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3.0 Introduction
Nephrotic syndrome (NS) has an incidence of three new cases per 100 000 each year in adults. Thromboembolism is among the most serious complications of NS.  Overall incidence of venous thromboembolism (VTE) - deep vein thrombosis (DVT), pulmonary embolism (PE) and renal vein thrombosis (RVT) in adult NS is 25-30%1. 

Current guidelines have recommended prophylactic warfarin anticoagulation in primary NS patients with severe hypoalbuminemia. The existing literature on direct oral anticoagulants (DOACs) use to treat or prevent VTE in NS is limited3,4,11-18..

Quality studies on the topic of optimal VTE prevention/treatment in patients with nephrotic syndrome is scarce, with a lack of randomized controlled trials in the subject area. 

3.1 Plain language statement: 

Nephrotic syndrome (NS) is a kidney disorder that causes the body to excrete protein in urine including blood proteins that help prevent clotting. Consequently, patients with NS are at risk of clotting in the body.  A medication called an anticoagulant (warfarin or direct oral anticoagulant) is prescribed to prevent the clot. Low blood protein levels associated with the loss of proteins in the urine may influence the efficacy and safety of the anticoagulant. Studies to ascertain pharmacokinetics, and safety/efficacy of the anticoagulant in NS are required. A randomised control trial is planned to use apixaban (anticoagulant) to determine safety, efficacy and pharmacokinetics of the study drug in the setting of nephrotic syndrome. 
3.2 Background: 
Venous thromboembolism (VTE) occurs because of blood stasis, vascular endothelial injury and inherited or acquired hypercoagulable state. New direct oral anticoagulants (DOACs, apixaban, dabigatran, rivaroxaban and edoxaban) are approved for use in prevention of stroke and systemic embolism in non-valvular atrial fibrillation, treatment of DVT and PE as well as thromboprophylaxis following hip and knee surgery. 
The pathophysiology of thromboembolism in nephrotic syndrome is complex and poorly understood. Available evidence suggests the coagulation cascade is affected at multiple steps of the pathway in patients with nephrotic syndrome having severe hypoalbuminemia. Hypoalbuminemia itself can lead to altered pharmacokinetics and pharmacodynamics, although this topic is infrequently considered in daily clinical practice5. Hypoalbuminemia results in higher unbound drug in the plasma, ultimately leading to higher drug levels, faster hepatic catabolism or both. Despite the importance of this topic, there remains a paucity of evidence on pharmacokinetics of DOACs in individuals with hypoalbuminemia. It is likely to increase total volume of distribution (Vd) and clearance (CL) of a drug. The plasma protein binding capacity of warfarin, dabigatran, rivaroxaban and apixaban is 99% 35%, 95% and 87% respectively. For highly protein bound drugs, changes in the fraction bound will have a much larger overall effect on the unbound concentration. Lack of requirement for routine drug level monitoring of DOAC is currently considered as an advantage, but it may be a major disadvantage. It is likely that changes in protein binding capacity can cause toxicity or suboptimal efficacy of drug in nephrotic syndrome patients who need highly protein bound anticoagulants (warfarin and DOAC) with narrow therapeutic index. 

The aetiology of primary nephrotic syndrome affects thrombotic event risk. Studies indicate an increased risk of thrombotic events in patients with NS resulting from membranous nephropathy compared to other aetiologies. In a prospective study by Li et al in 2012 using surveillance computerized tomography angiography in 100 patients with membranous nephropathy presenting with NS, VTE was confirmed in 36 patients. Among them, 33 had RVT with 15 accompanied with PE; one had inferior vena cava thrombosis, one had lower limb DVT and PE, and the remaining one had PE alone. Out of 33 patients with RVT, 9 had bilateral RVT and 18 had left RVT. This study also showed that renal vein thrombosis and pulmonary embolism are common and usually asymptomatic in patients with nephrotic syndrome due to   membranous nephropathy2.

