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ABSTRACT

Background

Traumatic brain injury (TBI) is a leading cause of death and disability, and the identification of effective, inexpensive and widely practicable
treatments for brain injury is of great public health importance worldwide. Progesterone is a naturally produced hormone that has
well-defined pharmacokinetics, is widely available, inexpensive, and has steroidal, neuroactive and neurosteroidal actions in the central
nervous system. It is, therefore, a potential candidate for treating TBI patients. However, uncertainty exists regarding the efficacy of this
treatment. This is an update of our previous review of the same title, published in 2012.

Objectives

To assess the effects of progesterone on neurologic outcome, mortality and disability in patients with acute TBI. To assess the safety of
progesterone in patients with acute TBI.

Search methods

We updated our searches of the following databases: the Cochrane Injuries Group's Specialised Register (30 September 2016), the Cochrane
Central Register of Controlled Trials (CENTRAL; Issue 9, 2016), MEDLINE (Ovid; 1950 to 30 September 2016), Embase (Ovid; 1980 to 30
September 2016), Web of Science Core Collection: Conference Proceedings Citation Index-Science (CPCI-S; 1990 to 30 September 2016);
and trials registries: Clinicaltrials.gov (30 September 2016) and the World Health Organization (WHO) International Clinical Trials Registry
Platform (30 September 2016).

Selection criteria

We included randomised controlled trials (RCTs) of progesterone versus no progesterone (or placebo) for the treatment of people with
acute TBI.

Data collection and analysis

Two review authors screened search results independently to identify potentially relevant studies for inclusion. Independently, two review
authors selected trials that met the inclusion criteria from the results of the screened searches, with no disagreement.

Main results

We included five RCTs in the review, with a total of 2392 participants. We assessed one trial to be at low risk of bias; two at unclear risk of
bias (in one multicentred trial the possibility of centre effects was unclear, whilst the other trial was stopped early), and two at high risk of
bias, due to issues with blinding and selective reporting of outcome data.

All included studies reported the effects of progesterone on mortality and disability. Low quality evidence revealed no evidence of a
difference in overall mortality between the progesterone group and placebo group (RR 0.91, 95% Cl 0.65 to 1.28, I* = 62%; 5 studies, 2392
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participants, 2376 pooled for analysis). Using the GRADE criteria, we assessed the quality of the evidence as low, due to the substantial
inconsistency across studies.

There was also no evidence of a difference in disability (unfavourable outcomes as assessed by the Glasgow Outcome Score) between the
progesterone group and placebo group (RR 0.98, 95% CI 0.89 to 1.06, I = 37%; 4 studies; 2336 participants, 2260 pooled for analysis). We
assessed the quality of this evidence to be moderate, due to inconsistency across studies.

Data were not available for meta-analysis for the outcomes of mean intracranial pressure, blood pressure, body temperature or adverse
events. However, data from three studies showed no difference in mean intracranial pressure between the groups. Data from another study
showed no evidence of a difference in blood pressure or body temperature between the progesterone and placebo groups, although there
was evidence that intravenous progesterone infusion increased the frequency of phlebitis (882 participants). There was no evidence of a
difference in the rate of other adverse events between progesterone treatment and placebo in the other three studies that reported on
adverse events.

Authors' conclusions

This updated review did not find evidence that progesterone could reduce mortality or disability in patients with TBI. However, concerns
regarding inconsistency (heterogeneity among participants and the intervention used) across included studies reduce our confidence in
these results.

There is no evidence from the available data that progesterone therapy results in more adverse events than placebo, aside from evidence
from a single study of an increase in phlebitis (in the case of intravascular progesterone).

There were not enough data on the effects of progesterone therapy for our other outcomes of interest (intracranial pressure, blood pressure,
body temperature) for us to be able to draw firm conclusions.

Future trials would benefit from a more precise classification of TBI and attempts to optimise progesterone dosage and scheduling.

PLAIN LANGUAGE SUMMARY

Progesterone for traumatic brain injury
Review question

To find out whether using the hormone progesterone to treat people who have had an injury to the head that caused brain damage
(traumatic brain injury (TBI)) is helpful and safe, if given within 24 hours of the injury.

