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Protocol: A randomized, open-label, adaptive, proof-of-concept clinical
trial of new antiviral drug candidates against SARS-CoV-2


Reason for premature discontinuation
The trial was initiated in the early phase of the pandemic when preclinical models were not yet available. In parallel with the study a preclinical hamster model of COVID-19 was established. Itraconazole was tested in this model but did not reduce viral load in lungs,
stools or ileum, despite adequate plasma and lung drug concentrations. Also in a SARS-CoV-2  
transmission model, itraconazole failed to prevent viral transmission. The clinical trial
was therefore prematurely discontinued after evaluation of these preclinical studies. Interim
analysis that showed no trends for a more favorable outcome with itraconazole: mean
cumulative score of the clinical status 49 vs 47, ratio of geometric means 1.01 (95%
CI 0.85 to 1.19), median time to clinical improvement 10 vs 9 days, hazard ratio 0.94
(95% CI 0.56 to 1.60) for itraconazole vs standard of care. The study was therefore discontinued. 




Methods
Study design
The Direct Antivirals Working against new Corona virus (DAWn)-Itraconazole study was an open-label, randomized, single-center pilot trial in hospitalized COVID-19 patients. The trial was conducted at the University Hospitals Leuven, Belgium, between March and June 2020. The study compared standard of care with or without itraconazole in a 1:1 randomization. Standard of care was based on guidelines of national and international organizations and outlined in an institutional policy. 
The study was conducted in accordance with the International Conference on Harmonization Guidelines for Good Clinical Practice and the Declaration of Helsinki. The protocol was approved by the institutional Ethics Committee and by the Belgian Federal Agency for Medicines and Health Products (EudraCT 2020-001243-15). The trial was part of the DAWn clinical studies.10-12 An independent data and safety monitoring committee (DSMB) reviewed trial safety outcomes. The full protocol and statistical analysis plan are available in Supplement.

Patients
Hospitalized patients aged 18 years or older with COVID-19, confirmed by PCR or a typical chest CT-scan, were eligible if they displayed at least one of the following features: radiographic infiltrates, Sp02 ≤ 94% on room air, or requiring supplemental oxygen. Subjects were excluded in case of elevated liver tests (ALT/AST > 5 times the upper limit of normal), pregnancy or breast feeding, heart failure with severely reduced ejection fraction (≤ 30%), or concomitant treatment with lopinavir/ritonavir or potent CYP450 inducers. 
Because of safety concerns due to the risk of transmission of SARS-CoV-2, verbal informed consent in the presence of an independent witness was obtained during hospitalization of all patients. Written informed consent was obtained after discharge from quarantine. 

[bookmark: _Toc48826562]Interventions
Subjects were assigned to standard of care with or without itraconazole. Itraconazole was administered as capsules or as an oral solution with a loading dose of 200 mg three times per day for the first 3 days, followed by 200 mg twice daily. Itraconazole was continued for at least 10 days and up to 14 days if patients remained hospitalized.
Standard of care was defined by the Belgian COVID-19 guidelines,13 which at the time of recruitment included supportive treatment, broad spectrum antibiotics (ceftriaxone 2g/day) and hydroxychloroquine (400 mg twice daily loading dose, followed by 200 mg twice daily for five days). Itraconazole capsules were administered with a meal, whereas solution was given at least 2 hours before or 1 hour after a meal. Concomitant treatment with proton-pump inhibitors was avoided in patients treated with capsules. 

Outcomes were assessed for 28 days. Clinical parameters and laboratory tests that where part of routine clinical care where captured from the electronic patient files. If feasible a follow-up nasopharyngeal swab was obtained on day 6. When discharged, patients were contacted by phone on day 15 and day 29 to verify their clinical status. 

[bookmark: _Toc48826563]Randomization and masking
Randomization (1:1) with a computerized system was stratified according to disease severity. The study was open label without blinding for patients, healthcare workers or investigators. The biostatisticians who conducted the statistical analyses were blinded to the different treatment groups during the conduct of the trial. 

