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Very Early Administration of Progesterone for Acute Traumatic
Brain Injury

David W. Wright, M.D., Sharon D. Yeatts, Ph.D., Robert Silbergleit, M.D., Yuko Y. Palesch,
Ph.D., Vicki S. Hertzberg, Ph.D., Michael Frankel, M.D., Felicia C. Goldstein, Ph.D., Angela
F. Caveney, Ph.D., Harriet Howlett-Smith, R.N., Erin M. Bengelink, M.A., Geoffrey T. Manley,
M.D., Ph.D., Lisa H. Merck, M.D., M.P.H., L. Scott Janis, Ph.D., William G. Barsan, M.D., and
the NETT Investigators”

Departments of Emergency Medicine (D.W.W., H.H.-S.) and Neurology (M.F., F.C.G.), Emory
University School of Medicine and Grady Memorial Hospital, and the Department of Biostatistics,
Rollins School of Public Health, Emory University (V.S.H.) — all in Atlanta; the Department of
Public Health Sciences, Medical University of South Carolina, Charleston (S.D.Y., Y.Y.P.); the
Departments of Emergency Medicine (R.S., E.M.B., W.G.B.) and Psychiatry (A.F.C.), University
of Michigan, Ann Arbor; the Department of Neurosurgery, University of California, San Francisco,
San Francisco (G.T.M.); the Department of Emergency Medicine, Warren Alpert Medical School
of Brown University, Providence, RI (L.H.M.); and the National Institute of Neurological Disorders
and Stroke, National Institutes of Health, Bethesda, MD (L.S.J.).

Abstract

BACKGROUND—Traumatic brain injury (TBI) is a major cause of death and disability
worldwide. Progesterone has been shown to improve neurologic outcome in multiple experimental
models and two early-phase trials involving patients with TBI.

METHODS—We conducted a double-blind, multicenter clinical trial in which patients with
severe, moderate-to-severe, or moderate acute TBI (Glasgow Coma Scale score of 4 to 12, on a
scale from 3 to 15, with lower scores indicating a lower level of consciousness) were randomly
assigned to intravenous progesterone or placebo, with the study treatment initiated within 4 hours
after injury and administered for a total of 96 hours. Efficacy was defined as an increase of 10
percentage points in the proportion of patients with a favorable outcome, as determined with the
use of the stratified dichotomy of the Extended Glasgow Outcome Scale score at 6 months after
injury. Secondary outcomes included mortality and the Disability Rating Scale score.

RESULTS—A total of 882 of the planned sample of 1140 patients underwent randomization
before the trial was stopped for futility with respect to the primary outcome. The study groups
were similar with regard to baseline characteristics; the median age of the patients was 35 years,
73.7% were men, 15.2% were black, and the mean Injury Severity Score was 24.4 (on a scale
from 0 to 75, with higher scores indicating greater severity). The most frequent mechanism of
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injury was a motor vehicle accident. There was no significant difference between the progesterone
group and the placebo group in the proportion of patients with a favorable outcome (relative
benefit of progesterone, 0.95; 95% confidence interval [CI1], 0.85 to 1.06; P = 0.35). Phlebitis or
thrombophlebitis was more frequent in the progesterone group than in the placebo group (relative
risk, 3.03; ClI, 1.96 to 4.66). There were no significant differences in the other prespecified safety

outcomes.

CONCLUSIONS—This clinical trial did not show a benefit of progesterone over placebo in the
improvement of outcomes in patients with acute TBI. (Funded by the National Institute of
Neurological Disorders and Stroke and others; PROTECT 11 ClinicalTrials.gov number,
NCT00822900.)

More than 2.4 million emergency department visits, hospitalizations, or deaths are related to
traumatic brain injury (TBI) annually, and approximately 5.3 million Americans are living
with disability from TBI. The aggregate annual cost of TBI in the United States now
approaches $76.5 billion. Survivors of severe TBI typically require 5 to 10 years of
intensive therapy and are often left with substantial disability.2 Despite decades of research,
no pharmacologic agent has been shown to improve outcomes after TBI.

