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[bookmark: _Toc231564463]The authors responsible for writing the protocol
Angelique de Man, Heleen Oudemans-van Straaten, Harm-Jan de Grooth, Sander Rozemeijer

[bookmark: _Toc231564464]Steering committee
Sander Rozemeijer, Angelique de Man, Harm-Jan de Grooth, Jos Twisk

[bookmark: _Toc231564465]The trial statisticians
Jos Twisk, Harm-Jan de Grooth

[bookmark: _Toc231564466]The data safety monitoring board
Ruud Koster (cardiologist), Kit Roes (statistician), Arjan Slooter (neurologist-intensivist)

[bookmark: _Toc231564467]List of participating centers and (principal) investigators 

	Participating centers
	No. patients randomized (R), included (Full analysis (FA), mITT) and excluded (E)
	VITaCCA investigators

	Amsterdam UMC
	R: 73, FA: 67, mITT: 63, E: 6
	Sander Rozemeijer

	
	
	Harm-Jan de Grooth

	
	
	Paul Elbers

	
	
	Armand Girbes

	
	
	Alexander Vlaar

	
	
	Jos Twisk

	
	
	Patrick Schober

	
	
	Heleen Oudemans – van Straaten

	
	
	Angélique de Man (PI)

	
	
	

	Erasmus MC
	R: 164, FA: 111, mITT: 103, E: 53
	Eric Dubois (PI)

	
	
	

	Amphia Hospital
	R: 101, FA: 75, mITT: 72, E: 26
	Thijs Rettig (PI)

	
	
	Tom Rijpstra

	OLVG Hospital
	R: 33, FA: 27, mITT: 25, E: 6
	Bas van den Bogaard (PI)

	
	
	Rob Bosman

	
	
	

	Maasstad Hospital
	R: 10, FA: 9, mITT: 9, E: 1
	Corstiaan den Uil (PI)

	
	
	

	Gelderse Vallei Hospital
	R: 2, FA: 2, mITT: 1, E: 0
	Arthur van Zanten (PI)

	
	
	





[bookmark: _Toc231564468]eMethods 1 - Inclusion and exclusion criteria

	Inclusion and exclusion criteria

	Inclusion criteria
	Exclusion criteria

	An out-of-hospital cardiac arrest with return of spontaneous circulation (ROSC);
Ventricular fibrillation (VF) or ventricular tachycardia (VT) as first registered cardiac rhythma; 
Glasgow Coma Scale (GCS) ≤8b.
	Terminal renal insufficiency, i.e. receiving renal replacement therapy (RRT);
Known glucose 6-phosphate dehydrogenase deficiency (risk of hemolysis);
History of urolithiasis, oxalate nephropathy or hemochromatosis;
Treatment limitationsc.

	a If an automated external defibrillator advised to shock, then VF or VT was registered by the device.
b The last GCS-score before the start of sedatives will be used. 
c The presence of treatment limitations will only be assessed at the moment of randomization. 



[bookmark: _Toc231564469]eMethods 2 - Informed consent process
The ethics committee approved to start with study interventions before informed consent was obtained to avoid treatment delay. The legal representative was informed and asked for informed consent (“deferred informed proxy consent”) by the investigator or the treating physician within 72h after ICU-admission. If informed consent could not be obtained within 72h, the patient had to be excluded, and data could no longer be used. If the patient died within 72h after inclusion, prior to the informed consent procedure, the patient was not excluded and data was used (1). The patient was informed about participation in the study, if recovered. The patient was free to fill in a withdrawal form and decide to remove the collected data and body material.

[bookmark: _Toc231564470]eMethods 3 - Withdrawal of life-sustaining treatment
The decision to withdraw or limit life-sustaining treatment was made by a multidisciplinary team, in accordance with Dutch and European guidelines, based on clinical assessment, electroencephalography, somatosensory-evoked potentials, neuron-specific enolase concentrations and/or CT-scan brain. In case of uncertainty about the neurological outcome, treatment was continued and the neurological assessment was repeated at a later time.


