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        Abstract



        
          Background:


          Worldwide, leflunomide is a commonly used Disease-Modifying Anti-Rheumatic Drugs (DMARDs). It can be used as a monotherapy or in combination with other DMARDs to inhibit the production of inflammatory cells and accordingly reduce inflammation.

        


        
          Objectives:


          CLEAR is a multi-centric study that aims to assess the clinical efficacy and safety of leflunomide as first-line and/or add-on therapy to other DMARDs with or without steroids in Egyptian patients with active Rheumatoid Arthritis (RA).

        


        
          Methods:


          Egyptian patients with active RA for whom leflunomide was prescribed at physicians’ discretion were observed for 12 weeks. Clinical Disease Activity Index (CDAI) score, and Health Assessment Questionnaire Disability Index (HAQ-DI) score were acquired thrice during this period. This study was registered on clinicaltrials.gov (NCT03599986).

        


        
          Results:


          Interim analysis of the data collected from 337 patients (in 21 centers) showed a statistically significant decrease in the mean total CDAI score throughout the first 12 weeks of treatment (p<0.001); as the mean ±SD score decreased from 36.60 ±14.90 at baseline to reach 16.16 ±9.84 at week 12 (% reduction: 61.16 ±14.36). A statistically significant decrease (p<0.001) was also observed in HAQ-DI, as the mean ±SD score decreased from 1.46 ±0.69 at baseline to reach 0.67 ±0.54 at week 12 (% reduction: 56.11 ±27.59).

        


        
          Conclusion:


          Results of the interim analysis suggest that treatment of Egyptian patients with active RA with leflunomide (as first-line and/or add-on therapy to other DMARDs with or without steroids) for 12 weeks may be effective in terms of CDAI score and HAQ-DI score reduction and may offer an alternative for patients who experienced resistance, inadequate response or intolerance to other DMARDs.
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      1. INTRODUCTION


      Rheumatoid Arthritis (RA) is a systemic, chronic and inflammatory disease where there is an immune mediated inflammation that attacks the body and affects joints, muscles, tendons, connective tissues and fibrous tissues [1]. It causes pain, disability and increased mortality for the affected population [2]. RA is considered to be one of the most common autoimmune diseases in adults affecting approximately 1% of the global population and 0.3% of the Egyptian population [3, 4].


      During the past 30 years, RA management has drastically changed as few therapeutic agents were extant. At the present time, numerous treatments are used in managing the disease; this involves two approaches; the first is modification of the disease process where radiological progression of the disease can be slowed or stopped, the second is relieving the related signs and symptoms [5, 6].


      Even with the current high number of biological targeted therapies, methotrexate (MTX) remains to be the gold standard for treatment of RA [7]. In 2016, The European League Against Rheumatism (EULAR) recommended that MTX should be a part of the first-line treatment. However, leflunomide or sulfasalazine was recommended as part of the first treatment strategy in patients with a contraindication to MTX or with early intolerance [6].


      Leflunomide is a modified type of DMARDs (an isoxazole derivative and inhibitor of de novo pyrimidine synthesis) that reduces inflammatory cells leading to suppressing inflammation and modifies the underlying immune response with improved tolerability [8].


      In a number of studies conducted to investigate the efficacy and safety of leflunomide in RA management, leflunomide was found to be equivalent to MTX and its safety profile was acceptable compared to other DMARDs. It was also found that leflunomide was superior to MTX in terms of quality of life measurements [8-10].


      The aim of CLEAR study is to assess the clinical efficacy and safety of leflunomide as the first-line therapy and as add-on therapy to other DMARDs (such as MTX, hydroxychloroquine, sulfasalazine) with or without steroids in Egyptian patients with active rheumatoid arthritis.

