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        Abstract



        
          Background:


          Early treatment of rheumatoid arthritis (RA) results in better long-term outcomes. However, the optimal therapeutic window has not been clearly established.

        


        
          Objective:


          To determine the clinical outcome of Puerto Ricans with RA receiving early treatment with conventional and/or biologic disease-modifying anti-rheumatic drugs (DMARDs) based on the American College of Rheumatology (ACR) definition of early RA.

        


        
          Methods:


          A cross-sectional study was performed in a cohort of Puerto Ricans with RA. Demographic features, clinical manifestations, disease activity, functional status, and pharmacotherapy were determined. Early treatment was defined as the initiation of DMARDs (conventional and/or biologic) in less than 6 months from the onset of symptoms attributable to RA. Patients who received early (< 6months) and late (≥6 months) treatments were compared using bivariate and multivariate analyses.

        


        
          Results:


          The cohort comprised 387 RA patients. The mean age at study visit was 56.0 years. The mean disease duration was 14.9 years and 337 (87.0%) patients were women. One hundred and twenty one (31.3%) patients received early treatment. In the multivariate analysis adjusted for age and sex, early treatment was associated with better functional status, lower probability of joint deformities, intra-articular injections and joint replacement surgeries, and lower scores in the physician’s assessments of global health, functional impairment and physical damage of patients.

        


        
          Conclusion:


          Using the ACR definition of early RA, this group of patients treated with DMARDs within 6 months of disease had better long-term outcomes with less physical damage and functional impairment.
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      1. INTRODUCTION


      Suboptimal treatment of Rheumatoid Arthritis (RA) is associated with a greater risk of extra-articular manifestations, significant disability, and early mortality [1, 2]. Over the past decades, there has been an increased awareness of the beneficial impact of early detection and prompt treatment of RA with disease-modifying anti-rheumatic drugs (DMARDs) in order to retard disease progression and even attain clinical remission as a possible goal [3-6]. Most studies on early RA have been conducted in North America and Europe, and published data generally are based on patients receiving DMARDs within 12 or even 24 months after RA diagnosis [3-10]. However, very few outcome studies have been performed using the American College of Rheumatology (ACR) definition of early RA, which encompasses patients having disease duration of less than 6 months from the onset of symptoms attributable to RA [11]. Furthermore, there are few studies of early RA conducted in Hispanics, and to the best of our knowledge, there are no published data using the current ACR definition of early RA in this ethnic group. Thus, we sought to determine the clinical outcome in a cohort of Hispanics from Puerto Rico with RA treated with DMARDs within 6 months from the onset of symptoms attributable to RA and compare their outcome to those who received late treatment.

    


    
      2. METHODS


      
        2.1. Patient Population


        Our cohort of RA patients has been described in detail before [12, 13]. In short, all patients met the 1987 ACR classification criteria for RA [14] and had Puerto Rican ethnicity. RA patients were enrolled at university-based (University of Puerto Rico Medical Sciences Campus San Juan, Puerto Rico) and community-based (San Juan, Puerto Rico) rheumatology clinics. Patients were recruited between February 2007 and June 2015. The study was approved by the Institutional Review Board of the University of Puerto Rico Medical Sciences Campus.

      


      
        2.2. Variables


        For the analyses, patients were categorized into two groups based on the time frame of initiation of DMARDs (conventional and/or biologic) treatment. Early treatment was defined as the initiation of DMARDs within 6 months from the onset of symptoms attributable to RA and late treatment as the start of DMARDs at 6 months or beyond the onset of RA symptoms.


        As described before, our database comprises variables from the demographic, health-related behaviors, clinical, and pharmacologic domains [12, 13]. Demographic features and health-related behaviors included age (at study visit), sex, disease duration (time interval between RA onset and study visit), and current status (within the past 30 days) of cigarette smoking, alcohol consumption and exercise. Alcohol consumption was defined as ≥ 1 drink (0.6 ounces or 14.0 grams of pure alcohol) per day for women and ≥ 2 drinks per day for men. Exercise was defined as regular participation in physical activity as part of a health-enhancing personal fitness plan. Exercise activities included aerobic exercise and/or muscle strength training performed at least three times per week for 30–60 minutes per session.