Progesterone is a potent neurosteroid synthesized in the central nervous system. Preclinical
studies in laboratory animals indicated that the early administration of progesterone after
experimental TBI reduced cerebral edema, neuronal loss, and behavioral deficits.3
Enthusiasm for progesterone as a treatment for TBI was further stimulated by two single-
center clinical trials showing decreased mortality and improved functional outcomes with
progesterone as compared with placebo.>8 We performed a large, controlled, multicenter
trial to determine the efficacy of early administration of progesterone for the treatment of
severe, moderate-to-severe, or moderate TBI.

METHODS
STUDY DESIGN

The Progesterone for Traumatic Brain Injury, Experimental Clinical Treatment (PROTECT
I11) trial was a phase 3, randomized, double-blind, placebo-controlled clinical trial designed
to determine the efficacy of early intravenous administration of progesterone versus placebo
for treating patients with acute nonpenetrating TBI caused by a blunt mechanism. The trial
was funded by the National Institute of Neurological Disorders and Stroke (NINDS) and
was conducted through the NINDS-funded Neurological Emergencies Treatment Trials
(NETT) network. The NETT network is organized into 22 academic medical centers that
operate as clinical hubs, each of which has one or more study sites. The investigators were
responsible for all the elements of the trial, including the design, data collection, analysis,
and interpretation. All the authors wrote the manuscript and vouch for the data and analysis.
The trial was conducted under Investigational New Drug application 104,188 with the Food
and Drug Administration (FDA). The study was conducted in accordance with the protocol,
available with the full text of this article at NEJM.org.

The PROTECT IlI trial was conducted at 49 trauma centers in the United States. Rigorous
training and certification of the investigators, coordinators, and outcomes assessors were
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performed initially and updated throughout the study. In addition to strict compliance with
the study protocol, critical elements of TBI management were standardized across the study
sites to minimize the effects of practice variability and secular trends. Adherence to both the
study protocol and the TBI management guidelines of the trial were centrally monitored
daily. Failures of adherence to the study protocol were identified as protocol deviations, and
failures of adherence to standardized care guidelines were defined as clinical transgressions.
Both required a prompt response and corrective action.

The trial met the exception from informed-consent requirements for emergency research
under FDA code of regulations 21 CFR 50.24.7 As specified by the federal regulations, the
institutional review board at each site reviewed and approved local community consultation
and public disclosure activities. When a legally authorized representative was available,
written informed consent was obtained before enrollment of the patient. For patients
enrolled under the exemption from informed consent, patients or their legally authorized
representatives were notified about enrollment by the study team as soon as possible and
were asked to provide written informed consent to continue in the study. Safety oversight
was provided by an NINDS-appointed data and safety monitoring board and two
independent medical safety monitors.

STUDY PATIENTS

Eligible patients were adults who had severe, moderate-to-severe, or moderate TBI due to a
blunt mechanism, with a Glasgow Coma Scale8 (GCS) score of 4 to 12 (on a scale of 3 to
15, with lower scores indicating a lower level of consciousness). Patients were enrolled if
the study treatment could be initiated within 4 hours after injury.

Patients were excluded if, before enrollment, the treatment team determined clinically that
the injury sustained was nonsurvivable; the patient had bilateral dilated, unresponsive
pupils; cardio-pulmonary resuscitation was performed; or the patient had physiological
findings of hypoxemia, hypotension, spinal cord injury, or status epilepticus. Additional
exclusion criteria were pregnancy, status as a prisoner or ward of the state, severe
intoxication (ethanol level, >249 mg per deciliter), and a known history of reproductive
cancer, allergy to progesterone or a fat-emulsion vehicle, or a blood-clotting disorder.
Patients with active myocardial infarction, ischemic stroke, pulmonary embolism, or deep-
vein thrombosis were also excluded. In addition, patients were excluded if they were
wearing an opt-out bracelet or were listed in a registry of persons preemptively requesting
not to participate in this trial.

STUDY INTERVENTION

Immediately after enrollment, patients were randomly assigned to receive an infusion
containing either progesterone or placebo. Randomization was performed with the use of a
combination of minimization and biased-coin algorithms to avoid imbalances in initial
injury severity, sex, age, or enrollment site.