Background

TBI is one of the main causes of death and disability in people with injuries. Damage to the brain can start at the time of the injury, but
can continue for days after the injury too. Progesterone is a hormone that some doctors think could be used as a potential medicine for
reducing brain damage if given shortly after TBI. However, as there is uncertainty about the effectiveness of this hormone, it is important
that we assess the evidence.

Study characteristics

We searched the medical literature widely for randomised controlled trials that investigated the effects of progesterone in people with TBI
up to 30 September 2016. Randomised controlled trials provide the most robust medical evidence. .

Key results

We included five studies with a total of 2392 participants, and identified three ongoing studies. The studies all compared a group of
participants who received progesterone within 24 hours of TBI against a group who received a pretend - or dummy - medicine (known as
a placebo) that looked the same as the progesterone.

The results of our review did not find evidence that, when compared to placebo, progesterone could reduce death and disability in people
with TBI. There were too few data available on the other outcomes that we were interested in (pressure inside the skull (intracranial
pressure), blood pressure, body temperature and adverse events (harms)), for us to be able to analyse these in detail. However, although
theinformation available shows no evidence of a difference in effect between the progesterone and control groups for intracranial pressure,
blood pressure or body temperature, one study showed an increased level of an adverse event called phlebitis (inflammation in the vein)
in the progesterone group, possibly because the progestreone was given into the vein through an intravascular infusion ('drip').

Quality of the evidence

We judged the quality of the evidence to be low for the data on risk of death, and moderate for the data on risk of disability. These
judgements resulted from differences across studies, including different doses of progesterone and different time points for assessment
of participants in the included studies. This means that we have limited confidence in the conclusions of this review.
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SUMMARY OF FINDINGS

Summary of findings for the main comparison.

Progesterone compared with no progesterone or placebo for traumatic brain injury

Patient or population: people with acute TBI secondary to head injury
Settings: hospitals, intensive care units
Intervention: progesterone therapy

Comparison: no progesterone or placebo

Outcomes Illustrative comparative risks* Relative effect  No of partici- Quality of the Comments

(95% Cl) (95% Cl) pants evidence

(studies) (GRADE)
Assumed risk Corresponding
risk

Control Progesterone
Mortality atend 192 per 1000 175 per 1000 RR0.91(0.65t0 2376 BDOO There is no evidence of a reduction of mortality at the
of scheduled 1.28) (5 studies) Low1,2,3 end of scheduled follow-up as a result of progesterone
follow-up (125 to 246) therapy. Our confidence in this evidence is limited as we

have assessed it as low quality.

Disability (un- 533 per 1000 522 per 1000 RR0.98 (0.89to 2260 DODO There is no evidence of a difference in disability (un-
favourable out- 1.06) Moderatel,3 favourable outcomes) at the end of scheduled follow-up
comes: death, (474 to 565) (4 studies) as a result of progesterone therapy. Our confidence in
vegetative this evidence is somewhat limited as we have assessed
state, severe it as moderate quality.
disability; GOS
1-3) at end of
scheduled fol-
low-up
Intracranial - - - 3 studies - In Xiao 2008, ICP data were presented as mean values.
pressure (ICP) In Wright 2006, ICP data were presented as the mean
within the frequency of pressures exceeding threshold values. In
treatment peri- Skolnick 2014, ICP data were presented as the popu-
od lation with increased ICP. We were therefore not able

to perform meta-analysis. There was no evidence that
progesterone therapy has an effect on ICP.
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Blood pressure - - - 1 study - "Throughout the three-day infusion interval, there was
no difference between the progesterone and placebo
groups" (Wright 2006)

Body tempera- - - - 1 study - "Progesterone group experienced a lower increase in

ture mean temperature than the control group" (Wright
2006)

Adverse events - - - 4 studies - Wright 2014 reported that phlebitis or thrombophlebitis

was significantly more frequent in the progesterone
group than in the placebo group (882 cases, RR 3.03;
95% Cl, 1.96 to 4.66). The rates of other serious and non-
serious adverse events were similar in the 4 studies.