        Clinical variables including RA manifestations and cumulative comorbidities were determined at study visit. The following RA manifestations were ascertained: joint deformities and/or contractures, radiographic joint damage, positivity to rheumatoid factor and/or anti-citrullinated protein (CCP) antibodies, extra-articular manifestations (ocular, pulmonary, cardiac, neurologic, and subcutaneous nodules), intra-articular corticosteroid injections, joint replacement surgeries, RA exacerbations, hospitalizations, disease activity (per European League Against Rheumatism Disease Activity Score 28 (DAS28) [15]), clinical remission (DAS28 <2.6), functional status (per Health Assessment Questionnaire (HAQ) [16]), patient’s global assessment, and physician’s assessments of global health, functional impairment and physical damage of patients [17, 18].The following comorbid conditions were assessed: arterial hypertension, type 2 diabetes mellitus (DM), dyslipidemia, overweight and/or obesity (body mass index ≥ 25.0), cardiovascular events, cataracts, glaucoma, depression, malignancy, Sjögren’s syndrome, osteoarthritis, and osteoporosis.


        The initial and cumulative exposure to corticosteroids, Nonsteroidal Anti-Inflammatory Drugs (NSAIDs), conventional DMARDs, biologic agents, tofacitinib, and different drug combinations were determined.

      


      
        2.3. Statistical Analysis


        Descriptive statistics were used to characterize the study group. Chi-squared test, Fisher’s exact test, or Student’s t tests, as appropriate, were performed to determine association of participants’ demographic features, clinical manifestations, comorbid conditions, and medications and time of treatment with conventional and/or biologic DMARDs (early vs. late). Age-and sex-adjusted odds ratios were estimated, along with 95% Confidence Intervals (CI), using a logistic regression analysis. Variables that showed statistical significance in the bivariate analyses were entered into the multivariable analyses. P-values ≤ 0.05 were considered statistically significant. All statistical analyses were performed using the Statistical Package STATA (StataCorp. 2015. Release 14. College Station, TX).

      

    


    
      3. RESULTS


      A total of 387 patients with RA were studied. At study visit, the mean (standard deviation [SD]) age of the study population was 56.0 (14.0) years. The mean (SD) disease duration was 14.9 (51.5) years and 337 (87.0%) patients were women. One hundred and twenty-one (31.3%) patients received early treatment and 266 (68.7%) received late treatment. Table 1 shows the demographic features and health-related behaviors in RA patients receiving early and late treatment with conventional and/or biologic DMARDs. Patients receiving early treatment were younger than those who received late therapy (53.6 vs. 57.1 years, p = 0.022). No differences were seen for sex or lifestyle behaviors.


      
        Table 1 Demographic features and health-related behaviors in RA patients receiving early and late treatment with DMARDs (n=387).


        
          
            
              	Features

              	Early treatment

              (n=121)

              	Late

              treatment

              (n=266)

              	p value
            

          

          
            
              	Age at study visit, mean (SD) years

              	53.6 (14.0)

              	57.1 (13.8)

              	0.022
            


            
              	Gender, % female

              	86.8

              	87.2

              	0.905
            


            
              	Current alcohol consumption, %

              	6.6

              	4.2

              	0.300
            


            
              	Current cigarette smoking, %

              	7.4

              	6.0

              	0.598
            


            
              	Current exercise, %

              	20.2

              	15.7

              	0.277
            

          
        


        
          RA: Rheumatoid Arthritis; DMARDs: Disease-Modifying Anti-rheumatic Drugs; SD: Standard Deviation.
        


      


      Table 2 shows the clinical manifestations, disease activity and outcomes. RA patients who received early treatment were less likely to have joint deformities (35.5% vs. 55.3%, p<0.001) and subcutaneous nodules (19.0% vs. 29.7%, p=0.027), and require less intra-articular injections (40.0% vs. 54.5%, p=0.008) and joint replacement surgeries (9.2% vs. 22.6%, p=0.002) than those who received late treatment. They also had significantly lower mean scores in the HAQ (0.9 vs. 1.2, p<0.001), and physician’s assessments of global health (17.1 vs. 22.0, p=0.041), functional impairment (16.3 vs. 25.1, p<0.001) and physical damage (14.3 vs. 24.1, p<0.001). There were no significant differences in the disease duration, radiographic evidence of joint damage, rheumatoid factor or anti-CCP antibodies positivity, extra-articular manifestations besides subcutaneous nodules, RA exacerbations, hospitalizations, disease activity, clinical remission, or patient’s global health assessment.


