Early administration of vitamin C in patients with sepsis or septic shock in emergency departments: a multicenter, double-blind, randomized controlled trial: the C-EASIE trial.
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Key Points
Question: Does early treatment with vitamin C lead to a less severe disease course in patients with sepsis or septic shock?
Findings: In this randomized clinical trial that included 292 patients, treatment with intravenous vitamin C compared to placebo did not result in a lower average post-baseline patient Sequential Organ Failure Assessment (SOFA) score on day 2 to 5 (1.98 vs 2.19), except for a subgroup of patients with a baseline SOFA score of 6 or above.
Meaning: Early treatment with vitamin C did not result in a significant improvement of the disease course, except for a subgroup of patients with a higher severity of illness.


Abstract 
Importance: Sepsis and septic shock are associated with high mortality and morbidity despite adequate standard care. Vitamin C deficiency is a common, potentially reversible, contributor to morbidity and mortality in sepsis. Previous studies have shown mixed and conflicting results.
Objective: To determine the potential benefit of early administration (within 6 hours after admission) of vitamin C in patients with sepsis or septic shock.
[bookmark: _Hlk167866039]Design, Setting and, Participants: Phase 3b prospective, multicenter, double-blinded, randomized placebo-controlled trial. Participants were enrolled in the Emergency Departments of 8 hospitals throughout Belgium. 300 patients were recruited between June 4th, 2021, and August 19th,2023. The final date of follow-up was on November 15th, 2023.
[bookmark: _Hlk167866553]Interventions: Patients were randomized to receive 1.5 g of vitamin C (n=147), or matching placebo n= 145), every 6 hours for 4 days.
Main Outcome and Measures. The primary outcome was the average post-baseline patient Sequential Organ Failure Assessment (SOFA) score on day 2 to 5. Key secondary outcomes were the maximum SOFA score, 28-day mortality and length of ICU and hospital stay. 
Results: Of the 300 randomized patients, 292 (97.3%, mean age 65.8 [SD 15.1], 103 [35.3%] woman) completed the trial and were included in the analysis. The primary outcome (vitamin C, 1.98; placebo, 2.19) was 8.7% lower in the vitamin C group, but not significantly (ratio 0.91, 95% CI 0.79 to 1.08, P=.30). In a planned subgroup analysis, patients with a baseline SOFA score of 6 or above had a significant lower average post-baseline SOFA score in the vitamin C group (ratio 0.76, 95% CI 0.86 to 0.99, P=.042). Findings were similar in the two groups regarding secondary outcomes and adverse events, except for a lower probability of being on renal replacement therapy in the vitamin C group of the per protocol analysis (ratio 0.28, 95% CI 0.078 to 1.0, P=.05).

Conclusions and Relevance: 
Early treatment with vitamin C did not result in a statistically significant reduction in organ dysfunction, except for patients with a baseline SOFA score of 6 or above. These findings suggest that there might be a benefit in this sicker subgroup, but do not support the use of vitamin C in all sepsis patients.
[bookmark: _Hlk167865993]Trial registration: ClinicalTrials.gov Identifier: NCT04747795
Keywords: sepsis, septic shock, vitamin C, ascorbic acid, c-easie 


