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IMPORTANCE Sepsis is a common syndrome with substantial morbidity and mortality. A
combination of vitamin C, thiamine, and corticosteroids has been proposed as a potential
treatment for patients with sepsis.

OBJECTIVE To determine whether a combination of vitamin C, thiamine, and hydrocortisone
every 6 hours increases ventilator- and vasopressor-free days compared with placebo in
patients with sepsis.

DESIGN, SETTING, AND PARTICIPANTS Multicenter, randomized, double-blind,
adaptive-sample-size, placebo-controlled trial conducted in adult patients with
sepsis-induced respiratory and/or cardiovascular dysfunction. Participants were enrolled in
the emergency departments or intensive care units at 43 hospitals in the United States
between August 2018 and July 2019. After enrollment of 501 participants, funding was
withheld, leading to an administrative termination of the trial. All study-related follow-up was
completed by January 2020.

INTERVENTIONS Participants were randomized to receive intravenous vitamin C (1.5 g),
thiamine (100 mg), and hydrocortisone (50 mg) every 6 hours (n = 252) or matching placebo
(n = 249) for 96 hours or until discharge from the intensive care unit or death. Participants
could be treated with open-label corticosteroids by the clinical team, with study
hydrocortisone or matching placebo withheld if the total daily dose was greater or equal to
the equivalent of 200 mg of hydrocortisone.

MAIN OUTCOMES AND MEASURES The primary outcome was the number of consecutive
ventilator- and vasopressor-free days in the first 30 days following the day of randomization.
The key secondary outcome was 30-day mortality.

RESULTS Among 501 participants randomized (median age, 62 [interquartile range {IQR},
50-70] years; 46% female; 30% Black; median Acute Physiology and Chronic Health
Evaluation Il score, 27 [IQR, 20.8-33.0]; median Sequential Organ Failure Assessment score, 9
[1QR, 7-12]), all completed the trial. Open-label corticosteroids were prescribed to 33% and
32% of the intervention and control groups, respectively. Ventilator- and vasopressor-free
days were a median of 25 days (IQR, 0-29 days) in the intervention group and 26 days (IQR,
0-28 days) in the placebo group, with a median difference of -1 day (95% Cl, -4 to 2 days;

P = .85). Thirty-day mortality was 22% in the intervention group and 24% in the placebo
group.

CONCLUSIONS AND RELEVANCE Among critically ill patients with sepsis, treatment with
vitamin C, thiamine, and hydrocortisone, compared with placebo, did not significantly
increase ventilator- and vasopressor-free days within 30 days. However, the trial was
terminated early for administrative reasons and may have been underpowered to detect a
clinically important difference.
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Effect of Vitamin C, Thiamine, and Hydrocortisone on Ventilator- and Vasopressor-Free Days in Patients With Sepsis

epsis is a common syndrome caused by infection lead-

ing to substantial morbidity and mortality.! Of the esti-

mated 1750 000 cases of sepsis in the United States in
2014, approximately 55% required intensive care unit (ICU) ad-
mission and 20% to 30% died,? making sepsis the third lead-
ing cause of hospital deaths, with an annual estimated cost of
nearly $60 billion.>* Patients who survive are at risk of worse
physical, emotional, and cognitive outcomes and reduced qual-
ity of life.> Although early antibiotics, fluid resuscitation, he-
modynamic support, and source control have been associ-
ated with improved patient outcomes,® other sepsis
interventions have not demonstrated consistent benefits.”

Recently, high-dose intravenous vitamin C has been pro-
posed as a therapy for sepsis.® There is biological plausibility
for the value of vitamin C in sepsis,® but the results of clinical
studies have been inconsistent.!°1? The addition of thiamine
and hydrocortisone to vitamin C has been suggested to be ben-
eficial in preclinical and observational studies.!*:!*

The Vitamin C, Thiamine, and Steroids in Sepsis (VIC-
TAS) trial was designed to test the hypothesis that combina-
tion therapy with vitamin C, thiamine, and hydrocortisone
would improve clinically important outcomes in patients with
sepsis-induced respiratory and/or circulatory failure.'

Methods

Trial Design and Oversight

The trial was a randomized, double-blind, adaptive-sample-
size, placebo-controlled trial conducted at 43 hospitals in the
United States. The protocol (Supplement 1) and statistical analy-
sis plan (Supplement 2) have been previously published.!:1®
The central institutional review board at Johns Hopkins Uni-
versity approved the trial protocol and consent documents for
all sites. Participants or legally authorized representatives pro-
vided written informed consent prior to enrollment and ran-
domization. An independent data and safety monitoring board
conducted reviews of safety data and predicted probability of
success during 4 predetermined interim analyses.