[bookmark: _Toc231564471]eMethods 4 - Outcome definitions

0. [bookmark: _Toc231564472]Primary outcome
As published previously in our protocol (2): 

‘The primary endpoint is the delta 96-hour R-sequential organ failure assessment score (ΔSOFA96-baseline): The R-SOFA-score at 96-hours after randomization minus the score after ROSC (baseline R-SOFA-score). ΔSOFA96-0 is, therefore, principally a rank-order endpoint. After correction for baseline organ failure, each patient can fare better, worse or equally well compared to another patient. SOFA-scores are calculated according to the NICE criteria (3). However, the SOFA-score used in the present study is an adjusted SOFA-score, the so-called Resuscitation SOFA (R-SOFA), adjusted to assess the effect of the study intervention on organ dysfunction after cardiac arrest (see next page). In contrast to the classical SOFA-score, for which worst values during a 24-h period are taken, the baseline and T96 SOFA-scores are calculated within a shorter time window. The worst values during the first 24 hours after ICU-admission would not correctly reflect baseline organ dysfunction, as the study intervention which is administered early after ROSC could have influenced the degree of organ failure. 

The adjustments are as follows: 
1. Measurements must be reliable and should reflect the real organ function of the patient in a stable situation and not after an acute intervention. 
a. Measurements should not be taken shortly after a bolus of catecholamines, propofol or other sedatives, or after temporary ventilation with high oxygen fractions. 
2. R-SOFAbaseline: assessment should take place prior to the administration of the first study medication. 
a. The first available bilirubin, platelet counts and creatinine results will be taken, as these values do not change much during the first hours after hospital admission. 
b. The last Glasgow Come Scale (GCS) registered prior to the start of sedatives will be used. 
c. Respiratory and/or hemodynamic parameters will be assessed in a time window of 2 hours prior to the first dose. The worst validated parameters will be used. 
i. If no validated data are available, the first available validated data point after the first dose will be used. It is allowed to extend the time window with a maximum of 2 hours after the first dose has been administered. 
3. R-SOFA96: assessment should take place within a comparable time window of 2 hours (T95-T97).  
a. When bilirubin, platelet count and creatinine are not available within these 2 hours, the nearest value within 24 hours prior to T96 and the nearest value within 24 hours after T96 will be averaged.  
b. The last GCS without sedation prior to T96 will be assessed. 
c. The worst validated respiratory and/or hemodynamic parameters will be used. 
i. If no validated data are available, the time window can be extended to 2 hours before and two hours after T96 (T94-T98).  
d. If a recovered patient is discharged from the ICU within 96-h, the R-SOFA96 will be the R-SOFA-score at ICU-discharge.   
e. Death at 96-hours will be counted as the maximum R-SOFA score (24 points) as a worst-rank solution to informative censoring (4).
4. All SOFA-components must be scored. If this is not possible based on the principles described above, these missing components will be discussed with an independent committee consisting of AdM, PE and SR (coordinating investigators). They will decide which data point(s) can be used to score the organ(s), with our principles being the leading determinants.’




	Resuscitation Sequential Organ Failure Assessment Score (R-SOFA) 

	
	Score

	System
	0
	1
	2
	3
	4

	Respiration

	   PaO2/FiO2, mmHg (kPa)a
	≥400 (53.3)
	<400 (53.3)
	<300 (40)
	<200 (26.7) with respiratory support
	<100 (13.3) with respiratory support
OR
special respiratory support

	Coagulation

	   Platelets, x103/µL
	≥150
	<150
	<100
	<50
	<20

	Liver

	   Bilirubin, mg/dL (µmol/L)
	<1.2 (20)
	1.2-1.9 (20-32)
	2.0-5.9 (33-101)
	6.0-11.9 (102-204)
	>12.0 (204)
OR 
MARS

	Cardiovascular

	
	MAP ≥70 mmHg
	MAP <70 mmHg
	Dopamine <5 mcg/kg/min 
OR 
dobutamine (any dose) OR PDI (any dose)
	Dopamine 5.1-15 mcg/kg/min 
OR 
(nor)adrenaline ≤0.1 mcg/kg/min 
	Dopamine >15 mcg/kg/min
OR
(nor)adrenaline >0.1 
OR 
CAD

	Central nervous system

	   Glasgow Coma Scale score
	15
	13-14
	10-12
	6-9 OR ICP
	<6

	Renal

	   Creatinine, mg/dL (µmol/L)
	<1.2 (110)
	1.2-1.9 (110-170)
	2.0-3.4 (171-299)
	3.5-4.9 (300-440)
	>5.0 (440)
OR
RRT

