 MCP joints were summated to create the 10MCP STA.  Synovial thickness area was 

calculated from both transverse as well as longitudinal images to obtain 2 separate measures of 

thickness area: 10MCP Trans STA and 10MCP Long STA [Table 8].   

Synovial thickness was graded semiquantitatively (qualitatively) in each MCP joint against a 

standardized image set on an ordinal scale ranging from 0 to 4, with 0 representing normality and 4 

being severe synovial thickening [Figure 26]. For each acquired image MS and SK visually estimated 

the magnitude of the synovial thickness area, compared this with the library, decided which 

representative image was the closest fit and allocated a score. The gray-scale ordinal scores from 

each of the 10 MCP were summated into a Synovial Thickness Index, the 10MCP STi (minimum score 

of 0 and a maximum of 40). Synovial thickness index was calculated from both transverse as well as 

longitudinal images to obtain 2 separate measures of thickness index: 10MCP Trans STi and 10MCP 

Long STi [Table 8].   
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Joints Measure View Data Type Data for each 

joint 

Endpoint 

MCPJs Right 

and Left (1-5) 

Vascularity 

(PDUS) 

Transverse Quantitative Trans PDA 10 MCP 

Trans PDA 

Qualitative  Trans VASC 10 MCP 

Trans VASCi 

Longitudinal Quantitative  Long PDA 10 MCP Long 

PDA 

Qualitative  Long VASC 10 MCP Long 

VASCi 

Synovial 

Thickness 

(HFUS) 

Transverse Quantitative  Trans STA 10 MCP 

Trans STA 

Qualitative  Trans ST 10 MCP 

Trans STi 

Longitudinal Quantitative  Long STA 10 MCP Long 

STA 

Qualitative  Long ST 10 MCP Long 

STi 
 

Table 8. Summary of endpoints for collection (Study 2). Abbreviations: MCPJs = 
Metacarpophalangeal joints; PDUS = power Doppler ultrasound; HFUS = high-frequency ultrasound 
(gray-scale); Trans = transverse; Long = longitudinal; STA = synovial thickness area; PDA = power 
Doppler area; VASC = vascularity score; VASCi = vascularity index; STA = synovial thickness area; ST = 
synovial thickness score; STi = synovial thickness index.  
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Figure 26. Illustration of ultrasonographic scanning in the longitudinal and transverse plane using a 
splint to standardise image acquisition. The four columns contain the semiquantitative scales with 
scores from 0-4 (0, normal; 1, minimal; 2, mild; 3, moderate; 4, severe). The last row demonstrates 
the region of interest for quantitative analysis. Key: LONG = longitudinal, TRANS = transverse, ST = 
synovial thickening, VASC = vascularity, Quant ROI = region of interest for quantitative analysis. 

 

Quantitative vascularity and synovial thickness measurements were analysed using the free 

downloadable software program ImageJ version 1.41. The ROI for the various endpoints are as 

follows: Longitudinal STA - the ROI should envelop the synovium over the phalangeal base, triangular 

structure, metacarpal head and metacarpal notch [Figure 26]. Transverse STA - the ROI should 
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envelop the MCP joint synovium [Figure 26]. The ImageJ software had a version 10 plugin written by 

B. Dardzinski (BD) which enabled a rapid review of each PD clip in order to find the frame that 

displayed the most activity. The ROIs for longitudinal and transverse PDA are similar to the 

corresponding ROI for STA except digital vessels and reflection artifacts are excluded [Figure 27]. The 

ImageJ software automatically calculates the number of gray-scale and colour pixels within the area 

selected to give the STA and PDA [Figure 26] respectively.  

 

 

Figure 27. Picture of a MCP joint after image analysis using the ImageJ software.  Relevant power 
Doppler signal is visualised within the ROI (cyan outline).  # Pixels is the total number of colour pixels 
within the cyan ROI which is the PDA used in Study 2. In this case there are 5256 colour pixels. The 
frame number (#6) used from the cine loop to draw the ROI is also listed and was recorded for 
comparisons and auditing. The threshold relates to the intensity of the colour pixels and those above 
the threshold represent the highest flow component of the signal. In this case there are 711 pixels 
out of 5256 that meet these criteria.  
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Minimum entry score for synovitis on ultrasound: At the screening visit subjects had at least mildly 

active synovitis in ≥2 MCP joints (score ≥2) or high activity in ≥1 joint (score=4) as determined by 

synovial transverse vascularity scoring index (0-4) (VASCi) on PDUS [Figure 26]. 

4-point semiquantitative scales (0-3) have been frequently published in the literature for both 

synovial hypertrophy and power Doppler [65, 93, 118, 165]. For study 3, we developed a 5-point 

scale for synovial vascularity. The basis for this is as follows: there are often images that appear to 

have signal which cannot be classified as mild and therefore should be classed as possessing minimal 

activity. They cannot be classified as normal/no signal as there is signal present. 4-point scales do 

not make provision for this. This additional grade may serve to improve the sensitivity. Therefore an 

objective of this study is to validate this 5-point scale for vascularity and also the novel 5-point scale 

for synovial thickness. For study 1 part B we used 6-point semiquantitative scales for both vascularity 

and synovial thickness. These 6-point scales were not used for Study 2 because this study would be 

investigating a range of different methods to report reliability and reducing the points may have 

served to improve these results (especially the planned parallel scan inter-reader reliability). US in 

assessing RA synovitis in its infancy and there is still considerable scope to optimise the endpoints. 

 

 
Statistical Methods  

The primary time point for the analysis was the Day 15 visit. The primary metric for assessing 

treatment effect is change from Day 1 (baseline).  In addition, change from baseline at the other 

times of observation were summarized graphically and analyzed. The analysis population for this 

study consists of all patients who receive at least one dose of study medication and provide at least 

one on-treatment observation.  No data was imputed.  
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All endpoints were compared among the treatment groups via an ANCOVA model including a term 

for treatment, with baseline value included as a covariate. Normality and homogeneity of error 

variance assumptions were assessed and no data transformation was necessary except for the 

analysis of CRP data which was log-transformed.   

All p-values are one sided and 90% CI's were reported.  Interpretation of p-value testing for each 

endpoint was made in a step-down fashion with Day 15 interpreted first.  If significant treatment 

difference was observed for Day 15, then treatment difference testing of Day 8 was examined, 

followed by testing at Day 2 if significance was observed for Day 8. Effect sizes (LS mean difference 

between 15 mg prednisone and placebo divided by pooled error SD from the ANCOVA model) and 

associated 90% CI's were computed to assess precision of each endpoint.   

On Days 1 and 15 the joints were imaged thrice. The first scan set acquired and read by the 

ultrasonographer-reader associated with the clinical site was the scan used for analysis of efficacy 

endpoints and for correlation with other endpoints.  The other two scan sets were used to assess 

reproducibility of the US endpoints. 

The repeated MCPJ measurements were used to assess within scan inter-reader, parallel scan intra-

reader and parallel scan inter-reader reproducibility using concordance correlation coefficients for 

each endpoint. Pearson correlation coefficients were computed among pairs of endpoints, including 

the DAS28(CRP) with ultrasound endpoints, to assess association among them.  

Exploratory analyses were carried out to identify a composite of the US and DAS28 component 

endpoints with improved precision for discrimination of active treatment from placebo.  The method 

for building composites was the O’Brien’s global statistic which is the average of the standardized z-

scores across the measures.  

All tests were performed one-sided at level 0.05. (To view results for Study 2 go to page 148).  
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7 Results  

7.1 Study 1 part A 

One group of 6 subjects were enrolled into the study on GW274150 90 mg and all 6 subjects 

completed the study [Table 9]. There were no withdrawals. Subject demographics are listed in Table 

10 as are the concomitant medication for RA and non-RA indications [Table 11 and Table 12 

respectively].  

Overall, GW274150 was well tolerated in this study. Two subjects (33%) reported AEs of mild or 

moderate intensity [Table 13]. Two of the three reported AEs were considered by the investigator to 

be possibly related to the investigational product although no direct link has been established. Both 

were reported by subject 2 and were mild in severity; glycosuria and increased blood glucose. 

Subject 2 had no history of diabetes but was taking prednisolone 2.5 mg/5 mg on alternate days 

which could have been the cause of the glycosuria and increased blood glucose. The subject has 

subsequently been shown to have impaired glucose tolerance most likely due to the prednisolone. 

Nevertheless an association with GW274150 cannot be excluded and will be monitored in future 

studies. There were no deaths, no serious or fatal adverse events, and no pregnancies reported in 

any female subject or pregnancies in the partners of any male subjects in this study. 
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Number of Subjects Treatment 
Group 

Planned, n 6 

Entered, N 6 

Completed, n  6 

Total Withdrawn (any reason), n (%) 0 

Withdrawn due to Serious Adverse Event, n (%) 0 

Withdrawn due to Adverse Events, n (%) 0 

 
Table 9: Number of Subjects. 

 

 

 Variables GW274150 90 mg 
N=6 

Sex, n (%) Males 2 (33%) 
 Females 4 (67%) 

Age, years Mean (Range) 62.8 (55-70) 

Race, n (%) White –  White/Caucasian/European 
Heritage  

5 (83%) 

 African American/African Heritage 1 (17%) 

Ethnicity, n 
(%) 

Hispanic or Latino 
Not Hispanic or Latino 

0 
6 (100%) 

Height (cm) Mean (Range) 164.7 (150-176) 

Weight (kg) Mean (Range) 84.33 (73.9 -
102.1) 

BMI (kg/m2) Mean (Range) 31.25 (25.3-38.4) 

Duration of 
RA diagnosis 
(years) 

Mean (Range) 11.792(6.17-
25.00) 

 

Table 10:  Demographics. 
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Medication GW685698 90 mg 
(N=6) 

Subject Numbers 

DMARDs   
 Methotrexate 6 (100%) 1,2,3,4,5,6 
 Hydroxychloroquine 2 (67%) 1,2,3,4 
   
Vitamins   
 Folic Acid 6 (100%) 1,2,3,4,5,6 
   
Analgesics   
 Fentanyl 1 (17%) 6 
 Paracetamol 1 (17%) 6 
 Celecoxib 2 (33%) 1,5 
 Diclofenac 1 (17%) 2 
 Indomethacin 1 (17%) 2 
 Multiple Ingredient 2 (33%) 2,5 
   
Corticosteroids   
 Prednisolone 1 (17%) 2 

 

Table 11. Concomitant medications for RA. 
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Medication GW685698 90 mg 
(N=6) 

Subject Numbers 

Gastrointestinal tract   
Gaviscon 2 (33%) 2,6 

Omeprazole 2 (33%) 5,6 
Lansoprazole 1 (17%) 3 

Metoclopramide 1 (17%) 6 
Pantoprazole 1 (17%) 2 

Ranitidine 1 (17%) 4 
Multiple Ingredient 4 (67%) 2,3,4,6 

   
Cardiovascular System   
Bendroflumethiazide 3 (50%) 1,2,3 

Amlodipine 1 (17%) 2 
Atenolol 1 (17%) 1 

Atorvastatin 1 (17%) 4 
Diltiazem 1 (17%) 4 
Irbesartan 1 (17%) 2 
Lisinopril 1 (17%) 6 
Losartan 1 (17%) 4 

Simvastatin 1 (17%) 2 
Acetylsalicylic Acid 2 (33%) 3,4 

   
Osteoporosis treatment/prevention   

Alendronic Acid 3 (50%) 2, 3,4 
   

Nervous System   
Zopiclone 1 (17%) 2 

   
Systemic hormonal preparations, excluding 

sex hormones 
  

Levothyroxine 2 (33%) 3,4 
   

Anti-infective for systemic use   
Clarithromycin 1 (17%) 6 

   
Respiratory system   

Salbutamol 1 (17%) 6 
 

Table 12: Non-RA concomitant medications. 
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Adverse event GW274150 90 mg (N=6) 
Number of Subjects (%) 

 
 

Any Event (per subject) 2 (33%) 
5 (31%) Infections  

Lower Respiratory tract infection 1 (17%) 

Investigations  

Blood Glucose Increased 1 (17%) 

Renal and Urinary Disorders  

Glycosuria 1 (17%) 

 

Table 13: Adverse Events 

 

Individual plasma concentration versus time profiles indicate fairly rapid absorption of GW274150 

with observed time to peak drug levels ranging from 0.33 to 1.0 h post dose. Median tmax was 0.875 

h [Table 14]. The geometric mean, 95% Confidence Intervals for the geometric mean of the derived 

PK parameter output and the between subject coefficient of variation (%) are summarised in [Table 

15].  
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Subject 

number 

Age 

(years) 

Estimated 
CrCl 
(ml/min) 

Measured

CrCL 

(ml/min) 

AUC(0-∞) 

(ng.h/ml) 

AUC(0-t) 

(ng.h/ml) 

Cmax 

(ng/ml) 

t½ (h) tmax (h) 

1 55 148 120 18500 18000 2710 19 0.75 

2 63 88 87 55800 38200 3880 60 0.33 

3 70 59 69 43800 40900 2910 25 1.00 

4 67 79 69 57900 45300 4610 46 0.50 

5 65 107 109 29200 27200 3750 25 1.00 

6 57 126 114 16800 16400 1830 18 1.00 

 

Table 14: Individual subject derived PK parameters. CrCL = creatinine clearance. 

