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ABSTRACT (word count: 232)
Background/aims
Glucocorticoids (GCs) are widely used to treat autoimmune rheumatic diseases (AIRDs). Despite well-recognised adverse effects (AEs) including osteoporosis, diabetes, infection and psychiatric comorbidities, GC impact has not been well quantified in clinical trials nor standardised across indications for use. The OMERACT GC Impact Working Group established a core domain outcome set in 2021. Further work was required to establish appropriate measurement instruments for these core domains. This scoping review aims to identify clinician reported outcome measures (ClinROs) of GC-related AEs in patients with inflammatory conditions treated with GCs.
Methods
Medline, EMBASE, CINHAL and CENTRAL were searched (from inception to August 2024) along with hand search of abstracts presented at major rheumatology meetings (between August 2019 and August 2024), for studies referring to the use of exogenous GCs and reporting a clinician or patient reported outcome measure (PRO). Data was extracted for each OMERACT GC domain. 
Results
57 studies included ClinROs, 20 (35.1%) in an AIRD population. In the majority (48/57, 84.2%) GCs were delivered systemically. Bone fragility (n=31 studies) and mood disturbance (n=20) were frequently assessed, while fatigue (n=0), sleep disturbance (n=2) and appearance (n=1) were infrequently assessed. 31 individual or grouped candidate ClinROs were identified. 
Conclusion
31 candidate ClinROs were identified for measurement of physiological and psychosocial impact domains of GC impact. These findings will inform selection of a core set of measurement instruments for future trials and clinical practice.
1.0 INTRODUCTION
Glucocorticoids (GCs) are widely used in the management of autoimmune rheumatic diseases (AIRDs), with an estimated 1% of the general population using long term oral GCs(1,2). The adverse effects (AE) of prolonged use of GCs are well described, including osteoporosis and fracture, glucose intolerance and diabetes, central obesity, muscle wasting, increased risk of infection, depression and cataract(3). Although low-cost, the long-term toxicity and the impact on patients of GCs imposes substantial clinical and economic burdens(4); whereas many newer agents are GC-sparing (can reduce the amount of GC needed) but tend to be more costly. Accurate assessment of GC impact will support appraisal of whether GC-sparing agents for AIRDs provide net benefit to patients and healthcare systems.
The Outcome Measures in Rheumatology (OMERACT) GC Impact working group, has previously developed a core domain set for measurement of GC impact in clinical trials(5). The proposed mandatory (core) domains to be evaluated in clinical trials involving GCs include both physiological and psychosocial domains, encompassing infection, bone fragility, hypertension, diabetes, weight, fatigue, mood disturbance and death. Osteonecrosis, eye problems, appearance and sleep disturbance were proposed as optional (non-core) domains (5). In development of the core domain set, it was recognised that in a clinical trial setting, the effects of GCs on disease would already be measured by disease-specific outcome measures. The next formal step for the OMERACT GC Impact Group is to identify instruments to measure each domain within the core domain set(6). Given the broad array of indications for GC use and different modes of administration (oral, intravenous inhaled topical), the GC impact group opted to first perform underpinning work to identify all potential measurement instruments that could be used to measure the domains within the GC core outcome set. 
A ‘measurement instrument’ is defined by OMERACT as a tool to measure a quality or quantity of a variable (domain)(6). Tools may include a single question, a questionnaire, a score obtained through clinical assessment, or composite measures(7). Outcome measures can be reported via multiple methodologies, including patient reported outcome measures (PROs), where the impact of a treatment of condition is directly measured from the patient’s experience without interpretation of the response by another individual. Clinician reported outcomes (ClinROs) are not formally defined, but utilise assessments derived from observers with professional training related to the measurement(8). 
This scoping review aims to identify and characterise the range of instruments available to measure the core outcomes defined by the OMERACT GC Impact Group. This paper reports the characteristics of the identified ClinROs, PROs will be reported in a separate paper. 
2.0 METHODS
A preliminary search of MEDLINE, the Cochrane Database of Systematic Reviews and JBI Evidence Synthesis was conducted and no current or underway systematic reviews or scoping reviews on the topic were identified. The review was conducted in accordance with PRISMA-ScR methodology (supplementary file 1).
2.1 Search strategy
A search strategy was developed in consultation with a research librarian (supplementary file 2). Four databases were searched: Medline, EMBASE, CINHAL and CENTRAL (inception to August 2024). Abstracts presented at relevant major rheumatology meetings (American College of Rheumatology (ACR) Convergence, European Alliance of Associations for Rheumatology (EULAR) Congress) were hand searched for relevant publications in the past 5 years (August 2019 to August 2024). The relevant full text article of an identified abstract was included for extraction, if published within the timeframe of this scoping review. 

