
An experimental medicine study to investigate the
short-term effects of retinoic acid metabolism
blockade by oral talarozole on molecular outcomes
in the joint tissues of those with hand osteoarthritis
(RAMBOH-1): protocol for a double- blind
randomised placebo-controlled feasibility study
Jennifer A. E. Williams 

University of Oxford
Anne Francis 

University of Oxford
Amanda Lewis 

University of Oxford
Linyi Zhu 

University of Oxford
Megan Goff 

University of Oxford
Vicki Barber 

University of Oxford
Joanna Black 

University of Oxford
Sarah E. Lamb 

University of Exeter
Duncan Richards 

University of Cambridge
Daphne Kounali 

University of Oxford
Matthew D. Gardiner 

Frimley Health NHS Foundation Trust
Dominic Furniss 

University of Oxford
Tonia L. Vincent 

University of Oxford

https://doi.org/10.21203/rs.3.rs-8511277/v1
https://doi.org/10.21203/rs.3.rs-8511277/v1


Fiona E. Watt 

Imperial College London

Study protocol

Keywords: hand osteoarthritis, retinoic acid, clinical trial, inflammation, cartilage, RAMBA, disease-
modifying, genetic, ALDH1A2, Experimental Medicine

Posted Date: October 30th, 2026

DOI: https://doi.org/10.21203/rs.3.rs-8511277/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Additional Declarations: Competing interest reported. TLV – financial study support from GSK, Pfizer,
UCB, Novartis, Fidia and Biosplice (STEpUP OA consortium); principal grant holder for the RAMBOH-1
study; active consultancy with Zoetis for an unrelated drug/pathway. FEW - consulting fees in last 5
years from Pfizer, Novartis and GSK for unrelated agents/research.

https://doi.org/10.21203/rs.3.rs-8511277/v1
https://creativecommons.org/licenses/by/4.0/


 

1 

 

An experimental medicine study to investigate the short-term effects of 1 

retinoic acid metabolism blockade by oral talarozole on molecular outcomes 2 

in the joint tissues of those with hand osteoarthritis (RAMBOH-1): protocol for 3 

a double-blind randomised placebo-controlled feasibility study 4 

Jennifer A.E. Williams1,2, Anne Francis2, Amanda Lewis1,2, Linyi Zhu1, Megan Goff1,2, Vicki S. Barber2, 5 

Joanna Black2, Sarah E. Lamb3, Duncan Richards4, Daphne Kounali2, Matthew D. Gardiner1,5, Dominic 6 

Furniss1,6,7*, Tonia L. Vincent1,7, Fiona E. Watt1,7,8* 7 

1Arthritis UK Centre for Osteoarthritis Pathogenesis, Kennedy Institute of Rheumatology, Nuffield 8 

Department of Orthopaedics, Rheumatology, and Musculoskeletal Sciences (NDORMS), University of 9 

Oxford, Oxford, UK 10 

2Oxford Clinical Trials Research Unit (OCTRU), NDORMS, University of Oxford, Oxford, UK 11 

3Faculty of Health and Life Sciences, University of Exeter, Exeter, UK 12 

4Department of Medicine, University of Cambridge, UK 13 

5Department of Plastic Surgery, Wexham Park Hospital, Frimley Health NHS Foundation Trust, UK 14 

6Botnar Research Centre, NDORMS, University of Oxford, Oxford, UK 15 

7Nuffield Orthopaedic Centre, Oxford University Hospitals NHS Foundation Trust, UK 16 

8Department of Immunology and Inflammation, Imperial College London, London, UK 17 

Address for correspondence (co-corresponding authors): Dr Fiona Watt 18 

Department of Immunology and Inflammation, Imperial College London 19 

Commonwealth Building, Hammersmith Campus, Du Cane Road, London, W12 0NN, UK 20 

Email: f.watt@imperial.ac.uk 21 

Professor Dominic Furniss (Chief Investigator) 22 

Botnar Research Centre, NDORMS, University of Oxford, Windmill Road, Oxford, OX3 7LD, UK 23 

E-mail:  dominic.furniss@ndorms.ac.uk 24 



 

2 

 

ABSTRACT  25 

Background: Hand osteoarthritis (OA) is one of the most common musculoskeletal conditions. A 26 

genetic variant in an enzyme (ALDH1A2) lowers retinoic acid levels and is associated with hand 27 

osteoarthritis. A developmental drug class, including the agent talarozole, inhibits the degradation of 28 

retinoic acid and reduces inflammatory gene expression in preclinical studies, representing a potential 29 

therapeutic for hand osteoarthritis. This experimental medicine study will investigate the effect of 30 

talarozole on molecular readouts in the articular cartilage of individuals with hand osteoarthritis who 31 

are undergoing a surgical procedure as part of their planned clinical care. 32 

Methods: A feasibility study of a double-blind placebo-controlled intervention with 1:1 randomisation 33 

to either oral talarozole 2 mg once daily or placebo. The target population is those with symptomatic 34 

radiographic thumb joint osteoarthritis undergoing trapeziectomy. The objective is to test whether 35 

systemic administration of talarozole decreases inflammatory gene expression in the trapezium 36 

articular cartilage compared to placebo. Participants will take the study medication for 10-21 days 37 

prior to their surgery. The primary outcome is the difference in mean cartilage expression of a panel 38 

of pre-defined inflammatory genes (including, but not limited to ADAMTS4, MMP13 and MMP1) when 39 

comparing the intervention and placebo arms. Secondary outcomes include measures of feasibility 40 

such as recruitment, safety, acceptability, retinoic acid dependent gene expression and clinical 41 

outcomes such as average hand pain. 42 

Discussion: Identifying new treatments that improve symptoms and slow progression of hand 43 

osteoarthritis remains a top research priority. This study is not definitive but will provide data 44 

including mechanistic data on the molecular effects of pharmacological retinoic acid metabolism 45 

blockade in participants with hand osteoarthritis. The study will generate data to inform progression 46 

criteria to a fully powered randomised controlled efficacy trial. The findings will be published in a peer-47 

reviewed journal and presented at relevant conferences.  48 
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Trial registration: ISRCTN, ISRCTN16717773. Registered 16 February 2022, 49 

https://www.isrctn.com/ISRCTN16717773 50 

Key words: hand osteoarthritis, retinoic acid, clinical trial, inflammation, cartilage, RAMBA, disease-51 

modifying, genetic, ALDH1A2, Experimental Medicine 52 
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BACKGROUND 78 

8.75 million people are affected by osteoarthritis (OA) in the UK alone and the joints in the hand are 79 

most commonly affected (1, 2). Hand OA represents a huge societal burden through pain and loss of 80 

hand function (3). Hand OA can affect the base of thumb (also referred to as OA of the first 81 

carpometacarpal (CMC) joint) and the interphalangeal joints (small joints of the fingers). 82 