      
        Table 2 Clinical manifestations, disease activity and outcomes in RA patients receiving early and late treatment with DMARDs (n=387).


        
          
            
              	Clinical Manifestations

              	Early treatment

              (n=121)

              	Late treatment

              (n=266)

              	p value
            

          

          
            
              	Duration of RA, mean (SD) years

              	15.8 (91.0)

              	14.6 (10.9)

              	0.834
            


            
              	Joint deformities/contractures, %

              	35.5

              	55.3

              	<0.001
            


            
              	Radiographic evidence of joint damage, %

              	60.8

              	69.0

              	0.146
            


            
              	Positive RF and/or anti-CCP antibodies, %

              	67.6

              	75.9

              	0.222
            


            
              	Extra-articular manifestations, %

              	43.8

              	54.1

              	0.059
            


            
              	Ocular

              	29.8

              	37.6

              	0.134
            


            
              	Pulmonary

              	5.0

              	8.3

              	0.244
            


            
              	Cardiac

              	0.0

              	0.75

              	1.000
            


            
              	Neurologic

              	20.7

              	19.2

              	0.733
            


            
              	Subcutaneous nodules

              	19.0

              	29.7

              	0.027
            


            
              	Intra-articular steroid injections, %

              	40.0

              	54.5

              	0.008
            


            
              	Joint replacement surgery, %

              	9.2

              	22.6

              	0.002
            


            
              	RA exacerbations, mean (SD)

              	1.8 (2.8)

              	2.4 (3.1)

              	0.112
            


            
              	Hospitalizations, mean (SD)

              	0.1 (0.0)

              	0.2 (0.0)

              	0.150
            


            
              	DAS28, mean (SD)

              	3.5 (1.5)

              	3.7 (1.5)

              	0.357
            


            
              	Clinical remission (DAS28 < 2.6), %

              	24.8

              	22.6

              	0.629
            


            
              	Patient’s functional status, HAQ, mean (SD)

              	0.9 (0.7)

              	1.2 (0.8)

              	<0.001
            


            
              	Patient’s global assessment, mean (SD)

              	41.1 (28.1)

              	46.2 (30.0)

              	0.117
            


            
              	Physician’s global assessment, mean (SD)

              	17.1 (19.4)

              	22.0 (22.3)

              	0.041
            


            
              	Physician’s assessment of functional impairment, mean (SD)

              	16.3 (19.8)

              	25.1 (24.5)

              	<0.001
            


            
              	Physician’s assessment of physical damage, mean (SD)

              	14.3 (18.1)

              	24.1 (25.7)

              	<0.001
            

          
        


        
          RA: Rheumatoid Arthritis; DMARDs: Disease-Modifying Anti-Rheumatic Drugs; SD: Standard Deviation; RF: Rheumatoid Factor; anti-CCP: Anti-Citrullinated Protein; DAS28: Disease Activity Score 28; HAQ: Health Assessment Questionnaire.
        


      


      Among comorbid conditions (Table 3), type 2 DM was significantly more frequent in patients who received early treatment with DMARDs than in those who had late treatment (20.6% vs. 12.8%, p=0.046). No differences were noted for other comorbid conditions. The initial and cumulative pharmacologic RA therapies are described in Table 4. No significant differences were observed for NSAIDs, corticosteroids, DMARDs (traditional and biologic), and drug combinations between the study groups.


      
        Table 3 Comorbid conditions in RA patients receiving early and late treatment with DMARDs (n=387).


        
          
            
              	Comorbid Conditions

              	Early treatment

              (n=121), %

              	Late treatment

              (n=266), %

              	p value
            

          

          
            
              	Arterial hypertension

              	52.1

              	57.5

              	0.317
            


            
              	Type 2 diabetes mellitus

              	20.6

              	12.8

              	0.046
            


            
              	Dyslipidemia

              	48.8

              	48.5

              	0.962
            


            
              	Overweight/obesity

              	65.8

              	65.5

              	0.952
            


            
              	Cardiovascular events

              	8.3

              	11.7

              	0.315
            


            
              	Cataracts

              	12.5

              	15.0

              	0.509
            


            
              	Glaucoma

              	5.8

              	4.5

              	0.591
            


            
              	Depression

              	11.6

              	14.3

              	0.468
            


            
              	Malignancy

              	4.1

              	4.5

              	0.866
            


            
              	Sjögren’s syndrome

              	11.6

              	7.5

              	0.192
            


            
              	Osteoarthritis

              	61.2

              	62.4

              	0.814
            


            
              	Osteoporosis

              	17.4

              	24.4

              	0.120
            

          
        


        
          RA: Rheumatoid Arthritis; DMARDs: Disease-Modifying Anti-Rheumatic Drugs.
        


