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Pathology 
· Gout is a chronic, deteriorating and incapacitating disease caused by chronic hyperuricaemia, or an excess of uric acid in the blood (SUA) (Doghramji, 2012 (46); Doherty, 2012 (47)) which involves the progressive deposition of monosodium urate crystals (MSU) in the joints, the soft tissues around the joints and the internal organs such as the kidneys.
· In affected patients the disease manifests itself as inflammatory arthritis (acute gouty arthritis) associated with intense pain which rapidly worsens, tumefaction and physical function compromise of the affected joints (Doghramji, 2012 (46); Doherty, 2012 (47)); acute gouty arthritis is interspersed with “intercritical” periods that are free of symptoms (intercritical gout), which may last for years, during which the patient, though once again free from symptoms, must be treated (Burns 2012 (140)). If not appropriately treated, gout develops to the chronic tophaceous gout stage, characterised by the involvement of a number of joints and the presence of tophi, deposits of MSU crystals that cause the destruction of the joints, chronic pain and a serious compromise of physical function.  (Doghrami, 2016 (10); Perez-Ruiz, 2015 (11); Tatlock, 2016 (12)).
· Hyperuricaemia is, in the majority of cases (80-90%), caused by the inefficient renal excretion of uric acid, while in only 10-20% of cases is it caused by the over-production of uric acid (Zhu, 2011 (33); Richette, 2010 (34); Boss, 1979 (35))
· Patients affected by hyperuricaemia and gout have a greater combined presence of serious diseases, including hypertension, dyslipidaemia, type 2 diabetes, heart disease, cerebrovascular disease and nephrolithiasis  (Trifirò, 2012 (20)) 
· Many studies have shown that gout is associated with an increased risk of mortality from any cause, and in particular mortality resulting from cardiovascular diseases (Perez-Ruiz, 2014 (9); Choi, 2007 (21); Kuo, 2011 (22); Stack, 2013 (23); Ioachimescu, 2008 (24); Kleber, 2015 (25); Niskanen, 2004 (26)); gout and uric acid levels are independently associated with mortality from any cause and cardiovascular mortality, and these risks increase as uric acid levels rise (Stack, 2013 (23)); high baseline SUA levels and the presence of subcutaneous tophi have been identified as independent variables associated with an increased risk of mortality (Perez-Ruiz, 2014 (9)); gout patients treated by means of Urate Lowering Therapy (ULT) show a statistically significant reduction in the risk of mortality from any cause and from cardiovascular diseases compared with patients not receiving ULT treatment (Chen, 2015 (27)).
· Gout reduces patients’ quality of life: international and Italian literature has shown that the characteristics of the disease affect Quality of Life (QoL) and that inadequately managed gout patients have a lower QoL than gout patients that is well controlled with drugs (Scirè, 2013 (28); Khanna, 2012 (29); Lee, 2009 (30); Roddy, 2007 (31); Kleinman, 2007 (92); Wood, 2016 (93); Van Vlaenderen, 2008 (94)). 
· The treatment of gout and of its complications has a significant economic impact on national health systems: gout patients have substantially higher direct and indirect costs compared with patients who do not have the disease, higher among elderly patients and those who do not respond to treatment, compared with younger gout patients. The direct costs increase with the worsening of the characteristics of the disease (Rai, 2015 (32)); the direct costs associated with gout can differ depending on many factors such as SUA levels , the number of acute attacks and tophi, resulting in a greater consumption of resources, mostly in the form of hospitalisation (Shields, 2015 (95)).
Current pharmacological treatments in Italy 
· As also demonstrated by the expert Prof. Punzi, U.O.C. Director of Rheumatology at Padua University  (Attachment 1), the treat to target approach suggested on the basis of the physiopathology of gout can be stratified into two levels:  the first, “intensive” urate lowering therapy, aimed at completely dissolving the MSU crystal deposits, particularly in more serious gout patients; and the second level, following the first, aimed at maintaining the SUA levels below the safety levels in order to prevent precipitation and MSU crystal deposits (i.e. 6 mg/dl), throughout the patient’s life.  The aim here is to ensure the disappearance of acute attacks and the complete resolution of tophi (Perez-Ruiz, 2011 (18)). 
· In Italy the only drugs available for the treatment of gout are those that act by inhibiting the production of uric acid (xanthine oxidase inhibitors, XOIs), or allopurinol and febuxostat, both in monotherapy; however, these are unable to act on the inefficient secretion of uric acid, which is the main cause of gout and is present in 80-90% of patients (Richette, 2010 (34); Boss, 1979 (35)). 
· In particular the European League Against Rheumatism (EULAR) guidelines, the most recently published (Richette, 2016 (6)) in the process of being adopted in the SIR Guidelines (Manara, 2013 (7)) recommend allopurinol (XOI) as the first-line treatment; initially it must be used at a low dosage (100 mg/day) with titration in the form of a further 100 mg each 2-4 weeks (until the maximum permitted dosage is reached) until the uricaemia target (SUA < 6mgg/dl) is achieved.
· The second-line treatment:
· if allopurinol in monotherapy is found to be ineffective (in controlling the SUA levels), the following is recommended: 
· the addition of allopurinol or a uricosuric drug (the only uricosuric available in Italy is lesinurad), the switch to febuxostat (XOI) in monotherapy (80-120 mg/day), or the switch to a uricosuric in monotherapy (an option not to be considered for Italy where the only available uricosuric is lesinurad, which must be supplied in combination 
· in cases of allopurinol intolerance the following is recommended: 
· the switch to febuxostat in monotherapy (80-120 mg/day) 
· if the second-line treatment option fails, the combination of an XOI (febuxostat) with a uricosuric (i.e. lesinurad in Italy) is suggested.
· The main international guidelines  (Richette, 2016 (6); Manara, 2013 (7); Khanna, 2012 (96), Jordan, 2007 (97)) and various publications support the use of SUA levels as a marker for use in the treatment and management of gout (Becker, 2009 (37); Li-Yu, 2001 (112); Shoji, 2004 (17); Pascual, 2007 (113); Perez-Ruiz, 2002 (114); Campion, 1987 (115), Kiltz.2016 (167)). Furthermore, the effects of SUA levels on clinical outcomes of relevance for the pathology (acute inflammatory episodes (flares) and tophi) have been confirmed through a systematic research of the literature, the results of which show that SUA values of >6 mg/dl are associated with a worsening of the above clinical outcomes (Grünenthal DOF, SLR, September 2016 (116)). 
Therapeutic need not resolved
· XOIs in monotherapy act on the over-production of uric acid but do not act on the inefficient excretion of uric acid, which is the main cause of gout and found in 80-90% of patients (Richette, 2010 (34); Boss, 1979 (35)). 
· At the XOI dosage levels commonly used, more than 50% of gout patients fail to achieve the target SUA level (<6.0 mg/dl) (Becker, 2005 (36); Becker, 2009 (37); Becker, 2010 (38); Schumacher, 2008 (39); Becker, 2015 (40)).
· Despite using higher dosages than those commonly used for allopurinol (300 mg/day), and with treatment adherence greater than 96%, there remains a high percentage of patients who fail to respond to the treatment, with 52% of patients failing to achieve the target SUA level (<6.0 mg/dl) (Becker, 2015 (40)). 
· IMS research commissioned by Grünenthal in 2016 showed that, despite receiving ULT treatment, 67.7% of gout patients present SUA levels of > 6.0 mg/dl (IMS-Health LPD longitudinal Patient Database, 2016 (41)).
· The result of inadequate treatment of the disease, i.e. the failure to reduce uric acid levels, is the deposition of MSU crystals which, in addition to osteoarticular damage, cause serious clinical consequences in the long term (development of cardiovascular diseases, dysfunctions and organ insufficiency), disability and the corresponding significant economic effects on costs for the Italian NHS (Wertheimer, 2013 (15); Park, 2014 (19); Dalbeth, 2014 (78); Tarkeltaub, 2013 (141)).
· Therefore, as also made clear by the expert, Prof. Punzi, U.O.C. Director of Rheumatology at the First University of Padua (Attachment 1), the management of those patients whose SUA levels cannot be controlled, despite monotherapy with drugs that act on the over-production of uric acid (allopurinol and febuxostat), remains an important unresolved therapeutic need): the latter are unable to have an efficient effect on the renal excretion of uric acid, which can be corrected only by a uricosuric acid such as lesinurad.  Hyperuricaemia is in most cases (80-90%) caused by the inefficient renal excretion of uric acid, while in only 10-20% of cases is it caused by the over-production of uric acid  (Zhu, 2011 (33); Richette, 2010 (34); Boss, 1979 (35)) 
The drug for which an application is being submitted – Zurampic (lesinurad)
ZURAMPIC is a significant innovation in the context of the current range of treatments for hyperuricaemia in gout patients.
ZURAMPIC is the only uricosuric drug available in Italy and is thus the only one capable of correcting the pathogenic alteration most frequently encountered in gout patients (i.e. insufficient renal excretion of uric acid). 
ZURAMPIC, By virtue of its complementary action mechanism to xanthine oxidase inhibitors (XOIs), ZURAMPIC
· has doubled the number of patients achieving the therapeutic target recommended in the Guidelines (reduction of serum uric acid levels by 15-25% measured against the baseline, as of the first month of treatment) (Bardin, 2016 (100); Saag, 2016 (138); CSR 304, 2014 (111))
· has brought about an ongoing clinical benefit after 24 months of treatment (reduction of the frequency of flares, 50% reduction in the area affected by tophi and the resolution of tophi). 
The studies under the CLEAR-CRYSTAL programme are the first clinical trials that have studied the efficacy of an oral treatment in patients not adequately controlled by treatment with xanthine oxidase inhibitors.
More than 1500 patients were included in the clinical development programme of lesinurad for the assessment of efficacy, and 2586 patients were assessed for the safety analysis.
Indications and dosage
· ZURAMPIC, in combination with an XOI, is indicated in adult subjects for the adjunctive treatment of hyperuricaemia in gout patients (with or without tophi) who have failed to achieve their target serum uric acid levels with an adequate dose of an XOI in monotherapy.
· ZURAMPIC is available in packs of 30 tablets at 200 mg, to be taken once a day. 
Reimbursement class and dispensing procedure 
· the Company is proposing the inclusion of ZURAMPIC (lesinurad) in reimbursement class A as specified below, in accordance with the EULAR 2016 Guidelines (Richette, 2016 (6)), in the process of being recognised by the SIR 2013 Guidelines (Manara, 2013 (7)):
· lesinurad + allopurinol: treatment in combination, second line, when the patient fails to achieve the uricaemia target with the optimal therapeutic doses of allopurinol in monotherapy;
· lesinurad + febuxostat: treatment in combination, third line, when the patient fails to achieve the uricaemia target with the optimal therapeutic doses of febuxostat in monotherapy or with lesinurad + allopurinol


Efficacy and safety
· As stated by Prof. Punzi, U.O.C. Director of Rheumatology at the University of Padua (Attachment 1), ZURAMPIC, administered in associated with an XOI drug, is a new therapeutic possibility in the treatment of hyperuricaemia in gout patients who are not adequately controlled with standard treatments, and it fulfils significant therapeutic gaps that are not satisfied by current pharmacological options, in that it is able to correct the pathogenic alteration most frequently encountered in gout patients (i.e. insufficient renal excretion of uric acid).
· ZURAMPIC, in combination with an XOI, is proposed as a new tool for resolving unresolved needs in the treatment of gout, i.e. it provides a treatment that is both rapid (within 1 month) and sustained over time (demonstrated at 24 months), more effective in achieving uricaemia target compared with XOIs (it doubles the number of patients who achieve the target recommended in the Guidelines) and in producing an ongoing, long-term reduction (demonstrated at 24 months) of tophi and flares, combining generally good tolerability (comparable to that obtained with allopurinol and febuxostat in monotherapy), even in the case of certain subgroups of patients (e.g. patients with moderate renal insufficiency, patients treated with aspirin, patients treated with thiazide diuretics and patients aged >65 years)
· This efficacy and tolerability of ZURAMPIC as a daily monotherapy and in combination with an XOI drug, was studied in 3 extensive Phase III randomised clinical trials (RCTs) conducted on over 1500 adult patients affected by hyperuricaemia and gout (Bardin, 2016 (100); Saag, 2016 (138); CSR 304, 2014 (111)).
· Administered in combination with an XOI drug, ZURAMPIC improves the excretion of uric acid and reduces the serum urate levels (SUA) by 15-25% measured against the baseline, as soon as the first month, doubling the number of patients that achieve the therapeutic target recommended in the Guidelines.
· in both comparisons (vs. allopurinol and vs. febuxostat ) ZURAMPIC in combination with an XOI demonstrated a rapid and sustained reduction in uricaemia, as a result of which a greater proportion of patients have achieved target SUA levels (<6.0mg/dl vs allopurinol monotherapy and <5.0mg/dl vs. febuxostat monotherapy) as of the first month, the target being maintained until the 12th month of the trial and over the following 12 months of the extension 
· in both comparisons (vs. allopurinol and vs. febuxostat) the consistent superiority of the efficacy of the combination with ZURAMPIC was confirmed in all the subgroups of patients analysed and particularly in subjects with light to moderate renal insufficiency, in subjects taking thiazide, in patients being treated with aspirin and in patients aged >65 years.
· ZURAMPIC in combination with allopurinol has made it possible to achieve target SUA levels in more than double the number of patients with baseline tophi compared with the monotherapy (46.8% versus 21.3%, p = 0.0011) (Clinical Overview, 2014 (131))
· An additional analysis demonstrated that the combination of lesinurad with an XOI is effective in more resistant subjects, including those with higher Baseline SUA levels (e.g. SUA > 7-8 mg/dl) (EPAR, 2015 (42)).
· ZURAMPIC in combination with febuxostat, in a population of patients with visible baseline tophi, caused a greater reduction of the area of the tophi than the monotherapy, reducing almost double the overall area of the tophi (50.1% vs. 28.3% for the monotherapy, p<0.05) (CSR 304, 2014 (111)). 
· the long-term efficacy data after 24 months of treatment have provided sufficient evidence for demonstrating the clinical effect with a continuous reduction of tophi and flares (EPAR, 2015 (42)).
· ZURAMPIC in combination with an XOI drug has a wholly manageable adverse events profile, and comparable with that obtained with allopurinol or febuxostat in monotherapy; on the basis of the results from the extension studies it was concluded that the long-term treatment (up to 52 months) with lesinurad 200 mg/day in combination with allopurinol or febuxostat is well tolerated in gout patients.
· ZURAMPIC was shown not to have any significant interactions with other drugs such as atorvastatin, metformin and furosemide, not altering plasma exposure (AUC). This aspect is particularly important in elderly patients, typically those being treated for various other chronic pathological conditions such as hypercholesterolaemia, diabetes and hypertension (Shen, 2016 (5)).
· The action mechanism of ZURAMPIC and its pharmacological peculiarities make it the uricosuric with the most favourable safety profile, as a result of which its use is also authorised in patients with light to moderate renal insufficiency and those with light to moderate hepatic insufficiency without modifying the dosage (SmPC Zurampic, EPAR, 2015 (1))
Target population 
· Based on IMS research commissioned by Grünenthal in 2016, it is estimated that there were 4,507,063 patients affected by gout and/or hyperuricaemia in Italy in 2016; of these 1,761,063 (37.43%) were treated with an XOI and approximately 43.5 % of the overall number of patients were not at their uricaemia target: it is therefore estimated that those patients who could benefit from treatment with Zurampic  would come from a pool of approximately 210,000 gout patients as well as from a pool of 550,000 hyperuricaemic/gout patients, whose numbers also conceal intercritical gout patients who would require Zurampic to provide adequate treatment for their pathology, reducing the probability of experiencing further acute attacks and intervening in the progression of the pathology.
· The Company estimates that the number of treated patients not achieving target uricaemia, who could be treated in combination with ZURAMPIC, is:
· 32,590 patients in the first year of sale of the drug
· 59,105 patients in the second year of sale of the drug
· 82,857 patients in the 3rd year of sale of the drug 


Proposed cost
· The proposed price to the Italian NHS for pack of ZURAMPIC 30 tablets 200mg is  €25.50 with a for tablet cost, or a cost per day, of €0.85 (ex-factory prices, net of legal discounts).
Economic analysis 
Altems (The Higher College of Economics and Health Systems Management) has conducted a cost-efficacy and Budget Impact assessment, the details of which are provided in Paragraph 9 and in Attachment 2.
According to the assessment it is possible to estimate that the introduction of lesinurad for the treatment of hyperuricaemia in gout patients, assuming a net cost of €0.85 for tablet, will have a negligible impact on the Italian NHS equivalent to 1.6% of the overall market in year 1, added to which is an insignificant impact (€314,000 in year 1), attributable to third-line patients who currently have no available treatment alternative and for whom lesinurad is the only registered drug.
The results obtained in the cost-effectiveness analysis also show that, as an adjunctive treatment to allopurinol in adult patients for hyperuricaemia in gout patients (with or without tophi) who have failed to achieve serum uric acid targets with an adequate dose of allopurinol in monotherapy, lesinurad is cost-effective in comparison with the second-line alternative of febuxostat in monotherapy (ICER equivalent to €1,513.25 for QALY gained, well below the acceptability threshold which is set at €30,000/QALY).

1. [bookmark: _Toc473184551]
Summary details of the pharmaceutical drug

1.1 Company holding the A.I.C.
Grünenthal GmbH 
(Transfer of rights from AstraZeneca  - European Community GU no. C362/1 of 30.09.2016)

1.2 Name of the pharmaceutical drug
ZURAMPIC 200 mg film-coated tablets – 30 tablets

1.3 Name of the active ingredient 
Lesinurad

1.4 Pharmaceutical form
Film-coated tablets. 
Zurampic® film-coated tablets are oval blue tablets measuring 5.7 x 12.9 mm. The tablets are embossed with “LES200” on their face. 

1.5 Unit dose 
200 mg tablets

1.6 Number of dosage units present in the pack
30 film-coated tablets (AIC 044727030 – EU/1/15/1080/003)

1.7 Co-marketing (specify the companies that are submitting a similar application)
No

1.8 Form of registration 
CHMP Centralised Final Opinion Procedure CHMP: EMA/CHMP/824058/2015 – 17 December 2015
European Commission: Approval EMA/6459/2016 – 18 February 2016

Classification Ruling of 29 April 2016 (Gazzetta Ufficiale no. 115 of 18 May 2016) pursuant to art. 12, paragraph 5, law no. 189 of 8 November 2012, (Ruling n. 613/2016): CNN classification;
Transfer of rights from AstraZeneca to Grünenthal GmbH  - European Community GU no. C362/1 of 30.09.2016



2. [bookmark: _Toc439456122][bookmark: _Toc473184552]Description and therapeutic framework of the drug

2.1 Chemical class to which the active ingredient belongs
Pharmaco-therapeutic category: anti-gout agents, preparations that increase the excretion of uric acid 

2.2 Therapeutic category to which the product belongs (ATC IV level)
ATC Code: M04AB05

2.3	New active ingredient (new chemical entity)	X yes	 no

2.4 	New combination of active ingredients	 yes	X no

2.5 	New dosage of production already on sale  	 yes	X no

2.6 	New pharmaceutical form of drug already on sale	 yes	X no

2.7 	New therapeutic indications	 yes	X  no 

2.8 	Other similar or equivalent drugs from the clinical/therapeutic point of view 
There are no drugs that are similar or equivalent to ZURAMPIC (lesinurad). 
ZURAMPIC  is a significant innovation in the area of the current range of treatments for hyperuricaemia in gout patients.
ZURAMPIC is the only uricosuric drug available in Italy, which by virtue of its action mechanism is able to correct the pathogenic alteration most frequently encountered in gout patients (i.e. insufficient renal excretion of uric acid).
Because of it is complementary action mechanism to that of xanthine oxidase inhibitors (XOIs), ZURAMPIC
· Has doubled the number of patients who achieve the therapeutic target recommended in the Guidelines (15-25% reduction of serum uric acid levels measured against the baseline, as early as the first month of treatment)
· Has produced an ongoing continuous clinical benefit after 24 months of treatment (reduction of the frequency of flares, 50% reduction of the area affected by tophi and, at the same time, the resolution of tophi)
Lesinurad is a selective inhibitor with a high affinity URAT1 link, the transporter responsible for the majority of the reabsorption of filtered uric acid from the renal tubular lumen.  By inhibiting URAT1, lesinurad increases uric acid excretion and thus reduces the serum uric acid levels (SUA).  By further increasing this, lesinurad contributes to the inhibiting action of the drug on OAT4, a uric acid transporter involved in diuretic induced hyperuricaemia.  At clinically effective dosages lesinurad does not interfere with OTA1 and OAT3, the renal transporters involved in the excretion of drugs, thereby avoiding clinically significant interactions with the substrate drugs of these transporters (e.g. atorvastatin and metformin). (Paragraph 4.3) (SmPC Zurampic, EPAR, 2015 (1); Keenan, 2013 (2); Tan, 2016 (3); Miner, 2016 (4); Shen, 2016 (5)).

The effectiveness and tolerability of ZURAMPIC as a daily monotherapy and in combination with an XOI drug, was studied in 3 extensive Phase III randomised clinical trials (RCTs) conducted on over 1500 adult patients affected by hyperuricaemia and gout.


3. [bookmark: _Toc439456123][bookmark: _Toc473184553]Therapeutic specifications of the pharmaceutical drug

3.1 Approved therapeutic indications:
Zurampic in combination with a xanthine oxidase inhibitor is indicated in adult patients for the adjunctive treatment of hyperuricaemia in gout patients (with or without tophi) who have failed to achieve serum uric acid targets with an adequate dose of a xanthine oxidase inhibitor in monotherapy. 

3.2 Average, minimum and maximum dosage 
Paragraph 4.2 – Dosage, Summary of Product Characteristics, states :
“The recommended dose of Zurampic is 200 mg once a day in the morning. This is also the maximum dose (see paragraph 4.4). 
Zurampic tablets must be administration at the same time as the morning dose of a xanthine oxidase inhibitor, e.g. allopurinol or febuxostat. The recommended minimum dose of allopurinol is 300 mg or 200 mg for patients with moderate kidney damage (creatinine clearance [CrCL] of 30-59 mL/min). If treatment with a xanthine oxidase inhibitor is interrupted, it is also necessary to suspend the administration of Zurampic.
Patients must be informed that failure to comply with these instructions could increase the risk of renal events (see paragraph 4.4).
Patients must be given instructions for maintaining good hydration (e.g. 2 litres of liquid a day)

The serum uric acid target is less than 6 mg/dL (360 µmol/L). In patients with tophi or persistent symptoms  the target is less than 5 mg/dL (300 µmol/L). The tests for measuring the serum uric acid target may be carried out at 4 weeks after the start of treatment with Zurampic.
Prophylaxis in the form of colchicine or a non-steroidal anti-inflammatory drug (NSAIDs) is recommended against gout flares for at least 5 months after starting the treatment (see paragraph 4.4).
Special populations 
The elderly (≥65 years)
It is not necessary to make any adjustment to the dose on the basis of age (see paragraph 5.2); however, elderly patients have a greater likelihood of reduced kidney function (see the dosage recommendations for renal damage). Experience with particularly elderly patients (≥ 75 years) is limited (see paragraph 4.4).
Kidney damage 
Zurampic treatment must not be started in patients with serious  kidney damage (CrCL less than 30 mL/min), with a kidney disease at its terminal stage or in patients on dialysis (see paragraphs 4.3 and 4.4). Because of its action mechanism lesinurad might not be effective in these patients (see paragraph 5.1). Zurampic treatment must not be started in patients who have had a kidney transplant.
It is not necessary to make any adjustment to the dose in patients with light to moderate kidney damage (CrCL of 30-89 mL/min) (see paragraphs 4.8, 5.1 and 5.2). Zurampic must be used with care in patients with CrCL between 30 and of 45 mL/min (see paragraph 4.4).
Hepatic Compromise 
It is not necessary to make any adjustment  to the dose in patients with light to moderate hepatic compromise (Child-Pugh categories A and B) (see paragraph 5.2). Zurampic has not been was studied in patients with serious hepatic compromise; it is therefore not possible to make any dosage recommendations.
Paediatric population 
The safety and effectiveness of Zurampic in children below the age of 18 years has not yet been established. No data are available. 

3.3 Duration of the treatment for each therapeutic indication
Chronic treatment.

3.4 Duration of any treatment cycle and any number of cycles
N/A

3.5 DDD
N/A


4. [bookmark: _Toc439456124][bookmark: _Toc473184554]Position of the drug in treatment

The main objective in the treatment of gout is to control uric acid levels in the blood, in order to reduce the risk of clinical complications associated with the disease, as established in the European and Italian guidelines (European League Against Rheumatism – EULAR; Italian Rheumatology Association - SIR) (Richette, 2016 (6); Manara, 2013 (7)).
Chronic hyperuricaemia  (chronic concentration of uric acid in the blood (SUA) above the saturation threshold of 6.8 mg/dl)  may cause the formation of monosodium urate crystals(MSU) and the consequent deposition thereof in the joints; these deposits are initially asymptomatic,  but can already be detected through diagnostic examinations (asymptomatic hyperuricaemia).  Once formed, the deposits may break down, either spontaneously or following  stressful events and, by means of a highly phlogogenic action, may cause  acute attacks with intense joint inflammation which can be extremely painful and disabling (acute gouty arthritis), interspersed with “intercritical” periods (intercritical gout), which may last years, during which the patient is again free of symptoms  (Burns 2012 (8)). 
However, as also explained by the expert, Prof. Punzi, U.O.C. Director of Rheumatology at the University of Padua Attachment 1), the patient must still be treated during the intercritical periods.  Indeed, during the intercritical periods, or outside episodes of acute joint inflammation, the MSU crystals continue to be deposited, even in the absence of clear clinical manifestations of this process, resulting in the progression of gout (Perez-Ruiz, 2014 (9); Doghrami, 2016 (10)). It is of fundamental importance that gout patients also receive the best possible therapeutic management of their condition during this phase of the disease, one of apparent complete wellbeing, in order to keep their SUA levels below the target (SUA <6mg/dl), so as to prevent precipitation and the deposition of new MSU crystals, to completely dissolve the existing deposits and to prevent subsequent gout episodes (recurrent acute attacks) (Doghrami, 2016 (10); Perez-Ruiz, 2015 (11); Tatlock, 2016 (12)). 
However, as is apparent from a recent US survey conducted with the participation of family doctors, fewer than 20% of the sample analysed are receiving optimal therapeutic management for this phase of the disease (Harrold, 2013 (13)). 
If not adequately treated, gout develops into the chronic tophaceous stage, characterised by the involvement of a number of joints and the presence of tophi, MSU crystal deposits that cause chronic inflammation, destruction of the joints with the presence of irreversible bone erosion, chronic pain associated with seriously compromised physical functioning and the restriction of daily activities , with progressive disability and increasing health and social costs (Doghrami, 2016 (10); Perez-Ruiz, 2015 (11); Tatlock, 2016 (12); Terkeltaub, 2013 (14); Wertheimer, 2013 (15); Dalbeth, 2009 (16)).
It has been shown that the progression of the disease is linked to serum uric acid levels: lower uricaemia levels result in fewer flares and a faster resolution of tophi (Terkeltaub, 2013 (14); Shoji, 2004 (17)).
For this treat-to-target approach, suggested on the basis of the physiopathology of gout, a stratified two-level approach is recommended involving treatment throughout the patient’s life:  the first, an “intensive” urate lowering therapy, in an attempt to completely dissolve the MSU crystal deposits, especially in more serious gout patients, and the second, following on from the first, aimed at maintaining the SUA levels below the safety levels in order to prevent precipitation and MSU crystal deposits (i.e. 6 mg/dl, and 5 mg/dl in more serious patients and those with multiple tophaceous deposits).  The aim here is to ensure the disappearance of acute attacks and the complete resolution of tophi (Perez-Ruiz, 2015 (11); Perez-Ruiz, 2011 (18)). 
Gout patients also have a greater risk of complications associated with MSU crystal deposition in the tissues of the affected organs, with possible dysfunction and organ insufficiency (renal and cardiovascular complications) (Terkeltaub, 2013 (14); Park, 2014 (19)).
The Trifirò epidemiological trial with reference to the situation in Italy has shown, in patients affected by hyperuricaemia and gout, compared with controls selected for comparison, a greater concomitant presence of serious diseases, including hypertension, dyslipidaemia, type 2 diabetes, heart disease, cerebrovascular disease and nephrolithiasis, some of them experiencing more than twice as many incidences as the control group (Trifirò, 2012 (20)).
Many studies have demonstrated that hyperuricaemia is associated with an increased risk of mortality from any cause, and in particular mortality resulting from cardiovascular diseases (Perez-Ruiz, 2014 (9); Choi, 2007 (21); Kuo, 2011 (22); Stack, 2013 (23); Ioachimescu, 2008 (24); Kleber, 2015 (25); Niskanen, 2004 (26)), in addition to a greater risk of cardiovascular and renal comorbidity, also associated with increased mortality (Perez-Ruiz, 2014 (9)); gout patients receiving ULT treatment show a statistically significant reduction of the risk of mortality from any cause and from cardiovascular disease, compared with patients not receiving ULT treatment (Chen, 2015 (27)). 
Gout also has significant effects on patients’ quality of life: international studies have shown that the level of management and control of the disease affects the quality of life outcome: inadequately managed gout patients have a lower quality of life than gout patients with good pharmacological control (Scirè, 2013 (28); Khanna, 2012 (29); Lee, 2009 (30); Roddy, 2007 (31)).
The treatment of gout and of its complications means a significant economic burden for national health services: gout patients represent direct and indirect costs substantially greater than those without gout and greater costs among elderly patients and gout patients who do not respond to treatment.  The direct costs increase as the characteristics of the disease worsen (Rai, 2015 (32)). 

In the majority of cases (80-90%) hyperuricaemia is caused by the inefficient renal excretion of uric acid, and in only 10-20% of cases is hyperuricaemia caused by the increased production of uric acid (Zhu, 2011 (33); Boss, 1979 (35)).
At the commonly used doses of XOIs, more than 50% of gout patients fail to achieve the SUA target (< 6.0 mg/dl) (Becker, 2005 (36); Becker, 2009 (37); Becker, 2010 (38); Schumacher, 2008 (39); Becker, 2015 (40)).
Despite using doses higher than those most commonly used for allopurinol (300 mg/day) and with over 96% adherence to the treatment, there is still a high percentage of patients who do not respond to treatment, with 52% of patients not achieving the SUA target (<6.0 mg/dl) (Becker, 2015 (40)).
An IMS research study commissioned by Grünenthal in 2016 demonstrated that, despite receiving ULT treatment, 67.7% of gout patients present SUA levels of >6.0 mg/dl (IMS-Health LPD longitudinal Patient Database, 2016 (41)).
XOIs in monotherapy act on the over-production of uric acid but do not act on the inefficient excretion of uric acid, which is the main cause of gout in 80-90% of patients (Richette, 2010 (34); Boss, 1979 (35)). 
As also explained by the expert, Prof Punzi, U.O.C. Director of Rheumatology at the University of Padua (Attachment 1), the management of those patients unable to control their SUA levels, despite monotherapy with drugs that act on the over-production of uric acid (allopurinol and febuxostat in monotherapy), remains an unresolved important therapeutic need: the latter are not able to affect renal excretion, which can be corrected only by a uricosuric drug, such as lesinurad.
Lesinurad is a selective inhibitor of the reabsorption of uric acid, which acts by increasing the excretion of uric acid, thereby reducing serum uric acid levels (SmPC Zurampic, EPAR, 2015 (1); Keenan, 2013 (2); Miner, 2016 (4)).
Lesinurad is the only uricosuric drug available in Italy and is a significant innovation in the treatment of hyperuricaemia in gout patients: administered in combination with an XOI, and thus thanks to the complementary action mechanism to that of XOIs, lesinurad was shown to have an important benefit in reducing serum uric acid levels by 15-25%, doubling the number of patients who achieve the therapeutic target recommended in the Guidelines, reducing the number and frequency of flares, and reducing the area affected by tophi and the number of tophi by 15-25% (long-term data after 24 months). 
At a dose of 200 mg/day, in combination with allopurinol or febuxostat, it has been demonstrated that, in patients with insufficient response to the XOI monotherapy, lesinurad reduces uricaemia rapidly, comprehensively and with lasting effect; the long-term effectiveness data after 24 months of treatment have produced sufficient evidence to demonstrate this clinical effect with an ongoing reduction of tophi and flares (EPAR, 2015 (42)).
The effect of reducing uricaemia was consistently observed in the various subgroups examined, including subjects with moderate renal insufficiency (Figure 23 and Figure 24), subjects being treated with aspirin or  thiazide diuretics (treatments  that are associated with increased uric acid levels because of a direct action on the renal transporters URAT1 and OAT4 respectively) and in patients aged >65 years (Paragraph 4.4) (Choi, 2006 (43); Rosch, 2004 (44); Hasannejad, 2004 (45)). 
An additional analysis has shown that the combination of lesinurad with an XOI is also effective in more resistant subjects, including those with higher baseline SUA levels (e.g. SUA > 7-8 mg/dl) (EPAR, 2015 (42)).
Lesinurad was shown not to have any significant interactions with other drugs such as atorvastatin, metformin and furosemide, in that it does not alter their plasma exposure (AUC).  This aspect is particularly important in elderly patients, typically those receiving multiple treatments for other chronic diseases such as hypercholesterolaemia, diabetes and hypertension (Shen, 2016 (5)).
The action mechanism of lesinurad and its pharmacological characteristics make it the uricosuric with the most favourable safety profile, and as a result its use is also authorised for patients with light to moderate renal 

insufficiency, as well as for those with hepatic insufficiency, without changes in dosage (SmPC Zurampic, EPAR, 2015 (1)).
The current pharmacological approach adopted in Italy by its NHS for patients with hyperuricaemia and gout is to start with allopurinol treatment; in the case of patients who are not adequately controlled with allopurinol or who are intolerant to it, it is necessary to switch to febuxostat which is indicated for the treatment of chronic hyperuricaemia with a medical history or presence of tophi and/or gouty arthritis.  The EULAR 2016 guidelines (Richette, 2016 (6)), applied in the Italian context, provide that: 
· For patients who are not adequately controlled with allopurinol, it is necessary, as a second-line treatment, to supplement allopurinol with a uricosuric drug (the only uricosuric available in Italy), switching to febuxostat in monotherapy or to a uricosuric in monotherapy (no alternative option is available in Italy because lesinurad is intended for use in combination);
· In the event of allopurinol intolerance they recommend switching to febuxostat in monotherapy.
· If the second-line treatment option fails (or allopurinol in combination with lesinurad or febuxostat in monotherapy), the EULAR 2016 Guidelines provide for a third-line treatment (an XOI in combination with a uricosuric, or febuxostat + lesinurad).
Lesinurad, in combination with allopurinol, would thus be positioned as a second-line drug as a new means of improving hyperuricaemia management in gout patients with or without tophi, who are not adequately controlled with allopurinol in monotherapy.
Also lesinurad, in combination with febuxostat, would thus constitute a third-line treatment as a new instrument for improving the management of hyperuricaemia in gout patients with or without tophi, who are not adequately controlled with febuxostat in monotherapy or with allopurinol + lesinurad.