Unlike rheumatoid arthritis, there are no disease-modifying treatments available for OA. Current 83 

management approaches in hand OA include lifestyle advice, exercises, splinting, topical or oral non-84 

steroidal anti-inflammatory drugs, intra-articular steroid injection, or surgical approaches (3-5). In the 85 

case of base of thumb OA, a well-recognised operative treatment is trapeziectomy, where the 86 

trapezium (the bone at the base of the thumb where it meets the wrist) is removed (6). This procedure 87 

is reserved for those with advanced painful disease and leads to improvement in function and 88 

symptoms (7). The RAMBOH-1 (Retinoic Acid Metabolism Blocking agents to treat Osteoarthritis of 89 

the Hand) study seeks to test for the mechanistic effects and feasibility of a drug by studying those 90 

with base of thumb OA undergoing trapeziectomy. 91 

One of the earliest changes seen in the joint in OA is progressive damage to the articular cartilage. An 92 

important causative factor in OA is abnormal mechanical load or injury (3). Chondrocytes are the only 93 

cells in cartilage, responsible for its maintenance. Our work has demonstrated that sterile mechanical 94 

injury activates inflammatory signalling and increases inflammatory response gene expression in 95 

chondrocytes including proteases such as metalloproteinases (MMPs) that break down the matrix of 96 

articular cartilage (8-10) and that such inflammatory gene expression can change rapidly with 97 

intervention, as is seen with mechanical offloading (11). Despite evidence of inflammatory change in 98 

the joint, several recent randomised controlled trials (RCTs) of existing anti-rheumatic agents, 99 

targeting synovial inflammation in rheumatoid arthritis, have failed to show improvement in pain or 100 

function in patients with hand OA (12-14). This supports the search for druggable pathways driving 101 

the inflammatory response specifically in OA tissues. 102 
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Heritability of hand OA is high (at around 87%), so genetic studies provide important insights into 103 

disease mechanism (15). In 2014, an Icelandic genome-wide association study (GWAS) found that 104 

common polymorphic variants in aldehyde dehydrogenase 1 family member A2 gene (ALDH1A2), 105 

associated with its lower expression, were associated with severe hand OA (16). These variants were 106 

present in ~50% of the Icelandic population and conferred a 1.4-fold increased risk of disease at all 107 

hand joints including thumb CMC joint and interphalangeal joints. ALDH1A2 encodes the key enzyme 108 

responsible for cellular synthesis of retinoic acid (17). This genetic finding suggested that lower levels 109 

of retinoic acid may confer susceptibility to hand OA development. 110 

All trans Retinoic Acid (atRA) is described to have anti-inflammatory roles in human tissues (18). Levels 111 

of atRA can be enhanced indirectly using pharmacological agents that inhibit atRA-degrading enzymes 112 

belonging to the CYP26 family. These CYP26 inhibitors or so called “Retinoic Acid Metabolism Blocking 113 

Agents” (RAMBAs) were developed for several potential medical indications (19). Measuring atRA 114 

levels directly is challenging as it is unstable, so levels are often inferred by expression levels of atRA-115 

dependent genes e.g. retinoic acid receptors (RARs), CYP19A, CYP26A, RARα, RARβ, and RARγ. Drugs 116 

of the tetracycline class such as doxycycline, and certain anti-fungal agents such as ketoconazole, are 117 

known to inhibit CYP26: this may account for their described anti-inflammatory effects (20). Newer 118 

drugs with more specific CYP26 inhibitory action include talarozole and liarozole (21). 119 

We have previously shown that chondrocytes are highly sensitive to atRA, that atRA is strongly down-120 

regulated by mechanical injury of cartilage, and that there is a strong inverse relationship between 121 

atRA-dependent and inflammatory genes upon cartilage injury that can be attenuated by talarozole 122 

(22). Furthermore, in human hand OA cartilage we have shown an inverse relationship between 123 

ALDH1A2 gene expression and inflammatory response gene expression (22). The upregulated 124 

expression of several of these genes in human OA articular cartilage, such as ADAMTS4, MMP1 and 125 

MMP13 has been established previously by others (23, 24) and directly linked to OA pathogenesis (25-126 
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29). Therefore, increasing levels of atRA, using talarozole might suppress tissue inflammation 127 

associated with cartilage damage in OA(22, 30).  128 

The RAMBA talarozole (GlaxoSmithKline, GSK) has undergone phase I and phase II clinical trials for 129 

both oral and topical treatment of keratinisation disorders, such as psoriasis, ichthyosis and acne. No 130 

studies have been carried out in participants with OA. From its known mechanism of action and 131 

available trial data, it has a safety profile compatible with use in an OA population (31). Some adverse 132 

events (AEs) would be expected including on the mucocutaneous system (19).  133 

We aim to determine whether the RAMBA agent talarozole will increase atRA associated gene 134 

expression and reduce inflammatory gene expression in the articular cartilage of trapezia of 135 

individuals with symptomatic thumb CMC joint OA compared to placebo. Given the lack of prior 136 

evidence for use of talarozole for this indication, the study has been designed to test for a signal of 137 

molecular change in tissue with talarozole, including other measures of feasibility, safety and 138 

acceptability. Evidence of feasibility, including of mechanistic effect, will be required for progression 139 

to a definitive randomised controlled efficacy trial of a RAMBA in a hand OA population.  140 

 141 

 142 

 143 

 144 

 145 

 146 

 147 

 148 

 149 

 150 
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 152 

 153 
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METHODS/DESIGN 154 

Study design 155 

RAMBOH-1 is a stand-alone 2-arm parallel group, double-blind randomised placebo-controlled 156 

feasibility study testing a pharmacological intervention in those with symptomatic thumb CMC joint 157 

OA. The study examines changes in a molecular panel of predefined specific mRNAs in cartilage, 158 

serving as a laboratory primary outcome measure. There are four study visits (two in-person plus two 159 

telephone appointments) over a period of 3-16 weeks (Figure 1). Patient and public involvement 160 

actively informed the rationale, design and development of protocol and patient facing materials of 161 

this study. The study is managed by the Experimental Medicine and Rheumatology group within the 162 

Oxford Clinical Trials Research Unit (OCTRU). 163 

Primary objective 164 

To test whether systemic administration of talarozole can decrease inflammatory gene expression in 165 

the trapezium articular cartilage of individuals with symptomatic thumb CMC joint OA. Specifically, we 166 

will test the difference in mean cartilage expression of a panel of pre-defined inflammatory gene 167 

mRNA levels between the intervention and placebo arms (Table 1, Supplementary Table 1). 168 

Secondary objectives 169 

There are three secondary objectives, each comparing various measures before and after 170 

intervention, in the intervention and placebo arms. These are: 171 

• To inform the feasibility of a definitive future trial. 172 

• To test exploratory molecular outcomes by examining the difference in mean levels of other 173 

biological measures of inflammation or of the retinoic acid pathway activity. 174 

• To collect clinical outcome data to inform the design of a definitive future efficacy trial. 175 

 176 

All outcome measures to address these primary and secondary objectives are listed in Table 1.  177 

 178 
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Table 1. Outcome measures 179 

 

Primary objective 

outcome measures 

 

Secondary objectives outcome measures 

 