      


      
        Table 4 Initial and cumulative pharmacologic treatments in RA patients receiving early and late treatment with DMARDs.


        
          
            
              	Medications

              	Initial treatment

              	Cumulative treatment
            


            
              	Early treatment

              (n=121)

              %

              	Late treatment

              (n=266)

              %

              	p value

              	Early treatment

              (n=121)

              %

              	Late treatment

              (n=266)

              %

              	p value
            

          

          
            
              	NSAIDs

              	52.9

              	59.0

              	0.259

              	84.3

              	86.8

              	0.503
            


            
              	Corticosteroids

              	50.4

              	48.9

              	0.779

              	73.3

              	79.0

              	0.224
            


            
              	Conventional DMARDs

              	

              	

              	

              	

              	

              	
            


            
              	Methotrexate

              	57.8

              	63.0

              	0.334

              	83.5

              	86.5

              	0.438
            


            
              	Hydroxychloroquine

              	40.8

              	34.1

              	0.205

              	57.0

              	53.4

              	0.505
            


            
              	Sulfazalazine

              	5.8

              	4.9

              	0.730

              	15.7

              	16.5

              	0.836
            


            
              	Leflunomide

              	0.0

              	1.1

              	0.241

              	3.3

              	5.3

              	0.397
            


            
              	Azathioprine

              	0.0

              	1.1

              	0.240

              	2.5

              	4.1

              	0.415
            


            
              	Cyclophosphamide

              	0.0

              	0.0

              	---

              	0.8

              	0.8

              	0.938
            


            
              	Gold salts

              	4.1

              	2.7

              	0.450

              	7.4

              	8.7

              	0.689
            


            
              	Biologic agents

              	

              	

              	

              	

              	

              	
            


            
              	TNF-α blockers

              	10.7

              	11.6

              	0.794

              	52.1

              	48.5

              	0.515
            


            
              	Abatacept

              	0.0

              	0.8

              	0.341

              	5.0

              	7.5

              	0.351
            


            
              	Rituximab

              	0.0

              	0.0

              	---

              	0.0

              	0.8

              	0.339
            


            
              	Tocilizumab

              	0.0

              	0.0

              	---

              	0.8

              	0.0

              	0.138
            


            
              	Small molecules

              	

              	

              	

              	

              	

              	
            


            
              	Tofacitinib

              	0.0

              	0.0

              	---

              	0.0

              	0.38

              	0.499
            


            
              	Drug combinations

              	

              	

              	

              	

              	

              	
            


            
              	NSAIDs + DMARDs

              	50.4

              	56.0

              	0.305

              	80.2

              	84.2

              	0.327
            


            
              	NSAIDs + biologics

              	4.1

              	3.8

              	0.860

              	44.6

              	41.7

              	0.593
            


            
              	Corticosteroids + DMARDs

              	47.1

              	47.0

              	0.983

              	67.8

              	75.6

              	0.109
            


            
              	Corticosteroids + biologics

              	5.0

              	3.4

              	0.457

              	38.8

              	41.4

              	0.641
            


            
              	DMARDs + biologics

              	5.0

              	4.2

              	0.714

              	47.1

              	44.0

              	0.567
            

          
        


        
          RA: Rheumatoid Arthritis; NSAIDs: Nonsteroidal Anti-Inflammatory Drugs; DMARDs: Disease-Modifying Anti-rheumatic Drugs; TNF-α: Tumor Necrosis Factor-α
        


      


      In the multivariate analysis adjusted for age and sex, early treatment was associated with less joint deformities (odds ratio [OR] 0.49, 95% CI 0.31-0.79), intra-articular injections (OR 0.61, 95% CI 0.39-0.96) and joint replacement surgeries (OR 0.37, 95% CI 0.18-0.73), and lower scores in HAQ (OR 0.53, 95% CI 0.34-0.83), and physician’s assessments of global health (OR 0.56, 95% CI 0.36-0.88), functional impairment (OR 0.54, 95% CI, 0.34-0.86) and physical damage (OR 0.58, 95% CI 0.37-0.91). Conversely, early treatment was associated with type 2 DM (OR 2.13, 95% CI, 1.18-3.85). The association with subcutaneous nodules did not retain significance. These results are depicted in Table 5.