Trial Population

Patients aged 18 years or older with acute respiratory and/or
cardiovascular dysfunction caused by suspected infection with
planned ICU admission were eligible for enrollment. Infec-
tion was defined by the ordering of blood cultures and admin-
istration of at least 1 antimicrobial agent. Acute respiratory dys-
function was defined by an arterial partial pressure of oxygen/
fraction of inspired oxygen (F10,) of 300 or less or a pulse
oximetry oxygen saturation/F10, of 315 or less and the need for
(1) intubation and mechanical ventilation, (2) noninvasive posi-
tive pressure ventilation, or (3) high-flow nasal cannula at 40
L/min or higher with an FI0, of at least 0.40. Cardiovascular
dysfunction was defined as the need for any vasopressor for
more than 1 hour to maintain a mean arterial pressure of 65
mm Hg or higher despite intravenous crystalloid fluid resus-
citation of 1 L. or more. There were no exclusions based on race
or ethnicity. Race and ethnicity were considered possible ef-
fect modifiers and were systematically collected from the medi-
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Key Points

Question In adults with sepsis-induced respiratory or
cardiovascular dysfunction, does treatment with vitamin C,
thiamine, and hydrocortisone result in an increase in the number
of days alive and free of mechanical ventilation and vasopressor
use?

Findings In this randomized clinical trial that included 501
patients, treatment with vitamin C, thiamine, and hydrocortisone
compared with placebo resulted in a median of 25 vs 26 ventilator-
and vasopressor-free days within the 30 days following
randomization, a difference that was not statistically significant.

Meaning Among critically ill patients with sepsis, treatment with
vitamin C, thiamine, and hydrocortisone did not significantly
improve ventilator- and vasopressor-free days, although, the trial
was terminated early for administrative reasons and may have
been underpowered to detect a clinically important difference.

cal record using fixed categories. Full inclusion and exclu-
sion criteria are detailed in Supplement 1.

Randomization

Patients were randomized in a 1:1 ratio to either the interven-
tion group or the control group within 24 hours of qualifying
organ dysfunction, and organ dysfunction was required to be
ongoing at randomization. The randomization sequence was
generated using statistical software and used permuted small
blocks of size 2, 4, or 6, stratified by site. Study group random-
ization was operationalized via the use of presorted drug kits
shipped to study sites from a centralized pharmacy and Van-
derbilt University Medical Center, with participants assigned
kits in predefined sequence. Randomization blinding was
maintained by labeling study drug kits with numbers only. In-
vestigational drug pharmacists were not blinded but were pro-
hibited by protocol from revealing assignment to anyone.

Interventions

Participants received intravenous vitamin C (1.5 g), thiamine
hydrochloride (100 mg), and hydrocortisone sodium succi-
nate (50 mg) or matching placebos within 4 hours of random-
ization and then every 6 hours thereafter up to 96 hours, death,
or discharge from the ICU, whichever occurred first. Partici-
pants could be treated with open-label corticosteroids by the
clinical team: for daily doses of at least 200 mg of hydrocor-
tisone (or equivalent), hydrocortisone or matching placebo was
withheld by the investigational pharmacy.

All other management of participants was at the discre-
tion of the clinical team. A point-of-care device approved for
use in the setting of high plasma concentrations of vitamin C
or a central laboratory device not affected by vitamin C were
used for glucose measurements through 24 hours following
the last dose of study drug.'”

Outcomes

The primary outcome measure was ventilator- and vasopres-
sor-free days (VVFDs) in the first 30 days following random-
ization (day 0). Participants who died were assigned O VVFDs.
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A “last status carried forward” approach was used in the cal-
culation of VVFDs for participants discharged from the hos-
pital before day 30.

The key secondary outcome was mortality within 30 days
of randomization. A patient discharged alive was considered
to have survived to day 30. Exploratory outcomes to support
efficacy included ICU mortality, ICU and hospital lengths of
stay, ICU delirium- and coma-free days, kidney replacement
therapy-free days at day 30, and change between prerandom-
ization and day 4 Sequential Organ Failure Assessment (SOFA)
score (range, O [best] to 28 [worst]).!® Safety end points in-
cluded the prespecified potentially associated adverse events
of nephrolithiasis, hemolysis, hypersensitivity reactions, and
injection site reactions. At discharge or at 30 days, whichever
occurred sooner, participants were invited to participate in a
180-day telephone follow-up. For patients who died between
discharge and 180 days, date of death was obtained at this fol-
low-up.