 

Parameter GW274150 90 mg (N=6) 

n Geometric Mean (95% CI) %CVb 

AUC(0-∞) (ng.h/mL) 6 32969.2 (18634.9, 58329.7) 58.6 

AUC(0-t) (ng.h/mL) 6 28780.3 (18218.6, 45464.7) 45.7 

Cmax (ng/mL) 6 3145.2 (2225.8, 4444.3) 33.9 

t1/2  (h) 6 29.0 (17.3, 48.3) 51.9 

 

Table 15. Derived PK Parameters. CVb = Between-subject coefficient of variation. 

 

 

 

There was a trend for higher rate and extent of systemic exposure to GW274150 as well as higher 

inter-subject variability in RA subjects compared to that typically observed in healthy subjects 
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(INO10001 – a single dose study) or asthmatics (INO101247 – a 14 day repeat dose study) as shown 

in Table 16.   

 

 Study 

INO10001 

(N=16) 

Study 

INO101247 

(N=8) 

Study 1 part A 

  

(N=6) 

AUC(0-∞) 

(ng.h/mL) 

13816 

(CVb = 18.1%) 

18350           

(CVb  = 43%) 

32969.2             

(CVb = 58.6%) 

Cmax 

(ng/mL) 

2284 

(CVb = 42.7%) 

870 (CVb = 63%) 3145.2 

(CVb = 33.9%) 

t1/2  (h) NC NC 29 

(CVb = 51.9%) 

 

Table 16.  Comparison of systemic exposure to GW274150 in different studies after 90 mg single 
dose. NC = not calculated. 

 

Thus, both AUC(0-∞) and Cmax were more than double in RA subjects compared to that obtained in 

healthy subjects (INO10001) after a single oral dose of 90 mg. Three of the RA subjects in Study 1 

part A had greater than 2-fold increase in systemic exposure compared to the remaining subjects 

[Table 14 and Figure 28]. This was higher than an exploratory analysis based on renal function would 

predict [Figure 28]. There did not appear to be a clear trend in systemic exposure or elimination half 

life of GW274150 in this patient population with respect to age or renal function [Figure 29].  Only 

subjects 1 and 6 appeared to exhibit comparable Cmax and AUC to that observed in healthy subjects 

given a single dose of 90 mg GW274150 (Study INO10001) [Table 14 and Figure 28]. 
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Figure 28. Exposure to GW274150 in healthy volunteer trials (HVT) vs. RA patients. SD = single dose, 
D = Day, AUC 150 (0-inf) = area under the concentration-time curve from time zero (pre-dose) to 
infinity of GW274150. The graph shows that only 2 RA subjects had levels similar to healthy 
volunteers based on renal function. The CrCl in this graph is the measured CrCl.  
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Figure 29. AUC (0-inf) versus both estimated and measured creatinine clearance for Study 1 part A.  

 

The extent of systemic exposure (AUC) to GW274150 measured in subjects with the highest 

exposure approached the NOAEL (no observed adverse effect level) in both dog and rat in non-

clinical studies. The mechanism of toxicity observed in non-clinical studies is not fully understood but 

preliminary investigative work suggests that the hepatic and pancreatic toxicity is the result of 

prolonged off target inhibition of nNOS at high concentrations. On this basis one would expect that 

toxicity would be more related to AUC than Cmax. Within the context of this single dose study, it is 

unlikely to result in adverse clinical consequences but indicates that one would wish to limit 

exposure in repeat dose studies to below the NOAEL.  

A number of other possible explanations for this relatively higher exposure were considered, 

specifically: the dose of methotrexate, body mass index and the function of renal amino acid 
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transporters. No clear correlation between systemic exposure and any of these three parameters 

was observed. The latter of these parameters warrants further comment (below). 

GW174250 is likely to be a substrate for amino acid transporters in the kidneys as it is mostly 

excreted unchanged in the urine and shares transporters with the amino acids Arginine, Lysine, 

Ornithine. The possibility that the observed higher than predicted exposure may be explained by 

differences in the efficiency of these amino acid renal transporters was investigated. Following a 

protocol amendment, amino acid levels in the urine of these RA subjects were measured at follow 

up. No obvious relationship between amino acid levels in the urine (as a ratio to creatinine) and the 

observed exposure was demonstrated. 

The possibility that the differences in observed exposure may be due to differences in concomitant 

medications (other than methotrexate) was also explored. All 6 subjects were taking a variety of 

concomitant medication in addition to methotrexate [Table 11 and 12] but there is no metabolism-

based rationale to expect these co-medications to interact with GW274150. 
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7.2 Study 1 part B 

50 subjects, split into 3 treatment arms of 17, 19 and 14 subjects (on placebo, GW274150 60 mg and 

prednisolone 7.5 mg respectively) were recruited into the study. Clinical and demographic 

characteristics of the study subjects are shown in Table 17. 43 subjects (86%) completed the study.  

7 subjects were withdrawn from the study: 5 subjects due to AEs and the remaining 2 subjects due 

to social commitments. Out of the 5 subjects who withdrew due to an AE, one was on placebo and 

withdrew because of severe abdominal pain considered to be related to the study drug by the 

investigator prior to unblinding. The other 4 subjects who withdrew due to AEs were on GW274150 

and the reasons for withdrawal were a moderate vomiting event (considered to be related to the 

study drug), a moderate allergic rash (not considered to be related to the study drug), a moderate 

urticaria (considered to be related to the study drug) and mild increased alanine aminotransferase 

increase (not considered to be related to the study drug). Headache was the most frequently 

reported AE (5 subjects following placebo and 2 subjects following 60 mg GW274150). For the full 

summary of AEs see Table 18. GW274150, dosed at 60 mg once daily for 28 days, was generally safe 

and well tolerated. There were no deaths, no serious adverse events or pregnancies reported in this 

study. 
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 Placebo 60 mg 
GW274150  

7.5 mg 
prednisolone  

Number of subjects planned, n: 15 15 15 

Number of subjects randomized, N: 17 19 14 

Number of subjects completed, n (%): 14 (82) 15 (79) 14 (100) 

Number of subjects withdrawn (any reason), n 
(%): 

3(18) 4(21) 0 

Number of subjects withdrawn for AE, n (%): 1 (6) 4 (21) 0 

Age in Years, Mean (Range) 57.1  
(34 - 74) 

56.4  
(38 - 79) 

53.8  
(25 - 68) 

Female, n (%) 15 (88) 15 (79) 10 (71) 

BMI (kg/m2), Mean (Range) 25.04  
(17.9 - 33.2) 

26.21  
(17.3 - 35.8) 

26.06  
(20.2 - 32.3) 

RF positive, n (%) 12 (71) 

 

15 (79) 

 

8 (57) 

 

Anti-CCP antibodies positive, n (%) 13 (76) 18 (95) 8 (57) 

Concomitant Methotrexate, n (%) 15 (88) 17 (89) 11 (79) 

Concomitant Sulphasalazine, n (%) 3 (18) 5 (26) 2 (14) 

Concomitant Hydroxychloroquine, n (%) 1 (6) 1 (5) 1 (7) 

% on > 1 DMARD n (%)  4 (24) 5 (26) 2 (14) 

Baseline DAS28(ESR), Mean (Range) 6.04  

(4.2 - 7.1) 

6.27  

(3.8 - 7.9) 

5.64  

(3.7 - 7.0) 

Baseline ESR (mm/hr), Mean (Range) 35.1  

(8 – 62) 

26.7  

(8 - 76) 

41.8  

(14 - 96) 

 
Table 17. Subject characteristics. Reproduced with permission from Clinical and Experimental 

Rheumatology (Seymour et al: Clin Exp Rheumatol in press. 2012). 
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All adverse events Placebo 
N=17 

60 mg GW274150 
N=19 

7.5 mg 
prednisolone  
N=14 

 n (%) n (%) n (%) 

Any AE 8 (47) 7 (37) 4 (29) 

Any AE related to investigational product 6 (35) 3 (16) 1 (7) 

Headache 5 (29)  2 (11)  0 

Dizziness 1 (6)  0 0 

Abdominal discomfort 0 0 1 (7)  

Abdominal pain 1 (6)  0 0 

Diarrhoea 1 (6) 0 0 

Gastro-oesophageal reflux disease 1 (6)  0 0 

Nausea 1 (6) 0 0 

Vomiting 0 1 (5)  0 

Cystitis 1 (6) 0 0 

Nasopharyngitis 0 1 (5) 0 

Upper respiratory tract infection 0 0 1 (7)  

Urinary tract infection 0 1 (5) 0 

Asthenia 0 0 1 (7) 

Fatigue 1 (6)  0 0 

Pyrexia 1 (6) 0 0 

Alanine aminotransferase increased 0 1 (5)  0 

Blood alkaline phosphatase increased 0 0 1 (7) 

Arthralgia 0 0 1 (7)  

Rheumatoid arthritis 0 1 (5) 0 

Allergic dermatitis  0 1 (5)  0 

Urticaria 0 1 (5)  0 

Hypertension 1 (6) 0 1 (7) 

Anaemia 1 (6) 0 0 

Arrhythmia 0 0 1 (7) 

Ulcerative keratitis 1 (6) 0 0 

Skeletal injury  0 0 1 (7)  

 

Table 18. Summary of all adverse events. 

 

There was one (5%) subject recruited in the UK who was randomized to GW274150 60 mg and 

deviated from the exclusion criteria due to current renal insufficiency.  The subject had an estimated 

creatinine clearance of 43 ml/min. However, the calculated creatinine clearance was 63 ml/min 

based on a 24 hr urine measurement. The clinical chemist (Charing Cross Hospital) reasoned that this 

was a more accurate reflection of the actual value. At the worst he postulated that it could be a 
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value in between the estimated and measured values which would be 53 ml/min. The subject’s 

participation in the study was deemed safe on clinical grounds. The GSK medical monitor approved 

this subject’s participation on the study.  

The treatment blind was broken during the study for 3 UK recruited subjects.  For 2 of them the 

treatment blind was broken due to a non-serious adverse event and for one it was broken because 

the subject needed to go on holiday. 

 

Pharmacokinetics 

Steady state pharmacokinetics of GW274150 was achieved by Day 8 as shown by comparable 

plasma trough levels on all three occasions (Day 8, Day 15 and Day 28) [Table 19].  Inter-subject 

variability in steady state drug levels was low/moderate.  Exposure in this patient population (60 mg 

once daily) was similar to that observed in healthy subjects and asthmatics dosed with 90 mg 

GW274150. The high coefficient of variance of 56.1% on Day 28 was most likely due to one subject 

whose trough levels of GW274150 on Day 28 (1144 ng/mL) was about 2.6-times higher than his 

corresponding levels on Day 15.  
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Parameter Day n Geometric 

mean 

95% CI CVb% 

Cmax (ng/mL) Day 15 15 2052.849 (1778.420, 2369.625) 26.4 

Day 28 15 2004.973 (1709.144, 2352.007) 29.4 

Trough 

(ng/mL) 

Day 8 17 322.227 (267.357, 388.358) 37.5 

Day 15 15 311.276 255.731, 378.887) 36.6 

Day 28 15 324.337 (242.821, 433.219) 56.1 

 

Table 19. Summary of derived GW274150 60 mg pharmacokinetic population parameters. Cmax = 
maximum observed concentration, CVb = Between-subject coefficient of variation.  

 

Ultrasonographic endpoints 

Generally, prednisolone 7.5 mg was more effective than GW274150 for all the endpoints.   

Total power Doppler area (PDA): At Day 28 there was a 55% decrease (i.e. adjusted treatment ratio 

of 0.45) in total PDA for GW274150, compared with placebo although the result was not statistically 

significant (p = 0.375). Prednisolone 7.5 mg resulted in a highly statistically significant decrease of 

95% (p = 0.003) in total PDA [Table 20 and Figure 30]. Median total PDA data for GW274150 60 mg 

was higher after the first 15 days and decreased at Day 28.  In contrast, there was a constant 

decrease of total PDA median values over time in the prednisolone 7.5 mg group. 



134 

 

Time point 
  

Adjusted geometric means Ratio of adjusted geometric means 
(95% CI) 
p-value 

Placebo 
(N=17) 

GW274150 
60 mg 
(N=19) 

Prednisolone 
7.5 mg (N=14) 

GW274150 
60 mg-Placebo 

Prednisolone 
7.5 mg-Placebo 

Day 15 3670.65 7660.25 2580.37 2.09 (0.36, 12.1) 
p = 0.402 

0.70 (0.12, 4.27) 
p = 0.695 

Day 28 10741.87 4828.68 560.29 0.45 (0.07, 2.74) 
p = 0.375 

0.05 (0.01, 0.34) 
p = 0.003 

 
Table 20. Summary of results from the statistical analysis for total PDA with imputed 0 values to 1. 

 

 

 

Figure 30. Plot of adjusted treatment ratios of total PDA data with 95% confidence intervals by day 
and treatment comparison with imputed 0 values to 1. Reproduced with permission from Clinical 
and Experimental Rheumatology (Seymour et al: Clin Exp Rheumatol in press. 2012). 