      
        Table 5 Logistic regression analysis of the effect of early treatment on clinical manifestations in rheumatoid arthritis patients.


        
          
            
              	Features

              	Un-Adjusted OR

              (95% CI)

              	Adjusted OR*

              (95% CI)
            

          

          
            
              	Joint deformities

              	0.44 (0.28-0.70)

              	0.49 (0.31-0.78)
            


            
              	Subcutaneous nodules

              	0.56 (0.33-0.94)

              	0.61 (0.36-1.04)
            


            
              	Intra-articular steroid injections

              	0.56 (0.36-0.86)

              	0.61 (0.39-0.96)
            


            
              	Joint replacement surgery

              	0.35 (0.17-0.67)

              	0.37 (0.18-0.72)
            


            
              	Type 2 diabetes mellitus

              	1.77 (1.01-3.14)

              	2.13 (1.18-3.85)
            


            
              	Health assessment questionnaire

              	0.54 (0.35-0.83)

              	0.53 (0.34-0.83)
            


            
              	Physician’s global assessment

              	0.57 (0.36-0.87)

              	0.56 (0.36-0.88)
            


            
              	Physician’s assessment of functional impairment

              	0.52 (0.33-0.81)

              	0.54 (0.35-0.86)
            


            
              	Physician assessment of physical damage

              	0.55 (0.36-0.86)

              	0.58 (0.37-0.91)
            

          
        


        
          OR: Odds Ratio; CI: Confidence Interval. *Adjusted model includes age and sex.
        


      

    


    
      4. DISCUSSION


      The benefit of early RA treatment with DMARDs has been extensively studied over the last years and there is a consensus among rheumatologists for the need of prompt intervention to alter the potentially devastating disease course. However, different definitions to describe early disease have been used in clinical studies, ranging from 3 months to 2 years after the diagnosis of RA [3-10]. The current ACR guidelines for the treatment of RA define early disease as those patients having less than 6 months from the onset of symptoms attributable to RA [11]. Only a few studies have been conducted using this time frame. Thus, we determined the clinical outcome in a cohort of Puerto Ricans with RA receiving early treatment with DMARDs based on the ACR definition of early RA. We found that early treatment was associated with higher functional status, lower probability of joint deformities, intra-articular injections and joint replacement surgeries, and lower scores in the physician’s assessments of global health, functional impairment and physical damage when compared to those who received late treatment. Noteworthy, no significant differences were observed for the initial and cumulative exposure to specific conventional or biologic DMARDs among the study groups.


      The findings of our study are in accordance with those observed in the ESPOIR cohort [19, 20]. The latter is a longitudinal prospective observational study of 813 initially DMARD-naïve patients from the French Early Arthritis Clinic followed since 2002. In this study, those who received treatment within 6 months of symptom onset had less joint deformities, intra-articular injections and joint replacement surgeries, and had better functional capacity. Some aspects of this study are comparable to ours. For example, in both cohorts the choice of DMARD therapy was left to the primary rheumatologist owing to the fact that no treatment protocol was established on either cohort; thus reflecting the daily practice in rheumatology. As per the 5-year data report of the ESPOIR cohort the use of conventional and biologic DMARDs was similar to that in our cohort [18]. MTX was the primary conventional DMARD of choice; however, compared with our study a higher use of sulfasalazine and leflunomide was observed. Conversely, hydroxychloroquine was used more frequently in our group. With regard to biologic DMARDs, TNF-α inhibitors were the most common biologic therapy used in both studies, but their use was higher in the ESPOIR group. Also, the exposure to corticosteroids was comparable as approximately 50% of the patients in both cohorts received treatment with these drugs at some point during the disease course. Although the studies differ in some aspects of the methodology, such as the ESPOIR is a prospective longitudinal study assessing not only clinical variables but also other factors such as HLA-DRB1 genotyping, synovial immune-histologic markers, radiographic progression, work disability, and economic impact of treatment and mortality, both reach similar conclusions regarding the benefits of early intervention in RA using the 6-month time frame [19, 20].