	Abbreviations: 
Special respiratory support: VV-ECLS, NO-ventilation, Double Lumen Ventilation or Partial Liquid Ventilation
MARS: Molecular Adsorbent Recirculating System
PDI: Phosphodiesterase Inhibitors
CAD: VA-ECLS, IABP, Impella
ICP: Intracranial Pressure monitoring
RRT: Renal Replacement Therapy

aIf a patient is ventilated (also NIV or CPAP) and non-ventilated in the time window concerned, only the ventilated blood gas levels are used (when available).  




0. [bookmark: _Toc231564473]Baseline characteristics and secondary outcomes

	Definitions of important baseline characteristics and secondary outcomes

	Baseline characteristics

	Time from cardiac arrest to initiation of CPR
	In other words ‘delay’. When delay was unknown, delay was missing. When there was no delay, delay was 00:00 min. When delay was known, delay was correctly filled in. 

	Time from cardiac arrest to sustained ROSC
	Duration of CPR to first sustained ROSC was estimated first, based on the information in medical records. Sustained ROSC was defined as having ROSC >20 minutes. Time from cardiac arrest to sustained ROSC was calculated by adding up ‘delay’ and ‘duration of CPR until sustained ROSC’. When ‘delay’ was missing, only ‘duration of CPR until sustained ROSC’ was taken. As becoming clear this characteristic cannot always be seen as ‘total CPR duration’.

	Secondary outcomes

	Daily SOFA-score
	The regular SOFA-score (3) has been used for daily SOFA-scores. See the SPIRIT-figure for the data collection points (2). If patients died or were discharged <96h, the SOFA-score of that specific day was calculated if the day duration was >1h. Diuresis was not used for the Renal SOFA-score if time-window was <24h. 

	Vasopressor- and ventilation-free days up to day 28
	VFD was calculated as 28 minus (last stop date minus start date). When patients died <28 days, VFD was classified as 0. Thus: ‘Free days reflect the time from end of last use of therapy to the end of the period (28 days), alive.’

	ICU-acquired weakness
	Classified as ‘Yes’ if MRC-sum score <48 at day 3, 5 or day 7. 

	Delirium 
	Classified as ‘Yes’ if DOSS-score, ICDCS-score or CAM-ICU (depending on the score used) indicated a delirium at any time (from day 2) during ICU-stay.

	


 

[bookmark: _Toc231564474]eMethods 5 - mITT and full analysis population

Definition of analysis population
The patient populations for the final analyses are defined as follows, with approval of the Data Safety Management Board and the ethics committee.  

Patients for whom deferred consent was not obtained <72 hours were excluded from the study and analyses, except for the safety analysis in which all randomized and treated (at least one dose) patients were followed-up.  Patients who died before consent could be obtained (<72 hours) were not excluded.

‘Full analysis set’
· All patients who met the in- and exclusion criteria, for whom an early administration of the first dose (<5 hours after ROSC) was still feasible, were randomized and treated according to the protocol. 
· Including treated patients, who turned out not to meet all inclusion criteria. 
· Including treated patients, who suddenly fulfilled one of the 3 upper safety exclusion criteria.
· This analysis will contain >270 patients. 

As can be understood from the information above, all randomized patients who received at least one dose (‘treated’) were analyzed in the full analysis set, despite not fulfilling the inclusion criteria or fulfilling the exclusion criteria. These patients have not been subsequently excluded. Further study treatment was terminated, but the patients were followed up according to the protocol.

‘Modified intention-to-treat analysis’ (mITT) – Primary analysis
· All randomized and treated patients 
· Without patients who received the first dose with a delay (>5 hours after ROSC). 
· Without patients who turned out not to be eligible (not fulfilling all inclusion criteria). 
· For this analysis the trial is powered: 270 patients, 90 in each arm. 

For clarification: treated patients who met the inclusion criteria but suddenly fulfilled one of the 3 upper safety exclusion criteria were also included in the primary mITT analysis, but further administration of study medication was terminated.