    


    
      

      2. MATERIALS AND METHODS


      
        

        2.1. Study Population


        Patients were included in this study by rheumatologists from 21 sites across Egypt. To avoid potential bias, consecutive recruitment was considered. Adult male and female patients with active RA (selected according to the ACR/EULAR classification 2010 criteria with score ≥ 6 points) who were leflunomide naïve or with previous leflunomide administration (after at least a 6 month wash-out period before date of baseline visit) and who were prescribed leflunomide at the sole decision of the treating physician were included in the study. Patients were excluded from the study entry if they met one or more of the following criteria; 1) Female patients who were pregnant or lactating at the time of inclusion or those who were planning for pregnancy within the coming year from the time of inclusion to the study, 2) Contraindications to leflunomide, 3) History of non-treated hepatitis B &/or C infection, 4) History of severe liver disease (child C class), 5) History of severe renal insufficiency (creatinine clearance ≤30 ml/min.), and 6) Severe concurrent infection (necessitating IV antibiotics or hospitalization).

      


      
        

        2.2. Study Design and Data Collection


        This is a phase IV, multi-centric, prospective, observational study. The total study duration is planned to be one year; three months for recruitment and nine months for treatment and observation. Patients with available data at the 3rd month (after 12 weeks from signing informed consent) were included in the interim analysis.


        Data about patients’ demographics, physical examination, vital signs, medical history, concomitant medications, RA disease status, obstetric and gynecological history (for female patients only) were collected along with CDAI score, and HAQ-DI score, that were acquired thrice during this period. Data about RA disease history and current status, and reasons for prescribing leflunomide were also collected, as well as Adverse Events (AEs) and serious adverse events (SAEs).

      


      
        

        2.3. Study Objectives


        The primary objective of CLEAR study is to assess the clinical efficacy of leflunomide as first-line therapy and as add-on therapy to other DMARDs (such as MTX, hydroxychloroquine, sulfasalazine) with or without steroids as measured by the mean relative change in CDAI score and HAQ-DI score among patients with active RA in Egypt. The secondary objectives are; evaluating the safety of leflunomide that was assessed by the frequency of AEs/ SAEs in the same population, and describing the pattern of management and characteristics of Egyptian patients with active RA receiving leflunomide.

      


      
        

        2.4. Statistical Analysis


        Statistical analysis was performed with Statistical Package for the Social Sciences (SPSS), version 17.02 (SPSS, Chicago, IL). Percent distribution for all categorical variables and mean with Standard Deviation (SD) were calculated for continuous variables. Wilcoxon signed rank test was used to check for statistical significance of CDAI score and HAQ-DI score changes. P values less than 0.05 were considered to be statistically significant.


        Considering an alpha error of 5% using two-sided 95% CI of Wilcoxon signed-rank test and a study power of 80%, a sample of 332 patients was required to detect an effect size of 0.158 between baseline and study endpoint, plus an expected drop-out rate of 20% during the 9-month observational study duration. Thus, a sample of 398 patients was considered to be appropriate, that was rounded to 400 patients.

      

    


    
      

      3. RESULTS


      
        

        3.1. Study Population Characteristics at Baseline


        Till January 2018, a total of 337 patients were recruited in 21 sites across Egypt. Eighteen patients were excluded from the study; 15 aged more than 60 years, two aged less than 18 years, and two have previously received leflunomide with a wash-out period of less than 6 months before baseline visit (Fig. 1).


        [image: ]
Fig. (1)

        Study population.

        In regards to patients’ distribution across Egypt, out of the 337 enrolled patients, 35% were recruited from six sites in Delta, 32.9% were recruited from nine sites in Greater Cairo, 30.3% were recruited from five sites in Alexandria, and 1.8% were recruited from one site in Upper Egypt.


        The eligible population consisted of 319 patients with a mean ±SD age of 44.14 ±9.85 years, mean ±SD weight of 82.51 ±15.86 kg, mean ±SD height of 164.33 ±6.06 cm, and mean BMI ±SD was 30.56 ±6.66 kg/m2. The vast majority of patients (84.9%) were women. The mean ±SD value for systolic blood pressure (SBP) was 122.53 ±13.63 mmHg while for Diastolic Blood Pressure (DBP), it was 78.41 ±9.15 mmHg. Most of the patients (89.3%) had normal physical examination outcome. Detailed baseline characteristics are listed in Table 1.


        
          Table 1 Baseline characteristics.


