11.3 Intravenous Vitamin C Supplementation Nov 2021

Question: Does IV Vitamin C supplementation result in improved clinical outcomes in critically ill patients?

Summary of evidence: There was 3 level 1studies (Zabet 2016, Zhang 2021, Servanskly 2021) and 12 level 2 studies (Nathens 2002,
Razmkon 2011, Fowler 2014, Fowler 2019, Fujii 2020, Chang 2020, Hwang 2020, Iglesias 2020, Lv 2020, Mohamed 2020, Moskowitz 2020
and Wani 2020) that examined IV Vitamin C (ascorbic acid) supplementation either alone (Razmkon 2011, Fowler 2014, Zabet 2016, Fowler
2019, Lv 2020. Zhang 2021); in combination with hydrocortisone with or without thiamine (Fujii 2020, Chang 2020, Hwang 2020, Iglesias
2020, Mohamed 2020, Moskowitz 2020, Wani 2020 and Servansky 2021) or with a-tocopherol (Nathens 2002).

In the studies of Vitamin C alone, one study compared a daily dose of 24 gms/day (12 gms 12 hrs) to sterile water (Zhang 2021); one
compared a low dose of 500 mg/day to high dose of 10 gms/day X 2 days followed by 4 gms/day for 3 days to Vitamin E (intramuscular)
and placebo (Razmkon 2011); one compared a dose of 50 mg/kg/day to a higher dose of 200 mg/kg/day and 5% dextrose (Fowler 2014);
one compared a dose of 200 mg/kg/day (50 mg/kg every 6 hrs) to dextrose (Fowler 2019); one compared 100 mg/kg/day (25 mg/kg/d Vit C

every 6 hrs) to 5% dextrose (Zabet 2016), and one compared 3g of Vitamin C (BD) dissolved into 5% dextrose vs 5% dextrose as placebo.

In the combination studies, 6000 mg Vitamin C (1500 mg g6 hrs) was combined with 50 mg hydrocortisone g6 hrs and thiamin 200 mg q12
hrs (or 100 mg q 6hrs) (Chang 2020, Fujii 2020, Iglesias 2020, Mohamed 2020, Moskowitz 2020, Wani 2020, Sevransky 2021) or thiamin
200 mg g12 hrs only (Hwang 2020) and in one study 1000 mg Vitamin C was administered along with 1000 IU a-tocopherol q8hrs (Nathens
2002). While in majority of the studies, the control group received either normal saline, dextrose, hydrocortisone or nothing (usual care), two
studies did not specify what the placebos were (Razmkon 2011, Sevransky 2021). The duration of the interventions varied across studies

and is outlined in table 1.



Table showing daily doses of vitamin C

Study Vit C given in mg/day
(using 70 kg weight) but did not account for duration
Zhang 2021 24000
Razmkon 2011 Low dose: 500
High dose: 10,000 (day 1 and 4) to 4000 (day 5,6,7)
Fowler 2014 Low dose: 3500
High dose: 14,000
Fowler 2019 14,000
Zabet 2016, Hwang 2020 7,000
Chang 2020, Fuijii 2020, Iglesias 2021, Lv 2020, Mohamed 2020, 6000
Moskowitz 2020, Wani 2020, Sevransky 2021
Nathens 2002 3000

Mortality: When the data from all the studies were aggregated (12 studies reported on either 28 day or 30 day mortality, 3 studies reported
on hospital mortality), vitamin C supplementation was associated with a trend towards a reduction in overall mortality (RR 0.87, 95% CI
0.75, 1.00, p=0.06, test for heterogeneity I2=6%; figure 1). Vitamin C supplementation had no effect on ICU mortality (RR 0.96, 95% CI 0.76,
1.21, p=0.72, test for heterogeneity I2=0; figure 2) or hospital mortality (RR 0.99, 95% CI 0.78, 1.25, p=0.94, test for heterogeneity I2=0;

figure 3). For the two studies that compared high dose to low dose vitamin C to placebo (Fowler 2014, Razmkon 2011), the mortality data

from both intervention groups was combined in these analyses.

Mortality subgroup analyses (see figures in attached document)
1. Sepsis vs. non sepsis trials:
a. Overall mortality: There was no difference in the effect of vitamin C supplementation in the trials of patients with sepsis (RR
0.87, 95% CI 0.74, 1.03, p=0.11, test for heterogeneity I2=20%; figure 4) from the three non-sepsis trials when aggregated (RR
0.76, 95% 0.46, 1.27, p=0.30, test for heterogeneity I2=0%; figure 4) as the test for subgroup differences between the sepsis and

non sepsis studies was not significant, p=0.62; figure 4.



2. High Dose Vit C (210,000 mg/day) vs. low dose Vit C (<10,000 mg/day)
For this analysis, the data from high vs. low dose Vit C groups from Fowler 2014 and Razmkon 2011 were reported separately under
each subgroup.
a. Overall mortality: High dose vitamin C supplementation (210,000 mg/day) was associated with a significant reduction in
overall mortality (RR =0.70, 95% CI 0.52, 0.96, p=0.03, test for heterogeneity 1°=0%; figure 5) whereas low dose vitamin C
(<10,000 mg/day) had no effect (RR 0.92, 95% CI 0.79, 1.07, p=0.26, test for heterogeneity 1°=0%; figure 5). There was a
trend towards significant for the test for subgroup differences between high dose and low dose subgroups (p=0.14), with

moderate heterogeneity (1>=55.1%; figure 5).