Statistical Analysis

In the absence of phase 2 data at the time of trial design, an
adaptive approach was used. The trial was designed to detect
a difference in the primary end point of 1.5 VVFDs with re-
cruitment of up to 2000 patients. These calculations were
based on a mortality rate of 25% and the proposed end point
of 1.5 VVFDs was based on a vote from the executive commit-
tee as meaningful (Supplement 3) while allowing early stop-
page if a large effect on mortality was observed.'!® At each
planned interim analysis, all monitored and unmonitored data
for participants with day 30 observations were used, and bayes-
ian predictive distributions were used to impute the out-
comes of participants with incomplete data. Together, these
data were used to compute a predictive probability of success
on the mortality end point when 200, 300, and 400 partici-
pants were enrolled. Predefined stopping rules for efficacy, but
not futility, were in place for these early interim analyses. Be-
yond N = 400, interim analyses were planned at N = 500,
N = 1000, and N = 1500, at which both efficacy and futility were
to be assessed using the VVFD outcome (Supplement 3).

The success thresholds at each interim were calibrated to
control the 1-sided type I error rate at 2.5% (Supplement 2).16
If a possible 20% mortality benefit were real, which is lower
than the absolute risk reduction in mortality seen in a prior
study,' the trial was very likely (approximately 97% chance)
to stop at or before 400 patients with a power of approxi-
mately 99%.%

Categorical variables are reported using frequencies and
percentages. Continuous variables are reported as means with
standard deviations and medians with interquartile ranges
(IQRs). In the primary analysis, patients were analyzed accord-
ing to their randomization group. Given the approach to cal-
culating VVFDs, the primary outcome was available for all par-
ticipants. The VVFDs are described using medians and IQRs;
bivariable differences between groups are reported with 95%
confidence intervals and compared using the Wilcoxon rank
sum test. To account for the multiple interim analyses, the criti-
cal P value was set to a 1-sided threshold of P = .022. Mortal-
ity is described using frequencies and percentages. A gate-
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keeping strategy was used to decide whether to formally test
for a treatment effect on mortality. Under this strategy, the mor-
tality end point would be formally tested using a x? test with
a l-sided a = .024 if a difference in the primary end point of
VVFDs was observed, but not otherwise. After completion of
the study but before conducting the final statistical analysis,
apost hoc comparison of survival between groups using a Cox
proportional hazards model was added to the analysis plan.
The proportionality assumption was tested using the Schoen-
feld test. All models were summarized with hazard ratios as-
sessing the risk of death following randomization.

Three sensitivity analyses were conducted to explore pos-
sible sources of bias that may inform interpretation of the main
analysis. These prespecified analyses used a 2-sided P = .05
and included (1) a per-protocol analysis among participants who
received at least 4 doses of the assigned study treatment with-
out any major protocol deviations; (2) an analysis of partici-
pants for whom day 30 outcomes were directly observed; and
(3) an analysis that excluded participants in the placebo group
who received open-label steroids.

In an adjusted analysis, generalized linear mixed models
were used to estimate the conditional effects of treatment,
with site adjusted as a random-effect variable. Generalized
estimating equations were used to estimate the marginal
effect of study interventions. A proportional odds model was
specified for VVFDs. Mortality was modeled assuming a logit
link function. A full model was prespecified to include age,
body mass index, Acute Physiology and Chronic Health
Evaluation (APACHE) II score, race, sex, need for ventilation
or vasopressors at baseline, whether sepsis was the primary
reason for admission, whether a patient was admitted via
the emergency department, and source of infection. Post
hoc, body mass index was replaced with weight. No variable
selection techniques were used. Multiple imputation based
on predictive mean matching was used to overcome any
missingness in covariates; missing VVFDs were estimated
based on last value carried forward or, for the sensitivity
analysis, observed outcomes only. Restricted cubic splines
were used to address nonlinearities in the association
between continuous variables and observed outcomes. To
determine whether subgroup analyses were warranted, the
interaction between treatment group assignment and base-
line features of participants were evaluated. This was done
by fitting the main covariate-adjusted model including all
main effects, then individually testing for the interaction
between each covariate and the treatment indicator using
P < .20. Interaction terms reaching this threshold were
assumed to indicate possible effect modification and, thus,
the need to explore for differential treatment effects within
subgroups. Also, in a post hoc exploratory analysis, we used
a graphical approach to further evaluate the possibility that
time to treatment modifies the treatment effect.

