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Background

Wilson disease (WD) is a rare and potentially fatal genetic disorder caused by accumulation of toxic levels of copper. Current treatments include chelating agents and/or zinc. We characterized real-world US treatment patterns in patients with WD.





Methods

This retrospective, observational medical chart review utilized deidentified clinical data, including treatment patterns, abstracted from patient medical charts between 01/2012 and 06/2017. Line of therapy was assessed based on disease presentation and aggregated. Index treatment was defined as the first line of therapy, followed by second line of therapy and third line of therapy. Results were summarized using descriptive statistics.





Results

A total of 225 patients were included (mean [SD] age at diagnosis: 24.7 [9.8] years). Initial disease presentation was both neurologic/psychiatric and hepatic in 52.9%, followed by neurologic/psychiatric (20.0%), hepatic (16.9%), and asymptomatic (10.2%). Median (first and third quartiles) duration of follow-up from diagnosis was 39.5 (33.8–60.4) months. The most common first line of therapy was penicillamine monotherapy in 45.5%, followed by trientine monotherapy (26.1%) and chelator/zinc combination therapy (21.2%). A total of 167/222 (75.2%) patients remained on first line of therapy during the follow-up period. Of the 13.5% who switched to second line of therapy, most changed to trientine monotherapy (53.3%). All those who switched to third line of therapy transitioned to zinc monotherapy (100.0%). Unexpectedly, 11.3% discontinued first line of therapy without transitioning to a subsequent therapy. The primary rationale for index monotherapy selection was improved efficacy (61.6%). Most discontinuations were due to side effects/tolerability (40.8%). Treatment patterns varied by initial disease presentation, practice setting, physician specialty, and geographic location.





Conclusion

These results demonstrate a lack of consensus in the US regarding first-line treatment for patients with WD. Evidence-based treatment pathways informed by high-quality clinical trials for improved health outcomes are needed.
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Introduction

Wilson disease (WD) is an inherited genetic disorder caused by mutations in ATP7B, the hepatobiliary copper-transporting gene (1). The disease is rare, affecting approximately 1 in 30,000 to 50,000 individuals in the United States, although estimates vary (2). People with WD accumulate copper because of a genetic inability to excrete copper, resulting in harmful levels of copper deposition within the tissues and organs, particularly the brain, corneae, and liver (3).

Although organ damage caused by copper can begin in childhood, the clinical signs and symptoms often do not appear until the second or third decades of life (4). In a cohort of 62 patients participating in a US and European WD registry, the median age at diagnosis was 19 years (interquartile range, 11–25 years) (5). Unfortunately, the average time from onset of symptoms or signs of WD to diagnosis is typically more than 2 years (6–11). Delayed diagnosis or misdiagnosis is common, as WD signs and symptoms are heterogeneous, its phenotypic manifestations differ among patients, and clinicians often attribute signs/symptoms to other diseases (6, 10–14). Additionally, the fact that no single diagnostic test can conclusively establish or exclude a WD diagnosis requires clinicians to order several sequential diagnostic tests (1).

Patients with WD may be asymptomatic or exhibit symptoms or signs of hepatic and neurologic/psychiatric dysfunction in varying combinations (1, 12). Hepatic disease presentation has been reported in 15%–83% of patients (7, 15–21), manifesting variably as acute or chronic hepatitis, cirrhosis, or acute liver failure (1). Neurologic disease presentation has been reported in 20%–82% of patients (7, 15–21), manifesting as dysarthria, dystonia, tremor, and parkinsonism (13). Kayser-Fleischer rings (copper deposits within the corneae) have been identified in patients with neurologic symptoms or signs but are detectable in only a variable proportion of patients with hepatic disease (1, 15, 22, 23). Psychiatric presentation of WD has been reported in 2%–23% of patients (15, 17), primarily manifesting as depression, incongruous behavior, cognitive impairment, and irritability (24). Finally, asymptomatic disease with no organ damage has been identified in 3%–29% of patients with WD (15, 17–19).

WD is progressive and fatal if untreated (22). Historically, penicillamine has been the mainstay of WD treatment, because it was the first oral copper chelating agent recommended for WD treatment used extensively worldwide (3, 25). Subsequently, trientine was approved as an alternative copper chelating agent for WD treatment (25). Later, zinc gluconate, proven to reduce intestinal absorption of dietary copper, was introduced for use as monotherapy or in combination with a chelating agent (25, 26).

Three treatment guidelines for the treatment of WD have been published (3, 22, 27). WD guidance from the American Association for the Study of Liver Diseases (AASLD, 2022) is the most recent (26). The guidelines of the European Association for the Study of the Liver (EASL) were published in 2012 (22, 26), and those of the European Society for Paediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN) were published in 2018 (27). All guidelines recommend a low-copper diet, especially during the first year of treatment (22, 26, 27). These guidelines agree overall on the treatment of liver disease but agree to a lesser extent on the treatment of neurologic and psychiatric manifestations of WD (14). All guidelines support initial first line of therapy of symptomatic patients with copper chelation using penicillamine or trientine. Two guidelines (AASLD and ESPGHAN) propose initial combination first line of therapy with a chelator plus zinc for patients with decompensated cirrhosis (22, 26, 27). EASL uniquely proposed zinc as first line of therapy in patients with neurologic disease (22). For asymptomatic patients without evidence of organ damage (or presymptomatic disease), both AASLD and EASL recommend first line of therapy with a chelator or zinc, while ESPGHAN favors zinc monotherapy.

In rare diseases like WD, real-world data are germane to understanding clinical characteristics and treatment outcomes and identifying unmet needs (28). The aim of the current study was to assemble real-world data from US physicians who treat patients with WD to assess 3 key questions. First, what is the spectrum of WD clinical presentations? Second, what were the rationales for first-line and subsequent therapies among physicians of different specialties, types of practices, and geographic sites of practice? Third, what proportion of physicians used published WD guidelines in management of their patients with WD?





Methods




Study design and objectives

This retrospective, observational medical chart review study used deidentified clinical data abstracted directly from medical records of US patients diagnosed with WD. The study’s objective was to describe patient treatment patterns in real-world clinical practice. In the current study, data were abstracted for patients identified by their treating physicians as having an initial WD diagnosis between January 1, 2012, and June 30, 2017. For analysis, patients were required to have ≥12 months of clinical data available both before and after their initial WD diagnosis. Patient-level clinical data were collected from the 12-month period prior to diagnosis through their most recent visit or death. The index treatment was defined as first line of therapy, which could be either monotherapy or combination therapy.

Ethics committee approval for this study was obtained from the New England Institutional Review Board (Needham, MA) on January 16, 2020.





Data source and study cohort

A geographically dispersed sample of physicians treating patients with WD, comprising neurologists, hepatologists, and gastroenterologists, were selected from national physician databases for each specialty and recruited by email, telephone, and/or fax. Physicians were interviewed prior to their participation using a customized questionnaire to confirm their experience in managing WD. Eligible physicians had to have managed and/or treated at least 5 patients with WD between January 1, 2012, and June 30, 2017, who had data for ≥12 months prior to and after diagnosis, to be willing to collect all data of interest, and to agree with study requirements regarding validation of data and resolution of data queries. Physicians who qualified were responsible for identifying their eligible patients, extracting patient data, and completing case report forms. Before study initiation, all data collection forms were pretested with a minimum of 2–3 WD-treating physicians to ensure reliability and validity.