3. Monotherapy (Vit C alone) vs. Combination therapy (Vit C, Thiamine and Hydrocortisone)
Data from the Nathens 2002 study was not included in the combination therapy subgroup as it evaluated Vit C plus a-tocopherol.

a. Overall mortality: Vitamin C supplementation given alone (monotherapy) was associated with a significant reduction in
overall mortality (RR 0.64, 95% Cl 0.49, 0.83, p=0.0006, test for heterogeneity 1°=0%; figure 6) while there was no effect on
overall mortality in the studies of Vit C in combination with thiamine and hydrocortisone (RR 1.00, 95% CI 0.85, 1.18, p=0.99,
test for heterogeneity 1°=0%; figure 6). Test for subgroup differences was significant, p=0.004 but there was high level of

heterogeneity (1°=87.9%; figure 6)

Infections: Only 3 studies reported on new infections (Nathens 2002, Chang 2020, Mohamed 2020) and there were no differences between

the groups receiving vitamin C supplementation or placebo/none in either of these trials.



Length of Stay: All the studies reported on varying outcomes related to length of stay. Only few reported on the mean and standard
deviation ICU length of stay (Zabet 2016, Mohamed 2020, Hwang 2020, Iglesias 2020 and Zhang 2021) and hospital length of stay
(Mohamed 2020, Iglesias 2020, Wani 2020 and Zhang 2021). When these data were aggregated, vitamin C supplementation had no effect

on ICU length of stay (WMD 0.41, 95% CI -1.32, 2.13, p=0.64, test for heterogeneity I2=27%) or hospital length of stay (WMD 1.26, 95% CI
-0.85, 3.37, p=0.24, test for heterogeneity I2=21%) see figures 7 and 8. Razmkon et al 2011 reported a non-significantly higher hospital

length of stay in the placebo group compared with the other groups (p = 0.08) but data was not shown. All other studies reported no

significant differences in the length of stay outcomes between the groups.

Duration of ventilation: Fowler et al 2019 reported a trend towards an increase in mechanical ventilator free days in the vitamin C
supplemented group vs. placebo (13.1 vs. 10.6; p=0.15). There were no significant differences in ventilator free days, duration of ventilation

or ventilation and vasopressor free days between the groups in any of the other studies.

Duration of Vasopressor Use: The effects of vitamin C on vasopressor use were not statistically aggregated due to varying methods of
reporting. Three studies reported a significant reduction in the time to alive and free of vasopressors (Iglesias 2020 p<0.001), duration of
vasopressors (Wani 2020 p=0.01, Zabet 2016 p=0.007, Lv 2020 p=0.001) or mean dose of vasopressors (Zabet 2016, p=0.004) in the
Vitamin C supplemented groups compared to placebo/control. Fowler (2019) reported a trend towards a reduction in vasopressor free days
in the vitamin C supplemented groups. In the remaining trials, no significant differences between the groups observed or this outcome

measure was not reported.

Organ dysfunction: Different methods of reporting the impact of vitamin C precluded the statistical aggregation of this important secondary
outcome. Nevertheless, a significant reduction in SOFA scores was reported in the Vitamin C supplemented groups compared to
placebo/control in four trials (Nathens 2002 p<0.04, Fowler 2014 p<0.05; Fujii 2020 p=0.02; Chang 2020 p=0.02) while four trials reported
a trend towards a reduction in SOFA scores in the intervention groups (Iglesias 2020, p=0.10; Moskowitz 2020, p=0.12; Wani 2020, p=0.20;
and Sevransky 2021, p=0.10:). There were no statistically significant differences in SOFA score changes in three trials (Fowler 2019, Hwang
2020, Mohamed 2020, Zhang 2021).



Safety: No RCT reported an increase in safety issues in the vitamin C group. Specifically, there were no reports of increased hemolysis,
kidney stones or severe hypoglycemia.

Conclusions:
In Critically ill patients, IV vitamin C...

1. may be associated with lower overall mortality but has no effect on ICU or hospital mortality. The beneficial
treatment effect may be greater with the use of high-dose vitamin C used alone (not in combination with
thiamine or corticosteroids).

has no effect on ICU, hospital LOS or ventilation outcomes in critically ill patients.

may facilitate faster resolution of shock or less use of vasopressor but the heterogeneous nature of the data
and conflicting results preclude firm conclusions.

4. may have a positive impact on the resolution of SOFA scores

5. appears to be safe.

wnN

Level 1 study: if all of the following are fulfilled: concealed randomization, blinded outcome adjudication and an intention to
treat analysis.

Level 2 study: If any one of the above characteristics are unfulfilled.



Table 1. Randomized studies evaluating vitamin C in critically ill patients

. Methods . . 0 Infections #
Study Population (score) Intervention Mortality # (%) (%)t
1) Nathens Intervention vs.
2002 i .
00 IV ascorbic acid (1000 mg in 100 Intervention vs. standard of care standard of
mL D5W) every 8 28 day care
C.Random: not 4/301 (1%) vs. 7/294 (2%) 36/301 (12%)
General hours + a-tocopherol (1000 IU)
rgical/traum sure very 8 hours via naso- or IcU vs. 441294
surgicariama ITT: no o | 31301 (1%) vs. 91294 (3%) (15%)
ICU patients —_ orogastric tube for duration of ICU .
N=595 Blinding: no stay, maximum 28 days vs Hospital
) y ySVS. 51301 (2%) vs. 91294 (3%)
standard of care.
4) Razmkon Low dose vs high dose vs. Vit E vs.
2011 IV low dose ascorbic acid (500 placebo
mg/day) for 7 days Hospital
. vs. IV high dose ascorbic acid (10 7126 (26.9%) vs 7/23 (30.4%) vs. 4/24
Severe head C.Random: no . _
. . gms on admission day and day 4 (16.7%) vs. 8/27 (29.7%), p=NR
injury patients ITT: yes iy
N=100 Blindina: double plus 4g/d X 3 remaining days) 60 day
Two centres ?8) vs. Vitamin E (400 U/day) 8/26 (30.8%) vs. 7/23 (30.4%) vs. 5/24
intramuscularly X 7 days vs. (20.8%) vs. 8/27 (29.7%), p=NR NR
placebo 6 month
9/26 (34.6%) vs. 7/23 (30.4%) vs. 6/24 (25%)
vs. 8/27 (29.7%), p=NR
2) Fowler C.Random: yes IV low dose ascorbic acid (50 Low dose vs. high dose vs. placebo
2014 Septic patients ITT: no mg/kg/day) vs IV high dose 28-day AR
N=26 Blinding: double | ascorbic acid (200 mg/kg/day) vs | 3/8 (38.1%) vs. 4/8 (50.6%) vs. 5/8 (62.5)%,
(7) placebo (5% dextrose in water). p=NR