[bookmark: _Toc231564475]eTable 1. Number of modified intention-to-treat patients ≤66 years and >66 years old 

	[bookmark: _Hlk207192226]eTable 1. Number of modified intention-to-treat patients ≤66 years and >66 years old

	
	Placebo (n= 93)
	3 g vit C (n=91)
	10 g vit C (n = 89)

	≤66 years old
	52
	51
	53

	>66 years old
	41
	40
	36



[bookmark: _Toc231564476]eAppendix 2. Additional analyses
0.2. [bookmark: _Toc231564477]Primary analysis in modified intention-to-treat population

	[bookmark: _Hlk213271509]Rank-order transformed primary outcome in modified intention-to-treat population
	

	

Outcome
	Mean (±SD)
	

p-valuea
	
Est. difference (95% CI) 3 g vs. placebob
	

p-value
	
Est. difference (95% CI) 10 g vs. placebob
	

p-value

	
	Placebo 
(n = 93)
	3 g vit C 
(n = 91)
	10 g vit C  (n = 89)
	
	
	
	
	

	Change in R-SOFA score
	129 (75)
	130 (81)
	152 (79)
	0.044
	4 (-19 – 26) 
	0.75
	26 (4 – 49)
	0.02

	a p-value for the overall difference between groups in the linear mixed model, adjusted for age and baseline R-SOFA score.
b Estimated difference in the linear mixed model, adjusted for age and baseline R-SOFA score.
	


Analysis with rank-order transformed primary outcome.


The primary analysis was adjusted for R-SOFA score at baseline to avoid regression to the mean when using delta scores (per best practice methods and FDA/EMA guidance). This makes the model mathematically equivalent to an analysis of absolute R-SOFA score at T96 as primary endpoint, adjusted for R-SOFA score at baseline. Indeed, the results were the same as the reported primary analysis in the main manuscript.
[bookmark: _Toc231564478]Primary analysis in full analysis population

	Primary outcome in full analysis population
	

	

Outcome
	Mean (±SD)
	

p-valuea
	
Est. difference (95% CI) 3 g vs. placebob
	

p-value
	
Est. difference (95% CI) 10 g vs. placebob
	

p-value

	
	Placebo 
(n = 102)
	3 g vit C 
(n = 95)
	10 g vit C  (n = 94)
	
	
	
	
	

	Change in R-SOFA score
	-3.2 (5.8)
	-1.8 (7.8)
	-0.8 (7.6)
	0.04
	1.5 (-0.5 – 3.4) 
	0.14
	2.5 (0.6 – 4.5)
	0.01

	a p-value for the overall difference between groups in the linear mixed model, adjusted for age and baseline R-SOFA score.
b Estimated difference in the linear mixed model, adjusted for age and baseline R-SOFA score.
	


The same primary mixed model analysis, adjusted for stratification age and baseline R-SOFA score, was performed in the full analysis population. p=0.04 for overall difference. 


[bookmark: _Toc231564479]Adjusted analysis in modified intention-to-treat population

The primary mixed model analysis, adjusted for stratification age, baseline R-SOFA score, time to sustained ROSC and first measured pH. p=0.095 for overall difference.
	Adjusted analysis in modified intention-to-treat population
	

	

Outcome
	Mean (±SD)
	

p-valuea
	
Est. difference (95% CI) 3 g vs. placebob
	

p-value
	
Est. difference (95% CI) 10 g vs. placebob
	

p-value

	
	Placebo 
(n = 93)
	3 g vit C 
(n = 90)
	10 g vit C  (n = 89)
	
	
	
	
	

	Change in R-SOFA score
	-3.2 (5.7)
	-2.2 (7.4)
	-0.8 (7.6)
	0.095
	0.8 (-1.0 – 2.7) 
	0.38
	2.1 (0.2 – 4.0)
	0.03

	a p-value for the overall difference between groups in the linear mixed model, adjusted for age, baseline R-SOFA score, time to sustained ROSC and first measured pH.
b Estimated difference in the linear mixed model, adjusted for age and baseline R-SOFA score.
	



[bookmark: _Toc231564480]Sensitivity analyses in the modified intention-to-treat population

The primary mixed model analysis, adjusted for stratification age and baseline R-SOFA score, performed in the modified intention-to-treat population without patients who died within 96 hours at the ICU. p=0.095 for overall difference.