Feasibility 

 Exploratory 

molecular  

Clinical¥ 

The difference in mean 

cartilage expression of a 

panel of pre-defined 

inflammatory- genes 

mRNA levels when 

comparing the 

intervention and placebo 

arms. 

a) Recruitment and 

randomisation rates 

 

b) Acceptability to patients 

(% dropouts) 

 

c) Acceptability of study 

medication assessed by 

End of Study questionnaire 

and adverse events 

 

a) Cartilage 

expression of 

atRA associated 

genes (including, 

but not limited 

to CYP19A, 

CYP26A, RARα, 

RARβ, and RARγ) 

 

b) Cartilage 

expression of 

atRA associated 

or inflammatory 

response genes 

when 

considering 

ALDH1A2 

genotype 

 

c) Synovial fluid 

and blood 

(plasma and 

cellular) 

molecular 

outcomes which 

may include 

inflammatory 

genes and 

response 

a) Average daily hand 

pain on numerical rating 

scale, recorded by paper 

diary* 

 

b) Patient Evaluation 

Measure 

 

c) EQ-5D-5L, a 

measure of health-related 

quality of life 

 

 

  



 

9 

 

proteins, retinoic 

acid and drug 

levels 

 

 180 

All outcome measures will be compared between intervention and placebo arms. 181 

The pre-defined full list of 10 inflammatory gene mRNAs can be found in Supplementary Table 1. 182 

*Average hand pain will be recorded daily for up to 2 weeks prior to the Baseline visit (before 183 

intervention) and up to 2 weeks prior to the Day of Surgery visit (on intervention). 184 

¥The difference in change of each of the following measures will be compared between 185 

Screening/Baseline (before intervention) and Day of Surgery (on intervention) (see Figure 1 for 186 

collection Time Points). Note that these data will not test clinical efficacy, as the study is not 187 

designed for this purpose. 188 

Abbreviations: ALDH1A2 - Aldehyde Dehydrogenase 1 Family Member A2; atRA - All-trans retinoic 189 

acid; CYP19A - Cytochrome P450 19A; CYP26 - Cytochrome P450 26; mRNA – messenger Ribonucleic 190 

Acid; RAR - Retinoic acid receptor. 191 

The protocol follows the Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) 192 

guidelines. The SPIRIT checklist is provided as Supplementary Table 2 (Additional File 1) (32).  193 

Study setting 194 

The study will take place in two National Health Service (NHS) hospitals in the UK, which will perform 195 

all study activities from recruitment to provision of intervention and follow-up. The central laboratory 196 

activities will take place at the University of Oxford. A list of the study sites can be provided on request 197 

from the RAMBOH-1 study office.  198 

Eligibility criteria 199 

In order to be eligible for the study, participants must: 200 

• Be able to understand English, and willing and able to give written informed consent for 201 

participation in the study including agreement to provide blood samples and donate tissue sample 202 

at surgery. 203 

• Be male or female, aged 18 to 79 years. 204 

• Have symptomatic and radiographic thumb CMC joint OA and be scheduled for trapeziectomy 205 

surgery as part of usual care. 206 

• Additionally, female participants have to fulfil either of criteria (a) or (b): 207 
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a) Are of non-childbearing potential, defined as: 208 

1. Aged 45 or over and definitely postmenopausal (defined as ≥2 years without any 209 

menses) prior to screening. 210 

OR 211 

2. Documented as surgically sterile. 212 

b) Are of childbearing potential and fulfil all four of these criteria as well as the fifth, where 213 

relevant: 214 

1. Are not pregnant and have a negative pregnancy test at screening, and 215 

2. Agree not to try to become pregnant during the study and for 33 days after the 216 

final study medication administration, and 217 

3. Agree not to breastfeed from screening until 33 days after the final study 218 

medication administration. 219 

4. Agree not to donate ova from screening until 33 days after the final study 220 

medication administration. 221 

5. If heterosexually active, agree to consistently use one form of highly effective 222 

birth control from screening until 33 days after the final study medication 223 

administration (see Supplementary Table 3 for definition and list of acceptable 224 

methods, Additional File 1). 225 

• Additionally, male participants have to fulfil both criteria (a) and (b) below: 226 

a) They and their female spouse/partner(s) who are of childbearing potential agree to use 227 

one form of highly effective birth control from screening until 93 days after the final study 228 

medication administration. 229 

b) They agree not to donate sperm from screening until 93 days after the final study 230 

medication administration. 231 

• Agrees not to consume grapefruit or grapefruit juice for the duration of the study. 232 

• In the Investigator’s opinion, is able and willing to comply with all study requirements. 233 

Participants may not enter the study if any of the following apply (see Supplementary Table 4 for a full 234 

list of sub-criteria for some of these exclusions, Additional File 1): 235 

• Other cause of hand pain including inflammatory arthritis (such as rheumatoid arthritis, psoriatic 236 

arthritis, gout). 237 

• Use of one or more prohibited treatments within specified timeframe prior to screening, or not 238 

willing to avoid treatment for the duration of the study and for 75 hours after last dose.  239 

• Presence of one or more medical contraindications to the use of talarozole or placebo. 240 

• Presence of other exclusionary medical conditions or states 241 

• Participation in another interventional study within the last 3 months, or treatment with an 242 

investigational drug within 1 month or 5 half-lives (whichever is longer) of Baseline. 243 

• Any other significant or uncontrolled disease or disorder which, in the opinion of the Investigator, 244 

may either put the participant at risk because of participation in the study, or may influence the 245 

result of the study, or the participant’s ability to participate in the study. 246 
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Pregnancy and contraception  247 

Given its stage of development and mode of action, talarozole is contraindicated in women who are, 248 

or may become pregnant or men who are planning to father a pregnancy. Talarozole has the potential 249 

for foetal teratogenicity and could affect spermatogenesis. Those at risk of pregnancy may not enter 250 

the study unless willing to use highly effective contraception and have been on the medication for a 251 

sufficient time for it to be fully effective – see Supplementary Table 3 for further details, Additional 252 

File 1.  253 

All participants who fulfil the criteria as a woman of child-bearing potential (WOCBP) will be tested to 254 

ensure they are not pregnant at screening and have not become pregnant during the study. A process 255 

is in place in the unlikely event that a participant or participant’s partner becomes pregnant whilst on 256 

study medication. 257 

Interventions 258 

Talarozole is an unlicensed drug, owned by GSK and will be gifted by them. Following recrystallisation 259 

and testing, the drug will be manufactured for the study as 1 mg hard gelatin capsules, along with 260 

matching placebo, by Upperton Pharma Solutions (Nottingham, UK) with Qualified Person certification 261 

of manufacture to EU Good Manufacturing Practice standards.  262 

Placebo excipients are gelatin, polyethylene glycol (PEG) 400, PEG 4000. Participating site pharmacies 263 

will be supplied with bottles of talarozole and placebo capsules and will be responsible for dispensing 264 

of the study medication as per the randomisation allocation. Talarozole and placebo capsules will be 265 

identical and supplied in identical packaging.  266 

Two capsules (2 x 1mg capsules of talarozole/placebo) are to be taken orally, once a day in the morning 267 

for 10-14 days prior to surgery (with last dose taken on day of surgery). Participants will be provided 268 

with a 21-day supply of study medication to enable dosing to be extended in the event of short (<7 269 

days) delays to surgery. In the case of longer delays, study medication will be stopped and restarted 270 
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14 days (or if less than 14 days of medication is left the appropriate number of days) prior to new 271 

surgery date with participant agreement.  272 

At the discretion of the Investigator, participants reporting AEs will have the option to reduce the dose 273 

to 1 mg (1 capsule) once daily; this will be recorded. The duration of study treatment will remain the 274 

same: the selected treatment duration of 10-21 days considered available pharmacokinetic data, 275 

preclinical laboratory study data, as well as practical considerations regarding study conduct within 276 

the pre-operative setting. 277 

 278 

Participant timeline 279 

The timeline and visits for participants are illustrated in Figure 1 and Table 2.  280 