Prespecified exploratory end points were compared by
treatment group in a similar manner with the primary and sec-
ondary end points. All exploratory analyses used a 2-sided criti-
cal P = .05 without adjustment for multiplicity. All analyses,
including generation of the randomization sequence, used R
version 3.4.3 (R Foundation for Statistical Computing).
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Figure 1. Participant Flow in the Vitamin C, Thiamine, and Steroids in Sepsis Trial

3243 Patients assessed for eligibility

2742 Excluded

2227 Did not meet inclusion criteria?
735 Receiving organ support for reason
other than sepsis
514 Receiving home oxygen
348 Limitations of care
274 Symptoms improved prior to enrollment
246 Not sepsis
214 Life expectancy <90 d
108 Known allergy to a study medication
103 Participant in another study
96 Currently taking vitamin C
95 Hospital length of stay >30 d
75 Receiving home cardiovascular support
48 Pregnancy
45 Prisoner or incarcerated
41 Previously enrolled in trial
33 Aged <18y
11 Weight not in study range
109 Not approached for or unable to obtain consent
406 Declined to participate

(501 Randomized )

252 Randomized to intervention group
205 Received intervention as randomized
47 Did not receive intervention as randomized?
24 Did not receive 24 doses
13 Study drug started >28 h after
meeting eligibility
5 Missed >1 dose of vitamin C
1 Missed >1 dose of thiamine
4 Missed >1 dose of hydrocortisone
3 Found to violate inclusion/exclusion
criteria

249 Randomized to control group
212 Received placebo as randomized
37 Did not receive placebo as randomized?
21 Did not receive 24 doses
7 Study drug started >28 h after
meeting eligibility
15 Missed >1 dose of vitamin C
5 Missed >1 dose of thiamine
1 Missed >1 dose of hydrocortisone
3 Found to violate inclusion/exclusion
criteria

1 Inadvertent unblinding

{

252 Included in primary analysis

205 Included in per-protocol analysis
47 Excluded (did not receive intervention
as randomized)

249 Included in primary analysis

212 Included in per-protocol analysis
37 Excluded (did not receive placebo
as randomized)

@ Categories are not mutually
exclusive; participants could have

more than 1reason.

Early Trial Termination

The interim analyses planned for N = 500 proceeded as ex-
pected. After 501 participants were enrolled, additional fund-
ing for the trial was withheld due to a change in the funder’s
priorities, and no further enrollments occurred, leading to ad-
ministrative termination of the trial prior to meeting any pre-
specified stopping criterion. Aside from the knowledge that
the trial had not yet stopped at an earlier interim analysis, the
funder had no information regarding unblinded trial results
at the time funding was terminated, which occurred on Octo-
ber 15, 2019. In a post hoc conditional analysis at the time of
the N = 500 analysis, the predictive probability of reaching the
protocol-specified criteria to declare efficacy on VVFD at
N = 2000 was computed using Markov chain Monte Carlo
methods. From the posterior distributions of the bayesian
analysis model, we performed multiple imputation of the VVFD
outcomes for all participants with unknown outcomes. This
imputation resulted in 10 000 imputed data sets of size
n = 2000, each of which was assessed for meeting the final
analysis success threshold (Wilcoxon P < .022).

jama.com
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Results

Enrollment and Patient Characteristics

0f3243 patients screened at 43 hospitals between August 2018
and July 2019, 501 were enrolled (Figure 1). The most com-
mon reasons for exclusion were need for organ support for a
diagnosis other than sepsis (n = 735), home oxygen use
(n = 514), patient refusal (n = 406), and limitations in care
(n = 346). The median age of enrolled patients was 62 years,
30% were Black, and 46% were female (Table 1). Patients quali-
fied for enrollment based on a need for both ventilatory and
vasopressor support (41%), ventilatory support alone (21%), or
vasopressor support alone (38%). The median baseline APACHE
IIand SOFA scores were 27.0 (IQR, 20.8-33.0) and 9.0 (IQR, 7.0-
12.0), respectively. Following randomization, 252 were as-
signed to the intervention group and 249 to the control group.
The median time between the onset of qualifying organ dys-
function and first dose of study drug was 14.7 hours (IQR, 7.9-
20.9 hours). Thirty-three percent of patients in the interven-
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Table 1. Participant Characteristics