[bookmark: _Toc48826564]Outcomes
The primary outcome was defined as cumulative clinical status on day 15. This endpoint consists of the sum of daily clinical status scores on the 7-point WHO ordinal scale from day 1 to 15 included. The WHO ordinal scale consists of the following 7 categories: 1) not hospitalized, no limitations on activities; 2) not hospitalized, limitations on activities; 3) hospitalized, not requiring supplemental oxygen; 4) hospitalized, requiring supplemental oxygen; 5) hospitalized, on non-invasive ventilation or high flow oxygen devices; 6) hospitalized, requiring extracorporeal membrane oxygenation (ECMO) or invasive mechanical ventilation; and 7) death.
The secondary outcome was defined as time to sustained clinical improvement or live discharge, whichever comes first, whereby a sustained clinical improvement is defined as an improvement of more than 2 points on the 7-point ordinal scale versus the highest value of day 0 and 1 and sustained for at least 3 days. Other secondary outcomes included: time to events (admission to ICU, death, discharge); mortality on day 15 and day 29, duration of supplemental oxygen, need for and duration of mechanical ventilation, duration of hospitalization, duration of intensive care stay, National Early Warning Score (NEWS) assessed daily while hospitalized and on days 15 and 29.
Safety outcomes included adverse events (AE) graded as grade 4 or 5 or serious adverse events (SAE). Laboratory parameters that were captured included C-reactive Protein, white cell count, absolute neutrophil count, absolute lymphocyte count, hemoglobin, blood platelet count, serum creatinine, estimated Glomerular Filtration Rate (eGFR according to CKD-EPI), hs-TroponinT, glucose, potassium, total bilirubin, ALT, and AST if measured as part of routine clinical practice. The qualitative and quantitative PCR for SARS-CoV-2 in (nasopharyngeal) swab on day 1 and day 6 were exploratory outcomes. A team of cardiologists monitored absolute QTc and delta QTc interval between baseline ECG and follow-up ECG at day 2 or 3, or with continuous ECG monitoring on ICU. A team of clinical pharmacists monitored all patients for drug-drug interactions. 

Pharmacokinetic analysis
If feasible, itraconazole and its main metabolite, hydroxy-itraconazole, trough concentrations were obtained at different time points, just before the next dose. Itraconazole and hydrox-itraconazole concentrations were determined with liquid chromatography tandem mass spectrometry (Waters Acquity TDQ system with Recipe ClinMass® antimycotics kit). The trough concentrations measured before and after 72 hours after initiation of treatment were defined as early and late exposure, respectively. 

[bookmark: _Toc48826565]Statistical analysis
Preclinical studies were analyzed with GraphPad Prism (GraphPad Software, Inc.); the non-parametric Mann Whitney U-test was used to ascertain statistical significance; a P value ≤0.05 was considered significant.
Analyses of the clinical data were performed with SAS software version 9.41. All treatment comparisons made using two-sided tests at a significance level of 5% and were adjusted for disease severity, to account for the stratified randomization. For all outcomes, the treatment effect was estimated using an appropriate measure and presented along with its 95% confidence interval. All analyses were performed on this Full Analysis Set (FAS) which included all randomized patients, with the exception of randomized patients that violated the following eligibility criteria:
a) No confirmed diagnosis of COVID-19.
b) Known drug-drug interaction with Intraconazole.
Missing Clinical Status data up to Day 29 were accounted for by means of multiple imputation, using a total of 100 imputations. The cumulative clinical status was analyzed using a general linear model adjusted for the status at baseline and disease severity after log-transformation, thus yielding the ratio of geometric means between the treatment groups. Time-to-event data were analyzed using a Cox regression or, in the presence of competing risks, a Fine&Gray regression model, yielding hazard ratios and subdistribution hazard ratios, respectively.
Full details of all statistical analyses are provided in Statistical Analysis which is provided in the online Supplement.
Sample size estimation was based on the clinical scores on day 7 and day 15 from previously published COVID-19 clinical trial data 14. The mean cumulative clinical severity score on day 15 was estimated to be 60, with a standard deviation of 20. With a power of 0.8 and an alpha of 0.05, sample size estimates to detect a 5-point difference and an 8-point difference in cumulative clinical severity score required 502 patients (251 in each group) and 196 patients (2 times 98), respectively. No formal interim analyses for efficacy or futility were foreseen. A Data Safety Monitoring Board reviewed the safety data (see charter in the Supplementary Appendix). 
Descriptive analysis of the pharmacokinetic analysis was carried out in R Statistics (version 3.5.1, R Core Team).