The number of patients who died within 96 hours at the ICU were 8 in the placebo group, 14 in the 3 g vitamin C group and 17 in the 10 g vitamin C group (see also eTable 6).

	Sensitivity analyses without patients who died within 96 hours at the ICU
	

	

Outcome
	Mean (±SD)
	

p-valuea
	
Est. difference (95% CI) 3 g vs. placebob
	

p-value
	
Est. difference (95% CI) 10 g vs. placebob
	

p-value

	
	Placebo 
(n = 85)
	3 g vit C 
(n = 77)
	10 g vit C  (n = 72)
	
	
	
	
	

	Change in R-SOFA score
	-4.7 (3.0)
	-5.2 (2.7)
	-4.1 (3.1)
	0.095
	-0.2 (-1.1 – 0.6) 
	0.59
	0.7 (-0.2 – 1.6)
	0.11

	a p-value for the overall difference between groups in the linear mixed model, adjusted for age and baseline R-SOFA score.
b Estimated difference in the linear mixed model, adjusted for age and baseline R-SOFA score
	





The primary mixed model analysis, adjusted for stratification age and baseline R-SOFA score, performed in the modified intention-to-treat population without patients whose treatment was discontinued prematurely. 
Placebo patients kept included. p=0.02 for overall difference.
	Sensitivity analyses without patients whose treatment was discontinued prematurely (placebo patients kept included)
	

	

Outcome
	Mean (±SD)
	

p-valuea
	
Est. difference (95% CI) 3 g vs. placebob
	

p-value
	
Est. difference (95% CI) 10 g vs. placebob
	

p-value

	
	Placebo 
(n = 93)
	3 g vit C 
(n = 84)
	10 g vit C  (n = 85)
	
	
	
	
	

	Change in R-SOFA score
	-3.2 (5.7)
	-2.3 (7.5)
	-0.5 (7.6)
	0.02
	0.9 (-1.2 – 2.9) 
	0.40
	2.8 (0.7 – 4.8) 
	0.01

	a p-value for the overall difference between groups in the linear mixed model, adjusted for age and baseline R-SOFA score.
b Estimated difference in the linear mixed model, adjusted for age and baseline R-SOFA score.
	





The primary mixed model analysis, adjusted for stratification age and baseline R-SOFA score, performed in the modified intention-to-treat population without patients whose treatment was discontinued prematurely. 
	Sensitivity analyses without patients whose treatment was discontinued prematurely (placebo patients excluded)
	

	

Outcome
	Mean (±SD)
	

p-valuea
	
Est. difference (95% CI) 3 g vs. placebob
	

p-value
	
Est. difference (95% CI) 10 g vs. placebob
	

p-value

	
	Placebo 
(n = 83)
	3 g vit C 
(n = 84)
	10 g vit C  (n = 85)
	
	
	
	
	

	Change in R-SOFA score
	-2.9 (6.0)
	-2.3 (7.5)
	-0.5 (7.6)
	0.05
	0.6 (-1.5 – 2.7) 
	0.59
	2.5 (0.4 – 4.6) 
	0.02

	a p-value for the overall difference between groups in the linear mixed model, adjusted for age and baseline R-SOFA score.
b Estimated difference in the linear mixed model, adjusted for age and baseline R-SOFA score.
	


Placebo patients excluded. p=0.05 for overall difference.

[bookmark: _Toc231564481]Subgroup analyses modified intention-to-treat population

1. Interaction term with first measured pH was not significant (p=0.55).
2. Subgroup analyses suggested a heterogeneous treatment effect according to age (p=0.03 for interaction). 

	Subgroup analyses in modified intention-to-treat population – interaction term with age 
	

	
Outcome
	Estimate (95% CI) interaction  age*3 g vs. placeboa
	
p-value
	Estimate (95% CI)  interaction age*10 g vs. placeboa
	
p-value

	Change in R-SOFA score  
	0.17 (0.01-0.3)
	0.04
	0.19 (0.04 – 0.3) 
	0.02

	a Estimates in the linear mixed model, adjusted for age, baseline R-SOFA score and interaction age*randomization group.
	