Study-drug kits containing four vials of progesterone in ethanol (active treatment) or ethanol
alone (placebo) were prepared by the Emory Investigational Drug Service. Drug Kits and
their contents were identical in appearance, and study assignments remained concealed from

N Engl J Med. Author manuscript; available in PMC 2015 June 25.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Wright et al.

Page 4

all site pharmacists and study teams. Site pharmacists prepared the coded kit assigned by the
randomization algorithm by mixing a weight-based dose (0.05 mg of progesterone per
kilogram of body weight per milliliter of infusate) from the provided vials and a 250-ml bag
of fat-emulsion vehicle (Intralipid 20%, Fresenius Kabi) every 24 hours. The study
treatment was initiated within 4 hours after injury and consisted of a 1-hour loading dose, 71
hours of maintenance infusion, and a 24-hour infusion taper. The study drug was infused
continuously through a dedicated intravenous catheter at a dose of 14.3 ml per hour for 1
hour and then at 10 ml per hour for 71 hours; the dose was then tapered by 2.5 ml per hour
every 8 hours, for a total treatment duration of 96 hours.

Local study teams followed the patients closely. Data on serious adverse events were
collected throughout the duration of the study (6 months), and data on all adverse events
were collected during the first week. Data on clinical transgressions were collected and
reported daily during hospitalization.

STUDY OUTCOMES

The primary outcome was functional recovery as determined with the use of the Extended
Glasgow Outcome Scale®10 (GOS-E) at 6 months (+30 days) after randomization. A GOS-E
score of 1 indicates death, 2 indicates a vegetative state, 3 or 4 indicates severe disability, 5
or 6 indicates moderate disability, and 7 or 8 indicates good recovery. Consistent scoring
was ensured by means of rigorous training and quality assessment.

A favorable outcome was defined with the use of a stratified dichotomy of the GOS-E scores
in which the definition of favorable depended on the severity of the initial injury. The index
GCS score, the highest reliable GCS score documented before randomization, determined
the initial injury severity. (If the patient was intubated, the index GCS motor score was used
to assess severity; scores on the motor component of the GCS range from 1 to 6, with lower
scores indicating a lower level of consciousness.) Patients with a less severe initial injury
had to have a better recovery than those with a more severe injury in order to have a
favorable outcome. Patients with a severe initial injury (an index GCS score of 4 to 5 or, if
the patient was intubated, an index GCS motor score of 2 to 3) were considered to have a
favorable outcome if the 6-month GOS-E score was 3 or higher. Patients with a moderate-
to-severe initial injury (an index GCS score of 6 to 8 or, if the patient was intubated, an
index GCS motor score of 4 to 5) were considered to have a favorable outcome if the 6-
month GOS-E score was 5 or higher, and those with a moderate initial injury (an index GCS
score of 9 to 12) were considered to have a favorable outcome if the 6-month GOS-E score
was 7 or higher.

Secondary outcome measures included mortality, the Disability Rating Scale score,1! the
rates of nine prespecified adverse events that were considered to be potentially associated
with treatment, and the rates of all reported adverse events and serious adverse events. Data
on cognitive, psychological, and neurologic outcomes were also collected but are not
reported here.

N Engl J Med. Author manuscript; available in PMC 2015 June 25.
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STATISTICAL ANALYSIS

The primary objective was to determine whether progesterone was associated with an
absolute increase of 10 percentage points, as compared with placebo, in the proportion of
patients with a favorable outcome. We estimated that a total sample of 1140 patients was
required in order for the study to detect that effect with 85% power, assuming that 50% of
the patients in the placebo group would have a favorable outcome and assuming a two-sided
type | error probability of 0.05. This calculation included inflation for a 10% non-adherence
rate (owing to withdrawal of consent, loss to follow-up, or treatment crossover) and two
equally spaced interim analyses for efficacy and futility with the use of O'Brien and Fleming
stopping boundaries.12

After randomization, patients were included in the primary analysis under the intention-to-
treat principle. The primary efficacy hypothesis was tested with the use of a generalized
linear model relating the probability of a favorable outcome to the study treatment, with
adjustment for index GCS score strata, sex, and age. Standard multiple-imputation
methods’3 were used to impute outcomes for patients without the primary outcome or with
the primary outcome obtained outside the specified time window. A complete case
sensitivity analysis was also performed. Prespecified covariates were evaluated for an
interaction effect with the study treatment. Subgroup analyses were performed for sex, race,
ethnic group, and index GCS score strata, regardless of interaction effect. Other subgroups
were considered only if the interaction was statistically significant (alpha level of 0.20), was
clinically significant, and involved a sufficiently large sample (>100 patients).