 281 

[TABLE 2 HERE] 282 

Recruitment  283 

Potentially eligible participants that have been placed on the waiting list for trapeziectomy according 284 

to usual NHS care will be approached by members of their direct healthcare team (or in Patient 285 

Identification Centres identified via database searches of patients who are on waiting lists for this 286 

surgery). In either case, they will be given a Participant Information Leaflet (PIL) and can contact the 287 

site study team if interested.  288 

Potential participants will be given the opportunity to discuss the study with their family and 289 

healthcare professionals before deciding to take part in the study. If a patient has read the PIL and 290 

continues to express interest in the study, a pre-screen will be carried out by telephone. If no reasons 291 

for ineligibility are identified, the patient will be invited to proceed to a screening visit with a study 292 

Investigator. 293 

Consent  294 

A medically qualified, Good Clinical Practice (GCP) trained study Investigator will receive written 295 

informed consent from the patient at the screening visit. 296 
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Screening assessment  297 

Full eligibility will be confirmed by a medically qualified doctor prior to randomisation. Should an 298 

individual fail to meet certain eligibility criteria at screening assessment based on a reversible criterion 299 

(e.g., liver function test abnormality), re-screening may be carried out if the participant agrees.  300 

Randomisation  301 

Eligible participants will be randomised 1:1 to either the study medication or placebo at Visit 2 Baseline 302 

(Day 0) and will be prescribed study medication on that day. Randomisation to the interventions will 303 

be carried out via a secure online computer-based service, hosted by OCTRU. Randomisation will be 304 

performed using a minimisation algorithm including a random element to ensure balanced allocation 305 

of participants across the two treatment groups, stratified by study site and sex. Full details will be 306 

available at the end of the study and are stored in the confidential randomisation and blinding plan in 307 

the statistical section of the Trial Master File, available only to the statistician during the study.  308 

Blinding and unblinding 309 

Study participants, care providers, study team (except the site pharmacists, Trial Manager/delegate 310 

and the statistician) and outcome assessors will all be blinded to intervention.   311 

24-hour unblinding (emergency and non-emergency) via the randomisation system will be available 312 

(participants will be given an emergency contact card). A letter will be sent by the site team to the 313 

participant’s GP to notify them of their patient’s participation. Site Principal Investigators (PIs), the 314 

trial manager/delegate, and site pharmacy have the ability to unblind individual patient allocations, 315 

during office hours, on a need-to-know basis. Non-emergency requests for unblinding will require 316 

prior approval by the CI or delegate. Out of hours emergency unblinding will be available via delegated 317 

team members. 318 

Tissue collection and processing 319 

The trapezium bone (including articular cartilage) will be obtained at the time of the participant’s 320 



 

14 

 

standard care trapeziectomy surgery either under general or local anaesthetic (Day of Surgery visit) 321 

(Table 3) and transferred on ice to the laboratory. Tissue will be processed as soon as possible after 322 

surgery by removing cartilage from the articular surface. Both bone and articular cartilage will be snap 323 

frozen prior to storage at -70oC before onwards processing including DNA and RNA extraction and 324 

storage respectively by the central laboratory (22).  325 

Table 3. Biological samples and related measurements  326 

 Visit 1 

Screening  

(-70 to –1 days, 

target -14 days) 

Visit 2 

Baseline  

(Day 0) 

 

 

Visit 3 

Day of Surgery  

(Day 10-21, 

target 14 days) 

Visit 4 

Post-surgery 

follow up (Visit 3 

+ 7 -21 days) 

 

 

Samples for eligibility and safety (tested at NHS site for study purposes) 

BLOOD  x  x  

Blood screening 

FBC, U&E, LFT, CRP, fasting glucose, 

HbA1c and fasting lipid profile.  

x    

Safety tests 

FBC, U&E, LFTs, fasting lipid profile, CRP 
  x  

Hormone tests (for male participants 

only) 

        Testosterone, FSH and LH 

x  x  

URINE 

 
x x*^ x* x* 

Research samples (testing to be carried out at central laboratory) 

BLOOD  

       Plasma 

       Whole blood RNA 

x  x  

TRAPEZIUM  

DNA genotyping (bone) 

RNA extraction (articular cartilage) 

  X  

SYNOVIAL FLUID (if available)   X  

*Women of childbearing potential (WOCBP) only. ^WOCBP will be required to complete 327 

a urine pregnancy test at home within 24 hours prior to starting the study medication 328 

Abbreviations: CRP – C-reactive Protein; DNA - Deoxyribonucleic acid; FBC - Full blood count; FSH - 329 

Follicle Stimulating Hormone; HbA1c – Haemoglobin A1c; LFTs - Liver function tests; LH - Luteinising 330 

Hormone; RNA – Ribonucleic Acid; U & E - Urea & Electrolytes 331 
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Blood, urine and synovial fluid collection and processing 332 

Fasting blood samples will be taken at screening as part of the eligibility process and at Day of Surgery 333 

for a variety of tests for monitoring of treatment safety (Table 3). Further safety bloods will be taken 334 

at visit 3 (Day of surgery).  335 

Whole blood (in an EDTA tube and in a Tempus Blood RNA collection tube) will also be transferred at 336 

room temperature to the laboratory. Processed plasma and Tempus tubes will be stored at -70oC. 337 

Whole blood RNA will be extracted at the end of the study for analysis. 338 

A mid-stream urine sample will be tested by dipstick for blood, protein and glucose at screening. Urine 339 

samples will also be used to perform Beta Human Chorionic Gonadotropin (β-HCG) testing by test stick 340 

to exclude pregnancy in women of childbearing potential (WOCBP) at screening, within 24 hours prior 341 

to starting study medication and during the study.  342 

In addition, up to 1 ml of synovial fluid may be collected at the time of the participant’s trapeziectomy 343 

surgery using a needle and syringe, where this is available. Synovial fluid will be frozen at -70oC within 344 