Introduction
Sepsis is a life-threatening condition characterized by a dysregulated body’s response to infection causing organ dysfunction. It is the primary cause of death from infection, especially if not recognized and treated timely.1 Current practice guidelines, based on the Surviving Sepsis Campaign, focus on early identification and appropriate management in the initial hours. It encourages clinicians to quickly obtain blood cultures, administer broad spectrum antibiotics, start adequate fluid resuscitation, measure lactate, and begin vasopressors if clinically indicated.2 Despite implementation of these guidelines, mortality is still high. A recent meta-analysis reported a 30-day mortality of 37.2% and 24.4% for septic shock and sepsis, respectively.3
This has led to the investigation of targeted agents that limit the inflammatory cascade, such as vitamin C. In addition to its antioxidant and anti-inflammatory functions, vitamin C is also an essential cofactor for the metallo-enzymes involved in the biosynthesis of vasoactive catecholamines and vasopressin and may thus support endogenous vasopressor synthesis.4,5 It is known from previous research that critically ill patients, including those with sepsis, have significant lower vitamin C plasma levels.6–8
The first investigations of vitamin C as an adjuvant therapy in patients with sepsis and septic shock were limited to small pilot studies and unblinded trials.7,9 They showed possible beneficial effects such as a significant reduction in Sequential Organ Failure Assessment (SOFA) score in a seemingly dose dependent fashion7, a significant reduction in the duration of vasopressor infusion and an improvement in 28-day mortality.9 A before-after single-center study on the association of hydrocortisone and thiamine with vitamin C (HAT) in sepsis or septic shock reported a decrease in mortality and a shorter duration of vasopressor administration.8 Since then, there has been an upsurge in clinical trials evaluating vitamin C alone or as part of HAT therapy in patients with sepsis and septic shock. 
In one of the first trials, the CITRIS-ALI trial, the use of vitamin C monotherapy in patients with sepsis and acute lung injury did not improve organ dysfunction as assessed by a modified SOFA score from baseline to 96 hours although a significant mortality reduction was observed in the treatment group.10 Other trials reported an improved 72 hours change in SOFA score11,12 or reduced duration of vasopressor use.13,14 In contrast to these mixed but promising results, all following randomized controlled trials (RCT) of HAT therapy15–19, vitamin C and thiamine in combination20 or vitamin C alone21–23 did not show any significant benefit on aforementioned outcomes. 
Early administration of vitamin C after the onset of sepsis might be more effective as it may avoid the development of multi-organ dysfunction by preventing microvascular dysfunction, mitochondrial injury, and oxidative stress.4,5,16 Nevertheless, most previous studies were conducted in intensive care units (ICU) which resulted in a significant delay, an average up to 12 hours after ICU admission, in the administration of vitamin C.12,13,15,17,21–23 This may have reduced the effectiveness of the intervention. Furthermore, in most trials, only patients with septic shock were included.12,15,16,18–20,22,23 By including patients at an earlier stage of disease, a more rapid solution of shock and less deterioration from sepsis to septic shock could be expected from vitamin C supplementation, hereby reducing morbidity and mortality. Therefore, the aim of this trial was to evaluate the effects of early administration, within 6 hours after arrival in the emergency department (ED), of vitamin C in patients with sepsis or septic shock. 


Methods 
Trial design
[bookmark: _Hlk167866396]This is a prospective, multicenter double-blinded randomized placebo-controlled trial conducted in 8 Belgian hospitals coordinated by the University hospitals Leuven, Belgium. The protocol (Supplement 1) was publicly registered (ClinicalTrials.gov: NCT04747795) and published.24 The trial protocol was approved by a central ethics committee and the Belgian Federal Agency for Medicines and Health Products. 

Trial population
Patients aged 18 years or older admitted to the ED with a suspected infection and a National Early Warning Score (NEWS) ≥ 5 were eligible for the trial. Suspected infection was defined as the combination of antibiotic administration and body fluid cultures within the first 6 hours after ED presentation. Exclusion criteria included contraindications to vitamin C therapy, such as a known allergy, or a ‘do no intubate’ or ‘comfort measures only’ status. Further details regarding in- and exclusion criteria are provided in Supplement 1. 
All patients or their legally acceptable representative (LAR) provided written informed consent. To ensure timely initiation of medication administration (within 6 hours), a process of delayed consent was employed, enrolling patients in the clinical trial and obtaining consent as soon as practical from the patient or their LAR.

Randomization and masking 
Patients were randomly assigned to one of two groups in a 1:1 allocation ratio stratified by site through the digital platform Randomize.net. Block size was 4. Ardena Gent NV, a Drug Product Development & Manufacturing firm blinded, packaged, relabelled the Investigational Medicinal Product (IMP) kits, and provided randomization. Patients, investigators, clinicians, all trial personnel, and statisticians were blinded to study arm allocation.