3) Zabet 2016 Surgical ICU C.Random: yes
patients with ITT: yes Intervention vs. placebo
septic shock Blinding: double | IV ascorbic acid (25 mg/kg q6h) for P
requiring (12) 72h vs IV placebo (5% dextrose) 28 day NR
2/14 (14%) vs. 9/14 (64%) =0.009
Vasopressors
N=28
%fgwler ICU patients with C. Randf)m: yes; | IV ascorblc acid (50 mg/kg actual .
sepsis and ARDS ITT: no body weight, every 6 hrs for 96 hrs) Intervention vs placebo
N=170 Blinding: double | vs. dextrose 5% in water alone (50 28-day NR
, (10) mg/kg actual body weight, every 6 25/84 (29.8%) vs. 38/82 (46.3%); p=0.03
Multicentre, n=7
hrs for 96 hrs)
6) Fujii 2020 ICU patients with C.Random: yes Intervention vs. control
ITT: no
shock L ICU
N=216 Blinding: no 211107(19.6%) vs. 19/104 (18.3%)
e 8) IV ascorbic acid (1500 mg g6 e e
Multicentre, n=10 . p=0.80
hour), hydrocortisone (50mg .
q6hrs) and thiamine (200mg q12 Hospital
0, 0,
hrs) vs. IV hydrocortisone (50mg 25107 (23.4 Aa)zvg .6201/1 03 (20.4%) NR
g6hrs) alone with thiamine as per 28 d.ay
usual care. Given until resolution of 220106 (22.6 %) vs. 21/103 (20.4%)
shock or up to 10 days. _
p=0.69
90 day
30/105 (28.6%) vs. 25/102 (24.5%), p=0.51
Z%gohang ICU patients with | C.Random: no IV ascorbic acid (15(.)0 mg g6 hrs Intervention vs. placebo Intervention vs.
. for 4 days), hydrocortisone (50 mg laceb
septic shock ITT: yes 6 hrs for 7 days, and thiamine 28-day e
N=80 Blinding: single | .} ¥e . 11/40 (27.5%) vs. 14/40 (35%); p=0.47 Number of new
Single cenfre (10) (200 mg q12hrs for 4 days) or until infections
9 ICU discharge for all vs. same 1/40 (2.5%) vs.
volume of normal saline for 4 days 0/40 p=NS

or until ICU discharge




8) Hwang

C.Random: yes

Intervention vs. placebo

2020 T ICU
, . :Nno . 0\ e
Patients admitted Blinding: double | IV ascorbic acid (50 mg/kg) and 7146 (15.2%) vs. 7/5.2 (13.5%), p=0.80
from Emergency (11) thiamine (200 mg) infused over 60 Hospital
with septic shock. . 9 13/53 (24.5%) vs.11/58 (19%); p=0.48 NR
N=116 minutes every 12 hrs for 48 hrs vs. 28 day
Multicentre, n=4 same volume of normal saline 11/53 (20.8%) vs. 9/58 (15.5%), p=0.47
90 day
17153 (32.1%) vs.16/58 (27.6), p=0.61
9) Iglesias ICU patients with | C.Random: yes IV ascorbic acid (1500 mg Intervention vs. placebo
2020 sepsis or septic ITT: no g6hrs), hydrocortisone (50 mg ICU
shock. Blinding: double | g6hrs) & thiamine (200 mg q12hrs) 6/68 (9%) vs. 10/69 (14%), p=0.30 NR
N=140 9) vs. normal saline, both started Hospital
Multicentre, n=2 within 10 hrs and given for 4 days 11/68 (16%) vs. 13/69 (19.4%), p=0.60
_ — . —
10) Lv 2020 ICU patients with C.Random: No | IV 3.0 g vitamin C dissolved into 5% .
sensis ITT: Yes dextrose vs 5% dextrose as placebo Intervention vs. placebo
n-F1)17 Blinding: No (both given 100 miftime, 2 28-day NR
, (8) times/day), started from ICU 15/61 (24.6%) vs. 24/56 (42.9%), p=0.002
Single-center L . .
admission until ICU discharge
11) Mohamed IV hydrocortisone (50 mg every 6 Intervention
2020 C.Random: hours), vitamin C (AA) (1.5 g every vs. placebo
ICU pa!hents with Y‘_as 6 hours;l mfgsed over 60 minutes), Intervention vs. Standard of care Mulpdrug
septic shock ITT: No and thiamine (200 mg every 12 All-cause mortality resistant
n=90 Blinding: no hours) for 4 days, with the first N o bacteria
Single-center (6) doses of the drugs administered 26145 (57.8%) vs 25/45 (55.6%), p=NS 25/352(2/54'2%)
within 6 hours of onset of septic 0
: : (55.5%)
shock/ admission vs routine care
12) ICU patients with | C.Random: yes IV ascorbic acid (1500 mg), Intervention vs. placebo
Moskowitz septic shock. ITT: no hydrocortisone (50 mg), & ICU \R
2020 N=205, Blinding: double |  thiamine (100 mg) vs. normal 23/101 (22.7%) vs. 20/99 (20.2%), p=0.69

Multicentre, n=14

(10)

saline, both started within 24 hrs q6

Hospital




hrs for 4 days or until ICU discharge

28/101 (27.7%) vs. 23/99 (23.2%), p=0.55
30 day
35/101 (34.7%) vs. 29/99 (29.3%), p=0.26