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).
Cl: confidence interval;GOS: Glasgow Outcome Scale; ICP: intracranial pressure; RR: risk ratio

GRADE Working Group grades of evidence

High quality: further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate.

1. We judged the overallrisk of bias of two studies as high, and two studies as unclear. However, most data were from studies at low or unclear risk of bias, so we did not downgrade
for risk of bias.

2. Downgraded once for inconsistency (substantial heterogeneity: I = 62%, P value 0.03)

3. Downgraded once for inconsistency (the dosage, treatment routine and vehicles of progesterone varied across studies. Different time points were involved in the analysis of
mortality and unfavourable outcomes).
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BACKGROUND

Description of the condition

Traumatic brain injury (TBI) is one of the main causes of death and
disability in people with injuries (Ghajar 2000). Globally, at least 10
million people are killed or hospitalised every year because of TBI
(Hyder 2007). The cost to society of TBI is considerable. In the USA,
it is estimated that the cost of acute treatment and rehabilitation
for patients with brain injury is around two billion dollars (USD)
per year (McGarry 2002), not including indirect costs to families
and society. The identification of effective, inexpensive and widely
practicable treatments for brain injury is of great public health
importance.

Although much of the neurological damage after TBI is caused
at the time of the injury, secondary brain damage caused by
mechanisms such as brain oedema, free radical formation or
release of inflammatory mediators may exacerbate the primary
injury. Severe injury sets in motion a cascade of events over
several hours that can lead to secondary damage or death of
brain tissue. To date, no pharmacologic agent has been shown
to improve outcomes of TBI (Gultekin 2016). Methylprednisolone,
once considered a mainstay of treatment, has been shown
to be harmful (Alderson 2008), and there is no evidence to
support the use of magnesium in patients with acute TBI (Arango
2008). It is important to search for safe and clinically effective
neuroprotective drugs to prevent secondary brain damage after
TBI, and progesterone has several features that make it an
attractive candidate.

Description of the intervention

Progesterone, a hormone which is both widely available
and inexpensive, has steroidal, neuroactive and neurosteroidal
actions in the central nervous system. The pharmacokinetics of
progesterone are well known, as the drug has been safely used
for a long time (Allolio 1995; Goldfien 1989). Progesterone is
present in the brains of men and women in small, roughly equal
concentrations. Progesterone receptors are widely distributed
throughout the central nervous system (Schumacher 1995).
Although progesterone's non-neurologic effects are well known,
the steroid also has neuroprotective properties (Singh 2013). At
the preclinical level, there is increasing evidence that progesterone
could produce beneficial effects in brain and spinal cord injuries
(Brotfain 2016), stroke (Yousuf 2016), brain haemorrhage (Hsieh
2016), and neurodegenerative diseases (De 2013).

How the intervention might work

A great number of preclinical studies have reported a therapeutic
effect of progesterone in the central nervous system. Progesterone
is thought to decrease brain oedema and help to maintain the
integrity of the blood-brain barrier (He 2014; Soltani 2016; Wang
2013), prevent apoptosis and necrosis (Li 2015; Yousuf 2016),
reduce excitotoxicity by lessening the effect of neuroinflammation,
reduce oxidative stress and alter glutamate receptor activity (Hong
2016; Luoma 2011; Webster 2015), and improve motor, sensory and
cognitive recovery (Geddes 2016; Stein 2008; Wali 2016). However,
so far, none of these encouraging preclinical results have led to
evidence of any considerable improvement in clinical outcomes.

Why it is important to do this review

The limited evidence from the last version of our review published
in 2012 revealed that progesterone might improve the neurologic
outcome of acute TBI patients (Ma 2012). However, the previous
systematic review has become outdated as the results of two
recent phase Ill randomised controlled trials (RCTs) have now
been published (Skolnick 2014; Wright 2014). An updated review
was needed to provide a comprehensive assessment of the best
available evidence of the safety and efficacy of progesterone
treatment for acute TBI.

This updated systematic review of RCTs aims to quantify the
evidence for the effects of progesterone administration on people
with TBI. Because of the high incidence of TBI and its excessive
cost each year, even a modest reduction in the risk of unfavourable
outcomes could have major public health significance.