Interventions
[bookmark: _Hlk167866610]Patients in the intervention group received 1,5 g intravenous vitamin C mixed in a 50-ml solution of normal saline every 6 hours for 4 days. In the control group, patients received a matching placebo infusion (normal saline). In total the patient received 16 doses of study medication. All ampoules had identical sizes and were blinded by a cap and sticker for an identical look. A maximum of 8 hours was allowed between 2 doses and only one dose could be missed. All other aspects of care, including the administration of glucocorticoids were performed at the discretion of the treating teams.
Parameters were obtained as part of routine clinical care. On day 1 and 4 a targeted blood sample was collected for procalcitonin determination. Baseline data were obtained as close as possible to the time of randomization. The EQ-5D-5L health questionnaire was obtained on admission, day 5, day 28 and after 3 months. Arterial Blood Gas (ABG) analysis was part of routine clinical care in the ICU. If the patient was discharged to the ward before day 5, ABG sampling was not considered standard of care. To be able to calculate the SOFA score in this population, we used the SpO2/FiO2 ratio to impute for PaO2/FiO2 ratio in the respiratory component. 

Outcomes 
The primary outcome for this study was the average post-baseline patient SOFA score on day 2 to 5, adjusted for the baseline SOFA (d1). For patients deceased within the first 5 days, the maximum SOFA score of 24 was assigned starting at the day of death. Note that the estimate for the average was obtained based on a model (see Statistical analysis section) which can handle the presence of missing values, instead of calculating per patient its average value.
Secondary outcomes included 28-day mortality, maximum SOFA score, length of ICU stay, length of hospital stay, duration and dosage of vasopressor requirement, duration and need  of RRT (renal replacement therapy), number of ventilator days, total dose of steroids given, quality of life measured using the EQ-5D-5L-questionnaire on d1, d5, d28 and after 3 months and time to return to work (if applicable). The EQ-5D-5L questionnaire was used to estimate the utility index (EQ index). An index of 1 equalled perfect health, 0 equals death. Only adverse events (AEs) that were not expected in the disease progression needed to be recorded. 

Statistical analysis
To detect with at least 80% power a difference of 1 in average post-baseline patient SOFA score (calculated over day 2-5) between both groups, based on a constrained longitudinal data analysis (cLDA) model with α set at 0.0525, 126 patients per group (252 patients in total) were needed. The power was calculated using the approach presented by Stroup.26 A standard deviation of the SOFA score equal to 3.5 and a correlation between the time points equal to 0.5 was assumed. These were conservative estimates, derived from reported information in two studies.7,12 2.5%, 5%, 10% and 15% missing values were assumed on d2, d3, d4 and d5, respectively (combination of dropout and mortality). However, the sample size was increased to 150 patients per group to anticipate a larger variability due to the imputation of maximal SOFA scores for deceased patients. 
[bookmark: _Hlk165019605]In accordance with the intent-to-treat (ITT) principle, the full analysis set (FAS) contained all randomized patients according to their randomized treatment.  However, some randomized patients who did not receive any medication were excluded from the FAS, as decided during the Blind Review Meeting. Patients from the FAS with substantial protocol deviations (7 hours or more between hospital admission and first administration of study medication, 2 or more successive doses missed, all planned doses missing on the first day) were excluded from the per protocol set (PPS). Both FAS and PPS were used for the evaluation of all efficacy endpoints. Only the FAS was used for the evaluation the safety endpoints.
Subgroup analyses for the primary outcome according to baseline SOFA and NEWS score were prespecified in the FAS. For the baseline SOFA score, subgroups were defined as SOFA<6 vs SOFA >=6). 
A cLDA model was used to compare the average SOFA score (d2-d5) between both groups based on a two-sided test with α=5% (Supplement 2). Due to the right-skewed distribution of the SOFA score, a transformation was applied on the SOFA values yielding a ratio when the difference between groups was back transformed. 
Linear models, Kaplan-Meier estimates, competing risks methodology, generalised linear mixed models were used for the comparison of the secondary outcomes (Supplement 2).
All analyses were performed using SAS software, version 9.4 of the SAS System for Windows. Copyright© 2002 SAS Institute Inc. SAS, Cary, NC, USA. 


Results 
Enrollment and Patient Characteristics
Between June 4th, 2021, and August 19th, 2023, we enrolled 300 patients. Of these patients, 6 underwent randomization in error and 2 withdrew consent, which left 292 patients in the primary analysis population (147 in the vitamin C group and 145 in the placebo group) (Figure 1).  5 patients withdrew consent to continue the trial. These patients remained part of the trial population according to the ITT principle. The characteristics of the patients at baseline were similar in the two groups (Table 1 and Supplement 3). 
The data and safety monitoring board reviewed the results after a planned blinded interim analysis for sample size recalculation (after 203 patients had completed follow-up for the primary outcome). The power level was at least 80% with the observed values, resulting in an unaltered sample size. 