Main analysis

Per-protocol analysis

Intervention group

Intervention group

Characteristics (n=252) Control group (n = 249) (n =205) Control group (n = 212)
Age, median (IQR), y 62 (51-69) 61 (50-72) 62 (52-70) 62 (49-72)
Sex, No. (%)
Male 139 (55.2) 134 (53.8) 117 (57.1) 112 (52.8)
Female 113 (44.8) 115 (46.2) 88(42.9) 100 (47.2)
Race, No./total (%)
White 149/232 (64.2) 135/232 (58.2) 121/188 (64.4) 116/196 (59.2)
Black 70/232 (30.2) 80/232 (34.5) 58/188 (30.9) 69/196 (35.2)

Hispanic or Latino

Other?
Weight, median (IQR), kg
Diabetes, No. (%)
Cardiovascular disease, No. (%)
Respiratory disease, No. (%)
Current cancer, No. (%)
Neurological disease, No. (%)

Organ support at enrollment, No. (%)

Vasopressor
Ventilator
Both

Type of ventilator support No./total No.

ventilated (%)
Intubation
CPAP or BPAP
High-flow oxygen =40 L/min®

Intensive care unit admission source, No.

(%)
Emergency department
Hospital floor
Step-down unit
Intermediate care
Other®

Admission reason, No. (%)
Sepsis
Other medical
Other surgical

Clinical values, median (IQR)
Heart rate, /min
Systolic blood pressure, mm Hg
Diastolic blood pressure, mm Hg
Mean arterial pressure, mm Hg
Respiratory rate, /min
Temperature, °C
White blood cell count, x10°/L
Lactic acid, mmol/L
APACHE Il score?
SOFA score®
Time to treatment, h

Infection source, No./total (%)
Lung
Urinary tract

Intra-abdominal

32/243 (13.2)
13/232 (5.6)
80 (68-96)
85 (33.7)

129 (50.9)

55 (21.8)
41(16.3)

46 (18.3)

93 (36.9)
49 (19.4)
110 (43.7)

110/158 (69.6)
29/158 (18.4)
19/158 (12.0)

169 (67.1)
47 (18.7)
9(3.6)
3(1.2)

24 (9.5)

180 (71.4)
63 (25.0)
9(3.6)

100 (84-115)

103 (90-120)

58 (49-68)

72 (64-82)

22 (18-28)

37 (36-38) [n = 248]
14 (7-22) [n = 249]
3(2-5) [n = 203]

27 (22-33) [n = 239]
9(7-12)

15 (8-22) [n = 246]

76/205 (37.1)
27/205 (13.2)
37/205 (18.0)

24/239 (10.0)
17/232(7.3)
80 (67-97)
77 (30.9)

126 (50.6)

56 (22.5)
55(22.1)
48(19.3)

97/248 (39.1)
54/248 (21.8)
97/248 (39.1)

96/151 (63.6)
26/151(17.2)
29/151(19.2)

184 (73.9)
40 (16.1)
8(3.2)
1(0.4)

16 (6.4)

176 (70.7)
67 (26.9)
6(2.4)

94 (78-110)

103 (91-118)

56 (51-66)

71 (65-79) [n = 248]
22 (18-27) [n = 247]
37 (37-38) [n = 247]
12 (6-19) [n = 247]
3(2-5) [n = 190]

27 (19-33) [n = 233]
9 (6-11)

14 (8-20) [n = 244]

81/204 (39.7)
43/204 (21.1)
24/204 (11.8)

23/197 (11.7)
9/188 (4.8)
78 (68-94)
67 (32.7)

106 (51.7)
44 (21.5)

38 (18.5)

37 (18.0)

82 (40.0)
42 (20.5)
81(39.5)

88/122(72.1)
22/122 (18.0)
12/122(9.8)

134 (65.4)
40 (19.5)
7(3.4)
2(1.0)
22(10.7)

146 (71.2)
50 (24.4)
9(4.4)

102 (83-115)

103 (90-119)

58 (49-67)

72 (64-81)

21 (18-26)

37 (36-38) [n = 201]
14.(7-21) [n = 202]
2(2-4) [n = 168]

27 (22-33) [n = 194]
9(7-12)

15 (8-21)

64/169 (37.9)
23/169 (13.6)
28/169 (16.6)

21/202 (10.4)
11/196 (5.6)
80 (68-98)
66 (31.1)

108 (50.9)

48 (22.6)

44 (20.8)

42 (19.8)

84 (39.6)
47 (22.2)
81(38.2)
8

84/128 (65.6)
21/128(16.4)
23/128(18.0)

158 (74.5)
35 (16.5)
8(3.8)
1(0.5)

10 (4.7)

151(71.2)
55(25.9)
6(2.8)

94 (77-110)

104 (92-118)

56 (51-66)

71 (66-80) [n = 211]
22 (18-27) [n = 210]
37 (36-38) [n = 211]
13 (6-19) [n = 210]
3(2-4) [n = 164]