13) Wani Critically ill C.Random:yes | IV ascorbic acid (1500 mg every 6 Intervention vs. none
2020 patients with ITT: yes hrs for 4 days), hydrocortisone (50 Hospital
sepsis and septic Blinding: no mg every 6 hrs for 7 days) and 12/50 (24%) vs. 14/50 (28%); p=0.82
shock (11) thiamine (200 mg every 12 hrs for 30 day NR
N=100 4 days) or until hospital discharge 20/50 (40%) vs. 21/50 (42%), p=1.0
Single centre for all vs. none. Started within 24
hrs.
14) Zhang Intervention vs. placebo
2021 N ICU
Critically ill
. . 6/27 (22.2%) vs, 11/29 (37.9%); p=0.20
diagnosed with . )
severe COVID-19 C.Random: yes Hospital
ITT: yes IV Ascorbic acid (12 gms q 12 hrs) 6/27 (22.2%) vs, 11/29 (37.9%); p=0.20
related . ;
neumonia Blinding: double X7 days vs. sterile water 28 day
P (12) 6/27 (22.2%) vs. 10/29 (34.5%), p=0.31
N=56 : NR
Multicentre, N=3 ICU mortality
’ (in subgroup SOFA 2 3)
5/27(21.7%) vs. 11/29 (52.4%), p=0.04
15) Older adults with Intervention vs. placebo
Sevransky acute respiratory/ ICU
2021 ijr;’s'?t‘]’sstfgr'fr CRandom: veg |V @scorbic acid (1500 mo), 521252 (20.6%) vs. 49249 (19.7%)
expected to be in ' T elsy hydrocortisone (50 mg), & difference (95%Cl) 0.9 (-8.0, 6.1), p=0.79
ICU Blindin .'ydouble thiamine (100 mg) vs. matching 30 day (all cause)
N=501 g placebos, g6 hrs for 4 days or until 56/252 (22%) vs. 60/249 (24%); p=0.16 NR

Multicentre, N=43

(13)

ICU discharge, both

180 day
102/252 (40.5%) vs. 94/249 (37.8%)
difference (95%Cl) 2.7 (-11.3, 5.8); p=0.53




Table 1. Randomized studies evaluating vitamin C in critically ill patients (continued)

Study LOS days Ventilator free days Other Outcomes
1) Nathens Intervention vs. standard of care
2002 Intervention vs. standard of care Vasopressors not reported
ICU Intervention vs. standard of care AEs: not reported.
Mean 5.3 vs. 6.4 Mean 3.7 vs. 4.6 Multiple organ failure was significantly less likely to occurred
Hospital in the intervention arm than control group (RR 0.43, 95% ClI
Mean 14.6 vs. 15.1 [0.19 - 0.96],p=0.04)
2) Razmkon Hospital LOS non significantly more NR Low dose vs. high dose vs. Vit E vs. placebo
2011 prolonged in the placebo group compared Glasgow Outcomes Scale (GOS): At discharge and follow-
with the other groups, which experienced up were significantly better for the vitamin E group patients (p
a shorter (although not significantly) =0.04)
hospitalization (p = .08). Perilesional edema: Only high-dose vitamin C stabilized or
Mean hospital LOS 15.2 +4.3 days reduced the diameter of perilesional hypodense region in
subsequent days in 68% of patients (p =0 .01).
AEs: No adverse events reported
3) Fowler Low dose vs. High dose vs. Placebo
2014 Days on Pressors: 2.1(1-6) vs. 3.6 (2-8) vs. 3.9 (1-10);
Low dose vs. High dose vs. placebo Low dose vs. High dose vs. placebo | p:NR
ICU 8.1 (1-19) vs. 9.1 (2-25) vs.11 (2-25) | 8.4 (0-22) vs. 4.8 (0-19) vs. 7.6 (0-23) | SOFA score change day 0 to 4: -0.020 vs. -0.043 vs. 0.003
p=NR p=NR High vs placebo p<0.01
High and low dose vs. non-zero slope (p<0.05)
AEs: No adverse events reported
4) Zabet Intervention vs. placebo
2016 Intervention vs. placebo Intervention vs. placebo Mean dose of norepi (mcg/min) during 72h study period:
IcU. in dallys In hrs 7D.44 :- 3.65 vs. 13.79:'6.48, pt=0t.004( s, SD)
’ _ 36.63 + 16.11 vs. 46.78 + 10.11, p=0.5 uration or norepi administration (mean hrs, :
21.45+10.23 vs. 20.57 + 13.04, p=0.85 P | 49.64+25.67 vs, 71.57+1.60, p=0.007
AEs: No adverse events reported
5) Fowler Intervention vs. placebo Intervention vs. placebo Intervention vs placebo
2019 ICU 28 free days 13.1vs. 10.6 days: p=0.15 mSOFA score from baseline to 96 hrs decreased from 9.8
10.7 vs 7.7 days: p=0.03 to 6.8 in the vitamin C group (3 points) from 10.3 to 6.8 in the
Hospital Free days placebo group (3.5 points) difference, -0.10; 95% Cl, -1.23
22.6 vs. 15.5 days: p=0.04 t0 1.03; p = 0.86

10




Vasopressor use at 168 hrs (%): 72% (median 22.2%) vs.
59% (median 10%); p=0.07. No differences at 48 or 96 hrs

AEs: No adverse events were reported

6) Fujii 2020 Intervention vs. control
SOFA score change at day 3, (median (IQR): -2 (-4 to 0)
vs.-1(-3t00), p=10.02
Acute Kidney Injury: no differences in the number of stage
1, 2 or 3 of AKI, p=0.80
28-day RRT free-days, median (IQR): no differences, p
=0.71
Time alive and vasopressor free, median (IQR): no