4 hours of the time of collection.   345 

Data collection methods 346 

Study outcome data will be collected during two in-person study visits, two telephone appointments 347 

and a paper diary completed at home. Details of visit timings and outcomes are presented in Figure 1 348 

and Table 2. 349 

Post surgery in-person visits will be only necessary in the event of the need for assessment of any AEs, 350 

including to perform additional safety blood tests (Figure 1, Figure 2 and Table 3). (We will report AEs 351 

and any other relevant changes noted on safety bloods from screening to the end of treatment). 352 

Outcome data will be mostly collected via electronic Case Report Forms (eCRFs) completed by the 353 

Investigator and participant directly on a study specific REDCap database, designed and managed by 354 

OCTRU. The database will have in-built validation such as range checks to improve data quality. 355 
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Participants will be asked to record their average daily hand pain (0-10 numerical rating scale (NRS), 0 356 

= no pain, 10 = worst pain possible) on a paper study diary for up to 14 days prior to the Baseline visit 357 

and for up to 14 days prior to Day of Surgery. Participant questionnaires and/or diaries completed on 358 

paper will be entered onto the study database manually. 359 

Data management  360 

All electronic and paper study data will be kept securely for 5 years after the end of the study, including 361 

all pre-screening information. Biological samples will be stored for 12 months following the end of the 362 

study before being transferred to the Oxford Musculoskeletal Biobank with participant consent, 363 

otherwise samples will be destroyed. Consent forms will be retained for the life of the sample to meet 364 

Human Tissue Authority traceability requirements. A Data Management Plan which covers data 365 

management, monitoring activities and plans for sharing the data has been produced for the study.  366 

Concomitant medications and allowed care 367 

Participants will be allowed to continue with their usual concomitant medications. These will be 368 

recorded at each visit. Contraindicated medications which require the participant to be immediately 369 

discontinued from study medication when used between Baseline and the Day of surgery visit, and 370 

those which are discouraged during the study are listed in Supplementary Table 5 (Additional File 1). 371 

Compliance with the study medication  372 

Participants will be asked to record adherence with study medication by paper medication diary. Any 373 

reduction in dose and its timing will also be recorded. They will also be instructed to return any unused 374 

study medication to the site study team at the time of surgery for counting of returned capsules, prior 375 

to return to site pharmacy for destruction. Full compliance is defined as: 376 

• A minimum of 10 days of study medication taken  377 

AND 378 
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• Study medication is taken for all three final days of dosing which includes the two days prior 379 

to surgery, plus the day of surgery, as reported by the participant (at least one of verbally, via 380 

the study compliance diary or the corresponding amount of study medication returned).  381 

All participants who have received at least one dose of study medication will be included in the study 382 

analysis (i.e. that tissue and data is collected) whether fully compliant or not. Participants who have 383 

not received at least one dose of study medication will be withdrawn from the study (their 384 

withdrawals recorded in a log) and tissue will not be collected. 385 

Full accountability records will be completed to record receipt, dispensing, return and destruction of 386 

the study medication. 387 

Laboratory analysis 388 

All laboratory procedures are stated in a study laboratory manual, using established procedures in the 389 

central laboratory by experienced staff. Briefly, DNA extracted from the bone will be used for 390 

ALDH1A2 variant genotyping (22). RNA extracted from the dissected cartilage will undergo 391 

quantification of mRNA by RNA sequencing and/or real time Polymerase Chain Reaction (RT-PCR), to 392 

measure the pre-specified molecular responses to drug treatment (compared to placebo) (22), 393 

Supplementary Table 1.  RNA sequence data will be normalised using the DESeq2 (R Bioconductor 394 

package), which includes a predefined, standardised workflow. Where gene expression is measured 395 

by quantitative RT-PCR, normalisation will be by comparison with housekeeper gene expression as per 396 

standard laboratory protocol.  397 

Plasma and whole blood RNA will be analysed for exploratory molecular outcomes (Table 3). All 398 

laboratory analysis and results will undergo quality control, documentation by standardised 399 

procedures and be analysed as part of the analysis of data. 400 

Statistical methods 401 
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Standard descriptive statistics will be used to describe the demographics between the treatment 402 

groups, reporting means and standard deviations or medians and interquartile ranges as appropriate 403 

for continuous variables, and numbers and percentages for binary and categorical variables. We will 404 

also summarise in this way treatment duration, dosing and report participant adherence. All 405 

comparative outcomes will be presented as summary statistics and reported together with 95% 406 

confidence intervals (CIs). 407 

Results will be reported as per Figure 2 and in accordance with the Consolidated Standards of 408 

Reporting Trials (CONSORT) guidelines, including the extension to randomised pilot and feasibility 409 

trials (33, 34).  410 

Analysis populations: Primary analyses will use the fully compliant population. Compliance with trial 411 

treatment with all available data will be analysed as randomised. 412 

Additional analyses will be undertaken in the intention-to-treat the population and potentially other 413 

subsets, unless surgery did not take place, the participant did not take any treatment or the participant 414 

withdrew before donating tissue. No interim analysis is planned and no stopping rules reliant on 415 

futility on primary outcome or lack of power will be employed. Missing data will be reported and 416 

summarised by treatment arm. All available data will be summarised and analysed and every effort 417 

will be undertaken to ensure as little missing data as possible. No imputation will be undertaken. Any 418 

protocol deviations will be reported and justified in the final report, overseen by the statistician. 419 

The primary outcomes are the difference in mean cartilage mRNA expression of a panel of pre-defined 420 

10 inflammatory genes in human articular cartilage from tissue taken at surgery after 10-21 days of 421 

treatment (Supplementary Table 1). The difference in means between the two treatment arms will be 422 

reported for each pre-defined inflammatory gene mRNA level, together with 95% CIs and will be 423 

tested using unadjusted t-tests for normally distributed variables with 5% (2-sided) significance. (No 424 

multiplicity adjustment will be made, given that these are exploratory endpoints, which have been 425 

defined a priori). Supplementary analysis will be undertaken using multi-variable linear regression 426 
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methods adjusting for genotype, sex and other predefined important factors. Secondary outcome 427 

measures will utilise the same methods with multivariable logistic regression used for binary 428 

outcomes. For all secondary analyses, only 95% CIs will be reported (no p values provided), to note 429 

these are not powered definitive analyses. For example, the change in average hand pain score 430 

(calculated from a minimum of 3 ratings over a seven-day period - the seven days preceding Baseline 431 

compared to the seven days preceding Day of surgery) will be reported for placebo and talarozole 432 

arms together with 95% CIs. (The collection of clinical outcomes and their reporting are for feasibility 433 

purposes). 434 

A trial statistician will oversee all the statistical aspects of the study. Key details of the planned 435 

statistical analysis are presented here but will be supplemented by an outline of the outcomes and 436 

tables for reporting. Stata (StataCorp LP, release 16, 2019) or other appropriate validated statistical 437 

software will be used for analysis. 438 

Two progression criteria will be considered based on these analyses, to support a decision to progress 439 

to a full trial, relating to:  440 

(i) confirmation of signal detection of a molecular change in OA tissue with talarozole (where a 441 

statistically significant difference in 3 out of 10 pre-defined mRNA levels when comparing the active 442 

arm with the placebo arm will be considered sufficient evidence);  443 

AND  444 

(ii) evidence of likely feasibility and acceptability based on proportions of participants randomised and 445 

retained, meeting both of:  446 

• Proportion randomised of >0.5 (those randomised/those eligible after screening) 447 