[bookmark: _Toc231564482]eTable 2. Number of patients analyzed for each secondary endpoint in modified intention-to-treat population

	eTable 2. Number of patients analyzed for each secondary endpoint in modified intention-to-treat population

	
Outcome
	
Placebo
 (n = 93)
	
3 g vit C 
(n = 91)
	
10 g vit C
(n = 89)

	Daily SOFA score

	     Day 1
	93
	91
	89

	     Day 2
	88
	85
	85

	     Day 3
	68
	62
	63

	     Day 4
	49
	39
	49

	Neuron-specific enolasea

	     48 hours
	32
	27
	31

	     72 hours
	23
	19
	24

	Maximum Glasgow Coma Scale at ICU-discharge
	68
	66
	52

	Hs Troponin T
	90
	89
	88

	CK-MB
	65
	68
	67

	Vasopressor durationb
	82
	82
	73

	Vasopressor-free days up to day 28b
	82
	82
	73

	Ventilation durationb
	82
	82
	73

	Ventilation-free days up to day 28b
	82
	82
	73

	Creatinine

	     Day 1
	93
	91
	89

	     Day 2
	88
	85
	85

	     Day 3
	68
	62
	63

	     Day 4
	49
	39
	49

	Need of renal replacement therapyc 
	86
	83
	78

	C-reactive protein 

	     Day 1
	93
	91
	89

	     Day 2
	88
	85
	84

	     Day 3
	67
	62
	62

	     Day 4
	48
	38
	49

	     Day 5
	36
	22
	38

	ICU-acquired weakness 
	11
	8
	7

	Delirium 
	54
	51
	47

	Length of stay 

	     In ICUd
	90
	90
	78

	     In hospitald
	70
	77
	66

	Mortality day 28 
	93
	91 
	88

	Mortality day 180
	93
	91
	88

	a In Erasmus MC NSE was only measured in case of poor neurological condition.
b Patients who were transferred during ICU-stay to another ICU were excluded, as stop dates or restart dates were unknown. We only had consent to obtain the primary endpoint in case of transfer. 
c Missing in case of ICU-ICU transfer, unless already classified as ‘Yes’ or unless new data became available during a primary endpoint follow-up. 
d For transferred patients data was missing most of the times. 



Vitamin C plasma concentrations, measurements of oxidative stress in plasma, and oxalate and creatinine analysis of urine samples only took place in the coordinating center Amsterdam UMC, because it was logistically not feasible in the other participating centers. These outcomes will be reported in a separate manuscript.

[bookmark: _Toc231564483]eTable 3. Neurological outcome 
	eTable 3a. Neurological outcome day 28

	Variable
	No. (%)

	
	Placebo
	3 g vit C
	10 g vit C

	Modified Ranking scale score at 28 days follow-up

	Total no. of patientsa 
	85
	82
	81

	Score 

	   0
	11 (13)
	7 (9)
	6 (7)

	   1
	2 (2)
	9 (11)
	3 (4)

	   2
	15 (18)
	17 (21)
	18 (22)

	   3
	24 (28)
	12 (15)
	14 (17)

	   4
	5 (6)
	8 (10)
	2 (2)

	   5
	6 (7)
	4 (5)
	10 (12)

	   6
	22 (26)
	25 (30)
	28 (35)

	Favorable neurological outcome
	28 (33)
	33 (40)
	27 (33)

	OR (95% CI) vitamin C versus placebo
	
	1.4 (0.7 – 2.8)
	1.0 (0.5 – 2.0)

	Cerebral Performance Categories score at 28 days follow up

	Total no. of patientsa 
	84
	81
	79

	Score

	   1
	38 (45)
	35 (43)
	28 (35)

	   2
	22 (26)
	19 (23)
	15 (19)

	   3
	2 (2)
	2 (2)
	7 (9)

	   4
	0 (0)
	0 (0)
	1 (1)

	   5
	22 (26)
	25 (31)
	28 (35)

	Favorable neurological outcome 
	60 (71)
	54 (67)
	43 (54)

	OR (95% CI) vitamin C versus placebo
	
	0.8 (0.4 – 1.5)
	0.4 (0.2 – 0.9)

	A favorable neurologic outcome was defined as a Cerebral Performance Category score of 1 or 2 on a scale of 1 to 5, and a Modified Rankin Score-9Q of 0 to 2 on a scale of 0 to 6, with higher scores indicating more severe disability.
a Four patients were still on the ICU at day 28, in whom a mRS-score could be assessed, but a CPC-score not. 