Eligible patients were ≥3 years of age when initially diagnosed with WD between January 1, 2012, and June 30, 2017. Each had a complete medical history available from diagnosis through the most recent visit or death, whichever occurred first, and were not currently enrolled in any WD-related clinical trials.

Key demographic physician data included years in practice, medical specialty, practice setting, type of hospital, geographic location, and use of WD treatment guidelines in their practice. Key data extracted from patient charts included patient demographic and clinical/disease characteristics (e.g., disease presentation, symptoms, and signs). Disease presentation at diagnosis was categorized as: (1) neurologic/psychiatric, (2) hepatic, (3) neurologic/psychiatric and hepatic, or (4) asymptomatic. For patients treated with an index therapy of penicillamine, trientine, or zinc monotherapy (or penicillamine/trientine in combination with zinc), additional data were extracted regarding treatment history, duration of treatment, and the rationale for selection of monotherapy as first line of therapy. Treatment duration was defined as time from treatment initiation to earliest discontinuation of first line of therapy or end of follow-up/death. The rationales for treatment selection/discontinuation were selected by physicians from a list of predefined options, and more than 1 response could be selected.





Statistical analysis

Descriptive statistics were used to summarize patient demographics, clinical characteristics, and treatment patterns. Patient data were deidentified and reported in aggregate. Categorical variables of interest were summarized using the number and percentage of patients in each category. Continuous variables were summarized using mean, standard deviation (SD), median, first and third quartiles (Q1, Q3), and minimum and maximum values. Patient treatment patterns were analyzed overall and were also stratified according to initial disease presentation, practice setting, physician type, and geographic location. Queries regarding missing or incomplete data were resolved directly with participating physicians.






Results




Demographic and clinical characteristics

A total of 44 physicians participated in the study and provided data on 225 patients. Among the 225 patients, 222 received index treatment (monotherapy, n=172; combination therapy, n=50), and 3 received no treatment. Median (Q1–Q3) duration of follow-up from diagnosis for all patients was 39.5 (33.8–60.4) months.

Table 1 summarizes the demographic and practice features of study physicians. Over one-third of physicians had been in practice for ≤10 years (16/44 [36.3%]) and, at the time of the study, were working in urban (26/44 [59.1%]), academic (23/44 [52.3%]), and/or university-based hospital (25/44 [56.8%]) settings. The largest proportion of physicians were gastroenterologists and hepatologists, accounting together for more than 75% of physicians (19/44 [43.2%] and 15/44 [34.1%], respectively), followed by neurologists (10/44 [22.7%]). A total of 18/44 (40.9%) physicians reported not using WD treatment guidelines in practice. On average, physicians reported prescribing dietary restrictions to only 57.7% of their patients (data not shown).


Table 1 | Physician demographic and practice characteristics.



Table 2 presents demographic and clinical characteristics for all patients and those who initiated index monotherapy. Mean (SD) patient age was 29.1 (9.7) years (range, 12–68 years) at the time of the study, 23.2 (8.9) years at onset of symptoms, and 24.7 (9.8) years at WD diagnosis. Most patients (147/225 [65.3%]) were male and had a Charlson Comorbidity Index of 0 (177/225 [78.7%]) at diagnosis (29). Symptoms at diagnosis were reported as hepatic in 157/225 (69.8%), as neurologic in 135/225 (60.0%), as psychiatric in 120/225 (53.3%), and as other in 90/225 (40.0%) patients. The most common disease presentations at WD diagnosis were a combination of both neurologic/psychiatric and hepatic (119/225 [52.9%]) dysfunction, followed by neurologic/psychiatric (45/225 [20.0%]), hepatic (38/225 [16.9%]), and asymptomatic (23/225 [10.2%]). Of these 225 patients, 18 (8.0%) had a liver transplant during the follow up period and 10 (4.4%) had died during the follow up period; 4 due to complications of their WD.


Table 2 | Patient demographic and clinical characteristics.







Treatment patterns

Table 3 details patient treatment characteristics and treatment duration by line of therapy (n=222). The median (Q1–Q3) time from WD diagnosis to first line of therapy treatment initiation was 0.3 (0.0–1.0) months; median (Q1–Q3) first line of therapy treatment duration was 34.6 (25.4–49.0) months overall. Supplementary Table 1 presents the mean doses of index monotherapy by dosing frequency.


Table 3 | Treatment Characteristics by Line of Therapy.



After initiating first line of therapy, most patients (167/222 [75.2%]) remained on first line of therapy for the study duration, 30/222 (13.5%) switched to second line of therapy, and 25/222 (11.3%) discontinued first line of therapy without transitioning to a subsequent line of therapy. The median (Q1–Q3) treatment duration was 37.9 (32.7–58.8) months for patients who remained on first line of therapy, 8.1 (5.8–11.5) months for patients who switched to second line of therapy, and 12.0 (0.6–24.0) months for patients who discontinued first line of therapy without a subsequent line of therapy. Of the patients who initiated second line of therapy, 23/30 (76.7%) remained on second line of therapy, 5/30 (16.7%) switched to third line of therapy, and 2/30 (6.7%) discontinued second line of therapy without subsequent therapy.

Figure 1 shows the progression from first line of therapy through third line of therapy for all patients (Figure 1A [n=222]). The most common first line of therapy for all patients was penicillamine monotherapy (101/222 [45.5%]), followed by trientine monotherapy (58/222 [26.1%]) and chelator/zinc combination therapy (47/222 [21.2%]: penicillamine/zinc, 21/222 [9.5%]; trientine/zinc, 25/222 [11.3%]; penicillamine/trientine/zinc, 1/222 [0.5%]). The most common second line of therapy for all patients was trientine monotherapy (16/30 [53.3%]), followed by zinc monotherapy (14/30 [46.7%]), and the most common third line of therapy for all patients was zinc monotherapy (5/5 [100.0%]).




Figure 1 | Sankey diagram of treatment patterns (A) overall (n=222) and among those treated by (B) neurologists (n=53), (C) hepatologists (n=83), and (D) gastroenterologists (n=86).



Figure 1 also shows the progression from first line of therapy through third line of therapy for patients treated by physicians with different specialties, including neurologists (Figure 1B [n=53]), hepatologists (Figure 1C [n=83]), and gastroenterologists (Figure 1D [n=86]). For patients treated by neurologists, the most common first, second, and third line of therapy, respectively, was combination chelator/zinc therapy (25/53 [47.2%]), trientine monotherapy (4/7 [57.1%]), and zinc monotherapy (1/1 [100.0%]). For patients treated by hepatologists, the most common first, second, and third line of therapy, respectively, was penicillamine monotherapy (45/83 [54.2%]), both trientine (8/17 [47.1%]) and zinc monotherapy (8/17 [47.1%]), and zinc monotherapy (4/4 [100%]). For patients treated by gastroenterologists, the most common first and second line of therapy, respectively, was penicillamine monotherapy (43/86 [50.0%]) and trientine monotherapy (4/6 [66.7%]); no patient treated by a gastroenterologist received a third line of therapy during this study.