[bookmark: Paragrafo41][bookmark: _Toc473184555]4.1 Frequency of the morbid condition for which the drug is intended
4.1a	low
4.1b 	medium
4.1c 	high

Gout is the most common cause of inflammatory arthropathy in adults and the second most common form of arthritis (Doghramji, 2012 (46); Doherty, 2012 (47)). The reported prevalence varies between 0.5% and 3.9% of the population (Zhu, 2011 (33); Elliot, 2011 (48); Hakoda, 2012 (49)), increases with age up to 80-84 years, when it plateaus (Mikuls, 2005 (50); Kuo, 2013 (51)) and is generally 3 (or even more) times more frequent in men than in women, in all countries for which this information is actually available (Kuo, 2013 (51)). 



According to the literature, in the USA the prevalence of gout has increased by 40% in the last two decades and it is thought that it may rise further in the future (Zhu, 2011 (33)). The reasons for this increase are attributed primarily to changes in diet and life style, to an ageing population, to an increase in the use of certain drugs and to the therapeutic limits of the current treatments (Kuo, 2013 (51); Edwards, 2014 (52)).
In Italy the prevalence of gout appears to be less than in other industrialised countries, the historic data for the period 2005-2009 varying between 0.5% and 0.9%, although our country also seems to be in line with international trends with regard to the rapid increase in prevalence rates (Trifirò, 2012 (20); Sciré, 2013 (28); Salaffi, 2005 (53)). 
The most significant Italian study from the epidemiological point of view, and one that is certainly also relevant internationally, is the research of Trifirò et al. published in 2012, the main results from which are shown in  Figure 1 (Trifirò, 2012 (20)). 

[bookmark: Figura1][bookmark: _Toc473186896]Figure 1 - Prevalence and development of gout and hyperuricaemia for sex (x1000 inhabitants) (Trifirò, 2012) 
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This study was based on the HealthSearch database (HSD) from which a selection was made of all subjects aged >18 years, living and registered on GP lists at the index date (start of analysis 1.1.2005) with at least one two-year recorded medical history prior to the index date.  Gout was identified with codes ICD 9-CM and keywords correlated for textual research purposes (274.0: gouty arthritis; 274.1: gouty nephropathy; 274.8: gout with other unspecified manifestations; 274.9: unspecified gout); in a similar fashion for hyperuricaemia (274.9: hyperuricaemia) which has also been defined taking into account average SUA levels >360 mmol/l (6 mg/dl), as indicated in the EULAR 2016 Guidelines and also recognised in the SIR Guidelines (Italian Rheumatology Association) (Richette, 2016 (6); Manara, 2013 (7)).
During the observation period Trifirò et al. have thus found an increase in the prevalence of gout from 6.7/1000 inhabitants in 2005 to 9.1/1000 inhabitants in 2009 and thus also for hyperuricaemia for which the prevalence rates found in the analysis were 85.4/1000 inhabitants in 2005 vs 119.3/1000 inhabitants in 2009 respectively .


On the base of the prevalence estimates reported by Trifirò, taking into account the resident adult population in 2009 (49.240.179) (ISTAT (54)), the estimate of patients with a gout diagnosis would be approximately 448,086 and that of patients with hyperuricaemia would be approximately 5,874,353 subjects for 2009. 
Extrapolating the trend found in the study, a further 600,000 gout patients and a further 8,000,000 subjects with hyperuricaemia would be estimated in 2015.  Analysing the market data produced by IMS, on the other hand, we find a clearly lower frequency of people with hyperuricaemia or gout (IMS-Health LPD longitudinal Patient Database, 2016 (41)). 
The heterogeneous nature of the prevalence estimates derived from the available data is to a large extent linked to the heterogeneity of the definition and recording of cases of gout and hyperuricaemia. 
During the course of 2016 IMS conducted research commissioned by Grünenthal on the LPD (Longitudinal Patient Database – longitudinal patient database consisting of over 1,100,000 computerised patient cards obtained from the outpatient management software used  by 900 MMGs representing the Italian population and stratified for each Region, age, sex and number GP visits).  All patients with a diagnosis of gout/hyperuricaemia (codes ICD9 274 and sub-codes) in the moving annual total (MAT) to June 2016 were extracted.
The results are presented in Table 1 and show that, extrapolating on the basis of GPs in Italy, for 2016 we can estimate approximately 4.7 million subjects who were diagnosed with gout /hyperuricaemia (IMS-Health LPD longitudinal Patient Database, 2016 (41)).

[bookmark: Tabella1][bookmark: _Toc473150686]Table 1 - Patients with gout/hyperuricaemia diagnosis (IMS-Health LPD longitudinal Patient Database, 2016)
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The 642,000 gout patients (1% of the population) were identified by IMS on the basis of the following strictly defined criteria:  a) at least 1 colchicine prescription and/or b) 1 corticosteroid and/or NSAIDs prescription in the context of a diagnosis of gout and/or c) 1 corticosteroid and/or NSAIDs prescription in the absence of a diagnosis but with an SUA > 8 mg/dl analysed in the preceding two years.
The remainder of the patients (4,063,000), excluding those identified with another diagnosis (approximately 19,000 patients), on the other hand, constitute the group of patients with hyperuricaemia/gout who, because of the heterogeneity of the definition and of the recording of cases of gout and hyperuricaemia, include a proportion of gout patients who did not come under the strictly identified criteria in the first group.  Among these, for example, were gout patients in the intercritical stage (whether or not at target) who, though having had at least one acute gout attack in the past, were not identified by the IMS analysis as gout patients because they did not experience flares in the intervals of time considered.
Indeed the physiopathology of gout states that, following an acute attack of extremely painful and incapacitating inflammation of the joints (acute gouty arthritis), the patient may experience an “intercritical phase”, which may last years during which, although being once again without symptoms, the patient must continue to receive treatment, because MSU crystals continue to be deposited, even if no clear clinical manifestations are present and the disease progresses (Perez Ruiz, 2014 (9); Doghrami, 2016 (10)). In over 60% of patients a relapse occurs within 1 year, and in 80% of cases a relapse occurs within 3 years (Terkeltaub, 2011 (55)).  If in these intervals the SUA levels are not controlled, MSU crystals continue to be deposited in the joints, tissues and organs, with the risk of developing to the complications that are typically found when this pathology is present. 
As stated by the expert, Prof. Punzi, U.O.C. Director of Rheumatology at the University of Padua (Attachment 1), it is also necessary that gout patients in the intercritical stage, i.e. those presenting no symptoms, be adequately treated with drugs.
It is essential that gout patients receive the best possible therapeutic management at this stage of the disease, one of apparent complete wellbeing, in order to keep SUA levels below the target, so as to prevent precipitation and the deposition of new MSU crystals, to completely dissolve the existing deposits, to prevent successive gout attacks (recurrent acute attacks) and development to the chronic tophaceous stage of gout, characterised by the involvement of several joints and by the presence of tophi, MSU crystal deposits that cause destruction of the joints, chronic pain and serious compromise of physical functioning. (Perez Ruiz, 2015 (11); Doghrami, 2016 (10); Tatlock, 2016 (12)).
Of the approximately 4.7 million subjects diagnosed with gout/hyperuricaemia (Table 1), Table 2 shows the number of subjects being treated with an XOI drugs, out of the overall market of patients with a diagnosis of gout/hyperuricaemia (for which the inclusion of intercritical gout patients can be correctly estimated). Only 37.4% of patients diagnosed with gout/hyperuricaemia are actually treated with an XOI, and in particular: allopurinol accounts for 92% of prescriptions, while febuxostat accounts for 10% (the percentage exceeding 100% can be regarded as co-prescription). 
[bookmark: Tabella2][bookmark: _Toc473150687]Table 2 - Patients with a diagnosis of gout/hyperuricaemia, treated with an XOI (IMS-Health LPD longitudinal Patient Database, 2016)
Period: MAT June 2016
Basis: patients with a diagnosis of gout/hyperuricaemia
Abs.
%
Total number of patients diagnosed with gout/hyperuricaemia*
4,705,062
100.0%
Total number of patients treated with an XOI
1,761,063
37.4%
of whom Patients treated with Allopurinol
1,621,125
(92.1%)
of whom Patients treated with Febuxostat
170,250
(9.7%)
* Only active patients are included (those who have had at least one visit to the GP during the year examined)


Among the patients with a diagnosis of gout/hyperuricaemia shown in Table 2, the IMS study shows that of the approximately 642,000 gout patients, 48.5% were treated with an XOI: gout patients being treated with allopurinol account for 89.3% of the prescriptions and febuxostat for 14.2% (the percentage exceed 100% can be regarded as co-prescription) (Table 3).

[bookmark: Tabella3][bookmark: _Toc473150688]Table 3 - Patients with a diagnosis of gout treated with an XOI (IMS-Health LPD longitudinal Patient Database, 2016)
	
	Abs.
	%

	Total number of patients with a diagnosis of GOUT
	642,063
	100.0%

	Total number of patients treated with an XOI
	311,688
	48.5%

	of whom patients treated with Allopurinol
	278,188
	89.3%

	of whom patients treated with Febuxostat
	  44,313
	14.2%



Of these approximately 312,000 gout patients treated, Table 4 shows the instances of gout patients not at uricaemia target: 67.7% are not controlled and are thus not at target.
[bookmark: Tabella4][bookmark: _Toc473150689]Table 4 - Gout patients treated with an XOI and uricaemia target (IMS-Health LPD longitudinal Patient Database, 2016)
Period: MAT June 2016
Basis: Patients with a diagnosis of Gout
Basis: patients with a diagnosis of gout
Patients treated with an XOI
Total number of patients
Patients at uricaemia target  
100,762
32.3%
Patients not at uricaemia target (>6 mg/dl)

210,926
67.7%
* Last uric acid level reading taken by GP during the last 2 years
311,688

With regard to patients with hyperuricaemia/gout as codified by the IMS, or those who may be included among them, a proportion of gout patients in the intercritical stage (whether or not treated at target), Table 5 shows the instances of patients not at uricaemia target: 37.7% (546,599 patients) were not at uricaemia target, despite being treated. 

[bookmark: Tabella5][bookmark: _Toc473150690]Table 5 - Patients treated with an XOI and uricaemia target (IMS-Health LPD longitudinal Patient Database, 2016)
I Period: MAT June 2016

Basis: Patients with a diagnosis of Gout/Hyperuricemia

Basis: patients with a diagnosis of gout/hyperuricemia
Patients treated with an XOI
Total number of  patients
Patients at uricaemia target 
902,776
62.3%
Patients not at uricaemia target
(>
6 mg/dl)
546,599
37.7%
* Last uric acid level reading taken by GP during the last 2 years  
1,449,375

Thus this sub-population of diagnosed patients treated with an XOI and not at uricaemia target (Table 4 and Table 5), constitutes the objective of a new targeted treatment for the control of hyperuricaemia in gout patients, such as ZURAMPIC. 
In summary: according to the IMS analysis of the LPD longitudinal database, 4,705,063 gout patients/hyperuricaemia can be estimated in Italy in 2016; of these 1,761,064 (37.43%) were treated with an XOI and approximately 43% of the total number of patients were not at uricaemia target: it is therefore estimated that there is a pool of approximately 210,00 gout patients who could benefit from treatment with Zurampic, in addition to a pool of 550,000 patients with hyperuricaemia/gout whose numbers also conceal intercritical gout patients who would need Zurampic for adequately treating the disease in order to reduce recurrent acute attacks and to prevent the development of the disease.
The following table summarises the population eligible for Zurampic (Table 6): 
[bookmark: Tabella6]
[bookmark: _Toc473150691]Table 6 – Population eligible for Zurampic
[image: ]Eligible for Zurampic
15%
Eligible for Zurampic
100%
Treated with an XOI
1,449,375
Treated with an XOI
311,688
Patients with gout/hyperuricaemia
4,063,000
Patients with gout
642,063
Patients with gout/hyperuricaemia 
4,705,063


[bookmark: Paragrafo42][bookmark: _Toc473184556]4.2 Seriousness/severity of the morbid condition for which the drug is intended
4.2a 	serious 
4.2b 	medium
4.2c 	low

Gout is a chronic, deteriorating and incapacitating disease caused by an excess of uric acid in the blood (hyperuricaemia). The disease manifests itself as inflammatory arthritis associated with intense pain, tumefaction and physical functional compromise in patients affected by the disease (Doghramji, 2012 (46); Doherty, 2012 (47)).
Hyperuricaemia is in the majority of cases (80-90%) caused by the inefficient renal excretion of uric acid, and only in 10-20% of cases is hyperuricaemia caused by an increased production of uric acid (Richette, 2010 (34); Boss, 1979 (35)). 
The aim in the treatment of gout is to control serum urate levels; however, with the XOI drugs at the dosages most commonly used (the only ones currently available in Italy), more than 50% of gout patients fail to achieve the SUA target (< 6.0 mg/dl), ((Becker, 2005 (36); Becker, 2009 (37); Becker, 2010 (38); Schumacher, 2008 (39); Becker, 2015 (40)).
Despite adopting dosages greater than those most commonly used for allopurinol (300 mg/day) and with adherence to treatment in excess of 96%, there remains a high percentage of patients who do not respond to the treatment, with 52% of patients failing to achieve the SUA target (<6.0 mg/dl)  (Becker, 2015 (40)).
An IMS research study commissioned by Grünenthal during 2016 has shown that, despite being treated with ULT, 67.7% of gout patients present SUA levels of >6.0 mg/dl (IMS-Health LPD longitudinal Patient Database, 2016 (41)).
The term hyperuricaemia refers to an increase in the serum uric acid levels above the saturation threshold (>6.8 mg/dl) (Pascual, 2013 (56)). Hyperuricaemia can be classified as primary and secondary. In its primary form, the cause is intrinsic (e.g. linked to genetic factors). In secondary cases hyperuricaemia can develop as the result of another disease or through the effect of drugs (Burns, 2013 (8)).
The presence of hyperuricaemia, i.e. uric acid levels in the blood (SUA) above the saturation threshold (>6.8 mg/dl) promotes the formation of MSU crystals which are deposited and accumulate in the body, and around joints, the soft tissues and the organs in particular (Hamburger 2011 (57)). 
The deposition of these crystals in various tissues is the aetiological factor for gout: they can flake either spontaneously or following stressful events (e.g. traumatic, metabolic, diet, etc.) releasing the MSU crystals that are highly phlogogenic and produce an inflammatory response, with the resulting release of pro-inflammatory cytokine, thereby triggering acute attacks of arthritis (Terkeltaub, 2013 (14)). 
The deposition of MSU crystals is initially favoured in the soft tissues and joints, located in peripheral parts of the body with little vascularisation, such as the lower limbs. A clear symptom of gout is, in fact, tumefaction with painful inflammation of the joints, particularly in the feet (Keenan, 2013 (2); Yu, 1967 (58)).
The symptoms are extremely painful: the pain is in fact the key symptom for identifying the pathology; it increases progressively and is intense, confining the patient to immobility and causes profound distress. In a recent survey all the patients interviewed reported having experienced severe, incapacitating pain, most frequently described it as a stabbing sensation, or as intense as childbirth or a fractured joint (Tatlock, 2016 (12)).
Between one acute episode and another the patient is completely free of symptoms. These intervals are referred to as asymptomatic “intercritical” periods (intercritical gout). During the intercritical phases or when the joints are not in an acute inflammation phase, the MSU crystals continue to be deposited, even in the absence of clear clinical manifestations, and the disease progresses (Perez-Ruiz, 2014 (9); Doghrami, 2016 (10)). 
It is essential that gout patients receive the best possible therapeutic management also at this stage of the disease, characterised by apparent complete wellbeing, in order to keep the SUA levels below the target, thereby preventing the precipitation and deposition of new MSU crystals, and to completely dissolve the existing deposits and prevent subsequent gout attacks (recurrent acute attacks) (Doghrami, 2016 (10); Perez-Ruiz, 2015 (11); Tatlock, 2016 (12)).

In fact, if not adequately treated, the pathology develops into chronic tophaceous gout with the formation of palpable tophi, surrounded by inflammatory cells and connective tissue, in the joints, soft tissues and organs (Figure 2).
[bookmark: Figura2][bookmark: _Toc473186897]Figure 2 - tophaceous gout of the hand (by permission Perez-Ruiz F.)
	Tophaceous gout of the hand.

	X-ray of hand with tophaceous gout showing bone erosion of index finger (white arrow).




Patients with tophi are affected by the chronic more severe form of the disease, accompanied by a chronic inflammatory state, joint damage with the presence of irreversible bone erosion,  chronic pain associated with seriously compromised physical function and the limitation of everyday activities, with progressive disability and increasing health and social costs  (Terkeltaub, 2013 (14); Wertheimer, 2013 (15); Dalbeth, 2009 (16)).
In fact, high SUA levels, protracted over time, result in ever greater MSU crystal deposits and in the chronicisation of gout (Figure 3) (Doghramji, 2012 (46); Taylor, 2012 (59); Mandell, 2008 (60)). 



[bookmark: Figura3][bookmark: _Toc473186898]Figure 3 - Development of hyperuricaemia and gout over time (adapted from Doghramji, 2012)
[image: ]
The initial condition of hyperuricaemia may be free of symptoms for a certain time, developing into acute gout and resulting in inflammatory episodes (flares) caused by the deposition of crystals in the joints, over time progressing into chronic forms of gout with clinical manifestations which may be significant (Figure 4) (Perez-Ruiz, 2015 (11); Dalbeth, 2015 (61)).

[bookmark: Figura4][bookmark: _Toc473186899]Figure 4 - Development of hyperuricaemia and gout over time (Perez-Ruiz, 2015)
[image: ]

As the deposition of MSU crystals and the size of the tophus within the bone increase, the structural damage to the joint also increases in terms of its seriousness and the extent of erosion (Figure 5) (Dalbeth, 2009 (16)).

[bookmark: Figura5][bookmark: _Toc473186900]Figure 5 -  Correlation between diameter of the tophi and joint damage (Dalbeth, 2009)
[image: ]

Apart from osteoarticular damage, gout patients have a greater risk of complications associated with the deposition of MSU crystals in the tissues of the affected organs, with possible dysfunctions and organ insufficiency (Figure 6):

· the kidneys are the organ most commonly affected and urolithiasis (the formation of renal calculi) is in fact the most common renal manifestation in gout patients. This pathology was reported in 13% of men with serum uric acid levels between 7.0 and 7.9 mg/dl (Hall, 1967 (62);  NICE, CKS – Gout, 2015 (63); Annemans, 2008 (64));
· chronic renal insufficiency is also a condition most common in people with gout compared with the unaffected population (Terkeltaub, 2013 (14); Zhu, 2012 (65); Eggebeen, 2007 (66)); 
· also common among gout patients are other cardiovascular and dysmetabolic diseases such as hypertension, obesity and diabetes (Manara, 2013 (7); Park, 2014 (19); Mikuls, 2005 (50); Annemans, 2008 (64); Grayson, 2011 (67); Kodama, 2009 (68); Mikuls, 2006 (69); Bos, 2006 (70); Kuo, 2016 (71); Richette, 2013 (72)). 

[bookmark: Figura6][bookmark: _Toc473186901]Figure 6 – Renal and cardiovascular complications of hyperuricaemia (Terkeltaub, 2013; Park, 2014) 
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For Italy the epidemiological study conducted by Trifirò et al. (Trifirò, 2012 (20)), a comparison of gout patients and a control group, has shown a greater prevalence of serious diseases, including hypertension (64%), dyslipidaemia (25.3%), type 2 diabetes (17.1%), nephrolithiasis (7.3%) and obesity (7.2%). For some of these diseases (hypertension, renal insufficiency, cardiac decompensation and renal colic) the risk of a higher incidence was shown, double that of the control group (Table 7).  The prevalence data produced by the Trifirò study has been confirmed by the recent study conducted by IMS in 2016 on behalf of Grünenthal on the LPD database (IMS-Health LPD longitudinal Patient Database, 2016 (41)).

[bookmark: Tabella7][bookmark: _Toc473150692]Table 7 - Characteristics of patients with a new diagnosis of gout and controls (Trifirò, 2012)
[image: ][image: ]

Many studies show that hyperuricaemia is associated with an increased risk of mortality from any cause, and mortality from cardiovascular disease in particular (Perez-Ruiz, 2014 (9); Choi, 2007 (21); Kuo, 2011 (22); Stack, 2013 (23); Ioachimescu, 2008 (24); Kleber, 2015 (25); Niskanen, 2004 (26)), and with a greater risk of cardiovascular and renal comorbidity, associated with increased mortality (Perez-Ruiz, 2014 (9)). For example, Stack has analysed the relationship, in the US population, between gout and uric acid, on the one hand, and mortality on the other (15,773 participants), combining the available baseline information gathered in the years 1988-1994 with the mortality data up to 2006. The results show that gout and uric acid levels are independently associated with mortality from any cause and cardiovascular mortality and that these risks increase as the uric acid levels increase (Stack, 2013 (23)). Along the same lines, a study on 51,297 men, followed up for 12 years, showed an increase in mortality from any cause, cardiovascular mortality and fatal coronary heart disease in subjects affected by gout (without a cardiovascular history) compared with the population not affected by gout (Figure 7) (Choi, 2007 (21)).  
Furthermore two systematic reviews of the literature, with corresponding meta-analyses carried out to determine the risk of coronary heart disease (CHD) in adult patients associated with hyperuricaemia, have demonstrated an increase in the relative risk of the incidence of CHD and in the risk of mortality (Braga, 2016 (73); Kim, 2010 (74)). Another two systematic reviews with corresponding meta-analyses have shown that hyperuricaemia increased the risk of fatal and non-fatal ictus in patients with hyperuricaemia and at risk of ictus (Li, 2014 (75); Kim, 2009 (76)). 
Other evidence suggests that gout patients and high SUA levels or tophi constitute an increased risk of mortality: a prospective study of severity and mortality in gout patients (N=706) demonstrated increased mortality in these patients, compared with the general population (SMR 2.37; 95% CI 1.82-30.3). High baseline SUA levels and the presence of subcutaneous tophi were identified as independent variables associated with the increased risk of mortality (Perez-Ruiz, 2014 (9)).

[bookmark: Figura7][bookmark: _Toc473186902]Figure 7 – Multivariate analysis of the RR (relative risk) of death in gout patients (Choi, 2007)
[image: ]

The risk of mortality from all causes and from cardiovascular diseases associated with gout was the subject of a systematic review of the literature, coordinated by Grünenthal in May 2016 (Grünenthal Ltd. DOF, Maggio 2016 (77)). Nineteen publications were identified (Perez-Ruiz, 2014 (9); Choi, 2007 (21);  Kuo, 2011 (22); Stack, 2013 (23); Chen, 2015 (27); Abbott, 2005 (78); Cohen, 2008 (79); Krishnan, 2012 (80); Krishnan, 2012 (81); Kuo, 2016 (82); Kuo, 2010 (83); Teng, 2012 (84); Thanassoulis, 2010 (85); De Vera, 2010 (86); Kok, 2012 (87); Krishnan, 2008 (88)), the analysis of which demonstrated that: 
· in gout patients (whether or not this was diagnosed by a doctor) there is an increased risk of mortality from any causes  (Perez-Ruiz, 2014 (9); Choi, 2007 (21); Kuo, 2011 (22); Stack, 2013 (23);Chen, 2015 (27); Abbott, 2005 (78); Cohen, 2008 (79); Krishnan, 2012 (80); Krishnan, 2012 (81); Kuo, 2016 (82); Kuo, 2010 (83); Teng, 2012 (84); Thanassoulis, 2010 (85))  and from cardiovascular diseases (Perez-Ruiz, 2014 (9); Choi, 2007 (21); Kuo, 2011 (22); Stack, 2013 (23); Chen, 2015 (27); Cohen, 2008 (79); Krishnan, 2012 (81); Kuo, 2010 (83);  Teng, 2012 (84); De Vera, 2010 (86); Kok, 2012 (87); Krishnan, 2008 (88)); 
· the increased risk of mortality from any causes was primarily associated with increased mortality from cardiovascular diseases (Perez-Ruiz, 2014 (9); Choi, 2007 (21); Kuo, 2011 (22); Chen, 2015 (27); Kuo, 2010 (83); Teng, 2012 (84));
· in gout patients being treated with ULT there is a statistically significant reduced risk of mortality from any causes (HR [hazard ratio] 0.47 [95% confidence interval [CI] 0.29-0.79]) and from cardiovascular diseases (HR 0.29 [95% CI 0.11–0.80) compared with patients not treated with ULT (Chen, 2015 (27))
Three reviews of published literature have also been identified (Lottmann, 2012 (89); Clarson, 2015 (90); Kim, 2008 (91)): although these articles were not found to be wholly in accordance with the predefined criteria for the systematic review of the literature, the corresponding results confirm that in gout patients there is an increased risk of mortality from any causes and from cardiovascular diseases compared with the general population.

Finally, gout has significant effects on patients’ quality of life (Scirè, 2013 (28); Khanna, 2012 (29); Lee, 2009 (30); Roddy, 2007 (31)): very significant data, and in line with evidence from international studies, were published for Italy in the context of the KING study (Kick-off of the Italian Network for Gout). This multicentre national study randomised gout patients (N=446) from selected Italian Rheumatology Centres, demonstrating that: 
· the compromise of functioning and of the HRQoL observed in gout patients is not caused only by variables independent of the pathology associated with the general state of health (risk factors associated with the pathology and comorbidity), 
· but is also influenced by the activity and severity of various variables associated with the disease, including the overall number of joints involved (OR 3.82; IC 1.63-8.95), the presence of tophi, (OR 1.92; IC 1.07-3.43) and a recent history of acute attacks (OR 2.20; IC 1.27-3.81),
· and by factors that indicate the activity of the disease (number of tumefied joints, the frequency of attacks) (Scirè, 2013 (28)).
Research conducted in Europe and the USA (n=620) has demonstrated that gout patients have a significantly reduced HRQoL, both mentally and physically.  This reduced quality of life varies as a function of the severity of their gout (the presence and frequency of acute attacks and confirmed tophi; statistical tests on this study have also demonstrated that the population with tophi is associated with a greater reduction of employment related and everyday activities, compared with the population without tophi (Khanna, 2012 (29)). 
In an extensive US study (n=300,000 employees) there was found to be a significant increase in absenteeism from work in the population with gout, the latter accounting for an average of 6.34 days of absence a year due to illness, compared with 3.56 days of absence due to illness in the population without gout (p<0.0001) (Kleinman, 2007 (92)). Furthermore an English study has demonstrated the negative impact of gout on quality of life; gout significantly reduces the general number of points that English patients give regarding their quality of life (p<0.01) in terms of general satisfaction with state of health (p<0.001), and their physical health (p<0.001), compared with that of subjects without gout (Roddy, 2007 (31)). A recent cross-sectional retrospective study (gout patients in France, Germany, the UK and the USA) assessed the implications of the inadequate control of gout in terms of HRQoL and employment productivity.  The results show that those with inadequate control of their gout reported a significant deterioration of functioning, of their quality of life and of their productivity, in comparison with those with SUA levels under control (Wood, 2016 (93)). Other studies have also demonstrated that the HRQoL of gout patients is directly linked to high SUA levels and to acute attacks. A cross-sectional observational study, in gout patients in UK, France and Germany demonstrated that acute gout attacks significantly reduce the quality of life and that the baseline quality of life was significantly worsened SUA levels increased (Van Vlaenderen, 2008 (94)).
The treatment of gout and of its complications means a significant economic burden for national health systems: gout patients represent substantially higher direct and indirect costs compared with subjects without gout, and highest among elderly patients and those who do not respond to treatment, compared with those of younger gout patients.  The direct costs increase as the characteristics of the disease worsen (Rai, 2015 (32)); another systematic review to assess the current impact of the disease has shown that gout represents a significant burden in terms of both costs and quality of life (Shields, 2015 (95)). This study demonstrated that the direct costs associated with gout differ in terms of many factors, primarily SUA levels and the number of acute attacks and tophi, generating a greater consumption of resources, mostly attributed to hospitalisation.

The main International Guidelines (Richette, 2016 (6); Khanna, 2012 (96), Jordan, 2007 (97), Manara, 2013 (7)) recommend controlling uric acid levels in the blood, in order to reduce the risk of clinical complications: more particularly the most recently published EULAR guidelines recommend maintaining serum uric acid levels of <6mg/dl, or <5mg/dl in the case of patients with severe forms of the disease, and recommend starting uricaemia lowering therapy as soon as the first symptoms appear, i.e. as of the first acute attack, as well as in the presence of recurrent acute attacks, tophi, gouty arthropathy and/or renal calculi. (Richette, 2016 (6)).
An SUA level of <6.0 mg/dl is recommended in that it is considered to be well below the urate solubility threshold value (MSU); the Italian SIR Guidelines state: “the purpose of uricaemia lowering therapy is to promote the dissolution and to prevent the formation of MSU tissue crystals. To this end, the serum uric acid levels must be kept below 6 mg/dl, the value that reflects a tissue concentration less than the saturation point of monosodium urate (MSU)[footnoteRef:2] (Manara, 2013 (7)). [2:  MSU = mono-serum urate] 

Reducing the urate levels below the threshold value of 6.0 mg/dl makes it possible not only to interrupt urate deposition in the joints and in the bones, but also to dissolve the crystals already deposited (Richette, 2016 (6)); an interesting case is illustrated in Figure 8 which shows a reduction in the volume of tophi from 20.2 cm3 to 0.6 cm3 following urate lowering therapy (ULT) in a 48-year old woman affected by gout (Nicolaou, 2012 (98)).

[bookmark: Figura8][bookmark: _Toc473186903]Figure 8 - Reduction of the volume of tophi following ULT in a patient with gout (Nicolaou, 2012)
[image: ]

The reduction of SUA levels is also associated with a reduction of other inflammatory markers, including C-Reactive Protein (CRP), a systematic inflammation marker, high levels of which have been observed in hyperuricaemia patients (Figure 9) (Grainger, 2013 (99); Kanbay, 2011 (100); Goicoechea, 2010 (101)). 

[bookmark: Figura9][bookmark: _Toc473186904]Figure 9 - Reduction in SUA levels and CRP (Goicoechea, 2010)
[image: ]

Above SUA values of >6.0 mg/dl the risk of acute attacks increases significantly. The data shown in Figure 10 are derived from a study involving the retrospective analysis of 267 patients monitored for gout at Tokyo University’s Rheumatology Institute. These patients had experienced ≥1 acute attack before the first visit and had attended the clinic for at least 1 year. The graph in Figure 10 shows the clear correlation between uricaemia levels (SUA values calculated as a 3-year average for patients who have received the treatment), and the incidence of recurrent acute gout attacks (Shoji, 2004 (17)).

[bookmark: Figura10][bookmark: _Toc473186905]Figure 10 - Relationship between uricaemia levels and the risk of acute attacks (Shoji, 2004)
[image: ]

A correlation was demonstrated between the stable control of SUA levels in the long term, in patients treated with a urate lowering drugs and the reduction/elimination of acute attacks. It will be noted that the absence of significant differences in terms of the effect of the treatment over a relatively short period (12 months) should not seem surprising, since no oral drug was able to demonstrate this in studies a 12 months: the FOCUS study (FOCUS=Febuxostat Open-label Clinical trial of Urate-lowering efficacy and Safety), which assessed the long-term treatment of gout patients with febuxostat, demonstrated that continuous treatment with an XOI drug reduces and can even eliminate acute attacks and reduce the number of tophi at persistent stable doses of febuxostat for 5 years (Figure 11) (Schumacher, 2008 (39)).