OBJECTIVES

To assess the effects of progesterone on neurologic outcome,
mortality and disability in patients with acute TBI. To assess the
safety of progesterone in patients with acute TBI.

METHODS

Criteria for considering studies for this review
Types of studies

We included published randomised controlled trials (RCTs) of
progesterone versus no progesterone (or placebo) for the treatment
of acute TBI. In an attempt to improve the quality of our updated
systematic review, we excluded non-registered studies for which
the study report was published after 2010 (Roberts 2015).

Types of participants

People, of any age, with clinically diagnosed with acute TBI
secondary to head injury. All severities of head injury were
included.

Types of interventions

Progesterone versus no progesterone or placebo, administered in
any dose, by any route, for any duration and started within 24 hours
of the head injury.

We only considered natural progesterone as the intervention.
Synthetic progestin has different effects to natural progesterone
in postinjury treatment. Consequently, we did not include the
following compounds as interventions: medroxyprogesterone,
megestrol  acetate, chlormadinone, hydroxyprogesterone,
norethindrone, norgestrel nor norethynodrel (Stein 2008).

Types of outcome measures
Primary outcomes

» Mortality at end of scheduled follow-up

« Disability at end of scheduled follow-up: assessed via the
Glasgow Outcome Scale (GOS) and any other validated
measures of neurological functioning and disability

« Intracranial pressure within the treatment period

Progesterone for acute traumatic brain injury (Review)
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Secondary outcomes

« Blood pressure
« Bodytemperature

« Complications and adverse events, including liver function
abnormality, episodes of venous or arterial thromboembolism,
allergic reactions, phlebitis

To determine the optimal information size we assumed a 20%
control event rate (mortality) and a 25% relative risk reduction
with 90% power and a 0.05 significance level. Our calculations
indicated that the optimal information size needed to reliably
detect a plausible treatment effect in mortality is 1212 patients in
each group. For the disability outcome (GOS 1 to 3), we assumed
a 50% control event and a 25% relative risk reduction with 90%
power and a 0.05 significance level. The optimal information size
needed to reliably detect a plausible treatment effect in disability
is 329 patients in each group.

Search methods for identification of studies

The searches were not restricted by date, language or publication
status.

Electronic searches

The Cochrane Injuries Group's Information Specialist updated
searches of the following electronic databases and trials registries
(2012 to date):

« Cochrane Injuries Group's Specialised Register (30 September
2016);

« Cochrane Central Register of Controlled Trials (CENTRAL; Issue
9, 2016, via Cochrane Register of Studies (CRSO));

o MEDLINE (Ovid) (1950 to 30 September 2016);
« Embase (Ovid) (1980 to 30 September 2016);

« Web of Science Core Collection: Conference Proceedings
Citation Index-Science (CPCI-S; 1990 to 30 September 2016);

« Clinicaltrials.gov (30 September 2016);

« World Health Organization (WHO) International Clinical Trials
Registry Platform (ICTRP) (30 September 2016).

The full search strategies are presented in (Appendix 1).

Strategies for earlier searches (conducted in August 2012) are
presented in (Appendix 2).

Data collection and analysis
Selection of studies

Two review authors (JM and YZ) independently screened the
titles and abstracts of all citations found through the searches
and decided whether or not the articles were potentially eligible
for inclusion in the review. We obtained the full texts of all
potentially relevant articles and the two review authors (JM and
YZ) independently assessed whether each met the predefined
inclusion criteria. We excluded any studies that did not fulfil
the inclusion criteria, and the reasons for exclusion are noted in
the 'Characteristics of excluded studies' table. We resolved any
disagreement by discussion or arbitration with SH. We examined all
duplicate study reports to verify that they presented unique sets of
data.