 

Total Vascularity: At Day 28 GW274150 decreased total synovial vascularity by 42% compared with 

placebo but the reduction was not statistically significant (p = 0.075).  However, prednisolone 7.5 mg 

resulted in a statistically significant decrease of 55% (p = 0.012) [Table 21 and Figure 31].  
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Time point 
  

Adjusted geometric means Ratio of adjusted geometric means 
(95% CI) 
p-value 

Placebo 
(N=17) 

GW274150 
60 mg 
(N=19) 

Prednisolone 
7.5 mg (N=14) 

GW274150 
60 mg-Placebo 

Prednisolone 7.5 
mg-Placebo 

Day 15 6.71 5.13 4.15 0.76 (0.43, 1.35) 
p = 0.347 

0.62 (0.35, 1.09) 
p = 0.095 

Day 28 7.29 4.23 3.29 0.58 (0.32, 1.06) 
p = 0.075 

0.45 (0.25, 0.83) 
p = 0.012 

 
Table 21. Summary of results from the statistical analysis for total Vascularity score with imputed 0 
values to 1.  

 

 

 

 

 

Figure 31. Plot of adjusted treatment ratios of total Vascularity score data with 95% confidence 
intervals by day and treatment comparison with imputed 0 values to 1.  Reproduced with permission 
from Clinical and Experimental Rheumatology (Seymour et al: Clin Exp Rheumatol in press. 2012). 

 

Total Synovial Thickness: At Day 28 GW274150 showed a trend towards reduction in synovial 

thickness compared with placebo, with an adjusted mean decrease of 33% (p = 0.072).  Prednisolone 

7.5 mg showed a statistically significant decrease of 44% (p = 0.011) [Table 22 and Figure 32].  
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Time point 
  

Adjusted geometric means Ratio of adjusted geometric means 
(95% CI) 
p-value 

Placebo 
(N=17) 

GW274150 
60 mg 
(N=19) 

Prednisolone 
7.5 mg (N=14) 

GW274150 
60 mg-Placebo 

Prednisolone 
7.5 mg-Placebo 

Day 15 9.95 7.05 6.69 0.71 (0.45, 1.11) 
p = 0.130 

0.67 (0.43, 1.05) 
p = 0.082 

Day 28 11.22 7.54 6.32 0.67 (0.44, 1.04) 
p = 0.072 

0.56 (0.36, 0.87) 
p = 0.011 

 
Table 22. Summary of results from the statistical analysis for total Synovial Thickness score data with 
imputed 0 values to 1.  

 

 

Figure 32. Plot of adjusted treatment ratios of total Synovial Thickness score data with 95% 
confidence intervals by day and treatment comparison with imputed 0 values to 1. Reproduced with 
permission from Clinical and Experimental Rheumatology (Seymour et al: Clin Exp Rheumatol in 
press. 2012). 

 

DAS28(ESR) and components of DAS28(ESR)  

DAS28(ESR): A reduction of DAS28 scores was observed for all treatment arms over time.  In 

particular, for subjects treated with GW274150 60 mg there was a 0.55 DAS28 reduction at Day 15 

compared with baseline and a larger reduction of DAS28 scores on Day 28 compared with baseline.  
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In the prednisolone 7.5 mg arm, a 0.97 reduction of DAS28 scores at Day 15 compared with baseline 

was observed and a 1.48 decrease compared with baseline in DAS28 scores at Day 28 [Table 23].  

 

 Placebo 
(N=17)  
Mean (range) 

GW274150 60 mg 
(N=19)  
Mean (range) 

Prednisolone 7.5 mg 
(N=14)  
Mean (range) 

Day 1 (Baseline) 6.04 (4.21 - 7.08) 6.27 (3.83 - 7.85) 5.64 (3.74 – 6.99) 

Day 15 5.86 (4.07 - 7.43) 5.72 (3.37 - 7.76) 4.67 (3.29 - 6.74) 

Day 28 5.35 (3.95 - 7.32) 5.05 (2.67 - 8.61) 4.16 (2.60 - 5.58) 

 
Table 23. Summary of DAS28(ESR) 

The data were further explored through a formal statistical analysis of DAS28 data.  At day 28 there 

was a 0.42 decrease in the DAS28 score in the GW274150 group compared with placebo, however 

this was not statistically significant (p = 0.290). For subjects taking prednisolone, the DAS28 showed 

a statistically significant adjusted mean decrease of 0.77 (p = 0.010) at Day 15 and 0.98 (p = 0.018) at 

Day 28 compared with placebo [Table 24 and Figure 33]. 

 

Time point 
  

Adjusted means Differences of adjusted means       
(95% CI) 
p-value 

Placebo 
(N=17) 

GW274150 
60 mg 
(N=19) 

Prednisolone 
7.5 mg (N=14) 

GW274150 
60 mg-Placebo 

Prednisolone 
7.5 mg-Placebo 

Day 15 5.75 5.49 4.97 -0.26 (-0.82, 0.31) 
p = 0.367 

-0.77  
(-1.35, - 0.19) 
p = 0.010 

Day 28 5.39 4.96 4.41 -0.42 (-1.22, 0.37) 
p = 0.290 

-0.98  
(-1.78, - 0.18) 
p = 0.018 

 
Table 24. Summary of the statistical analysis of DAS28(ESR) scores. Reproduced with permission 

from Clinical and Experimental Rheumatology (Seymour et al: Clin Exp Rheumatol in press. 2012). 
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Figure 33. Plot of adjusted treatment differences of DAS28 by day and treatment comparisons. 

 

Tender joint count (TJC): The TJC data for Days 1, 15 and 28 are summarised in Table 25. A reduction 

from baseline in TJC was observed at Day 15 and at Day 28 for both GW274150 60 mg and for 

prednisolone 7.5 mg.  Therefore, an additional formal statistical analysis of these data was deemed 

necessary. The results of the statistical analysis did not show any statistically significant difference in 

adjusted means for TJC data comparing both GW274150 60 mg and prednisolone 7.5 mg with 

placebo. In the GW274150 group there was an adjusted mean decrease in the TJC of 2.3 joints on 

Day 28 compared with placebo, however, this was not statistically significant (p-value = 0.297).  

Prednisolone caused an adjusted mean decrease in the TJC of 3.3 joints on Day 28 compared with 

placebo, however, this was also not statistically significant (p-value = 0.131) [Table 26]. 
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 Placebo 
(N=17)  
Mean (range) 

GW274150 60 mg 
(N=19)  
Mean (range) 

Prednisolone 7.5 mg 
(N=14)  
Mean (range) 

Day 1 (Baseline) 13.0 (3 - 24) 17.7 (5 - 28) 9.9 (0 - 28) 

Day 15 11.3 (2 - 24) 12.6 (0 - 26) 7.9 (0 - 28) 

Day 28 10.0 (1 - 24) 9.7 (0 - 27) 4.7 (0 - 20) 

 
Table 25. Summary of TJC. 

 

Time point 
  

Adjusted means Difference of adjusted means (95% CI) 
p-value 

Placebo 
(N=17) 

GW274150 
60 mg 
(N=19) 

Prednisolone 
7.5 mg (N=14) 

GW274150 
60 mg-Placebo 

Prednisolone 
7.5 mg-Placebo 

Day 15 11.6 9.4 11.1 -2.2 (-5.9, 1.5) 
p = 0.228 

-0.6 (-4.2, 3.1) 
p = 0.757 

Day 28 10.2 7.9 6.9 -2.3 (-6.6, 2.1) 
p = 0.297 

-3.3 (-7.5, 1.0) 
p = 0.131 

 
Table 26. Summary of results of statistical analysis for TJC. 

 

Swollen joint count (SJC): The SJC data for Days 1, 15 and 28 are summarised in Table 27. A 

reduction from baseline in SJC was observed at Day 15 and at Day 28 for both GW274150 60 mg and 

for prednisolone 7.5 mg.  An additional formal statistical analysis of these data was deemed 

necessary. The results of this analysis are summarised in Table 28. GW274150 had no effect on the 

SJC. In contrast prednisolone reduced the SJC by Day 28 but was not statistically significant. 
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 Placebo (N=17)    
Mean (range) 

GW274150 60 mg 
(N=19) Mean (range) 

Prednisolone (N=14) 
Mean (range) 

Baseline 10.2 (3 -22) 11.1 (5 - 21) 7.6 (4 - 14) 

Day 15 8.7 (3 -15) 8.0 (2- 15) 7.0 (1 – 14) 

Day 28 6.9 (1 -20) 8.7 (1 - 22) 3.9 (0 - 8) 

 

Table 27.Summary of SJC. 

 

Time point Adjusted Means Treatment Differences (95% CI) 
p-value 

 Placebo 
(N=17) 

GW274150 
(N=19) 

Prednisolone 
(N=14) 

GW274150-
Placebo 

Prednisolone-
Placebo 

Day 15 8.3 7.1 8.2 -1.1 (-3.3, 1.0) 
p = 0.299 

0 (-2.3, 2.2)    
p = 0.967 

Day 28 6.2 8.2 5.1 2.0 (-1.5, 5.4) 
p = 0.252 

-1.1 (-4.7, 2.5) 
p = 0.542 

 

Table 28. Summary of results of statistical analysis for SJC. 

 

Patient’s global assessment of disease activity (PGADA): The PGADA data are summarised in Table 

29. The PGADA for subjects taking GW274150 60 mg decreased from Day1 to Day 28.  A larger 

reduction was observed for subjects taking prednisolone 7.5 mg.  An additional formal statistical 

analysis of the data was deemed necessary. The results of this analysis are summarised in Table 30. 

The statistical analysis established that there was a statistically significant difference in PGADA only 

in the prednisolone 7.5 mg-placebo comparison at Day 15 with an estimated difference of -15.5 (p-

value = 0.021).  A borderline significant difference in subject’s global assessment of arthritis between 
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prednisolone 7.5 mg and placebo was observed at Day 28 with an estimated difference of -14.6 (p-

value = 0.058).   

 Placebo                
(N=17)  
Mean (range) 

GW274150 60 mg 
(N=19)  
Mean (range) 

Prednisolone 7.5 mg 
(N=14)  
Mean (range) 

Baseline 50.6 (7 - 86) 54.5 (12 - 93) 48.6 (11 - 94) 

Day 15 50.1 (6 - 80) 47.9 (23 - 94) 33.4 (8 - 80) 

Day 28 51.7 (18 - 83) 45.7 (8 - 94) 33.4 (2 - 74) 
 

Table 29. Summary of PGADA. 
 

Time point 
  

Adjusted means Difference of adjusted means (95% CI) 
p-value 

Placebo 
(N=17) 

GW274150 
60 mg 
(N=19) 

Prednisolone 
7.5 mg (N=14) 

GW274150 
60 mg-Placebo 

Prednisolone 
7.5 mg-Placebo 

Day 15 50.1 48.5 34.6 -1.6 (-14.7, 11.6) 
p = 0.812 

-15.5 (-28.5, -2.5) 
p = 0.021 

Day 28 49.0 47.3 34.4 -1.7 (-16.9, 13.5) 
p = 0.819 

-14.6 (-29.7, 0.5) 
p = 0.058 

 
Table 30. Summary of results of statistical analysis for PGADA. 

 

Erythrocyte sedimentation rate (ESR) (mm/h): ESR (mm/h) are summarised in Table 31. No formal 

statistical analysis was undertaken.  

 Placebo 
(N=17)  
Geometric mean 
(range) 

GW274150 60 mg 
(N=19)  
Geometric mean 
(range) 

Prednisolone 7.5 mg 
(N=14)  
Geometric mean 
(range) 

Baseline 35.1 (8 – 62) 26.7 (8 - 76) 41.8 (14 - 96) 

Day 15 34.7 (12 – 70) 31.1 (14 – 78) 19.8 (10 - 36) 

Day 28 31.8 (11 - 78) 29.6 (9 - 97) 22.4 (7 – 60) 

 
Table 31. Summary of ESR (mm/h). 
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ACR20 and EULAR Response Criteria  

ACR20: ACR20 responder data are summarised in Table 32. Only very few ACR20 responders were 

seen over time for all treatment arms.  

 

Treatment N Day n Number and 
percentage of 
ACR20 
responders 

Placebo 17 Day 15 16 1 (6) 

Day 28 14 2 (14) 

GW274150 60 mg  19 Day 15 15 3 (20) 

Day 28 13 3 (23) 

Prednisolone 
7.5 mg 

14 Day 15 14 2 (14) 

Day 28 14 3 (21) 

 
Table 32. Summary of the number and percentage of ACR20 responders. 

 

 

EULAR response: EULAR responder data are summarised in Table 33. Among the subjects taking 

GW274150 60 mg there were 5 subjects (36%) at Day 15 and 7 subjects (54%) at Day 28 who met the 

EULAR response criteria (includes moderate and good responders) [Appendix 3]. In the prednisolone 

7.5 mg treatment arm 6 subjects (43%) at day 15 and 10 subjects (71%) at Day 28 met the EULAR 

response criteria.  
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Treatment N Day n Number and 
percentage of 
EULAR 
responders 

Placebo 17 Day 15 15 1 (7) 

Day 28 14 6 (43) 

GW274150 60 mg  19 Day 15 14 5 (36) 

Day 28 13 7 (54) 

Prednisolone 
7.5 mg 

14 Day 15 14 6 (43) 

Day 28 14 10 (71) 

 
Table 33. Summary of the Number and Percentage of Subjects Meeting the EULAR Response Criteria 
(moderate and good responders) [Appendix 3]. 