2.2 Inclusion criteria
Studies involving an adult population (>18 years), referring to the use of exogenous GCs with reporting of a ClinRO or PRO instrument were included. All inflammatory and non-inflammatory conditions treated with GCs were included (eg: inflammatory lung disease, skin disease, rheumatic diseases). All modes of GC delivery were included (e.g.: oral, intravenous, topical, inhaled). 

2.3 Screening
Included studies were imported into Covidence(9). Duplicate papers were excluded, then titles were screened for inclusion between five authors (AT, CS, JT, RB, CH) followed by abstract screening and full text review. At each stage, studies required the consensus of two authors for inclusion or exclusion. Disagreements regarding eligibility were resolved by consensus between all five reviewing authors. At abstract screening, papers in which results were confined to assessment of the local cutaneous toxicity of topical corticosteroids were excluded due to lack of relevance to the core domain set. 

2.4 Data extraction
Data extraction was performed in duplicate by three authors (AT, CS, GV) using a predefined spreadsheet agreed to by all authors. Data extracted included: region (of patient population, patient population, mode of GC delivery, type of study (development or validation paper), name of measurement instrument, type of instrument (PRO or ClinRO), core domains assessed by the instrument, method of assessing domain (use of the instrument over time (ie: a measure of change) or as a cross-sectional measure), and additional non-core domains assessed by the instrument. 

3.0 RESULTS
3.1 Study selection
The searches yielded 4462 results, of which 178 abstracts were reviewed, and 115 were retrieved for full text review. Of these, 76 studies were eligible and included (supplementary table 1) (10–85). Figure 1 presents the PRISMA flowchart. 

3.2 Characteristics of included studies
The included studies were published between 1968 and 2024. Of the 76 papers, 57 assessed ClinROs, 24 assessed PROs and 1 paper assessed a caregiver reported measure. A small number of studies (n=4) assessed both ClinROs and PROs (supplementary table 1). This manuscript will focus on ClinROs, PROs are described in a separate manuscript.

3.3 Regions of included studies 
The majority of studies were from Europe (n=30, 52.3%), followed by North America (n=13, 22.8%). Eight studies (14.0%) were from the Asia-Pacific, with one study (1.8%) from South America. The primary region of study location was not specified in the one study (1.8%). 

3.4 Characteristics of participants 
Of the included studies, 20 (35.1%) included a patient population with AIRDs, 21 (36.8%) included non-AIRD populations. One study (1.7%) included healthy volunteers, one (1.7%) included post-menopausal women and in 14 studies (24.6%) the patient population was not restricted to a specific disease or cohort (Table 1). Of the 20 studies that included patients with AIRDs, three assessed vasculitis (including ANCA-associated vasculitis (AAV) and giant cell arteritis), five included inflammatory arthritis, and four included connective tissue diseases (systemic lupus erythematosus (SLE)). The rheumatic condition was not specified in five studies. Of the 21 studies that included a non-AIRD population, five assessed asthma, three assessed primary brain tumours, three assessed renal transplant patients, two assessed Grave’s orbitopathy, two assessed diabetes mellitus, and the remaining studies included other populations (chronic obstructive pulmonary disease, calcific tendinopathy, suspected secondary adrenal insufficiency, GC induced osteoporosis, 21-hydroxalase deficiency, inflammatory bowel disease, metastatic prostate carcinoma, multiple sclerosis, scalp psoriasis). Mode of delivery of GCs included systemic administration (n=48), inhaled GCs (n=6) and intranasal (n=2). The mode of delivery was not restricted in five studies, and 10 studies included other delivery routes (intra-bursal, intralesional, topical, ocular, otological, intestinal, haemorrhoidal, local oral route and gynaecological). Six of the included studies assessed multiple modes of delivery. 