Risk of VTE in patients with NS is inversely related to albumin level. Lee and colleagues suggested a personalised approach to guide on decision making processes with regards to prophylactic anticoagulation in patients with membranous nephropathy (https://www.med.unc.edu/gntools/)6. With regards to the prophylactic anticoagulation in patients with NS, there was no randomized control trial but several observational studies (except Li et al study in 2012) have reported utilization of warfarin and low molecular weight heparin (LMWH) with generally positive results7-10. The major limitations of these studies were small sample size and no control group. Such observational studies/case series are certainly at an increased risk of bias. On searching the Cochrane Library, there was no review on this subject, which may be due to an absence of quality studies published on the topic.

Warfarin therapy requires frequent laboratory monitoring whereas DOAC does not require monitoring of the drug level routinely. Prophylaxis and treatment of VTE with new oral anticoagulants have become an attractive option. Recently, a small randomised control trial with rivaroxaban and case reports with other direct oral anticoagulants have shown direct oral anticoagulants may be safe and efficacious as a prevention or treatment for VTE in patients with nephrotic syndrome 3,14,14,16. 
In patients with VTE, randomised control trails showed that DOACs were   non-inferior to warfarin in efficacy but with a lower rate of major or clinically relevant bleeding. Treatment with apixaban in acute thromboembolism was equally efficacious when compared with conventional therapy (subcutaneous enoxaparin followed by warfarin), but it is associated with a significantly lower rate of major bleeding25. An extended treatment (6-12 months) with apixaban was effective for prevention of recurrent venous thromboembolism and the treatment had a similar major bleeding rate when compared with placebo26. The EINSTEIN-DVT and EINSTEIN-PE trials showed rivaroxaban had a similar efficacy and a tendency towards a lower incidence of major bleeding compared with standard therapy (subcutaneous low molecular weight heparin followed by warfarin) 27,28, 29. Dabigatran was as effective as warfarin in acute VTE and its safety profile was like that of warfarin31. In a pooled analysis, Dabigatran had similar effects on recurrence of VTE, and a lower risk of bleeding compared with warfarin in the treatment of acute VTE32. However, a subsequent pooled analysis in patients with atrial fibrillation showed that dabigatran was associated with a lower risk of ischaemic stroke, major bleeding, intracranial bleeding and mortality but higher risk of gastrointestinal bleeding and a similar risk of myocardial infarction45. Edoxaban is non-inferior to warfarin therapy but it caused significantly less bleeding33. 
In large clinical trials of warfarin vs DOACs, patients with severe chronic kidney disease (CKD) and end stage renal disease (ESRD) were excluded 26,28,29,31,33,35. A few recent cohort studies suggested that dabigatran, rivaroxaban and apixaban may be safe and effective in dialysis patients with atrial fibrillation (AF) or VTE21,24,36,37. Among patients with concomitant diagnosis of AF and advanced CKD or ESRD, a meta-analysis showed that the use of apixaban was associated with lower risk of bleeding compared to warfarin  and it was found to be relatively effective with no excess risk of thrombotic events38. The United States Food and Drug Administration cautiously extended the use of apixaban to patients with end-stage kidney disease on haemodialysis based on observational studies and limited pharmacokinetic data. 

A few studies have evaluated the pharmacokinetics of apixaban in CKD and ESRD38-43. However, there is no study assessing pharmacokinetics of apixaban in nephrotic syndrome. Currently, the recommended dose of apixaban in treatment of VTE is 10mg twice a day orally for 7 days followed by 5mg twice a day. No dose adjustment is necessary in patients with mild to moderate renal impairment.  In prevention of VTE, the recommended dose is 2.5mg taken twice daily. There is no dose recommendation specifically for prevention/treatment of VTE in patients with nephrotic syndrome. 
Currently, there is no consensus of selecting a specific agent among four DOACs in the prevention/treatment of VTE. In the study of non-randomised comparison on the efficacy and safety of apixaban and rivaroxaban for the treatment of acute VTE, their efficacy and safety were comparable30. In a large population-based cohort study, the efficacy and safety of apixaban and rivaroxaban were compared indirectly in the treatment of newly diagnosed VTE34. The crude incidence of recurrent venous thromboembolism was 3 per 100 person-years among apixaban users and 7 per 100 person-years among rivaroxaban users (hazard ratio [HR] 0·37 [95% CI 0·24–0·55]; p<0·0001). The crude incidence of major bleeding was three per 100 person-years among apixaban users and six per 100 person-years among rivaroxaban users (HR 0·54 [95% CI 0·37–0·82]; p=0·0031). In a subgroup analysis, apixaban was favoured to be used in patients with chronic kidney disease and those who were aged ≥65 years34. 
In this proposed multicentre open-label randomized control trial, apixaban will be selected to treat or prevent nephrotic syndrome related thrombotic disease. 
4.0 Hypothesis:

Influence of nephrotic syndrome on the pharmacokinetics of DOACs will affect safety and efficacy of the drug significantly. 
5.0 Research questions:

1. Is Apixaban safe and effective compared to Warfarin in treatment and prevention of VTE in NS?
2. How are the pharmacokinetics of Apixaban altered in NS? 

6.0 Study aims:

The safety and effectiveness of apixaban and warfarin to treat or prevent venous thromboembolism (VTE) in NS will be determined. This study will also evaluate primarily whether the pharmacokinetics of apixaban is altered in NS.  
7.0 Study methods:

7.1 Study design:

Purpose of the study: Treatment/Prevention of primary nephrotic syndrome associated thromboembolic disease
Type of study: Multicentre Open-Label Randomized Control Trial

Allocation to intervention: Apixaban Vs Warfarin (parallel assignment)
Randomization will be blinded through use of a simple, site-based allocation scheme that used sealed envelopes that corresponded to each patient number allocated to the site. The envelopes will contain treatment assignments generated using a simple randomization procedure without blocking.  

Type of end points: Safety, effectiveness and pharmacokinetics of anticoagulant

7.2 Study Location:
Royal Brisbane Women Hospital, Rockhampton Hospital, Mackay Hospital, Toowoomba Hospital, Bundaberg Hospital and Logan Hospital
7.3 Study Duration:

01/01/2021-01/01/2024

7.4 Study participants: 

Consecutive adult patients with primary NS (primary minimal change disease primary membranous nephropathy and primary focal segmental glomerulosclerosis)
Inclusion Criteria 
· All adult patients with primary nephrotic syndrome with serum albumin <25g/L (for prevention of nephrotic syndrome related thrombotic disease) or/and
· All adult patients with primary nephrotic syndrome with VTE diagnosed when the nephrotic syndrome is in an active phase (for treatment of nephrotic syndrome related thrombotic disease)

Minimum age: 18 years

Maximum age: No Limit

Gender: both male and female 
Exclusion Criteria

· Patients requiring any form of dialysis

· Abnormal liver dysfunction {It is defined as chronic Liver Disease (Child-Pugh score of B or C cirrhosis) or biochemical evidence of significant hepatic derangement (bilirubin 2-3 ties the upper limit of normal, in association with AST/ALP ratio in liver function test 3 times the upper limit normal).}
· Known hereditary or acquired bleeding disorders

· Hb<90g/L

· Platelets <100,000/ul

· Acute bleeding in previous month
· Previous history of coagulopathy already treated with warfarin or DOACs or dual antiplatelet therapy 

· Previous history of venous thromboembolic disease in the last 6 months 

· Active malignancy 

· Concomitant medications that are strong inducers and inhibitors CYP3A44 and P-glycoprotein
7.5 Sample size 
For t-test with a medium effect size of 0.5 (two-tailed test; alpha=0.05, power=80%, balanced design), 
    Primary nephrotic syndrome patient to be treated with apixaban 
(N=64)

    Primary nephrotic syndrome patient to be treated with warfarin (N=64)

7.6 Study intervention Vs Control

Interventional treatment: 
For prevention of VTE, Apixaban 2.5mg tablet will be given twice a day orally until serum albumin is improved >25g/L with specific therapy (i.e. immunosuppressant) for nephrotic syndrome. 