 

 

Pain, Morning Stiffness and Fatigue 

Subject’s assessment of pain: Subject’s assessment of pain data are summarised in Table 34. At 28 

days subject’s global assessment of pain scores were reduced by 8.9 for subjects taking GW274150 

60 mg and by 15.1 scores for subjects taking prednisolone 7.5 mg.  An additional formal statistical 

analysis was completed and the results presented in Table 35. The results of the statistical analysis 

showed a borderline statistically significant difference at Day 15 of subject’s assessment of pain 

between subjects taking prednisolone 7.5 mg and placebo with a difference in adjusted means of -

14.0 (p-value = 0.054).   
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 Placebo 
(N=17)  
Mean (range) 

GW274150 60 mg 
(N=19)  
Mean (range) 

Prednisolone 7.5 mg 
(N=14)  
Mean (range) 

Baseline (Day 1) 46.7 (6 – 92) 51.4 (6 – 95) 44.4 (2 – 71) 

Day 15 49.4 (5 - 78) 45.5 (13 - 94) 33.4 (9 - 71) 

Day 28 48.7 (9 – 84) 42.5 (7 – 93) 29.3 (2 - 72) 

 

Table 34. Summary of subject’s assessment of pain (mm). 

 

 

Time point 
  

Adjusted means Difference of adjusted means (95% CI) 
p-value 

Placebo 
(N=17) 

GW274150 
60 mg 
(N=19) 

Prednisolone 
7.5 mg (N=14) 

GW274150 
60 mg-Placebo 

Prednisolone 
7.5 mg-Placebo 

Day 15 48.7 46.6 34.6 -2.1 (-16.5, 12.3) 
p = 0.771 

-14.0 (-28.4, 0.3) 
p = 0.054 

Day 28 45.6 44.7 30.7 -0.9 (-16.8, 15.1) 
p = 0.914 

-14.9 (-30.8, 1.0) 
p = 0.066 

 
Table 35. Summary of results of the statistical analysis of subject’s assessment of pain 

 

Early Morning Stiffness: Early morning stiffness data are summarised in Table 36. For subjects taking 

prednisolone 7.5 mg a reduction of early morning stiffness of 21.9 min was observed at Day 15 

compared with baseline whereas a smaller reduction of 16.9 min was seen at Day 28 compared with 

baseline. GW274150 appeared to have no effect on the duration of early morning stiffness. No 

formal statistical analysis was undertaken.  
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 Placebo 
(N=17)  
Geometric mean 
(range) 

GW274150 60 mg 
(N=19)  
Geometric mean 
(range) 

Prednisolone 
7.5 mg (N=14) 
Geometric mean 
(range) 

Baseline 44.6 (10 – 180) 43.2 (3 -180) 42.2 (10 - 150) 

Day 15 37.0 (5 – 180) 35.0 (2 – 210) 20.3 (5 - 120) 

Day 28 32.4 (5 - 240) 50.2 (5 - 300) 25.3 (5 – 90) 

 
Table 36. Summary of early morning stiffness (min). 

Multidimensional assessment of fatigue scale questionnaire (MAF): MAF data are summarised in 

the Table 37. A minor reduction of MAF data was observed at Day 28 for subjects taking 

GW274150 60 mg and placebo, whereas a larger reduction was observed in the prednisolone 7.5 mg 

group at Day 28. No formal statistical analysis was undertaken. 

  

 Placebo 
(N=17) Arithmetic 
mean (range) 

GW274150 60 mg 
(N=19) Arithmetic 
mean (range) 

Prednisolone 7.5 mg 
(N=14) Arithmetic 
mean (range) 

Baseline 28.4 (15 – 39) 26.6 (11 - 41) 25.5 (11 - 42) 

Day 15 27.6 (18 – 44) 23.7 (10 – 44) 20.7 (8 - 44) 

Day 28 26.9 (11 - 40) 25.3 (11 - 48) 19.3 (10 – 43) 

 
Table 37. Summary of MAF Data. 

 
 

CRP, IL-6 and IIINyS 

CRP: To measure the CRP levels the Serbian and the British sites used assays with different 

sensitivities. The lower level of quantification (LLQ) for the UK was set to 2 mg/L, whereas in Serbia 

no LLQ was defined and values below 2 mg/L could be detected. C-reactive protein data are 

summarised in Table 38 in which all below level of quantification (BLQ) (UK data) values are imputed 

to half of the LLQ, i.e. 1 mg/L, and the original Serbian BLQ values are as collected. At Day 28 a 

reduction from baseline of 7.037 mg/L in C-reactive protein (CRP) levels was observed in the 
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prednisolone 7.5 mg, whereas an increase of 6.173 mg/L was observed over the same time period in 

the GW274150 60 mg treatment arm.  However, baseline CRP was low in the group receiving 

GW274150 and this apparent increase over time may reflect regression to the mean. No formal 

statistical analysis was undertaken. 

 

 Placebo 
(N=17) Geometric 
mean (range) 

GW274150 60 mg 
(N=19) Geometric 
mean (range) 

Prednisolone 7.5 mg 
(N=14) Geometric 
mean (range) 

Baseline 11.694 (2.49 – 83.90) 4.535 (0.01 – 63.80) 13.815 (1.13 – 62.40) 

Day 15 12.967 (2.06 – 89.30) 5.960 (0.09 – 87.10) 8.292 (0.00 – 52.10) 

Day 28 9.840 (0.54 – 84.60) 10.708 (0.00 – 91.40) 6.778 (0.03 – 69.40) 

 
Table 38. Summary of CRP data (mg/L). 

 

IL-6: Biomarker data for IL-6 is summarised in Table 39. No formal statistical analysis was 

undertaken. However, there was a greater than threefold reduction in the geometric mean IL-6 

levels in the prednisolone group after 15 and 28 days of therapy. The geometric mean IL-6 levels in 

the GW274150 60 mg group appear to be stable throughout the dosing interval.  

  

 

 Placebo 
(N=17) Geometric mean 
(range) 

GW274150 60 mg 
(N=19) Geometric 
mean (range) 

Prednisolone 7.5 mg 
(N=14) Geometric mean 
(range) 

Baseline 21.8 (2.0 – 271.7) 10.4 (2.0 – 109.5) 19. 4 (2.0 – 130.7) 

Day 15 22.3 (5.0 –217.6) 11.7 (0.8 – 74.8) 6.3 (2.0 -191.0) 

Day 28 15.0 (0.5 - 215.3) 11.9 (2.0 – 42.6) 5.7 (2.0 – 182.4) 

 
Table 39. Summary of InterLeukin-6 Data. 
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IIINyS: Biomarker data for serum IIINyS is summarised in Table 40. No formal statistical analysis was 

undertaken. However, the geometric mean serum IIINyS levels in all groups appeared stable 

throughout the dosing interval.   

 

 Placebo 
(N=17) Geometric mean 
(range) 

GW274150 60 mg 
(N=19) Geometric mean 
(range) 

Prednisolone 7.5 mg 
(N=14) Geometric mean 
(range) 

Baseline 103.1 (71.4 – 153. 5) 107. 5 (79.3 – 139.5) 99.2 (45.9 – 131.4) 

Day 15 106.5 (66.9 – 145.8) 110.9 (78.6 –152.4) 100.8 (45.0 – 139.2) 

Day 28 104.9 (62.4 – 140.1) 114.1 (71.6 – 139.5) 99.6 (45.7 – 146.0) 

 
Table 40. Summary of serum IIINyS Data (ng/mL). 

 

Reliability 

Within scan intra-reader reliability: For joint by joint analysis, the ICC for 180 paired readings was 

excellent for all US endpoints; PDA 0.99, PD vascularity 0.95, and HFUS synovial thickness 0.83. For 

10MCPJ summated scores, the ICC for 18 paired readings was also excellent for all US endpoints; 

PDA 0.98, PD vascularity 0.85, and HFUS synovial thickness 0.85. 
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7.3 Study 2  

The baseline demographic characteristics for the study population are summarized below in Table 

41. An error in the randomization code yielded an uneven patient allocation in this study. There 

were no significant differences between the populations of the prednisone group and the placebo 

group.  

 

Safety results  

All treatments were generally well-tolerated. There were 10 reported AEs for Study 2 [Table 42]. 

None of the enrolled subjects were discontinued from the study due to an adverse experience. One 

case of overdose was reported as a Non-serious Event of Clinical Interest. This subject did not return 

the study medication at the final study visit and continued to take 3 tablets of 5 mg prednisone or 

placebo each day for the next 7 days. There were no associated adverse effects reported with this 

case of overdose. No laboratory adverse experiences were reported. There were no pregnancies, 

deaths or SAEs.  

 

 

 

 

 

 



149 

 

 

 Prednisone 15 mg N=8 Placebo N=10 

Gender, n (%)   

Female 6 (75.0) 5 (50.0) 

Male 2 (25.0) 5 (50.0) 

Age, y   

Mean (SD) 61.6 (6.5) 58.4 (12.8) 

Range 48-69 45-86 

Race, n (%)   

Asian 0 (0.0) 3 (30.0) 

Black 0 (0.0) 1 (10.0) 

White 8 (100.0) 6 (60.0) 

10MCP Trans PDA, mean (SD) 9.48 (6.44) 10.55 (9.54) 

DAS28(CRP), mean (SD) 5.2 (1.3) 5.5 (1.6) 

Number of Tender Joints, 
mean (SD) 

10.9 (7.4) 13 (10.1) 

Number of Swollen Joints, 
mean (SD) 

10.1 (5.4) 12.5 (8.7) 

CRP (mg/L), median (quartiles) 8.4 (4.2-25.3) 14.0 (3.5-37.2) 

Rheumatoid Factor(KU/L), 
median (quartiles)* 

109.5 (28-228.5) 61.5 (5-274) 

Patients with Positive 
Rheumatoid Factor†, n (%) 

6 (75.0) 6 (60.0) 

*6 subjects with left-censored values were included with ½ lower quantity 
values (=5 KU/L) 

p>0.05 for between-group differences based on nonparametric Wilcoxon and t-
tests. 

†
Positive Rheumatoid Factor was defined as Rheumatoid Factor ≥ 12 KU/L, the 

reference range for Quest assay.   

  

Table 41. Baseline demographics for Study 2. 
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AE  Prednisone 15 mg (N = 8) Placebo (N = 10) 

 n (%) n (%) 

Subjects with one or more AE 2   (25)     4    (40.0)     

Upper Abdominal Pain 0 (0) 1 (10) 

Nausea 0 (0) 2 (20.0)     

Vomiting 0 (0) 1 (10) 

Laryngitis 0 (0) 1 (10) 

Rhinitis 0 (0) 1 (10) 

Exacerbation of Chronic 
Obstructive Pulmonary Disease 

1 (12.5) 0 (0) 

Acne 0 (0) 1 (10) 

Ingrowing nail 1 (12.5) 0 (0) 

Hot flush  0  (0) 1 (10) 

 

Table 42. Summary of all adverse events. 

 

  

Ultrasonographic endpoints and DAS28(CRP) 
 
 

10MCP Trans PDA: Analysis of the primary endpoint, 10MCP Trans PDA 2 weeks post-randomization 

demonstrated a significant effect of prednisone 15 mg.  Compared with placebo, prednisone 15 mg 

showed LS mean difference from baseline in 10MCP Trans PDA equal to 5.8 (x103) (90% CI [1.7, 

10.0], p = 0.013) yielding a statistically significant treatment effect (effect size  =  1.17, p = 0.013) 

[Tables 43, Table 44, Figures 34 and 35]. No statistically significant treatment effect was detected at 

Day 8 or Day 2 [Tables 44 and 45].
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     Trans PDA (x10
3
)

 
Mean Change from Baseline 

  Baseline Day 15    

Treatment N Mean (SE) Mean (SE) Mean (SE) (95% CI) 

Placebo   10  10.55 (3.02)    13.37 (3.49)     2.82 (1.46)  (0.14, 5.49)  

Prednisone    8   9.48 (2.28)     6.52 (2.26)    -2.96 (1.79)  (-6.35, 0.44)  

 

Pairwise Comparisons 
Difference in 

LS Means
§
 

90% CI for Difference in 

LS Means
§
 

 

p-Value 

Placebo - Prednisone    5.82 (1.68, 9.96)  0.013  

Root Mean Square Error = 4.96  

Effect Size and 90% CI = 1.17 (0.30, 2.00)  

 
§
 LS mean, based on analysis of covariance with terms for treatment and baseline. 

SE = Standard Error; CI = Confidence Interval; LS Mean = Weighted Least Squares Mean. 

 

Table 43. Change from baseline in 10MCP Trans PDA at Day 15. 