• Proportion withdrawing of <0.4 (those withdrawn after randomisation for any reason/those 448 

completing) 449 
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(Those completing here include those who are adherent to medication but have no tissue sample at 450 

surgery, as tissue sampling would not be sought in a future trial). 451 

Both progression criteria must be met, one is not sufficient. The Trial Oversight Committee will advise 452 

on whether these progression criteria are met as part of their review and recommendations at the 453 

end of the study. Specifically, they will advise on (i) whether this current study design was feasible, 454 

and (ii) if a future trial is therefore likely feasible, considering all available data and any changes that 455 

could be made reasonably when scaling up and designing a full RCT. 456 

Sample size justification 457 

A number of different datasets were considered to identify the most robust inflammatory genes 458 

suppressed by atRA (22). Based on the variation in fold change (the change in expression level) of the 459 

mRNA of ADAMTS4 in articular cartilage relative to the expression level of a house-keeping (control) 460 

gene, or genes, in human cartilage stratified by treatment group (talarozole vs placebo), it was judged 461 

from these and other biological data that a large standardised effect size of 1.0 could be tested for 462 

reasonably. Considering this effect size, 34 tissue samples were estimated to provide 80% power to 463 

detect a difference in the normalised ADAMTS4 mRNA level between the active and placebo group 464 

with 5% 2-sided significance (assuming that the effect of talarozole versus placebo is equivalent to the 465 

variability in the outcome measure) (35). To allow for potential 20% loss to follow-up (including 466 

withdrawal and non-compliance) and 20% insufficient tissue for analysis up to 56 participants will be 467 

recruited (28 per arm). Recruitment will cease after 34 participants have been recruited who remain 468 

fully compliant with protocol (see Compliance with study medication) and for whom a viable cartilage 469 

sample is obtained. The study is not powered to detect clinically important change in patient reported 470 

outcomes but differences in means will be reported, alongside 95% CIs. Collection of 34 or more 471 

evaluable participant samples will be sufficient to detect a large effect size for the primary laboratory 472 

outcome and address our progression criteria. The sample size is also sufficient to assess total 473 

proportion randomised, as a feasibility outcome. A sample size of 34 will enable estimation of a 95% 474 
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CI for an assumed 0.5 proportion randomised of those eligible, with a margin of error (half-width of 475 

the 95% CI) of approximately ± 0.18 (95% CI [0.32, 0.68]). This 2-sided 95% CI calculation uses the 476 

Clopper-Pearson formula. This sample size is adequate to maintain this level of precision or greater 477 

(95% CI width 0.4 or less), for a wide range of randomised proportions (0.2-0.7) that can be assumed 478 

for differing recruitment rates (36, 37). 479 

Data monitoring 480 

Regular monitoring will be performed to verify that the clinical study is conducted and data are 481 

generated, documented and reported in compliance with the protocol, GCP and the applicable 482 

regulatory requirements.  483 

A Trial Oversight Committee (TOC) will oversee the overall conduct of the study and will meet and 484 

report during the study at least annually, and ad hoc as needed. The TOC will comprise of invited 485 

expert members, including at least one medically qualified person and a patient representative. A 486 

separate medically qualified Safety Oversight Clinician (SOC) (with appropriate clinical experience and 487 

independent to the study) will be appointed to safeguard the interests of the study participants. The 488 

SOC can advise the chair of the TOC at any time, if in their view, the study should be stopped due to 489 

concerns over participant safety.  490 

Withdrawals 491 

Participants asking to stop treatment or unable to tolerate the study medication or comply with study 492 

procedures will be withdrawn. The Investigator may discontinue a participant from the study 493 

medication at any time if they consider it necessary for any reason. These include and are not limited 494 

to pregnancy, ineligibility arising of a contraindicated medication post-screening, significant non-495 

compliance, cancellation of surgery. Reasons for withdrawal will be documented and reported by 496 

treatment arm. Those withdrawn from treatment will continue to be followed up unless they 497 

withdraw consent from the study entirely.   498 
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Participants have the right to withdraw from the study at any time and without giving reason. If the 499 

participant has received any amount of study medication prior to withdrawing consent, they will be 500 

strongly encouraged to complete a safety follow up call/visit, including AE recording, safety blood 501 

testing and pregnancy follow up (where applicable). 502 

Safety 503 

From information available about these agents (and similar agents such as retinoids), talarozole is 504 

expected to be generally well-tolerated but may cause some side effects. These include dry lips or 505 

skin, or soreness around the corners of the mouth. Less commonly, dry eyes, skin itching, skin irritation 506 

or hair loss may occur. Occasionally there may be an increase in blood lipids. All AEs will be recorded. 507 

Given the stage of development and relatively low numbers of participants exposed to talarozole to 508 

date, additional precautionary safety screening and monitoring, including mental health and suicide 509 

ideation, effects on male gonadal function (assessed by blood testing) are necessary.  510 

The safety reporting window will be from time of the participant starting the study medication, until 511 

the point that the participant completes the study, or where applicable the relevant pregnancy 512 

window (final dose of study medication + 33 days (female participants) or + 93 days (male 513 

participants). Investigator follow-up of Serious Adverse Events (SAEs) will be until resolution.  514 

AEs occurring during the safety window that are observed by the Investigator or reported by the 515 

participant will be reported on the eCRF, whether or not attributed to study medication.  516 

Their description, date of onset and end date, severity, assessment of relatedness to study medication, 517 

other suspect drug or device, and action taken will be recorded. The relationship of each AE to the 518 

study medication will be determined by a medically qualified individual. AEs considered related to the 519 

study medication will be followed up until event resolution or stabilisation. 520 

SAEs will be reported within 24 hours following knowledge of the event being defined as serious to 521 

OCTRU. Reports of unblinded SAEs in participants exposed to talarozole (de-identified data only) will 522 



 

23 

 

be shared with GSK. SAEs will be reported to the Research Ethics Committee (REC) and Medicines and 523 

Healthcare Products Regulatory Agency (MHRA) (via the Yellow Card Scheme) if the Chief Investigator 524 

believes the event was ‘related’ and ‘unexpected’. These data will be summarised and reviewed by 525 

the SOC and the TOC.  526 

In the event of a Serious Adverse Reaction (SAR) or any suspicion of an SAR, the study medication will 527 

be stopped immediately. AEs of special interest for this study include mood change, dry lips, dry eyes, 528 

sore or gritty eyes, sore mouth/cheilitis and changes in male hormonal levels (testosterone, Follicle 529 

stimulating hormone, Luteinising hormone) from within normal range at screening to outside of 530 

normal range on day of surgery.  531 

Some events have also been defined as exempt from AE reporting, relating to hospitalisation and 532 

expected symptoms or complications related to surgery and anaesthesia related to trapeziectomy as 533 

part of planned usual care and expected symptoms in the 48 hours following influenza or COVID-19 534 

vaccination. 535 

Auditing 536 

Direct access will be granted to authorised representatives from the Sponsor, host institution and the 537 

regulatory authorities to permit study-related monitoring, audits and inspections.  538 