Data extraction and management

Two review authors (JM and YZ) independently extracted data
from the included studies on sequence generation, allocation
concealment, loss to follow-up, blinding of outcome assessment,
types of participants, types of interventions, types of outcomes,
methods of analysis (intention-to-treat (ITT) analysis or per
protocol analysis, or both), comparability of groups at baseline,
statistical methods used and source of study funding. Where
necessary, we requested unpublished information from the study
authors. We extracted data to allow an ITT method. For studies
with a “modified ITT' method, if we had considered the reasons
for exclusion of participants to be inappropriate and the data were
available to the review author, we would have conducted analyses
that include participants who were excluded by the study authors.
We compared the data extracted by each author and resolved any
disagreement by discussion or arbitration with SH. Data extracted
are noted in the 'Characteristics of included studies' table.

Assessment of risk of bias in included studies

Two review authors (JM and YZ) assessed RCTs using the 'Risk of
bias' assessment tool in the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins 2011). Each review author
independently evaluated risk of bias through assessing: sequence
generation, allocation concealment, blinding (assessments were
made for each main outcome or class of outcomes), incomplete
outcome data (assessments were made for each main outcome
or class of outcomes), selective outcome reporting and other
sources of bias. We resolved any disagreement through discussion
or arbitration from SH. We came to a judgement relating to the risk
of bias for each domain and we also categorised the overall risk of
bias of individual studiesas being at: low, high or unclear risk of bias
as follows (Higgins 2011):

« low risk of bias (i.e. plausible bias unlikely to alter the results
seriously) if all domains were at low risk of bias; -

« unclear risk of bias (i.e. plausible bias that raises some doubt
about the results) if one or more domains had an unclear risk of
bias;

« high risk of bias (i.e. plausible bias that seriously weakens
confidence in the results) if one or more domains were at high
risk of bias.

Measures of treatment effect

We calculated therisk ratio (RR) and 95% confidence interval (Cl) for
mortality. We split GOS data into favourable (moderate disability,
good recovery; GOS scores 4 and 5) and unfavourable outcomes
(death, vegetative state, severe disability; GOS scores 1 to 3). We
would have split other validated functional outcome data into
favourable (modified Rankin Scale score<3, Barthel Index>60, etc)
and unfavourable outcomes (modified Rankin Scale score graded
3 to 6 and Barthel Index 0 to 60,etc).These were also calculated
by RR and 95% CI. For continuous outcomes such as intracranial
pressure, body temperature, and blood pressure, we would have
used arithmetic means and standard deviations for each group.

Dealing with missing data

We contacted study authors to obtain missing information. When
the missing data were unavailable, we included data on only those
particpants whose results were known to generate the outcome

Progesterone for acute traumatic brain injury (Review)
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and considered the potential impact of the missing data during the
interpretation of the results.

Assessment of heterogeneity

We assessed clinical heterogeneity between comparable trials by
examining the participants, interventions and outcomes of the
trials. In addition, we used visual inspections of graphs to assess
heterogeneity. Statistical heterogeneity was examined with the I?
statistic and Chi? test. Substantial heterogeneity was considered to
exist when |2 exceeded 60% and the Chi? test P value was less than
0.1.

Assessment of reporting biases

We planned to assess reporting bias by funnel plots and linear
regression tests, however, there were too few included studies
to enable meaningful analysis. We will assess reporting biases in
future updates if there are 10 or more studies included in the meta-
analysis.

Data synthesis

We calculated the RRs and 95% Cls via a fixed-effect model
and conducted a meta-analysis for dichotomous outcomes, if we
judged that the included trials were clinically and statistically
homogeneous. We employed the random-effects model to pool
studies when statistical heterogeneity occurred. For continuous
data, we would have calculated mean differences (MD) or
standardised mean differences (SMD) with 95% CI. We assessed
possible sources of heterogeneity by subgroup and sensitivity
analyses. We used Review Manager 2014 software, version 5.3 for
all analyses.

Subgroup analysis and investigation of heterogeneity

We performed the following subgroup analysis by severity of brain
injury:

severe TBI subgroup (Glasgow Coma Scale (GCS) < 8) and moderate
TBI subgroup (GCS 9 to 12).

Sensitivity analysis

We undertook sensitivity analyses to assess the robustness of the
results, by excluding studies with an unclear or high risk of bias for
allocation concealment.

Summarising findings and assessing the quality of the evidence

We developed a 'Summary of findings' table to present the results
of this review. We included all outcomes: mortality, disability,
intracranial pressure; blood pressure, body temperature, and
complications and adverse events.