RESULTS
ENROLLMENT AND CHARACTERISTICS OF THE PATIENTS

Of 17,681 persons screened, 882 patients underwent randomization between April 5, 2010,
and October 30, 2013 (Fig. S1 in the Supplementary Appendix, available at NEJM.org). The
study groups were well balanced with respect to demographic and baseline clinical
characteristics (Table 1). Initial injury severity was similar in the two groups (as determined
with the use of the index GCS score, the total Injury Severity Score, the head component
score of the Abbreviated Injury Scale, and the Rotterdam class i fication on the basis of
computed tomographic results!4). Most patients (53.5%) had moderate-to-severe injury
(index GCS score, 6 to 8). The study treatment was initiated an average of 218.1 minutes
after injury.

PRIMARY OUTCOME

After the second interim analysis, the trial was stopped because of futility. For the primary
hypothesis comparing progesterone with placebo, favorable outcomes occurred in 51.0% of
patients assigned to progesterone and in 55.5% of those assigned to placebo (Table 2); the
model estimated a relative benefit of 0.95 (95% confidence interval [CI], 0.85to 1.06; P =
0.35), with a relative benefit of less than 1.00 indicating fewer favorable outcomes in the
progesterone group than in the placebo group. Additional adjustment for clinical hub yielded
a similar result. The results of the complete case analysis were similar.

N Engl J Med. Author manuscript; available in PMC 2015 June 25.
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A secondary analysis of the GOS-E score with the use of a fixed dichotomy (in which a
score =5 was considered to indicate a favorable outcome, regardless of the severity of the
initial injury) was concordant (relative benefit, 0.99; 95% CI, 0.91 to 1.08). An additional
secondary analysis of the target population, excluding 332 patients who had an eligibility
deviation or did not receive a complete course of the study drug, was also concordant with
the primary analysis (relative benefit, 0.96; 95% ClI, 0.83 to 1.10).

The distribution of the GOS-E score stratified according to initial injury severity, and the
different criteria for a favorable outcome in each stratum, are shown in Figure 1. Overall,
approximately half the patients had favorable outcomes as determined according to the
stratified dichotomy, with a lower proportion meeting the criteria in the moderate-injury
group as compared with the severe-injury group (relative benefit, 0.53; 95% CI, 0.43 to
0.64).

SAFETY OUTCOMES

The 6-month mortality in the study population was 17.2%, ranging from 13.0% in the
moderate-injury group to 27.6% in the severe-injury group. There was no significant
difference in mortality between the progesterone group and the placebo group (hazard ratio
for death, 1.19; 95% ClI, 0.86 to 1.63). The cause of death was neurologic in 67.1% of the
patients who died.

Progesterone was associated with an acceptable safety profile. Eight prospectively defined
adverse events that were deemed to be potentially associated with the study drug were
similar in frequency in the two groups (Table 3). However, phlebitis or thrombophlebitis
was significantly more frequent in the progesterone group than in the placebo group (relative
risk, 3.03; 95% CI, 1.96 to 4.66). Episodes of phlebitis were frequently categorized as not
serious and were self-limited. The rates of other serious and nonserious adverse events were
also similar in the two study groups (Table S2 in the Supplementary Appendix).

SUBGROUP ANALYSES

The results of the subgroup analyses are shown in the forest plot in Figure 2. Interactions
with the study treatment were suggested only for sex and for isolated head injury.

DISCUSSION

Despite extensive preclinical data and two promising single-center trials,* progesterone
was not associated with any benefit over placebo, as measured by the GOS-E score at 6
months, in this large, multicenter clinical trial. The groups were well balanced for injury
severity, and both the intention-to-treat analysis and the a priori planned analysis of the
target population were congruent in showing no treatment effect.