Figure 2 shows the progression from first line of therapy through third line of therapy for patients treated in academic (Figure 2A [n=143]) or nonacademic (Figure 2B [n=79]) settings. For patients treated in academic settings, the most common first, second, and third line of therapy, respectively, were penicillamine monotherapy (64/143 [44.8%]), trientine monotherapy (13/25 [52.0%]), and zinc monotherapy (5/5 [100.0%]). For patients treated in nonacademic settings, the most common first line of therapy and second line of therapy, respectively, were penicillamine monotherapy (37/79 [46.8%]) and trientine monotherapy (3/5 [60.0%]); no patients treated in nonacademic settings received a third line of therapy during the study.




Figure 2 | Sankey diagram of treatment patterns among those treated in (A) academic settings (n=143), (B) nonacademic settings (n=79), (C) urban regions (n=151), and (D) suburban regions (n=65).



Figure 2 also shows the progression from first line of therapy through third line of therapy for patients treated in urban (Figure 2C [n=151]) or suburban (Figure 2D [n=65]) regions. Rural regions were omitted from this analysis because of insufficient sample size (n=6). In urban centers, the most common first, second, and third line of therapy, respectively, were trientine monotherapy (49/151 [32.5%]), trientine monotherapy (9/15 [60.0%]), and zinc monotherapy (1/1 [100.0%]). In suburban regions, the most common first, second, and third line of therapy, respectively, were penicillamine monotherapy (49/65 [75.4%]), zinc monotherapy (7/13 [53.8%]), and zinc monotherapy (4/4 [100.0%]).

Figure 3 shows the progression from first line of therapy through third line of therapy according to types of clinical presentations at diagnosis, including hepatic presentation (Figure 3A [n=36]), combined neurologic/psychiatric and hepatic presentation (Figure 3B [n=118]), neurologic/psychiatric presentation (Figure 3C [n=45]), and asymptomatic presentation (Figure 3D [n=23]). For patients with hepatic presentation, the most common first and second line of therapy, respectively, were penicillamine monotherapy (24/36 [66.7%]) and trientine monotherapy (3/4 [75.0%]); no patient with hepatic presentation at diagnosis received a third line of therapy during the study. For patients with combined neurologic/psychiatric and hepatic presentation, the most common first, second, and third line of therapy, respectively, were penicillamine monotherapy (59/118 [50.0%]), either trientine (8/17 [47.1%]) or zinc monotherapy (8/17 [47.1%]), and zinc monotherapy (4/4 [100.0%]). For patients with neurologic/psychiatric presentation, the most common first line of therapy was either penicillamine monotherapy (14/45 [31.1%]) or chelator/zinc combination therapy (14/45 [31.1%]), the most common second line of therapy was either trientine monotherapy (4/8 [50.0%]) or zinc monotherapy (4/8 [50.0%]), and the most common third line of therapy was zinc monotherapy (1/1 [100%]). For asymptomatic patients, the most common first line of therapy and second line of therapy, respectively, were chelator/zinc combination therapy (11/23 [47.8%]) and trientine monotherapy (1/1 [100.0%]); no patient with an asymptomatic presentation at diagnosis received a third line of therapy.




Figure 3 | Sankey diagram of treatment patterns among those with (A) hepatic presentation (n=36), (B) neurologic/psychiatric and hepatic presentation (n=118), (C) neurologic/psychiatric presentation (n=45), and (D) asymptomatic presentation (n=23).







Rationale for treatment selection and discontinuation

Figures 4A, B show physician rationales for selection of index monotherapy (n=172) and discontinuation (49/172 [28.5%]). Overall, the primary rationale for index monotherapy selection was perceived comparative efficacy (106/172 [61.6%]). Perceived efficacy was also the primary rationale for selecting index penicillamine monotherapy (72/101 [71.3%]). Lower side effects were the primary rationale for selecting index trientine monotherapy (34/58 [58.6%]) or zinc monotherapy (6/13 [46.2%]). Overall, the primary rationales for discontinuation of index monotherapy were side effects and tolerability (20/49 [40.8%]), including 14/30 (46.7%) for index penicillamine monotherapy and 4/14 (28.6%) for trientine monotherapy. Three factors were cited equally as primary rationales for discontinuing index zinc monotherapy: side effects/tolerability, hepatic symptoms, and neurologic symptoms (all 2/5 [40.0%]).




Figure 4 | Rationalesa for (A) selection of index monotherapy and (B) discontinuation of index monotherapy. aMore than one rationale could be abstracted from each patient chart.



Figure 5A shows the reported rationale for index monotherapy selection by physician specialty. The primary rationale of neurologists (n=26) for index monotherapy selection was efficacy in the reduction/control of neurologic symptoms (13/26 [50.0%]), followed by improved efficacy (8/26 [30.8%]) and reduction/control of hepatic symptoms (8/26 [30.8%]). For patients treated by hepatologists (n=73), the primary rationale was improved efficacy (61/73 [83.6%]), followed by lower side effects (15/73 [20.5%]) and drug cost/co-pay (13/73 [17.8%]). For patients treated by gastroenterologists (n=73), the primary rationale was improved efficacy (37/73 [50.7%]), followed by reduction/control of hepatic symptoms (34/73 [46.6%]) and lower side effects (29/73 [39.7%]).




Figure 5 | Rationalesa for selection of index monotherapy by (A) physician type, (B) practice setting, and (C) geographic location. aMore than one rationale could be abstracted from each patient chart.



Figure 5B shows the rationale for index monotherapy selection according to academic or nonacademic practice settings. For patients treated in an academic setting (n=108), the primary rationale for index monotherapy selection was comparative efficacy (77/108 [71.3%]), followed by reduction/control of neurologic symptoms (27/108 [25.0%]) and drug cost/co-pay (24/108 [22.2%]). For patients treated in a nonacademic setting (n=64), the primary rationale was comparative efficacy (29/64 [45.3%]), followed by reduction/control of hepatic symptoms (28/64 [43.8%]) and lower side effects (25/64 [39.1%]).

Figure 5C shows the rationale for index monotherapy selection according to geographic region. For patients treated in an urban location (n=106), the primary rationale for index monotherapy selection was comparative efficacy (61/106 [57.5%]), lower side effects (36/106 [34.0%]), and reduction/control of neurologic symptoms (33/106 [31.1%]). For patients treated in a suburban location (n=60), the primary rationale was comparative efficacy (45/60 [75.0%]), followed by reduction/control of hepatic symptoms (15/60 [25.0%]) and drug cost/co-pay (11/60 [18.3%]).