3.5 OMERACT GC impact domains assessed by studies
ClinROs reported by the included studies relevant to the core and non-core domain set are detailed in Table 2 (infection n=10, bone fragility n=31, hypertension n=17, hyperglycaemia n=18, weight n=17, fatigue n=0, mood disturbance n=14, death n=1, osteonecrosis n=10, eye problems n=10, sleep disturbance n=2, appearance n=1). Supplementary table 1 details the domains assessed by each study in further detail.  From the 57 studies including ClinROs, 31 measurement tools were identified (individual and grouped tools). 

3.6 Clinician reported candidate instruments by core domain
3.6.1 Infection
From 10 studies, two candidate instruments (Glucocorticoid Toxicity Index (GTI) and Common Terminology Criteria for Adverse Events (CTCAE)) were identified to assess the domain of infection (Table 3). The GTI was included in nine papers with infection graded based on severity and treatment(s) required (10,14,21,24,25,28,30,32,33). In the tenth paper, the CTCAE (version 4) was used to assign a clinician reported variable to an adverse effect document in the patient reported questionnaire administered in the study. The CTCAE similarly grades infection based on severity and treatment(s) required(51). Four studies included AIRD patient populations; five included non-AIRD or non-restricted populations, and the patient population was not defined in one study. GCs were delivered systemically in nine studies, inhaled in two studies, and not specified in the remaining study. One study was the development paper for the instrument included (GTI). All studies measured change over time with the included instrument. 

3.6.2 Bone fragility
From 31 studies, 14 candidate instruments and one group of candidate instruments for assessment of bone fragility were identified (Table 4). The most frequently assessed instruments were the GTI, which uses change in BMD over time or the presence of insufficiency fracture to define bone fragility (n=9 studies)(10,14,21,24,25,28,30,32,33), dual-energy X-ray absorptiometry (DEXA) (n=10 studies)(39,42,55,57,60,68,71,76,78,80) and trabecular bone score (TBS) (n=7 studies)(27,38,39,44,47,54,79). Additional candidate instruments included the SLE damage index (n=1)(23), calcaneal ultrasound (n=4)(45,71,76,78), bone indentation (n=1)(55), vertebral x-ray/fracture (n=2)(57,60), high-resolution quantitative computed tomography (n=3)(57,60,68), finite element modelling (n=1)(68), fragility fracture (n=1)(76), retrospective case note review (n=1)(85), World Health Organisation-Uppsala Monitoring Centre (WHO-UMC) assessment scale (n=1)(35), modified Hartwig and Seigel scale (n=1)(35), dual photon absorptiometry (DPA) (n=1)(81) and a group of instruments of laboratory markers of bone health (including individual measures of osteocalcin, parathyroid hormone, alkaline phosphatase, and urine calcium) (n=1)(81). Eleven studies included AIRD patient populations, 10 included non-AIRD populations, the patient population was unrestricted in 9 studies, and not defined in one study. GCs were delivered systemically in 26 included studies, inhaled in two studies, topical in one study and not restricted or not specified in three studies. Five studies were development papers for the instrument(s) included. Ten studies measured change over time with the included instrument; the remaining 21 measured value at a single time point. 

3.6.3 Hypertension
Seven individual measurement tools were identified from 17 studies to assess hypertension as an adverse outcome of GC therapy (Table 5). The GTI was most frequently used (n=10) and measured change in blood pressure (BP) from baseline with or without change in antihypertensive medication(s) (10,14,17,21,24,25,28,30,32,33). BP measurement was used in an additional four studies, with varying definition of hypertension and measurement methods(40,42,48,49). The CTCAE was used in a single study and graded hypertension based on BP measurements and use of antihypertensive therapies(42). In two studies(40,49), the use of antihypertensives was used to define the presence of hypertension. The WHO-UMC assessment scale, modified Hartwig and Seigel scale(35), and retrospective case note review were each used by a single study(85). AIRD patient populations were included in seven studies, non-AIRD populations in five studies, unrestricted populations in four studies, and not specified in one study. GCs were delivered systemically in 15 studies, inhaled in three studies, topically in two studies and additionally via intranasal, ocular, ontological, intestinal, haemorrhoidal, local oral and gynaecological in a single study. Four included papers were development papers for the included measurement instrument. Eleven studies measured change over time; two measured value at a single time point. 