 

 

Day  Treatment Mean Change from 

Baseline 

Difference in LS Means 

and 90% CI 
§
 

p-Value  

15 Placebo  (n=10)  2.82  (0.14, 5.49)  5.82   (1.68, 9.96)  0.013  

 Prednisone (n=8) -2.96 (-6.35, 0.44)  -- -- 

8 Placebo  (n=10) -0.75 (-2.46, 0.96)  1.19 (-2.10, 4.48)  0.267  

 Prednisone (n=8) -1.83 (-5.12, 1.46)  -- -- 

2 Placebo  (n=10) 1.74 (0.01, 3.47)  0.96 (-2.22, 4.15)  0.302  

 Prednisone (n=8) 0.77 (-2.21, 3.75)  -- -- 

 

Table 44. Change from baseline in 10MCP Trans PDA between-group difference. 
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Figure 34. 10MCP Trans PDA (Number of pixels/103) at Day 1 (baseline), Day 2, Day 8, and Day 15. 
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Figure 35. US and DAS28(CRP) endpoints; effect sizes and 90% CIs. Power Doppler measures: PDA = 
Power Doppler Area; continuous measure of PD signal within the synovium; VASCi = Vascular Index 
(0-4 scale). Gray scale US measure of synovial swelling: STA = Synovial Thickness Area; area bounded 
by synovium; STi = Synovial Thickness Index (0-4 scale). * Significant Effect: p<0.05. 
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Endpoint Day Effect size (90% CI)  

10MCP Trans PDA    15  1.17   (0.30;  2.00)
 *

 

10MCP Long PDA     15  0.93   (0.09;  1.74)
 *

 

10MCP Trans VASCi  15  1.38   (0.49;  2.24)
 *

 

10MCP Long VASCi   15  0.92   (0.08;  1.73)
 *

 

10MCP Trans STi    15  0.67   (-0.15;  1.46)
 
 

10MCP Long STi     15  1.51   (0.60;  2.39)
 *

 

10MCP Trans STA    15  1.22   (0.34;  2.05)
 *

 

10MCP Long STA     15  1.82   (0.85;  2.73)
 *

 

DAS28(CRP)            15  0.95   (0.11;  1.76)
 *

 

10MCP Trans PDA     8  0.30   (-0.49;  1.08) 

10MCP Long PDA      8  0.28   (-0.51;  1.06) 

10MCP Trans VASCi   8  0.96   (0.12;  1.78)
 *

 

10MCP Long VASCi    8  0.38   (-0.41;  1.16) 

10MCP Trans STi     8  0.58   (-0.23;  1.37) 

10MCP Long STi      8  0.49   (-0.31;  1.27) 

10MCP Trans STA     8  0.88   (0.05;  1.69)
 *

 

10MCP Long STA      8  1.12   (0.26;  1.95)
 *

 

DAS28(CRP)             8  0.75   (-0.12;  1.59) 

10MCP Trans PDA     2  0.25   (-0.54;  1.03)
 
 

10MCP Long PDA      2  0.43   (-0.37;  1.21)  

10MCP Trans VASCi   2  0.77   (-0.06;  1.57)
 
 

10MCP Long VASCi    2  0.71   (-0.11;  1.50)
 
 

10MCP Trans STi     2  0.35   (-0.44;  1.13)
 
 

10MCP Long STi      2  0.79   (-0.04;  1.59)
 
 

10MCP Trans STA     2 -0.11   (-0.89;  0.67) 

10MCP Long STA      2  1.27   (0.39;  2.11)
 *

 

DAS28(CRP)             2  0.67   (-0.15;  1.46)
 
 

*
 Significant Effect: p<0.05 

 

Table 45. US and DAS28(CRP) endpoints; effect sizes and 90% CIs. 
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DAS28(CRP): A significant effect of prednisone 15 mg was also observed for the secondary endpoint 

of DAS28(CRP). Compared with placebo, prednisone 15 mg showed LS mean difference from 

baseline in DAS28(CRP) equal to 1.2 (90% CI (0.2, 2.3), p = 0.032) corresponding to an effect size of 

0.95 at Day 15 [Tables 46 and 47]; no statistically significant effect was detected at Day 8 or Day 2 

[Tables 45 and 47]. In this study the placebo group had relatively stable DAS28(CRP) scores across 

the two week treatment period [Figure 36].  

 

  DAS28 Mean Change from Baseline 

  Baseline Day 15    

Treatment N Mean (SE) Mean (SE) Mean (SE) (95% CI) 

Placebo   10   4.49 (0.52)     4.08 (0.66)    -0.41 (0.23)  (-0.83, 0.01)  

Prednisone    8   4.21 (0.46)     2.61 (0.53)    -1.61 (0.60)  (-2.74, -0.48)  

 

Pairwise Comparisons 

Difference in 

LS Means
§
 

90% CI for Difference in 

LS Means
§
 

 

p-Value 

Placebo - Prednisone    1.22 (0.15, 2.28)  0.032  

Root Mean Square Error = 1.28  

Effect Size and 90% CI = 0.95(0.11, 1.76)  

 
§
 LS mean, based on analysis of covariance with terms for treatment and baseline. 

SE = Standard Error; CI = Confidence Interval; LS Mean = Weighted Least Squares Mean. 

 

Table 46. Change from baseline in DAS28(CRP) at Day 15. 
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Day  Treatment Mean Change from 

Baseline 

Difference in LS Means 

and 90% CI 
§
 

p-Value  

15 Placebo  (n=10) -0.41 (-0.83, 0.01)  1.22 (0.15, 2.28)  0.032  

 Prednisone (n=8) -1.61 (-2.74, -0.48)  -- -- 

8 Placebo  (n=10) -0.48 (-0.81, -0.14)  0.79 (-0.14, 1.72)  0.079  

 Prednisone (n=8) -1.27 (-2.17, -0.38)  -- -- 

2 Placebo  (n=10) -0.14 (-0.39, 0.11)  0.63 (-0.16, 1.42)  0.090  

 Prednisone (n=8) -0.76 (-1.63, 0.11)  -- -- 

 

Table 47. Change from baseline in DAS28(CRP) between-group difference. 

 

 

 

Figure 36. DAS28(CRP) score at Day 1 (baseline), Day 2, Day 8, and Day 15. 

 

The effect sizes for the seven other imaging endpoints (all secondary endpoints) at Days 15, 8, and 2 

are also displayed in Figure 35 and Table 45.  A significant treatment effect for 15 mg prednisone at 

Day 15 (ranging from 0.92-1.82) was observed for all US endpoints with the exception of the 
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transverse Synovial Thickness index, 10 MCP Trans STi. The effect size for the endpoint 10 MCP Long 

STA was numerically the largest.    

Significant treatment effects at Day 8 were detected by the longitudinal and transverse Synovial 

Thickness Areas (10 MCP Long STA and 10 MCP Trans STA) and the transverse Vascular Index (10 

MCP Trans VASCi) (3 of 8 ultrasound endpoints); effect sizes ranged from 0.88 to 1.12, again with the 

10 MCP Long STA being numerically the largest [Table 45]. Significant treatment effects were seen at 

Day 2 for the longitudinal STA (10 MCP Long STA, effect size = 1.27) but not transverse STA (1 of 8 

endpoints).  

The 90% CI for the effect sizes of the DAS28(CRP) and the imaging endpoints all overlap.  Significance 

for the effect of these additional imaging endpoints was not protected from errors associated with 

multiple comparisons. 

 

Components of DAS28(CRP) 

CRP: The results of analysis of the CRP component of the DAS28(CRP) is in Table 48 and Figure 37. 

There were significant differences between the 2 treatment groups in CRP at Days 15, 8, and 2. 
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  CRP Mean Change from Baseline 

  Baseline Day 15    

Treatment N Mean (SE) Mean (SE) Mean (SE) (90% CI) 

Placebo   10  22.13 (7.78)    21.23 (6.91)    -0.90 (2.34)  (-5.20, 3.40)  

Prednisone    8  17.01 (6.85)     2.89 (1.03)   -14.13 (6.07)  (-25.62, -2.63)  

 

Pairwise Comparisons 
Difference in 

LS Means
§
 

90% CI for Difference in 

LS Means
§
 

 

p-Value 

Placebo - Prednisone   15.21 (7.31, 23.12)  0.002  

Root Mean Square Error = 9.44  

Effect Size and 90% CI = 1.60(0.67, 2.49)  

 
§
 LS mean, based on analysis of covariance with terms for treatment and baseline. 

SE = Standard Error; CI = Confidence Interval; LS Mean = Weighted Least Squares Mean. 

     

Table 48. Change From Baseline in CRP (mg/L) at Day 15. 

 

 

Figure 37. CRP (mg/L) (back-transformed from logarithm), Day 1 (baseline), Day 2, Day 8, and Day 15.  
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SJC and TJC: There were no significant differences between the placebo and prednisone groups in 

the Number of Swollen Joints or in the Number of Tender Joints at Day 15 [Tables 49 and 50 

respectively].  

   

  Number of swollen joints Mean Change from Baseline 

  Baseline Day 15    

Treatment N Mean (SE) Mean (SE) Mean (SE) (95% CI) 

Placebo   10  12.50 (2.77)    12.40 (2.81)    -0.10 (1.31)  (-2.50, 2.30)  

Prednisone    8  10.13 (1.92)     7.50 (2.71)    -2.63 (2.34)  (-7.05, 1.80)  

 

Pairwise Comparisons 
Difference in 

LS Means
§
 

90% CI for Difference in 

LS Means
§
 

 

p-Value 

Placebo - Prednisone    2.84 (-1.75, 7.43)  0.148  

Root Mean Square Error = 5.45  

Effect Size and 90% CI = 0.51 (-0.29, 1.30)  

 
§
 LS mean, based on analysis of covariance with terms for treatment and baseline. 

SE = Standard Error; CI = Confidence Interval; LS Mean = Weighted Least Squares Mean. 

 

Table 49. Change from baseline in SJC at Day 15. 

 

  Number of tender joints Mean Change from Baseline 

  Baseline Day 15    

Treatment N Mean (SE) Mean (SE) Mean (SE) (95% CI) 

Placebo   10  13.00 (3.19)    11.70 (3.41)    -1.30 (1.47)  (-3.99, 1.39)  

Prednisone    8  10.88 (2.60)     6.63 (2.92)    -4.25 (2.96)  (-9.86, 1.36)  

 

Pairwise Comparisons 
Difference in 

LS Means
§
 

90% CI for Difference in 

LS Means
§
 

 

p-Value 

Placebo - Prednisone    3.33 (-2.17, 8.82)  0.153  

Root Mean Square Error = 6.56  

Effect Size and 90% CI = 0.50(-0.30, 1.29)  

 
§
 LS mean, based on analysis of covariance with terms for treatment and baseline. 

SE = Standard Error; CI = Confidence Interval; LS Mean = Weighted Least Squares Mean. 

 

Table 50. Change from baseline in TJC at Day 15. 
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PGADA VAS: There was a borderline significant difference between the placebo and prednisone 

groups in the PGADA VAS score at Day 15 [Table 51].  

 

  PGADA VAS Mean Change from Baseline 

  Baseline Day 15    

Treatment N Mean (SE) Mean (SE) Mean (SE) (95% CI) 

Placebo   10  57.60 (7.23)    45.50 (10.10)   -12.10 (6.70)  (-24.38, 0.18)  

Prednisone    8  56.00 (8.77)    23.13 (10.30)   -32.88 (11.91)  (-55.44, -10.31)  

 

Pairwise Comparisons 
Difference in 

LS Means
§
 

90% CI for Difference in 

LS Means
§
 

 

p-Value 

Placebo - Prednisone   21.30 (-1.26, 43.85)  0.059  

Root Mean Square Error = 27.11  

Effect Size and 90% CI = 0.79  (-0.04, 1.59)  

 
§
 LS mean, based on analysis of covariance with terms for treatment and baseline. 

SE = Standard Error; CI = Confidence Interval; LS Mean = Weighted Least Squares Mean. 

 

Table 51. Change from baseline in PGADA VAS score at Day 15. 

 

 

Correlations between US endpoints and DAS28(CRP) 

Correlations assessed at baseline between ultrasound endpoints and DAS28(CRP) were moderate 

and ranged between 0.52 and 0.68; all were statistically significant [Table 52]. Estimated correlation 

between the DAS28(CRP) values and the ultrasound endpoints values at Days 15, 8 and 2 are in 

Table 53 for both treatment groups. Most of the correlations were approximately between 0.6 and 

0.9 in the placebo group (actual range 0.23 to 0.9) and were a little lower in the prednisone group 

approximately between 0.4 to 0.8 (actual range 0.11-0.80).  
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Trans PDA Long PDA Trans VASCi Long VASCi 

CC (90%CI) CC (90%CI) CC (90%CI) CC (90%CI) 

0.62  (0.29, 0.82)   0.55  (0.19, 0.78)   0.64  (0.32, 0.85)   0.68  (0.38, 0.85)   

    

Trans STA Long STA Trans STi Long STi 

CC (90%CI) CC (90%CI) CC (90%CI) CC (90%CI) 

0.66 (0.36; 0.84) 0.59 (0.25; 0.80) 0.59 (0.25,0.80) 0.52 (0.14, 0.76) 

    

 

Table 52. Correlations between DAS28(CRP) and US endpoints; baseline values all treatment groups 
combined (n=18). CC = correlation coefficient: 0-0.3, weak; 0.3-0.7, moderate; 0.7-1.0 strong. 
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Day Treatment Trans PDA Long PDA Trans VASCi Long VASCi 

   CC (90%CI) CC (90%CI) CC (90%CI) CC (90%CI) 

   2  Placebo    0.80  (0.45, 0.94)   0.78  (0.41, 0.93)   0.80  (0.45, 0.97)   0.90  (0.69, 0.97)   

   Prednisone 0.64  (0.03, 0.91)   0.67  (0.07, 0.91)   0.55  (-0.11, 
0.88)   

0.58  (-0.08, 
0.88)   

      

   8  Placebo    0.76  (0.26, 0.94)   0.73  (0.19, 0.93)   0.89  (0.59, 0.97)   0.88  (0.56, 0.97)   

   Prednisone 0.55  (-0.12, 
0.87) 

0.59  (-0.05, 
0.89)   

0.56  (-0.10, 
0.90)   

0.62  (-0.01, 
0.90)   

      

 15  Placebo    0.78  (0.41, 0.93)   0.63  (0.12, 0.88)   0.89  (0.68, 0.94)   0.81  (0.47, 0.94)   

   Prednisone 0.52  (-0.16, 
0.86)   

0.79  (0.32, 0.95)   0.55  (-0.12, 
0.91)   

0.67  (0.08, 0.91)   

      

Day Treatment Trans STA Long STA Trans STi Long STi 

   CC (90%CI) CC (90%CI) CC (90%CI) CC (90%CI) 

   2  Placebo    0.76  (0.36; 0.93) 0.72  (0.27; 0.91) 0.69  (0.22; 0.90) 0.63  (0.13; 0.88) 

   Prednisone 0.43 (-0.27; 0.83) 0.68 (0.10; 0.92) 0.57  (-0.08; 
0.88) 

0.40  (-0.30; 
0.82) 

      

      

   8  Placebo    0.79  (0.33; 0.95) 0.60  (-0.04; 
0.89) 

0.23  (-0.46; 
0.75) 

0.58  (-0.07; 
0.89) 

   Prednisone 0.40 (-0.30; 0.82) 0.80 (0.34; 0.95) 0.38  (-0.32; 
0.81) 

0.80  (0.35; 0.95) 

      

      

 15  Placebo    0.74  (0.31; 0.92) 0.51  (-0.06; 
0.83) 

0.75  (0.34; 0.92) 0.59  (0.06; 0.86) 

   Prednisone 0.11 (-0.55; 0.69) 0.74 (0.22; 0.93) 0.46  (-0.24; 
0.84) 

0.50  (-0.19; 
0.86) 

      
 

Table 53. Correlations between DAS28(CRP) and US endpoints, values observed on treatment. CC = 
correlation coefficient: 0-0.3, weak; 0.3-0.7, moderate; 0.7-1.0 strong. 