Ancillary and post-trial care 539 

There is no provision for continuation of this unlicensed medication beyond the end of the study. 540 

The final dose of study medication is taken on the Day of surgery. 541 

Dissemination policy 542 

Reporting of RAMBOH-1 will be in line with CONSORT guidelines, including the extension to 543 

randomised pilot and feasibility trials and the funder terms (33, 34). The results of the study will be 544 

published and disseminated via oral reports at international meetings and on University of Oxford 545 
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websites. Study results will be disseminated to study participants, via email or letter following end of 546 

study and analysis. 547 

Protocol amendments 548 

The original REC approved protocol was dated 16 August 2021. A history of the protocol amendments 549 

since is presented in Supplementary Table 6 (Additional File 1). Should any further protocol changes 550 

be required, approval from REC and/or Health Research Authority (HRA) will be obtained and relevant 551 

parties updated.  552 

Confidentiality 553 

The study staff will ensure that the participants’ confidentiality is maintained. The study will comply 554 

with the UK General Data Protection Regulation (GDPR) and Data Protection Act 2018, which require 555 

data to be anonymised as soon as it is practical to do so. The processing of personal data of participants 556 

will be minimised by making use of a unique participant identification number on all study documents, 557 

samples, and study database. Personal data (name, contact information) will be held in REDCap, for 558 

the purpose of sending questionnaires and results of the study by email or post. In compliance with 559 

GDPR this will be deleted when no longer needed. All documents and data will be stored securely with 560 

inbuilt user permissions meaning personal and other data will only be accessible to authorised 561 

personnel. 562 
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DISCUSSION 569 

Pharmacological therapies to improve pain or target underlying disease processes in OA, slowing its 570 

progression, remain elusive despite the pressing clinical need (38, 39). Experimental medicine studies, 571 

which offer efficient and cost-effective early readouts compared to full efficacy trials, could provide 572 

the necessary traction for developing OA therapeutics, enabling earlier stop-go decisions based on 573 

mechanistic readouts. 574 

Here, we aim to augment joint tissue retinoic acid levels and reduce inflammatory signalling in a non-575 

stratified group of patients with advanced hand OA. This drug targeting, based on our prior data, 576 

makes two key assumptions. That even those with no copies of the disease related ALDH1A2 allele 577 

may still benefit from the mechanism of action of this agent; and that in individuals with a wildtype 578 

genotype, there will not be an increase to supra-physiological levels of retinoic acid (in tissues or 579 

systemically). The latter seems unlikely, given atRA’s tight regulation in the body. Depending on 580 

secondary analysis of genotype effects on the molecular response, stratified or personalised medicine 581 

may be important for treating responsive subgroups. However, this is difficult to predict now, leading 582 

us to a more inclusive initial approach. 583 

Choosing the right agent is crucial. Talarozole was selected for its target specificity, suitable safety 584 

profile, accessibility, and synthesis/manufacture cost. Patients with OA prefer oral agents (40), and an 585 

involvement panel in 2021 responded positively. We know of no other RAMBAs in active development. 586 

Depending on our findings, re-establishing pharmaceutical programs for more selective CYP26A 587 

inhibitors might be attractive. 588 

Talarozole was previously developed for congenital ichthyosis and tested in clinical trials for 589 

keratinization disorders (19). It has never been tested in an OA population, making safety monitoring 590 

paramount in this small study. Not having mucocutaneous barrier issues, unlike populations 591 

previously tested, may help avoid some adverse reactions associated with retinoids.  592 
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A particular strength of this study is the direct translation of a human genetic finding into a targeted 593 

intervention, allowing mechanistic validation of a genetically proven pathway in human osteoarthritic 594 

tissue (16, 22). Other particular strengths include the randomised, double-blind, placebo-controlled 595 

design; the use of human osteoarthritic cartilage obtained during clinically indicated surgery; and the 596 

strong translational rationale linking genetic, mechanistic and pharmacological evidence. The study 597 

also benefits from assessment of cartilage as the target tissue for molecular outcomes, which is the 598 

tissue with a strong expression-genetic (expression quantitative trait locus) signal. Also, the use of this 599 

tissue closely aligns with our preclinical studies and the proposed mechanism of action of talarozole 600 

(22). The study also benefits from its parallel collection of feasibility, acceptability and safety data to 601 

inform progression decisions on a future full trial. We also build on our experience in other studies, 602 

which showed that collecting daily average hand pain is more acceptable and meaningful to patients 603 

and feasible to do (41). To our knowledge the study is unique in the field, aiming to harness tissue 604 

from consenting patients undergoing usual care operative procedures to interrogate the effects of a 605 

potential novel drug, enabling a human experimental medicine system for OA. (16, 22).  606 

There are a number of recognised limitations of a study of this type. Firstly, given the short two-week 607 

dosing duration in patients needing imminent surgery, symptomatic benefit is not anticipated. The 608 

study is not powered (or intended) to determine clinical efficacy and this will not be tested (we are 609 

making assumptions from the known biology that a molecular change will reflect disease relevant 610 

processes that could eventually lead to a clinical benefit if taken over a longer time). We are also 611 

assuming that there will be a measurable molecular shift that will be detectable in the cartilage 612 

between treatment and placebo groups, irrespective of variations in an individual’s biology. These are 613 

generic limitations of experimental medicine studies. Secondly, the nature of the study means that 614 

recruitment is limited to those with advanced thumb carpometacarpal osteoarthritis choosing to 615 

undergo surgical trapeziectomy allowing study of tissue changes after treatment at a single point in 616 

time. This does not allow us to test the drug in an earlier disease group who may be more responsive 617 
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to treatment, or to establish what the pre-treatment ‘baseline’ tissue molecular measures were (we 618 

rely on detecting differences between arms after treatment).  619 

We also recognise that our treatment duration window is relatively short (10-21 days) and this may 620 

be an insufficient time to reverse established biology in the tissue. There is limited direct evidence 621 

defining the optimal duration of talarozole exposure required to reverse established molecular 622 

responses in human osteoarthritic cartilage in vivo. Having said this, the prediction from our preclinical 623 

studies is that drug effects are likely to be rapid (11, 22) and it is reassuring that the short half-life of 624 

talarozole means that steady state will have been reached after just a few days. Extending treatment 625 

duration was considered but would introduce additional logistical challenges, including increased 626 

participant burden and complexities associated with longer-term dosing in patients awaiting surgery. 627 

Dose and delivery choice is critical. We lacked capacity for dose-ranging or further pharmacokinetic 628 