[bookmark: Figura11][bookmark: _Toc473186906]Figure 11 - Maintenance with ULT, effect on acute attacks – FOCUS study (Schumacher, 2008)
[image: ]

The reduction of uric acid levels can produce an important health benefit, reducing mortality in gout patients: 
in a case-control study on patients followed up for 6.5 years, after an adjustment for covariates, gout patients not treated with ULT (N=1189) showed an increased risk of cardiovascular mortality (HR 2.43, IC 95% 1.33-4.45) and of mortality from any cause (1.45, 1.05-2.00) compared with the control group in the general population (without gout, without ULT). Gout patients treated with ULT (N=764) showed less risk of cardiovascular disease (0.29, 0.11-0.80) and mortality from any cause (0.47, 0.29-0.79) compared with gout patients not treated with ULT (N=764). This survival benefit was independent of the drug used (allopurinol or benzbromarone) (Chen, 2015 (27)).
The pharmacological approach for hyperuricaemia and gout patients currently recommended in the EULAR 2016 Guidelines (Richette, 2016 (6)) is illustrated in Figure 12. 
In hyperuricaemia and gout patients the  guidelines recommend starting ULT treatment as soon as symptoms appear, i.e. as of the first acute attack, as well as when recurrent acute attacks, tophi, gouty arthropathy and/or renal calculi are present.
Allopurinol, a xanthine oxidase inhibitor (XOI) which acts on the over-production of uric acid, is recommended as the first-line treatment; at the start of treatment a low dosage must be used (100 mg/day), with titration at a further 100 mg every 2-4 weeks (until the maximum possible dosage is reached) until the uricaemia target is achieved. 
As a second line of treatment:
· if allopurinol in monotherapy is ineffective (in controlling SUA levels) the following is recommended:
· supplementing allopurinol with a uricosuric drug (the only uricosuric available in Italy is lesinurad), switching to febuxostat (XOI) in monotherapy (80-120 mg/day) or switching to a uricosuric in monotherapy (an option that cannot be considered in Italy where the only uricosuric available is lesinurad, which must be administered in combination)
· in the event of allopurinol intolerance the following is recommended:
·  switching to febuxostat in monotherapy (80-120 mg/day)
If the second-line treatment options fails (febuxostat in monotherapy or allopurinol + lesinurad), the combination of an XOI (febuxostat) with a uricosuric (i.e. lesinurad) is considered. 

[bookmark: Figura12][bookmark: _Toc473186907]Figure 12 - EULAR 2016 Guidelines (adapted from Richette, 2016)
[image: ]

Notwithstanding the availability of treatments for reducing uric acid levels in the blood, the current treatment options present significant limitations:
· many patients do not achieve the uric acid (SUA) target with current treatments, which in Italy are represented only by the XOI drugs allopurinol and febuxostat in monotherapy, which act on the over-production of uric acid, despite the dosages commonly used in clinical practice. XOIs are not able to bring about reduced renal excretion, which is corrected by lesinurad, a uricosuric drug (SmPC Zurampic, EPAR, 2015 (1), EPAR, 2015 (42)). Particularly at the commonly used doses of XOI, more than 50% of gout patients fail to achieve the SUA target (< 6.0 mg/dl) (Becker, 2005 (36); Becker, 2009 (37); Becker, 2010 (38); Schumacher, 2008 (39); Becker, 2015 (40)) (Figure 13); 
· even at allopurinol dosages greater than those most commonly used (300 mg/day) and with treatment adherence greater than 96%, there remain a high percentage of patients who do not respond to the treatment, with 52% of patients failing to achieve the SUA target (<6.0 mg/dl) (Becker, 2015 (40)).
· Clinical practice shows that the majority of patients are treated with allopurinol at doses of 300 mg/day, although the Guidelines recommend the titration of allopurinol (up to 800mg/day) to achieve the optimal SUA level:
· Data from quantitative sampling carried out on 126 rheumatologists and 126 doctors based in Italy, France, Germany, Spain and UK demonstrated that only 10% of patients are treated in Italy at dosages > 300 mg/day (Singh, 2013 (102)).
· Data obtained from Delphi Panel in UK show that general/specialist doctors are not aware of the need to increase the dosage of allopurinol in monotherapy, and uncertainty about the fact that patient adherence to the treatment may have caused many clinicians not to routinely titrate allopurinol to a dose of > 300 mg/day (Grünenthal Ltd. Delphi Survey report 2016, DOF (103)).

[bookmark: Figura13][bookmark: _Toc473186908]Figure 13 - Patients not achieving target SUA <6.0 mg/dl with allopurinol or febuxostat (data from 3 RCTs) (Schumacher, 2008; Becker, 2005; Becker, 2010)
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Figure 13 shows the proportion of patients not achieving target SUA with allopurinol or febuxostat from three randomised clinical studies: APEX study on 1072 patients treated for 28 weeks with febuxostat vs. allopurinol (Schumacher, 2008 (39)); FACT study on 762 patients treated for 52 weeks with febuxostat vs. allopurinol (Becker, 2005 (36)) and CONFIRMS study on 2269 patients treated for  6 months with febuxostat or allopurinol (Becker, 2010 (38)).
While Figure 14 shows the results of the LASSO study, an open 6-month study in which those enrolled were 1735 gout patients who had had 2 or more acute attacks in the last year, and who were treated with allopurinol, with a recommendation that the researchers involved titrate the drug to achieve the target SUA of <6 mg/dl. According to the Authors’ conclusions: “despite encouragement to treat to target,(…), significant proportions of patients did not achieve target SUA”. In fact, as can be seen from the Figure, at dosages both above and below 300 mg/day significant proportions of patients failed to achieve the target SUA of <6.0 (Becker, 2015 (40)).

[bookmark: Figura14][bookmark: _Toc473186909]Figure 14 - Patients not achieving target SUA <6.0 mg/dl with allopurinol –LASSO study (Becker, 2015)
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>300 mg/day
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< 300 mg/day


As confirmed by the expert, Prof. Punzi, U.O.C. Director of Rheumatology at the University of Padua Attachment 1), there is therefore a significant therapeutic need, not satisfied by current pharmacological therapies, in the treatment of hyperuricaemia in gout patients who fail to achieve the target SUA as prescribed in the Guidelines. 

In the context of the EULAR 2016 Guidelines (Richette, 2016 (6)), in 2017 the Company will also launch its long-term CHANGE GOUT® programme throughout Europe, including Italy: this is an educational initiative aimed at raising the awareness of doctors and patients regarding the all-round management of gout. The EULAR 2016 Guidelines in fact show that the educational aspect is a key factor for success in the treatment of this pathology, and emphasises the need to introduce a “treat to serum target” treatment, which was shown to be a key factor in improving the manifestations of the disease (Kiltz, 2016 (104)). 
This is the context for Grünenthal’s ambitious long-term “CHANGE GOUT® programme, the purpose of which is to gain better understanding of gout and how to manage gout patients; this must be considered from an overall perspective, taking all aspects into account, including information on the purpose and advantages of treatment.  This is a long-term programme and will be sent to health professionals and to patients in order to reduce the existing barriers to the adequate treatment of this pathology.
The Company will also collaborate with the University of Parma on the EFSA (European Food Safety Authority) programme, “Multidisciplinary patient care in the elderly: personalisation of pain therapy and nutrition, based on epigenetic biomarkers (PANE)”, a project focusing on pain and nutrition in elderly patients.  Indeed correct diet is essential not only for particular diseases such as gout, but also in many diseases frequently present among the elderly, such as osteoarthritis. Indeed, a correct diet is essential not only for particular diseases such as gout, but also in many diseases frequently present in the elderly population, such as osteoarthrosis and low back pain. The project’s primary objective is the management of pain through a multidisciplinary approach, analysing both the physiopathology of the pain and patients’ lifestyle.  Personalised diet plans and appropriate neutraceuticals may optimise patients’ quality of life.

[bookmark: Par4_3][bookmark: _Toc473184557]4.3 Type of action of the drug on the morbid condition
4.3a 	aetiological
4.3b 	pathogenic/physiopathological
4.3c 	symptomatic

Hyperuricaemia is in the majority of cases (80-90%) caused by the inefficient renal excretion of uric acid (Burns, 2013 (8); Zhu, 2011 (33); Richette, 2010 (34); Boss, 1979 (35)).
Xanthine oxidase inhibitors (XOI), such as allopurinol and febuxostat, act by reducing the production of uric acid; the WHO has included them under the therapeutic class M04AA Preparations inhibiting uric acid production (www.whocc.no). 
The WHO has instead included lesinurad under the therapeutic class M04AB Preparations increasing uric acid excretion (www.whocc.no), because lesinurad has a URICOSURIC action mechanism, i.e. it is a selective inhibitor of the reabsorption of uric acid[footnoteRef:3], inhibiting the uric acid transporters URAT1[footnoteRef:4] and OAT4[footnoteRef:5] in the proximal tubules of the kidneys (Miner, 2016 (4); EPAR, 2015 (42)).  [3:  Selective Uric Acid Reabsorption Inhibitor - SURI]  [4:  Uric Acid Transporter 1]  [5:  Organic Anion Transporter 4] 

URAT1 plays an important role in the reabsorption of acid and in homeostasis processes; it is believe that it is responsible for the majority of the plasmatic reabsorption of uric acid filtered by the renal tubules (Crittenden, 2011 (105); Enomoto, 2005 (106)); by inhibiting URAT1, lesinurad increases the renal excretion of uric acid and thereby reduces the serum uric acid levels. 
Lesinurad also inhibits OAT4 which is  thought be involved in hyperuricaemia secondary to the use of thiazide diuretics; as recently reported, “its ability to inhibit OAT4 can counter hyperuricaemia induced by diuretics. Clinical trials have confirmed that lesinurad adequately reduces SUA levels when administered alongside diuretics” (Miner, 2016 (4)).
Lesinurad’s inhibition of the two transporters results in the reduced reabsorption of uric acid from the renal tubular lumen into the plasma, with the consequent increase in renal excretion (EPAR, 2015 (42)) (Figure 15).
[bookmark: Figura15][bookmark: _Toc473186910]Figure 15 - Action mechanism of lesinurad (Miner, 2016)
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When lesinurad is associated with an XOI drug, it offers an ACTION MECHANISM COMPLEMENTARY to the latter: indeed, in gout and hyperuricaemia patients, in addition to reducing the uric acid levels produced by the XOI drug, lesinurad increases the excretion of uric acid, thereby producing further reductions in uricaemia levels (Figure 16) (EPAR, 2015 (42)). 
This action mechanism is particularly important because 80-90% of primary hyperuricaemia cases are caused by the inefficient renal excretion of uric acid, rather than by the over-production of uric acid (Burns, 2012 (8); Richette, 2010 (34)).
Lesinurad is therefore able to correct the pathogenic alteration most frequently found in gout patients (i.e. the insufficient renal excretion of uric acid).

[bookmark: Figura16][bookmark: _Toc473186911]Figure 16 – Complementary nature of the action mechanism (drawn up by Richette, 2016)
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Lesinurad has a high affinity for URAT1 and OAT4 and at clinically effective dosages (200 mg/day) does not interfere with the activity of OAT1 and OAT3, the renal transporters involved in the excretion of drugs, thereby avoiding clinically significant interactions with the substrate drugs of these transporters (e.g. atorvastatin and metformin) (Tan, 2016 (3); Miner, 2016 (4); Shen, 2016 (5)).
The absolute bioavailability of lesinurad is equivalent to approximately 100%. Lesinurad is rapidly absorbed in the organism following oral administration, reaching a maximum plasma concentration (Cmax) within 1–4 hours (with a Cmax of 6 μg/mL after the individual administration of Lesinurad 200 mg). Plasma protein binding is 98% (SmPC Zurampic, EPAR, 2015 (1)). 
During the first hours following administration, a rapid reduction in SUA levels has been observed (SmPC Zurampic, EPAR, 2015 (1)), accompanied by increased renal excretion (Miner, 2016 (4); Shen, 2016 (5)). 
Lesinurad has a half-life of 5h, but its effect on reducing SUA lasts for 24 hours after administration. It is primarily metabolised by CYP2C9 with the formation of 2 metabolites, M3 and M4, which were found at insignificant low concentrations through the pharmacological activity of lesinurad.  It is eliminated in the urine (>60%, of which ~30% is unmetabolised lesinurad and ~64% are inactive metabolites) and in the faeces (~30%) (SmPC Zurampic, EPAR, 2015 (1); EPAR, 2015 (42)).
Because of its pharmacological characteristics Lesinurad is clearly different from previous uricosurics (e.g. probenecid and benzbromarone), which presented limitations in terms of effectiveness and safety, resulting in their being withdrawn from sale in Italy and in many European countries. For example, probenecid alters the metabolism and the potency of many drugs (such as NSAIDs, methotrexate and penicillin), reducing renal excretion (through their inhibiting action on OAT1 and OAT3), metabolism and hepatic absorption.  One third of the patients develop an intolerance, up to 18% of patients develop gastrointestinal side-effects and 5% hypersensitivity and rash (Miner, 2016 (4); Cunningham, 1981 (107)), while benzbromarone, also an inhibitor with a high URAT1 affinity, is associated with mitochondrial hepatotoxicity (Miner, 2016 (4); Lee M-HH, 2008 (108)). 
Consequently, compared with other uricosurics, the action mechanism of lesinurad and its pharmacological characteristics, as confirmed by the expert, Prof. Punzi, U.O.C. Director of Rheumatology at the University of Padua (Attachment 1), make it the uricosuric with the best safety profile, and its use is therefore also authorised for patients with light to moderate renal insufficiency and with light to moderate hepatic insufficiency without modifications of the dosage (SmPC Zurampic, EPAR, 2015 (1)). 
In fact, following periodic controls it was show that there is no significant difference between the lesinurad group and the placebo group in terms of increased hepatic enzymes.  In addition the safety database does not contain any cases of hepatotoxicity from the lesinurad. Adverse events under the heading of “hepatobiliary disorders” were slightly more frequent for lesinurad 200 mg (2.3%) compared with the placebo (1.2%). The long-term data (24 months) have not shown a tendency for an increase in hepatobiliary disorders or signs of hyperplasia of the biliary duct (EPAR, 2015 (42)).
It should be noted that anti-hypertensives such as thiazide diuretics and aspirin at low doses for cardiovascular prevention reduce the renal excretion of uric acid, activating OAT4, and thus increasing the risk of developing hyperuricaemia (Choi, 2006 (43); Rosch, 2004 (44)). Thanks to lesinurad’s ability to inhibit OAT4, the drug counteracts the SUA level raising effect of thiazide diuretics, a benefit for those gout patients treated for hypertension (Miner, 2016 (4)). The clinical development programme for lesinurad considered patients receiving concomitant treatment with thiazides and baseline thiazide-like diuretics (Paragraph 4.4).  

In conclusion: “the action of lesinurad counteracts the insufficient excretion of uric acid that is common in gout patients. The combination of the two treatment mechanisms, the inhibition of production with an XOI and the inhibition of reabsorption with a selective inhibitor (such as lesinurad), is a powerful approach for reducing SUA levels. Lesinurad has shown a significant inhibiting activity on URAT 1 and OAT4, which probably explains its pharmacodynamic effects, such as a better in vitro selectivity profile, compared with other drugs that that inhibit the reabsorption of urate.  Lesinurad is thus a new treatment option for hyperuricaemia associated with gout in combination with an XOI” (Miner, 2016 (4)).

[bookmark: Paragrafo44][bookmark: _Toc473184558]4.4 Extent of the therapeutic effect on the morbid condition
4.4a 	abolition/eradication of the disease
4.4b 	marked improvement 
4.4c 	slight improvement 
4.4d 	reduction of progression

ZURAMPIC (lesinurad) is the only oral drug approved at a European level with demonstrated effectiveness, in combination with an XOI drug, in the treatment of hyperuricaemia in gout patients who are not adequately controlled with an XOI in monotherapy (EPAR, 2015 (42)).
Lesinurad was extensively studied in depth in the context of the Clinical Development Plan. The CLEAR-CRYSTAL programme studies are the first clinical trials to study the effectiveness of an oral treatment in patients not adequately controlled by treatment with xanthine oxidase inhibitors. The effectiveness and tolerability of lesinurad, taken once daily in monotherapy and in combination with an XOI drug, was studied in 3 multi-centre randomised double-blind, controlled trials, compared with an XOI drug in combination with a placebo, and on their long-term extensions, in adult patients affected by hyperuricaemia and gout. Overall, the clinical development programme for lesinurad included more than 1500 patients for efficacy assessments and 2586 patients were assessed for safety (EPAR, 2015 (42)).
As reported in the EPAR: “in patients with insufficient response to XOI monotherapy, at a dose of 200 mg/day, and in combination with allopurinol or febuxostat, lesinurad has shown marked, rapid and sustained uricaemia reducing effects” (EPAR, 2015 (42)).

As soon as one month following the add-on of an XOI, lesinurad has caused a further 15-25% reduction in uricaemia levels compared with the standard treatment (monotherapy with allopurinol or febuxostat), achieving baseline SUA levels of < 15% - 25%  (Figure 17 and Figure 18) (CSR 301, 2014 (109) and CSR 302, 2014 (110); CSR 304, 2014 (111)). 
	
[bookmark: Figura17][bookmark: _Toc473186912]Figure 17 - Average serum urate levels at each visit – CLEAR Studies (observed cases – ITT population) (SmPC Zurampic, EPAR, 2015)
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[bookmark: Figura18][bookmark: _Toc473186913]Figure 18 - Average serum urate levels at each visit up to month 12 - CRYSTAL Study (Observed cases, ITT population) (adapted from CSR 304, 2014 – Dalbeth, 2015)
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In the CLEAR studies lesinurad in combination with allopurinol demonstrated its greater effectiveness compared with allopurinol in monotherapy, almost doubling the number of patients at target at month 6 (patients who have achieved SUA levels of <6 mg/dl).

A significantly greater number of patients treated with lesinurad 200 mg + febuxostat achieved SUA levels of <5.0 mg/dl compared with subjects treated with febuxostat in monotherapy in all months, except for month 6 (NRI Analysis). However, the LOCF (last observation carried forward) analysis demonstrated that a significantly greater proportion of patients treated with lesinurad 200 mg + febuxostat achieved SUA levels of <5.0 mg/dl at month 6  compared with those treated with febuxostat in monotherapy (64.1% vs 50.9%, respectively; p=0.0377) (Table 8)

[bookmark: Tabella8][bookmark: _Toc473150693]Table 8 – Proportion of subjects with SUA levels of < 5 mg/dl at month 6 (LOCF Analysis– ITT population) (CSR 304, 2014)
	
	Lesinurad 200 mg + febuxostat
N=106
	Placebo + febuxostat
N=109

	LOCF Imputation: Proportion of 
SUA responders†, n/N (%)
	66/103 (64.1)
	54/106 (50.9)

	Difference in proportions 
(95% CI), lesinurad versus placebo
	0.13 (–0.00; 0.26)
	

	p-value
	0.0377
	


†Defined as subjects achieving SUA <5.0 mg/dL by Month 6.
Abbreviations: CI, confidence interval; ITT, intent-to-treat; LOCF, last observation carried forward; SUA, serum uric acid.
In patients who do not respond to febuxostat, lesinurad has shown a greater reduction in SUA levels measured against the baseline: the percentages of patients with uricaemia of <5.0 mg/dl at month 6 were  44.1% for lesinurad vs. 23.5% for febuxostat monotherapy (p <0.05) (Paragraph 5.18) (Figure 19).

[bookmark: Figura19][bookmark: _Toc473186914]Figure 19 - Primary end-point in patients SUA>5 mg/dl baseline - CRYSTAL Study (NRI analysis, ITT population) (adapted from CSR 304, 2014)
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The significant reduction in uricaemia brought about by the addition of lesinurad to treatment with an XOI drug is seen as an important end-point in the treatment of gout, in that it correlates positively with the reduction of the clinical manifestations of the disease, represented primarily by gout attacks and tophi.
The main International Guidelines (Richette, 2016 (6); Khanna, 2012 (96), Jordan, 2007 (97)) and various studies support the use of SUA levels as a marker for clinical benefits in the treatment and management of gout (Shoji, 2004 (17); Becker, 2009 (37); Kiltz, 2016 (104); Li-Yu, 2001 (112); Pascual, 2007 (113); Perez-Ruiz, 2002 (114); Campion, 1987 (115)). Further support for the applicability of SUA levels as clinical markers has come from a prospective observational study which demonstrated that the accumulative risk at 5 years following the development of gout in subjects with uncontrolled SUA levels (≥10.0 mg/dl) is 30.5%, compared to only 0.5% in patients with SUA levels under control (≤6.0 mg/dl) (Campion, 1987 (115)).
Furthermore the effects of SUA levels on relevant clinical outcomes for the disease (acute inflammatory episodes (flares) and tophi) were confirmed through a systematic examination of the literature, carried out by Grünenthal in September 2016, the results of which show that SUA values of ≥6 mg/dl were associated with a worsening of the clinical outcomes referred to above (Grünenthal DOF, SLR, September 2016 (116)).



This review provided evidence of the association that exists, in adult gout/hyperuricaemia patients, between a reduction of the SUA levels and the resolution of tophi and the reduction of acute inflammatory episodes. 
Twelve publications eligible for the analysis reported the association between SUA levels and acute inflammatory episodes (Shoji, 2004 (17); Becker, 2009 (37); Becker, 2005 (39); Wortmann, 2010 (117); Becker, 2013 (118); Becker, 2008 (119); Dalbeth, 2012 (120); Hamburger, 2012 (121); Khanna, 2013 (122); Sarawate, 2006 (123); Shiozawa, 2015 (124); Wu, 2009 (125)). Achievement of SUA levels ≤6 mg/dL was associated with a lower risk of acute inflammatory episodes compared with SUA levels >6 mg/dl. This fact was statistically significant (p<0.05) in 8 of the 12 studies with acute inflammatory episodes  (Becker, 2005 (39); Becker, 2008 (119); Dalbeth, 2012 (120); Hamburger, 2012 (121); Khanna, 2013 (122); Sarawate, 2006 (123); Shiozawa, 2015 (124); Wu, 2009 (125)).
Eleven eligible publications for the analysis reported the association between SUA levels and tophi (Becker, 2009 (37); Becker, 2005 (39); Li-Yu, 2001 (112); Perez-Ruiz, 2002 (114); Becker, 2013 (118); Becker, 2008 (119); Dalbeth, 2012 (120); Khanna, 2013 (122); Araujo, 2015 (126); Baraf, 2013 (127); Perez-Ruiz, 2007 (128). Achievement of SUA levels ≤6 mg/dL was associated with an improvement in the state of the tophi compared with SUA levels >6 mg/dl. This fact was statistically significant (p<0.05) in 4 of the 11 studies with tophi (Perez-Ruiz, 2002 (114);  Becker, 2008 (119); Khanna, 2013 (122); Perez-Ruiz, 2007 (128)) (Grünenthal DOF, SLR, September 2016 (116)).

Significant evidence of the effect of lesinurad in reducing tophi was measured directly in the CRYSTAL Study in a population of patients with visible baseline tophi. 
The proportion of patients with the complete resolution of at least 1 target tophus continued to increase in both the core study and the extension study and was consolidated at 50.0% of patients in the cross-over group from PBO+FBX (compared with 21.1% at month 12 in the core study) and at 53.1% of patients receiving ongoing treatment with LESU200+FBX (compared with 25.5% at month 12 in the core study) (p=0.5700) (CSR 307, 2015 (129)).
Lesinurad in combination with febuxostat caused a reduction in the overall area of tophi, at various points in time, compared with treatment with febuxostat in monotherapy:  at month 12 the area affected by tophi was reduced by 50.1%, compared with 28.3% for monotherapy (p <0.05 – LOCF Analysis) (Figure 20) (CSR 304, 2014 (111)). 

[bookmark: Figura20][bookmark: _Toc473186915]Figure 20 – Percentage variation in the sum of the areas for all the target tophi (mm2) - CRYSTAL Study (Analysis Observed cases; ITT population) (adapted from CSR 304, 2014)
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The effect of lesinurad in reducing the total area of tophi has in fact been reconfirmed in the extension study (CRYSTAL extension) in which the reduction of the total area of the target tophus was maintained over time, for both groups studied, 200CONT and 200CROSS, and up to the last extension study observation (Month 24), the patients in the 200CONT group showed a 68.25% reduction and the patients in the 200CROSS group a 64.07% reduction.

In both the CLEAR and the CRYSTAL studies the rate of gout attacks requiring treatment continued to fall throughout the extension period in patients treated with lesinurad in combination with an XOI (Figure 21 and Figure 22) (CSR 301.2014 (107) and 302, 2014 (108); CSR 304, 2014 (111); CSR 307, 2015 (129); CSR 306, 2015 (130)).
[bookmark: Figura21][bookmark: _Toc473186916]Figure 21 - Percentage of patients treated for an acute attack - CLEAR core and extension (Analysis observed cases, ITT population) (CSR 306, 2015)
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[bookmark: Figura22][bookmark: _Toc473186917]Figure 22 - Percentage of patients treated for an acute attack - CRYSTAL core and extension (analysis observed cases, ITT population) (CSR 307, 2015)
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Efficacy in particular sub-populations 
The efficacy of lesinurad has also been confirmed 
· in patients with light to moderate renal insufficiency: lesinurad was effective in increasing the proportion of patients at target SUA in these patients and  in the general population considered in the studies (Figure 23 and Figure 24) (CSR 304, 2014 (111); Clinical Overview, 2014 (131); Dalbeth, 2015 (132));

[bookmark: Figura23][bookmark: _Toc473186918]Figure 23 - Patients at target (SUA<6mg/dl) at month 6 – patients with light to moderate renal compromise (NRI Analysis, ITT population) (Clinical Overview, 2014)
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[bookmark: Figura24][bookmark: _Toc473186919]Figure 24 - Patients at target SUA<6.0  subjects with renal compromise - CRYSTAL Study (LOCF analysis, ITT population) (adapted from CSR 304, 2014 – Dalbeth, 2015)
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· patients receiving baseline aspirin treatment: it was observed that low doses of aspirin increase the presence of the transporter URAT1; aspirin at low doses (< 325 mg) is commonly used for cardiovascular prevention in gout patients. In the CLEAR studies, consistent with the ITT population, more than half of the patients who took baseline aspirin achieved the target SUA at month 6 (LESU200+ALLO 60.3%, PBO+ALLO 24.4%; p<0.0001); and this fact was confirmed in the CRYSTAL Study, although on small numbers of patients (LESU200+FBX 72.2% vs. vs PBO+FBX 56.3%; p>0.05) (Clinical Overview, 2014 (131)).
· patients receiving baseline thiazide diuretic treatment: thiazide diuretics increase uricaemia, probably by activating the transporter OAT4 in the proximal tubule of the kidney, acting as an obstacle to achieving target SUA. Also for this population in the CLEAR studies double the number of patients treated with lesinurad achieved their target at month 6 (LESU200+ALLO 60.8% vs. PBO+ALLO 29.7%; p=0.0002); and this fact was confirmed in the CRYSTAL Study, although on small numbers of patients (LESU200+FBX 69.2% vs. PBO+FBX 66.7%; p>0.05) (Clinical Overview, 2014 (131).
· patients aged ≥ 65 years: lesinurad 200 mg has proved to be significantly more effective than allopurinol in monotherapy compared with the primary efficacy endpoint (57.5% vs 28.3% respectively (p=0.0102), SUA <6.0 mg/dl at month 6) (Paragraph 5.28)



SAFETY
Lesinurad in combination with an XOI has demonstrated safety and tolerability in a wide range of gout patients, and is proposed as a valid treatment option as an add-on to XOI. 
In the phase III trial lesinurad had a safety profile similar to that of allopurinol and febuxostat in monotherapy.
The more common adverse events were upper respiratory tract infections, arthralgia, increase in serum creatinine, increase in serum creatinine phosphokinase, hypertension and nasopharyngitis. In all three studies, the majority of the adverse events observed in patients receiving lesinurad treatment (TEAEs) were of light to moderate intensity. 
In the clinical studies renal and cardiovascular events were of particular interest. In the three studies the proportion of subjects with renal TEAEs was similar (CLEAR-1 and CLEAR-2) or slightly higher (CRYSTAL) with lesinurad 200 mg compared with allopurinol or febuxostat in monotherapy.  
The increase in serum creatinine was the most common correlated event observed in patients being treated with lesinurad, however they were all resolved in the course of the studies and in the majority of cases without the need to discontinue lesinurad treatment. 
The incidence of TEAEs classified as cardiovascular events was similar between lesinurad and allopurinol in monotherapy in the CLEAR-1 and CLEAR-2 studies, and slightly higher with lesinurad compared with febuxostat in monotherapy in the CRYSTAL Study. 
In general the proportion of patients who reported AEs in the extension studies was similar to that in the core studies. No modifications worthy of note were observed in the safety profile of lesinurad in the extension studies compared with previous double blind studies. 
Successive analyses (PSUR 16 August 2016 (133)) confirm that (Paragraph 6) the renal safety profile of lesinurad 200 mg in combination with an XOI in the core control studies v. a placebo+XOI is comparable to that of an XOI in monotherapy. It was confirmed that only transitory increases in serum creatinine (sCr) were observed, the majority of which were resolved without interrupting the treatment with lesinurad.
In the phase III controlled trials, the number of the MACE events was low (< 1%), with a slight case-related imbalance.  Assessed overall, all the data suggest that lesinurad does not increase the risk of MACE events. It has not been established that there is any causal link between the use of lesinurad and the incidence of cardiovascular events, including MACE (Paragraph 6).

For further details on the above three studies see Paragraph 5 and Paragraph below.




[bookmark: _Toc473184559]4.5 Role of the drug in the morbid condition considered
4.5a	drug for a morbid condition that is not yet adequately treated
4.5b	drug for a morbid condition for which the treatment so far available is not adequate in particular subgroups of patients (specify)
4.5c	drug more effective and/or safer for a morbid condition for which an adequate treatment already exists 
4.5d	a more manageable drug or one that permits better compliance for a morbid condition for which adequate treatment already exists 
4.5e	drug of equal efficacy compared with other existing drugs

The primary purpose of the treatment of gout is to control uric acid levels in the blood, in order to reduce the risk of clinical complications. The current European guidelines (European League Against Rheumatism - EULAR 2016), in the process of being adopted also by the Italian Rheumatology Association (SIR) for the management of gout and for maintaining serum uric acid levels at <6mg/dl, or <5mg/dl in the case of patients with severe forms of the disease (Richette, 2016 (6)). 
The Italian Guidelines state very clearly that: “the purpose of urate lowering therapy is to promote the dissolution and prevent the formation of the UMS tissue crystals. To this end, serum uricaemia levels must be kept below 6 mg/dl, a value that reflects a tissue concentration of less than the monosodium urate (MSU)[footnoteRef:6] saturation point (Manara, 2013 (7)).  [6:  UMS = MSU mono-serum urate] 

It has been demonstrated that the progression of the disease is correlated to the serum uric acid levels: lower uricaemia levels result in fewer flares and in a faster resolution of tophi.  Furthermore, keeping uricaemia at <6 mg/dl provides a clinical advantage that builds up over time, and which is measurable in terms of the prevention of flares and reversal of the deposition of MSU crystals in the tissues (Terkeltaub, 2013 (14); Shoji, 2004 (17); Becker, 2009 (37); Li-Yu, 2001 (112); Pascual, 2007 (113); Perez-Ruiz, 2002 (114)).
Gout reduces patients’ quality of life: the international and Italian literature has demonstrated that the characteristics of the disease affect QoL and that gout patients who are not adequately managed have a lower QoL compared with gout patients who are well controlled with drugs (Scirè, 2013 (28); Khanna, 2012 (29); Lee, 2009 (30); Roddy, 2007 (31); Kleinman, 2007 (92); Wood, 2016 (93); Van Vlaenderen, 2008 (94)). 

As confirmed by the expert, Prof. Punzi, U.O.C. Director of Rheumatology at the University of Padua (Attachment 1), “gout is certainly the best treatable but the worst treated joint disease. This means that it is underestimated and undervalued, both by patients and by doctors, and is therefore not cured, notwithstanding the availability of potentially effective drugs.  Patient must receive comprehensive treatment, taking all the various aspects into account, including lifestyle, but must be informed of the purpose and advantages of treatment”.
The best management of the disease provides for the use of non-pharmacological measures (for example, diet and lifestyle changes) and for the use of pharmacological measures depending on the risk factors and on the clinical phase of the disease (Richette, 2016 (6); Manara, 2013 (7)). As already reported, although flares are a typical expression of the increased activity of the disease (Jordan, 2007 (96)), the benefits of pharmacological intervention include a reduction in target SUA levels with an accumulative effect over time, a general reduction of the effect of MSU crystals, prevention of the formation of tophi, reduction of the risk of flares and of the risk of morbidity associated with hyperuricaemia (such as chronic nephropathy and cardiovascular diseases ) and mortality (Paragraph 4.2). 