Primary outcome
The average post-baseline patient SOFA score on day 2 to 5 was slightly lower in the vitamin C group: 1.98 (95% CI 1.69 to 2.23) vs 2.19 (95% CI 1.87;2.56) in the placebo group but did not reach statistical significance (P=.30). With a ratio of 0.91 (95% CI 0.79 to 1.08) the SOFA score in the vitamin C group was 8.7% lower than in the placebo group. In the PPS analysis, SOFA scores on day 2 to 5 were 10.2% lower in the vitamin C group, corresponding with a ratio of 0.90 (95% CI 0.75 to 1.07), but the difference was not significant (P=.23) (Table 2). 
Secondary outcomes 
[bookmark: _Hlk165021837]At 28 days, death had occurred in 17 patients of the vitamin C group and in 11 patients of the placebo group with estimated event rates of 12% and 7.9% in the vitamin C and placebo group respectively (P=.27). In the PPS analysis, the probability of RRT was significant lower in the vitamin C group (vitamin C, 0.7%; placebo 2.4%, OR 0.28, P=.05). This was not observed in the ITT analysis. No other secondary outcomes showed significant differences between vitamin C and placebo groups, including maximum SOFA scores, length of hospital and ICU stay, mechanical ventilation, vasopressor and steroids requirements and health-related quality of life outcomes. (Table 3)

Subgroup analysis 
In a planned subgroup analysis, the average post-baseline SOFA score among patients with a baseline SOFA score of 6 or more was significantly lower in the vitamin C group compared to the placebo group (vitamin C, 4.44; placebo 5.87; ratio 0.76, P=.042). (Table 2c) Visualisation of the additional exploratory analysis treating the baseline SOFA as a continuous variable suggested that patients with a baseline SOFA score between 6 -12 would benefit most from vitamin C, although the global interaction was not significant, only for baseline SOFA scores of 7 and 8. The same trend was observed looking at the baseline NEWS score. Patients with a NEWS score of 7 and 8 on ED admission seemed to have a treatment effect from vitamin C, but also this global interaction was not significant. (Figure. 2) No other significant differences were found in the subgroups. 

Safety and Adverse events
In total 45 AEs were reported of which 35 serious. There were no more SAEs in the vitamin C group than in the control group. None of the reported (S)AEs, abnormal laboratory values, physical findings, patient changings or other abnormal observations were possible/probably causal related to the study treatment. None of them led to dose reduction.  

Discussion 
In this multicenter, double-blind RCT including patients with sepsis or septic shock, early administration of vitamin C did not significantly decrease the average post-baseline patient SOFA score. This contrasts with recent meta-analyses27,28 which showed that vitamin C (alone or in combination with thiamine and hydrocortisone) may improve organ failure recovery, as suggested by the decrease in SOFA score within 72 hours. This difference may be due to the fact that the RCT’s used for the meta-analyses had small sample sizes (<110 patients per group29) with the exception of the VICTAS trial. Moreover, SOFA scores from discharged or deceased patients before 72 hours were managed differently across studies which may also cause survival bias. 
Further, the early administration of vitamin C was assumed to be associated with patients’ survival improvement8,11, however it did not result in a survival benefit in our trial. This is similar to the report of another recent trial18 that focused on early administration, except they investigated the potential benefit of HAT therapy and included only patients with septic shock, as in most other preceding trials. Important to mention is that they only started randomizing patients in this study once admitted to the ICU after a median length of stay of 0,5 days. Moreover, they reported a 2-hour median time from randomisation to 1st administration of study drug.
Looking at all previous vitamin C studies reporting a study drug administration time frame, the average time to treatment varies between 3.3 and 18 hours (or <24hrs) after ICU admission12-17,20,21,23. The strength of our study lies in the fact that the mean time to 1st study drug administration was 3.7 hours after ED presentation, making it the only trial recruiting patients in the ED and investigating a true early administration effect. This early administration effect might be a plausible explanation for the observation that patients with a higher baseline SOFA score (6 or above) may benefit from the early administration of vitamin C.