3.6.4 Hyperglycaemia
Seven candidate instruments and one group of candidate instruments were identified from 16 included studies assessing hyperglycaemia, displayed in Table 6. The most frequently used instrument was the GTI (n=10 studies) which measured hyperglycaemia as a change in glucose tolerance over time with or without treatment, or by development of end-organ complications from diabetes (retinopathy, neuropathy, nephropathy) (10,14,17,21,24,25,28,30,32,33) followed by HbA1c (n=2)(29,48). Other candidate instruments identified were the SLE damage index(23), fasting blood sugar(48), insulin resistance (group comprising of fasting serum insulin and the homeostatic model assessment of insulin resistance (HOMAR-IR)(42), retrospective case note review(85), WHO-UMC assessment scale and modified Hartwig and Seigel scale(35), each included in one study. AIRD patient populations were included in five studies, non-AIRD populations were included in seven studies, unrestricted patient population in three studies, and an unspecified patient population in one study. GCs were delivered systemically in 10 included studies, inhaled in three studies, topical in one study and not specified in one study. A single study was the development paper for the measurement instrument included. Fifteen studies measured change over time with the included instrument; six assessed hyperglycaemia at a single time point. 

3.6.5 Weight
Seven individual measurement tools were identified from 17 studies to assess weight change, as displayed in Table 7. Body mass index (BMI) was assessed in 13 studies; nine of these used the GTI to define change in BMI over time (10,14,17,21,25,28,30,32,33). Of the remaining four studies, three did not define change in BMI(48,49,56), and one assessed BMI both categorically and continuously(41). Weight(58), waist circumference(49) and body composition (total lean body mass and total body fat)(42) were all assessed in a single study each. In the final study, weight change was collected by a retrospective case note review(85). AIRD patient populations were included in seven studies, non-AIRD populations in six studies, unrestricted patient population in three studies and undefined in one study. GCs were delivered systemically in 15 studies, via an inhaled route in four studies, and additionally via topical, intranasal, ocular, ontological, intestinal, haemorrhoidal, local oral and gynaecological in a single study. The route of administration was not specified in one study. Three of the included studies were development papers for the selected instrument. Sixteen included studies measured change over time, three measured value at a single time point. 
 
3.6.6 Fatigue
No ClinROs measuring the presence or impact of fatigue in the included population were identified. 

3.6.7 Mood disturbance
Ten individual measurement tools were identified from 14 studies to assess mood disturbance as a ClinRO, displayed in Table 8. The most frequently used instrument was the GTI (n=9) (10,14,17,21,25,28,30,32,33). Other candidate instruments were the Brief Psychiatric Rating Scale (18 item) (n=2)(69,74), Young Mania Rating Scale (n=2)(69,74), Hamilton rating scale for depression (17 item) (n=1)(69), Hamilton rating scale for depression (31 item) (n=1)(74), structured clinical interview for Diagnostic and Statistical Manual of Mental Disorders (IV) (n=1)(69), CTCAE (n=1)(51), WHO-UMC assessment scale (n=1), modified Hartwig and Seigel scale (n=1)(35) and a retrospective case note review (n=1)(85). Included patient populations were AIRD patients (n=4), non-AIRD patients (n=5), unrestricted (n=3), unspecified (n=1) and both AIRD and non-AIRD patients (n=1). GCs were administered systemically in 13 studies, inhaled in three studies, topically in one study and not specified in one study. Two papers were development papers for the instrument included. Fourteen studies assessed change over time with the selected instrument, five assessed value at a single time point.

3.6.8 Death
A single paper reported death as an adverse effect from GC use, measured by collecting data from retrospective case note reviews of hospital records of patients using systemic GCs in an unrestricted population(85). 

3.7 Clinician reported candidate instruments by non-core domain
3.7.1 Osteonecrosis
Nine studies assessing osteonecrosis using ClinROs were included, with three candidate instruments identified (the GTI, n=6, defined by the presence of avascular necrosis(10,21,28,30,32,33); the SLE damage index, n=1(23); and magnetic resonance imaging of the femur/femoral neck, n=2(61,77)) (supplementary table 2). AIRD patient populations were included in four studies, non-AIRD populations in four studies, and an unspecified patient population in one study. GCs were delivered systemically in 10 included studies, inhaled in one study and not specified in one. One study was the development paper for the instrument included, the remaining 7 studies were validating existing instruments. Eight studies measured change over time, with a single study measuring value at a single time point. 