For treatment of VTE, Apixaban 10mg twice a day will be administered 
orally for 7 days followed by 5mg twice a day. The duration of 
anticoagulation therapy will be decided by a treating team based on
patients’ risk 
factors.
Control treatment: 
For prevention of VTE, Warfarin will be given once a day (5mg on day 1 and 2, then subsequent dose will depend on international normalised ratio [INR] result) orally until serum albumin is improved >25g/L with specific therapy (i.e. immunosuppressant) for nephrotic syndrome. Target INR is between 2-3. INR level (blood test) will be checked as per standard clinical protocol23. 
For treatment of VTE, warfarin will be initiated at the same time or shortly after commencement of low molecular weight heparin (LMWH). It will overlap with warfarin until the INR has been in target of between 2 and 3 for at least two consecutive days. Dosing of LMWH will be guided by Queensland Health LMWH Anticoagulation Guidelines44. 
Renal pharmacist will contact patient and chemist to make sure that patient is compliant with medication.

7.7 Study Outcome
Primary end points
· Effectiveness of anticoagulant in patients on a prophylactic anticoagulant (i.e. free from deep vein thrombosis, pulmonary embolism, renal vein thrombosis) will be determined clinically. 
· Effectiveness of anticoagulant in patients on treatment dose of anticoagulant for acute VTE (i.e. free from symptomatic recurrence of deep vein thrombosis or pulmonary embolism or renal vein thrombosis) will be determined clinically.

If patients have symptoms of new onset or recurrent deep vein thrombosis (leg swelling or pain), pulmonary embolism (chest pain, shortness of breath, palpitation, reduced oxygen level) and renal vein thrombosis (back or flank pain, deterioration of kidney function), Doppler ultrasound and VQ scan/CT scan will be used to detect suspected clinical problems.

· Safety of anticoagulant: Assess incidence of major and minor bleeding based on history, physical examination and routine blood tests. 
Major bleeding is defined according to the international Society on Thrombosis and Haemostasis (ISTH) criteria as 


- fatal bleeding, and/or


- symptomatic bleeding occurring at a critical site such as 
intracranial, 
intraspinal 
intraocular, retroperitoneal, intra-
articular or 
pericardial or intramuscular with 
compartment 
syndrome, and/or

- clinically overt bleeding accompanied by a decrease in the 
haemoglobin level of at least 2g/dl or transfusion of at least 2 
units of whole blood or red cells 

Minor bleeding as clinically relevant non-major bleeding (CRNMB) that does not fit the criteria of major bleeding but does meet at least of the following criteria. 


- requiring medical intervention by a healthcare professional


- leading to hospitalization or increase level of care

- prompting a face to face (i.e. not just a telephone or electronic 
communication) evaluation
Secondary end points
· Pharmacokinetics: Although therapeutic monitoring of anti-Xa activity and apixaban levels are not routinely done, measurement of anti-Xa or apixaban levels will inform clinicians regarding patient adherence to therapy as well as in situations of suspected or known under or overdose. After the first dose, blood sampling will be performed just before the dose (anti-Xa activity minimum) and 3 hours after oral administration (anti-Xa activity maximum) and repeat the same testes a week later.  Urine specimens for apixaban will be collected 1 week after commencement of apixaban. Concentrations of apixaban in plasma (total and unbound) and urine (total) will be measured using a validated chromatographic method. The trough level (pre-dose) will represent minimum concentration of apixaban (C min) and the peak level at 3 hours after oral administration will be regarded as maximum concentration of apixaban (C max).  The anti-Xa activity in the plasma will be assessed to measure anticoagulation effect of apixaban. 
INR will be checked as per a routine protocol in patients receiving warfarin23. There will not be fixed dose of warfarin and it is titrated to achieve a target of INR between 2 and 3. INR results will be used to calculate time in therapeutic range of warfarin. 
8.0 Study Procedures:
8.1 Participant Recruitment and Consent
Potential participants will be identified through patients who attended the renal unit of participating hospital and meet the inclusion criteria, by staff of the unit.  Potential participants will be provided a pack containing:

1.
Participant Information Sheet
2.
Consent form
3.        Return Reply Paid envelope

After reading the participant information sheet and consent form, potential participants will be asked to sign the consent form if they agree to participate in the study. This can be done during their hospital admission or clinic visit or posted in the prepaid envelope enclosed. Participants who return consent via mail will then receive a phone call from one of investigators to confirm their participation and help answer any further questions they may wish to ask.  Potential participants who consent during their hospital admission or clinic visit will be given the opportunity to ask one of investigators any further questions. No further task will be required of the participants.
8.2 Participant commitment