Results
Patients were recruited in March and April 2020. Of the 152 patients who were screened for eligibility, 68 were enrolled. Three patients were excluded from the Full Analysis Set: two patients had no documented COVID-19 and one patient did not fulfill in- and exclusion criteria because of drug-drug interactions. Eight patients were treated with capsules, 16 with oral solution and 9 with a combination of both. Three patients prematurely discontinued treatment with itraconazole: two patients reported nausea and one disturbed vision. One patient in the standard group prematurely discontinued the trial (withdrawal of consent)
The study was put on hold by the DSMB when 68 patients had been randomized in order to evaluate pharmacokinetic data. After reviewing the preliminary pharmacokinetic and the preclinical data, the Steering Committee decided not to restart the study. 
There were no major differences in baseline characteristics . The mean age of participants was 62 (SD=11) years of age and 63% were men. The majority of patients presented with dyspnea (80%), fever (72%) or cough (65%). The median time of onset of symptoms to inclusion in the trial was 8 days (IQR=5 to 10).
All participants required hospitalization, 89% required oxygen and 29% of participants needed ICU admission. All but one patient received hydroxychloroquine, part of the Belgian standard of care at that time. In addition, 95% received antibiotics, 18% corticosteroids and 1 patient received tocilizumab. None of the subjects received other antiviral agents . 

[bookmark: _Toc48826569]Efficacy Outcomes
Patients randomized to itraconazole or the standard of care group did not differ in cumulative clinical score at day 15 (Table). In addition, no differences were observed in time to sustained clinical improvement, in time to weaning from oxygen  or in time to live discharge from the hospital. The evolution of the NEWS score, as well as C-reactive protein were similar in both groups. Nasopharyngeal swabs on day 6  2 were obtained from 32 patients (47%). Viral load at baseline and on day 6 did not differ between study groups (P=0.82)  .
[bookmark: _Toc48826572]
Safety Outcomes
There were no differences in ECG parameters, including QT-interval, between groups. Intensive care admission was required in 31 % in the itraconazole group vs 28 % in patients receiving standard of care. Beside the prespecified outcomes, few adverse events were reported as serious. No patients died during follow-up. 

Pharmacokinetic analysis
Trough concentrations varied from 0.05 up to 1.94 mg/L for itraconazole and from 0.08 to 2.28 mg/L for hydroxy-itraconazole . Targets for itraconazole and hydroxy-itraconazole were attained in 37 and 21% of patients within 72h after initiation of treatment, which increased to 84 and 95% of patients during maintenance treatment, i.e. more than 72h after initiation.  
Exposure-response analysis did not reveal a correlation between itraconazole trough concentrations and cumulative clinical status (FigureE), time to clinical improvement or decrease in nasopharyngeal viral load.
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	Table Primary and Secondary Clinical Outcomes


	Outcome
	Itraconazole
(N=32)
	Standard Care
(N=33)
	Treatment Effect
	Estimate (95% CI)

	Cumulative status on day 15 – mean (SD)
	49 (20)
	 47 (17)
	Ratio of geometric means
	1.01 (0.85; 1.19)

	Time to sustained clinical improvement -  median [days] - median (IQR)
	10 (5 to 18)
	9 (5 to6)
	Subdistribution HR
	0.94 (0.56; 1.60)

	Day 28 mortality – no. (%)
	0 (0.0%)
	0 (0.0%)
	HR
	

	Time to weaning from oxygen [days] – median (IQR) #
	5 (2 to 15)
	4 (1 to 8)
	Subdistribution HR
	0.76 (0.46; 1.25)

	Hospital stay [days]  – median (IQR)
	8 (4 to 17)
	9 (4 to 16)
	Subdistribution HR
	0.92 (0.55; 1.53)

	ICU stay [days] – median (IQR) *
	14 (8 to 22)
	12 (9 to 18)
	Subdistribution HR
	0.76 (0.34; 1.70)

	Duration of mechanical ventilation – median (IQR) *
	12 (8 to 16)
	11 (7 to 12)
	Subdistribution HR
	0.37 (0.11; 1.29)

	Clinical Status on day 15– no. (%)
	
	
	Common Odds Ratio
	1.21 (0.47; 2.87)

	      1: Not hospitalized, no limitations on activities
	10 (31.3%)
	7 (22.6%)
	
	

	      2: Not hospitalized, limitations on activities
	12 (37.5%)
	14 (45.2%)
	
	

	      3: Hospitalized, not requiring supplemental oxygen
	1 (3.1%)
	3 (9.7%)
	
	

	      4: Hospitalized, requiring supplemental oxygen
	4 (12.5%)
	3 (9.7%)
	
	

	      5: Hospitalized, on non-invasive ventilation or high flow oxygen devices
	1 (3.1%)
	2 (6.5%)
	
	

	      6: Hospitalized, requiring ECMO, invasive mechanical ventilation, or both
	4 (12.5%)
	2 (6.5%)
	
	



SD denotes standard deviation, IQR interquartile range, ECMO extracorporeal membrane oxygenation
# Includes patients without supplemental oxygen with a duration of 0 days.
* Does not include patients who were not admitted to ICU/did not receive mechanical ventilation.  Hence, the difference between treatments cannot be unambiguously be attributed to treatment
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