 

	eTable 3b. Neurological outcome day 180

	
	No. (%)

	Variable
	Placebo
	3 g vit C
	10 g  vit C

	Modified Ranking scale score at 180 days follow-up

	Total no. of patients 
	84
	74
	76

	Score 

	   0
	31 (37)
	24 (32)
	18 (24)

	   1
	10 (12)
	10 (14)
	8 (11)

	   2
	8 (10)
	9 (12)
	10 (13)

	   3
	8 (10)
	4 (5)
	6 (8)

	   4
	1 (1)
	1 (1)
	1 (1)

	   5
	0 (0)
	0 (0)
	1 (1)

	   6
	26 (31)
	26 (35)
	32 (42)

	Favorable neurological outcome 
	49 (58)
	43 (58)
	36 (47)

	OR (95% CI) vitamin C versus placebo
	
	0.9 (0.5 – 1.8)
	0.6 (0.3 – 1.1)

	Cerebral Performance Categories at 180 days follow-up

	Total no. of patients 
	84
	74
	76

	Score 

	   1
	48 (57)
	40 (54)
	36 (47)

	   2
	10 (12)
	7 (9)
	6 (8)

	   3
	0 (0)
	1 (1)
	2 (3)

	   4
	0 (0)
	0 (0)
	0 (0)

	   5
	26 (31)
	26 (35)
	32 (42)

	Favorable neurological outcome
	58 (69)
	47 (64)
	42 (55)

	OR (95% CI) vitamin C versus placebo
	
	0.7 (0.3 – 1.4)
	0.5 (0.2 – 0.9)

	Health Utilities Index-Mark III at 180 days, median [IQR]
	0.90 [0 – 0.97]
	0.83 [0 – 0.98]
	0.63 [0 – 0.97]

	Total no. of patients 
	84
	74
	75

	Difference (95% CI) vitamin C versus placebo
	
	-0.04 (-0.20 – 0.11)
	-0.14 (-0.29 – 0.02)

	A favorable neurologic outcome was defined as a Cerebral Performance Category score of 1 or 2 on a scale of 1 to 5, and a Modified Rankin Score-9Q of 0 to 2 on a scale of 0 to 6, with higher scores indicating more severe disability.
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Cerebral performance categories scale (CPC) shown by treatment arm. CPC ranges from CPC 1 (good cerebral performance) to CPC 5 (brain death).
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All randomized and treated (at least one dose) patients were followed-up for safety analyses (full analysis population and post-randomization excluded patients combined). Total n=368.

Following approval by the ethics committee, Serious Adverse Events (SAEs) were collected after treatment initiation up to day 28 post-randomization or, if applicable earlier, up to exclusion or up to ICU-transfer. Therefore, in some cases new clinical information became available during primary endpoint follow-up, during re-transfer or when day 28 questionnaires were carried out. This explains the slightly higher numbers for mortality at day 28 below, and RRT in the secondary outcome table. 

	eTable 4. Serious Adverse Events 

	
SAEs
	Placebo
 (incl | excl)
	3 g vit C
 (incl | excl)
	10 g vit C  
 (incl | excl)

	Total no. of patients
	102
	19
	95
	30
	94
	28

	     Death
	21
	0
	21
	1
	29
	2

	     In-hospital cardiac arrest
	6
	1
	8
	1
	7
	0

	     RRT/dialysis
	1
	0
	3
	0
	7
	0

	     Mechanical circulatory supp.
	2
	0
	2
	0
	4
	0

	     Prone position ventilation
	3
	1
	3
	2
	4
	0

	     New acute coronary syndrome
	3
	0
	0
	1
	4
	0

	     New liver failure
	2
	0
	0
	0
	1
	0

	     New stroke
	1
	0
	0
	0
	1
	0

	     Other SAE
	2
	0
	4
	0
	2
	0

	SUSARs
	0
	0
	0

	Mortality day 28a
	23/100 (23%)
	28/95 (29%)
	30/93 (32%)

	Mortality day 180a
	27/100 (27%)
	29/95 (31%)
	34/93 (37%)