3.7.2 Eye problems
Nine studies assessed ClinROs to assess eye problems (supplementary table 3). Five candidate instruments were identified from these studies; the GTI, defined by the presence of any of central serous retinopathy, intraocular pressure elevation or posterior subcapsular cataract(n=6)(10,21,28,30,32,33), SLE damage index (n=1)(23), WHO-UMC assessment scale (n=1) and modified Hartwig and Seigel scale (n=1)(35). A single paper(66) developed a binary, composite assessment tool to measure ocular safety. This included assessment of intraocular pressure (IOP, measured by Goldman method), slit lamp examination, visual acuity assessment (Parinaud scale for near visual acuity, Monoyer scale for far visual acuity) and subject rating of sensory change to assign an investigator measure of ‘tolerable’ or ‘not tolerable’. AIRD populations were included in four studies, non-AIRD populations in three studies, an unrestricted population in one study and an unspecified patient population in one study. GCs were delivered systemically in seven studies, inhaled in two studies, topically in two studies and not specified in one study. One paper was the development paper for the included instrument; the remaining eight papers were validating existing instruments. Eight studies were used to measure change over time with the included instrument; one paper measured a single time point. 

3.7.3 Sleep disturbance 
Two studies evaluated sleep disturbance, with two candidate instruments identified (supplementary table 4). In the first study, the CTCAE (version 4) was used to assign a clinician rating to adverse effects that were detected from use of a patient reported outcome measure (dexamethasone symptom questionnaire – chronic (DSQ-C)) in a population using GCs systemically for treatment of primary brain tumours(51). In the second study, polysomnography was used to define the apnoea-hypopnoea index (AHI) in a non-restricted population of patients using systemic GCs(58). In this paper, apnoea was defined as the complete cessation of airflow lasting for 10 seconds or more; hypopnoea was defined as either a ≥50% reduction in airflow for 10 s or more or less than 50%, but with discernible reduction in airflow accompanied either by a decrease in the oxyhaemoglobin saturation of >3% or an arousal. The average number of episodes of apnoea and hypopnoea per hour of sleep (AHI) was calculated as the summary measurement of sleep-disordered breathing. Both papers validated existing instruments rather than developing new instruments, and measured change over time. 

3.7.4 Appearance
A single study assessed a clinician reported candidate instrument assessing appearance, utilising the CTCAE (version 4) as a measure of change, assigning a clinician rating to AEs that were detected from use of the DSQ-C in a population using GCs systemically for treatment of primary brain tumours(51).

3.8 Additional instruments identified
Additional studies assessing non-OMERACT GC impact domains were identified as part of this review, including measures of hypothalamic-pituitary-adrenal axis (HPA) suppression (n=20), skin toxicity (n=11), hyperlipidaemia (n=9), myopathy (n=9), gastrointestinal effects (including appetite change) (n=10), electrolyte imbalance (n=1), bone marrow suppression (n=1), Cushing’s syndrome and hypotension (n=1). A single study also collected samples measuring luteinising hormone (LH), folic-stimulating hormone (FSH), prolactin, oestradiol, progesterone, testosterone and 17-hydroxyprogesterone. As these domains are not part of the OMERACT GC impact domain set, further analysis of these measures was outside the scope of this review. 

4.0 DISCUSSION
To the authors’ knowledge, this is the first review to collate measurement instruments for GC impact across all routes of administration and disease cohorts. This review focussed on identification and characterisation of ClinROs. The instruments identified in this study will be further assessed for content, feasibility and face validity, prior to instrument selection for the core outcome set of the OMERACT GC Impact Working Group(6). The review highlights the existence of multiple measures of GC impact that address both physiological and psychosocial domains. Measurement instruments for GC toxicity range from widely used instruments, established, validated and tested in pivotal clinical trials (for example, the GTI or CTCAE), or those familiar to clinical practice (e.g: measurement of lumbar spine or femoral neck bone mineral density for bone fragility), to tools that are less familiar to clinicians and therefore less accessible in clinical practice (e.g.: bone indentation measurement). 
 