27 (19-33) [n = 198]
8 (6-11)

14 (8-20)

69/175 (39.4)
37/175 (21.1)
22/175 (12.6)
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Table 1. Participant Characteristics (continued)

Main analysis Per-protocol analysis
Intervention group Intervention group
Characteristics (n=252) Control group (n = 249) (n =205) Control group (n = 212)
Blood/vascular access 37/205 (18.0) 22/204 (10.8) 32/169 (18.9) 20/175 (11.4)
Skin or soft tissues 11/205 (5.4) 18/204 (8.8) 9/169 (5.3) 15/175 (8.6)
Central nervous system 5/205 (2.4) 1/204 (0.5) 2/169 (1.2) 1/175 (0.6)
Bone/joint 2/205 (1.0) 2/204 (1.0) 2/169 (1.2) 2/175(1.1)
Other 9/205 (4.4) 11/204 (5.4) 8/169 (4.7) 7/175 (4.0)
Confirmed unknown 1/205 (0.5) 2/204 (1.0) 1/169 (0.6) 2/175(1.1)

Abbreviations: BPAP, bilevel positive airway pressure; CPAP, continuous positive
airway pressure; IQR, interquartile range.

2 Other race included American Indian/Alaskan Native, Asian, Native
Hawaiian/other Pacific Islander, mixed race, and race reported as other.

b Patients receiving high-velocity nasal insufflation (Vapotherm) could be
enrolled if receiving =30 L/min.

¢ Other sources of admission included transfer from an outside hospital or
health care facility (n = 27) and admission from a local operating room,

intensive care unit, or emergency department (n = 13).

9The Acute Physiology and Chronic Health Evaluation (APACHE) Il score ranges
from O to 71, with higher scores indicating greater risk of hospital death. A
score of 25 indicates a mortality probability of approximately 50%.

€ The Sequential Organ Failure Assessment (SOFA) score ranges from O to 24,

with higher scores indicating greater severity of organ dysfunction. SOFA
scores between 7 and 9 are associated with a 40% to 50% mortality risk.

tion group and 32% of control patients received clinician-
prescribed corticosteroids at a dose of at least 200 mg of
hydrocortisone daily equivalent.

Baseline and clinical characteristics of enrolled patients are
provided in Table 1; 67% vs 73% of patients admitted from the
emergency department were randomized to the intervention
group vs the control group, respectively. Severity of illness, co-
morbidities, source of infection, and type of infecting organ-
ism were similar between groups. Protocol adherence was high,
with only 20 participants missing more than 1 dose of vita-
min C or matching placebo, 6 missing more than 1 dose of thia-
mine or matching placebo, and 3 missing more than 1 dose of
hydrocortisone or matching placebo.

Primary and Key Secondary Outcomes

There was no statistically significant difference between the
intervention and control groups in VVFDs (25 days [IQR, 0-29
days] vs 26 days [IQR, 0-28 days], respectively). The median
difference in VVFDs between the intervention and control
groups was -1 day (95% CI, -4 to 2 days; P = .85). In both the
intervention and control groups, the majority of patients with
0 VVFDs died (71% and 70%, respectively). Thirty-day all-
cause mortality was 22% in the intervention group vs 24% in
the control group. The adjusted analyses are given in Section
2.5 of Supplement 4. The proportional odds model for VVFDs
did not reveal a statistical difference between the interven-
tion and control groups (P = .16; model R? = 0.32; model C sta-
tistic = 0.73). Requiring ventilatory support at enrollment was
significantly associated with higher odds of 30-day mortality
compared with not requiring ventilatory support at enroll-
ment (odds ratio, 2.54; 95% CI, 1.33-5.38).

Long-term Outcome

At 180 days, mortality in the intervention and control groups
was 40.5% vs 37.8% (difference, 2.7%; 95% CI, -11.3% t0 5.8%)
(Figure 2). The Cox proportional hazard model yielded an un-
adjusted hazard ratio for death in the intervention group of 1.08
at 180 days (95% CI, 0.82-1.43).
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Figure 2. Survival in the Intervention and Control Groups at 180 Days
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Cumulative deaths for the 180-day follow-up period are shown. Median time to
death in the intervention group was 16 (interquartile range, 4-41) days and in
the control group was 15 (interquartile range, 6-29) days. The proportionality

P = .81, suggesting that the proportionality assumption was met.