Intervention vs. Control Intervention vs. Control dn‘ferer]ces, p=0.83
28-day ICU-free days 28-day cumulative mechanical Duration of vasopressor (hours)
y y y o ex Vitamins group
219 (0'258) VS. 221(39'258), p=066 ventilation free days 46.4 (43.3) [No. required vasopressors and survived
Hospital the index shock = 90] vs.
12.3 (6.2-26) vs.12.3 (6.2-26.1), p=0.75 | 25.3(5.2-28) vs. 24.8 (9.5-28), p=0.73 | Control group

48.0 (41.4) [No. required vasopressors and survived
the index shock = 90]
AEs
2 patients (2events, fluid overload and hyperglycemia)
in the intervention group and 1 patient (1 event,
gastrointestinal bleeding) in the control group. No
serious adverse events or suspected unexpected
serious adverse reactions were reported

7) Chang Intervention vs. placebo

2020 SOFA score change at 72 hrs (mean, SD) was higher in the

Intervention vs. placebo
ICU, in days
7.5(4-12.8) vs. 7.5 (4-11.8), p=0.98

Intervention vs. placebo
Mechanical Ventilation, hrs
126.5 (63.5-239.3) vs. 94.5 (39.8-211),
p=0.36

intervention group (3.5 + 3.3) vs. placebo (1.8 £ 3.0); p=0.02.

Vasopressor duration was no different in the intervention
group (median hrs and IQR 46; 23.8-102.5) vs. placebo
(58.5; 28-104), p=0.70

AEs:
Hypernatremia (>160 mmol/L) was significantly higher in in

11




the intervention group vs, placebo (13 vs 3 patients,
p=0.005). Also, the proportion of patients with Gl bleeding (3
vs 2) and new infections (2 vs 0) were similar in the
intervention and control group.

Intervention vs. placebo

Intervention vs. placebo

Intervention vs. placebo

ICU Mechanical ventilation, days SOFA score change at 3 days, median (IQR): 3 (-1 to 5) vs.
6.4 5.6 (46) vs. 7.8 £ 7 (52); p=NR 36+7.2(23)vs. 3.3+£6.2(24);p 3 (0 to 4); p=0.96
8) Hwang ICU-free days =NR Time to alive and free of vasopressors (shock reversal),
2020 9 (3-11) vs. 9 (0-11); p=0.42 mean hrs (SD): 44 (83) vs. 49 (84.5), p=0.83
Hospital Vasopressor free days, median IQR: 11 (5-12) vs. 11 (10-
14 (11-21) vs. 13.5 (9-26), p=0.92 12); p=0.16
AEs
No adverse events were reported in the treatment group
(eTable 4 in Supplements). Two patients (3.5%) in the
placebo group reported mild adverse events, including
gastrointestinal symptoms.
9) Iglesias : Intervention vs. placebo Intervention vs. placebo
2020 Interventlollél\Jls. placebo Mechanical ventilation, days 1S(;:|3=A3s£;.:oreoc:lgnge at 3 days, mean (SD): 2.9£3.3 vs.
4.8 +49vs.565+4.3, p=0.27 .93£3.5, p=0.
4.76 £ 4.3 vs. 4'6(?\ 13.45, p=0.88 Ventilator free days Time to alive and free of vasopressors: mean hrs (SD):
15165 L":j'ﬂ%' 2 02075 2046.2 vs. 22.4+4.3, p=0.63 27422 vs. 53438, p<0.001
OE0.0VS. 11£0.2, p=0. Acute Kidney injury, n (%): 54 (79%) vs. 52 (75%)
AEs: none reported
10 Intervention vs. placebo
Lv 2020 SOFA score after 72h, median (IQR): 4.2 (1.2-6.6) vs 2.1
Intervention vs. placebo (1.1-4.3), p=0.001
' NR Time on vasoactive drugs, hrs: 25.6 (18.8-40.6) vs 43.8
41(52:83) 5 35 (2175), 0811 (24.7-66.8), p=0.001
1(32:8.3) v 3.9 (31-7.9), p=0. Procalcitonin clearance after 72h, %: 79.6 (66.5-85.6) vs
61.3 (50.9-66.2), p=0.001
AEs: not reported
11) Intervention vs. standard of care Intervention vs. standard of care (n=45 vs 43)
Mohamed ICU, days NR Mean vasoactive inotropic score: 7.77+12.12 vs
2020 12.44+14.2 vs 8.44+8.16, p=0.1 8.86+12.5, p=0.6