The PROTECT Il trial joins a growing list of negative or inconclusive trials in the arduous
search for a treatment for TBI. To date, more than 30 clinical trials have investigated various
compounds for the treatment of acute TBI, yet no treatment has succeeded at the
confirmatory trial stage.1® Many reasons for the disappointing record of translating
promising agents from the laboratory to the clinic have been postulated, including limited

N Engl J Med. Author manuscript; available in PMC 2015 June 25.
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preclinical development work, poor drug penetration into the brain, delayed initiation of
treatment, heterogeneity of injuries, variability in routine patient care across sites, and
insensitive outcome measures.16

In the design of the PROTECT III trial, we attempted to mitigate many of the barriers to
translation identified in prior trials. Preclinical data supporting the treatment strategy were
robust and met all of the Stroke Therapy Academic Industry Roundtable recommendations
for moving from preclinical to clinical studies, with the exception of testing in a nonhuman
primate.1” Progesterone has been shown to penetrate the brain rapidly in high
concentrations.18 The window for treatment in our study was limited to 4 hours after injury,
with a 2-hour target (average injury-to-enrollment time, 2.9 hours; average injury-to-
treatment time, 3.6 hours). The early administration of therapy is a difficult task for a trial
involving patients with acute TBI, and one that required exception from informed consent.
Treatment variability across sites was reduced with a standardized management protocol,
multi-disciplinary commitment at each site, meticulous monitoring of patients in real time,
and immediate feedback to sites about clinical transgressions and noncompliance. To
address the concern that the GOS was insufficiently sensitive, we used the higher-fidelity
extended scale (GOS-E) as our primary outcome measure and designed a stratified
dichotomy analysis rather than using a single threshold for all patients regardless of injury
severity.

Despite these design strategies and extensive efforts, the trial did not confirm the efficacy of
progesterone in patients with acute TBI. It is possible that the heterogeneity of the injury,
confounding preexisting conditions, and characteristics of individual patients (e.g.,
resilience), which can be well controlled in animal models, play too large a role to overcome
in human disease. Approaches are needed to reduce heterogeneity, but they come at the cost
of more homogeneous pathological findings and decreased generaliz-ability of the results.
Success at translating from bench to bedside may require new paradigms, including
innovative clinical-trial methods (e.g., adaptive designs and profiling of patients who have a
response) in early-phase clinical trials to identify effective drug doses and timing (e.g.,
prehospital administration), the use of targeted outcomes based on the mechanism of injury,
and rigorous preclinical multicenter trials in animals that better simulate subsequent human
trials and make more accurate predictions regarding results.

TBI is a leading cause of death and disability worldwide. Despite promising preclinical data
and supporting preliminary evidence, progesterone did not improve the outcome of patients
with acute TBI in the PROTECT IlI trial.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Distribution of Extended Glasgow Outcome Scale (GOS-E) Scores, Stratified

According to Initial Injury Severity

The GOS-E is an ordinal scale on which each increment represents a better quality of
recovery. A GOS-E score of 1 indicates death, 2 a vegetative state, 3 or 4 severe disability, 5
or 6 moderate disability, and 7 or 8 good recovery. Each cell corresponds to a score on the
GOS-E; the width of the cell indicates the proportion of patients with equivalent scores, and
the number and percentage of patients are shown within the cell. The diagonal line between
the two study groups indicates the favorable-outcome dichotomization in each severity

stratum.
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No. of P Value for
Subgroup Patients Relative Benefit (95% Cl) Interaction
Sex ; 0.07
Male 650 —— 1.00 (0.88-1.13)
Female 232 ! = :; 0.79 (0.63-0.99)
Race : 0.57
Nonblack 748 —— 0.97 (0.86-1.08)
Black 134 ' | 0.83 (0.58-1.18)
Ethnic group ! 0.78
Hispanic 125 ! -— i 0.93 (0.69-1.25)
Non-Hispanic 690 —a— 0.94 (0.83-1.07)
Unknown or not reported 67 : —
Initial injury severity E 0.28
Moderate 254 b — 0.75 (0.52-1.09)
Moderate to severe 472 —— 1.01 (0.88-1.16)
Severe 156 | = | 0.89 (0.72-1.11)
Head injury only 461 b 0.87 (0.75-1.01) =
0!5 1!0 2{0
Placebo Better Progesterone Better