          
            
              
                	Baseline Characteristics (N=319)

                	Mean ± SD or Count (Percentage)
              

            

            
              
                	Age (years)

                	N= 291a

                	44.14 ± 9.85
              


              
                	Weight (kg)

                	N= 291b

                	82.51 ± 15.86
              


              
                	Height (cm)

                	N= 291c

                	164.33 ± 6.06
              


              
                	BMI (kg/m2)

                	N= 220d

                	30.56 ± 6.66
              


              
                	Heart rate (beats/min)

                	N= 302e

                	81.01 ± 10.09
              


              
                	Temperature (oC)

                	N= 300f

                	37.13 ± 2.10
              


              
                	SBP (mmHg)

                	N= 305g

                	122.53 ± 13.63
              


              
                	DBP (mmHg)

                	N= 304h

                	78.41 ± 9.15
              


              
                	Gender

                	N= 305i

                	-
              


              
                	• Male

                	-

                	45 (15.10%)
              


              
                	• Female

                	-

                	259 (84.90%)
              


              
                	Marital status

                	N= 305j

                	-
              


              
                	• Currently married

                	-

                	255 (83.30%)
              


              
                	• Widowed

                	-

                	20 (6.50%)
              


              
                	• Single

                	-

                	26 (8.50%)
              


              
                	• Divorced

                	-

                	4 (1.30%)
              


              
                	Education level

                	N= 302k

                	-
              


              
                	• University/ Higher

                	-

                	123 (40.70%)
              


              
                	• Secondary

                	-

                	104 (34.40%)
              


              
                	• Basic/Primary

                	-

                	53 (17.50%)
              


              
                	• Illiterate

                	-

                	22 (7.30%)
              


              
                	Employment

                	N= 303l

                	-
              


              
                	• Employed

                	-

                	111 (36.60%)
              


              
                	• Unemployed

                	-

                	191 (63.00%)
              


              
                	• Retired

                	-

                	1 (0.30%)
              


              
                	Is it due to RA leading to the work disability?
              


              
                	o Yes

                	-

                	9 (5.50%)
              


              
                	o No

                	-

                	154 (94.00%)
              


              
                	Residence

                	N= 304m

                	-
              


              
                	• Rural

                	-

                	108 (35.50%)
              


              
                	• Urban

                	-

                	196 (64.50%)
              


              
                	Physical examination outcome

                	N= 300n

                	-
              


              
                	• Normal

                	-

                	268 (89.30%)
              


              
                	• Abnormal

                	-

                	32 (10.70%)
              


              
                	Clinically significant?
              


              
                	o Yes

                	-

                	24 (75.00%)
              


              
                	o No

                	-

                	7 (21.88%)
              


              
                	Smoking status

                	N= 305p

                	-
              


              
                	• Never smoked

                	-

                	281 (92.10%)
              


              
                	• Current smoker

                	-

                	18 (5.90%)
              


              
                	• Former smoker

                	-

                	6 (2.00%)
              


              
                	Duration of smoking (years)

                	N= 23q

                	17.22 ± 9.27
              


              
                	Tobacco consumption (cigarettes/ day)

                	N= 23r

                	18.91 ± 8.88
              


              
                	Alcohol consumption

                	N= 305s

                	-
              


              
                	• Yes

                	-

                	0 (0%)
              


              
                	• No

                	-

                	305 (100%)
              

            
          


          
            Missing patients: a, b, c: 28 patients, d: 99 patients, e, k: 17 patients, f, n: 19 patients, g, i, j, p, s: 14 patients, h, m: 15 patients, l: 16 patients.
          


        


        Around one third of the eligible population (104, 34.3%) are living with comorbidities, of whom; 30.09% are suffering from cardiovascular disorders, 11.9% have obesity, 8.15% have musculoskeletal disorders, 7.5% have diabetes mellitus type 2, 3.8% have gastrointestinal disorders, and 3.5% are suffering from dyslipidemia. Regarding concomitant medication, the majority (76.3%) did not report receiving medications other than RA treatments, while 23.7% were receiving medications for co-existing conditions.


        At baseline, the severity of RA was assessed by patients’ CDAI score; 81.8% of patients had CDAI score higher than 22 points indicating high disease activity, 15.6% had CDAI score between 10 and 22 points indicating moderate disease activity, while 2.61% had CDAI score between 2.8 and 10 points indicating low disease activity.