Where possible, we assessed the quality of the evidence for our
effect estimates using the GRADE methods to account for the overall
risk of bias of the included studies, inconsistency of the results,
indirectness of the evidence, precision of the estimates and the risk
of publication bias (GRADE 2004). This was done independently and
in duplicate by JM and YZ. We rated the quality of the evidence as
high, moderate, low or very low.

RESULTS

Description of studies

We identified five completed studies that satisfied the inclusion
criteria using the process described in Figure 1 (Skolnick 2014;
Wright 2006; Wright 2014; Xiao 2007; Xiao 2008). All trials eligible
for inclusion compared progesterone therapy with a control group.
There were also three ongoing trials (IRCT2014042017356N1;
CTRI/2009/091/000893, CTRI/2013/02/003396), which are detailed
in Characteristics of ongoing studies.

Progesterone for acute traumatic brain injury (Review)
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Included studies

Full descriptions of all the included studies can be found in the
Characteristics of included studies.

The five included studies had a total of 2392 participants; 1195 in
Skolnick 2014;100 in Wright 2006; 882 in Wright 2014; 56 in Xiao
2007; and 159 in Xiao 2008.

Skolnick 2014: was a Mmulticenter phase Ill RCT that randomly
assigned participants. Patients, (16 to 70 years of age, with severe
TBI (GCS < 8 and at least one reactive pupil)) were randomly
assigned to receive progesterone or placebo. The modified
ITT population excluded 16 participants (6 participants in the
progesterone group and 10 in the placebo group) because they
did not receive any study drug. Drug infusion (progesterone andor
placebo) was started intravenously within 8eight hours afterof
injury with a loading dose of 0.71 mg/kg/hour for one hour,
followed by 0.50 mg/kg/hour for 119 hours.

Wright 2006 was a phase Il RCT that recuited adults with acute
severe TBI and a GCS score of 4 to 12 after resuscitation, and
stabilisation within 11 hours of injury. Participants were assigned
to eight clinical subgroups, then permuted block randomisation
assigned four of every five consecutive patients to progesterone
and the other to placebo. A 4:1 randomisation scheme was used
to increase the number of patients receiving progesterone while
maintaining blinding. The progesterone group received an infusion
of 0.71 mg/kg of progesterone at 14 mL/h for the first hour and
then an infusion of 0.5 mg/kg progesterone in 10 mL/h for the
next 11 hours. Five additional 12-hour maintenance infusions were
delivered at the standard rate of 10 mL/hour, for a total of three days
of treatment; the control group received placebo.

Wright 2014: was a Mmulticenter phase Ill RCT that recruited a.
Adults patients with brain injury (GCS score of 4 to 12) were enrolled
if the study treatment could be initiated within 4four hours afterof
the injury. The study drug (progesterone or placebo) was infused
continuously through a dedicated intravenous catheter at a dose
of 14.3 mlL/h per hour for 1one hour and then at 10 mL/l per hour
for 71 hours; the dose was then tapered by 2.5 mlL/ per hour every
8eight hours, for a total treatment duration of 96 hours.

Xiao 2007 recruited patients aged 15 to 65 years with severe TBI
(GCS5to 8) after the time of injury, and randomised them according
to arandom number table. The progesterone group received 80 mg

progesterone via intramuscular injection once every 12 hours for
five consecutive days.

Xiao 2008 recruited adults with acute severe TBI and a GCS score <
8 after resuscitation, and stabilisation within eight hours of injury.
Participants were randomised according to a random number
table. The progesterone group received a dose of progesterone of
1.0 mg/kg via intramuscular injection within eight hours of the time
of injury, and then every 12 hours for five consecutive days. The
control group received placebo.

Excluded studies

We excluded a total of six studies (Abokhabar 2012; Aminmansour
2012; Mofid 2016; Raheja 2016; Shakeri 2013; Wright 2005).