Figure 2. Adjusted Relative Benefit in Predefined Subgroups, as Assessed According to the
Stratified Dichotomy of the GOS-E Score

Models were adjusted for initial injury severity, sex, and age, as specified for the primary
analysis. The significance of the interaction effect between study assignment and the
corresponding subgroup is provided. Other prespecified subgroups that were considered
according to the statistical analysis plan were based on the Rotterdam computed
tomographic classification, score on the Injury Severity Scale, score on the Abbreviated
Injury Scale head-injury component, time from injury to infusion, pupillary response, and
medical histories (neurologic, cardiovascular, pulmonary, gastrointestinal, metabolic, renal,
reproductive, psychiatric, social, hematologic, oncologic, and related to the eyes, ears, nose,
and throat). The statistical analysis plan limited the reporting of these additional subgroups
to those with both clinical and statistical significance.
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Table 1

Characteristics of the Patients at Baseline.*

Characteristic
Age —yr
Median
Range
Male sex — no. (%)
Black race — no. (%)Jr
Hispanic ethnic group — no. (%)T
Cause of injury — no. (%)
Motor vehicle accident
Motorcycle, scooter, or ATV accident
Pedestrian struck by moving vehicle
Other®
Index GCS score at randomization — no. (%)§
Moderate
Moderate to severe
Severe
Injury Severity scorefl
AIS head score indicating no injury — no. (%)
Rotterdam CT classification — no. (%)//
1

o o b~ W N

Data missing

Minutes from injury
To arrival at emergency department
To randomization

To study-treatment initiation

Progesterone (N = 442)

36
17-94
324 (73.3)
70 (15.8)

61 (13.8)

159 (36.0)
78 (17.6)
60 (13.6)
145 (32.8)

129 (29.2)
234 (52.9)
79 (17.9)
24.7+11.7

12 (2.7)

8 (L8)
155 (35.1)
200 (45.2)

41(9.3)

31(7.0)

7(1.6)

0

53.4+30.3
173.2+37.5
219.9+39.4

Placebo (N = 440)

34
17-93
326 (74.1)
64 (14.5)

64 (14.5)

163 (37.0)
91 (20.7)
55 (12.5)
131 (29.8)

125 (28.4)
238 (54.1)
77 (17.5)
24.1#11.1

19 (4.3)

7(1.6)

157 (35.7)

193 (43.9)
39(8.9)
37(8.4)
6 (1.4)
1(02)

54.2+27.2
173.0+£37.1
216.4+34.7

Overall (N =882)

35
17-94
650 (73.7)
134 (15.2)

125 (14.2)

322 (36.5)
169 (19.2)
115 (13.0)
276 (31.3)

254 (28.8)
472 (53.5)
156 (17.7)
24.4+11.4

31(3.5)

15 (1.7)
312 (35.4)
393 (44.6)

80 (9.1)

68 (7.7)

13 (1.5)

1(0.1)

53.8+28.8
173.1+37.3
218.1+37.2

Page 12

*
Plus—-minus values are means +SD. There were no significant differences between study groups with regard to these baseline characteristics. AIS
denotes Abbreviated Injury Scale, and ATV all-terrain vehicle.

TRace and ethnic group were determined by the study team from the medical record.

iOther identified causes of injury, in decreasing frequency, were falls of 3 ft (1 m) or more, assaults, bicycle accidents, falls of less than 3 ft (1 m),

and blast injury.

§Overall scores on the Glasgow Coma Scale (GCS) range from 3 to 15, with lower scores indicating a lower level of consciousness. The overall
GCS score is the sum of scores for the motor, verbal, and eye-opening components. Motor scores on the GCS range from 1 to 6, with lower scores

indicating a lower level of consciousness. At randomization, an index GCS score (the highest reliable GCS score documented before

randomization) of 9 to 12 indicated moderate injury, an index GCS score of 6 to 8 (or an index GCS motor score of 4 or 5 if the patient was
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intubated) indicated moderate-to-severe injury, and an index GCS score of 4 or 5 (or an index GCS motor score of 2 or 3 if the patient was
intubated) indicated severe injury.

ﬂThe Injury Severity Score ranges from 0 to 75, with higher scores indicating greater severity of injury.