We also focused on patients at an earlier stage of disease to investigate a potential preventive role of vitamin C leading to less deterioration. This is confirmed by a low ICU admission rate of 48.3% and 45.5% for the vitamin C and placebo groups, respectively, as well as a low median baseline SOFA score of 4 in both groups. This low average is partly due to rapid detection of sepsis in our EDs. The preventative role vitamin C, however, could not be established, since there was no benefit observed in patients with lower SOFA scores.
Equal to previous studies7,9 and recent meta-analyses27,28 the use of vitamin C seems to be safe, with the finding of no treatment-related AEs in our trial. This contrasts with the recent LOVIT trial, where serious anaphylactic reactions as well as a higher risk of death or persistent organ dysfunction at 28 days were observed in patients on vasopressor treatment receiving vitamin C.21 In this trial, they used higher doses of vitamin C (50mg/kg) and had a late onset of administration. In addition, there was a higher baseline severity of illness and a higher death rate (44.6%) compared to ours. 
Other strengths of this study include an interim analysis for sample size recalculation which checked and confirmed the power of our study and include blinding to limit ascertainment bias.

Limitations
Nonetheless, this trial also has some limitations. First, the large variety in study set-ups, mixed outcomes, and the inconsistency in the reported results, have made it difficult to estimate the optimal dose and timing of vitamin C administration. As a result of increased metabolism due to enhanced inflammatory response, high doses of vitamin C, up to 3 to 6 gram daily, are needed to normalize the vitamin C plasma level.39,40 Based on published clinical data and the pharmacokinetics of vitamin C most studies decided to administer 6g of vitamin C per day divided in four equal doses i.e. every 6 hours.8,11,12,14–17,19,29. Other trials have chosen to give even higher doses of vitamin C 10,18,20–23, because Fowler et al. reported that the SOFA score reduction was most remarkable in patients receiving the highest dose of vitamin C, 200mg/kg/day7, despite this was a phase I safety trial what obfuscates its statistical significance. 
Secondly, since this was a pragmatic trial, we did not measure the baseline levels of vitamin C in patients. A recent prospective pharmacokinetic study on the patients in treatment group of the VITAMINS trial showed that the 6-hourly doses regimen of 1.5g was sufficient to achieve and maintain normal to supranormal vitamin C plasma levels.41 We can assume that the lack of significant reduction in our primary outcome is not due to an insufficient dose. 
Third, despite this trial is multicentric, one hospital included about 40% of the patients. The DSMB judged the distribution of the baseline SOFA scores to be similar to that of the other centers and recommended further recruitment at this site. Also, final results were adjusted per study site.



Conclusion
Among patients with sepsis or septic shock, incorporating the early administration of vitamin C did not appear to improve organ dysfunction as assessed by the average post-baseline patient SOFA score on day 2 to 5, except for those with a baseline SOFA score of 6 or above. Despite the fact there might be a statistical signal, these data do not support the use of vitamin C in all adults with sepsis or septic shock. 
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Figure 1. Enrolment and randomisation
Abbreviations: DNR, Do Not Resuscitate, ED, Emergency Department



	Table 1. Baseline characteristics of intention-to-treat population 

	Characteristic
	Vitamin C  (N=147)
	Control (N=145)

	Age [yr] - mean (SD)
	64.7 (16.2)
	67.0 (13.9)

	Female sex - N (%)
	50 (34.0)
	53 (36.6)

	Weight [kg] - mean (SD)
	78.2 (21.2)
	78.9 (17.2)

	NEWS score at admission - mean (SD)
	8.6 (2.7)
	8.4 (2.7)

	Sepsis etiology - N (%)
	
	

	    Respiratory
	68 (46.3)
	77 (53.1)

	    Gastro-intestinal
	11 (7.5)
	12 (8.3)

	    Urinary
	28 (19.1)
	34 (23.5)

	    Skin or soft tissue
	17 (11.6)
	10 (6.9)

	    Catheter
	2 (1.4)
	1 (0.7)

	    Other
	21 (14.3)
	11 (7.6)

	SOFA score - mean (SD)
	4.9 (3.5)
	5.0 (3.2)