The therapeutic approach for patients with hyperuricaemia and gout is currently recommended in the EULAR 2016 Guidelines (Richette, 2016 (6)). 
A non-pharmacological treatment is envisaged, including diet and lifestyle changes. The consumption of certain foods and drinks, such as meat, seafood and alcohol, increases the risk of contracting gout (Saag, 2006 (134); Roddy, 2014 (135); Choi, 2004 (136)).  It is therefore recommended that the patient’s diet be changed, reducing the consumption of these high risk foods and drinks.  Also suggested are practical measures for reducing the risk of acute attacks, such as the application of ice to areas affected by urate crystal deposits and rest (Richette, 2016 (6)). However non-pharmacological measures alone are rarely sufficient for alleviating the symptoms and for reversing the aetiology of gout (Moi, 2013 (137)). 
Therefore, in patients with hyperuricaemia and gout, as also confirm by the expert, Prof. Punzi, U.O.C. Director of Rheumatology at the University of Padua (Attachment 1),  by the studies published (Moi, 2013 (137)) and by the Guidelines (Richette, 2016 (6); Manara, 2013 (7)) it is recommended that ULT treatment be started as soon as symptoms manifest themselves, i.e. as of the first acute attack, as well as when recurrent acute attacks occur (including intercritical gout phases), tophi, gouty arthropathy and/or renal calculi, in order to manage chronic and recurrent gout, reducing SUA levels to below the saturation point, causing the dissolution of the MSU crystals and preventing the formation of new crystals.  ULT treatment is thus a long-term treatment for reducing SUA levels, instead of the mere management of acute attacks as and when the patient has symptoms. 
In Italy the only drugs available for the treatment of gout are those that act by inhibiting the production of uric acid (XOIs).  The EULAR guidelines in particular provide as follows (Richette, 2010 (6)): 
Allopurinol, a xanthine oxidase inhibitor (XOI) that acts on the over-production of uric acid, is recommended as first-line treatment; at the start of the treatment a low dosage (100 mg/day) must be used, with titration of a further 100 mg each 2-4 weeks (until the maximum possible dosage is reached)  until the uricaemia target is achieved. . 
As a second-line treatment: 
· if allopurinol in monotherapy is found to be ineffective (in controlling SUA levels), the following is recommended: 
· the addition of allopurinol or a uricosuric drug (the only uricosuric available in Italy is lesinurad), the switch to febuxostat (XOI) in monotherapy (80-120 mg/day), or the switch to a uricosuric in monotherapy (an option not to be considered for Italy where the only available uricosuric is lesinurad, which must be supplied in combination) 
· in cases of allopurinol intolerance the following is recommended: 
· the switch to febuxostat in monotherapy (80-120 mg/day) 

If the second-line treatment options fail (febuxostat in monotherapy or allopurinol + lesinurad), an XOI (febuxostat) must be associated with a uricosuric (i.e. lesinurad).

The guidelines also contain provision for anti-inflammatory treatments for the management of acute gout episodes (Richette, 2016 (6)) that are extremely painful: the pain, which becomes increasingly more intense, confines the patient to immobility and is cause of deep distress. The pain is reported as severe and incapacitating, and is more frequently described as a stabbing sensation, or as intense as childbirth or a fractured limb (Tatlock, 2016 (12)). 
Acute attacks are a typical expression of the increased activity of the disease and are an indication of the systemic accumulation of crystals in the body.  The duration of acute attacks is greater in severe gout and in situations where attacks are not adequately managed.  The drugs used for treating acute attacks are colchicine, NSAIDs and low doses of corticosteroids (Manara, 2013 (7))
In fact many gout patients fail to achieve adequate management of the disease, despite treatment with the pharmacological therapies now available.  These patients thus experience a progression of the disease with negative long-term effects, such as osteoarticular damage, disability, renal insufficiency and are associated with a greater risk of cardiovascular and renal morbidity, and associated with increased mortality (Perez-Ruiz, 2014 (9)). 
At the XOI doses commonly used, more than 50% of gout patients fail to achieve the SUA target (< 6.0 mg/dl) (Becker, 2005 (36); Becker, 2009 (37); Becker, 2010 (38); Schumacher, 2008 (39); Becker, 2015 (40)).
Despite using dosages greater than those most commonly used for allopurinol (300 mg/day), there remain a high percentage of patients who do not respond to treatment, with 52% of patients failing to achieve the SUA target (<6.0 mg/dl) (Becker, 2015 (40)).
For Italy this value appears to be worsening: IMS research commissioned by Grünenthal in 2016 showed that, despite receiving ULT treatment, 67.7% of gout patients present SUA levels of > 6.0 mg/dl (IMS-Health LPD Longitudinal Patient Database, 2016 (41)).
In addition, many patients continue to experience frequent attacks and the formation of tophi, despite achieving recommended uric acid level. 
This means that even today there is a significant proportion of patients who fail to achieve the target uricaemia levels, despite treatment with the drugs currently available. These patients need effective and well tolerated new treatment options in order to limit the consequences and complications associated with poor gout management. 
The only uricosuric drug currently available in Italy in combination with allopurinol or febuxostat is lesinurad (Zurampic). The place-in-therapy of ZURAMPIC in the treatment pathway for patients with hyperuricaemia and gout, in line with the approved indications and with the Guidelines, is illustrated in the following diagram Diagram 1.
[bookmark: Figura26][bookmark: Schema1]Schema 1 - Position of lesinurad (Zurampic) in the treatment flow indicated in the Guidelines 
Target SUA levels:  SUA  <6 mg/dL (360 mmol/L) for all patients with gout
SUA  <6 mg/dL (300 mmol/L) for all patients with severe gout 
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ZURAMPIC in combination with an XOI drug has demonstrated a significant, statistically significant clinical benefit in the treatment chronic of hyperuricaemic patients with gout who require an adjunctive treatment because they fail to achieve the target SUA with an XOI in monotherapy.
· The efficacy and tolerability of ZURAMPIC as a daily monotherapy and in combination with an XOI drug have been studied in 3 broad Phase III RCTs conducted on over 1,500 adult patients with hyperuricaemia and gout (CSR 304.2014 (109); Saag, 2016 (138); Bardin, 2016 (139),).
· Administered in combination with an XOI drug, ZURAMPIC improves the excretion of uric acid and reduces the serum urate levels (SUA) by 15-25%, doubling the number of patients who achieve the therapeutic target recommended in the Guidelines.
· in both comparisons (vs. allopurinol and vs. febuxostat ) ZURAMPIC in combination with an XOI demonstrated a rapid and sustained reduction of uricaemia, as a result of which a greater percentage of patients achieved the target SUA levels (<6.0mg/dl vs. allopurinol in monotherapy and <5.0mg/dl vs. febuxostat monotherapy) as of month 1, this target being maintained until month 12 of the study and in the subsequent 12 months of the extension
· in both comparisons (vs. allopurinol and vs. febuxostat) the consistent superiority of the efficacy of the combination with ZURAMPIC was confirmed in all the subgroups of patients analysed and particularly in those with slight to moderate renal insufficiency, in those taking thiazide diuretics, in patients treated with aspirin and in patients aged ≥65 years.
· An additional analysis demonstrated that the combination of lesinurad with an XOI is effective in more resistant subjects, including those with higher baseline SUA levels (e.g. SUA > 7-8 mg/dl) (EPAR, 2015 (42)).
· ZURAMPIC in combination with allopurinol has made it possible to achieve the target SUA levels in more than half of those patients with baseline tophi compared with the monotherapy (46.8% versus 21.3%, p = 0.0011)(Clinical Overview, 2014 (131))
· ZURAMPIC in combination with febuxostat, in a population of patients with visible baseline tophi, brought about a greater reduction in the area of the tophi compared with the monotherapy, reducing by almost half the total area of tophi (50.1% vs. 28.3% of the monotherapy) (CSR 304, 2014 (111)). 
· The long-term efficacy data after 24 months of treatment have provided sufficient evidence to demonstrate the clinical effect with a continuous reduction of tophi and flares (EPAR, 2015 (42)).
· ZURAMPIC in combination with an XOI drug has a wholly manageable adverse events profile, and compares with that obtained with allopurinol or febuxostat in monotherapy. 
· The above has also been confirmed by data from long-term studies (after 24 months).
· ZURAMPIC was shown to have no significant interactions with other drugs such as atorvastatin, metformin and furosemide, not altering the plasma exposure (AUC). This aspect is particularly important in elderly patients, typically those receiving multiple forms of treatment for other chronic conditions such as hypercholesterolaemia, diabetes and hypertension (Shen, 2016 (5)).
· Therefore, as also stated by the expert, Prof. Punzi, U.O.C. Director of Rheumatology at the University of Padua (Attachment 1), ZURAMPIC, administered in combination with an XOI drug, is an effective and safe new therapeutic option in the treatment of hyperuricaemia in gout patients who are not adequately controlled with the standard therapies, and it meets an important therapeutic need that is not satisfied by the currently available pharmacological options, in that it is able to correct the most frequently encountered pathogenic alteration (i.e. the insufficient renal excretion of uric acid).



5. [bookmark: Par5][bookmark: _Toc439456125][bookmark: _Toc473184560]Clinical studies in support of the product’s efficacy and reimbursable status
The efficacy and tolerability of ZURAMPIC as a daily monotherapy was studied in 3 randomised, double-blind, controlled multicentre clinical trials, compared with an XOI drug in combination with a placebo; these trials were conducted over 12 months on more than 1500 adult patients with hyperuricaemia and gout. To assess the efficacy and safety of long-term treatment with Zurampic a number of extension studies have also been conducted, in which all the patients were treated with lesinurad in combination with an XOI. 
This document also provides the results of the pooled analysis carried out on the core studies (CLEAR-1, CLEAR-2 and CRYSTAL) and the results of the two interim analyses and the final synopsis of the extension studies (306 and 307). 
The clinical development plan is thus based on the following pivotal studies:
· Study 301 (NCT01510158) CLEAR-1 lesinurad+allopurinol vs. allopurinol monotherapy (Saag, 2016 (138)): Saag et al. Lesinurad Combined With Allopurinol: Randomized, Double-Blind, Placebo-Controlled Study in Gout Subjects With Inadequate Response to Standard of Care Allopurinol (A US-based Study). Arthritis Rheumatol. 2016
· Study 302 (NCT01493531) CLEAR-2 lesinurad+allopurinol vs. allopurinol monotherapy (Bardin, 2016 (139)): Bardin, et al. Lesinurad in combination with allopurinol: a randomised, double-blind, placebo-controlled study in gout patients with inadequate response to standard treatment (the multinational CLEAR-2 study). Ann Rheum Dis. 2016
· Study 304 (NCT01510769) CRYSTAL lesinurad+febuxostat vs. febuxostat monotherapy (Dalbeth N): Lesinurad, a Selective Uric Acid Reabsorption Inhibitor, in Combination With Febuxostat in Patients With Tophaceous Gout: A Phase III Clinical Trial submitted for the publication in Arthritis Rheumatology, 8 December 2016
Extensions of the studies were also completed up to 52 months 
· Study 306 (NCT01808131) long-term open-label, studies 301-302 (vs. ALLO) CLEAR-extension (CSR 306, 2015 (130))
· Study 307 (NCT01808144) long-term open-label, study 304 (vs. FBX) CRYSTAL-extension (CSR 307, 2015 (129)) 
[bookmark: Figura27]The CLEAR-CRYSTAL programme trials are the first clinical trials to have studied the efficacy of an oral treatment in patients not adequately controlled with xanthine oxidase inhibitors. Overall the clinical development programme for Lesinurad included over 1500 patients for the assessment of efficacy and 2586 patients were assessed for the safety analysis.

As already reported in Paragraph 4.4, the main International Guidelines (Richette, 2016 (6); Khanna, 2012 (96), Jordan, 2007 (97)) and various studies support the use of SUA levels as clinical benefit markers in the treatment and management of gout (Shoji, 2004 (17); Becker, 2009 (37); Kiltz, 2016 (104); Li-Yu, 2001 (112); Pascual, 2007 (113); Perez-Ruiz, 2002 (114); Campion, 1987 (115)). Further support for the applicability of SUA levels as clinical markers is found in a prospective observational study that demonstrated that the accumulative risk of patients with uncontrolled SUA levels (≥10.0 mg/dl) developing gout at 5 years is 30.5%, compared with only 0.5% in patients with SUA levels under control (≤6.0 mg/dl) (Campion, 1987 (115)).
In addition the effects of SUA levels on clinical outcomes of  relevance for the disease (acute inflammatory episodes (flares) and tophi) have been confirmed in a systematic examination of the literature conducted by Grünenthal in September 2016, the results of which show that SUA values of ≥6 mg/dl were associated with a worsening of the above clinical outcomes (Grünenthal DOF, SLR, September 2016 (116)). 

The EULAR 2016 Guidelines applied to the context Italian provide that, in the case of subjects who are not adequately controlled with allopurinol or are intolerant to it, it is necessary to switch to febuxostat or a uricosuric in monotherapy (not available in Italy) or to add a uricosuric or lesinurad to allopurinol as a second-line treatment; in the case of patients who are still not adequately controlled with the second-line treatment (i.e. febuxostat in monotherapy or allopurinol in combination with lesinurad), the EULAR 2016 Guidelines provide the third-line treatment (an XOI in combination with a uricosuric, i.e. febuxostat + lesinurad) (Richette, 2016 (6)).



[bookmark: _Toc473184561]The CLEAR-1 and 2 Studies (studies 301 (109) - 302 (110)) vs. allopurinol
The CLEAR-1 and CLEAR-2 studies have a similar design and methodology; therefore, to provide evidence more effectively the paragraphs relating to the methodology (Paragraphs 5.1 – 5.7) are common, showing the individual differences under the individual studies. The results (Paragraphs 5.8 – 5.9), however, are presented in specific sections.

5.1 [bookmark: Paragrafo51]Physiopathological assumptions and objectives of the study
The main Italian and international guidelines for the management of gout recommend the combination of an appropriate lifestyle and appropriate urate-lowering pharmacological treatment; 
In those guidelines, the  objective established as the primary aim in the management of gout is to ensure a reduction in the serum urate levels to below the saturation point (SUA < 6 mg/dl and, in severe gout patients SUA < 5 mg/dl) (SIR 2013, Richette 2016).
The EULAR guidelines in particular, which were published more recently, recommend Allopurinol, xanthine oxidase inhibitor (XOI) as the first-line treatment; at the start of treatment a low dosage (100 mg/day) must be used, with titration of a further 100 mg every 2-4 weeks (up to the maximum possible dosage) until the uricaemia target is reached (Richette, 2016 (6); Khanna, 2012 (96)). 
At the commonly used XOI dosages, more than 50% of gout patients fail to achieve the SUA target (< 6.0 mg/dl) (Becker, 2005 (36); Becker, 2009 (37); Becker, 2010 (38); Schumacher, 2008 (39); Becker, 2015 (40)).
In particular, notwithstanding allopurinol dosages greater than those more commonly used (300 mg/day) and with treatment adherence greater than 96 %, there remain a high proportion of patients who do not respond to the treatment, with 52% of patients failing to achieve the SUA target (<6.0 mg/dl) (Becker, 2015 (40)).
Thus, in patients for whom XOI treatment is unsuccessful, the Guidelines recommend a combined treatment (allopurinol plus a uricosuric) or a replacement treatment (with febuxostat or a uricosuric) (Richette, 2016 (6)). 
This is where Lesinurad fits into the picture, in that it is indicated for the treatment of hyperuricaemia in gout patients, when an XOI drug is insufficient for adequately controlling SUA levels.
Lesinurad is a drug with a uricosuric mechanism that acts as a selective inhibitor of the reabsorption of uric acid (SURI) through a high affinity bonding with the URAT1 uric acid transporter. URAT1 is responsible for the majority of the reabsorption from the tubular lumen of the kidney to the filtered uric acid plasma. By inhibiting URAT1, lesinurad increases the excretion of uric acid and thus reduces the serum uric acid levels (SUA). 
The purpose of this study was to determine the efficacy and safety of lesinurad used in combination with allopurinol, compared with the standard therapy in the first-line treatment of gout, i.e. allopurinol in monotherapy in patients who have not responded adequately to treatment.


5.2 [bookmark: Paragrafo52]Type of study 
CLEAR-1 and CLEAR-2 were phase III randomised, double-blind, controlled studies, conducted over 12 months,  involving an XOI drug in combination with a placebo, that compared the efficacy and safety of lesinurad plus allopurinol with allopurinol in monotherapy in gout patients who failed to achieve the target level for uric acid in the blood with allopurinol.  A screening period of 28 was also envisaged, including a run-in period of about 14 days, with prophylaxis for acute attacks. The CLEAR-1 study was conducted in 181 centres in the United States (Figure 25).
The CLEAR-2 study was conducted in 185 centres, not only in the United States, but also in Europe, South Africa, Australia and New Zealand. The study’s design was identical to that of the CLEAR-1 study (Figure 25).

[bookmark: Figura25][bookmark: _Toc473186920]Figure 25 - Design of the CLEAR-1 and CLEAR2 study (drawn up from CSR 301 and 302, 2014) 
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a  Prophylaxis for acute gout attacks, using colchicine, was started on day -14 before randomisation; at the same time the patients included in the study started to take allopurinol provided by the sponsor
Patients with SUA > 6.5 mg/dl at the scrreening visit, (day -28) and SUA > 6.0 at day -7, were randomised and continued to receive allopurinol throughout the study
The patients included in the screening phase continued with allopurinol treatment at the same dosage as at the screening visit
Patients included in the screening phase had to be receiving allopurinol treatment for at least 8 weeks at a stable dosage, judged appropriate by the researcher, of at least 30 mg/day of allopurinol (200 mg/day for patients with moderate renal insufficiently)
Treatment with allopurinol, at the dosage judged appropriate by the doctor, in accordance with the dosage indicated and the local guidelines 
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5.3 [bookmark: Paragrafo53]Type of patients taking part in the study
The eligibility criteria for the CLEAR-1 and CLEAR-2 studies overlap.
The study includes patients aged between 18 and 85 with a diagnosis of gout (defined in accordance with the American Rheumatism Association criteria, 1977). Patients had to have been treated with a stable dose of allopurinol judged appropriate by their GP (≥300 mg/day or ≥200 mg/day for patients with moderate renal insufficiency) for at least 8 weeks before screening: allopurinol was the only treatment allowed for the treatment of gout. Patients had to have a uric acid level of ≥6.5 mg/dl at the screening visit and ≥6.0 mg/dl 7 days before randomisation, and had to have suffered at least 2 gout attacks in the previous 12 months. The patients were stratified on the basis of renal function and on the basis of the  presence and extent of tophi.

5.4 Sponsorship
For both studies: AstraZeneca

5.5 [bookmark: Paragrafo55]Therapeutic regimen involved in the study and therapeutic regime for comparison
The therapeutic regimen in the study and the therapeutic regime for comparison are the same for the CLEAR-1 and CLEAR-2 studies.
The eligible patients were randomised at a ratio of 1:1:1 in the following treatment brackets:
· lesinurad 200 mg in combination with allopurinol
· lesinurad 400 mg in combination with allopurinol
· a placebo and allopurinol. 
Allopurinol was administered at the normal treatment dose determined by the doctor for the individual patient, with titration of the dose.

In the CLEAR-1 study and the CLEAR-2 study the efficacy and safety of lesinurad were assessed at two different dosages of the drug (200 and 400 mg/day): however the results reported refer exclusively to the cohort of patients who received lesinurad at the dose of 200 mg/day, i.e. the dosage approved by the EMA.

5.6 Duration of the treatment and of the follow-up
For both studies the duration of treatment was 12 months.

5.7 [bookmark: Paragrafo57]	Efficacy and safety criteria – measured events 
The primary and secondary endpoints for the CLEAR-1 study and CLEAR-2 overlap.
The primary endpoint of the CLEAR-1 and CLEAR-2 studies was the percentage of patients who at month 6 of treatment had a uric acid level of <6.0 mg/dl.
The main secondary endpoints of the CLEAR-1 and CLEAR-2 studies were: 
· average rate of gout attacks requiring treatment, between the end of months 6 and 12 of treatment;
· percentage of subjects with at least one tophus at screening who experienced the complete resolution of at least one tophus at the twelfth month of treatment 
Other secondary endpoints include:
· average percentage variation, measured against the baseline, in the total areas of all the tophi (at each visit)
· percentage of subjects with uric acid levels of <6.0 mg/dl, <5.0 mg/dl, and <4.0 mg/dl (at each visit)
· absolute variation and percentage, measured against the baseline, of uric acid levels in the blood (at each visit)
· percentage of subjects requiring treatment for a gout attack between months 6 and 12 of treatment.  
Safety and tolerability were measured in terms of the emergence of adverse events during pharmacological treatment. Particular attention was paid to renal adverse events and to the cardiovascular safety.

5.8 [bookmark: Paragrafo58]Results
The results shown below refer exclusively to the cohort of patients who received lesinurad at a dose of 200 mg/day, the dose approved by the EMA.

CLEAR-1 STUDY
The CLEAR-1 study enrolled a total of 607 subjects (603 ITT) who fulfilled the eligibility criteria and were subsequently randomised in a ratio of 1:1:1 into the 3 treatment groups (201 subjects per treatment group). The patients’ demographic and clinical characteristics were well balanced in the three study groups (Paragraph 5.28)
54.2 % of patients treated with lesinurad 200 mg/day in combination with allopurinol achieved a uricaemia level of <6 mg/dl after 6 months of treatment, compared with 27.9 % of patients treated with allopurinol in monotherapy (P <0.0001) (NRI analysis, ITT population - including all randomised and treated patients) (primary endpoint) (CSR 301, 2014 (109)) (Table 9).

[bookmark: Tabella9][bookmark: _Toc473150694]Table 9  SUA responders – non-responder breakdown – ITT population (adapted from CSR 301, 2014)
	
	Lesinurad 200 mg + allopurinol
N=201
	Placebo + allopurinol
N=201

	Proportion of SUA responders†, n (%)
	109 (54.2)
	56 (27.9)

	Difference in proportions 
(95% CI), lesinurad versus placebo
	0.26 (0.17; 0.36)
	

	p-value
	<0.0001
	


†Defined as subjects achieving SUA <6.0 mg/dL by Month 6.
Abbreviations: CI, confidence interval; ITT, intent-to-treat; SUA, serum uric acid.

The superiority of lesinurad was confirmed throughout the 12-month study period (Figure 26) (CSR 301, 2014 (109); Saag, 2016 (138)).

[bookmark: _Toc473186921]Figure 26 – Proportion of subjects with SUA of <6mg/dl (NRI analysis, ITT population) – CLEAR-1 study (adapted from CSR 301, 2014)
[image: ]

The uricaemia reducing effect was at its maximum after the first month (-18.4% vs – 2.0 %, p < 0.0001) and  this was maintained throughout the 12-month study period (rapid and sustained effect over time). The variations in the average uric acid levels obtained in the group receiving lesinurad 200 mg in combination with allopurinol during the treatment (secondary endpoint) were significantly greater than those obtained in the group receiving the placebo and allopurinol, at all points in time analysed (p <0.0001 for all the comparisons). During the 12 months of treatment lesinurad 200 mg + allopurinol caused a marked reduction in uric acid levels measured against the baseline, from a minimum of -14.8% to a maximum of -19.8%, compared with that observed with allopurinol (from a minimum of -0.40 % to a maximum of -3.6 %)  (CSR 301, 2014 (109).
With regard to the analysis of the subgroups with a lowering of SUA levels to <6.0, <5.0 and <4.0 mg/dl, the percentage of patients responding to the treatment was significantly greater at each visit with lesinurad 200 mg + allopurinol, compared with that of the subjects treated with allopurinol in monotherapy (SUA <6.0 and <5.0 mg/dl, p<0.0001 for all the comparisons; SUA <4.0 mg/dl, p<0.01 for all the comparisons) (Saag, 2016 (138)).
The uricaemia reducing effect was consistent in the various subgroups analysed, including subjects with moderate renal insufficiency (Figure 23), patients treated with aspirin and in patients treated with thiazide diuretics (Paragraph 4.4) (Saag, 2016 (138)).
These significant improvements were confirmed by the results of the POOLED analysis of the two studies (Paragraph 5.28) and by the results of the long-term extension study (after 24 months of treatment) (study 306) not only in patients previously treated with LESU+ALLO (200CONT), but also in patients previously treated with the control PBO+ALLO (200CROSS ) (Paragraph 5.38). In particular the proportion of subjects who achieved the uricaemia objective was doubled in those who were switched from PBO+ALLO to LESU+ALLO in the extension study and this increase remained constant for the whole duration of the extension (Paragraph 5.38).

The results for the frequency of gout attacks and for the resolution of the tophi did not show any statistically significant differences between the various treatment groups (Saag, 2016 (138)).  
These results expected for the duration of the study, which was not able to demonstrate a significant effect on the clinical endpoints, due to the low incidence of acute attacks requiring treatment and the small number of patients with measurable tophi.  It should be noted that these benefits were not demonstrated with oral treatments in any clinical study with a duration of 12 months. For example, in the FOCUS study, which assessed the long-term treatment of gout patients with febuxostat, the results demonstrated the elimination of gout attacks and a reduction in the number of tophi only when stable doses of febuxostat were administered over 5 years (Schumacher, 2008 (39)).
However the long-term efficacy data after 24 months of treatment provided sufficient evidence to demonstrate a clinical effect with a continuous reduction of tophi and flares (Paragraph 5.38) (EPAR, 2015 (42)).

CLEAR-2 STUDY
The CLEAR-2 study enrolled a total of 611 subjects (610 ITT) who were subsequently randomised in a ratio of 1:1:1 into the 3 treatment groups:
· 204 subjects in the lesinurad 200 mg in combination with allopurinol group 
· 200 subjects in the lesinurad 400 mg in combination with allopurinol group 
· 206 subjects in the placebo and allopurinol group.
The patients’ demographic and clinical characteristics were well balanced in the three study groups (Paragraph 5.28).
55.4% of the patients treated with lesinurad 200 mg/day in combination with allopurinol achieved a uricaemia level of <6 mg/dl after 6 months of treatment, compared with 23.3% of patients treated with allopurinol in monotherapy (P <0.0001) (primary endpoint, NRI analysis) (CSR 302, 2014 (110)) (Table 10)

[bookmark: Tabella10][bookmark: _Toc473150695]Table 10 -  SUA responders – non-responder breakdown – ITT population (adapted CSR 302, 2014)
	
	Lesinurad 200 mg + allopurinol
N=204
	Placebo + allopurinol
N=206

	Proportion of SUA responders†, n (%)
	113 (55.4)
	48 (23.3)

	Difference in proportions 
(95% CI), lesinurad versus placebo
	0.32 (0.23; 0.41)
	

	p-value
	<0.0001
	


†Defined as subjects achieving SUA <6.0 mg/dL by Month 6.
Abbreviations: CI, confidence interval; ITT, intent-to-treat; SUA, serum uric acid


The superiority of Lesinurad was confirmed throughout the 12-month study period (Figure 27) (CSR 302, 2014 (110))

[bookmark: Figura30][bookmark: _Toc473186922]Figure 27 - Proportion of subjects with SUA of <6mg/dl (NRI analysis, ITT population) – CLEAR-2 study (adapted from CSR 302, 2014)

[image: ]

The uricaemia reducing effect reached its maximum after the first month (-17.5% vs -2.3%, p < 0.0001) and was maintained throughout the 12-month study period (rapid, sustained effect over time) (CSR 302, 2014 (110)). The variations in the average uric acid levels obtained in the lesinurad 200 mg in combination with allopurinol group were significantly greater than those obtained in the placebo and allopurinol group, at all points in time in the analysis (p <0.0001 for all the comparisons) (Bardin, 2016 (139)). During the 12 months of treatment lesinurad 200 mg + allopurinol caused a reduction in the uric acid levels measured against the baseline, from a minimum of -15.4 % to a maximum of -18.9%, compared with the minimal reduction observed with allopurinol (from a minimum of -0.1 % to a maximum of -2.26 %)   (CSR 302, 2014 (110)).
With regard to the analysis of the subgroups with a lowering of the SUA levels of <6.0, <5.0 and <4.0 mg/dl, the percentage of patients responding to the treatment at each visit was significantly greater in those treated with lesinurad 200 mg + allopurinol compared with that of the subjects treated with allopurinol in monotherapy (p<0.01 for lesinurad 200 mg compared with allopurinol in monotherapy  for SUA levels of <4.0 mg/dl at month 1; p<0.0001 for all the other comparisons) (Bardin, 2016 (139)).
The uricaemia reducing effects were found to be consistent in the various subgroups analysed, including those with moderate renal insufficiency (Figure 23), patients treated with aspirin and patients treated with thiazide diuretics (Paragraph 4.4) (Bardin, 2016 (139)).
As for the CLEAR-1 study, these significant improvements were confirmed by the results of the POOLED analysis of the two studies (Paragraph 5.28) and by the results of the long-term extension study (after 24 months of treatment) (study 306) (Paragraph 5.38).

Also in this study, as in the CLEAR-1 study, the results for the frequency of gout attacks and the resolution of the tophi did not show any statistically significant differences between the various treatment groups (Bardin, 2016 (139)). 
These were expected throughout the term of the study, in that it was not able to demonstrate a significant effect on the clinical endpoints, due to the low incidence of acute attacks that required treatment and the small number of patients with measurable tophi. It should be noted that these benefits were not demonstrated with oral treatments in any clinical study with a duration of 12 months. For example, in the FOCUS study, which assessed the long-term treatment of gout patients with febuxostat, the results demonstrated the elimination of gout attacks and a reduction in the number of tophi only when the stable dose of febuxostat was continued over 5 years (Schumacher, 2008 (39)).
However long-term efficacy data after 24 months of treatment produced sufficient evidence to demonstrate a clinical effect, with a continuous reduction of tophi and flares (Paragraph 5.38) (EPAR, 2015 (42)).

5.9  Adverse reactions in the study
CLEAR-1 STUDY
The CLEAR-1 study demonstrated the good tolerability profile of lesinurad 200mg/day: the patients assigned to treatment with lesinurad 200 mg in combination with allopurinol went on to experience adverse events with a frequency similar to that observed in patients assigned to allopurinol in monotherapy (73.1% vs 68.7% respectively); the percentage of subjects with AEs, SAEs and AEs that resulted in discontinuation of the study was similar between the treatment groups (Table 11) (CSR 301, 2014 (109)).



[bookmark: Tabella11][bookmark: _Toc473150696]Table 11  AEs in CLEAR-1 – safety population (CSR 301, 2014)
	AEs, n (%)
	Lesinurad 200 mg + allopurinol (N=201)
	Placebo + allopurinol (N=201)

	
	
	

	Any AE
	147 (73.1)
	138 (68.7)

	Any AE possibly related to randomised study medication
	33 (16.4)
	19 (9.5)

	Any AE possibly related to allopurinol
	16 (8.0)
	11 (5.5)

	Any AE possibly related to prophylaxis
	23 (11.4)
	14 (7.0)

	Any AE with RCTC toxicity Grade 3 or 4
	22 (10.9)
	12 (6.0)

	Any SAE
	9 (4.5)
	11 (5.5)

	Any fatal AE
	1 (0.5)
	0 (0.0)

	Any AE leading to randomised study medication discontinuation
	16 (8.0)
	8 (4.0)

	Any AE leading to allopurinol discontinuation
	1 (0.5)
	1 (0.5)

	Any AE leading to prophylaxis discontinuation
	9 (4.5)
	5 (2.5)

	Any AE leading to study withdrawal
	9 (4.5)
	7 (3.5)


Abbreviations: AE, adverse event; RCTC, rheumatology common toxicity criteria; SAE, serious adverse event.
The overall incidence of adverse events affecting the kidneys was similar in the two study groups. Only an increase in serum creatinine was more frequent between the patients treated with lesinurad 200 mg in combination with allopurinol (3.5% lesinurad 200 mg + allopurinol vs 1% allopurinol in monotherapy). The majority of these increases were resolved without the need to discontinue treatment. Evidence from the literature associates the drugs with a uricosuric mechanism to the development of renal calculi; in the case of lesinurad no increase in the number of renal calculi was observed (1.0% lesinurad 200mg vs 2% allopurinol in monotherapy), probably thanks to the combination with allopurinol, which reduces the production of uric acid (Saag, 2016 (138)). 
The incidence of adverse events that occurred during the treatment (TEAE) classified as cardiovascular events was similar between lesinurad in combination with allopurinol and allopurinol in monotherapy (4.5% versus 3.5%). The events that corresponded to the MACE criteria (MACE: cardiovascular death, non-fatal myocardial infarction, non-fatal ictus) were uniformly distributed among the treatment groups (3 events in 2 subjects versus 2 events in 2 subjects) (Saag, 2016 (138)). The percentage of subjects with serious adverse events under SOC “Cardiac Disorders” was slightly greater in the lesinurad 200 mg in combination with allopurinol group than in the allopurinol in monotherapy group (3.0% and 0.5%, respectively).
The general good tolerability of lesinurad 200 mg was confirmed by the results of the POOLED analysis of the two studies (Paragraph 5.29) and by the results of the long-term extension study (52 months) (study 306) (Paragraph 5.39).

CLEAR-2 STUDY
The CLEAR-2 study produced  further evidence in support of the good tolerability profile of lesinurad 200 mg/day, already demonstrated in the CLEAR-1 study: patients assigned to the treatment with lesinurad 200 mg/day in combination with allopurinol had rates of adverse events similar to those observed among the patients assigned to allopurinol in monotherapy (74.5% vs 70.9% respectively); the percentage of subjects with AEs, SAEs and AEs that resulted in discontinuation of the study was similar between the treatment groups (Table 12) (CSR 302, 2014 (110)).