      Few RA studies have been conducted in Latin America, and besides our work, none have compared the long-term outcomes of early versus late treatment [21-24]. Some of the demographic and clinical characteristics observed in our group are comparable with the Latin American cohorts GLADAR (Grupo Latino Americano de Estudio de Artritis Reumatoide), REPANARC (Pan-American Registry of Early–Onset Arthritis) and BRASILIA, a Brazilian cohort [21-23]. For instance, the mean age at the disease onset in our cohort was 41 years, similar to that found in GLADAR (46 years), REPANARC (42 years) and BRASILIA (46 years); but younger than that described in European cohorts [19-25]. In addition, the proportion of women to men is higher in our cohort, as well as in the Latin American cohorts, compared to European and North American cohorts. When comparing pharmacologic treatments, MTX was the most commonly used DMARD and it was used in a similar frequency as in our study. Conversely, the exposure to TNF-α inhibitors was much lower in the Latin American cohorts compared to ours, which may reflect the disparities in terms of access to these medications. It has to be noted that a great diversity exists in terms of genetic and socioeconomic backgrounds and access to healthcare among different Latin American populations; hence, observations from these studies may not necessarily be extrapolated to other Hispanic populations.


      Regarding the use of DMARDs, we found no difference between the study groups (early versus late treatment) in terms of specific initial or cumulative medications used suggesting that the beneficial effects of early therapy are based primarily on the institution of treatment within 6 months of symptom onset rather than the choice of therapy utilized. This concept has been shown in prior studies where early institution of DMARDs, regardless of specific drug selection, is associated with less radiographic progression and functional disability [20, 26-28].


      We found no differences in the presence of traditional serologic markers or DAS28 scores between the early and late treatment groups. This apparent incongruence between serological markers and clinical response measures and the presence of surrogate markers of subclinical inflammation has been noticed before and it has been suggested that it could be related to the dissociation of inflammation and disease progression and its relation to persistent inflammatory state and the beginning of structural damage early in the disease course [29].


      Regarding comorbid conditions, we found no difference between early and late treatment groups except for type 2 DM. The significantly higher prevalence of type 2 DM in the early treatment group is difficult to explain considering that these patients had similar health-related behaviors, frequency of overweight/obesity, and cumulative exposure to corticosteroids, all known risk factors for diabetes mellitus [30]. However, it must be noted that we calculated the cumulative presence of comorbidities even if they present before the diagnosis of RA. When we examined the percentage of incident cases of diabetes (after the onset of RA) we found no significant differences between early and late treatment groups. Previous studies have demonstrated that early RA treatment can positively impact cardiovascular risk by decreasing endothelial damage and reactivity [31, 32]. However, in our cohort there were no differences between the groups in terms of cardiovascular events. A plausible explanation for these findings could be related to the fact that the initial and cumulative treatment with DMARDs, including MTX, hydroxychloroquine and TNF-α inhibitors was similar in both groups. Studies have shown that the use of these medications as well as combination therapy can have a protective cardiac effect [33-37].


      This study is not without limitations. First, it was an observational study of university and community-based rheumatology practices and thus may not be representative of the general population. In addition, no follow-up radiographic monitoring protocol was established posing a limitation in the evaluation of radiographic progression. This limitation could explain the lack of concordance between the higher frequency of deformities and replacement surgeries seen in the late treatment group and the lack of significant difference of radiographic damage between the early and late treatment groups. Finally, we did not evaluate the impact of early treatment in other important outcomes such as sustained clinical remission, work disability, and mortality. Nonetheless, our study presents clinically relevant data and outcomes in a cohort followed form a long-term of almost 15 years.

    


    
      CONCLUSION


      Our data support the beneficial effects of early treatment in RA. Using the ACR definition of early RA as a time frame for early treatment, we found that RA patients who received conventional and/or biologic DMARDs within 6 months from the onset of symptoms attributable to RA had better long-term outcomes, having less physical damage and functional impairment than those who received late therapy. This time frame encourages its utilization for uniform data gathering and provides a sound reference when managing new patients with early RA that will benefit from prompt initiation of pharmacologic therapy, thus positively altering the impact of disease progression.
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