Time to reversal of septic shock, h: 34.58+£22.63 vs

12




Hosp, days
31.58+31.06 vs 20.9£15.01, p=0.043

45.42+24 .4, p=0.03

Change in SOFA score at 72h: 2.23+2.4 vs 1.38+3.1,
p=0.22

SOFA at 72h: 8.9+3.6 vs 9.3+3.8, p=0.7

AEs: No adverse events were recorded

12) Intervention vs. placebo Intervention vs. placebo Intervention vs. placebo
Moskowitz ICU free days Ventilator free days SOFA score change at 3 days, mean (SD):
2020 22 (3-25) vs. 21 (4-25), p=0.69 6 (2-7) vs. 6 (0-7), p>0.99 4.4+4.1vs. 514443, p=0.12
AEs: no unexpected serious AEs were reported. There were
12 (11.9%) and 7 (7.1%) patients in the intervention and
control arm with hyperglycemia. Eleven and 7 patients in the
intervention arm and control arm had hypernatremia,
accordingly. Also, 13 patients in the intervention arm vs 12
in the control had new nosocomial infections.
;g)zxva“' Intervention vs. none Ir\llt:r:\tlif:tg:?r::.dnazze Intervention vs. none
Hospital, in days SOFA Day 4 score: 5.64+3.55 vs. 6.62+3.94, p=0.20
11.82 +7.36 vs. 10.7+ 6.39, p=0.41 3.66 £2.05vs. 3.33 262, p=NR | pyration of vasopressor, hrs: 75.72 +30.29 vs. 96.13
+40.5, p=0.01
AEs: none reported
14) Zhang Intervention vs. placebo Intervention vs. placebo Intervention vs. placebo
2021 ICU, in days Ventilator free days at day 28 Median SOFA Score change Day 1-7: 0 [-2.75t0 1] vs. 0 [-
229+ 14.8vs. 17.8 £ 13.3; p=0.20 26.0[9.0-28.0] vs. 22.0 [8.5-28.0]; 1to0-3.5]; p=0.25
Hospital, in days p=0.57 Septic shock (n, %): 9 (34.6) vs.8(28.6); p=0.77
35.0+£17.0vs.32.8 £17.0, p=0.65 Mechanical ventilation days to day 28 | Acute kidney injury (n, %): 3(12.0) vs. 6(22.2); p=0.50
1.5[0.0-19.0] vs. 6.0 [0.0-16.0; p= | Acute cardiac injury (n, %): 7(26.9) vs. 13(48.1);p=0.16
060 Acute liver injury (n, %): 12(48.0) vs. 13(48.1), p=1.00
Coagulation disorders (n, %): 9(34.6) vs. 7(25.9); p=0.56
AEs: Slight increase in bilirubin from day 1 to day 7 in the
control group.
15) Intervention vs. placebo Intervention vs. placebo Intervention vs. placebo
Sevransky ICU, days Ventilator and Vasopressor free days | SOFA score change to Day 4, median, IQR
2021 4 (2-8) vs. 4 (2-8) 25 (0-29) vs. 26 (0-28) difference (95% | 5 (3-7) vs. 5 (2-7); difference (95% CI) 0.0 (-1.0, 0.0); p=0.10

difference (95% CI) 0.0 (-2.0,1.0);
p=0.82

Cl)-1day (-4 to 2); p =0 .85

Coma-/delirium-free days, median, IQR

13




Hospital, in days
10 (6-17) vs. 9 (5-17)
difference (95% CI) 1.0 (-3.0, 2.0);
p=0 .66

4 (2-5) vs. 4 (2-5); difference (95% CI) 0.0 (0.0 to 1.0); p=
0.45

Kidney replacement therapy—free days, median, IQR
30 (0-30) vs. 30 (0-30); difference (95% CI) 0.0 (0.0 to 0.0);
p=0.58

AEs: There were 2 adverse events (hemorrhagic shock and
worsening kidney function) in the intervention group
assessed as potentially related to study participation. There
were no reported serious adverse events in the study.

T refers to the # of patients with infections unless specified LOS: Length of stay ICU:
randomization

intensive care unit C. Random: concealed

ITT: intent to treat; NR: not reported; NS: not significant; hrs: hours; RR: Risk Ratio; WMD: weighted mean difference;
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Figure 1. Overall Mortality (Fowler 2014 data and Razmkon 2011 data from both high and low dose groups combined)

Vitamin C Control (placebo or none) Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Nathens 2002 4 301 7 294 1.4% 0.56 [0.17, 1.88] 2002 —
Razmkon 2011 14 49 B 27 3.7% 0.96 [0.46, 2.00] 2011 —
Fowler 2014 7 18 5 B 3.4 0.70 [0.32, 1.52] 2014 ———
Zabet 2016 2 14 9 14 1.1% 0.22 [0.06, 0.85] 201§
Fowler 2019 25 B4 38 B2 11.5% 0.64 [0.43, 0.96] 2019 —]
Chang 2020 11 40 14 40 4.6% 0.79 [0.41, 1.52] 2020 —
Fyjll 2020 22 106 21 103  &.8% 1.02 [0.60, 1.73] 2020 —
Hwang 2020 11 53 9 58 3.1% 1.34 [0.60, 2.97] 2020 ——
Moskowitz 2020 35 101 29 99  11.3% 1.18 [0.79, 1.78] 2020 -
Lv 2020 15 &1 24 56 &6.8% 0.57 [0.34, 0.98] 2020 ——
Mohamed 2020 26 45 25 45 13.9% 1.04 [0.72, 1.49] 2020 .
Wwanl 2020 20 50 21 50 B.6% 0.95 [0.59, 1.52] 2020 ==
Kleslas 2020 11 &8 13 &9 3.7% 0.86 [0.41, 1.78] 2020 —
Sevransky 2021 56 252 &0 249  17.3% 0.92 [0.67, 1.27] 2021 —.—
Zhang 2021 6 27 10 29 2.7% 0.64 [0.27, 1.53] 2021 —_—
Total (95% CI) 1267 1223 100.0% 0.87 [0.75, 1.00]
Total events 265 293 “
Heterogenelty: Tau? = 0.00; ChE = 14.83, df = 14 (P = 0.39); ¥ = 6% bt o i 1o 100

Test for overall effect: Z = 1.90 (P = 0.06)

Favours Vitamin C Favours Control
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Figure 2. ICU Mortality