[bookmark: Tabella12][bookmark: _Toc473150697]Table 12 - AEs in CLEAR-2 – safety population (CSR 302, 2014)
	AEs, n (%)
	Lesinurad 200 mg + allopurinol (N=204)
	Placebo + allopurinol (N=206)

	
	
	

	Any AE
	152 (74.5)
	146 (70.9)

	Any AE possibly related to randomised study medication
	40 (19.6)
	39 (18.9)

	Any AE possibly related to allopurinol
	14 (6.9)
	22 (10.7)

	Any AE possibly related to prophylaxis
	16 (7.8)
	23 (11.2)

	Any AE with RCTC toxicity Grade 3 or 4
	19 (9.3)
	23 (11.2)

	Any SAE
	9 (4.4)
	8 (3.9)

	Any fatal AE
	0 (0.0)
	0 (0.0)

	Any AE leading to randomised study medication discontinuation
	7 (3.4)
	11 (5.3)

	Any AE leading to allopurinol discontinuation
	2 (1.0)
	2 (1.0)

	Any AE leading to prophylaxis discontinuation
	8 (3.9)
	3 (1.5)

	Any AE leading to study withdrawal
	4 (2.0)
	7 (3.4)


Abbreviations: AE, adverse event; RCTC, rheumatology common toxicity criteria; SAE, serious adverse event

The overall incidence of renal adverse events was similar in the two study groups, with a comparable frequency of increase in serum creatinine in the two treatment groups (3.9% lesinurad 200 mg + allopurinol vs 3.4% allopurinol in monotherapy), resolved in the majority of cases without the need to discontinue of the treatment.  Evidence from the literature associates drugs with a uricosuric mechanism with the development of renal calculi; in the case of lesinurad 200 mg there was no observed increase in the number of renal calculi, probably thanks also to the combination with allopurinol, which reduces the production of uric acid (0 % lesinurad vs 0.5% allopurinol in monotherapy) (Bardin, 2016 (139)). 
The incidence of the adverse events that occurred during the treatment (TEAE) classified as cardiovascular events was similar between lesinurad in combination with allopurinol and allopurinol in monotherapy (3.9% with lesinurad + allopurinol vs 5.3% with allopurinol in monotherapy). No events corresponding to the MACE criteria were found (MACE: cardiovascular death, non-fatal myocardial infarction, non-fatal ictus) in the group treated with lesinurad 200 mg. The percentage of subjects with serious adverse events under SOC “Cardiac Disorders” was slightly greater in the lesinurad 200 mg in combination with allopurinol group, compared with allopurinol in monotherapy (0.5% and 0%, respectively).
As for the CLEAR-1 study, the generally good tolerability of lesinurad 200 mg was confirmed by the results of the POOLED analysis of the two studies (Paragraph 5.29) and by the results of the long-term extension study (up to 52 months) (study 306) (Paragraph 5.39).

5.10 Study assessment conclusions 
The results of the CLEAR-1  and CLEAR-2 studies are very similar: 
the CLEAR-1 and CLEAR-2 studies demonstrated that treatment with lesinurad 200 mg in combination with allopurinol brings about a rapid and sustained lowering of uricaemia over time (from a minimum of 15% to a maximum of the 20%, measured against the baseline) which is statistically significant and clinically relevant in patients who have not responded adequately to treatment with allopurinol in monotherapy (double the number of patients achieving the therapeutic target). The reduction in uricaemia, which was the primary endpoint for efficacy, is regarded as an acceptable substitute endpoint for the treatment of gout, in that it correlates positively with the reduction of gout attacks and the resolution of tophi. 
Lesinurad, in combination with allopurinol demonstrated a manageable safety profile, comparable to that of allopurinol in monotherapy.





[bookmark: _Toc473184562]CRYSTAL Study (STUDY 304) vs. febuxostat (CSR 304, 2014 (111))

5.11 Physiopathological assumptions, rationale and objectives of the study
For patients with severe gout (i.e. cases in which tophi, chronic atrophy or frequent acute attacks are present) the EULAR 2016 Guidelines recommend a SUA target of <5 mg/dl to ensure the dissolution of MSU crystals and the resolution of the disease.
The treatment indicated as the first-line treatment consists of using titrated doses of allopurinol and, in the event of ineffectiveness or intolerance to the drug, a switch to a combined form treatment is recommended (allopurinol plus a uricosuric) or a replacement treatment (with febuxostat or a uricosuric) (Richette, 2016 (6)). 
Nevertheless, in the case of monotherapy with an XOI, more than  50% of patients fail to achieve the target SUA (<6.0 mg/dl), despite treatment at the more commonly used dose of both XOIs (Becker, 2005 (36); Becker, 2009 (37); Becker, 2010 (38); Schumacher, 2008 (39); Becker, 2015 (40)).
The objective of the CRYSTAL Study was to ensure the efficacy and the safety of lesinurad in combination with febuxostat, in comparison with the febuxostat monotherapy in patients with tophaceous gout.  Febuxostat is a powerful xanthine oxidase inhibitor, introduced more recently than allopurinol (Richette, 2016 (6)).

5.12 Type of study 
CRYSTAL was a randomised, double-blind, controlled phase 3 study conducted over 12 months, involving an XOI drug in combination with a placebo, which compared the efficacy and the safety of lesinurad in combination with febuxostat compared with febuxostat in monotherapy, in patients with tophaceous gout.  A screening period of approximately 35 days was envisaged, including a run-in period of approximately 21 days with prophylaxis for acute attacks (Figure 28).
The CRYSTAL Study was conducted In the United States, Europe, South Africa, Australia and New Zealand and involved a total of 152 centres.

[bookmark: Figura28][bookmark: _Toc473186923]Figure 28 - Design of the CRYSTAL Study (CSR 304, 2014 (111))
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5.13 Type of patients taking part in the study
The study included patients aged 18-85 with a gout diagnosis (defined in accordance with the American Rheumatism Association criteria, 1977 – Wallace, 1977 (140)) and with at least one measurable tophus (diameter of 5-20 mm) on the hands, wrists, feet, and/or ankles.  It was necessary that patients had a uric acid level of ≥8.0 mg/dl if receiving pharmacological treatment for gout, or a uric acid level of ≥6.0 mg/dl if receiving treatment with febuxostat or allopurinol at the time of screening.  Patients who had received gout treatments other than allopurinol or febuxostat in the 8 weeks prior to the screening visit were not included in the study.  Patients were stratified on the basis of renal function and on the basis of their serum uraemia level at screening.

5.14 Sponsorship
AstraZeneca

5.15 Therapeutic regimen studied and therapeutic regimen use as a comparison
The study envisaged a run-in period (of 21 days), during which eligible patients interrupted their pharmacological treatment for the treatment of the type of gout from which they suffered, if different from febuxostat, and took febuxostat at 80 mg/day. 
At the end of the run-in period all the subjects were randomised, in a ratio of 1:1:1, into the following treatment groups:
· Lesinurad 200 mg in combination with febuxostat 80 mg (LESU200+FBX)
· Lesinurad 400 mg in combination with febuxostat 80 mg (LESU400+FBX)
· Placebo in combination with febuxostat 80 mg (PBO+FBX)
It should be noted that all the eligible subjects were randomised, irrespective of the uricaemia level achieved after 3 weeks of treatment with febuxostat 80 mg/day (average SUA at randomisation 5.10 mg/dl LESU + FEBU vs 4.90 mg/dl PBO + FEBU).  
In the CRYSTAL Study, the efficacy and the safety of lesinurad were assessed at two different dosages of the drug (200 and 400 mg): however the results reported below refer exclusively to the cohort of patients who received lesinurad at a dose of 200 mg/day, the EMA approved dose.

5.16 Duration of treatment and of follow-up
The duration of the treatment was 12 months.

5.17 Efficacy and safety criteria - events measured
Primary endpoint of the study:
· percentage of patients who at the sixth month of treatment had a uric acid level of <5.0 mg/dl.
The main secondary endpoints of the CRYSTAL Study were: 
· percentage of subjects who had a complete resolution of at least one tophus at month 12;
· 	percentage of subjects with complete or partial resolution of at least one tophus at month 12;
· Proportion of patients with an improvement from baseline with a HAQ-DI score of 0.25 at month 12
The other secondary endpoints were:
· average percentage variation, measured against the baseline, in the sum of the areas of all the tophi  (at each visit);
· average rate of gout attacks requiring treatment, between the end of the month 6 and the end of month 12 of treatment;
· percentage of subjects with uricaemia levels of <6.0 mg/dl, <5.0 mg/dl, and <4.0 mg/dl (at each visit)
· absolute and percentage variation measured against the baseline of the serum uric acid levels (at each visit)
· percentage of subjects who needed treatment for an acute gout attack (Patients Requiring Treatment for a Gout Flare - GFRT) between the sixth and the twelfth months (at each month).  
The safety and tolerability of lesinurad were measured in terms of the occurrence of adverse events correlated to the pharmacological treatment. Particular attention was paid to the renal adverse events and to the cardiovascular safety profile

5.18 [bookmark: Paragrafo518]Results
The CRYSTAL Study enrolled a total of 330 subjects (324 ITT) who were subsequently randomised, at a ratio of 1:1:1, into the 3 treatment groups: 106 subjects in the (LESU200+FBX) group; 109 subjects in the (LESU400+FBX) group; and 109 subjects in the (PBO+FBX) group. 
The results reported below refer exclusively to the cohort of patients who received lesinurad at a dose of 200 mg/day, approved by the EMA.
The demographic and clinical characteristics of the patients were well balanced in the study groups and were representative of the population of gout patients, as illustrated in Table 13.

[bookmark: Tabella13][bookmark: _Toc473150698]Table 13 – baseline demographic data - CRYSTAL Study (adapted from CSR 304, 2014)
	Variable
	PBO
+ FBX
N=109
	ZURAMPIC 200 mg
+ FBX
N=106

	Male, %
	98.2
	94.3

	Race, %
White
Black
Asian
Other
	86.2
7.3
5.5
0.9
	75.5
13.2
7.5
3.8

	Mean age, years (SD)
	54.6 (10.9)
	54.2 (11.0)

	Mean BMI, kg/m2 (SD)
	32.0 (5.6)
	32.4 (5.6)

	Gout duration, mean years
	15.2
	15.8

	Mean gout flares, past 12 months
	6.1
	6.9

	Mean screening SUA, mg/dL
	8.83
	8.71

	Mean baseline SUA, mg/dL
	5.2 
	5.4




Efficacy was already at its maximum after the first month of treatment, with a significantly greater number of patients treated with lesinurad + febuxostat who achieved SUA levels of <5.0 mg/dl, compared with the monotherapy (68.9% vs 48.6%) and this relationship remained constant throughout the 12-month study period (0.0002 ≤ p ≤ 0.03), except for month 6 (LESU200+FBX and the group treated with PBO+FBX: 56.6% vs. 46.8% respectively (NRI analysis, ITT population; p = 0.13) .
However, the LOCF (Pre-specified last observation carried forward) analysis demonstrated that a significantly greater proportion of patients treated with lesinurad 200 mg + febuxostat achieved SUA levels of <5.0 mg/dl at month 6 compared with subjects receiving febuxostat in monotherapy (64.1% vs 50.9%, respectively; p=0.0377) (Table 14).




[bookmark: Tabella14][bookmark: _Toc473150699]Table 14 – Proportion of subjects with SUA levels of < 5 mg/dl at month 6 (LOCF analysis – ITT population) (adapted from CSR 304, 2014)
	
	Lesinurad 200 mg + febuxostat
N=106
	Placebo + febuxostat
N=109

	LOCF Imputation: Proportion of SUA responders†, n/N (%)
	66/103 (64.1)
	54/106 (50.9)

	Difference in proportions 
(95% CI), lesinurad versus placebo
	0.13 (–0.00; 0.26)
	

	p-value
	0.0377
	


†Defined as subjects achieving SUA <5.0 mg/dL by Month 6.
Abbreviations: CI, confidence interval; ITT, intent-to-treat; LOCF, last observation carried forward; SUA, serum uric acid.

A further analysis demonstrated that a significantly greater proportion of patients treated with lesinurad 200 mg + febuxostat achieved SUA levels of <5.0 mg/dl in three consecutive months (Months 4, 5 and 6) compared with subjects in monotherapy with febuxostat (51.9% vs 33.0%, respectively; p=0.0034) (Table 15).

[bookmark: Tabella15][bookmark: _Toc473150700]Table 15 - Proportion of subjects with SUA levels of < 5 mg/dl at months 4, 5 and 6 (non-responder breakdown – ITT population) (adapted from CSR 304, 2014)
	
	Lesinurad 200 mg + febuxostat
N=106
	Placebo + febuxostat
N=109

	Proportion of SUA responders† at Months 4, 5, 6, n (%)
	55 (51.9)
	36 (33.0)

	Difference in proportions 
(95% CI), lesinurad versus placebo
	0.19 (0.06; 0.32)
	

	p-value
	0.0034
	


†Defined as subjects achieving SUA <5.0 mg/dL.
Abbreviations: CI, confidence interval; ITT, intent-to-treat; SUA, serum uric acid.

The uricaemia reducing effect was at its maximum after the first month (-19.05% vs + 7.04 %, p < 0.0001) and  was maintained throughout the 12-month study period (p < 0.0003) (rapid, sustained effect over time). The variations in the average uric acid levels measured against the baseline obtained in the lesinurad 200 mg in combination with febuxostat group were significantly greater than those obtained in the febuxostat group, at all points in time during the analysis. During the 12 months of treatment, lesinurad 200 mg + febuxostat  caused a reduction of uric acid levels measured against the baseline, from a minimum of -12.8% to a maximum of -24.7%, compared with the minimum reduction observed with febuxostat (from a minimum of -4.24 % to a maximum of -14.64 %) (CSR 304, 2014 (111) – Dalbeth, 2015 (141) ) (Figure 29).






[bookmark: Figura29][bookmark: _Toc470224095][bookmark: _Toc473186924]Figure 29 - Average levels of serum urate at each visit until month 12 - CRYSTAL Study (Observed cases, ITT population) (adapted from CSR 304, 2014 – Dalbeth, 2015)
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An advantage with lesinurad 200 mg was also identified in subjects with SUA levels of >5.0 mg/dl baseline,  notwithstanding 3 weeks of monotherapy with febuxostat 80 mg/day (run-in period), i.e. the subgroup of patients not responding to febuxostat in monotherapy (55.7% in the treatment with Lesinurad + febuxostat group and 46.8% in the febuxostat in monotherapy group). For this subgroup, the percentages of patients with uricaemia of <5.0 mg/dl at the sixth month of treatment were 44.1% for the lesinurad 200 mg in combination with febuxostat group, compared with 23.5% for the febuxostat monotherapy group (p <0.025) (Figure 30). This fact is particularly relevant because this subgroup of patients is representative of the approved indication of lesinurad, i.e. the treatment of gout patients who have not achieved serum uric acid targets with an adequate dose of a xanthine oxidase inhibitor in monotherapy. 

[bookmark: _Toc473186925]Figure 30 - Primary end-point in patients with baseline SUA>5 mg/dl - CRYSTAL Study (NRI analysis, ITT population) (adapted from CSR 304, 2014)
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Furthermore, of the patients who did not respond to febuxostat, the percentages of patients with uricaemia of <4.0 mg/dl at the sixth month of treatment were 28.8% for the lesinurad  200 mg in combination with febuxostat group compared with 7.8 % for the febuxostat in monotherapy group (p <0.025).


In addition, a greater percentage of patients achieved target SUA levels of <4.0 and <3.0 with lesinurad at month 6 and at month 12, as illustrated in Figure 31 (Dalbeth, 2015 (141)).











[bookmark: Figura31][bookmark: _Toc473186926]Figure 31 - Percentage of patients at target SUA<4; <3 mg/dl at months 6 and 12 - CRYSTAL Study (NRI analysis – ITT population) ( adapted from CSR 304, 2014 – Dalbeth, 2015)
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A subsidiary analysis of the CRYSTAL Study also showed a greater reduction in uricaemia in patients with renal compromise who were treated with lesinurad vs. febuxostat monotherapy: particularly in those subjects with eCrCl <90 ml/min (creatinine clearance) the variation in the percentage of patients at target was found to be statistically significant vs. PBO+FBX (65% vs. 49% at month 12; LOCF analysis, p<0.05) (Dalbeth, 2015 (132)) (Figure 32).













[bookmark: Figura32][bookmark: _Toc473186927]Figure 32 - Patients at target SUA<5.0 subjects with renal compromise - CRYSTAL Study (LOCF analysis, ITT population)  (adapted from CSR 304, 2014 – Dalbeth, 2015)
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The achievement of the SUA target of <5.0 mg/dl was confirmed by the extension study: in patients previously treated with febuxostat in monotherapy, the percentage of subjects at target with SUA<5 mg/dl increased from the range 53.1-65.6% at the end of the core study to 70.4-88.9% at month 24 of the cross-over. For patients in the CONT group, efficacy was retained at the high core study levels of 68.8-79.7% at month 12, with a percentage of patients who achieved the target of the 64.5-77.1% at month 24 of treatment.

In the CRYSTAL Study lesinurad also demonstrated an important advantage compared with febuxostat in terms of the reduction of tophi.  In fact the patients who received lesinurad 200 mg in combination with febuxostat had a greater reduction of the overall area of the target tophi, at various points in time, compared with patients treated with febuxostat alone. At the twelfth month, lesinurad 200 mg in combination with febuxostat brought about a significantly greater reduction in the area of the tophus compared with febuxostat in monotherapy (55.8% vs 31.3 %; p <0.05 – Analysis OC) (Figure 33).

[bookmark: _Toc473186928]Figure 33 - Percentage variation in the sum of the areas for all tophi target (mm2) - CRYSTAL Study (Analysis Observed cases; ITT population) (adapted from CSR 304, 2014)
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The number of subjects with a reduction in the total area of tophi at each month ≥ 75% was greater in the lesinurad group compared with the febuxostat in monotherapy group.


Similar results were obtained with regard to the number of subjects with complete or partial resolution of ≥ 1 target tophus at month 12. The percentage of patients with complete resolution of at least 1 target tophus at month 12 was found to be higher for lesinurad 200 mg compared with febuxostat in monotherapy (25.5 vs 21.1%, p>0.05); the superiority of lesinurad was also confirmed by the complete or partial resolution of at least one target tophus (56.6% lesinurad 200 mg vs 50.5% febuxostat in monotherapy, p>0.05) (CSR 304, 2014 (109)) (Figure 34)








[bookmark: Figura34][bookmark: _Toc473186929]Figure 34 – Percentage of subjects with complete or partial resolution of ≥ 1 target tophus at month 12 (adapted from CSR 304, 2014)
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The results of other secondary endpoints, such as the frequency of gout attacks and the number of resolved tophi, did not result in statistically significant differences between the various treatment groups. 
These results were expected for the duration of the study, in as much as it was not able to demonstrate a significant effect on the clinical endpoints, given the low incidence of acute attacks requiring treatment and the small number of patients with measurable tophi. It should be noted that these benefits were not demonstrated with oral treatments in any clinical study lasting 12 months. For example, in the FOCUS study, which assessed the long-term treatment of gout patients with febuxostat term, the results demonstrated the elimination of gout attacks and the reduction of the number of the tophi only when  stable dose of febuxostat continued over 5 years (Schumacher, 2008 (39)).

Further information on all the longer-term endpoints, were obtained from the CRYSTAL extension study: the results show a clinical effect with a continuous reduction of tophi and flares (Paragraph 5.48): 
· the proportion of subjects with complete resolution of at least one target tophus increased over time for all the treatment groups; over 50% of the subjects had complete resolution of at least 1 target tophus after 2 years of exposure to lesinurad 200 mg;
· throughout the extension period the proportion of patients who needed treatment for acute attacks was found to be modest in both study groups

5.19 [bookmark: Paragrafo519]Adverse reactions in the study
The CRYSTAL Study provided further evidence in support of the good tolerability profile of lesinurad 200 mg, already shown in the other phase III clinical studies: the patients assigned to treatment with lesinurad in combination with febuxostat reported a slightly higher frequency of adverse events compared with that observed among patients assigned to febuxostat in monotherapy; the percentage of subjects adverse events were observed, resulting in discontinuation of the treatment was similar between lesinurad 200 mg + febuxostat (8.5%) and febuxostat in monotherapy (8.3%); the incidence of serious Grade 3 and 4 adverse events was similar between the various groups) (Table 16).

[bookmark: Tabella16][bookmark: _Toc473150701]Table 16 - AEs in the CRYSTAL study – safety population (CSR 304, 2014)
	AEs, n (%)
	Lesinurad 200 mg + febuxostat (N=106)
	Placebo + febuxostat (N=109)

	
	
	

	Any AE
	87 (82.1)
	79 (72.5)

	Any AE possibly related to randomised study medication
	25 (23.6)
	22 (20.2)

	Any AE possibly related to febuxostat 
	19 (17.9)
	19 (17.4)

	Any AE possibly related to prophylaxis
	17 (16.0)
	15 (13.8)

	Any AE with RCTC toxicity Grade 3 or 4
	11 (10.4)
	13 (11.9)

	Any SAE
	6 (5.7)
	10 (9.2)

	Any fatal AE
	1 (0.9)
	0 (0.0)

	Any AE leading to randomised study medication discontinuation
	9 (8.5)
	9 (8.3)

	Any AE leading to febuxostat discontinuation
	7 (6.6)
	5 (4.6)

	Any AE leading to prophylaxis discontinuation
	4 (3.8)
	4 (3.7)

	Any AE leading to study withdrawal
	7 (6.6)
	4 (3.7)


Abbreviations: AE, adverse event; RCTC, rheumatology common toxicity criteria; SAE, serious adverse event.

The overall incidence of renal adverse events was slightly higher in the lesinurad 200 mg group. The increase in serum creatinine was more frequent among patients treated with lesinurad 200 mg in combination with febuxostat (6.6% lesinurad 200 mg + febuxostat versus 2.8% febuxostat in monotherapy). The majority of these increases were resolved without the need to discontinue treatment (Table 17). As for the CLEAR-1 and CLEAR-2 studies, the frequency of renal calculi was also observed to be comparable between the groups, albeit with a lower percentage for the lesinurad group (0.9% lesinurad 200 mg + febuxostat vs. 3.7% febuxostat in monotherapy).



[bookmark: Tabella17][bookmark: _Toc473150702]Table 17 – Renal TEAEs - CRYSTAL Study (adapted from CSR 304, 2014)
	Preferred term, n (%)
	CRYSTAL

	
	PBO + FBX
(N=109)
	LESU200 + FBX
(N=106)

	Any renal-related TEAE
	6 (5.5)
	9 (8.5)

	Blood creatinine increased
	3 (2.8)
	7 (6.6)

	Blood urea increased
	1 (0.9)
	1 (0.9)

	Renal impairment
	0
	1 (0.9)

	Acute pre-renal failure
	0
	0

	Renal failure
	2 (1.8)
	1 (0.9)

	Acute renal failure
	1 (0.9)
	0


ALLO=allopurinol; LESU=lesinurad; PBO=placebo; TEAE=treatment-emergent adverse event.

The incidence of adverse events occurring during treatment (TEAEs) classified as cardiovascular events was slightly increased with lesinurad in combination with febuxostat compared with febuxostat in monotherapy. Only two events were identified that corresponded to the MACE criteria (MACE: cardiovascular death, non-fatal myocardial infarction, non-fatal ictus) in the lesinurad 200 mg treatment group, compared with one MACE event that occurred the febuxostat monotherapy group. The percentage of subjects with serious adverse events under SOC “Cardiac Disorders” SOC was slightly greater in the lesinurad 200 mg in combination with febuxostat group, compared with febuxostat (2.8% and 0.9%, respectively).
The generally good tolerability of lesinurad 200 mg was confirmed by the results of the long-term extension study (up to 52 months) (study 307) (Paragraph 5.49).

5.20 Study assessment conclusions 
The CRYSTAL Study demonstrated that treatment with lesinurad 200 mg in combination with febuxostat for gout patients with of tophi causes a rapid and sustained lowering of uricaemia over time which is both statistically significant and clinically relevant (from a minimum of -12.8% to a maximum of -24.7% measured against the baseline) with a higher number of patients achieving the therapeutic target at all time-points in the study (except for month 6). The LOCF (Pre-specified last observation carried forward) analysis demonstrated that a significantly greater proportion of patients treated with lesinurad 200 mg + febuxostat achieved SUA levels of <5.0 mg/dl at month 6 compared with subjects receiving febuxostat in monotherapy (64.1% vs 50.9%, respectively; p=0.0377).
A greater percentage of patients achieved target SUA levels of <4.0 and <3.0 with lesinurad 200 mg at month 6 and at month 12. 
The CRYSTAL Study demonstrated that the addition of lesinurad 200 mg to basic treatment with febuxostat 80 mg caused a clinically relevant lowering of uricaemia in the subgroup of patients who do not respond adequately to febuxostat in monotherapy. For this subgroup, the percentages of patients with uricaemia <5.0 mg/dl at the sixth month was 44.1% for the lesinurad 200 mg in combination with febuxostat group compared with 23.5% for the febuxostat in monotherapy group (p <0.025).
The efficacy of lesinurad in this sub-population of subjects reflects the SUA indication for its use, as a supplementary treatment in patients who fail to achieve the uric acid target with an adequate dose of a xanthine oxidase inhibitor. The study results have also shown the positive effect of lesinurad 200 mg in reducing the area of the tophi caused by gout.
The patients who received lesinurad 200 mg in combination with febuxostat saw a greater reduction in the overall area of tophi, at various points in time, compared with patients treated with febuxostat alone. At month 12 lesinurad 200 mg in combination with febuxostat brought about a significantly greater reduction in the overall area of tophi vs. febuxostat (50.1% verso 28.3%; p <0.05).
Lesinurad in combination with febuxostat was generally well tolerated; with a frequency of adverse events slightly higher among those patients treated with lesinurad 200 mg compared with that observed among patients treated with febuxostat in monotherapy.  However the discontinuation percentage due to TEAEs in the lesinurad 200 mg group was similar to that of the febuxostat in monotherapy group. It was also noted that the long-term data from the extension study (307) (Paragraph 5.49) confirmed the good tolerability of lesinurad up to 52 months of treatment.


[bookmark: _Toc473184563]CLEAR-1 and CLEAR-2 Studies (studies 301-302) vs. allopurinol – pooled data

5.21 Physiopathological assumptions, rationale and objectives of the study
The efficacy data on the primary endpoint are presented in the form of a “pooled” analysis of the results obtain in the CLEAR-1 and CLEAR-2 studies (studies with an identical design), together with an analysis of the sub-population ≥65 years. 
The safety data are presented in the form of “pooled” analysis of the results from the CLEAR-1 and CLEAR-2 studies and the CRYSTAL study.  

5.22 Type of study 
See Paragraph 5.2.

5.23 Type of patients taking part in the study
See the Paragraph 5.3.

5.24 Sponsorship
AstraZeneca

5.25 Therapeutic regimen studied and therapeutic regimen used for comparison purposes 
See the Paragraph 5.5.

5.26 Duration of the treatment and of the follow-up
The duration of the treatment was of 12 months.

5.27 	Safety and efficacy criteria - events measured
See the Paragraph 5.7.

5.28 [bookmark: Paragrafo528]Results
The CLEAR-1 study enrolled a total of 607 subjects (ITT 603) who were subsequently randomised in a ratio of 1:1:1 into the 3 treatment groups (201 subjects for each treatment group). 
The CLEAR-2 study enrolled a total of 611 subjects (ITT 610) who were subsequently randomised in a ratio of 1:1:1 into 3 treatment groups: 204 subjects in the LESU200+ALLOPURINOL group, 200 subjects in the LESU400+ALLOPURINOL group; and 206 subjects in the PBO+ALLOPURINOL group.

For both studies the demographic and clinical characteristics of the patients were well balanced in the groups, as illustrated in Table 18,

[bookmark: Tabella18][bookmark: _Toc473150703]Table 18 - CLEAR studies baseline demographic characteristics (adapted from CSR 301, 2014 (109) and CSR 302, 2014 (110))
	Variable
	CLEAR-1
	CLEAR-2

	
	PBO
+ ALLO
N=201
	LESU200 
+ ALLO
N=201
	PBO
+ ALLO
N=206
	LESU200
+ ALLO
N=204

	Male, %
	94.0
	95.5
	95.1
	96.6

	Race, %
White
Black
Asian
Other
	76.1
14.4
5.0
4.5
	75.1
15.4
4.5
5.0
	75.2
10.7
6.8
7.3
	81.9
7.4
4.9
5.9

	Mean age, years (SD)
	51.7 (11.7)
	51.6 (10.7)
	51.4 (10.6)
	51.0 (11.1)

	Mean BMI, kg/m2 (SD)
	34.3 (6.4)
	35.0 (6.2)
	33.9 (6.2)
	34.7 (6.4)

	Gout duration, mean years
	11.6
	12.8
	11.3
	12.3

	Mean gout flares, past 12 months
	4.8
	4.8
	5.8
	6.7

	≥ 1 target tophus, n (%)
	17 (9)
	18 (9)
	33 (16)
	35 (17)

	Mean screening SUA, mg/dL
	8.11
	7.97
	8.00
	8.02

	Allopurinol dose, %
<300
=300
>300
	6
88
7
	3
93
5
	7
85
7
	7
82
11

	Comorbidity, %
≥1 comorbidity
≥2 comorbidity
≥3 comorbidity
	83
50
30
	80
53
31
	80
46
17
	78
45
24




In the CLEAR studies lesinurad in combination with allopurinol demonstrated its higher efficacy compared with allopurinol in monotherapy, doubling the number of patients at target at month 6 (patients who have achieved SUA levels of <6 mg/dl). In the comparison between LESU200+ALLO and PBO+ALLOPURINOL in particular, the target was achieved in 54.8% of LESU200+ALLO patients compared with 25.6% in PBO+ALLOPURINOL patients (NRI analysis, ITT population; p <0.0001).
Figure 35 illustrates the average SUA value compared with the target, achieved at each visit, obtained from the pooled data from the 2 CLEAR studies in the comparison between the LESU200+ALLO and PBO+ALLOPURINOL groups.
It is noted that the effect of lesinurad was very rapid, with a marked and statistically significant reduction of the SUA level as soon as the first month of taking the drug. In addition, the average percentage variations in the SUA levels measured against the baseline obtained in the LESU200+ALLO group always remained significantly greater than those obtained in the PBO+ALLOPURINOL group, at all points in time of the analysis (p <0.0001 for all the comparisons) (Figure 35).
The uricaemia reducing effect was at its maximum after the first month and remained constant throughout the 12-month study period.

[bookmark: Figura35][bookmark: _Toc473186930]Figure 35 - Average serum urate levels at each visit – pooled data from the CLEAR studies (analysis of observed cases, ITT population) (SmPC Zurampic, EPAR, 2015)
[image: ]

The uricaemia reducing effect was found to be consistent in the various subgroups analysed, including subjects with moderate renal insufficiency (Figure 36), patients treated with aspirin, patients treated with thiazide diuretics and in subjects receiving more than 300 mg of allopurinol a day (Paragraph 4.4).

In the case of subjects with light to moderate renal insufficiency in particular, a greater percentage of patients  achieved the SUA target of <6 mg/dl with lesinurad 200 + allopurinol, compared with allopurinol in monotherapy ( 55.6% vs 28.9% p < 0.0001) (NRI analysis, ITT population) (Figure 36). At month 12, the result obtained was similar (49% vs 26.6%, p < 0.0001).
[bookmark: Figura36][bookmark: _Toc473186931]Figure 36 - Patients at target (SUA<6mg/dl) at month 6 – patients with slight to moderate renal compromise (NRI analysis, ITT population) (Clinical Overview, 2014)
[image: ]

A post hoc analysis was carried out on the pooled CLEAR-1 and CLEAR-2 studies to investigate the efficacy of lesinurad in the subgroup of patients aged ≥65 years.
Table 19 shows the number of subjects included in each subgroup of the CLEAR-1 and CLEAR-2 studies (pooled)

[bookmark: Tabella19][bookmark: _Toc473150704]Table 19 -  Subgroups in CLEAR-1 and CLEAR-2 (pooled) (NRI analysis, ITT population) (adapted from CSR 301.2014 and 302, 2014)
	Subgroup, n (%)
	Lesinurad 200 mg + allopurinol (N=405)
	Placebo + allopurinol (N=407)

	Age
	
	

	    <65 years
	365 (90.1)
	354 (87.0)

	    ≥65 years
	  40 (9.9)
	  53 (13.0)


Abbreviations: ITT, intent-to-treat.

In the subgroup of patients aged ≥65 years, lesinurad 200 mg proved to be significantly more effective than allopurinol in monotherapy compared with the primary endpoint for efficacy (57.5% vs 28.3% respectively (p=0.0102), SUA <6.0 mg/dl at month 6) (Table 20).


[bookmark: Tabella20][bookmark: _Toc473150705]Table 20 – SUA responders at month 6 in the CLEAR-1 and CLEAR-2 studies (pooled) – age ≥65 years (NRI analysis, ITT population) (adapted from CSR 301.2014 and 302, 2014)
	
	Lesinurad 200 mg + allopurinol (N=40)
	Placebo + allopurinol (N=53)

	Proportion of SUA responders†, n (%)
	23 (57.5)
	15 (28.3)

	Difference in proportions (95% CI), lesinurad vs. placebo
	0.29 (0.10, 0.49)
	

	p−value†
	0.0102
	


†Defined as subjects achieving SUA <6.0 mg/dL by Month 6. Subjects missing the Month 6 SUA result are treated as non‑responders.								
‡Cochran‑Mantel Haenszel test stratified by Day −7 renal function (eCrCl ≥ 60 mL/min versus < 60 mL/min) and tophus status during Screening (presence versus absence), randomised stratified values.	
Abbreviations: CI, confidence interval; ITT, intent‑to‑treat; SD, standard deviation; SUA, serum uric acid.