We excluded three studies because they were not prospectively
registered and their reports were published after 2010. These
included Aminmansour 2012 and Abokhabar 2012 for which we
were unable to locate registration or protocols. Mofid 2016 claimed
it was a prospective, single-blind RCT performed from May 2013
to July 2015. However, we found the study protocol was approved
by ethics committee of Kerman University of Medical Sciences in
April 2014 and registered in the Iranian Registry of Clinical Trials
in August 2014 (www.irct.ir, CT2014042017356N1). Because of this
delay in trial registration, we judged that the study had not been
prospectively registered.

We excluded two studies because they used biochemical
outcome measures and did not address clinical outcomes. Wright
2005 evaluated the pharmacokinetics of progesterone given by
intravenous infusion to people with TBI, while Raheja 2016 was
part of a prospective blinded, randomized, placebo-controlled
phase Il trial of progesterone with or without hypothermia
(CTRI/2009/091/000893), which focused on the relationship
between serum biomarkers and outcomes after TBI; the study
report did not include the effect of progesterone on TBI.

We excluded Shakeri 2013 because medroxyprogesterone was used
as the intervention rather than progesterone.

Risk of bias in included studies

Our assessments of the risk of bias in the included studies are
recorded in the 'Risk of bias' tables, and are displayed in Figure
2 and Figure 3. The overall risk of bias of individual studies was
judged as high for Xiao 2007 and Xiao 2008, unclear for Wright 2014
and Skolnick 2014, and low for Wright 2006.

Progesterone for acute traumatic brain injury (Review)
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Figure 2. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies. Five studies are included in this review.
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Figure 3. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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The risk of bias for this domain was judged to be low for all five
studies.

Allocation concealment

In Wright 2006, Xiao 2008, Wright 2014 and Skolnick 2014,
the appearance, packaging and administration of placebo and
progesterone injections were the same for the two groups. Xiao
2007 did not describe the methods used for allocation concealment
sufficiently for us to determine the risk of bias for this domain. We
therefore assessed this study as being at unclear risk of bias.

The risk of bias for this domain was judged as low for Wright 2006,
Xiao 2008, Wright 2014 and Skolnick 2014, and unclear for Xiao
2007.

Blinding
Blinding (GOS and other objective outcomes)

Wright 2006, Xiao 2008, Skolnick 2014 and Wright 2014
mentioned “double blinding', and achieved blinding by use of
indistinguishable drug kits. We judged the risk of bias for this
domain as low for these trials.

In the trial by Xiao 2007, there was no blinding and the outcome
measurement was likely to be influenced by lack of blinding. We
judged the risk of bias for this domain as high.

Blinding (mortality)

We decided that for the outcome of mortality, the outcome and its
measurement were not likely to have been influenced by blinding.
So we judged the risk of bias for this domain to be low for all
included studies.

Incomplete outcome data

In Wright 2006, with the exception of three people who
discontinued treatment (two died during infusion, one was taken
into police custody), there were no withdrawals, dropouts, or losses
to follow-up by the end of the follow-up period. In Xiao 2008, there
were two withdrawals, three dropouts and 19 losses to follow-up
at the end of the follow-up period. In Skolnick 2014, a total of 31
participants (17 in the progesterone group and 14 in the placebo
group) were lost to follow-up. Skolnick 2014 used a modified ITT
population and excluded 16 participants (six in the progesterone
group and 10in the placebo group) because they did not receive any
study drug. This method was described previously in its protocol,
so we did not consider these exclusions were associated with
industry funding or authors' conflicts of interest. In Wright 2014,
28 participants (6.3%) in progesterone group and 24 (5.5%) in
placebo group were missing. Missing outcome data was balanced
in numbers between progesterone group and placebo group in all
of the above four studies. Attrition or exclusion of participants was
not reported in Xiao 2007.

We judged the risk of bias for this domain as low for Wright 2006,
Xiao 2008, Skolnick 2014 and Wright 2014, and as unclear for Xiao
2007.

Selective reporting

The protocols for Wright 2006, Wright 2014 and Skolnick 2014 were
presented in Clinicaltrials.gov. It was clear that these published
reports included all expected outcomes, so we judged the risk

of bias for this domain as low for Wright 2006, Wright 2014 and
Skolnick 2014.