Discussion

This retrospective, observational study provides the first real-world analysis of patients with WD in the United States to answer 3 key questions regarding clinical presentations; choices of first and subsequent line therapies by physicians of different specialties, practice settings, and geographic practice locations; and physician use of published WD guidelines. On average, patients experienced their first symptoms at age 23.2 years, were diagnosed over 1 year later at age 24.7 years, and had received treatment for approximately 3 years. Patients were mostly male, White, commercially insured, and without a known family history of WD. The most common presentation at WD diagnosis was combined neurologic/psychiatric and hepatic disease (52.9%). Only 40.9% of treating physicians used recommendations in published WD guidelines. This is in accordance with the fact that only 57.7% of patients were advised to restrict dietary copper.

The treatment patterns observed in this study indicate a lack of consensus regarding initial treatment of patients with WD among neurologists, gastroenterologists, and hepatologists, and a continued reliance on traditional penicillamine monotherapy as a first of therapy mainstay, primarily for the perception of improved efficacy (20). Specifically, 45.5% of patients received penicillamine monotherapy as first line of therapy, while 47.3% were treated with trientine monotherapy or chelator/zinc combination therapy as first line of therapy. As anticipated, penicillamine often caused adverse events and tolerability issues, which necessitated switching of therapy in up to 36% of cases (3, 20, 30–32) Indeed, in the current study, a lower risk of side effects was the primary rationale of physicians for initiating first line of therapy monotherapy with trientine (56.6%) or zinc (46.2%). However, the perception that penicillamine had greater efficacy than trientine or zinc was the primary rationale for first line of therapy penicillamine monotherapy (71.3%). Clinical guidance recommendations that conflict with the current US prescribing information for trientine, as well as the high cost of trientine may have also contributed to the choice of first line of therapy. Clinical guidelines recommend first-line chelator therapy with either penicillamine or trientine (3, 22, 27), but use of trientine as first line of therapy monotherapy is still considered off-label (33). US prescribing information authorizes trientine use only when “continued treatment with penicillamine is no longer possible because of intolerable or life endangering side effects.” (33) High-quality, prospective, randomized trials demonstrating the comparative treatment efficacy and safety of first-line penicillamine, trientine, and zinc are needed to refine treatment decisions, clarify and extend clinical guideline recommendations, and update approved indications for currently available therapies.

Choice of first line of therapy may also reflect physician experience, drug availability, cost, and insurance coverage (34). In suburban regions, penicillamine was first line of therapy for the vast majority (75.4%) of patients, a numerically higher proportion than any other physician subgroup (the next highest was among gastroenterologists [50.0%]). The primary rationale was improved efficacy (75.0%); this suggests that physicians practicing in suburban centers may not have sufficient experience with alternative first line of therapy choices. According to the AASLD and EASL guidances on WD, treatment targets for therapies include urinary copper excretion and symptomatic control (26, 27). With respect to drug availability, drug cost/co-pay was a consideration in the selection of first line of therapy across the board for approximately 20% of patients who were treated by neurologists or hepatologists, in academic or nonacademic settings, or suburban settings and for approximately 25% of patients treated by gastroenterologists and in urban settings. The unfortunate rise in the cost of trientine imposed by its manufacturer led to unaffordability owing to high co-pays (35, 36). It also led some insurers to refuse use of trientine unless a patient has a proven intolerance to penicillamine (33, 37–39). Therefore, physicians may refrain from prescribing trientine to avoid dealing with insurance denials.

With respect to combination therapy as first line of therapy, the current AASLD guidance recommends chelator/zinc combination therapy for more severe disease (e.g., decompensated cirrhosis) but notes that combination therapy remains investigational (26). Indeed, no prospective randomized trials have been conducted to evaluate the efficacy and safety of chelator or zinc monotherapies versus combination chelator/zinc therapy (1). Despite the absence of an evidence basis for use of combination chelator/zinc therapy, combination therapy with trientine/zinc as first line of therapy was particularly common among US patients treated by neurologists, among patients with neurologic/psychiatric or asymptomatic presentation, and among patients treated in either an academic or urban setting. This may be a result of sufficient clinical experience to consider this approach valid. More research is needed on the comparative efficacy and safety of monotherapy versus combination therapy for WD.

This study also identified an unmet need for an evidence-based treatment approach for patients with neurologic WD. Despite the risks of progressing or worsening neurologic WD symptoms with penicillamine, owing to the rapidity of copper extraction from the nervous system (40), nearly one half of first line of therapy regimens prescribed by neurologists in the current study used penicillamine monotherapy or in combination with zinc. Non-neurologists prescribed penicillamine to a similar percentage of patients with neurologic/psychiatric disease presentations. A systematic review and meta-analysis of 16 cohort studies published in 2022 compared the efficacy and safety of penicillamine or zinc for symptomatic WD. Among symptomatic patients with WD (N=1033), penicillamine increased the relative risk of neurological worsening to 1.96 (95% CI: 1.31–2.93; P=0.001) compared with zinc (41). A 2009 systematic review of the clinical efficacy of WD treatments, which included 1 randomized controlled trial and 12 observational studies, reported deterioration of neurologic signs or symptoms after initiation of therapy in 6/107 (5.6%) of patients treated with penicillamine, but only 1/127 (0.8%) of patients treated with zinc (40). The EASL clinical practice guidelines note that initial treatment with zinc may be better tolerated than penicillamine for patients with neurologic disease presentation (22). AASLD 2022 guidelines do not provide specific recommendations regarding choice of therapy. It is unclear if any of the three major WD clinical practice guidelines are widely used by neurologists in the US.

Finally, in the current study, 11.3% of patients discontinued their first line of therapy without transitioning to a subsequent line of therapy, most often because of side effects/tolerability. This is concerning, as patients with WD who permanently discontinue treatment are at increased risk of organ failure and earlier death (1, 12, 42). Discontinuation of treatment because of side effects has been reported, and a recent single-center retrospective audit of data from 112 patients treated with penicillamine between 2006 and 2020 showed that 16/112 (14.3%) permanently discontinued treatment because of severe adverse effects (43). Similarly, a 2009 systematic review noted a 12.5% (28/224 patients) rate of permanent discontinuation of penicillamine because of severe side effects (40). Discontinuation without prescription of alternative therapy must be discouraged and presents an important unmet need for education among physicians treating patients with WD and among patients with WD.




Strengths and limitations

The strengths of this study in the United States include its large sample size and use of data abstracted directly from patient charts. This approach permitted analysis of initial and subsequent treatments, which would have been challenging with other data sources, such as administrative claims. Furthermore, this real-world evidence–based study increases the inclusion of patients who may otherwise have been excluded from clinical trials because of age, comorbidities, or other factors (44).

However, this study also has limitations. By focusing on a limited number of clinicians with differing medical specialties, the results may not be generalizable to all US patients with WD. Of note, physicians reporting that their therapeutic decisions were based on their views of comparative efficacy among treatment choices were not queried about the evidence basis for their choice. Furthermore, this study did not capture data on patient dietary restrictions or its relation to the selection of therapy. Additionally, since the average follow-up was only four years from diagnosis, patients were relatively early in their treatment journey, which is lifelong. Finally, small subgroup sample sizes (e.g., patients initiating treatment with zinc monotherapy) warrant caution when interpreting results. Health inequities in the US that contribute to racial disparities in access to healthcare may have contributed to the overrepresentation of white patients and might not be representative.