Differential Treatment Effects and Exploratory Outcomes

Prespecified exploratory end points in Table 2 showed no sta-
tistically significant difference between groups in bivariable
comparisons of change in SOFA score to day 4, length of ICU
stay, length of hospital stay, delirium-/coma-free days, or kid-
ney replacement therapy-free days. Post hoc, weight re-
placed body mass index as the selected covariate and differ-
ential treatment effects by weight were explored. The VVFD
model yielded an interaction between treatment and weight
(P =.02) (Table 14 in Supplement 4). The nonlinear associa-
tion between weight and outcomes for the treatment groups
is shown in Section 2.5.5 in Supplement 4. In the per-
protocol analysis, a similar interaction between treatment and
weight was observed (P = .001) (Table 44 and Section 3.6.5 in
Supplement 4). Treatment response was not significantly as-
sociated with any prespecified variable, including time to treat-
ment (Table 14 in Supplement 4). The distribution of out-
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Table 2. Exploratory Outcomes in the Main and Per-Protocol Analyses

P
Outcomes Intervention group Control group Difference (95% Cl) value
Main analysis
Total No. 252 249
Mortality before ICU discharge, No. 52 (20.6) 49 (19.7) 0.9(-8.0t06.1) .79
(%)
Mortality at 180 d, No. (%) 102 (40.5) 94 (37.8) 2.7(-11.3t05.8) .53
Change in SOFA score, median (IQR)* 5 (3-7) 5(2-7) 0.0 (-1.0t0 0.0) .10
Length of ICU stay, median (IQR), d 4 (2-8) [n = 250] 4 (2-8) [n = 245] 0.0 (-2.0t0 1.0) .82
Length of hospital stay, median (IQR), 10(6-17) [n =250] 9(5-17) [n = 246] 1.0 (-3.0t02.0) .66
d
(Cl(an;a)ag/dellrlum-free days, median 4(2-5) [n = 237] 4 (2-5) [n = 241] 0.0(0.0to 1.0) .45 Abbreviations: ICU, intensive care
it; IQR, int till X

Kidney replacement therapy-free 30 (0-30) 30(0-30)[n=247]  0.0(0.0t00.0) 58 unit; [QR. interquartile range
days, median (IQR) 2 The Sequential Organ Failure
Per-protocol analysis Assessment (SOFA) score can

change by up to 24 points. An
Total No. 205 212 increasing SOFA score is associated
Mortality before ICU discharge, No. 34 (16.6) 36 (17.0) 0.4 (-6.8t07.6) 91 with increasing mortality.
(%) Coma- and delirium-free days are
Mortality at 180 d, No. (%) 81(39.5) 78 (36.8) 2.7 (-12.0t06.6) .57 based on the daily Confusion
Change in SOFA score, median (IQR)* 5 (3-7) 5(2-7) 0.0 (-1.0t00.0) .07 Assessment Method for the ICU

19 H

Length of ICU stay, median (IQR), d 4 (2-9) [n = 204] 4(2-8) [n = 210] 0.0 (-1.0t0 1.0) 52 (CAM-ICU).®The CAM-ICUis

scored as either positive or negative
Length of hospital stay, median (IQR), 11 (6-19) [n=204] 10(6-18)[n=210] 1.0(-3.0t02.0) 48 based on agitation. If the Richmond
d Agitation Scale was -4 or -5 or the
Coma;/delirium-free days, median 4(2-5) [n = 200] 4 (2-5) [n = 209] 0.0(0.0to0 1.0) 52 CAM-ICU was automatically scored
(QR) positive, the participant was noted
Kidney replacement therapy-free 30(13-30) 30(7-30)[n=211] 0.0(0.0t00.0) .78 as experiencing coma or delirium on

days, median (IQR)

that day.

comes within quartile of time to treatment stratified by
treatment group is shown in Section 4 of Supplement 4. Over-
all, 64 participants in the intervention group and 69 partici-
pants in the control group were treated within 8 hours, with
median VVFDs of 28 (IQR, 24-29) and 27 (0-29), and there was
no significant interaction between time to treatment and group
assignment (P = .27).