In the subgroup of patients aged <65 years, the superiority of lesinurad 200 mg was confirmed, with 54.5% of patients achieving the target compared with 25.1% of patients treated with allopurinol in monotherapy (p<0.0001) (Table 21).

[bookmark: Tabella21][bookmark: _Toc473150706]Table 21 - SUA responders at month 6 in the CLEAR-1 and CLEAR-2 studies (pooled) – age <65 years (NRI analysis, ITT population)  (adapted from CSR 301.2014 and 302, 2014)
	
	Lesinurad 200 mg + allopurinol (N=365)
	Placebo + allopurinol (N=354)

	Proportion of SUA responders†, 
n (%)
	199 (54.5)
	89 (25.1)

	Difference in proportions (95% CI), lesinurad vs. placebo
	0.29 (0.23, 0.36)
	

	p−value‡
	<0.0001
	


†Defined as subjects achieving SUA <6.0 mg/dL by Month 6. Subjects missing the Month 6 SUA result are treated as non‑responders.								
‡Cochran‑Mantel Haenszel test stratified by Day −7 renal function (eCrCl ≥ 60 mL/min versus < 60 mL/min) and tophus status during Screening (presence versus absence), randomised stratified values.	
Abbreviations: CI, confidence interval; ITT, intent‑to‑treat; SD, standard deviation; SUA, serum uric acid.

In the same subgroup of patients aged ≥65 years, the OC analysis showed a significantly greater number of patients who achieved SUA levels of <6.0 mg/dl at month 6 in the lesinurad 200 mg group, compared with allopurinol in monotherapy (71.9% vs 33.3% respectively; p=0.0007).  In the subgroup of patients aged <65 years, a significantly greater number of patients achieved SUA levels of <6.0 mg/dL at month 6 in the lesinurad 200 mg group (65.2%) compared with the allopurinol in monotherapy group (30.2%); p<0.0001.


Therefore the analysis of the subgroup of patients aged ≥65 years indicates that the relative efficacy of lesinurad compared with allopurinol in monotherapy was similar to its efficacy for the overall ITT population.

The results on the frequency of gout attacks and on the resolution of tophi did not show any statistically significant differences between the various treatment groups (Saag, 2016 (138)). 
These results were expected for the duration of the study, which was not able to demonstrate a significant effect on the clinical endpoints, due to the low incidence of acute attacks requiring treatment and the small number of patients with measurable tophi.  It should be noted that these benefits were not demonstrated with oral treatments in any 12-month clinical study. For example, in the FOCUS study, which assessed the long-term treatment of gout patients with febuxostat, the results demonstrated the elimination of gout attacks and reduction of the number of the tophi only when a stable dose was received for 5 years (Schumacher, 2008 (39)).
However long-term efficacy data, after 24 months of treatment, produced sufficient evidence to demonstrate a clinical effect with the continuous reduction of tophi and flares (Paragraph 5.38) (EPAR, 2015 (42)).

5.29 [bookmark: Paragrafo529]Adverse reactions in the study
The CLEAR-1 andCLEAR-2 studies and the CRYSTAL study demonstrated the good tolerability profile of lesinurad 200mg/day: the patients assigned to treatment in the form of lesinurad 200 mg in combination with an XOI (allopurinol or febuxostat) showed the occurrence of adverse events during treatment (TEAEs - treatment-emergent adverse events) with a frequency similar to that observed in patients assigned to XOI in monotherapy.
The general incidence of SAEs was low and comparable to that of the XOI in monotherapy (4.7% vs 5.6%, respectively).  Similarly discontinuation of the treatment  because of an adverse event was low and was observed to a similar extent in the lesinurad 200 mg group vs the XOI in monotherapy group (6.3% vs 5.4%, respectively).
The incidence of Grade 3 and 4 TEAEs in accordance with the RCTC definition, and of TEAEs assumed to relate to the treatment, was found to be similar between the treatment groups (Table 22).

[bookmark: Tabella22][bookmark: _Toc473150707]Table 22 - Number (%) of subjects with ≥1 adverse event† per category in the CLEAR-1, CLEAR-2 and CRYSTAL studies – safety population (adapted from CSR 301, 302 and 304, 2014)
	Adverse Event Category, n (%)
	Lesinurad 200 mg + XOI
(N=511)
	Placebo + XOI (N=516)

	Any TEAE
	386 (75.5)
	363 (70.3)

	Any TEAE with RCTC toxicity Grade 3 or 4
	52 (10.2)
	48 (9.3)

	Any TEAE possibly related to randomised study medication
	98 (19.2)
	80 (15.5)

	Any TEAE possibly related to XOI
	49 (9.6)
	52 (10.1)

	Any TEAE possibly related to prophylaxis
	56 (11.0)
	52 (10.1)

	Any serious TEAE
	24 (4.7)
	29 (5.6)

	Any fatal TEAE
	2 (0.4)
	0

	Any TEAE leading to randomised study medication discontinuation
	32 (6.3)
	28 (5.4)

	Any TEAE leading to XOI discontinuation
	10 (2.0)
	8 (1.6)

	Any TEAE leading to prophylaxis discontinuation
	21 (4.1)
	12 (2.3)

	Any TEAE leading to study withdrawal
	20 (3.9)
	18 (3.5)


† Events are treatment-emergent events. For each category, subjects are included only once, even if they experienced multiple events in that category.
Abbreviations: IAS, integrated safety analysis; RCTC, Rheumatology Common Toxicity Criteria; TEAE, treatment-emergent adverse event; XOI, xanthine oxidase inhibitor (allopurinol/febuxostat).
Source: IAS Table 4.1.1.1.

The majority of the TEAEs reported in the CLEAR-1, CLEAR-2 and CRYSTAL studies were of mild to moderate intensity (Grade 1 and 2, respectively). The Grade 3 TEAEs were reported in 9.2% of patients in the lesinurad 200 mg group compared with 7.9% in patients in the XOI in monotherapy treatment group. The percentage of incidences of Grade 4 TEAEs was low and comparable in the treatment groups with fewer than 2% of patients reporting Grade 4 TEAEs (risk to life) (Table 23).

[bookmark: Tabella23][bookmark: _Toc473150708]Table 23 - Incidence and percentage of AEs classified on the basis of toxicity defined in accordance with RCTS in CLEAR-1, CLEAR-2 and CRYSTAL - safety population (adapted from CSR 301, 302 and 304, 2014)
	RCTC Toxicity Grade
n (%), rate† 
	Lesinurad 
200 mg + XOI
(N=511)
(PY=398.2)
	Placebo + XOI
(N=516)
(PY=410.0)

	Mild (Grade 1)
	139 (27.2)
34.9
	133 (25.8)
32.4

	Moderate (Grade 2)
	195 (38.2)
49.0
	182 (35.3)
44.4

	Severe (Grade 3)
	47 (9.2)
11.8
	41 (7.9)
10.0

	Life-threatening (Grade 4)
	5 (1.0)
1.3
	7 (1.4)
1.7

	Total
	386 (75.5)
96.9
	363 (70.3)
88.5


†Adverse events are treatment-emergent events. Gout flares reported as serious adverse events are excluded
‡Events for 100 person-years of exposure.
Abbreviations: IAS, integrated safety analysis; PY, person-years (of exposure); RCTC, Rheumatology Common Toxicity Criteria; XOI, xanthine oxidase inhibitor (allopurinol/febuxostat). 
Source: IAS Table 4.4.1.1 and Table 4.4.2.1.
It was observed in the three studies that lesinurad + XOI is associated with a transitory increase in serum creatinine (sCr). 
The percentage of patients who experienced an increase in sCr of ≥2 measured against the baseline was found to be low (1.8% for lesinurad 200 mg + XOI compared with 0.0% for XOI in monotherapy).  The majority of these increases were resolved without the need to discontinue the treatment. 
The percentage of patients who experienced an increase in sCr from ≥1.5 to <2, measured against the baseline, was found to be low (3.9% lesinurad 200 mg + XOI compared with 2.3% for XOI in monotherapy).  The majority of these increases were resolved without the need to discontinue the treatment.
The incidence of renal TEAEs was comparable in the treatment groups: 4.5% and 5.7% respectively for XOI in monotherapy and lesinurad 200 mg. 
Renal TEAEs produced a similar rate of discontinuation of treatment in the treatment groups: 1.2% for lesinurad 200 mg vs 1.0% for XOI in monotherapy. 
The incidence of serious renal adverse events was low and comparable in the treatment groups: 0.4% and 0% for XOI in monotherapy and 200 mg for lesinurad 200 mg. 
Renal calculi TEAEs were observed in a small percentage of subjects: 1.7% for an XOI in monotherapy and 0.6% for lesinurad 200 mg + XOI.

All fatal events and potential cardiovascular events were assessed by an independent committee (CEAC - Cardiovascular Endpoints Adjudication Committee) and, if considered cardiovascular related, were classified as major cardiovascular adverse events (MACE: cardiovascular death, non-fatal myocardial infarction, non-fatal ictus) or non-MACE.  
The CEAC confirmed CV-related events in 2.9% of patients in the XOI monotherapy group and in 3.5% of patients in the lesinurad 200 mg group. Three (0.6%) patients were identified with four MACE events in the XOI monotherapy group and 4 (0.8%) patients with four MACE events in the lesinurad 200 mg + XOI group.
All four patients in the lesinurad 200 mg group who had reported MACE events had a previous history of myocardial infarction, cardiac insufficiency or ictus. One of the three patients in the XOI monotherapy group who had reported a MACE event had a history of peripheral vascular disease.  As was to be expected, in all the treatment groups there was a greater proportion of subjects with baseline compromised renal function who reported MACE events (Sarnak, 2003 (142)). 
In the POOLED analysis of the three clinical studies the percentage incidence of MACE events was low and similar in the lesinurad 200 mg group and the XOI in monotherapy group (0.96 vs. 0.71 for 100 person-years of exposure respectively). 

The generally good tolerability of lesinurad 200 mg was confirmed by the results of the long-term extension studies (up to 52 months) (Paragraph 5.39 and Paragraph 5.49).


5.30 Study assessment conclusions 
The two CLEAR-1 and CLEAR-2 studies demonstrated that treatment with lesinurad 200 mg in combination with allopurinol causes a statistically significant and clinically relevant lowering of uricaemia in patients who do not respond to allopurinol in monotherapy. About half of the patients treated with lesinurad in combination with allopurinol achieved the objective of reduced the serum uric acid levels (SUA<6 mg/dl) at 6 months compared with allopurinol monotherapy.  The effect of lesinurad was very rapid, with a marked and statistically significant reduction of SUA levels as early as the first month of taking the drug, and this remained constant throughout the 12-month study period. 
The reduction in uricaemia was confirmed in the various subgroups analysed, including patients aged ≥65 years. 
Lesinurad 200 mg in combination with an XOI was generally well tolerated with an adverse events profile, in addition to a renal and cardiovascular levels profile, comparable to XOIs in monotherapy.



[bookmark: _Toc473184564]The CLEAR extension study (study 306) (128) 

5.31 Physiopathological assumptions and objectives of the study
The CLEAR studies demonstrated the efficacy and safety of lesinurad (200 mg/per os in the form of a daily mono-administration) in combination with allopurinol (at the dosages judged to be appropriate by the researchers), vs. allopurinol monotherapy, in patients with hyperuricaemia and gout who did not respond adequately to treatment with allopurinol.  In fact the CLEAR studies have demonstrated that a greater proportion of patients treated with lesinurad 200 mg + allopurinol (LESU200 + ALLO) vs placebo + allopurinol (PBO + ALLO) achieved the SUA target  of < 6.0 mg/dl at 6 and 12 months (p<0.0001). 
The objective of the CLEAR extension study was to extend the observation of treatment with LESU + ALLO by a further 12 months with regard to efficacy and until 52 months with regard to safety.  Two interim analyses and   a final synopsis[footnoteRef:7] are available: the first interim analysis (cut-off 17 June 2014) focusing only on the safety data (CSR 306, 2014 (147); the second interim analysis (cut-off 15 May 2015) comprising the first analysis of efficacy (all the data on each person treated for at least 12 months) and the second, the safety analysis (which includes all the safety data available at the second cut-off date) (CSR 306, 2015 (130)); the final synopsis includes the final safety analysis from the extension study (up to 52 months) (CSR 306, 2016 (145)) [7:  the FDA Guidance for Industry, confirms that a synopsis can be presented for the studies that are not relevant for assessing the effectiveness of the product or of the clinical pharmacology, but that provide necessary information for assessing the safety data produced by the study (FDA, 1999 (146)) ] 


5.32 Type of study
Randomised, double-blind study until the conclusion of the CLEAR-1 and CLEAR-2 studies and subsequently as an open study.

5.33 Type and number of patients taking part in the study
Figure 37 illustrates the design of the CLEAR study extension.

[bookmark: Figura37][bookmark: _Toc473186932]Figure 37 - Design of the CLEAR extension study (Saag, 2016 (143))
[image: ]
· The patients who had completed the CLEAR-1 or the CLEAR-2 study in the PBO+ALLO group were enrolled in the CLEAR extension study and randomised in a ratio of 1:1 for receiving LESU200 + ALLO (200CROSS) or LESU400 + ALLO (400CROSS).
· The patients who had completed the CLEAR-1 or CLEAR-2 study in the LESU200+ALLO or LESU400+ALLO group continued their treatment in the CLEAR extension study and remained in the same randomised LESU200 + ALLO (200CONT) or LESU400 + ALLO (400CONT) group.

All the patients received prophylaxis for acute gout attack (with colchicine or NSAIDs) for the first 2 months and, at the researcher’s discretion, up to a maximum of 6 months. The first assessment of the efficacy data was carried out on completion of 1 year of treatment for each patient.
The assessment of the safety data was carried out at around one year from the start of study 306 and repeated on completion of 1 year of treatment for each patient. 

5.34 Sponsorship
AstraZeneca

5.35 Therapeutic regimen studied and therapeutic regimen used as a comparison
In the CLEAR extension study the eligible patients were randomised into the following treatment groups:
· LESU200CROSS: patients from the PBO+ALLO group in the CLEAR study (1 or2) who went on to receive LESU200+ALLO
· LESU400CROSS: patients from the PBO+ALLO group in the CLEAR study (1 or2) who went on to receive LESU400+ALLO
· LESU200CONT: patients from the LESU200+ALLO group in the CLEAR study (1 or 2) who stayed on LESU200+ALLO
· LESU400CONT: patients from the LESU400+ALLO group in CLEAR study (1 or 2) who stayed on LESU400+ALLO
In the CLEAR studies the efficacy and the safety of lesinurad were assessed at two different dosages of lesinurad, 200 mg and 400 mg: the results reported below refer exclusively to the cohort of patients who received lesinurad at a dose of 200 mg/day, as approved by the EMA.

5.36 Duration of the treatment and of the follow-up
Up to 52 months of treatment, including the 12 months of the core studies 301 and 302. 

5.37 Efficacy and of safety criteria – events measured
Endpoint Interim Analysis:
Primary endpoint:
· Percentage of subjects who required treatment for an acute gout attack (Patients Requiring Treatment for a Gout Flare – GFRT)  in the post prophylaxis period (month 2 – month 12)
Main secondary endpoint:
· Percentage of patients with at least 1 target tophus at baseline that saw the complete resolution of at least 1 target tophus at any time-point in the extension study, up to 12 months.
Other  secondary endpoints:
· Percentage of subjects with uric acid levels of <6.0, <5.0, <4.0 and <3.0 mg/dl (at each visit)
· Absolute variation and percentage of uric acid levels in the blood, measured against the baseline in the “core” study (at each visit)
· Percentage of subjects who required treatment for an acute gout attack (Patients Requiring Treatment for a Gout Flare – GFRT)
· Percentage of subjects with complete resolution of at least one target tophus, at each visit 
· Percentage of subjects with complete or partial resolution of at least one target tophus, at each visit and overall 
· Average variation and percentage of the sum of all areas of tophi in the “core” study (at each visit) measured against the baseline
· Percentage variation, measured against the baseline, of the  parameters assessed with reference to the  Patient Reported Outcomes (PGA, SF-36, Sheehan Disability Scale, HAQ-DI), at each visit.
Safety:
· Adverse events correlated to the treatment (Treatment-emergent adverse events - TEAEs) 

5.38 [bookmark: Paragrafo538]Results
Of the 891 patients who had completed the CLEAR studies (abbreviated to CLEAR core), 718 (716 ITT) subjects were enrolled in the extension study: 200CONT (n=240), 400CONT (n=232), 200CROSS (n=122), and 400CROSS (n=122).
Below we are reporting and presenting the data with specific reference to the comparison between PBO+ALLO and LESU200+ALLOP,  the dosage of 200 mg/day being that approved by the EMA. 
The demographic data and the baseline characteristics were comparable in the study groups, as illustrated in Table 24.

[bookmark: Tabella24][bookmark: _Toc473150709]Table 24 - CLEAR extension study demographic characteristics baseline (Saag, 2016 (143))
[image: ]

As well illustrated in Figure 38 not only was the efficacy measured in the CLEAR core study retained in the extension study for patients treated from the start with LESU200+ALLO (200CONT in Figure 38), but also those patients previously treated in the allopurinol group, with a switch to the combination (200CROSS), obtained a significant improvement in the extension study.
In fact in the 200CROSS group, the percentage of patients at target rose from approximately 30% after the 12 months of treatment with allopurinol in monotherapy to approximately 70% after one month of the extension study, which then remained relatively constant throughout the term of the study (Saag, 2016 (143)) (Figure 38).
The percentage of patients who achieved the target in the 200CROSS group in particular rose from a minimum of 27.3% to a max of 38.8% during the 12 months of the “core” study, with an increase in the extension study in the range from 61.3% to 75.9% with the addition of lesinurad 200mg.  In addition, in the group already treated with lesinurad in the “core” study, efficacy was also retained in the extension study (from a range of 63.2%-68.6% to 61.5%-68.7%) (CSR 306, 2015 (130)).

[bookmark: Figura38][bookmark: _Toc473186933]Figure 38 - Patients at target (SUA<6mg/dl) - CLEAR core and extension (Observed case analysis, ITT population) (adapted from CSR 306, 2015 (130) and Saag, 2016 (143))
[image: ]

The improvement in terms of achievement of the SUA target was also confirmed in terms of the proportion of patients who achieved the SUA target of <5 mg/dl, SUA<4 mg/dl and SUA<3 mg/dl (OC analysis, ITT population) (CSR 306, 2015 (130)). 
Similarly, the percentage variation in the SUA level SUA from baseline was also drastically reduced in the 200CROSS group as of the first month, reaching SUA levels comparable to those of the 200CONT group. 

Lesinurad was also effective in resolving the target tophus (key secondary end-point): at each monthly visit the percentage of patients with complete resolution of the target tophus progressively increased up to the end of the study in a comparable manner in the two treatment groups (45.5% in the 200CROSS subjects and 43.8% in the 200CONT subjects) (Figure 39). 
The complete or partial resolution of ≥1 target tophus was observed in 59.3% of the subjects treated with lesinurad 200 mg at month 12 of the extension study.

[bookmark: Figura39][bookmark: _Toc473186934]Figure 39 - Percentage of subjects with complete resolution of >1 target tophus – CLEAR core and extension (LOCF analysis, ITT population) (adapted from CSR 306, 2015)
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This efficacy was also translated into a progressive reduction of the total area of the target tophi and was found to be greater in the 200CONT group compared with the 200CROSS group at month 10 of the extension study (LOCF analysis, ITT population) (p>0.05) (CSR 306, 2015 (130)).

The proportion of patients who required treatment for an acute gout attack was found to be modest in both study groups throughout the observation period  and continued to fall throughout the extension period (Figure 40).




[bookmark: Figura40][bookmark: _Toc473186935]Figure 40 - Percentage of patients treated for an acute attack - CLEAR core and extension (observed case, ITT population) (CSR 306, 2015)
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During the course of the treatment improvements were observed in the PRO scores (HAQ-DI, HAQ-VAS, PGA and SDS), but no significant differences were observed between the two treatment groups measured against the baseline in the “core” study. 

5.39 [bookmark: Paragrafo539]Adverse reactions in the study 
The CLEAR extension study confirmed the good tolerability profile of lesinurad 200mg/day (the safety analysis shows the combined data for the 200CONT and 200CROSS treatment groups) (Table 25)
Compared with the CLEAR core study (phase of the treatment double-blind controlled treatment phase vs PBO+ALLO):
· There were no significant increases in the incidence of adverse events occurring during treatment (treatment-emergent adverse events - TEAEs) in the subjects who received lesinurad in the extension study. 
· No new safety signs were observed in the extension study 




[bookmark: Tabella25][bookmark: _Toc473150710]Table 25 - AEs in the study 306 – safety population (adapted from CSR 306, 2016)
	AEs, n (%)†
	Lesinurad 200 mg + allopurinol

	
	CROSS (N=122)
	CONT (N=240)
	TOTAL (N=362)

	Any AE
	93 (76.2)
	187 (77.9)
	280 (77.3)

	Any AE with RCTC toxicity Grade 3 or 4
	20 (16.4)
	44 (18.3)
	64 (17.7)

	Any AE possibly related to lesinurad
	25 (20.5)
	46 (19.2)
	71 (19.6)

	Any AE possibly related to allopurinol
	9 (7.4)
	16 (6.7)
	25 (6.9)

	Any AE possibly related to prophylaxis
	6 (4.9)
	9 (3.8)
	15 (4.1)

	Any SAE
	19 (15.6)
	29 (12.1)
	48 (13.3)

	Any fatal AE
	3 (2.5)
	4 (1.7)
	7 (1.9)

	Any AE leading to prophylaxis discontinuation
	5 (4.1)
	2 (0.8)
	7 (1.9)

	Any AE leading to study withdrawal
	13 (10.7)
	24 (10.0)
	37 (10.2)


†AEs are those that started on or after the first lesinurad dose date in study extension, or those that started prior to the first lesinurad dose date but worsened during the study extension.
Abbreviations: AE, adverse event; CONT, continuation; CROSS, crossover; RCTC, rheumatology common toxicity criteria; SAE, serious adverse event

Given the greater duration of the exposure to treatment, an increased incidence of Renal TEAEs was observed.
The increase in serum creatinine was confirmed as the most common among the renal TEAEs, and in this case these increases in creatinine were resolved in the majority of cases without the need to discontinue treatment with lesinurad.
For the lesinurad 200 mg treatment group, the CEAC assessed potential cardiovascular AEs in 11% of the subjects, which was then confirmed in 6.4% of the subjects. Among these 12 MACE events were identified.
The researchers concluded that the majority of the AEs were not related to lesinurad.
Thus the long-term data up to 52 months show that lesinurad 200 mg in combination with allopurinol was well tolerated in gout patients.



5.40 [bookmark: Paragrafo540]Conclusions drawn from the assessment study
The two CLEAR-1 and CLEAR-2 studies have demonstrated that treatment with lesinurad 200 mg in combination with allopurinol causes a statistically significant and clinically relevant lowering of uricaemia in patients who have not responded adequately to allopurinol in monotherapy.  These positive results from the CLEAR-1 and CLEAR-2 core studies core were extensively confirmed by the CLEAR extension study.
· The percentage of subjects who achieved the uricaemia objective of <6.0 mg/dl with lesinurad during the CLEAR core study remained constant throughout the extension study: the proportion of subjects who achieved the uricaemia objective was doubled in those subjects who switched from placebo+allopurinol to lesinurad+allopurinol in the extension study and this increase remained constant throughout the extension study.
· The incidence of gout attacks that needed treatment during the post-prophylaxis period was low in all the treatment groups: the number of gout attacks that needed treatment continued to fall during the long-term treatment period.
· The proportion of subjects treated with lesinurad, with complete resolution of at least one target tophus, continued to increase over time.

Lesinurad (200 mg in combination with allopurinol) was generally well tolerated during the extension study up to 52 months, with an adverse events profile that correlated to the treatment, and also at a renal and cardiovascular level, comparable to what was observed in the core study. No new safety signs were observed in the extension study.
The treatment combining lesinurad and allopurinol can also be seen as an important long-term treatment option for gout patients who do not respond to allopurinol in monotherapy.



[bookmark: _Toc473184565]CRYSTAL Extension Study (study 307) (129)

5.41 Physiopathological assumptions and objectives of the study
The CRYSTAL Study demonstrated the efficacy and safety of lesinurad 200 mg as a daily mono-administration in combination with febuxostat 80 mg, vs. febuxostat monotherapy, in patients with tophaceous gout.  In fact in the CRYSTAL Study a greater proportion of patients treated with lesinurad 200 mg + febuxostat (LESU200 + FBX) achieved the SUA target of <5.0 mg/dl at 6 months (LOCF analysis p=0.0377) and 12 months (NRI analysis p<0.0001), compared with a placebo + febuxostat (PBO + FBX).
The objective of the CRYSTAL Extension Study (NCT01808144) was to extend observation of the treatment with LESU + FBX to assess its long-term efficacy and safety.  As in the case of extension study 306, two interim analyses and a final synopsis[footnoteRef:8] are also available for study 307: the first was an interim analysis (cut-off 10 June 2014) focusing only on the safety data (CSR 307, 2014 (148)); and the second was an interim analysis (cut-off 12 March 2015) which includes the first efficacy analysis (all the data on each person treated for at least 12 months) and a second safety analysis (including all the safety data available at the second cut-off date) (CSR 307, 2015 (129)); the final synopsis includes the final safety analyses under the extension study (up to 52 weeks) (CSR 307, 2016 (149)). [8:  the FDA Guidance for Industry conferms that a synopsis may be presented for studies that are not relevnat for an assessment of the effectiveness of the product or of the clinical pharmacology, but that provide information necessary for assessing the safety data from the study (FDA, 1999 (146)] 


5.42 Type of study
Randomised, double-blind study up to the conclusion of the CRYSTAL Study and subsequently as an open study.

5.43 Type and number of patients taking part in the study
Figure 41 illustrates the design of the CRYSTAL Extension Study.

[bookmark: Figura41][bookmark: _Toc473186936]Figure 41 - Design of the CRYSTAL Extension Study (Dalbeth, 2015 (144))
[image: ]

· Those patients who had completed the CRYSTAL Study in the PBO+FBX group were enrolled for the CRYSTAL Extension Study and randomised in a ratio of 1:1 to receive LESU200 + FBX (200CROSS) or LESU400 + FBX (400CROSS)
· Those patients who had completed the CRYSTAL Study in the LESU200+FBX group or LESU400+FBX continued their treatment in the CRYSTAL Extension Study and were kept in the same randomised LESU200 + FBX (200CONT) or LESU400 + FBX (400CONT) groups.
All the patients received prophylaxis for acute gout attack (with colchicine or NSAIDs) for the first 2 months and, at the researcher’s discretion, up to a maximum of 6 months.

5.44 Sponsorship
AstraZeneca

5.45 Therapeutic regimen studied and therapeutic regimen used as a comparison
In the CRYSTAL Extension Study the eligible patients were randomised into the following treatment groups:
· LESU200CROSS: patients from the PBO+FBX group under the CRYSTAL Study who switched to LESU200+FBX
· LESU400CROSS: patients from the PBO+FBX group under the CRYSTAL Study who switched to LESU400+ FBX
· LESU200CONT: patients from the LESU200+FBX group under the CRYSTAL Study who continued with LESU200+ FBX
· LESU400CONT: patients from the LESU400+FBX group under CRYSTAL Study who continued with LESU400+ FBX
In the CRYSTAL Study (core and extension) the efficacy and safety of lesinurad were assessed at two different dosages of lesinurad, 200 mg and 400 mg: the results reported below refer exclusively to the cohort of patients who received lesinurad at a dose of 200 mg/day, as approved by the EMA.

5.46 Duration of the treatment and of the follow-up
Up to 52 months of treatment, including the 12 months of the core study 304.

5.47 Efficacy and of safety criteria – events measured
Endpoint Interim Analysis:
Primary endpoint:
· Percentage of subjects who experienced the complete resolution of at least one tophus at the last visit or before month 12 of the extension study
Secondary endpoint main:
· Percentage of acute attacks that required treatment in the post prophylaxis period from month 2 to month 12
Other secondary endpoints:
· Percentage of subjects with uric acid levels of <5.0, <4.0 and <3.0 mg/dl (at each visit)
· Absolute variation and percentage of uric acid levels in the blood (at each visit), measured against the baseline)
· Percentage of subjects who required treatment for an acute gout attack over time (Patients Requiring Treatment for a Gout Flare – GFRT)
· Percentage of subjects with complete or partial resolution of at least one target tophus, at each visit 
· Percentage of subjects with complete or partial resolution of at least one target tophus, at each visit and overall 
· Average variation and percentage of the sum of the areas of all the tophi (at each visit), measured against the baseline
· Variation percentage of the  parameters assessed with reference to the  Patient Reported Outcomes (PGA, SF-36, SDS, and the HAQ-DI), at each visit, measured against the baseline.
Safety:
· Treatment related adverse events (Treatment-emergent adverse events - TEAEs) 

5.48 [bookmark: Paragrafo548]Results
Of the 235 patients who completed the CRYSTAL Study in the randomised double-blind, controlled study (abbreviated to CRYSTAL core), 196 subjects were enrolled in the extension study: 200CONT (n=64), 400CONT (n=65), 200CROSS (n=33), and 400CROSS (n=34).

Below we are reporting and presenting the data with specific reference to the comparison between PBO+FBX v. LESU200+FBX, the dosage of 200 mg/day approved by the EMA. 
The demographic data and the baseline characteristics were comparable in the study groups, as illustrated in
Table 26.

[bookmark: Tabella26][bookmark: _Toc473150711]Table 26 - CRYSTAL Extension Study demographic characteristics baseline (Dalbeth, 2015 (144))
[image: ]

As illustrated below, the efficacy measured in the CRYSTAL Core study was confirmed and maintained in the extension study for patients treated as of the start of treatment with LESU200+FBX (200CONT), but also for patients previously treated with the control PBO+FBX who, on switching to the combination of drugs (200CROSS), obtained a significant improvement in the extension study. 
In fact in the 200CROSS group, the percentage of patients who achieved the SUA target of <5.0 mg/dl rose from a minimum of 53.1% to a maximum of the 65.6% during the 12 months of the “core” study, the increase in the extension study being in the range 70.4% to the 88.9% with the addition of lesinurad 200mg. Furthermore, in the group that was already treated with lesinurad in the “core” study, efficacy was also maintained in the extension study (from a range of 68.8%-79.7% to 64.5%-77.1%) (OC Analysis, ITT population) (Figure42) (CSR 307, 2015 (129); Dalbeth, 2015 (144)). 

[bookmark: Figura42][bookmark: _Toc473186937]Figure 42 – Portion of subjects with SUA of < 5 mg/dl – CRYSTAL core and extension (observed case, ITT population) (adapted from Dalbeth, 2015)
[image: ]

The progress observed for patients who achieved the SUA target of < 6 mg/dl, 4 mg/dl and 3 mg/dl was found to be comparable with that described for patients who achieved the SUA target of < 5 mg/dl (CSR 307, 2015 (129)).

In addition the SUA level percentage variation from baseline was drastically reduced in the 200CROSS group as of the first month of the extension study, confirming the result for the other end-points. 

Lesinurad was also effective in resolving of the target tophus (key secondary end-point):  at each monthly visit the percentage of patients with complete resolution of the target tophus progressively increased until it reached a consolidated 50.0% of patients in the group switching from PBO+FBX, and 53.1% of patients receiving continued treatment with LESU200+FBX (Figure 43). Thus the percentage increased progressively over the course of the study in terms of the number of patients who achieved complete resolution of the target tophus at month 12 (25.5% lesinurad 200 mg vs 21.1% febuxostat) (CSR 307, 2015 (129)).





[bookmark: Figura43][bookmark: _Toc473186938]Figure 43 - Percentage of patients with complete resolution of >1 target tophus during the CRYSTAL core and extension study (LOCF analysis, ITT population) (adapted CSR 307, 2015)
	
	Lesinurad 200 mg + febuxostat

	
	CROSS (N=32) 
n (%)
	CONT (N=64) 
n (%)
	TOTAL
(N=96)
n (%)

	Proportion with a CR by Month 12
	16/32 (50.0)
	34/64 (53.1)
	50/96 (52.1)

	Difference in proportions (95% CI)†, cross. vs cont.
	0.03 (–0.18, 0.24)

	p-value
	0.5700


†Cochran-Mantel Haenszel test stratified by Core Day -7 SUA status (randomised values). Note: Subjects who experience a best response of CR of at least 1 target tophus at their last on-study visit (by Extension Month 12) meet the endpoint. Subjects with progressive disease at their last on-study visit (by Extension Month 12) and those who do not achieve CR at their last on-study visit (by Extension Month 12) are treated as non-responders.
Abbreviations: CI, confidence interval; CONT, continuation; CR, complete resolution; CROSS, crossover; LOCF, last observation carried forward.