 

Exploratory endpoint combinations  

Composite endpoints were constructed using the DAS28(CRP), Trans/Long  PDA, Trans/Long VASCi, 

Trans/Long STA, and Trans/Long STi.  Each composite endpoint is a simple sum of the standardized 

score corresponding to the DAS28(CRP) and one or more US endpoints, each summed across 10 
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MCPJs. The sensitivity of composite endpoints of DAS28(CRP) with any of the 8 ultrasound endpoints 

was improved over either endpoint alone, as assessed by an improvement in the point estimate of 

effect sizes. Because correlations between the majority of different endpoints while on prednisone 

treatment are between 0.4 and 0.8 (see above), to increase the effect size by adding an endpoint, 

the effect size of the endpoint should be at least 70% of the effect size prior to addition to the new 

variable [169]; it is therefore not surprising to see that, because the effect size of the endpoint Long 

STA is so large compared to the effect size of the other endpoints, the effect size of the combined 

endpoint is not much larger than the one from the Long STA endpoint alone. Effect sizes at Day 15, 8 

and 2 for composite endpoints constructed using the DAS28(CRP), Trans PDA/VASCi, and Long 

STA/STi are summarized and displayed in Table 54. These were selected as they generally had the 

largest effect sizes at the three post-treatment time points. To assess the robustness of those results 

relative to the scan used for the analysis, the same exercise was performed using the second scan, 

performed at baseline and at Day 15 by the other sonographer/reader. Results based on scan 2 were 

consistent with those based on scan 1 although numerically smaller [Table 54]. The composites 

obtained by summing the standardized scores corresponding to the DAS28(CRP), the transverse 

power Doppler Area (PDA) or the power Doppler index (VASCi), with measures of longitudinal 

Synovial Thickness (STA or STi) provide robust effect sizes approximately equal to 1 at Days 2 and 8, 

and approximately equal to 2 at Day 15. 
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Endpoint 

 

Scan Day 15 

Effect size (90% CI) 

Day 8  

Effect size (90% CI) 

Day 2  

Effect size (90% CI) 

Z-score(DAS28+Trans 

VASCi+Long STi) 

1  1.96   (0.97;  2.90) 1.41   (0.46;  2.32))  1.28   (0.40;  2.13) 

Z-score(DAS28+Trans 

VASCi+Long STA) 
1  2.05   (1.05;  3.01) 1.53   (0.56;  2.46)  1.14   (0.28;  1.98) 

Z-score(DAS28+TransPDA 
+Long STA)      
  

1  2.14     (1.12;  3.10) 1.17   (0.25;  2.05)  1.14   (0.28;  1.98) 

Z-score(DAS28+TransPDA 

+Long STi) 

1  1.93   (0.95;  2.87) 0.98   (0.09;  1.84)  0.95   (0.11;  1.76) 

DAS28(CRP)  0.95   (0.11;  1.76) 0.75   (-0.12;  1.59) 0.67   (-0.15;  1.46) 

     

Z-score(DAS28+Trans 

VASCi+Long STi) 
2 1.78   (0.82;  2.69) -- -- 

Z-score(DAS28+Trans 

VASCi+Long STA) 
2 1.86   (0.89;  2.79) -- -- 

Z-score(DAS28+Trans PDA 
+Long STA)     
   

2 1.39   (0.49;  2.25) -- -- 

Z-score(DAS28+TransPDA 

+Long STi) 

2 1.35   (0.46;  2.21) -- -- 

 

Table 54. Effect size for composite endpoints at Day 15, Day 8 and Day 2. The sum of the 
standardized score of DAS28(CRP), 10 MCP Trans VASCi, 10MCP Long STi [Z-score(DAS28+Trans 
VASCi+Long STi)]; the sum of the standardized score of DAS28(CRP), 10 MCP Trans VASCi, 10 MCP 
Long STA [Z-score(DAS28+Trans VASCi+Long STA)]; the sum of the standardized score of DAS28(CRP), 
10 MCP Trans PDA, 10 MCP Long STA [Z-score(DAS28+Trans PDA+Long STA)]; and the sum of the 
standardized score of DAS28(CRP), 10 MCP Trans PDA, 10 MCP Long STi [Z-score(DAS28+Trans PDA 
+Long STi)]. Note: If the confidence interval excludes zero (or values less than zero) then the value is 
significant at the 0.05 level for a one-sided comparison. We have prior information giving us the 
directionality of change and are only interested in change in one direction. Therefore all the above 
effect sizes were significant at all post-dose time points and for DAS28(CRP) at Day 15 only. 

 
Of note, the effect sizes of DAS28(CRP) combined with the 10 MCP Trans VASCi and the 10 MCP Long 

STi [Z-score(DAS28+Trans VASCi+Long STi)] endpoints were: 1.96 at Day 15, 1.41 at Day 8 and 1.28 at 
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Day 2. All four composite endpoints in Table 54 (scan 1) demonstrated statistical significance after 

only a single day of dosing i.e. at Day 2. 

 
 
Subgroup Analyses 
 

Post-hoc analyses including subjects with DAS28(CRP) scores less than the median were performed 

to assess the treatment effect on this less severe subgroup population. Treatment effect was 

assessed using the “best” composite endpoints (above); Z-score(DAS28+Trans PDA+Long STA), Z-

score(DAS28+Trans VASCi+Long STA), Z-score(DAS28+Trans PDA +Long STi), or Z-score(DAS28+Trans 

VASCi+Long STi). Based on these endpoints, effect sizes for the subgroup of subjects with 

DAS28(CRP) < 5.65 at baseline, were approximately equal to 1 at Days 2 and 8, and between 1 and 

1.4 at Day 15 [Table 55]. 
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Composite Endpoint Day Effect Size (90% CI) 

Z-score(DAS28+Trans VASCi+Long STi)                  2  1.38   (0.08;  2.59)* 

Z-score(DAS28+Trans VASCi+Long STA)                  2  1.01   (-0.21;  2.17) 

Z-score(DAS28+Trans PDA+Long STA)                    2  0.91   (-0.29;  2.05) 

Z-score(DAS28+Trans PDA +Long STi)                   2  1.23   (-0.03;  2.42) 

Z-score(DAS28+Trans VASCi+Long STi)                  8  2.03   (0.47;  3.46)* 

Z-score(DAS28+Trans VASCi+Long STA)                  8  1.05   (-0.25;  2.27) 

Z-score(DAS28+Trans PDA+Long STA)                    8  0.88   (-0.39;  2.08) 

Z-score(DAS28+Trans PDA +Long STi)                   8  1.83   (0.33;  3.21)* 

Z-score(DAS28+Trans VASCi+Long STi)                 15  1.35   (0.06;  2.56)* 

Z-score(DAS28+Trans VASCi+Long STA)                 15  1.09   (-0.15;  2.25) 

Z-score(DAS28+Trans PDA+Long STA)                   15  1.12   (-0.12;  2.29) 

Z-score(DAS28+Trans PDA +Long STi)                  15  1.40   (0.10;  2.62)* 

 

Table 55. Effect size of selected composite endpoints in a subgroup of subjects with baseline 

DAS28(CRP) < 5.65 (median), 5 placebo and 4 prednisone subjects at Day 15, Day 8 and Day 2. Note: 

If the confidence interval excludes zero (or values less than zero) then the value is significant at the 

0.05 level for a one-sided comparison; denoted by *.     

 

 
 
Reliability of summated 10MCP score endpoints  

The analyses are summarized in Table 56, at baseline and at Day 15.  

Within scan inter-reader agreement: Agreement between the 2 readers assessing the same scan set 

at baseline was excellent with ICC values >0.89 for all endpoints except for: the Long STi and STA (ICC 

values reflected good agreement), and Trans STi and STA which both demonstrated smaller ICC 

values (moderate agreement).  
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Parallel scan intra-reader agreement: Agreement between the 2 baseline scan sets acquired and 

read by the same reader was excellent with ICC values ≥ 0.80 for the majority of endpoints except 

for the Trans PDA and the Trans VASCi which both demonstrated good agreement.  

Parallel scan inter-reader agreement: Agreement between the 2 baseline scan sets acquired and 

read by different readers was good with ICC values ≥ 0.68 for all endpoints except for Trans STA and 

STi. 

 

Similar results were obtained using data on treatment at Day 15 for the three methods of reporting 

reliability. The endpoints with “best” overall agreement (within-scan inter-reader, parallel scan intra-

reader and parallel scan inter-reader) at baseline and on treatment appear to be the Long VASCi and 

Trans VASCi, both semiquantitative PD measures of vascularity but assessed in different planes of 

the MCPJ.  

Of note, ICC values of 0.72 and 0.75 at baseline and on treatment respectively (good agreement), 

were demonstrated for the parallel scan inter-reader reliability of the primary endpoint, 10 MCP 

Trans PDA.  
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  Baseline (Day 1) Day 15 

10 MCP US endpoint Reproducibility method ICC (95% CI) ICC (95% CI) 

 Long PDA Within-scan inter-reader           0.89 (0.80;  0.99)    0.98 (0.95;  1.00)   

 Parallel scan intra-reader          0.80 (0.64;  0.96)    0.62 (0.36;  0.88)   

 Parallel scan inter-reader          0.78 (0.59;  0.97)    0.68 (0.45;  0.92)   

 Long STA     Within-scan inter-reader           0.76(  0.56;  0.95)    0.81 (0.65;  0.97)   

 Parallel scan intra-reader          0.95 (0.90;  1.00)    0.83  0.68;  0.98)   

 Parallel scan inter-reader          0.85 (0.72;  0.98)    0.71 (0.48;  0.95)   

 Long STi     Within-scan inter-reader           0.67 (0.40;  0.93)    0.54 (0.20;  0.88)   

 Parallel scan intra-reader          0.87 (0.75;  0.99)    0.82 (0.66;  0.98)   

 Parallel scan inter-reader          0.67 (0.42;  0.93)    0.46 (0.07;  0.85)   

 Long VASCi   Within-scan inter-reader           0.90 (0.81;  0.99)    0.94 (0.88;  1.00)   

 Parallel scan intra-reader          0.93 (0.87;  0.99)    0.94 (0.88;  1.00)   

 Parallel scan inter-reader          0.83 (0.67;  0.98)    0.85 (0.72;  0.99)   

 Trans PDA    Within-scan inter-reader           0.99 (0.98;  1.00)    1.00 (0.99;  1.00)   

 Parallel scan intra-reader          0.75 (0.57;  0.93)    0.76 (0.57;  0.94)   

 Parallel scan inter-reader          0.72 (0.51;  0.93)    0.75 (0.55;  0.96)   

 Trans STA    Within-scan inter-reader           0.52 (0.33;  0.72)    0.57 (0.36;  0.79)   

 Parallel scan intra-reader          0.83 (0.68;  0.98)    0.92 (0.85;  0.99)   

 Parallel scan inter-reader          0.57 (0.24;  0.89)    0.40 (0.01;  0.80)   

 Trans STi    Within-scan inter-reader           0.48 (0.19;  0.76)    0.36 (0.10;  0.62)   

 Parallel scan intra-reader          0.83 (0.68;  0.98)    0.77 (0.58;  0.97)   

 Parallel scan inter-reader          0.00 (-0.46;  0.46)    0.01 (-0.46;  0.48)   

 Trans VASCi  Within-scan inter-reader           0.92 (0.84;  0.99)    0.96 (0.92;  1.00)   

 Parallel scan intra-reader          0.73 (0.52;  0.94)    0.91 (0.84;  0.99)   

 Parallel scan inter-reader          0.68 (0.45;  0.92)    0.78 (0.60;  0.96)   

 

Table 56. Reproducibility of US endpoints. ICC (intraclass correlation coefficient) values of <0.40, 
poor to fair agreement; 0.41–0.60, moderate agreement; 0.61–0.80, good agreement; and 0.81–
1.00, excellent agreement.  
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8 Discussion  

 

8.1 Study 1 part A 

The aim of Study 1 part A was to provide information on safety and dosing for Study 1 part B, a 28 

day repeat dose study in RA subjects on DMARD therapy.  