Conclusion

This study provides the first descriptive real-world data in the US about treatment of patients with WD. Approximately half of the physicians in this study do not follow published clinical practice guidance with respect to dietary copper restriction or recommendations for first-line therapy. While penicillamine was the most common first-line therapy overall, treatment patterns varied widely by physician specialty, clinical presentation, practice setting, and geographic location. The most prominent first-line therapies among asymptomatic patients and those with neurologic disease treated by neurologists were trientine monotherapy and combination chelator/zinc therapy. Evidence-based treatment is needed for patients with this rare and progressive disease to improved clinical outcomes. Development of new therapies, supported by high-quality randomized, controlled clinical trials, research on the comparative effectiveness of available treatments, and promotion of clinical guidelines to practicing physicians are all needed to achieve better outcomes for patients with WD.





Data availability statement

The data analyzed in this study is subject to the following licenses/restrictions: Alexion, AstraZeneca Rare Disease will consider requests for disclosure of clinical study participant-level data provided that participant privacy is assured through methods like data de-identification, pseudonymization, or anonymization (as required by applicable law), and if such disclosure was included in the relevant study informed consent form or similar documentation. Qualified academic investigators may request participant-level clinical data and supporting documents (statistical analysis plan and protocol) pertaining to Alexion-sponsored studies. Further details regarding data availability and instructions for requesting information are available in the Alexion Clinical Trials Disclosure and Transparency Policy at https://alexion.com/our-research/research-and-development. Requests to access these datasets should be directed to Link to Data Request Form (https://alexion.com/contact-alexion/medical-information).





Ethics statement

The studies involving humans were approved by New England Institutional Review Board (Needham, MA). The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements.





Author contributions

VM: Investigation, Writing – review & editing. NK: Data curation, Formal analysis, Methodology, Writing – review & editing. JS: Conceptualization, Investigation, Supervision, Writing – original draft, Writing – review & editing. MK: Investigation, Writing – review & editing. JV: Investigation, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This study was sponsored by Alexion, AstraZeneca Rare Disease. Medical writing and editorial support were provided by Peloton Advantage, LLC, Parsippany, NJ, an OPEN Health company (Parsippany, NJ), and funded by Alexion, AstraZeneca Rare Disease.




Acknowledgments

The authors acknowledge assistance with data analysis performed by Lily Tang, of OPEN Health, and with data interpretation and manuscript development performed by Megan Teynor, of Alexion, AstraZeneca Rare Disease, working under the direction of the study authors. The authors acknowledge Della Varghese, of AstraZeneca, who contributed significantly to the design, analysis and reporting of the study.





Conflict of interest

Author MK was employed by Alexion, Astrazeneca Rare Disease. NK was employed by OPEN Health.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The authors declare that this study received funding from Alexion. The funder had the following involvement in the study: conceptualization, study design, interpretation of data, and supervision. Alexion also provided funding for medical writing editorial support for the manuscript.

The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fgstr.2024.1363130/full#supplementary-material



Abbreviations

AASLD, American Association for the Study of Liver Diseases; EASL, European Association for the Study of the Liver; ESPGHAN, European Society for Paediatric Gastroenterology, Hepatology and Nutrition; LOT, line of therapy; Q1, Q3, first and third quartiles; SD, standard deviation; WD, Wilson disease.




References

1. Kasztelan-Szczerbinska, B, and Cichoz-Lach, H. Wilson’s disease: An update on the diagnostic workup and management. J Clin Med. (2021) 10:5097. doi: 10.3390/jcm10215097

2. Sandahl, TD, Laursen, TL, Munk, DE, Vilstrup, H, Weiss, KH, and Ott, P. The prevalence of Wilson’s disease: an update. Hepatology. (2020) 71:722–32. doi: 10.1002/hep.30911

3. Roberts, EA, and Schilsky, ML. Diagnosis and treatment of Wilson disease: an update. Hepatology. (2008) 47:2089–111. doi: 10.1002/(ISSN)1527-3350

4.Wilson Disease: National Organization for Rare Disorders(2018). Available online at: https://rarediseases.org/rare-diseases/wilson-disease/.

5. Camarata, MA, Ala, A, Coskun, AK, Deng, Y, Gonzalez-Peralta, RP, Maciejewski, KR, et al. The effect of mental health, neurological disease, and liver disease on quality of life in patients with Wilson disease. J Acad Consult Liaison Psychiatry. (2021) 62:528–37. doi: 10.1016/j.jaclp.2021.04.004

6. Poujois, A, and Woimant, F. Challenges in the diagnosis of Wilson disease. Ann Transl Med. (2019) 7:S67. doi: 10.21037/atm

7. Merle, U, Schaefer, M, Ferenci, P, and Stremmel, W. Clinical presentation, diagnosis and long-term outcome of Wilson’s disease: a cohort study. Gut. (2007) 56:115–20. doi: 10.1136/gut.2005.087262

8. Bruha, R, Marecek, Z, Pospisilova, L, Nevsimalova, S, Vitek, L, Martasek, P, et al. Long-term follow-up of Wilson disease: natural history, treatment, mutations analysis and phenotypic correlation. Liver Int. (2011) 31:83–91. doi: 10.1111/j.1478-3231.2010.02354.x

9. Litwin, T, Gromadzka, G, and Członkowska, A. Gender differences in Wilson’s disease. J Neurol Sci. (2012) 312:31–5. doi: 10.1016/j.jns.2011.08.028

10. Prashanth, LK, Taly, AB, Sinha, S, Arunodaya, GR, and Swamy, HS. Wilson’s disease: diagnostic errors and clinical implications. J Neurol Neurosurg Psychiatry. (2004) 75:907–9. doi: 10.1136/jnnp.2003.026310

11. Miloh, T, Graper, M, and Schilsky, M. Evaluating diagnosis and management gaps in Wilson disease: results from a qualitative patient survey. Adv Rare Dis. (2018) 4:1–8. doi: 10.12715/ARD.2014.3.1

12. Aggarwal, A, and Bhatt, M. Update on Wilson disease. Int Rev Neurobiol. (2013) 110:313–48. doi: 10.1016/B978-0-12-410502-7.00014-4

13. Lorincz, MT. Recognition and treatment of neurologic Wilson’s disease. Semin Neurol. (2012) 32:538–43. doi: 10.1055/s-0033-1334476

14. Saroli, PC, and Schilsky, ML. Clinical practice guidelines in Wilson disease. Ann Transl Med. (2019) 7:S65. doi: 10.21037/atm

15. Taly, AB, Meenakshi-Sundaram, S, Sinha, S, Swamy, HS, and Arunodaya, GR. Wilson disease: description of 282 patients evaluated over 3 decades. Med (Baltimore). (2007) 86:112–21. doi: 10.1097/MD.0b013e318045a00e

16. MaChado, A, Chien, HF, Deguti, MM, Cançado, E, Azevedo, RS, Scaff, M, et al. Neurological manifestations in Wilson’s disease: Report of 119 cases. Mov Disord. (2006) 21:2192–6. doi: 10.1002/mds.21170