	SOFA score – median (Q1, Q3)
	4.0 (2.7; 4.7)
	4.0 (3.0; 7.0)

	SOFA score >= 6 N (%)
	51 (34.7)
	53 (36.6)

	Septic shock - N (%)
	35 (24.7)
	49 (34.8)

	MAP < 70mmHg N (%)
	66 (44.9)
	73 (50.3)

	CRP [mg/dL] - mean (SD)
	191.9 (138.2)
	192.2 (144.1)

	Procalcitonin [ng/mL] - mean (SD)
	11.9 (19.5)
	19.8 (31.7)

	Lactate [mmol/L] - mean (SD)
	2.7 (2.6)
	2.8 (2.1)

	Treatment - N (%)
	
	

	    Corticosteroids
	39 (26.5)
	30 (20.7)

	    Mechanical ventilation needed
	24 (16.3)
	22 (15.2)

	    Vasoactive agents
	41 (27.9)
	37 (25.5)

	    RRT 
	3 (2.0)
	3 (2.1)

	Fluid balance D1 [mL] - mean (SD)
	1680 (1710)
	1695 (1625)

	EQ Index – mean (SD)
	0.452 (0.453)
	0.421 (0.448)


Abbreviations: NEWS, National Early Warning Score, SOFA, Sequential Organ Failure Assessment, MAP, Mean Arterial Pressure, CRP, C-Reactive Protein, RRT, Renal Replacement Therapy



	
	
	 
	 
	 
	 

	(A)
	 
	Vitamin C (N=147)
	Control (N=145)
	Treatment Effect
	P-value

	
	Day 1
	3.858 (3.548;4.194)
	3.858 (3.548;4.194)
	
	

	
	Day 2
	2.786 (2.423;3.197)
	3.042 (2.645;3.492)
	0.920 (0.793;1.068)
	0.272

	
	Day 3
	2.264 (1.923;2.655)
	2.340 (1.983;2.749)
	0.970 (0.810;1.163)
	0.743

	
	Day 4
	1.703 (1.397;2.056)
	1.927 (1.586;2.323)
	0.898 (0.725;1.112)
	0.322

	
	Day 5
	1.396 (1.111;1.725)
	1.660 (1.334;2.041)
	0.865 (0.684;1.094)
	0.226

	
	Average d2-d5
	1.982 (1.688;2.316)
	2.194 (1.870;2.563)
	0.913 (0.768;1.084)
	0.296

	
	 
	 
	 
	 
	 

	(B)
	 
	Vitamin C (N=139)
	Control (N=129)
	Treatment Effect
	P-value

	
	Day 1
	3.871 (3.546;4.224)
	3.871 (3.546;4.224)
	
	

	
	Day 2
	2.819 (2.446;3.241)
	3.141 (2.718;3.622)
	0.903 (0.776;1.050)
	0.182

	
	Day 3
	2.260 (1.909;2.664
	2.385 (2.004;2.825)
	0.952 (0.790;1.147)
	0.602

	
	Day 4
	1.699 (1.382;2.066)
	1.925 (1.563;2.350)
	0.896 (0.716;1.122)
	0.338

	
	Day 5
	1.406 (1.113;1.745
	1.722 (1.370;2.137)
	0.843 (0.662;1.074)
	0.167

	
	Average d2-d5
	1.989 (1.685;2.336)
	2.242 (1.895;2.640)
	0.898 (0.751;1.072)
	0.233

	
	 
	 
	 
	 
	 

	(C)
	 
	Vitamin C (N=51)
	Control (N=53)
	Treatment Effect
	P-value

	
	Day 1
	8.327 (7.911;8.764)
	8.327 (7.911;8.764)
	
	

	
	Day 2
	6.838 (5.994;7.798)
	8.268 (7.255;9.420)
	0.828 (0.705;0.974)
	0.023

	
	Day 3
	5.178 (4.282;6.254)
	6.552 (5.427;7.905)
	0.793 (0.620;1.014)
	0.064

	
	Day 4
	3.579 (2.710;4.700)
	5.330 (4.062;6.977)
	0.678 (0.474;0.970)
	0.034

	
	Day 5
	3.043 (2.181;4.199)
	4.093 (2.957;5.633)
	0.752 (0.491;1.152)
	0.188

	
	Average D2-D5
	4.442 (3.617;5.444)
	5.869 (4.790;7.184)
	0.761 (0.585;0.990)
	0.042