In Study 1 part A GW274150 was generally safe and well tolerated at single doses of 90 mg in adult 

and elderly RA populations on methotrexate. Both the rate and extent of systemic exposure to 

GW274150 was, on average, higher in subjects with rheumatoid arthritis when compared to 

historical data in healthy and asthmatic subjects. The mechanism for the higher than predicted 

exposure remains unknown and may have been due to a combination of factors rather than just one 

(age, renal function and concomitant medication). The exposure in three of the subjects approached 

the NOAEL exposures in non-clinical studies. On this basis it was considered prudent to limit the 

dose in Study 1 part B to 60 mg. At this dose the AUC at steady state was predicted to be at least 1.5 

fold lower than the NOAEL in animal species in all subjects, including those with the highest 

exposure. Because Study 1 part A also demonstrated that exposure to GW274150 was more variable 

in patients with RA, Study 1 part B also included a trough PK sample on day 8 (steady state). 

Therefore, subjects found to be at risk of exposure greater than the NOAEL could be withdrawn and 

their phenotype carefully examined to try to establish the reason for higher than expected exposure. 

With respect to repeat dosing, information on clinical safety was augmented by a 28 day repeat dose 

study in healthy volunteers given 90 mg GW274150 once daily (a GSK study, NOS104230). In this 

group (n=15), treatment with GW274150 was safe and well tolerated with only a few adverse events 

and no serious adverse events. In particular there were no clinical laboratory abnormalities of 

clinical concern. This was important as Study 1 part B (a 28 day Phase IIa repeat dose study in RA 
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subjects) was planned. There were no findings in Study 1 part A that precluded a repeat dose study 

with GW274150 in patients with RA.  

 

8.2 Study 1 part B 

For the purposes of early stage testing of novel therapeutics, we require a sensitive and reproducible 

method to distinguish between treatment groups in cohort studies that permit small numbers of 

subjects and are reliable indicators of efficacy at an early time point. Ideally, such measures would 

also be predictive of a longer-term response to repeated medication and give an early indication of 

disease modification. MRI is considered the new gold standard for the detection of joint 

inflammation. MRI rates of early synovial enhancement (RESE) after injection of gadolinium have 

been shown to correlate closely with the histological grade of synovitis [55, 56]. In turn, the synovial 

vascular signal on PDUS is closely correlated with the RESE, calculated from dynamic CE MRI on the 

same day, in RA MCPJs [61, 62]. These observations suggested that there might be potential value in 

visualising MCPJs of RA subjects using ultrasonography as a quick, non-invasive and relatively 

inexpensive alternative to CE MRI.   

Recent clinical studies have explored the potential of HFUS with PDUS to measure synovial 

thickening and vascularity and thereby deliver a reliable synovitis signal early during the course of 

therapy which correlates with clinical outcome [86, 87]. Encouraged by these findings using 

therapies of proven benefit in RA, we undertook this study to investigate the sensitivity and utility of 

ultrasonographic endpoints to change in the context of an early phase clinical trial in subjects with 

active rheumatoid arthritis. 

Treatment with GW274150 demonstrated a reduction in all 3 ultrasonographic measures and DAS28 

score but the results were not statistically significant. The reason for this could have been fourfold: 
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Firstly, subjects selected for the trial could be considered as therapeutic non-responders as they still 

had synovitis detected on US despite the majority of them being on DMARD therapy. Therefore they 

may represent a group of RA patients whose disease is more resistant to therapy. However, these 

subjects did respond to prednisolone after 28 days.  

Secondly, the dose of GW274150 (60 mg once daily) was insufficient to produce clinically relevant 

levels of intraarticular iNOS inhibition. Against this was the fact that PK data revealed plasma levels 

similar to those found in asthmatics dosed with 90 mg once daily (INO101247) and this same dose 

suppressed exhaled NO in asthmatics [162]. In support of this was the observation that serum IIINyS 

levels did not change in the GW274150 treatment group after 28 days. However, the measurement 

of serum IIINyS levels as a biomarker of RA disease activity is still unvalidated. Studies using this 

potential biomarker have simply observed elevated serum IIINyS levels in RA patients compared to 

controls and have not examined the effect of treatment (proven or new chemical entities) [166, 

167]. Study 1 part B was conducted over a 28 day period and there may be a delay between iNOS 

inhibition and the resultant reduction in serum IIINyS levels. Of note, there was stability of serum 

IIINyS levels in all groups (placebo, prednisolone and GW274150) over time and the levels were 

similar when compared across groups. A suggestion that the IIINyS assay did not detect clinically 

significant IIINyS levels can be refuted. In the study by Charni-Ben Tabassi et al [166] they compared 

serum IIINyS levels in 89 RA patients with that of 29 controls. The mean DAS28 score of RA patients 

was not stated. Mean values in the RA group were 57.6 µg/L. To compare this with a specific 

example, in study 1 part B the mean baseline DAS28 score in the GW274150 group was 6.27. Using 

the same method as Charni-Ben Tabassi et al to quantify serum IIINyS we observed higher levels; 

107.5 ng/mL at baseline (NB. 1 µg/L = 1 ng/mL). Similar DAS28 scores and IIINyS levels were found in 

the placebo and prednisolone groups at baseline. It would have been helpful to have had serum 

IIINyS levels performed in healthy controls to make a comparison with the RA subjects from Study 1 

part B. Another serum test of NO metabolism, such as indirectly measuring NO by nitrate 
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concentration using a calorimetric assay [142], could have been used in Study 1 part B. However, this 

is also unvalidated as an RA biomarker and suffers from the same limitation as measuring serum 

IIINyS levels in that increased levels have been observed in RA patients compared to controls but the 

effect of proven treatments of RA have not been examined. Indeed, this criticism can be levelled at 

all the different tests that have provided evidence of increased NO production in RA; levels of which 

have not so far been demonstrated to be significantly reduced by a proven RA therapy over a fixed 

time period in humans [141-144, 149].  

Thirdly, in RA NO may be a marker rather than a mediator of inflammation akin to the possible 

situation in asthma. Exhaled breath nitric oxide is increased in asthma [170-172] and is produced 

predominantly by iNOS [155, 159, 173]. The effect of GW274150 on asthma was assessed in a 

double-blind, randomized, double-dummy, placebo controlled study. Although GW274150 

significantly reduced pre-dose exhaled breath NO after 14 days compared with placebo, it did not 

affect airway hyperreactivity or airway inflammatory cell numbers after allergen challenge in 

subjects with asthma [162].  

Lastly, the time period of the study was too short and/or there were insufficient subject numbers to 

demonstrate a significant GW274150 effect.  

Within scan intra-reader reproducibility was validated for the semiquantitative 6-point synovitis 

scales (measured by HFUS synovial thickness and PD vascularity) and for quantitative power Doppler 

area on a joint by joint basis as well as summated scores of 10 MCPJs. Within scan intra-reader 

reproducibility is probably the least robust of all four methods to report reliability when considering 

the applicability of US endpoints to measure synovitis in multicenter RA clinical trials. The more 

robust methods of reporting reliability were therefore addressed in Study 2: within scan inter-

reader, parallel scan intra-reader and parallel scan inter-reader.   
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Study 1 part B advocates the use of ultrasonographic measures of MCPJ synovitis as a primary 

endpoint in early phase studies assessing the therapeutic potential of new compounds in small 

patient cohorts over a 28 day test period. In this study PDA was a more sensitive method for 

detecting change than other biomarkers indicative of its high potential as an early marker of 

therapeutic response. This study also illustrates the potential utility of US to stratify patient selection 

by detecting those with unequivocal baseline joint pathology with a potentially reversible 

inflammatory basis. 

 

8.3 Study 2 

Study 2 demonstrated that HFUS measures of synovial thickness and PDUS measures of synovial 

vascular flow are reproducible and capable of detecting treatment effects of 15 mg of daily 

prednisone after two weeks in a small panel of patients (n=18) with moderate and severely active 

RA. The effect size of the prespecified primary endpoint, transverse PDA of all 10 MCPJs, was 

comparable to that of the gold-standard DAS28(CRP) and was similar to those expected when the 

study was designed. 

Glucocorticoids have anti-oedema effects and effects on inflammation which may reduce both 

power Doppler signals, related to angiogenesis and inflammation, as well as synovial swelling. The 

time course of therapeutic response to prednisone appeared similar using either DAS28(CRP) 

measures or ultrasound measures.  However, 3 of 8 ultrasound measures (but not the primary 

endpoint, 10 MCP Trans PDA) reached statistical significance at Day 8 after baseline whereas 

DAS28(CRP) did not.  1 of 8 ultrasound measures (10MCP Long STA) reached statistical significance 

at Day 2 after baseline. Ultrasound may therefore be a leading indicator of therapeutic response 

occurring before a clinical response. Firm conclusions are hampered because the small sample size 
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results in overlapping effect sizes. Almost all endpoints, including the DAS28(CRP) show a trend 

towards benefit at Day 8 and Day 2.   

A limitation of this study is that due to the time constraints of scanning we restricted our US 

evaluation to the dorsum of the MCPJs. It may have been valuable to have assessed endpoints 

derived from imaging over the palmar surface also.  

A criticism of US versus MRI has been the operator and reader dependence in securing adequate 

ultrasound examinations and interpreting the acquired images for trial purposes. Study 2 reports the 

reliability of a summation of 10 MCPJs for the different US endpoints rather than on a joint by joint 

basis. The within-scan inter-reader, parallel scan intra-reader and parallel scan inter-reader reliability 

were good to excellent for the majority of US measures. The quantitative endpoints with the best 

overall agreement at baseline or on treatment were the 10MCP Trans PDA (the primary endpoint), 

closely followed by the 10 MCP Long STA. The semiquantitative endpoints with the best overall 

agreement at baseline or on treatment were the 10MCP Long VASCi and the 10MCP Trans VASCi. 

Arguably the most robust measure of reliability is the “parallel scan inter-reader” (included in our 

study) because it is a comparison between two ultrasonographer-readers scanning the same patient. 

The images are read independently, as might be the case in multi-site clinical trials using the same 

model of US machine and settings. The quantitative endpoint with the best parallel scan inter-reader 

reliability at baseline or on treatment was the 10MCP Long STA. The semiquantitative endpoint with 

the best parallel scan inter-reader reliability at baseline or on treatment was the 10 MCP Long VASCi. 

Of the four ultrasound measures mentioned above, all had reasonable effect sizes at Day 15 (with p 

values < 0.05). Moreover, 10 MCP Trans VASCi and 10 MCP Long STA could detect a treatment effect 

of prednisone as early as Day 8 and 2 respectively.  

The endpoints with the weakest inter-reader reliability (within-scan or parallel scan) are the 10MCP 

Trans STi and the 10MCP Trans STA. The most likely reason for this is as follows. Due to the broad 
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width of the transducer relative to the deepest point of the triangular structure (which is a narrow 

precise location), more than one hyperechoic line is often observed on the saved gray-scale image. 

Therefore, MS and SK may have chosen different ROIs depending on which line was selected to 

represent the lower border of the triangular structure.  

Overall correlation between the different US endpoints and DAS28(CRP) while on prednisone 

treatment was only moderate (approximately 0.6) , suggesting they measure somewhat different 

constructs. Combining US endpoints with DAS28 increased effect sizes at all time points and 

identified treatment effects earlier. Composite endpoints increased the endpoint sensitivity. The 

DAS28(CRP) had an effect size of about 1.0, which would take 13 subjects per group to identify a 

treatment difference (alpha 0.1; 80% power) after 2 weeks.  In combination with an ultrasound 

endpoint with combined effect size of ~1.5 the sample number drops to 6 per group.  Some 

combinations of ultrasound endpoints with effect sizes of ~2.0 would require 4 subjects per group.  

Likewise, single dose effects are identifiable with some combinations of endpoints. Therefore 

treatment effects measured by standard clinical endpoints can be supplemented with synovial 

ultrasound, a reproducible and objective endpoint for confirmation of treatment effects, to produce 

composite endpoints which have the potential of further reducing patient numbers and study length 

in RA clinical trials. It is highly likely that other mechanisms to treat RA can be identified by 

ultrasound endpoints, as demonstrated in a previous randomized study with anti-TNF therapy [87].  

Sensitive composite endpoints should allow most mechanisms to be definitively profiled within 2 

weeks in RA in small numbers of subjects. Therefore short RA studies may be readily recruited, as 

patients can temporarily defer treatment plans in order to enter a short efficacy study. The 

composite endpoints also have the potential of detecting a treatment effect when a study has been 

statistically underpowered and the regulatory clinical endpoints have not demonstrated an effect of 

a new chemical entity, thereby providing additional information on whether to advance the 

development of the drug.  
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In summary, Study 2 confirms that ultrasonographic imaging of MCPJs could be used as an early and 

reliable indicator of a therapeutic response to a new treatment intervention in RA early phase 

clinical trials with small patient cohorts over a 2 week test period and decrease the time-to-decision 

for progressing clinical development. Furthermore, composite endpoints have the potential to 

further reduce patient numbers and study duration in early phase trials. As for Study 1 part B, Study 

2 also demonstrates the utility of US to stratify patient selection by detecting those with potentially 

reversible unequivocal baseline joint pathology, an important consideration given concerns about 

bias introduced in trials by recruitment of patients with equivocal clinical swelling. Study 2 notably 

addresses the issues surrounding the reliability of US in objectively measuring synovitis and brings us 

closer to approving this tool as a recognised endpoint for confirming treatment effect in RA clinical 

trials.     