17. Asadi, PAA, Eslami, NS, and Haghighat, M. Wilson disease in southern Iran. Turk J Gastroenterol. (2005) 16:71–4.

18. Moores, A, Fox, S, Lang, A, and Hirschfield, GM. Wilson disease: Canadian perspectives on presentation and outcomes from an adult ambulatory setting. Can J Gastroenterol. (2012) 26:333–9. doi: 10.1155/2012/123431

19. Beinhardt, S, Leiss, W, Stättermayer, AF, Graziadei, I, Zoller, H, Stauber, R, et al. Long-term outcomes of patients with Wilson disease in a large Austrian cohort. Clin Gastroenterol Hepatol. (2014) 12:683–9. doi: 10.1016/j.cgh.2013.09.025

20. Garrido, I, Marques, M, Liberal, R, Cardoso, H, Lopes, S, and Macedo, G. Wilson disease in Northern Portugal: a long-term follow-up study. Orphanet J Rare Dis. (2022) 17:82. doi: 10.1186/s13023-022-02245-5

21. Lin, LJ, Wang, DX, Ding, NN, Lin, Y, Jin, Y, and Zheng, CQ. Comprehensive analysis on clinical features of Wilson’s disease: an experience over 28 years with 133 cases. Neurol Res. (2014) 36:157–63. doi: 10.1179/1743132813Y.0000000262

22. European Association for the Study of the Liver. EASL clinical practice guidelines: Wilson’s disease. J Hepatol. (2012) 56:671–85. doi: 10.1016/j.jhep.2011.11.007

23. Steindl, P, Ferenci, P, Dienes, HP, Grimm, G, Pabinger, I, Madl, C, et al. Wilson’s disease in patients presenting with liver disease: a diagnostic challenge. Gastroenterology. (1997) 113:212–8. doi: 10.1016/S0016-5085(97)70097-0

24. Zimbrean, PC, and Schilsky, ML. Psychiatric aspects of Wilson disease: a review. Gen Hosp Psychiatry. (2014) 36:53–62. doi: 10.1016/j.genhosppsych.22013.08.007

25. Kathawala, M, and Hirschfield, GM. Insights into the management of Wilson’s disease. Therap Adv Gastroenterol. (2017) 10:889–905. doi: 10.1177/1756283X17731520

26. Schilsky, ML, Roberts, EA, Bronstein, JM, Dhawan, A, Hamilton, JP, Rivard, AM, et al. A multidisciplinary approach to the diagnosis and management of Wilson disease: 2022 practice guidance on Wilson disease from the American Association for the Study of Liver Diseases. Hepatology. (2022) 10.1002/hep.32801. doi: 10.1002/hep.32801

27. Socha, P, Janczyk, W, Dhawan, A, Baumann, U, D’Antiga, L, Tanner, S, et al. Wilson’s disease in children: a position paper by the Hepatology Committee of the European Society for Paediatric Gastroenterology, Hepatology and Nutrition. J Pediatr Gastroenterol Nutr. (2018) 66:334–44. doi: 10.1097/MPG.0000000000001787

28. Wu, J, Wang, C, Toh, S, Pisa, FE, and Bauer, L. Use of real-world evidence in regulatory decisions for rare diseases in the United States-current status and future directions. Pharmacoepidemiol Drug Saf. (2020) 29:1213–8. doi: 10.1002/pds.4962

29. Deyo, RA, Cherkin, DC, and Ciol, MA. Adapting a clinical comorbidity index for use with ICD-9-CM administrative databases. J Clin Epidemiol. (1992) 45:613–9. doi: 10.1016/0895-4356(92)90133-8

30. Litwin, T, and Członkowska, A. Wilson disease-treatment perspectives. Ann Transl Med. (2019) 7:S68. doi: 10.21037/atm

31. Czlonkowska, A, Gajda, J, and Rodo, M. Effects of long-term treatment in Wilson’s disease with D-penicillamine and zinc sulphate. J Neurol. (1996) 243:269–73. doi: 10.1007/BF00868525

32. Członkowska, A, Litwin, T, Karliński, M, Dziezyc, K, Chabik, G, and Czerska, M. D-penicillamine versus zinc sulfate as first-line therapy for Wilson’s disease. Eur J Neurol. (2014) 21:599–606. doi: 10.1111/ene.12348

33.Syprine [package insert]. Bridgewater, NJ: Bausch Health (2020). Available online at: https://pi.bauschhealth.com/globalassets/BHC/PI/Syprine-PI.pdf (Accessed 7 May 2024).

34. Aggarwal, A, and Bhatt, M. Advances in treatment of Wilson disease. Tremor Other Hyperkinet Mov (N Y). (2018) 8:525. doi: 10.5334/tohm.435

35. Roberts, EA, Herder, M, and Hollis, A. Fair pricing of “old” orphan drugs: considerations for Canada’s orphan drug policy. Cmaj. (2015) 187:422–5. doi: 10.1503/cmaj.140308

36. United SSSCoA. Sudden price spikes in off-patent prescription drugs: the monopoly business model that harms patients, taxpayers, and the U.S. health care system: United States Senate Special Committee on Aging(2016). Available online at: https://www.aging.senate.gov/imo/media/doc/Drug%20Pricing%20Report.pdf.

37. UnitedHealthcare SI. Prior authorization/notification: Syprine. Minnesota, USA: United Healthcare Services, Inc (2022). Available at: https://www.uhcprovider.com/content/dam/provider/docs/public/prior-auth/drugs-pharmacy/commercial/r-z/PA-Notification-Syprine.pdf.

38. Kaiser FHPoGI. 2020 formulary: Kaiser Permanente(2020). Available online at: https://military-health.kaiserpermanente.org/wp-content/uploads/2020/01/KPGA_TRICARE_Formulary-1.7.20-ADA.pdf.

39. MedImpact HSI. Standard commercial drug formulary prior authorization guidelines: trientine. California, USA: MedImpact Healthcare Systems, Inc (2019). Available at: https://healthy.kaiserpermanente.org/content/dam/kporg/final/documents/formularies/nw/medimpact-pharmacies/syprine-nw-en.pdf.