(PK) studies and needed to ensure sufficient concentration and tissue penetration while minimising 629 

toxicity. Based on available data including PK data from early phase studies, we opted for a middle 630 

range dose of 2 mg. This dose, while well-tolerated, is expected to achieve higher systemic 631 

concentration and joint tissue penetration than 0.5 and 1 mg doses, with flexibility to halve the dose 632 

if needed. Based on this and known safety data, good adherence is anticipated. The clinical 633 

manufacture aims to recapitulate as closely as possibly a gel capsule previously used in trials, aiming 634 

to maximise pharmacodynamics to enable once daily dosing, given short half-life. 635 

We note that drug effects will also be affected by the absolute circulating concentrations of talarozole, 636 

which are likely to be variable across participants due to a variety of individual biological factors 637 

beyond adherence or dosing. If no molecular effect is observed or the result is inconclusive, it may be 638 

challenging to distinguish definitively between insufficient biological activity on the target and 639 

insufficient treatment exposure as the underlying reason. Drug levels will be measured from stored 640 

plasma samples to investigate this if the study results are null or inconclusive. Although measuring 641 
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these or retinoic acid may be challenging biochemically, this provides an opportunity for further 642 

exploration in this situation.  643 

Finally, our study is unlikely to be able to add substantive data on safety and tolerability in this study 644 

population as drug exposure times are intentionally so short, though we intend to report carefully the 645 

data we acquire. 646 

Experimental medicine studies are not designed to detect clinical benefit, sometimes making 647 

recruitment challenging, so this needs to be considered in the interpretation of feasibility testing. 648 

RAMBOH-1 aims to gather critical data to enable a decision on whether progression to a larger efficacy 649 

RCT for symptomatic hand OA of this novel agent or drug class is justified. 650 

The study opened to recruitment in January 2024 and is anticipated to close to recruitment in 2026.  651 

List of abbreviations 652 

ADAMTS A Disintegrin and Metalloproteinase with Thrombospondin Motif 

AE Adverse Event 

ALDH1A2 Aldehyde Dehydrogenase 1 Family Member A2 

ALT Alanine aminotransferase 

API Active pharmaceutical ingredient 

atRA All-trans retinoic acid 

β-HCG Beta-Human Chorionic Gonadotropin  

95% CI 95% Confidence Interval 

CMC Carpometacarpal 

CONSORT Consolidated Standards of Reporting Trials  

CRP C-reactive protein 

C-SSRS Columbia-Suicide Severity Rating Scale 

CYP19A Cytochrome P450 19A 

CYP26 Cytochrome P450 26 

DNA Deoxyribonucleic acid 

ECG Electrocardiogram 
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eCRF Case Report Form 

EDTA Ethylenediaminetetraacetic Acid 

FBC Full blood count 

GCP Good Clinical Practice 

GDPR General Data Protection Regulation 

GP General Practitioner 

GWAS Genome-wide association study 

GSK GlaxoSmithKline 

HDL High-density lipoprotein 

HDPE High-density polyethylene 

HRA Health Research Authority 

HRT Hormone Replacement Therapy 

IRAS Integrated Research Application System 

ISRCTN International Standard Randomised Controlled Trials Number 

LFT Liver function test 

LH Luteinising hormone 

MHRA Medicines and Healthcare products Regulatory Agency 

MMP Matrix metalloproteinase 

MRC Medical Research Council 

mRNA Messenger ribonucleic acid 

NDORMS Nuffield Department of Orthopaedics, Rheumatology, and Musculoskeletal Sciences 

NHS National Health Service 

NIHR National Institute for Health Research 

NRS Numerical Rating Scale 

OA Osteoarthritis 

OCTRU Oxford Clinical Trials Research Unit 

PEG Polyethylene glycol 

PEM Patient Evaluation Measure 

PI Principal Investigator 

PIL Participant/ Patient Information Leaflet 

PK Pharmacokinetic  

RAMBA Retinoic Acid Metabolism Blocking Agent 

RAMBOH-1 Retinoic Acid Metabolism Blocking Agents to treat Osteoarthritis of the Hand 

RAR Retinoic acid receptor 
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RCT Randomised Controlled Trial 

REC Research Ethics Committee 

RNA Ribonucleic acid 

RT-PCR Real-time Polymerase Chain Reaction 

SAE Serious Adverse Event 

SAR Serious Adverse Reaction 

SMS Short Message Service 

SOC Safety Oversight Clinician 

SPIRIT Standard Protocol Items: Recommendations for Interventional Trials 

TOC Trial Oversight Committee 

U&E Urea & Electrolytes 

WOCBP Women of childbearing potential 
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Table 2. Timing of visits and data collection (SPIRIT) 856 

Procedures 

 

Visit 1  

Screening 

 

 

Visit 2 

Baseline 

(Telephone) 

 

 

Visit 3  

Day of Surgery 

 

Visit 4  

Post-surgery 

follow-up 

(Telephone) 

-70 to -1 day  

(Target -14 

days) 

Day 0 
Day 10 -21 

(Target 14 days) 

Visit 3 + 7-21 

days 

 

Informed consent x    

Inclusion/exclusion x x x x 

Demographics x    

Medical history x x   

Concomitant medication x x x  

Physical examination x    

Measurement of height and weight x    

Vital signs x    

ECG x    

Blood screening x    

Hormone blood testing (males only) x  x  

Research bloods x  x  

Pregnancy testing (urine, if applicable) x x^ x x^^ 

Hand pain symptoms & severity x    

C-SSRS*  x  x x 

Eligibility assessment x    

Key pinch x    

Grip strength test x    

Training in remote pain rating x    

Randomisation  x   
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Instructions for taking study 

medication 
 x   

Prescription/dispense study 

medication 
 x   

Remote medication compliance diary 

 
 x x  

Remote daily hand pain rating (0-10 

NRS) 
 x x  

Questionnaires (PEM, EQ-5D-5L)  x x  

Joint tissue sample   x  

Synovial fluid sample   x  

Urine sample (dipstick) x    

End of Study questionnaire    x 

Study medication compliance   x  

Adverse event assessments   AE reporting window**  

Safety blood monitoring   x  

Investigator Blinding Index   x  

 857 

*C-SSRS Screen Lifetime/Recent version to be used at Visit 1 (Screening visit). C-SSRS Screen Recent 858 

version to be used at Visit 3 (Day of Surgery) and Visit 4 (Post-surgery Follow-up). This is Investigator 859 

administered. 860 

**AE reporting window is from time the participant starts study medication until the participant 861 

completes the study (or where applicable, the relevant pregnancy window) 862 

^ Urine pregnancy test to be completed by WOCBP at home within 24 hours prior to starting study 863 

medication 864 

^^ Urine pregnancy test to be completed by WOCBP at home, ideally on the same day as the post-865 

surgery follow-up visit and, if not, at least within the visit 4 window (i.e. visit 3 Day of Surgery +7-21 866 

days) and inform the study team of the result. 867 

AE – Adverse Event; C-SSRS - Columbia-Suicide Severity Rating Scale; ECG – Electrocardiogram; NRS - 868 

Numerical Rating Scale; PEM - Patient Evaluation Measure; WOCBP – Woman of Child-Bearing 869 

Potential 870 

 871 

 872 

 873 
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