Vitamin C Control (placebo or none) Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% ClI
Nathens 2002 3 301 9 204  3.1% 0.33 [0.09, 1.19] 2002 —_—
Klesias 2020 &€ &8 10 69 5.7% 0.61 [0.23, 1.58] 2020 —_—T
Maskowttz 2020 23 101 20 99 1B.5% 1.13 [0.66, 1.92] 2020 -+
Fujlil 2020 21 107 19 104 16.7% 1.07 [0.61, 1.88] 2020 ——
Hwang 2020 7 46 7 52 5.6% 1.13 [0.43, 2.98] 2020 S —
Sevransky 2021 52 252 49 249  43.0% 1.05 [0.74, 1.49] 2021 = =
Zhang 2021 & 27 11 29 7.3% 0.59 [0.25, 1.36] 2021 —T
Total (95% CI) 902 896 100.0% 0.96 [0.76, 1.21)
Total events 118 125 T
Heterogenelty: Tau® = 0.00; ChE = 5.74, df = & (P = 0.45); F = 0X t 1 *1 i 1‘ 1 {
Test for overall effect: Z = 0.35 (P = 0.72) 0.0 Favogrs Vitamin C Favours corgrol o0
Figure 3. Hospital Mortality (Razmkon 2011 data from both high and low dose groups combined)
Vitamin C  Control (placebo or none) Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% ClI Year M-H, Random, 95% CI
Nathens 2002 5 301 9 204 46X 0.54 [0.18, 1.60] 2002 —
Razmkon 2011 14 49 B 27 10.2% 0.96 [0.46, 2.00] 2011 —
Fujll 2020 25 107 21 103  20.6% 1.15 [0.69, 1.91] 2020 -
Hwang 2020 13 53 11 58 10.7% 1.28 [0.63, 2.63] 2020 -1
lesias 2020 11 &8 13 69 10.2% 0.86 [0.41, 1.78] 2020 —
Moskowitz 2020 28 101 23 99 23.8% 1.19 [0.74, 1.92] 2020 L
Wanl 2020 12 50 14 50 12.3% 0.86 [0.44, 1.66] 2020 ——
Zhang 2021 6 27 11 29 7.6% 0.59 [0.25, 1.36] 2021 —_—
Total (95% CI) 756 729 100.0% 0.99 [0.78, 1.25]
Total events 114 110 T
Heterogenetty: Tau® = 0.00; Chi = 4,45, df = 7 (P = 0.73); F = 0% bol 01 i 1 100

Test for overall effect: Z = 0.08 (P = {).04)

Favours Vitamin C Favours control

16



Figure 4. Overall Mortality: Sepsis. vs. non sepsis

Vitamin C Coatrol (placebo or none) Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H Random, 95% C) M-H, Random, 95% C)
1.9.1 Sepsis trials
Chang 2020 11 40 14 40 46X 0.79 10.41, 1.52) —
Fowler 2014 R %8 5 8 34X 0.70 10.32,1.52] =d B
fowler 20189 25 B4 38 82 11.5% 0.64 [0.43,0.96) —~—
Fugt 2020 22 106 21 103 685 1.02 j0.60, 1.73) = TR
Hwang 2020 11 53 8 58 3N 1.34 10.60, 2.97) -t
iglesias 2020 11 68 13 63 3N 0.86 j0.41,1.78) ——
v 2020 15 61 24 56 6.8x 0.57 [0.34,0.98) ——
Mohamed 2020 26 45 5 45 135% 1.04 10.72, 1.48) - -
Woskowtr 2020 35 101 2% 99 11.3% 118 0.7, 1.78} T
Sevransky 2021 56 252 &0 243 17.3% 0.52 0.67,1.27) -
Wani 2020 20 S0 21 S0  BEX  0.5510.55,1.52] -
Zabet 2016 2 14 K 14 11X 0.22 10.06, 0.85)
Subtotal (95% CI) 890 873 922% 0.87 [0.74, 1.03) +
Torl events 241 268
Heterogenety: Taw' = 0.02; Ohf = 13,73, df = 11 (P = 0.25); F = 204
Testforoveralieffecc Z = 159 (P = 0.11)
1.9.2 Non Sepsis trials
Nathers 2002 4 30 7 204 14N 0.56 10.17, 1.88) ——
Rarmion 2011 14 49 5 27 39X 0.96 10.46, 2.00} —_—
Dhang 2021 6 27 10 28 2.9% 0.64 [0.27, 1.53) —
Subtotal (95% CI) 377 350 7.8% 0.76 [0.46, 1.27] B
Toul events 24 5
Hemrogenety: Taw' = 000, O = 0.80, = 2 (P = 0.67) F = 0X
Test for overall effect Z = 1.04 (P = 0.30)
Total (95% Cn 1267 1223 100.0% 0.87 [0.75, 1.00]
Towl events 265 %3 1
Heterogenehy: Tay' = 0.00; Chf = 1483, df = 14 (P = 0.35); F = 6X oot °¢1 i 10 100

Testforowerall effect £ = 1.50 (P = 0.06)
Test for subgroup differences: Chi* = 0.25, df = 1 (P = 0.62), F = 0%

Favours Vitamin C Favours Control



Figure 5. Overall Mortality: High dose Vitamin C (2 10,000 mg/day) vs. Low dose (<10,000 mg/day)

Vitamin C Control (placebo or none) Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% CI
1.10.1 High Dose Vit C
Fowler 2014 4 B 5 B 2.4% 0.80 [0.33, 1.92] —
Fowler 2019 25 B4 38 B2 11.3% 0.64 [0.43, 0.9§] ]
Razmkon 2011 7 23 B 27 2.5% 1.03 [0.44, 2.40] ———
Zhang 2021 6 27 10 29  2.4% 0.64 [0.27, 1.53] S
Subtotal (95% ClI) 142 146 18.7% 0.70 [0.52, 0.96] <&
Total events 42 61
Heterogeneity: Tau® = 0.00; ChF = 1.08, df = 3 (P = 0.78); F = 0%
Test for overall effect: Z = 2.19 (P = (.03}
1.10.2 Low Dose Vit C
Chang 2020 11 40 14 40 4.3% 0.79 [0.41, 1.52] —
Fowler 2014 3 B 5 B 1.7% 0.60 [0.21, 1.70] —]—
Fujll 2020 22 108 21 103 6.5% 1.02 [0.60, 1.73] 1
Hwang 2020 11 53 9 58 2.9% 1.34 [0.60, 2.97] 1
Kleslas 2020 11 1 13 &9 3.4% 0.86 [0.41, 1.78] ——
Lv 2020 15 61 24 56 6.4% 0.57 [0.34, 0.98] —
Mohamed 2020 26 45 25 45 14.0% 1.04 [0.72, 1.49] -
Maoskowitz 2020 35 101 29 89 11.1% 1.18 [0.79, 1.78] -
Nathens 2002 4 301 7 294 1.2% 0.56 [0.17, 1.89] —_—
Razmkon 2011 7 26 B 27 2.5% 0.91 [0.38, 2.15] ——
Sevransky 2021 56 252 &0 249 1B.0% 0.92 [0.67, 1.27] = i
Wanl 2020 20 50 21 50 B.3% 0.95 [0.59, 1.52] —
Zabet 2016 P4 14 ] 14 1.0% 0.22 [0.0§, 0.85]
Subtotal (95% CI) 1125 1112 81.3% 0.92 [0.79, 1.07] &
Total events 223 245
Heterogenelty: Tayu® = 0.00; ChF = 11.84, df = 12 (P = 0.46); F = 0%
Test for overall effect Z = 1.12 (P = .26}