40. Wiggelinkhuizen, M, Tilanus, ME, Bollen, CW, and Houwen, RH. Systematic review: clinical efficacy of chelator agents and zinc in the initial treatment of Wilson disease. Aliment Pharmacol Ther. (2009) 29:947–58. doi: 10.1111/j.1365-2036.2009.03959.x

41. Tang, S, Bai, L, Hou, W, Hu, Z, Chen, X, Zhao, J, et al. Comparison of the effectiveness and safety of d-Penicillamine and zinc salt treatment for symptomatic Wilson disease: a systematic review and meta-analysis. Front Pharmacol. (2022) 13:847436. doi: 10.3389/fphar.2022.847436

42. Masełbas, W, Członkowska, A, Litwin, T, and Niewada, M. Persistence with treatment for Wilson disease: a retrospective study. BMC Neurol. (2019) 19:278. doi: 10.1186/s12883-019-1502-4

43. Kumar, S, Patra, BR, Irtaza, M, Rao, PK, Giri, S, Darak, H, et al. Adverse events with D-penicillamine therapy in hepatic Wilson’s disease: a single-center retrospective audit. Clin Drug Investig. (2022) 42:177–84. doi: 10.1007/s40261-022-01117-x

44. Cohen, AT, Goto, S, Schreiber, K, and Torp-Pedersen, C. Why do we need observational studies of everyday patients in the real-life setting? Eur Heart J Suppl. (2015) 17:D2–8. doi: 10.1093/eurheartj/suv035




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2024 Medici, Kebede, Stephens, Kunjappu and Vierling. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fgstr-03-1363130-g004.jpg
71
71

214
9
P 26.7
5 58.6
£ 143
Q. 46.2
-
©
@
g 143
€
- 20.0
4
o
o
All (n=172) Penicillamine Trientine Zinc All (n=49) Penicillamine Trientine Zinc
monotherapy monotherapy monotherapy mo noth erapy mo noth erapy mo noth erapy
(n=101) (n=58) (n=13) (n=30) (n=14) (n=5)

Side effects tolerability " Patientrequest to discontinue treatment

= Neurologic symptoms experienced

Improved efficacy " Reduce/control hepatic symptoms

Lower side effects = Reduce/control neurologic symptoms Other
Drug cost/co-pay =Reduce/control psychiatric symptoms Hepatic symptoms experienced
u Other EMaintenance therapy

= Psychiatric symptoms experienced
= Poor/non-compliance

= Lack of effectiveness
¥ Drug cost
= Non-drug related adverse event





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Treatment patterns in a real-world cohort of patients with Wilson disease in the United States

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Methods

        

          		

            Study design and objectives

          



          		

            Data source and study cohort

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Demographic and clinical characteristics

          



          		

            Treatment patterns

          



          		

            Rationale for treatment selection and discontinuation

          



        



        



        		

          Discussion

        

          		

            Strengths and limitations

          



        



        



        		

          Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fgstr-03-1363130-g003.jpg
O Trientine+Zinc M Zinc

@ Penicillamine @ Penicillamine+Trientine O Penicillamine+Zinc O Trientine

W Discontinued treatment

A Firstline of therapy Second line of therapy “Third line of therapy B Firstline of therapy Second line of therapy “Third line of therapy

100 100

%0 Lk

0
R @ ES
w v
£ £
€ €
] ]
E K

& o a

20

2
0
0
= = — = = = B Penicilamine @ Penicllamine+Trientine @ Penicilamine+Zinc 0 Trienting
[D Penicillamine O Penicillamine+Zinc O Trientine M Zinc M Discontinued treatment O Trientine+Zinc M Zinc B Discontinued treatment
Firstline of therapy Second line of therapy Third line of therapy D Firstline of therapy Second line of therapy Third line of therapy

100

80

ES E
v “w
€ €
] ]
E K

a T a0

20

@ Penicillamine O Penicillamine+Zinc 0 Trientine
O Trientine+Zinc M Trientine+Zinc+Penicillamine M Zinc






OEBPS/Images/fgstr-03-1363130-g001.jpg
First line of therapy Second line of therapy Third line of therapy First line of therapy Second line of therapy Third line of therapy
100 100 -]
80 0]
R e R 60
g g
£ w &£ s
20 20
o - 0
@ Penicillamine O Peniciliamine+Zinc O Trientine @ Penicillamine @ Penicillamine+Trientine O Penicillamine+Zinc O Trientine
O Trientine+Zinc B Trientine+Zinc+Penicillamine M Zinc O Trientine+Zinc M Zinc W Discontinued treatment
B Discontinued treatment 8 Penicillamine+ Trientine
First line of therapy Second line of therapy Third line of therapy First line of therapy Second line of therapy Third line of therapy
100 100
80 80
® g e
) )
g g
b s
£ 5 s
204
20
0
o0

B Penicilamine @ Penicillamine+ Trientine O Penicillamine+Zinc
O Trientine+Zinc M Zinc W Discontinued treatment.

O Trientine

@ Penicillamine
O Trientine+Zinc
B Discontinued treatment

0 Peniciliamine+Zinc O Trientine
B Trientine+Zinc+Penicillamine M Zinc






OEBPS/Images/table2.jpg
Index monotherapy (n=172)

All patients Penicillamine Trientine Zinc
Variable Statistic/Category (N=225) (n=101) (n=58) 13)
Current age, mean (SD), years 29.1(9.7) 322 (113) 24.4(6.2) 27.7 (7.9)
Age at diagnosis, mean (SD), years 24.7 (9.8) 28.1 (11.4) 19.7 (6.5) 23.8 (8.0)
Age at first symptom, years Mean (SD) 232 (8.9) 253 (10.9) 19.3 (6.6) 242 (1.3)
Median (Q1-Q3) 22.0 (16.0-27.0) 23.0 (17.0-29.0) 17.0 (15.0-23.0) 24.0 (23.0-25.0)
Range 8.0-63.0 12.0-63.0 9.0-36.0 23.0-26.0
Sex Male 147 (65.3) 71 (70.3) 35 (60.3) 6 (46.2)
Female 78 (34.7) 30 (29.7) 23 (39.7) 7 (53.8)
Race White 199 (88.4) 87 (86.1) 54 (93.1) 12 (92.3)
Black/African American 13 (5.8) 10 (9.9) 0(0.0) 0(0.0)
Asian 9 (4.0) 1(1.0) 4(6.9) 1(7.7)
Native American/ 2(09) 1(10) 0(0.0) 0(0.0)
Alaska native
Multiracial/Unknown 2(0.9) 2(20) 0(0.0) 0(0.0)
Ethnicity Hispanic or Latino 17 (7.6) 6(5.9) 6(10.3) 0(0.0)
Not Hispanic or Latino 181 (80.4) 77 (76.2) 47 (81.0) 12 (92.3)
Unknown 27 (12.0) 18 (17.8) 5(8.6) 1(7.7)
Family history of WD Yes 51 (22.7) 17 (16.8) 21 (36.2) 2 (15.4)
Primary major medical insurance Medicare 2(0.9) 2 (2.0) 0 (0.0) 0(0.0)
Medicaid 48 (21.3) 15 (14.9) 13 (22.4) 3(23.0)
Commercial 174 (77.3) 84 (832) 44 (75.9) 10 (76.9)
Cash/Uninsured 1(04) 0(0.0) 1(1.7) 0(0.0)
Primary pharmacy/drug insurance Medicare 3(13) 3(3.0) 0 (0.0) 0(0.0)
Medicaid 47 (20.9) 14 (13.9) 13 (22.4) 3(23.1)
Commercial 174 (77.3) 84 (83.2) 44 (75.9) 10 (76.9)
Cash/Uninsured 1(0.4) 0(0.0) ‘ 1(17) 0(0.0)
CCI at diagnosis 0 177 (78.7) 79 (78.2) 49 (84.5) 12 (92.3)
1 27 (12.0) 10 (9.9) 5(8.6) 0(0.0)
22 21(9.3) 12 (11.9) ‘ 4(6.9) 1(7.7)
Symptoms at WD diagnosis Neurologic 135 (60.0) 56 (55.4) 37 (63.8) 9(69.2)
Psychiatric 120 (53.3) 54 (53.5) 33 (56.9) 7 (53.8)
Hepatic 157 (69.8) 83 (82.2) 39 (67.2) | 9 (69.2)
Other 90 (40.0) 40 (39.6) 27 (46.6) 8 (61.5)
Asymptomatic 23 (10.2) 4 (4.0) 6(10.3) 2(154)
Follow-up since diagnosis, mean, months 46.8 (20.1) 43.2 (16.5) 51.6 (22.1) 40.2 (18.4)

Values are n (%) unless otherwise specified. Percentages are of the total number of patients receiving that specific therapy.
CCI, Charlson Comorbidity Index; Q, quartile; SD, standard deviation; WD, Wilson disease.