Safety and Adverse Event Outcomes

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

Sensitivity Analysis

Of the 501 enrolled patients, 83 were excluded because of
protocol deviations, leaving 417 in the per-protocol analysis
set. The median number of VVFDs for patients in the per-
protocol analysis was 26 (IQR, 0-29) in the intervention
group vs 26 (IQR, 0-28) in the control group, with a median
group difference of O VVFDs (95% CI, -3.00 to 2.00) and an
odds ratio of 1.09 (95% CI, 0.78-1.53) (Table 35 in Supple-
ment 4). At 30 days, 18% of patients in the per-protocol
intervention group and 22% in the control group had died.
Adjusted analyses, both conditional and marginal, were
similar to unadjusted analyses, although the odds of 30-day
mortality among participants with urinary tract infections
was significantly lower than in patients with other types of
infection (odds ratio, 0.31; 95% CI, 0.12-0.81) (Table 17 in
Supplement 4). No association between 180-day mortality

JAMA February 23,2021 Volume 325, Number 8

and study group was observed (intervention, 40%; control,
37%; difference, 3%; 95% CI, -12% to 7%). The unadjusted
Cox proportional hazard ratio for 180-day death was 1.07
(95% CI, 0.78-1.46). The main findings were unchanged
when restricting analyses to the 458 patients for whom out-
comes were fully observed (Section 2.6 in Supplement 4)
and when restricting analyses to the 402 patients who did
not receive open-label steroids (Section 2.6.14 in Supple-
ment 4).

Conditional Power Analysis Due to Administrative

Early Trial Termination

At the time of the N = 500 analysis, the predictive probability
that the trial would meet the protocol-specified criteria to de-
clare efficacy on VVFDs at N = 2000 was 30.7%. At that time,
there was about a 0.3-day difference in mean VVFDs be-
tween groups.

|
Discussion

In this randomized clinical trial conducted with an adaptive
design and terminated early for administrative reasons, treat-
ment with vitamin C, thiamine, and hydrocortisone did not sig-
nificantly increase VVFDs over 30 days compared with pla-
cebo. This held true for all adjusted and per-protocol analyses
for the primary, key secondary, and exploratory outcomes.
However, due to the early termination, the study may have
been underpowered to detect a clinically important differ-
ence in VVFDs.
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Patients enrolled in each group were well matched and pro-
tocol adherence was high. Importantly, observed mortality in
the control group was in the range used to conduct power cal-
culations for the study.

This study’s results are concordant with prior clinical trials
of vitamin Cin sepsis. In patients with septic shock, the ACTS trial
found that treatment with vitamin C, thiamine, and hydrocorti-
sone did not reduce SOFA score or mortality,2° while the VITA-
MINS trial found that the combination did not increase days alive
and free of vasopressors.'° Of note, all patients in the control group
in the VITAMINS trial were treated with corticosteroids, compared
with 33% of the control group in this trial. Comparison between
this trial and the CITRIS-ALI study is less straightforward.!® In
CITRIS-ALL a higher dosage of intravenous vitamin C (50 mg/kg
every 6 hours) was given to patients with acute lung injury in the
setting of sepsis. Although the CITRIS-ALI study, similar to VIC-
TAS, did not show differences in organ dysfunction scores over
time, the CITRIS-ALI trial did show that a decrease in mortality
in patients treated with vitamin C remains plausible. It is impor-
tant to note that mortality in CITRIS-ALI was 1 of 46 secondary
outcome measures, and no adjustment was made for multiple
comparisons in the analysis'® It is possible that differences in study
populations, differences in ancillary therapies such as corticoste-
roids and thiamine, and the higher dose of vitamin C used in
CITRIS-ALI contributed to this different outcome.'-2'-22

Limitations
This trial has several limitations. First, it was administra-
tively stopped due to a lack of funding and, thus, may have

Original Investigation Research

been underpowered to show clinically meaningful differ-
ences in VVFD. Second, a fixed dose of vitamin C was
tested; a higher dose or dosing based on plasma vitamin C
concentrations might yield different results. Third, clini-
cians were allowed to administer corticosteroids at their dis-
cretion. If corticosteroids have a beneficial effect on VVFD,
this would bias the trial results toward the null, although a
post hoc sensitivity analysis demonstrated similar findings
in patients not receiving open-label corticosteroids. Fourth,
enrollment was limited to patients with sepsis-induced car-
diovascular or respiratory failure; inclusion of patients with
different types of organ dysfunction may have yielded dif-
ferent results. Fifth, the median time to receipt of interven-
tion was 14.7 hours (IQR, 7.9-20.9 hours), and while this
timing was earlier than in the VITAMINS trial, it remains
unknown if still earlier administration could improve out-
comes. In this study, treatment response was not associated
with time to treatment, and there was no interaction
between time and group assignment.

. |
Conclusions

Among critically ill patients with sepsis, treatment with vita-
min C, thiamine, and hydrocortisone, compared with pla-
cebo, did not significantly increase ventilator- and vasopressor-
free days within 30 days. However, the trial was terminated
early for administrative reasons and may have been under-
powered to detect a clinically important difference.
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