Total (95% CI)
Total events

265

1267

306

1258 100.0%

Heterogenelty: Tau® = 0.00; Chi¥ = 15.13, df = 16 (P = 0.52); F = 0%
Test for overall effect Z = 1.96 (P = 0.05)
Test for subgroup differences: ChiF = 2,23, df = 1 (P = .14}, F = 55.1%

0.87 [0.76, 1.00]

| &

4

0.1 1 10 100
Favours Vitamin C Favours Control
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Figure 6. Overall mortality: Monotherapy (Vit C alone) vs. Combination therapy (Vit C, Thiamine and Hydrocortisone)

Vitamin C  Control (placebo or none) Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.11.1 Monotherapy
Fowler 2014 7 18 5 B 3.5% 0.70 [0.32, 1.52] —r
Fowler 2018 25 B4 38 B2 11.6% 0.64 [0.43, 0.96] =
Lv 2020 15 &1 24 56 7.0% 0.57 [0.34, 0.98] =
Razmkon 2011 14 49 B 27 3.9% 0.96 [0.46, 2.00] T
Zabet 2016 2 14 9 14 1.2% 0.22 [0.06, 0.85] —_—
Zhang 2021 -] 27 10 29 2.8% 0.64 [0.27, 1.53] T
Subtotal (95% CI) 251 216 30.0% 0.64 [0.49, 0.83] E2
Total events &9 04

Heterogenelty: Tau? = 0.00; ChE = 3.84, df = 5 (P = 0.57); F = 0%
Test for overall effect: Z = 3.41 (P = 0.0006)

1.11.2 Combined

Chang 2020 11 4 14 40 48X 0.79[0.41, 1.52] —
Full 2020 22 108 21 103  7.0% 1.02 [0.60, 1.73] —
Hwang 2020 11 53 9 58  3.3% 1.34 [0.60, 2.97] —T1e
Kleslas 2020 11 &8 13 6 3.0% 0.86 [0.41, 1.78] —e—
Mohamed 2020 26 45 25 45 13.9% 1.04 [0.72, 1.49] ——
Maskowitz 2020 35 101 29 99 11.4% 1.18 [0.78, 1.78] -
Sevransky 2021 56 252 &0 249  16.9% 0.92 [0.67, 1.27]

Wanl 2020 20 50 21 50 B.BX 0.95 [0.59, 1.52] j‘;
Subtotal (95% Cl) 715 713 70.0% 1.00 [0.85, 1.18]

Total events 192 192

Heterogenelty: Tau® = 0.00; Chi¥ = 2.19, df = 7 (P = 0.95); F = 0X
Test for overall effect: Z = .01 (P = (.99}

Total (95% Cl) 966 929 100.0% 0.87 [0.75, 1.01)
Total events 261 286

Heterogenelty: Tau® = 0.01; ChF = 14.29, df = 13 (P = 0.35); F = 9% b o1 0:1 i 1:0
Test for overall effect Z = 1.78 (P = .07} : F : Vitami E |
Test for subgroup differences: Chi = B.26, df = 1 (P = 0.004), P = §7.9% RS VERTIC. Favoles Contro

100
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Figure 7. ICU Length of Stay, days

Vitamin C Control Mean Difference Mean Difference
Study or Subgroup Mean  SD Total Mean  SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% Cl
Zabet 2016 2145 10.23 14 20.57 13.04 14  3.8% 0.88 [-7.80, 9.56] 2016
Mohamed 2020 1244 142 45 B44 B16 43 10.5% 4.00 [-0.81, B.81] 2020 y
Hwang 2020 65 56 46 78 7 52 2B.5% -1.30[-3.80, 1.20] 2020 —
iglesias 2020 476 43 68 466 345 69 S514x 0.10[-1.21,1.41] 2020 .
Zhang 2021 229 148 27 178 133 20 5.1% 5.10[-2.29,12.49] 2021
Total (95% CI) 200 207 100.0% 0.41[-1.32,2.13]

Heterogenetty: Tau® = 1.07; ChE = 5.51, df = 4 (P = 0.24); F = 27%
Test for overall effect: Z = (.46 (P = (.64)

Figure 8. Hospital Length of Stay, days

0 1o

*r
0 10 20

Favours Vitamin C Favours control

Vitamin C Control Mean Difference Mean Difference
Study or Subgroup Mean  SD Total Mean  SD Total Weight IV, Random, 95%Cl Year IV, Random, 95% Cl
Mohamed 2020 JL58 3106 45 209 1501 43  4.2% 10.68 [0.56, 20.80) 2020 g
igleslas 2020 115 68 68 11 &2 &9 51.0% 0.50([-1.68, 2.68] 2020 -+
Wanl 2020 1182 736 50 107 639 50 395% 1.12[-1.58 3.82] 2020 T
Zhang 2021 35 17 27 8 17 2 5.3% 2.20[-6.71, 11.11) 2021
Total (95% Cl) 190 191 100.0% 1.26 [-0.85, 3.37]

Heterogenetty: Taw® = 1.03; Chi* = 3.79, df = 3 (P = 0.28); £ = 21X
Test for overall effect: Z = 1.17 (P = .24)

S A
20 =10 0 0 2
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