	
	
	
	
	
	

	Table 2. Primary outcome

	(A) Intention-to-treat analysis (FAS)

	(B) Per-protocol analysis (PPS)

	(C) Subgroup analysis (FAS) baseline SOFA score >= 6 

	Estimates of SOFA (95%CI) obtained from the cLDA model fitted on inverse hyperbolic sign transformed data. Means and 95% confidence intervals are obtained after back transformation to the original scale. Due to the transformation, the comparison of both groups refers to a ratio.





	(A)
	 
	Statistics 
(95% CI)
	Vitamin C 
(N=147)
	Control 
(N=145)
	Treatment Effect
	P-value

	
	Maximum SOFA
	Mean 
	5.45 (4.3; 6.6)
	5.93 (4.73;7.12)
	-0.48 (1.69;-0.74)
	0.442

	
	28-day mortalitya
	%
	12.0 (7.6;18.5)
	7.9 (4.5;13.9)
	4.0 (-3.0;11.0)
	0.267

	
	Length of hospital stayb, d
	Median 
	10 (9; 13)
	11 (8;13)
	0.971 (0.765,1.233)
	0.706

	
	Length of ICU stayb, d
	Median
	5 (4;8)
	5 (4;7)
	1.041 (0.739,1.467)
	0.634

	
	Mechanical ventilationc
	%
	6.1 (3.7;10)
	7 (4.3;11.4)
	0.862 (0.41;1.82)f
	0.696

	
	Vasopressor requirementc
	%
	6.0 (3.6;9.7)
	4.7 (2.7;8.0)
	1.276 (0.60;2.74)f
	0.530

	
	RRTc
	%
	1.2 (0.6;2.7)
	2.2 (1.1;4.2)
	0.548 (0.19;1.56)f
	0.258

	
	Need of steroidsc
	%
	14.9 (9.4;22.9)
	11.4 (6.9;18.3)
	1.356 (0.64;2.89)f
	0.430

	
	QoL (EQ index)d                              
	
	
	
	

	
	Day 5
	Mean 
	0.55 (0.47;0.62)
	0.57 (0.50;0.64)
	-0.02 (-0.13;0.08)
	0.655

	
	Day 28
	Mean 
	0.75 (0.69)
	0.71 (0.65;0.77)
	0.04 (-0.04;0.13)
	0.312

	
	Month 3
	Mean
	0.81 (1.78;2.14)
	0.81 (1.80;2.18)
	0.00 (-0.06;0.07)
	0.951

	
	Return to work or daily activitiese
	
	
	0.936 (0.623,1.407)
	0.742

	
	Day 28
	% 
	19.5 (12.9; 27.1)
	21.7 (14.7;29.7)
	
	

	
	Day 60
	% 
	31.4 (23.2; 39.8)
	31.4 (23.1;40.0)
	
	

	
	Day 90
	% 
	38.1 (29.4;46.8)
	40.6 (31.4;49.6)
	
	



	(B)

	 
	Statistics (95% CI)
	Vitamin C (N=139)
	Control      (N=129)
	Treatment Effect
	P-value

	
	Maximum SOFA score
	Mean 
	5.44 (4.25;6.63)
	5.82 (4.56;7.07)
	-0.37 (1.67;-0.92)
	0.569

	
	28-day mortalitya
	% 
	12.6 (8.0; 19.5)
	8.1 (4.4;14.5)
	4.5 (-2.9;11.9)
	0.244

	
	Length of hospital stayb, d
	Median 
	10 (8;12)
	10 (8;13)
	0.955 (0.743,1.228)
	0.696

	
	Length of ICU stayb, d
	Median
	5 (4;7)
	5 (4;7)
	1.045 (0.732,1.491) 
	0.620

	
	Mechanical ventilationc
	%
	5.8 (3.3;9.8)
	7.1 (4.1;12.0)
	0.805 (0.36;1.78)f
	0.592

	
	Vasopressor requirementc
	%
	5.8 (3.4;9.7)
	4.9 (2.7;8.6)
	1.205 (0.53;2.72)f
	0.654