This efficacy was also translated into the progressive reduction of the total area of tophi target and was found to be greater in the 200CONT group compared with the 200CROSS group at months 4, 6 and 12 of the extension study (LOCF analysis, ITT population); at the last extension study observation (month 24) in particular, the patients in the 200CONT group had a 68.25% reduction and the patients in the 200CROSS group 64.07% (Figure 44).

[bookmark: Figura44][bookmark: _Toc473186939]Figure 44 – Percentage variation in the area of the target tophus during the CRYSTAL core and extension study (LOCF analysis, ITT population) (adapted CSR 307, 2015)
	
	Lesinurad 200 mg + febuxostat

	
	CROSS (n=32)
	CONT (N=64)
	TOTAL (N=96)

	% change from core baseline to extension Month 12, mean (SD)
	–64.07 (61.01)
	–68.25 (38.27)
	–66.86 (46.79)

	Adjusted difference in means (95% CI), cross. vs cont.
	–6.50 (–25.62, 12.63)

	p-value
	0.5016


†Core baseline was defined as the last scheduled or unscheduled measurement prior to the first dose of randomised study medication in the preceding studies.
Abbreviations: CI, confidence interval; ITT, intent-to-treat; LOCF, last observation carried forward; SD, standard deviation

The proportion of patients who required treatment for an acute gout attack was found to be modest in both study groups and their number continued to fall throughout the extension period  (Figure 45).

[bookmark: Figura45][bookmark: _Toc473186940]Figure 45 - Percentage of patients treated for an acute attack - CRYSTAL core and extension study (observed case, ITT population) (CSR 307, 2015) 
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The patients taking part in the extension study reported an improvement over time in terms of the scores they gave in the quality of life questionnaire (HAQ-DI, HAQ VAS Pain Scale, PGA and SDS), but no significant differences were observed between the two treatment groups measured against the baseline in the “core” study.


5.49 [bookmark: Paragrafo549]Adverse reactions in the study 
The CRYSTAL Extension Study confirmed the good tolerability profile of lesinurad 200mg/day (the safety analysis reports the combined data for the 200CONT and 200CROSS) treatment groups (Table 27)
Compared with the CRYSTAL Core study (phase of the controlled treatment vs PBO+FBX):
· There were no significant increases in the incidence of adverse events occurring during treatment (treatment-emergent adverse events - TEAEs) in those subjects who received lesinurad in the extension study 
· No new safety signs were observed in the extension study 



[bookmark: Tabella27][bookmark: _Toc473150712]Table 27 - AEs in the study 307 – safety population (adapted CSR 307, 2016)
	AEs, n (%)†
	Lesinurad 200 mg + febuxostat

	
	CROSS (N=33)
	CONT (N=64)
	TOTAL (N=97)

	Any AE
	27 (81.8)
	50 (78.1)
	77 (79.4)

	Any AE with RCTC toxicity Grade 3 or 4
	2 (6.1)
	7 (10.9)
	9 (9.3)

	Any AE possibly related to lesinurad
	5 (15.2)
	18 (28.1)
	23 (23.7)

	Any AE possibly related to febuxostat
	4 (12.1)
	11 (17.2)
	15 (15.5)

	Any AE possibly related to prophylaxis
	2 (6.1)
	5 (7.8)
	7 (7.2)

	Any SAE
	3 (9.1)
	9 (14.1)
	12 (12.4)

	Any fatal AE
	0
	1 (1.6)
	1 (1.0)

	Any AE leading to prophylaxis discontinuation
	0
	1 (1.6)
	1 (1.0)

	Any AE leading to study withdrawal
	2 (6.1)
	10 (15.6)
	12 (12.4)


†AEs are those that started on or after the first lesinurad dose date in study extension, or those that started prior to the first lesinurad dose date but worsened during the study extension.
Abbreviations: AE, adverse event; CONT, continuation; CROSS, crossover; RCTC, rheumatology common toxicity criteria; SAE, serious adverse event

Given the greater duration of the exposure to treatment, an increased incidence of Renal TEAEs was observed.
The increase in serum creatinine was confirmed as the most common among the renal TEAEs, and in this case these increases in creatinine were resolved in the majority of cases without the need to discontinue treatment with lesinurad.
For the lesinurad 200 mg treatment group, the CEAC assessed potential cardiovascular AEs in 7.2% of the subjects, which was then confirmed in 4.1% of the subjects.  Among these only 1 MACE event was identified.
The researchers concluded that the majority of the AEs were not related to lesinurad.
Thus the long-term data up to 52 months show that lesinurad 200 mg in combination with febuxostat was well tolerated in gout patients.

5.50 Conclusions drawn from the study assessment 
The CRYSTAL Study demonstrated that treatment with lesinurad 200 mg in combination with febuxostat causes a statistically significant and clinically relevant lowering of uricaemia in patients with tophaceous gout, including those not responding to febuxostat in monotherapy baseline. These positive results were again confirmed by the CRYSTAL Extension Study.
· Among those subjects who received lesinurad during the core study, the percentage of those that achieved the SUA uricaemia target of <5.0 and <4.0 mg/dl, was maintained throughout the extension period; also, in patients who switched treatment this percentage was markedly increased as early as the first month of treatment and this was maintained throughout the rest of the extension period.
· The proportion of subjects with complete resolution of at least one target tophus increased over time for all the treatment groups; over 50% of subjects had complete resolution of at least 1 target tophus after 2 years’ exposure to lesinurad 200 mg
· The number of gout flares continued to fall during the extension study; throughout the extension period, the rates of acute gout attacks requiring treatment remained low in both treatment groups (200CONT and 200CROSS).

Lesinurad (200 mg in combination with febuxostat) was generally well tolerated during the extension study up to 52 months, with an adverse events profile correlated to the treatment, also at a renal and cardiovascular level, comparable to what was observed in the core study.  No new safety signs were observed in the extension study.
The combined treatment with lesinurad and febuxostat can also provide an important long-term treatment option for patients with tophaceous gout who do not respond to monotherapy with febuxostat.











6. [bookmark: _Toc439456126][bookmark: _Toc473184566]Available pharmacovigilance data on the product 

[bookmark: Paragrafo6]The safety of ZURAMPIC 200 mg was assessed in 3 Phase 3 clinical studies involving combined treatment (including the extension studies). The adverse reactions most commonly reported during treatment with ZURAMPIC 200 mg were influenza, gastro-oesophageal reflux, headache and an increase in the creatinine level in the blood.  The serious adverse reactions of renal insufficiency, kidney damage and nephrolithiasis were not commonly presented (less than of 1 case in 100 patients). In the clinical studies the majority of the adverse reactions were light to moderate and were resolved as treatment with ZURAMPIC continued. The most common adverse reaction that caused the discontinuation of treatment with ZURAMPIC was an increase in the creatinine levels in the blood (0.8%). 
The incidence of cardiovascular events, including MACE events (Major Adverse Cardiovascular Events) in the clinical development of lesinurad was similar for lesinurad 200 mg + XOI and for XOI in monotherapy. No causal link was established between lesinurad and the clinical development of cardiovascular events, including MACE events. The total incidence of MACE events in the clinical development programme of lesinurad was low, with similar percentages between lesinurad 200 mg + XOI and XOI in monotherapy.  It is noted is that the percentage of MACE events observed in the clinical development programme of lesinurad was within the expected range for the population of gout patients with multiple cardiovascular comorbidity.
The renal safety profile of lesinurad 200 mg in combination with an XOI in the clinical studies was comparable to that of XOI in monotherapy. Only transitory increases in serum creatinine (sCr) were observed, the majority of which were resolved without discontinuing treatment with lesinurad.
It was therefore confirmed that the treatment of gout patients with lesinurad 200 mg/day in combination with an XOI is generally well tolerated, with an adverse events profile similar to that observed with an XOI in monotherapy.

On the basis of the review of the quality, safety and efficacy data, the CHMP has found ZURAMPIC to have a favourable risk-benefit ratio in the adjunctive treatment of hyperuricaemia in gout patients (with or without tophi) who have failed to achieve serum uric acid targets with an adequate dose of a xanthine oxidase inhibitor in monotherapy.
Because ZURAMPIC has only recently been approved by the EMA, on 18 February 2016, very limited post-marketing surveillance data are available, in that it has only been on sale in the United States since October 2016. These data, although limited, confirm what has so far been learned regarding the tolerability profile of lesinurad 200 mg.
The Company’s Pharmacovigilance Unit also has a copy of the first PSUR for lesinurad, dated 16 August 2016 (PSUR 16 August 2016 (133)) covering the period 22 December 2015 to 21 June 2016, and has sent to the EMA: the Preliminary Assessment Report (dated 14 November 2016) produced by the PRAC Rapporteur for the procedure, confirming the drug’s unchanged positive risk/benefit ratio.
In the Phase II controlled studies the number of MACE events was low (< 1%) with a slight associated with the individual case. Assessed overall, the data suggest that lesinurad does not increase the risk of MACE events.
In the European Risk Management Plan (EU RMP) for lesinurad, MACE events, primarily in patients with a history of cardiovascular disorders, are considered a significant potential risk, or an unforeseeable event for which there is only the suspicion of an association with lesinurad, but this association has not been confirmed.
According to the CHMP Assessment Report (dated 17 December 2015), the number of MACE events In the clinical studies was judged to be low, but in the context of the RMP the Company gave a commitment – subsequent the launch of the product onto the European market, to conduct a PASS (Post Authorization Safety Study) study to assess whether there were any cardiovascular signs and to further define the renal safety profile for lesinurad in a real-world context.  The final objective of this prospective cohort observational study was to compare risk of cardiovascular events (MACE and hospitalisation for unstable angina) between gout patients using lesinurad + XOI for the first time and those normally treated with an XOI in monotherapy and to compare the hospital percentages for acute renal damage.
On the basis of the results from the extension studies (studies 306 and 307) it was concluded that long-term treatment (up to 52 months) with lesinurad 200 mg/day in combination with allopurinol or febuxostat was well tolerated in gout patients.
In conclusion, lesinurad 200 mg in combination with an XOI continues to show a favourable risk/benefit ratio in the adjunctive treatment of hyperuricaemia in gout patients (with or without tophi) who have failed to achieve serum uric acid targets with an adequate dose of a xanthine oxidase inhibitor in monotherapy.

Below, in point 4.88 (Undesirable effects), is a Summary of approved  Product Characteristics of ZURAMPIC (SmPC Zurampic, EPAR, 2015 (1), EPAR, 2015 (42)):

“Summary of the safety profile
The safety of Zurampic 200 mg was assessed in Phase III clinical studies on the combined treatment (including the extension studies). The adverse reactions most commonly reported during treatment with Zurampic 200 mg are influenza, gastro-oesophageal reflux, headache and an increase in the creatinine level in the blood. The serious adverse reactions of renal insufficiency, kidney damage and nephrolithiasis were not commonly presented (less than of 1 case in 100 patients) (see Table 1). In the clinical studies the majority of the adverse reactions were light to moderate and were resolved during as treatment with ZURAMPIC continued. The most common adverse reaction that caused the discontinuation of treatment with ZURAMPIC was the increase of the creatinine levels in the blood (0.8%). 

List of adverse reactions
Adverse reactions are classified according to frequency and the classification for organs and systems (SOC). The frequency categories are definite in accordance with the following conventions: very common (≥1/10), common (≥1/100, <1/10), uncommon (≥1/1.000, <1/100), rare (≥1/10.000, <1/1.000) and very rare (<1/10.000).

Table 1 lists the adverse reactions identified in clinical studies conducted on patients treated with Zurampic 200 mg once a day in combination with a xanthine oxidase inhibitor, allopurinol or febuxostat.
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Descriptions of selected adverse reactions 

Renal events 
Zurampic causes an increase in the renal excretion of uric acid, which can cause temporary increases in the serum creatinine levels, adverse reactions associated with renal function and renal calculi. Although other doses have been studied, the recommended dose of Zurampic is 200 mg once a day in combination with a xanthine oxidase inhibitor.

In three placebo controlled clinical studies lasting 12 months, conducted with Zurampic in combination with a xanthine oxidase inhibitor versus the monotherapy with xanthine oxidase inhibitor (placebo), increases were reported in serum creatinine levels between 1.5 times and 2 times greater measured against the baseline in 3.9% of patients treated with Zurampic 200 mg , in 10.0% of patients treated with Zurampic 400 mg, in 2.3% of patients treated with placebo; increases of two or more times the serum creatinine levels were reported, measured against the baseline, in 1.8% of patients treated with Zurampic 200 mg, in the 6.7% of patients treated with Zurampic 400 mg and in 0% of those treated with the placebo. These increases in serum creatinine levels mostly disappeared, the majority without any interruption of the treatment. Adverse reactions associated with renal function were reported in patients treated with Zurampic 200 mg (5.7%) and Zurampic 400 mg (11.8%), compared with the placebo (4.5%), which resulted in discontinuation of the treatment at 1.2%, 3.3% and 1% respectively (see paragraph 4.4). The most common adverse reaction associated with renal function was an increase in serum creatinine levels (4.3% with Zurampic 200 mg and 7.8% with Zurampic 400 mg compared with 2.3% with the placebo). In patients with moderate kidney damage, the incidence of adverse reactions associated with renal function was found to be similar in all the treatment groups: Zurampic 200 mg (12.7%), Zurampic 400 mg (16.3%) and placebo (13.3%). Serious adverse reactions associated with renal function (e.g. acute renal insufficiency and kidney damage) were reported in patients treated with 400 mg of lesinurad (1%) and with the placebo (0.4%) and in none of the patients treated with 200 mg of lesinurad.  Including the long-term extension studies on the combined treatment, the incidence of serious adverse reactions associated with renal function (including acute renal insufficiency) per 100 patient/years of exposure was 0.4 and 1.4 for Zurampic 200 mg and d Zurampic 400 mg in combination with a xanthine oxidase inhibitor (see paragraphs 4.2 and 4.4).  Data taken from the long-term extension studies up to 24 months showed a renal safety profile comparable to that observed in the placebo controlled studies.

In a 6-month placebo-controlled double-blind study on Zurampic in monotherapy, adverse reactions associated with renal function and serious adverse reactions associated with renal function were reported (including acute renal insufficiency) in 17.8% and 4.7% respectively of those patients receiving Zurampic 400 mg in monotherapy and in none of the patients who received the placebo (see paragraphs 4.2 and 4.4). Among the serious adverse reactions associated with renal function: renal insufficiency, acute renal insufficiency and kidney damage were reported in 1.9%, 1.9% and 0.9% of patients respectively who were treated with 400 mg of lesinurad in monotherapy and in none of the patients who received the placebo.
Since the incidence of severe adverse reactions associated with renal function was increased in the monotherapy compared with the treatment in combination with a xanthine oxidase inhibitor, Zurampic must not be used in monotherapy (see paragraphs 4.2 and 5.1).

Patients with a history of renal calculi were able to take part in the 12-month studies on the use of Zurampic in combination with a xanthine oxidase inhibitor. In these studies, adverse reactions associated with renal calculi (the most frequent being nephrolithiasis) were reported in patients treated with Zurampic 200 mg (0.6%), Zurampic 400 mg (2.5%) and the placebo (1.7%).

Cardiovascular safety 
In the randomised, double-blind, placebo-controlled studies on the combined treatment, the incidence of patients with Major Cardiovascular Adverse Events (cardiovascular death, non-fatal myocardial infarction or non-fatal ictus) for 100 patient/years of exposure was: 0.71 (95% IC
0.23; 2.21) for the placebo, 0.96 (95% IC 0.36; 2.57) for Zurampic 200 mg and 1.94 (95% IC 0.97; 3.87) per Zurampic 400 mg, when used in combination with a xanthine oxidase inhibitor. No causal relationship was established with Zurampic. All the patients who had a Major Cardiovascular Adverse Event with Zurampic 200 mg had a positive history of cardiac insufficiency, ictus or myocardial infarction. A post-hoc analysis -hoc in a subgroup of patients with a high baseline cardiovascular risk (defined as a transitory ischaemic attack, angina pectoris, cardiac insufficiency, myocardial infarction, peripheral vascular disease and/or ictus) has showed that the incidence of Major Cardiovascular Adverse Events was 1/52 for the placebo and 4/53 for Zurampic 200 mg when used in combination with a xanthine oxidase inhibitor.

Hypersensitivity    
Rare cases of hypersensitivity (photodermatosis, photosensitive reaction, allergic dermatitis, pruritus and urticaria) were reported with lesinurad during the clinical development. None of these cases was serious or required hospitalisation.

Other special populations 
Patients with kidney damage
No overall differences were observed in the safety profile of Zurampic in patients with light to moderate kidney damage (eCrCL equivalent to 30-89 mL/min) compared with patients with normal kidney function (see paragraphs 4.2 and 5.2).

Reporting of suspected adverse reactions 
The reporting of adverse reactions that were observed after authorisation was acquire for the drug is important, in that it makes possible a continuous monitoring of the drug’s risk/benefit ratio.  Health practitioners are asked to report any suspected adverse reaction via the national reporting system of the Italian Drugs Agency, on website: http://www.agenziadrug.gov.it/it/responsabili”



7. [bookmark: _Toc439456127][bookmark: _Toc473184567]Other Countries of the EU in which the drug is now sold 

Zurampic is not yet sold in any EU country.

8. [bookmark: _Toc473184568][bookmark: _Toc473184569]
Proposed cost to the National Health Service (the Italian NHS) Italian for the drug for which reimbursable status is being applied
9. 8.1 Cost of the individual packs
ZURAMPIC, the only uricosuric available in Italy, to be administered in combination with an XOI, is proposed as a new drug for resolving the as yet unresolved needs in the area of gout, i.e.  
· It provides a rapid treatment (as early as 1 month after commencing treatment) which is sustained over time (as demonstrated at 24 months), 
· It provides a more effective treatment for achieving target uricaemia, compared with XOIs (it doubles the number of patients who achieve the target recommended in the Guidelines and reduces the serum uric acid levels by 15-25%, as early as the first month of treatment) 
· continuously and in the long term (as demonstrated in the 24 months) it reduces tophi and flares,
· it presents generally good tolerability (comparable to that obtained with allopurinol and febuxostat in monotherapy), confirmed by the long-term results (up to 52 months of treatment) and also in some subgroups of patients (e.g. patients with moderate renal insufficiency, patients treated with aspirin, patients treated with thiazide diuretics and in patients aged ≥65 years).

ZURAMPIC, administered in combination with an XOI drug, is a new therapeutic option for the treatment of hyperuricaemia in gout patients who are not adequately controlled with standard therapies and it responds to important therapeutic needs that are not satisfied by current pharmacological options, in that it is able to correct the pathogenic alteration most frequently encountered in gout patients (namely the insufficient renal excretion of uric acid).

The Company proposes the inclusion of ZURAMPIC (lesinurad) in reimbursable category A as specified below, in accordance with the EULAR 2016 Guidelines, in the process of being accepted under the SIR Guidelines 2013:
· LESU+ALLO: second-line treatment administered in combination, when the patient fails to achieve the uricaemia target with the optimal therapeutic doses of allopurinol in monotherapy;
· LESU+FEB: third-line treatment administered in combination, when the patient fails to achieve the uricaemia target with the optimal therapeutic doses of febuxostat in monotherapy or of LESU+ALLO

The Company is applying for classification A for the 30 tablet pack, each tablet containing 200 mg of lesinurad, at the following reimbursable price:

Gross of legal discounts

	Zurampic®
	PP 
	EF

	30 tablets 200 mg 
AIC 044727030
	
€46.64 

	
€28.26 


Net of legal discounts

	Zurampic®
	PP 
	EF

	30 tablets 200 mg 
AIC 044727030
	
€42.09

	
€25.50




[bookmark: _Toc473184570]8.2 Cost per mg of the active ingredient in the individual packs 
Gross of the legal discounts

	Zurampic®
	PP 
	EF

	Cost/mg
30 tablets 200 mg 
AIC 044727030
	
0.0078 €

	
0.0047 €



Net of the legal discounts

	Zurampic®
	PP 
	EF

	Cost/mg
30 tablets 200 mg 
AIC 044727030
	
0.0070 €

	
0.0043 €




[bookmark: _Toc473184571]8.3 Cost per dosage unit with reference the individual packs
Gross of the legal discounts

	Zurampic®
	PP 
	EF

	1 tablet da 200 mg
	
1.55 €

	
0.94 €


   
Net of the legal discounts

	Zurampic®
	PP 
	EF

	1 tablet da 200 mg
	
1.40 €

	
0.85 €




[bookmark: _Toc473184572]8.4 Cost per DDD
Not applicable.
[bookmark: _Toc473184573]8.5 Cost per treatment cycle with reference to the indications 
Not applicable: the treatment of gout/hyperuricaemia is a chronic form of treatment 


[bookmark: _Toc473184574]8.6   The cost of drugs with documented similarity or clinical/therapeutic equivalence
There are currently no drugs similar or equivalent to ZURAMPIC.
ZURAMPIC (lesinurad) is the first significant new drug in the treatment of gout: it is the only uricosuric drug available in Italy, and is thus a significant innovation for the treatment of this disease; by virtue of its complementary action mechanism, compared with other xanthine oxidase inhibitors, ZURAMPIC has demonstrated significant rapid and sustained efficacy in reducing serum urate levels, which are the main target in the control of this disease (a 15-25% reduction of serum uric acid levels, doubling the number of patients who achieve the therapeutic target recommended in the Guidelines), with evidence of a continuous clinical benefit (a 50% reduction of the area affected by tophi and the number of tophi, and reduction in the number of flares).

The therapies currently available in Italy are allopurinol and febuxostat, both of which are xanthine oxidase inhibitors and thus have a different action mechanism to lesinurad, XOIs causing a reduced production of uric acid. In Italy Febuxostat is a second-line treatment (Note Aifa 91), facilitating the treatment of patients affected by chronic hyperuricaemia with a history or presence of tophi and/or of gouty arthritis only if the subjects are not adequately controlled with allopurinol or are intolerant to that drug.

For the reasons listed above, therefore, it is not possible to regard either allopurinol or febuxostat as drugs with documented similarity or clinical/therapeutic equivalence.
The only drug that can be used as a second-line, therefore, is febuxostat. On the basis of the prices currently published in Gazzetta (Gazzetta Ufficiale n. 279 of 30 November 2015) the following cost per tablet can be estimated: 

Price/tablet calculated on the basis of the price of febuxostat (Adenuric) currently published in the Gazzetta Ufficiale:

Gross of the legal discounts

	Adenuric
	PP 
	EF

	Cost/tablet
28 tablets 80 mg 
	
1.41 €
	
0.86 €



Net of the legal discounts

	Adenuric
	PP 
	EF

	Cost/tablet
28 tablets 80 mg 
	
1.28 €
	
0.77 €



[bookmark: _Toc473184575]8.7 Envisaged number of subjects per year for whom treatment may be appropriate 
As illustrated in Paragraph 4.1, the potentially eligible patients are shown below:   
[image: ]Eligible for Zurampic
15%
Eligible for Zurampic
100%
Treated with XOI
1,449,375
Treated with XOI
311,688
Gout patients 
642,063
Gout/hyperuricaemia patients 
4,063,000
Gout/hyperuricaemia patients 
4,705,063


[bookmark: _Toc473184576]8.8 Total market for the specific therapeutic sector
The reference market is M04A0 – Anti-gout Drugs.
The IMS data in Italy show that the consumption of drugs indicated for gout and hyperuricaemia is approximately €40M (ex-factory gross) (Data source IMS MAT 11/2016) (Table 28).

[bookmark: Tabella28][bookmark: _Toc473150713]Table 28 - Total market for the specific therapeutic sector (EUR)
[image: cid:image001.png@01D270BD.D3BE4E40]M04A0 ANTI-GOUT DRUGS
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Total Febuxostat 
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[bookmark: _Toc473184577]8.9 Market/year proportion for the product in the first three years of reimbursable status 
As illustrated in this document, in view of the approved indication, ZURAMPIC will be prescribed as an add-on to an XOI drug (allopurinol or febuxostat) in those patients for whom treatment with an XOI is insufficient for controlling gout and uricaemia.  At commonly used XOI doses more than 50% of gout patients fail to achieve the SUA target (< 6.0 mg/dl) (Becker, 2005 (36); Becker, 2009 (37); Becker, 2010 (38); Schumacher, 2008 (39); Becker, 2015 (40)).

The Company is of the view that Zurampic may be prescribed to the following numbers of patients, with reference to the gout and hyperuricaemia/gout market (this includes patients in the intercritical phase of gout) not at target:

No. Lesinurad Patients
Y1
Y2
Y3
Gout patients not at sUA target > 6mg/dl
27,271
        
 
51,111
  
 
71,703
  
 
Hyperuricaemic/gout patients not at sUA target > 6mg/dl
5,319
          
 
7,994
     
 
11,154
  
 
Total
32,590
        
 
59,105
  
 
82,857
  
 


The Company expects that the introduction of lesinurad to the market, in conjunction with the CHANGE GOUT® programme described in Paragraph 4.2, will result in an improvement in the management of gout in Italy, with a greater number of patients achieving the SUA levels contemplated in the Guidelines, thereby reducing the number of patients with severe gout, or with chronic tophaceous gout, who would then also require third-line treatment or even hospitalisation. 
The Company anticipates that the prescriptions of lesinurad + allopurinol (second-line) will erode the majority of prescriptions for febuxostat in monotherapy (second-line). The Company also anticipates that prescriptions for lesinurad + febuxostat will be very limited in number, since this is a third-line combination. 
In particular it is anticipated that lesinurad will be used in combination with allopurinol in 97% of prescriptions and in combination with febuxostat in only 3% of prescriptions.
The impact on the budget is shown in Paragraph 9. 

[bookmark: _Toc473184578]8.10  Other economic measures proposed by the Company as an advantage to the Italian NHS (discounts, changes to the prices of other drugs produced by the same Company)
Not applicable.
[bookmark: _Toc473184579]8.11  Investiment in research and development conducted by the proposing company in Italy In the last three years

	 
	Totals  

	€000
	2013
	2014
	2015

	Investment in research and development 
	475
	417
	287



[bookmark: _Toc473184580]8.12  Productive investment carried out in Italy by the proposing company in the last three years 

	 
	Totals 

	€ 000
	2013
	2014
	2015

	Productive investment – Origgio Site
	877
	637
	780



[bookmark: _Toc473184581]8.13  Exports of raw materials, semi-processed and finished products In the last three years 

Net sales
Net sales
Net sales
 EUR
EUR
EUR
Country
2013
2014
2015
CH Switzerland
61.576
                     
 
61.942
                     
 
-
CL  Chile
-
-
739
                    
 
DE  Germany
18.077.053
             
 
18.750.557
             
 
19.477.624
      
 
EC  Ecuador
9.558
                        
 
8.081
                        
 
9.257
                
 
ES  Spain
19.668
                     
 
7.100
                        
 
238
                    
 
GB  United Kingdom
-
600
                           
 
3.323
                
 
IL  Israel
9.311
                        
 
-
934
                    
 
PA  Panama
130.804
                   
 
189.016
                   
 
233.199
            
 
PL  Poland
-
-
250
                    
 
SM  San Marino
397
                           
 
440
                           
 
667
                    
 
US  USA
-
-
48.828
              
 
Overall total
18.308.367
             
 
19.017.736
             
 
19.775.058
      
 




[bookmark: _Toc473184582]9.	Available pharmaco-economic studies 

The Company is presenting the results of two pharmaco-economic studies: Cost/Efficacy Analysis and Budget Impact Analysis, conducted by the Higher College of Economics and Health Systems Management (ALTEMS) of at the Sacro Cuore Catholic University – in Rome. The Report on both studies is provided in the attachment (Attachment 2)
[bookmark: _Toc473184583]Cost-effectiveness analysis (Attachment 2):

[bookmark: Paragrafo91]Objective of the study presentedo

Determination and assessment of economic impact in terms of costs and of efficacy associated with the use of ZURAMPIC (lesinurad) in clinical practice in combination with allopurinol, in adult patients for the adjunctive treatment of hyperuricaemia in gout patients (with or without tophi) who have failed to achieve the serum uric acid targets with an adequate dose of allopurinol in monotherapy.

Characteristics of the economic analysis adopted and reasons for the choice 
This is a Cost/Efficacy analysis that made it possible to compare lesinurad+allopurinol with the alternative febuxostat in monotherapy to facilitate making a decision between these two treatment options.

Perspective of the analysis carried out
The perspective adopted for the analysis is that of the Italian NHS, based on a “life/time” time-frame and took into account the total costs of all the comparators relating to overall benefits (measured in terms of QALY – quality-adjusted life years – in a cohort of patients determined on the basis of the Italian population weighted for the rate of prevalence of the pathology, for each sex individually and in light of the state of advance of the disease (hyperuricaemia and gout), with reference to the Italian health context.
An annual discount rate of 3.5% was applied to take account of the temporal factor with regard to costs and benefits. The model presents a structure that responds to the course of the disease. The model include five states of health into which the patient affected by gout/hyperuricaemia may be categorised taking SUA levels into account (with a threshold value set at 6.5mg/dl), and making a distinction depending on whether or not the patient’s disease is of a tophaceous nature (Figure 46).

[bookmark: Figura46][bookmark: _Toc473186941]Figure 46 – Structure of the model drawn up by ALTEMS
[image: ]
Comparative treatments identified for the comparative analysis and reasons for the choice of competitors 
In the cost-efficacy analysis a direct comparison was made between lesinurad+allopurinol and the alternative febuxostat in monotherapy, both regarded as second-line treatments for failure to achieve the SUA target with allopurinol in monotherapy.

Source of the efficacy data and efficacy indicators used 
The source of the data used in the cost-efficacy analysis is the clinical CLEAR-1 and CLEAR-2 studies (for the lesinuard+allopurinol transitions) and the CRYSTAL clinical study (for the second-line febuxostat transitions)

Source of the cost data and the methods used for estimating costs
The overall cost associated with both pharmacological treatments is made up of:  the price of the drug, specialist outpatients services, the management of any adverse events and of any flares of the disease.
The cost/price of the drugs is taken from the National Therapeutic Manual. 

Results expressed in terms of cost-effectiveness (or cost/usefulness, cost/benefit) indicators 
Febuxostat is associated with an overall cost (the price of the drug, specialist outpatients services, the management of any adverse events and of any flares of the disease) over the time-frame (life-time) considered, of €10,645.87/patient, for a total of 7.61 QALY gained.  The lesinurad + allopurinol combination, on the other hand, is associated with a higher cost (€10,885.87) over the time-frame (life-time) considered, for a QALY gain of 7.77. The lesinurad + allopurinol combination is therefore associated with a higher level in terms of efficacy, with a differential of 0.16 QALY; the estimated differential in terms of the absorption of the resources for the two drugs is €240.04. This higher treatment cost based on lesinurad + allopurinol, weighted for its higher level of efficacy, causes an ICER (incremental cost-effectiveness ratio – produced by the ratio between the cost difference and the QALY difference between the two treatments) which is €1,513.25: for an acceptability threshold fixed at €30,000/QALY, the lesinurad + allopurinol combination analyses is cost-effective in comparison with the pharmacological treatment based on febuxostat in monotherapy (Table 29).

[bookmark: Tabella29][bookmark: _Toc473150714]Table 29 – Results of the Cost-effectiveness study
	TREATMENT
	COSTS
	QALYs
	Δ COSTS
	Δ QALY
	ICER

	Febuxostat
	€ 10,645.87
	7.61
	-
	-
	-

	[bookmark: OLE_LINK1]Lesinurad(€0.85/tablet)/Allopurinol
	€ 10,885.87
	7.77
	€ 240.04
	0.16
	€ 1,513.25




Statistical methods and analysis of sensitivity 
The multivariate probability analysis conducted on the sample of gout/hyperuricaemia patients in connection with a comparison of combination lesinurad + allopurinol combination vs febuxostat in monotherapy has made it possible to ascertain the overall impact of the uncertainty associated with the parameters considered in the analysis of the determinist (base-case) results obtained. The results show that in none of the 1,000 simulations conducted do the ICER data from this comparison exceed the acceptability limit of €30,000/QALY: the lesinurad + allopurinol combination is therefore cost-effective in the Italian health context. (Figure 47).



[bookmark: Figura49][bookmark: Figura47][bookmark: _Toc473186942]Figure 47: Multivariate sensitivity analysis – lesinurad + allopurinol vs febuxostat in monotherapy


The results of the multivariate analysis are in fact confirmed by the targeted analysis for determining the cost-efficacy of the treatments considered for given levels of the reference economy’s willingness to pay. 
In addition the probabilistic sensitivity analysis has shown that, at the threshold of €2,227.90 for QALY, the probability that the treatment with lesinurad + allopurinol is cost-effective is 90%, while there is a 100% probability that the treatment is cost-effective at a threshold of € 5,481.96/QALY, thus supporting the cost-effectiveness of the combination (Figure 48). 

[bookmark: Figura50][bookmark: Figura48][bookmark: _Toc473186943]Figure 48 - Probability of lesinurad + allopurinol vs febuxostat in monotherapy being cost-effective for given levels of willingness to pay (WTP) in the adult population 



Thus the results obtained in the analysis conducted lead to the conclusion that, at a net price ex-factory of €0.85/tablet, as an adjunctive therapy to allopurinol in the treatment of adult gout patients with hyperuricaemia (with or without tophi) who have failed to achieve serum uric acid targets at an adequate dose of allopurinol in monotherapy, lesinurad is cost-effective in comparison with the second-line alternative of febuxostat in monotherapy.