 

8.4 Future investigation 

It would be worthwhile employing a protocol similar to Study 2 to further investigate the utility of 

these US measures of synovitis to reliably detect a treatment effect with other proven RA therapies 

as well as new chemical entities. These studies may verify the early treatment effects registered by 

three of the US endpoints at Day 8 and one at Day 2 in Study 2.  It would also be valuable to confirm 

the utility and advance the development of composite endpoints (combination of clinical and US 

endpoints) to further reduce patient numbers and study length in RA clinical trials.  

For parallel scan inter-reader reliability, image acquisition may be the main cause for less than 

perfect correlation between readers rather than the reading of the images themselves (i.e. for each 

endpoint the difference in the ICC value between the within scan inter-reader and parallel scan 

inter-reader may represent the loss of concordance due to image acquisition). This was reported by 



177 

 

Kamishima et al [124]. Study 2 supports this theory in that parallel scan inter-reader ICC values were 

generally lower than within scan inter-reader ICC values. It would be worthwhile investigating this 

and furthering methods to homogenize image acquisition. This may include the use of temperature 

regulated water baths to diminish the effect of ambient temperature and the potential cooling effect 

of the ultrasound gel over time when placed over joints, especially important when serial scans are 

performed. There are new software programs being developed which aid the standardisation of 

probe placement when scanning serially. One such is “Volume Navigation™” produced by GE 

(General Electric) which when combined with the relevant devices can ensure that the patient is 

scanned in the exact same place as previously.  

The validity of US assessment has been addressed in a number of other studies and the majority 

have produced favourable results. Where validation is lacking is in comparisons between different 

ultrasound machines and the potential of 3D US to improve inter-reader agreement between 

independent sonographers. For comparisons between different US machines, further efforts to 

standardize the grading of pathologies would be helpful so that comparisons can be made more 

readily. 3D US using a dedicated 3D transducer has the potential to enhance the parallel scan inter-

reader agreement over that of 2D US. This is because possible inaccuracy created by the need for 

precise probe placement during 2D image acquisition is reduced or removed entirely depending on 

the target joint. Dedicated 3D probes are also likely to reduce the skill required of the sonographer. 

Intermachine agreement and reproducibility of 3D US measures of synovitis are potential areas of 

future investigation.  

We have already extended the joint group analysed to the wrists (not published). The wrist is a more 

complex joint than the MCP joint and may benefit more from 3D power Doppler imaging which 

reduces the need for a high level of ultrasonographer proficiency. The wrist is possibly a better 

target to detect a treatment effect than a single MCPJ as it has a larger synovial volume and yet is 

still a relatively shallow joint which permits high resolution imaging.   



178 

 

Over the next 5–10 years one can anticipate that the utility of US as a sensitive outcome measure in 

early ‘proof-of-concept’ clinical trials undertaken with small patient numbers will help to identify the 

most promising therapeutics, thus supporting its future use in Phase III trials. It is likely that US will 

also be utilized in Phase III trials to select patients, to quantify the therapeutic effect on synovitis, to 

measure the change in number of erosions and to discern the achievement of true remission. US 

may also be used to explore the pharmacodynamic attributes that belie the variable onset of action 

and efficacy of DMARDs as well as biological agents.  
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10 Appendices 

Appendix 1: ACR20 

A patient will have responded with an ACR20 score (according to the ACR guidelines [12]) if the 

following criteria are met: 

• >20% improvement in TJC 

• >20% improvement in SJC 

• >20% improvement in three of the five remaining ACR core set measurements; 

- patient assessment of pain 

- patient global assessment of disease activity 

- physician global assessment of disease activity 

- patient self-assessed disability 

- acute phase reactant (ESR) 

 

 

Appendix 2: DAS28(ESR) and DAS28(CRP) 

 

The DAS28 is a combined index which can be used to compare groups of RA subjects and also to 

determine the response of a single patient.  

The DAS28(ESR) (used in Study 1 part B) requires the ESR (erythrocyte sedimentation rate: mm per 

h), patient’s global assessment of disease activity (PGADA) (VAS), the number of tender joints (TJC) 

and the number of swollen joints (SJC) (as a subset of the 28 joint score) [16]. The following 28 joints 
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are assessed: 8 PIPJs, 2 thumb interphalangeal joints, 10 MCPJs, 2 wrists, 2 elbows, 2 shoulders, and 

2 knees. The formula to calculate DAS28(ESR) is as follows: 

 

DAS28(ESR) = 0.55 (√ TJC) + 0.284 (√ SJC) + 0.70 ln (ESR) + 0.0142 (PGADA) 

 

The DAS28(CRP) (used in Study 2) requires the CRP (C-reactive protein: mg/L), PGADA VAS, the TJC 

and SJC (as a subset of the 28 joint score) [19]. The same 28 joints are used as for the DAS28(ESR). 

The formula to calculate DAS28(CRP) is as follows: 

 

DAS28(CRP) = 0.56 (√ TJC) + 0.28 (√ SJC) + 0.36 ln (CRP+1) + 0.014 (PGADA) + 0.96 

 

Any joint that had undergone a replacement arthroplasty or joint synovectomy was noted as not 

assessable in the CRF but the total evaluable SJC/TJC recorded. A corrected DAS28 can be calculated 

based on the swollen or tender joint counts divided by the number actually assessed and this result 

multiplied by 28. 

 

Appendix 3: Tabular representation of the EULAR response criteria [17, 18].  

  

 

 

DAS28 at endpoint Improvement in DAS28 at baseline 

>1.2 >0.6 and ≤1.2 ≤0.6 

≤3.2 Good   

>3.2 and ≤5.1  Moderate  

>5.1   None 
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Appendix 4: ACR classification criteria for the diagnosis of rheumatoid arthritis 

Using history, physical examination, laboratory and radiographic findings, 4 of the following must be 

present with 1 through 4 present a minimum of 6 weeks [46]. 

 Morning Stiffness ≥1 hour 

 Arthritis of 3 or more of the following joints: right or left PIP, MCP, wrist, elbow, knee, ankle, and 

MTP joints 

 Arthritis of wrist, MCP, or PIP joint 

 Symmetric involvement of joints 

 Rheumatoid nodules over bony prominences, or extensor surfaces, or in juxta-articular regions 

 Positive serum rheumatoid factor 

 Radiographic changes including erosions or bony decalcifications localized in or adjacent to the 

involved joints.   

 

Appendix 5: Contraception Requirements for Females (Study 1 parts A and B) 

Appropriate contraceptive methods for female subjects include: 

1. Abstinence 

The lifestyle of the female should be such that there is complete abstinence from intercourse from 

at least two weeks prior to the first dose of study medication and to continue until at least 96 h (5 

half lives of GW274150) after treatment, and until the final pregnancy test has been performed. 

2. One of the following methods is acceptable as the sole method of contraception if there is 

indisputable data that it is >99% effective otherwise it should be used with barrier method (condom 

or occlusive cap [diaphragm or cervical/vault caps] used with spermicidal 

foam/gel/film/cream/pessary): 
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• documented tubal ligation 

• documented placement of an intrauterine device (IUD) or intrauterine system (IUS) 

• male partner sterilization (vasectomy) prior to the female subject’s entry into the study and is the 

sole partner for that female subject 

• condom and occlusive cap (diaphragm or cervical/vault caps) used with spermicidal 

foam/gel/film/cream/pessary 

• injectable (progestogen) or implanted (levonorgestrel) hormonal methods of contraception 

• oral contraceptive (combined or progestogen only) 

Appropriate contraception must be used by females for at least 14 days prior to the first dose and 

continue until completion of the follow-up procedures. 

Subjects who currently take methotrexate as part of their regular treatment regime should be 

advised that both they and their partners are to avoid pregnancy until 3 months after cessation of 

methotrexate therapy. 

 

Appendix 6: Cockcroft-Gault formula [163] 
 

 
Creatinine clearance (mL/min) = [140 - age (years)] x body weight (kg) x F  
                                                       ------------------------------------------------ 
                                                                 Serum creatinine (μmol/L) 
 
Where 
F = 1.04 (women) 
F = 1.23 (men) 

 

Appendix 7: Adverse Events (Study 1 and Study 2) 

An AE is defined as any untoward medical occurrence in a patient or clinical investigation subject, 

temporally associated with the use of the medicinal product, whether or not considered related to 

the medicinal product. An AE is therefore any unfavourable and unintended sign (including an 
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abnormal laboratory finding), symptom, or disease (new or exacerbated) temporally associated with 

the use of the medicinal product.   

A serious adverse event (SAE) is defined as any untoward medical occurrence that, at any dose: 

a. resulted in death. 

b. was life-threatening. 

c. required hospitalisation or prolongation of existing hospitalisation. 

d. resulted in disability/incapacity. 

e. was a congenital anomaly/birth defect. 

f. resulted in an important medical event(s) that may not have been immediately life threatening 

or resulted in death or hospitalisation, but may have jeopardised the subject or may have 

required medical or surgical intervention to prevent one of the other outcomes listed in the 

above definition. Medical or scientific judgement is to be exercised to decide whether reporting 

was appropriate in these situations. 

Each subject should be monitored by the investigator for AEs or SAEs occurring throughout the study 

(from the screening visit to the follow up post study visit). During the study, the investigator or site 

staff are responsible for detecting, documenting, and reporting AEs and SAEs. 

During the treatment period, the investigator or designee should inquire about AEs by asking 

subjects the following standard questions:  “How are you feeling?".  Subjects should also be asked 

the following question:  “Have you taken any new medicines, other than those provided in this study 

since your last visit/assessment?” 

Abnormal laboratory findings (e.g. clinical chemistry, haematology, and urinalysis) or other abnormal 

assessments (e.g. ECGs, vital signs) judged by the investigator as clinically significant should be 

recorded as AEs or SAEs as appropriate.  Clinically significant abnormal laboratory findings or other 
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abnormal assessments that are detected during the study or were present at baseline and 

significantly worsened following the start of the study should be reported as AEs or SAEs. The 

investigator should exercise medical and scientific judgment in deciding whether an abnormal 

laboratory finding or other abnormal assessment was clinically significant. 

The investigator should make an assessment of intensity for each AE or SAE reported during the 

study.  The assessment is based on the investigator’s clinical judgement.  The intensity of each AE or 

SAE recorded in the CRF is assigned to one of the following categories:  mild, moderate, severe. 

The investigator should assess the relationship between the investigational product and the 

occurrence of each AE or SAE.  The investigator should use clinical judgement to determine the 

relationship.  Alternative causes, such as concomitant therapy, other risk factors, and the temporal 

relationship of the event to administration of the investigational product should be considered and 

investigated. 

After the initial AE/SAE report, the investigator is required to proactively follow each subject and 

provide further information to the sponsor (GSK or Merck as applicable) on the subject’s condition.  

Any AEs documented at a previous assessment and designated as ongoing, should be reviewed at 

subsequent assessments as necessary. 

All AEs and SAEs are followed until resolution, until the condition stabilised, until the event was 

otherwise explained, or until the subject was lost to follow-up. 

SAEs are to be reported to the sponsor within 24 h of the investigator becoming aware of the 

occurrence.  The investigator is also responsible for promptly notifying the investigational centre 

ethics committee of any SAEs, according to local regulatory requirements. 

Investigators are not obligated to actively seek SAEs in former study participants.  However, if the 

investigator learned of any SAE, including a death, at any time after a subject has been discharged 
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from the study, and he/she considered the event reasonably related to the investigational product, 

the investigator is to notify the sponsor promptly. 

 

Appendix 8: Contraception/Post Menopausal language (Study 2) 

Female patients of reproductive potential must demonstrate a serum β-hCG level consistent with 

the non-gravid state at the prestudy (screening) visit and agree to use (and/or have their partner 

use) two acceptable methods of birth control beginning at least 2 weeks prior to administration of 

the first dose of study drug, throughout the study and until at least 2 weeks after administration of 

the last dose of study drug in the last treatment period. Acceptable methods of birth control are: 

oral contraceptives, intrauterine device (IUD - with or without local hormone release), diaphragm 

with spermicide, cervical cap with spermicide, contraceptive sponge with spermicide, and condoms 

and spermicide.  Spermicides alone are not an acceptable method of contraception. Women who 

are postmenopausal or have status of post hysterectomy, oophorectomy, or tubal ligation are 

exempt from this requirement. Postmenopausal is defined as no menses for >1 year and an FSH 

value in the postmenopausal range upon prestudy (screening) evaluation. 

Males with female partner(s) of childbearing potential, must agree to use a medically acceptable 

method of contraception during the study and for 90 days after the last dose of study drug.  If their 

partner is pregnant, males must agree to use a condom; if their partner is of child-bearing potential, 

their partner must additionally be using one of the following methods: hormonal contraception, 

intra-uterine device, diaphragm with spermicide, cervical cap with spermicide or female condom 

with spermicide.  Spermicides alone are not an acceptable method of contraception. 
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