	Abbreviations: SAE: serious adverse events; SUSAR: suspected unexpected severe adverse reaction.
aOnly for included patients. For 3 patients mortality data were missing. 
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	eTable 5. Number of modified intention-to-treat patients transferred to another ICU/hospital

	Transfer
	Placebo (n= 93)
	3 g vit C (n=91)
	10 g vit C (n = 89)

	ICU within 96 hours
	10
	8
	6

	     Treatment discontinued
	10
	6
	4

	ICU-ICU in total 
	11
	9
	16

	ICU-ward
	12
	12
	8

	Ward-ward
	6
	4
	6
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	[bookmark: _Hlk228794326]eTable 6. Number of modified intention-to-treat patients who died

	Timing
	Placebo
	3 g vit C
	10 g vit C

	At 96 hours (primary outcome)
	8/93 (8.6%)
	14/91 (15.4%)
	17/89 (19.1%)

	     Timinga, mean (SD), days
	1.4 (1.1)
	2.1 (1.0)
	2.0 (0.9)

	ICU
	20/93 (21.5%)
	23/91 (25.3%)
	26/87 (29.9%)b

	Hospital 
	22/93 (23.7%)
	25/91 (27.5%)
	29/87 (33.3%)b

	Day 28
	22/93 (23.7%)
	25/91 (27.5%)
	28/88 (31.8%)c

	Day 180
	26/93 (28.0%)
	26/91 (28.6%)
	32/88 (36.4%)c

	aTime between ICU-admission and death, among those patients who died within 96 hours.
bDue to transfer to another hospital, data was missing in a few patients.
cOne patient was transferred to another country, leading to missing data.


[bookmark: _Toc231564488]eFigure 2. Survival functions of modified intention-to-treat patients
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Amsterdam, July 23th 2025

Dear members of the VITaCCA data safety monitoring board,				

On July 15th, 2025, the Castor eCRF database of the VITaCCA-trial has been locked and archived. On July 16th the trial pharmacy sent us the blinded randomization list, in which intervention A, B and C are assigned to the participants. We would like to inform you about the primary analyses of the blinded data. Attached are the statistical analysis plan (SAP) and the performed analyses.

Methods (according to the SAP)
The difference in the primary endpoint (ΔR-SOFA96h-baseline score) between the randomization groups was analyzed using a linear mixed model, with a random intercept for site and fixed effect covariate adjustments for baseline SOFA score and the stratification variable age. When the residuals were not normally distributed the outcome was to be transformed.

Results
In the modified intention-to-treat population (prespecified as the primary analysis population), consisting of 273 participants, intervention A:B:C was allocated in a ratio of 89:93:91, respectively. The mean delta SOFA-score at T96 is -0.8 (7.6), -3.2 (5.7) and -2.3 (7.4) in group A, B and C respectively. The test of whether the primary endpoint differed by randomization group resulted in a p-value of 0.045. This finding remained essentially unchanged when the primary endpoint was rank-transformed because of bimodally distributed model residuals (p = 0.044). When comparing the different intervention groups, group A had a higher (worse) score than group B (estimate 2.5 (SE 1.0), p = 0.014), and a higher (worse) score than group C (estimate 1.6 (SE 1.0), p=0.118), whereas the outcomes between groups B and C did not differ in a meaningful way. We note that the effect size deemed relevant in the trial design phase and power calculation (2 SOFA points) was exceeded in the A vs. B comparison, as well as in A vs. B+C (combined) comparison. 

Interpretation of primary findings
These findings show that randomized group allocation likely affected the primary outcome. Group A seemed to do worse than groups B and C, with an effect size and statistical certainty that may be clinically meaningful. However, these findings can only be properly interpreted in the context of biological rationale (dose-response effect) and previous evidence. If intervention A turns out to be placebo, the results points towards a beneficial treatment effect of vitamin C. If intervention A turns out to be high dose vitamin C, the results points towards a harmful effect of the supra-normal dosing strategy. If intervention A turns out to be repletion-dose vitamin C, the interpretation of the results is less clear. 

Next steps
We will ask the trial pharmacy to provide the randomization group key in order to de-blind the results, after which we will continue with the full analysis as specified in the protocol and SAP, as well as the preparation of the trial’s main manuscript. 

Kind regards, 
Sander Rozemeijer
Harm-Jan de Grooth
Jos Twisk
Angélique de Man
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