[bookmark: Paragrafo911]

[bookmark: _Toc473184584]Analysis of the Budget Impact (Attachment 2):

Objective of the study presentedo

Estimate of the potential economic cost to the National Health Service of the clinical use of ZURAMPIC (lesinurad) in combination with allopurinol, in adult patients for the adjunctive treatment of hyperuricaemia in gout patients (with or without tophi) who have failed to achieve serum uric acid targets with an adequate dose of allopurinol in monotherapy.

Characteristics of the economic analysis adopted and reasons for the choice 
This is a Budget Impact Analysis that makes it possible to assess the overall economic effect on the Italian NHS, taking into account the market trends before and after the introduction of ZURAMPIC in clinical practice.

Perspective of the analysis carried out
The perspective adopted in the analysis is that of the Italian NHS. ALTEMS has developed an Excel based budget impact model.  Based on an initial population of 2,000,670 patients, of which 351,536 are gout patients and 1,649,134 are hyperuricaemia patients (calculated on the basis of the estimated population in accordance with the IMS 06/2016 (1.761.063) data, adjusted in line with the epidemiological development of the pathology and the growth of the market), the model considers patients eligible for second-line treatment with the combination of lesinurad + allopurinol and in the small proportion of patients eligible for third-line treatment (approximately 3%) with the combination lesinurad + febuxostat).
The impact on the National Health Service budget is estimated on the basis of the cost of purchasing the drug. The model simulates two market scenarios with a 3-year projection (from year 1 to year 3) with and without the introduction of lesinurad as of year 1.
To ensure a homogenous comparison both between the two scenarios and between the various years, and in order to simplify the model, the following assumption were applied:
· The mortality rate of the cohort of patients is considered to be nil for the 3 years;
· The cohort of patients was analysed for 3 years on the basis of the  market share estimates;
· The consumption of drugs per patient is calculated by estimating 50% adherence to treatment, as derived from the IMS study.

Source of the cost data and estimation methods used 
The analysis of pharmacological treatment costs includes the following pharmaceutical drugs: allopurinol and febuxostat (Adenuric) valued at the net price ex-factory and lesinurad, the introduction of which to the Italian market is planned for year 1, with an estimated price of a €0.85/tablet.


Results expressed in terms of cost-effectiveness (or cost/usefulness, cost/benefit) indicators 
The results of the BIA Model are illustrated in the following Tables and Graphs.  The simulation of the impact on the budget is estimated on the basis of the market shares for year 1 and for the 2 following years with and without the introduction of lesinurad. The cost differences in the two scenarios for years 1, 2 and 3 represent the result of the budget impact analysis. The estimated market shares are shown in Table 30.
[bookmark: Tabella30][bookmark: _Toc473150715]Table 30 – Market shares under the compared scenarios in the budget impact analysis 
	Without Zurampic
	Year 1
	Year 2
	Year 3

	Gout 
	 
	 
	 

	Febuxostat
	16.26%
	17.26%
	18.26%

	Allopurinol
	83.74%
	82.74%
	81.74%

	Allopurinol + Zurampic
	0.00%
	0.00%
	0.00%

	Febuxostat + Zurampic
	0.00%
	0.00%
	0.00%

	Gout/Hyperuricaemia
	 
	 
	 

	Febuxostat
	9.41%
	9.73%
	9.95%

	Allopurinol
	90.59%
	90.27%
	90.05%

	Allopurinol + Zurampic
	0.00%
	0.00%
	0.00%

	Febuxostat + Zurampic
	0.00%
	0.00%
	0.00%

	Total
	 
	 
	 

	Febuxostat
	10.61%
	11.05%
	11.40%

	Allopurinol
	89.39%
	88.95%
	88.60%

	Allopurinol + Zurampic
	0.00%
	0.00%
	0.00%

	Febuxostat + Zurampic
	0.00%
	0.00%
	0.00%



	With Zurampic
	Year 1
	Year 2
	Year 3

	Gout
	 
	 
	 

	Febuxostat
	8.73%
	4.05%
	0.90%

	Allopurinol
	83.51%
	82.37%
	81.31%

	Allopurinol + Zurampic
	7.53%
	13.21%
	17.36%

	Febuxostat + Zurampic
	0.22%
	0.37%
	0.43%

	Hyperuricaemia/Gout
	 
	 
	 

	Febuxostat
	9.10%
	9.30%
	9.39%

	Allopurinol
	90.57%
	90.25%
	90.03%

	Allopurinol + Zurampic
	0.30%
	0.43%
	0.56%

	Febuxostat + Zurampic
	0.02%
	0.02%
	0.02%

	Total
	 
	 
	 

	Febuxostat
	9.04%
	8.38%
	7.91%

	Allopurinol
	89.33%
	88.87%
	88.51%

	Allopurinol + Zurampic
	1.57%
	2.66%
	3.48%

	Febuxostat + Zurampic
	0.06%
	0.09%
	0.09%




On the basis of the costs calculated, as shown above, and translating the market shares into costs, the introduction of lesinurad for the treatment of hyperuricaemia in gout patients will have a negligible impact on Italian NHS expenditure (1.6% of the market in the year 1), as shown in Table 31, to which is added the insignificant impact (€314c000 in year 1), with reference to third-line patients for whom no therapeutic alternative is currently available and for whom lesinurad is the only registered drug.

[bookmark: Tabella31][bookmark: _Toc473150716]Table 31 - Results of the budget impact analysis from the perspective of the Italian NHS (Cost/tablet Zurampic: €0.85)
	WITHOUT ZURAMPIC
	Year 1
	Year 2
	Year 3

	Febuxostat
	 €   29,422,008,00 
	 €   32,983,542,90 
	 €   36,627,440,85 

	Allopurinol
	 € 16,095,507,75 
	 € 17,248,905,00 
	 € 18,490,410,00 

	Allopurinol + Zurampic
	- 
	-
	-

	Febuxostat + Zurampic
	- 
	-
	-

	Total market
	 € 45,517,515,75 
	 € 50,232,447,90 
	 € 55,117,850,85 

	WITH ZURAMPIC
	Year 1
	Year 2
	Year 3

	Febuxostat
	 € 25,059,087,90 
	 € 25,029,947,25 
	 € 25,433,446,50 

	Allopurinol
	 € 16,095,507,75 
	 € 17,248,905,00 
	 € 18,490,410,00 

	Allopurinol + Zurampic
	 € 5,099,517,00 
	 € 9,296,410,50 
	 € 13,083,889,50 

	Febuxostat + Zurampic
	 € -   
	 € -   
	 € -   

	Total market
	 € 46,254,112,65 
	 € 51,575,262,75 
	 € 57,007,746,00 

	DIFFERENTIAL
	Year 1
	Year 2
	Year 3

	Without Zurampic
	 € 45,517,515,75 
	 € 50,232,447,90 
	 € 55,117,850,85 

	With Zurampic
	 € 46,254,112,65 
	 € 51,575,262,75 
	 € 57,007,746,00 

	Annual incremental cost
	 € 736,596,90 
	 € 1,342,814,85 
	 € 1,889,895,15 



10. [bookmark: _Toc473184585]
Conclusions 

Gout is a chronic deteriorating, incapacitating disease caused by excessive uric acid in the blood (hyperuricaemia).
The disease is presented as inflammatory arthritis associated with intense, tumefaction and physical function compromise in patients affected by the disease (Doghramji, 2012 (46); Doherty, 2012 (47)). 
Gout/hyperuricaemia patients have a greater combined presence of serious diseases, including hypertension, dyslipidaemia, type 2 diabetes, coronary disease, cerebrovascular disease and nephrolithiasis (Trifirò, 2012 (20)).
The result of an inadequate treatment of the disease, i.e. failure to reduce uric acid levels, is the deposition of MSU crystals which, in addition to osteoarticular damage, have serious long-term clinical consequences (the development of cardiovascular diseases, dysfunctions and organ insufficiency), disability and corresponding economic effects for Italian NHS costs (Terkeltaub, 2013 (14); Wertheimer, 2013 (15); Park, 2014 (19); Dalbeth, 2015 (61)).
A large number of studies show that gout is associated with an increased risk of mortality from all causes, and in particular mortality due to cardiovascular diseases (Perez-Ruiz, 2014 (9); Choi, 2007 (21); Kuo, 2011 (22); Stack, 2013 (23); Ioachimescu, 2008 (24); Kleber, 2015 (25); Niskanen, 2004 (26)).
Gout reduces patients’ quality of life.
The treatment of gout and its complications means a significant economic burden for national health systems.

The treat-to-target approach suggested on the basis of the physiopathology of gout is a two-level approach: 
the first, “intensive” urate lowering therapy, aimed at completely dissolving the MSU crystal deposits, particularly in more seriously affected gout patients; and the second level, following the first, aimed at maintaining the SUA levels below the safety levels in order to prevent precipitation and MSU crystal deposits (i.e. 6 mg/dl), throughout the patient’s life.  The aim here is to ensure the disappearance of acute attacks and the complete resolution of tophi. 
At the most commonly used XOI dosages, more than 50% of gout patients fail to achieve the SUA target (< 6.0 mg/dl) (Becker, 2005 (36); Becker, 2009 (37); Becker, 2010 (38); Schumacher, 2008 (39); Becker, 2015 (40)); in addition, at dosages greater than those most commonly used for allopurinol (300 mg/day), and with adherence to treatment higher than 96%, there remains a high percentage of patients who fail to respond to treatment, with 52% of patients not achieving the SUA target (<6.0 mg/dl) (Becker, 2015 (40)).
The only treatments for this disease currently available in Italy are xanthine oxidase inhibitors in monotherapy, which act on the over-production of uric acid but not on the inefficient excretion of uric acid, which is the main cause of gout in 80-90% of patients (Richette, 2010 (34); Boss, 1979 (35)). 
Therefore, as also demonstrated by the expert, Prof. Punzi, U.O.C. Director of Rheumatology at Padua University (Attachment 1) there remains an important unresolved therapeutic need for the management of those patients who are unable to control their SUA levels despite the use of drugs that act on the over-production of uric acid (allopurinol and febuxostat) in monotherapy: the latter are able to act on renal excretion, which can only be corrected by a uricosuric drug, such as lesinurad. 
The main International Guidelines (Richette, 2016 (6); Manara, 2013 (7); Khanna, 2012 (96), Jordan, 2007 (97),) and various publications support the use of the SUA levels as markers for clinical benefits in the treatment and in management of gout (Shoji, 2004 (17); Becker, 2009 (37); Kiltz, 2016 (104); Li-Yu, 2001 (112); Pascual, 2007 (113); Perez-Ruiz, 2002 (114); Campion, 1987 (115)).
ZURAMPIC is a significant innovation in the context of the current treatment options for hyperuricaemia in gout patients who are not adequately controlled with the standard therapies and it fulfils an important therapeutic need which is not satisfied by current pharmacological options, in that it is able to correct the pathogenic alteration most frequently encountered in gout patients (i.e. the insufficient renal excretion of uric acid).
ZURAMPIC is the only uricosuric drug available in Italy. 
ZURAMPIC has a complementary action mechanism to xanthine oxidase inhibitors (XOIs).
ZURAMPIC, in combination with an XOI, is proposed as a new tool for resolving unresolved needs in the treatment of gout, i.e. it provides a treatment that is both rapid (acting within 1 month) and sustained over time (demonstrated at 24 months), more effective in achieving uricaemia target compared with XOIs (it doubles the number of patients who achieve the target recommended in the Guidelines) and in producing an ongoing, long-term reduction (demonstrated at 24 months) of tophi and flares, combining generally good tolerability (comparable with that obtained with allopurinol and febuxostat in monotherapy); on the basis of the results from the extension studies it has been concluded that the long-term use (up to 52 months) of lesinurad 200 mg/day, in combination with allopurinol or febuxostat, is well tolerated in gout patients, as well as in of certain subgroups of patients (e.g. patients with moderate renal insufficiency, patients treated with aspirin, patients treated with thiazide diuretics and patients aged >65 years)
The efficacy long-term data after 24 months of treatment have provided sufficient evidence to demonstrate the clinical effect with a continuous reduction of tophi and of flares (EPAR, 2015 (42)).
ZURAMPIC has been shown not to have any significant interaction with other drugs such as atorvastatin, metformin and furosemide, and does not alter their plasma exposure (AUC). This aspect is particularly important in elderly subjects, typically those receiving a number of treatments for other chronic diseases such as hypercholesterolaemia, diabetes and hypertension (Shen, 2016 (5)). 
The action mechanism of ZURAMPIC and its pharmacological characteristics make it the uricosuric with the most favourable safety profile, such that its use is also authorised in patients with light to moderate renal insufficiency and those with light to moderate hepatic insufficiency, without modification to the dosage (SmPC Zurampic, EPAR, 2015 (1)).
The efficacy and tolerability of ZURAMPIC as a daily administration and in combination with an XOI drug was studied in 3 broad Phase III RCTs conducted on over 1,500 adult patients affected by hyperuricaemia and gout.

As maintained by Prof. Punzi, U.O.C. Director of Rheumatology at the University of Padua (Attachment 1), ZURAMPIC, administered in combination with an XOI drug, is a new therapeutic option for the treatment of hyperuricaemia in gout patients who are not adequately controlled with the standard therapies, and it fulfils an in important therapeutic need not satisfied by current pharmacological options, in that it is able to correct the most frequently encountered pathogenic alterations (i.e. the insufficient renal excretion of uric acid).

According to the assessment conducted by Altems (the Higher College of Economics and Health Systems Management), it is possible to estimate that the introduction of lesinurad for the treatment of hyperuricaemia in gout patients, based on a net cost of €0.85 per tablet, will have an insignificant impact on Italian NHS expenditure, i.e. 1.6% of the total market in years 1), with the added insignificant impact (€314,000 in year 1) for third-line patients who do not currently have a therapeutic alternative, and for whom lesinurad is the only registered drug.
The results obtained in the cost-effectiveness analysis show that lesinurad, as an adjunctive treatment to allopurinol for the treatment of hyperuricaemia in adult gout patients (with or without tophi) who have failed to achieve serum uric acid targets with an adequate dose of allopurinol in monotherapy is cost-effective when compared with the second-line alternative of febuxostat in monotherapy (ICER of €1,513.25 for QALY gained, well below the acceptability threshold which is set at €30,000/QALY). 

In 1917 the Company will also launch the long-term CHANGE GOUT® programme throughout Europe, including Italy:  this is an educational initiative aimed at raising the awareness of doctors and patients regarding the all-round management of gout. The EULAR 2016 Guidelines in fact show that the educational aspect is a key factor for success in the treatment of this pathology, and emphasises the need to introduce a “treat to serum target” treatment, which was shown to be a key factor in improving the manifestations of the disease. 
This is the context for Grünenthal’s ambitious long-term “CHANGE GOUT® programme, the purpose of which is to gain better understanding of gout and how to manage gout patients; this must be considered from an overall perspective, taking all aspects into account, including information on the purpose and advantages of treatment.  This is a long-term programme and will be sent to health professionals and to patients in order to reduce the existing barriers to the adequate treatment of this pathology.
The Company will also collaborate with the University of Parma on the EFSA (European Food Safety Authority) programme, “Multidisciplinary patient care in the elderly: personalisation of pain therapy and nutrition, based on epigenetic biomarkers (PANE)”, a project focusing on pain and nutrition in elderly patients.  Indeed correct diet is essential not only for particular diseases such as gout, but also in many diseases frequently present among the elderly, such as osteoarthritis. Indeed, a correct diet is essential not only for particular diseases such as gout, but also in many diseases frequently present in the elderly population, such as osteoarthrosis and low back pain. The project’s primary objective is the management of pain through a multidisciplinary approach, analysing both the physiopathology of the pain and patients’ lifestyle.  Personalised diet plans and appropriate neutraceuticals may optimise patients’ quality of life.

The price proposed to the Italian NHS per pack of ZURAMPIC 30 x 200mg tablets is  €25.50 with a cost per tablet, i.e. cost per day, of €0.85 (ex-factory prices, net of the legal discounts).  The Company proposes the inclusion of ZURAMPIC, lesinurad 30 tablets, 200mg, under reimbursable status A, as a second-line treatment in combination with allopurinol and as a third-line treatment in combination with febuxostat, at the following prices:

	
	Pack
	Price to the public
	Ex-factory price

	Price gross of legal discounts
	30 tablet
	46.64
	28.26

	Price net of legal discounts
	
	42.09
	25.50
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GOUT – General Consideration 

Gout is a chronic inflammatory, deteriorating and incapacitating disease caused by excessive uric acid in the blood (hyperuricaemia) which results in the deposition of monosodium urate crystals (MSU) in the joints, soft tissues around the joints and the internal organs such as the kidneys.  It initially presents itself as severe pain which rapidly worsens in intensity, with tumefaction and functional compromise of the affected joints, generally the lower limbs (Tausche, 2009; Khanna, 2016).  Many studies have also shown that hyperuricaemia and gout are closely related to other comorbidities such as hypertension, metabolic syndrome, chronic nephropathy and cardiovascular diseases (Richette, 2014), and in an increased risk of mortality from whatever cause, and in particular from cardiovascular disease (Stack, 2013).

Its prevalence varies between 0.5% and 3.9% of the population, and is generally 3 (or even more) times more common in men than in women, and increases with age (Zhu, 2011; Elliot, 2009; Hakoda, 2012; Kuo, 2014).  Over the last 20 years it has increased by 40% in the Unites States and it is thought it may increase further in the future (Zhu, 2011).  In line with international trends, Italy too shows a rapid increase in rates of prevalence, varying in the historic data for 2005-2009 from 0.5% and 0.9% (Salaffi, 205; Trifirò, 2012; Sciré, 2013).  The reasons for this increase are related primarily to changes in diet and lifestyle, an ageing population, an increased use of certain drugs and the limits of current therapies (Edwards, 2014; Kuo, 2014).

Gout and its related complications are a significant burden on the national health system.  For a patient suffering from this disease the health care expenditure relating specifically to gout is naturally correlated to the degree of severity of the disease (Singh, 2011); the greater the number of comorbidities, the greater the number of medical visits the patient requires (Singh, 2011).  An analysis of the employment world has shown that gout patients, compared with control subjects who do not have this disease, incur greater expenditure for medical care, prescriptions, sick leave, temporary physical impairment and sickness benefit (Brook 2006).





GOUT  -  Physiopathology and clinical aspects

A basic prerequisite for the development of gout is chronic hyperuricaemia, or a concentration of serum uric acid (sUA) of around 98% in the form of monosodium urate, above the saturation threshold of 6.8 mg/dl.  It is noted that this is a theoretical threshold, calculated for an average pH of 7.4, with an ideal temperature and with unaffected tissues. Minimum variations in these factors promote crystallisation and the resulting deposition, so the preferred safety threshold is now 6 mg/dl, and thus the normal level (Richette 2010; Richette 2016; Manara, 2013).

These deposits form progressively and are initially without symptoms (asymptomatic hyperuricaemia), but they can be detected by means of sensitive diagnostic examinations such as echography and CAT, in approximately 30% of patients with asymptomatic hyperuricaemia (Puig, 2008).
Once formed, the deposits can flake, either spontaneously or following stressful events (e.g. traumatic, metabolic, diet-related events, etc.) releasing MSU crystals into the system.  These are highly phlogogenic, as demonstrated by certain experimental conditions in vitro and in vivo, and can cause acute attacks with intense articular inflammation which is extremely painful and incapacitating (acute gouty arthritis) interspersed with “intercritical” periods (intercritical gout), which can even last years, during which, despite being once again free from symptoms, the patient must continue to be treated (Burns, 2015; Doghrami, 2016).  However, as demonstrated in a recent US survey carried out on GPs, less than 20% of the sample analyses received the best possible therapeutic management for this phase of the disease (Harrold, 2013).
If not adequately treated, gout develops into chronic tophaceous gout, characterised by the involvement of a number of joints and the presence of extra-articular tophus tissue, MSU crystal deposits that cause the destruction of the joints with irreversible osseous erosion, chronic pain and the serious compromise of articular function and the general clinical condition (Perez Ruiz, 2015; Doghrami, 2016; Tatlock, 2016).

In addition to osteoarticular damage, patients affected by gout have a greater risk of the complications associated with the deposition of MSU crystals in other tissues, with possible dysfunction and organ insufficiency:

· The Kidneys are the organ most commonly affected and urolithiasis (the formation of renal calculi) is in fact the most common renal manifestation in gout patients.  This pathology is reported in 13% of men with uricaemia levels of between 7.0 and 7.9 mg/dl (Hall, 1967);




· In addition chronic renal insufficiency is a condition most commonly encountered in people with gout compared with the unaffected population (Zhu, 2011; Eggebeen, 2007; Terkeltaub, 2013);
· In gout patients other cardiovascular and dysmetabolic diseases are also common, such as hypertension, obesity and diabetes (Richette, 2013; Park, 2014).

Gout has significant effects on patients’ quality of life from the outset, in its acute phase, firstly because it is characterised by extremely painful symptoms.
Pain is in fact the key symptom for identifying the disease; in a recent survey, all the patients interviewed reported having experienced severe, incapacitating pain, most frequently described as a stabbing sensation, or a pain as intense as childbirth or a fractured joint (Tatlock, 2016).
As reported for Italy in the KING (Kick-0ff of the Italian Network for Gout) study, and in line with evidence from international studies, there are also other variables associated with the disease which, depending on their activity and severity, can be extremely incapacitating (e.g. the frequency of acute attacks, the overall number of joints affected, and the number of tumefied joints).  Gout patients not adequately managed have a lower quality of life than patients whose gout is well controlled with drugs.  (Scirè, 2013; Scirè, 2016)



The treatment of GOUT

Gout is without doubt the most treatable and at the same time the least well treated disease of the joints. This means that it is underestimated and undervalued, both by patients and by doctors themselves, and as a consequence it is not cured, despite the availability of potentially effective drugs.  The patient must receive holistic treatment, taking various aspects into account, including lifestyle, but he must be informed of the scope and benefits of treatment.

Once the acute phase has passed, during which anti-inflammatory drugs such as colchicine or NSAIDs or steroids are used, the treat-to-target approach suggested on the basis of the physiopathology of gout may be stratified into two levels:  firstly the first, “intensive” urate lowering therapy, aimed at completely dissolving the MSU crystal deposits, particularly in more serious gout patients; and the second level, following the first, aimed at maintaining the SUA levels below the safety levels in order to prevent precipitation and MSU crystal deposits (i.e. 6 mg/dl), throughout the patient’s life. The aim here is to ensure the cessation of acute attacks and the complete resolution of tophi (Perez Ruiz 2015; Perez Ruiz 2011).  In more serious patients and those with multiple tophaceous deposits, it is advisable to keep uricaemia at < 5 mg/dl (Richette 2016).



The more recently published EULAR guidelines (Richette, 2016) recommend starting urate lowering therapy as of the first recurrent acute attacks, tophi, gouty arthropathy and/or renal calculi.  
The first acute attack generally occurs after some years of hyperuricaemia, so urate lowering therapy must be started as soon as possible (Burns, 2010).

Allopurinol, a xanthine oxidase inhibitor (XOI), which acts on the over-production of uric acid, is recommended as the first-line treatment; it must be started at a low dose (100 mg/day), with titration of a further 100 mg every 2-4 weeks  until the uricaemia target is reached.

· If allopurinol in monotherapy proves ineffective (in controlling SUA levels) it is recommended, as a second-line treatment, to switch to febuxostat in monotherapy (a xanthine oxidase inhibitor), to switch to a uricosuric, or to add a uricosuric drug to allopurinol.

· If allopurinol is not tolerated, it is recommended that a switch be made to febuxostat in monotherapy (80-120 mg/day)

· If the second-line options fails, it is recommended that an XOI be used in combination with a uricosuric (third-line treatment).

The only urate lowering therapies (ULTs) currently available in Italy are xanthine oxidase inhibitors, the enzyme responsible for producing uric acid.  XOIs (allopurinol as the first-line treatment  and febuxostat as the second-line treatment) thus act on the synthesis of uric acid.

However, in 80-90% of cases the high SUA levels are caused by the inefficient renal excretion of uric acid, while only in 10-20% of cases is it caused by the over-production of uric acid (Burns, 2012; Richette, 2010).  This could explain the limitations on the efficacy of XOI treatment, which is observed in a significant percentage of patients.  At the commonly used XOI dosages (which in the case of allopurinol are 300 mg/day), more than 50% of gout patients fail to achieve the target SUA (< 6.0 mg/dl) (Becker, 2010; Becker, 2005; Schumacher, 2008).  It is been observed with allopurinol that, even when the patient is treated in accordance with the guidelines (i.e. using dosages greater than 300 mg/day) and with adherence to treatment greater than 96%, there remains a percentage of patients who do not respond to the treatment, with 52% of patients not achieving the SUA target (<6.0 mg/dl) (Becker, 2015).

Added to their ineffectiveness are problems associated with the safety and tolerability of XOIs, which limit their use at higher doses than those used in clinical practice.  The side-effects are more frequent at higher dosages, particularly in patients with renal insufficiency (Burns, 2012). 




It is clear therefore that there is currently inadequate pharmacological treatment for hyperuricaemia in GOUT patients who failed to achieve their SUA target.

The introduction of a drug for GOUT with an action mechanism that differs from that of XOIs, and capable of correcting the most frequently encountered pathogenic alteration (i.e. insufficient renal excretion of uric acid) is therefore desirable, in order to make it possible to provide appropriate treatment for patients, including those who fail to achieve the uric acid target levels contemplated in the guidelines, despite being treated with an XOI; and it is in this context that lesinurad has a role to play.

Lesinurad, in combination with a xanthine oxidase inhibitor, is indicated for the treatment of hyperuricaemia in adult gout patients (with or without tophi) who have not achieved the serum uric acid target levels with an adequate dose of a xanthine oxidase inhibitor in monotherapy (SmPC Zurampic, 2015).



LESINURAD – Pharmacokinetic and pharmacodynamic profile

Lesinurad is a drug with a uricosuric mechanism, i.e. it inhibits the reabsorption of uric acid from the kidney to the plasma, thereby correcting the reduced renal excretion of uric acid (the cause of hyperuricaemia in 80-90% of cases) (SmPC lesinurad, 2015; Burns 2013) and having an additional action to that of XOI drugs (Zurampic Assessment Report, 2015).

With its high-affinity URAT1 link, lesinurad selectively inhibits the transporter responsible for the reabsorption of uric acid from the renal tubular lumen to the plasma.  Lesinurad thus increases the renal excretion of uric acid, consequently reducing the serum levels (SUA).  By further increasing the effectiveness of Lesinurad it contributes the drug’s inhibiting action on OTA4, a uric acid transporter involved in hyperuricaemia induced by diuretics.  It is important to stress that, at clinically effective doses (200 mg/day) lesinurad does not interfere with the activity of OTA1 and OTA3, the renal transporters involved in the excretion of drugs, thus avoiding clinically significant interactions with the substrate drugs of these transporters (e.g. atorvastatin and metformin) (Tan, 2016; Miner, 2016; Shen, 2016).

The absolute bioavailability of Lesinurad is approximately 100%.  Lesinurad is rapidly absorbed in the body following oral administration, reaching the maximum plasma concentration (Cmax) within 1-4 hours (with a Cmax of 6 μg/mL after a single administration of Lesinurad 200 mg).  The link with the plasma proteins is 98% (SmPC lesinurad, 2015). 




In the first hours after administration a rapid reduction in SUA levels has been observed (SmPC lesinurad, 2015), accompanied by increased renal excretion (Figure 1) (Miner, 2106; Shen, 2016).

Figure 1 – a) Reduction in SUA levels in healthy volunteers following a single dose of Lesinurad 200 mg, b) Dose-dependent increase in the fractioned excretion of uric acid (FEUA) in healthy volunteers following a single dose of Lesinurad 200 mg (from Miner, 2016)


[image: ]


The Phase I clinical study data on healthy volunteers and on patients with gout have shown that lesinurad in combination with allopurinol, and in contrast with allopurinol in monotherapy, is able to take the reduced levels of renal excretion found in gout patients to the normal ranges of healthy subjects (Tan P, et al., 2013).

Lesinurad has a half-life of 5 hours, but the SUA reducing effect continues for 24 hours following administration (SMPC LESINURAD, 2015).  It is primarily metabolised by CYP2C9 with the formation of 2 metabolites, M3 and M4, which have been found at low concentrations, making it possible to regard them as insignificant with regard to the pharmacological activity of lesinurad (EPAR, 2015).  It is eliminated via the urine (>60%, of which ~30% is unmetabolised lesinurad and ~64% inactive metabolites) and the faeces (~30%) (SmPC lesinurad, 2015).

Because of its pharmacological characteristics Lesinurad is clearly different from the previous uricosurics (e.g. probenecid and benzbromarone), which not only had efficacy limitations, but more importantly safety limitations, which is why they were withdrawn from sale in Italy and in many European countries; for example, probenecid alters the metabolism and potency of many drugs (such as NSAIDs, methotrexate and penicillin), reducing their renal excretion (through the inhibiting action on OAT1 and OAT3), metabolism and hepatic absorption.  A third of patients develop an intolerance, up to 18% of patients develop gastrointestinal side-effects and 5% hypersensitivity and rash (Cunningham, 1981; Milner, 2016), while benzbromarone, also a high-affinity URAT 1 inhibitor, is associated with mitochondrial hepatotoxicity (Lee M-HH, 2008; Milner, 2016).

Lesinurad’s action mechanism and its pharmacological characteristics make it the uricosuric with an optimal safety profile, and it is therefore authorised both for patients with light to moderate renal insufficiency and for those with light to moderate hepatic insufficiency without the need to adjust the dosage (SmPC Zurampic, 2015).


LESINURAD  -  efficacy and safety

In accordance with the EULAR recommendations, lesinurad is regarded as a second-line treatment in combination with allopurinol, in cases where allopurinol in monotherapy has proven ineffective, or in combination with febuxostat in cases where the latter is ineffective in patients who have switched from allopurinol in monotherapy as a result of its being ineffective or due to intolerance.

Lesinurad is the only drug for which randomised clinical studies have been conducted to assess its efficacy as a second-line drug in the treatment of hyperuricaemia in gout patients who are not adequately controlled by an XOI.  In contrast, there is a single clinical study that supports the use of febuxostat as a second-line treatment in patients not adequately controlled with allopurinol (Becker, 2009).

Administered in combination with an XOI drug, as early as the first month lesinurad doubles the number of patients achieving the therapeutic target recommended in the Guidelines, compared with XOIs, with a rapid and marked reduction in uricaemia, and this also applies to patients with severe GOUT (Saag, 2016; Bardin, 2016; Dalbeth, 2015).  Both treatments have, over time (following observation for 24 months), demonstrated progressive effectiveness in reducing flares, in reducing the total area affected by tophi and in resolving tophi (Bardin, 2016).

Lesinurad, in combination with an XOI drug, has a wholly manageable adverse events profile, comparable with that obtained at the dosages of allopurinol or febuxostat, in monotherapy, commonly used in clinical practice.  Laboratory tests have shown an increase in the serum creatinine concentration (sCr) with a higher incidence in the group treated with lesinurad in combination with an XOI, but in most cases this alteration was resolved during the course of the study, without the need to discontinue administration of the drug and without any negative impact on renal function (Saag, 2016; Bardin, 2016; Dalbeth, 2015; Bardin, 2016).  Lesinurad has demonstrated efficacy and tolerability in patients with light to moderate renal insufficiency and in patients with light to moderate hepatic insufficiency (EPAR, 2015; SmPc 2015).  Lesinurad is a light-moderate inducer of CYP3A4 and less efficacy has been observed in certain drugs metabolised from this enzyme, as a result of which it is recommended that the action of these drugs be monitored for any necessary adjustment to the dosage (e.g. amlodipine and sildenafil).  Lesinurad has been shown not to have any significant interactions with the substrate drugs of OAT1 and OAT3, such as atorvastatin, metformin and furosemide, and does not alter their plasma exposure (AUC).

Finally Lesinurad has also confirmed its efficacy in subjects treated with aspirin for cardiovascular prevention purposes (at doses of <325 mg) or with thiazide diuretics (chlorothiazide, hydrochlorothiazide, chlorothalidone, methlazone and quinethazone) for hypertension, treatments associated with an increase in uric acid levels due to the direct effect on the renal transporters URAT1 and OTA4, respectively (Choi, 2005; Rosch PJ 1962; Hasannejad, 2004).
These aspects are particularly important in elderly patients, typically those being treated for a number of chronic diseases such as hypercholesterolaemia, diabetes and hypertension (Shen, 2016).

In conclusion, the data obtained from the Lesinurad studies conducted have provided sufficient evidence to demonstrate its clinical benefit in those patients with hyperuricaemia and gout who fail to achieve the therapeutic objective despite receiving XOI treatment, resulting in a further reduction in the SUA levels and the progressive reduction of flares and tophi, accompanied by a good tolerability and safety profile wholly comparable to that of allopurinol and febuxostat in monotherapy.

Lesinurad, administration in combination with an XOI drug, is an effective and safe new therapeutic option for treating hyperuricaemia in GOUT patients who are not adequately controlled with standard treatments, and it fulfils important therapeutic needs that are not satisfied by the current pharmacological options in that it is able to correct the most frequently encountered pathogenic alteration (namely, the insufficient renal excretion of uric acid).

On the basis of the above it is important that lesinurad be recognised as a treatment option in Italy.


Padua, 25.1.17				Signed:  Prof. Leonardo Punzi …
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