The GTI was the most widely used ClinRO in this scoping review. It was developed and validated to address the lack of standardised assessment of GC toxicity in clinical trials. The GTI measures the majority of the OMERACT GC impact core domains (excluding fatigue or death) via the composite GTI, and measures two of the suggested domains (osteonecrosis, eye problems) via the specific list of adverse outcomes(10), as well as measuring change in GC toxicity over time. The GTI however does not assess appearance, sleep disturbance and fatigue, and did not include consumers (people with lived experience of the condition) in the development of the instrument. 

Multiple objective ClinROs, such as laboratory assessments or imaging measurements were identified across domains, including DEXA, TBS and HbA1c. However, there is a lack of standardisation of reference intervals for GC treated patients with these measures and a lack of standardisation of the relevant change over time required to measure impact in this population group. Additionally, utilising the identified instruments as measures of change over time may be associated with biases in clinical trials (e.g; regression to mean bias if there is imbalance between groups) or clinical practice unless appropriate definitions of baseline measurements are instituted. 

This review identified a number of instruments that assess GC related AEs, in non-OMERACT domains such as HPA axis suppression or steroid induced myopathy. As the purpose of this review was to identify instruments that could be matched to the OMERACT GC core domain set, it was not within the scope of this review to further assess these identified tools. However, further assessment should be considered to ascertain the utility of these tools in the landscape of measuring GC impact in clinical trials. 

This review was strengthened by the large number of studies and instruments identified, enhanced by the unrestricted range of disease cohorts and routes of GC administration that were included in the search strategy. This provides a large list of potential instruments that can be further assessed against the OMERACT filter for measurement of impact domains. Although a formal quality assessment of the papers was not performed in the setting of a scoping review, there were limitations to the generalisability of the studies identified. Firstly, the majority of included studies assessed systemic GC use, with other routes of GC administration less commonly represented in the literature. However, this is unlikely to create a significant issue, as the OMERACT GC Impact Group’s focus is on AIRDs, for which systemic GCs are the most commonly-used GC treatment type.

A number of the instruments identified in this review are not widely available for clinical use (e.g.: bone indentation) or were created to assess disease activity rather than GC toxicity (e.g.: SLE damage index) and as such may be limited in their validity for further use as a GC impact measure. Several measures only assessed the binary presence of an adverse outcome and did not provide a threshold for diagnosis or change over time, thus limiting their use for further assessment. 

Additionally, most included studies arose from developed countries, and the validity of these ClinROs in low and middle-income countries, who may be disparately affected by the adverse effects of GC use, is unknown. 

Another potential limitation is that non-English language papers or those without available translation to English were excluded, creating a potential bias for included instruments, which should be recognised when proceeding to instrument selection. Additionally, outcomes of glucocorticoid toxicity may have been reported as a secondary outcome in some studies, which may have been excluded early in the screening process. A final limitation is that the search strategy did not include studies assessing the efficacy of therapeutics in the treatment of GC associated adverse events such as osteoporosis or diabetes, and as such any additional outcome measures used in these studies were not included in the final analysis in the review. 

The wide range of adverse effects associated with GC use results in varied impact on patients across domains. For example, infection and mood disturbance are likely to directly impact quality of life, but other domains such as bone fragility, hypertension and hyperglycaemia are also markers of health or risk factors for disease which may require mitigation with future medications. Given the varied nature of these effects, there is significant value in measuring the impact of each effect separately rather than combining them into a composite measure such as the GTI, though this may create feasibility issues when measuring each domain with great precision. The value of “steroid-sparing” agents that reduce GC use should not be assessed by drug cost alone, but by their capacity to reduce cumulative GC exposure, prevent complications of GCs and AIRDs, and improve quality of life. 

A large number of included studies used the selected measure to describe change over time, though thresholds for significant change were infrequently defined and have not been standardised for use in clinical trials. 

The OMERACT GC Impact Group will perform further assessment of content, feasibility and face validity of candidate instruments to inform instrument selection and endorsement for each impact domain. Incorporation of PROs to measure each domain will be important, and it is likely that a combination of ClinROs and PROs will be required to adequately measure the core domain set. 

5.0 CONCLUSION
In conclusion, this review identified multiple ClinRO candidate instruments to measure the physiological and psychosocial impact domains previously produced by the OMERACT GC impact working group. Comprehensive measurement of all aspects of GC related toxicity is challenging, and further appraisal of each instrument’s content, feasibility and face validity will enable selection of appropriate measures for each impact domain.  Patient research partners should be included in the development of future ClinROs. 
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