Participants will be asked to consent for participation in the study and allow researchers to access and collect data from their medical records. 
8.3 Data collection 
Chart review will be performed to collect medical history to identify the risk factors of bleeding and clotting and blood tests relevant for the study.
Data variable include:
· Demographic (age, gender, ethnicity, smoking, body mass index- weight and height, occupation, post code)
· Type of glomerular disease and history

· Immunosuppressive treatment – type, duration, numbers

· Information related to nephrotic syndrome, bleeding and clotting risk
· Immunosuppressant related morbidity (minor/major infection, other side effects) 
· Date and cause of death

8.4 Potential risks, burdens and benefits

The risks involved in this study are:

1. Inconvenience for the time to read patient information sheet
2. Anxiety regarding the side effects of medication
3. Frequent blood tests 
Risks will be minimized by:
· Providing potential participants with written information about the risks and benefits of the project.

· Providing potential participants, the opportunity to speak to researchers or GP about the side effects of their medication
· Participation is voluntary.  Choosing to not participate will not affect any current or future care and this is explained in the Participate Information Sheet.

· Participants may withdraw from the study at any time without consequence.  Information on how participants can withdraw from the study is provided in the participant information sheet.

· Participants are given the opportunity to ask questions and request further information.  This is explained on the Participant Information Sheet.  

· Apart from measuring apixaban anti-Xa activity just before taking apixaban and 3 hours after the dose in the first week, further blood tests and urine examinations will be done when clinically indicated or under or overdosing of anticoagulant is suspected clinically. Blood tests of INR will be collected as per a routine protocol and when clinically indicated.
· All data will be stored in an anonymous fashion with names removed, identified only by reference to the consent register via the identification number.

· All hard copies of study materials will be stored in locked cabinets at the department of nephrology of each site only accessible to researchers.
· Electronic databases will be password protected and will be stored on a secure computer in the Renal Unit at the Rockhampton Hospital. 

· No identifiable data will be used in analysis or in publication.

The results of this study may be ground-breaking for the elaboration of a new clinical pathway to treat or prevent thromboembolism in nephrotic syndrome. The study will also help in identifying any possible concerns with medication use whereby review and optimisation of treatment may occur. 
8.5 Data Management, Security & Storage
Researchers will have access to identifiable data during data collection.  Each participant will be assigned to an identification number (ID). 
Data will be stored in a re-identifiable format on a secure computer at the Renal Department of participating hospitals and will be only accessible by researchers involved through their personal and identifiable hospital login accounts. Computer security is managed as per hospital and allows no third-party programs which may compromise the data.

The registry, linking the participant ID to identifiable information will be destroyed prior to statistical analysis
Statistical analysis will be performed on non-identifiable data. 

All researchers are affiliated to different universities in Queensland. Researchers might share anonymous information for peer scrutiny between organisations to optimise the use of research data and support local policy, guideline and other decision-making. 
No identifying data will be available in the analysis, reports or publications of the study.

Data will be kept for 15 years from the date of last publication is accordance with the Australian Code for Responsible Conduct of Research and then treated as confidential waste in-line.

8.6 Data Analysis:
Continuous variables will be expressed as mean± standard deviation/ medians and interquartile ranges and categorical variables are done as number(values) and the percentage.  Quantitative variables will be compared with the use of Student’s t-test, and categorical variables were analysed with two-by-two tables or Fisher’s exact test. Proportions were compared with the use of the chi-square test. All analyses will be undertaken using Stata 26 (Stata Corp. Stata Statistical Software).  
8.7 Dissemination of Results and Publications:
A summary of the outcome and results of the study will be provided to the participants on request. This will only be provided following the completion of study.

Results will be presented in national/international conferences.  The research outcomes will be submitted to national/international journal for publication.
9.0 Study Significance/Rationale: 
This pharmacokinetics study with apixaban will be the first randomized control trail with apixaban in a setting of the nephrotic syndrome. This project will provide information about efficacy, safety and pharmacokinetics of apixaban in the nephrotic syndrome. Results will be presented in national/international conferences/ journals. This RCT has been successfully registered in the Australia New Zealand Clinical Trails Registry (ACTRN12619001193167p).
10.0 Funding: 

Researchers are exploring funding options. 
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