//Scores on the Rotterdam classification of abnormalities revealed by computed tomography (CT) of the brain in patients with TBI range from 1 to
6, with increasing scores indicating a higher risk of death.
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Table 2
*
Outcomes at 6 Months.
Outcome Progesterone (N = Placebo (N =440) Overall (N=882) Unadjusted Difference
442) (95% ClI) percentage
points
Primary outcome — no. (%)
Favorable outcome 213 (48.2) 232 (52.7) 445 (50.5) -45(-11.1t0 2.1)
Missing data 28 (6.3) 24 (5.5) 52 (5.9) —
According to initial injury severity — no./
total no. (%)
Moderate injury
Favorable 35/129 (27.1) 45/125 (36.0) 80/254 (31.5) -8.9(-20.310 2.5)
Missing data 10/129 (7.8) 11/125 (8.8) 21/254 (8.3) —
Moderate-to-severe injury
Favorable 133/234 (56.8) 133/238 (55.9) 266/472 (56.4) 1.0 (-8.0109.9)
Missing data 13/234 (5.6) 9/238 (3.8) 22/472 (4.7) —
Severe injury
Favorable 45/79 (57.0) 54/77 (70.1) 99/156 (63.5) -13.2 (-28.1t0 1.8)
Missing data 5/79 (6.3) 4177 (5.2) 9/156 (5.8) —
Death — no. (%) 83 (18.8) 69 (15.7) 152 (17.2) —
Cause of death — no./total no. (%) —
Neurologic 53/83 (63.9) 49/69 (71.0) 102/152 (67.1) —
Not neurologic 28/83 (33.7) 20/69 (29.0) 48/152 (31.6) —
Unknown 2/83 (2.4) 0 2/152 (1.3)
According to initial injury severity — no./ —
total no. (%)
Moderate 19/129 (14.7) 14/125 (11.2) 33/254 (13.0) —
Moderate to severe 37/234 (15.8) 39/238 (16.4) 76/472 (16.1) —
Severe 27179 (34.2) 16/77 (20.8) 43/156 (27.6) —
2.9+4.6 3.34+5.1 3.1+4.9 —

Disability Rating Scale scorel

*

Plus—minus values are means +SD. An Extended Glasgow Outcome Scale (GOS-E) score of 1 indicates death, 2 a vegetative state, 3 or 4 severe
disability, 5 or 6 moderate disability, and 7 or 8 good recovery. Favorable outcome was defined with the use of a stratified dichotomy of the GOS-
E in which the definition of favorable depended on the severity of the initial injury as assessed with the use of the index GCS score. A favorable
outcome in the moderate-injury group was defined as a GOS-E score of 7 or 8, in the moderate-to-severe-injury group as a GOS-E score of 5 to 8,
and in the severe-injury group as a GOS-E score of 3 to 8. Cl denotes confidence interval.

TThe Disability Rating Scale is a measure of functional impairment, with scores ranging from 0 (complete recovery) to 29 (vegetative state).
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Table 3

Adverse Events Potentially Associated with the Study Drug.

Page 15

Event Progesterone (N = 442)
Myocardial infarction 5(1.1)
Pulmonary embolism 10 (2.3)

Acute ischemic stroke 6(1.4)

Deep venous thrombosis 50 (11.3)
Unexplained increased liver-enzyme level 18 (4.1)

Sepsis 9 (2.0)
Pneumonia 142 (32.1)
Central nervous system infection 5(1.1)
Phlebitis or thrombophlebitis 76 (17.2)

Placebo (N = 440)

number of patients (percent)

5(1.1)
13(3.0)
13 (3.0)
40 (9.1)
14(3.2)
9(2.0)
140 (31.8)
3(0.7)
25(5.7)

Overall (N = 882)

10 (L.1)
23(2.6)
19 (2.2)
90 (10.2)
32(3.6)
18 (2.0)
282 (32.0)
8(0.9)
101 (11.5)

Relative Risk (95% CI)

1.00 (0.29-3.41)
0.77 (0.34-1.73)
0.46 (0.18-1.20)
1.24 (0.84-1.85)
1.28 (0.64-2.54)
1.00 (0.40-2.48)
1.01 (0.83-1.22)
1.66 (0.40-6.90)
3.03 (1.96-4.66)
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