        Data about RA history and previous leflunomide administration were collected. The mean ±SD duration of RA since diagnosis was 3.92 ±5.13 years. 11.3% of patients received leflunomide in the past, with 39.7% of them received leflunomide loading dose (100 mg orally once a day for 3 days). The most frequently reported RA therapy (previously prescribed) was MTX as reported by 179 (56.11%) patients, followed by hydroxychloroquine (148, 46.39%), corticosteroids (105, 32.92%), sulfasalazine (42, 13.17%), and NSAIDs in 12 (3.76%) patients. 25.4% of the eligible population reported experiencing either AEs or SAEs during their previous RA treatment.


        In regards to RA current status and leflunomide administration at the time of baseline visit, loading dose was prescribed for 202 (69%) patients, while maintenance dose (20 mg once daily) was prescribed for 91 (31%) patients. This included 64 (21.9%) received leflunomide as first-line therapy, 100 (34.2%) received leflunomide as add-on therapy to other DMARDs without steroids, and 128 (43.8%) received leflunomide as add-on therapy to other DMARDs with steroids.


        Insufficient response to previous therapy was found to be the most frequent reason for starting leflunomide treatment as reported in 46.7% of the eligible population, followed by intolerance to previous therapy in 14.4%, previous DMARDs failure in 5%, and allergy to previous treatment in 1.3%.

      


      
        

        3.2. Efficacy Assessment


        A statistically significant decrease (p<0.001) was observed in the mean ±SD CDAI total score; from 36.60 ±14.90 at baseline visit to 20.6 ±10.73, with a mean reduction of 17.33 ±11.92, after 6 weeks from treatment initiation (% score reduction: 44.7 ±24.12%). It was further decreased to reach 16.16 ±9.84, with a mean reduction of 24.41 ±10.62, after 12 weeks from the same time point (p<0.001) (% score reduction: 61.16 ±14.36%)(Fig. 2).


        In regards to patients receiving leflunomide as a first-line therapy, the mean ±SD CDAI total score was significantly decreased (p<0.001) from 35.40 ±16.49 at baseline visit to reach 15.04 ±9.63 after 6 weeks from treatment initiation, After additional 6 weeks, further significant decrease (p=0.028) was observed in the mean ±SD CDAI total score to reach 11.83±5.88.


        In a similar pattern, in patients receiving leflunomide as add-on therapy to other DMARDs with or without steroids, the mean ±SD CDAI total score was significantly decreased (p<0.001) from 37.09 ±14.12 at baseline visit to reach 20.42 ±9.36 after 6 weeks from treatment initiation, and it was significantly further decreased (p<0.001) to reach 15.98 ±10.32 after additional 6 weeks.


        As for HAQ-DI, the mean ±SD score was significantly decreased (p<0.001) from 1.46 ±0.69 at baseline visit to reach 0.96 ±0.60, with a mean reduction of 0.46 ±0.39, after 6 weeks from treatment initiation (% score reduction: 33.27 ±30.36). This was followed by a further decrease to reach 0.67 ±0.54, with a mean reduction of 0.76 ±0.5, after 12 weeks from the same time point (p<0.001) (% score reduction: 56.11 ±27.59)(Fig. 3).
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Fig. (2)

        CDAI score at baseline, week 6 & week 12.

        [image: ]
Fig. (3)

        HAQ-DI score at baseline, week 6 & week 12.

        Concerning patients receiving leflunomide as a first-line therapy, the mean ±SD HAQ-DI total score was significantly decreased from 1.35 ±0.73 at baseline visit to reach 0.82 ±0.63 after 6 weeks from treatment initiation (p<0.001). Also, after an additional 6 weeks, the mean ±SD HAQ-DI total score was significantly decreased (p=0.027) to reach 0.42 ± 0.38.


        In patients receiving leflunomide as add-on therapy to other DMARDs with or without steroids, the mean ±SD HAQ-DI total score was significantly decreased from 1.50 ±0.67 at baseline visit to reach 0.95 ±0.58 after 6 weeks from treatment initiation (p<0.001). Also, after an additional 6 weeks, the mean ±SD HAQ-DI total score was significantly decreased (p<0.001) to reach 0.65 ± 0.56.