OEBPS/Images/table3.jpg
All Penicillamine Trientine
Variable (N=222)* (n=101) =58) Penicillamine + trientine (n=3)

Chelator
+ zinc
(n=47)

Time from diagnosis to initiation of first line of therapy, months

Mean (SD) 1.6 (43) 2.6 (5.8) 0.6 (22) 0.5 (0.4)
Median (Q1-Q3) 0.3 (0.0-1.0) 0.6 (0.2-1.6) 0.1 (0.0-0.5) 0.5 (0.1-0.9)
Duration of first line of therapy among all patients, months

Mean (SD) 37.6 (23.2) 311 (19.0) 416 (26.7) 34,6 (9.0)
Median (Q1-Q3)  34.6 (25.4-49.0) 33.0 (13.1-40.5) 354 (26.2-61.1) 353 (25.4-43.3)
Patients who remained on first line of therapy

n, % 167 (75.2) 71 (703) 44 (75.9) 1(333)
Duration of first line of therapy among patients who remained on first line of therapy, months
Mean (SD) 45.6 (19.4) 39.2 (14.0) 51.5 (22.4) 4332 (NE)
Median (Q1-Q3) = 37.9 (32.7-58.8) 34.6 (31.7-43.6) 44.4 (33.9-69.4) 43.3 (433-43.3)
Patients with a subsequent line of therapy

n, % 30 (13.5) 20 (19.8) 8(13.8) 0(0.0)
Duration of first line of therapy among patients with a subsequent line of therapy, months
Mean (SD) 116 (11.7) 103 (12.4) 16.4 (10.0) 0.0 (0.0)
Median (Q1-Q3) 8.1 (5.8-11.5) 74 (4.8-10.1) 117 (8.9-24.0) 0.0 (0.0-0.0)
Time from end of first line of therapy to start of second line of therapy, months

Mean (SD) 07 (1.1) 0.9 (1.3) 0.4 (05) 0.0 (0.0)
Median (Q1-Q3) 0.2 (0.0-1.1) 0.3 (0.0-17) 0.0 (0.0-0.8) 0.0 (0.0-0.0)
Patients discontinuing first line of therapy without subsequent line of therapy

n, % 25 (11.3) 10 (9.9) 6(10.3) 2 (66.7)
Duration of first line of therapy among patients who discontinued treatment, months
Mean (SD) 153 (20.1) 15.8 (21.3) 3.1(67) 30.3 (7.0)

Median (Q1-Q3) 12,0 (0.6-24.0) 7.4 (1.0-24.0) 0.3 (03-0.6) 30.3 (25.4-35.3)

“Three patients were not treated with a pharmaceutical agent of interest and were therefore excluded from this analysis.
NE, not estimable; SD, standard deviation.

04 (0.5)

0.2 (0.0-0.9)

274 (23.5)

30.8 (58-39.1)

8 (61.5)

410 (19.7)

35.9 (31.4-41.0)

2 (154)

45 (1.7)

4.5 (3.3-5.8)

04 (0.4)

0.4 (0.1-0.8)

3(23.1)

6.4 (6.4)

58 (03-13.1)

0.8 (24)

0.3 (0.0-0.6)

49.4 (22.1)

43.5 (31.3-68.5)

43 (91.5)

510 (21.0)

46.3 (34.5-68.5)

0(0.0)

0.0 (0.0)

0.0 (0.0-0.0)

0.0 (0.0)

0.0 (0.0-0.0)

4(8.5)

320 (29.0)

211 (122-51.8)





OEBPS/Images/fgstr-03-1363130-g005.jpg
Percentage of Patients

1.7

N
o
o

77

Neurologists
(n=26)

0.9 0.9

179

19.4

o

w
©
~
w
© -
. ES

1& I

Hepatologists Gastroenterologists Academic setting Non-academic setting Urbanregion Suburban region Ruralregion
(n=73) (n=T73) (n=108) (n=64) (n=106) (n=60) (n=6)
Improved efficacy = Reduce/confrol hepatic symptoms Lower side effects
» Reduce/contol neurologic symptoms Drug cost/co-pay mReduce/contol psychiatric symptoms

u Other





OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Gastroenterology





OEBPS/Images/fgstr-03-1363130-g002.jpg
First line of therapy Second line of therapy Third line af therapy First line af therapy Second line of therapy Third line of therapy
100 | - 1
0
E
g
2
0
@ Penicilamne O Pencillamine+Zinc O Tnentne
@ Penicliamine @ Penicillaminz+Trenting @ Penicllaminz+Zinc O Tnentine 0 Trientine+Zinc W Trentine+Zinc+Penicilamine @ Zinc

O Trientina+Zinc M Zinc B Discontinued taaiment @ Discontinued treatment

Firstline of therapy Second line of tharapy Third line of therapy Firstline of therapy Secand line of therapy Third line of therapy
100
80
ESCE
®
o 40+
—
20
20
04
0
B Penicllamne 4 Penillaming+Zinc 0 Trientne
B Penicillamine Penicillamine+ Trienting O Penicillamne+Zinc O Trentine O Trientine+Zinc B Trentine+Zinc+Penicillamine @ Zinc
O Trentine+Zinc @ Zinc Discontinued treatment B Discontinued freatment






OEBPS/Images/table1.jpg
Statistic/

Variable Category
Time in practice, y 2-5 2 (4.5)
6-10 14 (31.8)
11-15 9 (205)
16-20 8 (18.2)
21-30 11 (25.0)
Primary Neurology 10 (22.7)
medical specialty
Hepatology 15 (34.1)
Gastroenterology 19 (43.2)
Practice setting Academic institution 23 (52.3)
Nonacademic institution 7 (15.9)
Private practice 14 (31.8)
Type of hospital University-based 25 (56.8)
General 5(11.4)
Regional 6 (13.6)
Community 18 (40.9)
Location Urban 26 (59.1)
Rural 3(6.8)
Suburban 15 (34.1)
WD treatment Yes 26 (59.1)
guidelines used
in practice No 18 (40.9)
Patients treated for WD n 44
by the physician
Mean (SD) 11.3 (15.7)
Median (Q1-Q3) 8.0 (3.0-13.0)

Values are n (%) unless otherwise specified.
Q, quartile; SD, standard deviation; WD, Wilson disease.
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