	
	RRTc
	%
	0.7 (0.2;2.0)
	2.4 (1.2;4.7)
	0.279 (0.08;1.0)f
	0.050

	
	Need of steroidsc
	%
	16.5 (10.3;25.4)
	11.0 (6.4;18.3)
	1.590 (0.72;3.52)f
	0.253

	
	QoL (EQ index)d                              
	
	
	
	

	
	Day 5
	Mean 
	0.55 (0.47;0.62)
	0.56 (0.48;0.64)
	-0.01 (-0.12;0.09)
	0.811

	
	Day 28
	Mean 
	0.76 (0.70;0.82)
	0.69 (0.63;0.75)
	0.07 (-0.02;0.16)
	0.108

	
	Month 3
	Mean
	0.82 (0.77;0.86)
	0.81 (0.76;0.86)
	0.01 (-0.06;0.07)
	0.858

	
	Return to work or daily activitiese
	
	
	0.931 (0.607,1.426)
	0.732

	
	Day 28
	%
	19.5 (12.7;27.3)
	21.9 (14.5;30.3)
	
	

	
	Day 60
	%
	31.9 (23.5;40.6)
	30.6 (22.0;39.6)
	
	

	
	Day 90
	%
	37.2 (28.3;46.0)
	39.7 (30.2;49.1)
	
	



	
Table 3. Secondary outcomes 
	a Event rates were estimated using Kaplan Meier methodology. The comparison at 28 days is based on a Z-test after log-log transformation of the survival rates. 
b Event rates were estimated as a cumulative incidence function, taking into account the competing risk of in-hospital or ICU death. The treatment effect refers to a hazard ratio from a Fine&Gray model.
c The percentage refers to the average over D2-D5 obtained from a generalized linear mixed model. 
d EQ-5D index calculated using the Belgian EQ-5D-5L value set. Estimates of mean EQ-5D Index and VAS obtained from a linear model for longitudinal measurements correcting for study site (Bouckaert et al. PharmacoEconomics - Open (2022) 6:823–836)
e Comparison refers to the time until return, percentages are derived from a cumulative incidence function, treating death without return as competing risk. The treatment effect refers to a hazard ratio from a Fine&Gray model.
f The treatment effect refers to an odds ratio.

	(A) Intention-to-treat analysis (FAS)
	

	(B) Per-protocol analysis (PPS)
Abbreviations: SOFA, Sequential Organ Failure Assessment, ICU, Intensive Care Unit, RRT, Renal Replacement Therapy, Qol, Quality of Life
	






[image: Afbeelding met tekst, Lettertype, Perceel, lijn

Automatisch gegenereerde beschrijving][image: Afbeelding met tekst, lijn, Perceel, Lettertype

Automatisch gegenereerde beschrijving]




Figure 2. Interaction model for continuous baseline SOFA and baseline NEWS scores (FAS)


N = 301
patients screened


N = 151 
patients randomized to Vitamin C


N = 1
SCREENING FAILURES
- due to bad condition: 1


N = 147 
FULL ANALYSIS SET
patients receiving Vitamin C
- discharged within 5 days: 22
- deceased within 5 days: 5
- withdrew consent: 1
- physician decision: 1


N = 4 
DID NOT RECEIVE ANY MEDICATION)
- screening failure (DNR measures overlooked): 2
- screening failure (COVID-19 positive): 1
- communication mistake: 1


N = 8
EXCLUDED FROM PPS
-  2 or more successive doses missed: 8  


N = 149 
patients randomized to Placebo


N = 145
FULL ANALYSIS SET 
patients receiving Placebo
- discharged within 5 days: 25
- deceased within 5 days: 5
- withdrew consent: 4
- physician decision: 3


N = 4
DID NOT RECEIVE ANY MEDICATION
- screening failure (prophylactic antibiotics): 1
- screening failure (no sepsis): 1
- withdrew consent before medication: 2


N = 16
EXCLUDED FROM PPS
-  >7 hours between ED admission and VIt C administration: 2
- missed all doses on 1st day: 1 
- 2 or more successive doses missed: 13


N = 139
PER PROTOCOL SET 
patients receiving Vitamin C 


N = 129
PER PROTOCOL SET 
patients receiving Placebo
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