      


      
        

        3.3. Safety Assessment


        Data from safety population (N=337) was included in this analysis. One adverse event, hepatic enzyme increase, was reported during the first 12 weeks of the study duration (incidence rate 0.2%).

      

    


    
      

      4. DISCUSSION


      As per the 2016 EULAR updated recommendations, treatment of RA should aim to provide the optimum care for patients, and should be based on disease activity, patient’s structural damage progression, comorbidities and safety issues [6].


      Although few studies have been conducted to investigate RA in Egypt, no studies were dedicated to evaluate the safety and efficacy of leflunomide. The CLEAR study is considered to be the first study to assess both clinical efficacy and safety of leflunomide in Egyptian RA patients [11-13].


      Although the observation period is still ongoing, preliminary data analysis was performed and we found that; in terms of efficacy, the mean ±SD CDAI score was significantly (p<0.001) reduced after 12 weeks from leflunomide treatment initiation. This was found to be consistent with results from a prospective study that evaluated the efficacy of leflunomide in an Indian group of patients where the mean ±SD CDAI score was significantly reduced from 43.27 ±15.9 at baseline to reach 17.94 ±16.3 (p<0.001) after 12 weeks of treatment [14].


      In regards to the mean ±SD HAQ-DI score, it was significantly (p<0.001) reduced after 12 weeks from leflunomide treatment initiation, while in another study conducted by Kellner H et al., the mean ±SD HAQ-DI score was reduced from 1.37 ±0.7 to reach 0.95 ±0.69 after 12 weeks of leflunomide treatment (p<0.001) [15].


      In terms of safety, out of the 337 enrolled patients, only one patient (0.2%) experienced hepatic enzyme increase. In a study conducted by Cutolo M, hepatic enzyme increase was also reported (in 4.9% of patients) along with diarrhea, vomiting, alanine aminotransferase increase, alopecia and headache [16].


      We are also aiming to describe the pattern of RA management in Egyptian patients receiving leflunomide. We found that the majority of patients (78%) received leflunomide as add-on therapy to other DMARDs with or without steroids, while 21.9% received leflunomide as first-line therapy. In regards to leflunomide dose at baseline, 69% of patients received a loading dose of 100 mg orally once a day for 3 days, while 31% received a dose of 20 mg once daily.


      These findings were found to be matching with current treatment guidelines stating that RA management should start with a monotherapy, commonly MTX, and with a combination of DMARDs in patients with high disease activity, poor prognostic factors, previous treatments resistance, inadequate response or intolerance [17].

    


    
      CONCLUSION


      Interim analysis results from CLEAR study showed that active rheumatoid arthritis Egyptian patients treated with leflunomide for 12 weeks, whether as first-line or add-on medication, experienced a significant reduction in both CDAI score and HAQ-DI score. These results highlight that leflunomide may offer an effective alternative -with an acceptable safety profile compared to other DMARDs- for patients who experienced resistance to previous treatments, inadequate response or intolerance to other DMARDs. There is a need for additional research to assess the long-term efficacy and safety of leflunomide in the Egyptian population.

    

  


  
    
      LIST OF ABBREVIATIONS


      
        
          	

          	
        


        
          	ACR/EULAR

          	= The American College of Rheumatology/European League Against Rheumatism
        


        
          	AE

          	= Adverse Event
        


        
          	BMI

          	= Body Mass Index
        


        
          	CDAI

          	= Clinical Disease Activity Index
        


        
          	CLEAR A Phase IV

          	= Multi-Centric, Prospective, Observational Study to Assess the Clinical Efficacy and Safety of Leflunomide in Egyptian Patients with Active Rheumatoid Arthritis
        


        
          	DAS 28

          	= Disease Activity Score 28 joints
        


        
          	DMARDs

          	= Disease-Modifying Antirheumatic Drugs
        


        
          	HAQ-DI

          	= Health Assessment Questionnaire, Disability Index
        


        
          	NSAIDs

          	= Nonsteroidal Anti-Inflammatory Drugs
        


        
          	SAE

          	= Serious Adverse Event
        


        
          	SD

          	= Standard Deviation
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