Xiao 2007 and Xiao 2008 were registered in the Australian New
Zealand Clinical Trials Registry (ACTRN12607000545460) and the
Chinese Clinical Trial Register (ChiCTR-TRC-08000174), but this was
done retrospectively. The dates of registration postdated the ends
of the trials. We did not exclude these two trials because they were
published before 2010 (Roberts 2015). We judged the risk of bias for
selective reporting as high for these two trials.

Other potential sources of bias
Source of funding

Wright 2006 and Wright 2014 were supported by a grant from the
National Institute for Neurological Disorders and Stroke, National
Institutes of Health, USA.

Xiao 2007 and Xiao 2008 were supported by the Scientific Research
Fund of Zhejiang Provincial Education Department, China.

Skolnick 2014 was funded by BHR Pharma, UK.

Stopping a trial early

The Wright 2014 trial intended to enrol 1140 participants, but
the trial was abandoned after 882 people had been assessed. We
did not consider reporting bias, because there was no selective
revealing or suppression of the study information. After the
second interim analysis, the trial was stopped because of futility
(favourable outcomes were observed in 51% of participants who
received progesterone after TBI, compared with 55.5% of controls.
Stratification of the participants on the basis of injury severity did
not reveal any effect of progesterone on recovery). We therefore
assessed the risk of other bias for Wright 2014 as unclear.

Centre effects in multicenter RCTs

Skolnick 2014 was conducted in approximately 100 centres in
21 countries. The number of mortality or functional outcome
events in each centre was quite low. We assessed potential bias
from variation between-centres as unclear because of factors
such as different levels of expertise in treating TBI and outcome
assessment.

Wright 2014 was conducted in 22 academic medical centres
through the National Institute of Neurological Disorders and
Stroke-funded Neurological Emergencies Treatment Trials network
in the USA. We considered the potential bias from centre effects in
this trial to be low.

Effects of interventions

See: Summary of findings for the main comparison

Mortality

Overall mortality was evaluated in all five trials at the end of follow-
up (i.e. 30 days postinjury in Wright 2006, three months postinjury
in Xiao 2007, and six months postinjury in Xiao 2008, Wright
2014 and Skolnick 2014).There was no evidence of a difference in
mortality between the treatment and placebo groups. We assessed
the quality of this evidence to be low (see Summary of findings for
the main comparison).
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The ITT analysis included 2376 participants pooled for meta-
analysis. The pooled RR of death at the end of follow-up was 0.91
(95% CI10.65 to 1.28, P value 0.60). We used a random-effects model
as there was substantial heterogeneity (Tau? = 0.08; Chi* = 10.40, df
=4 (P =0.03); 1> =62%; Analysis 1.1).

Disablity

All the included studies reported disability data assessed by GOS
score. GOS data in Wright 2006 , Xiao 2008, Wright 2014 and
Skolnick 2014 were sufficient to be dichotomised into favourable
outcomes (moderate disability, good recovery; GOS 4 and 5) and
unfavourable outcomes (sometimes referred to as unfavourable
functional recovery: i.e. death, vegetative state, severe disability;
GOS 1to 3). Only Xiao 2007 reported the mean GOS at three months
postinjury, and these data were insufficient to dichotomise into
favourable and unfavourable outcomes.

We pooled unfavourable outcomes (death, vegetative state, severe
disability; GOS 1 to 3) for four trials at the end of follow-up (i.e.
30 days postinjury in Wright 2006, six months postinjury in Xiao
2008, Skolnick 2014 and Wright 2014). There was no evidence of
a difference between the treatment and placebo groups and no
substantial heterogeneity (RR = 0.98, 95% Cl 0.89 to 1.06, P value
0.58; Chi? = 4.77, df = 3 (P = 0.19); 1* = 37%; Analysis 1.2). We
assessed the quality of this evidence to be moderate (see Summary
of findings for the main comparison).

In Wright 2006, disability in survivors was also assessed by the
Disability Rating Score (DRS) at 30 days postinjury. Survivors with
severe TBI in the placebo group were slightly less likely to be
disabled than those in the progesterone group (DRS = 10.7, 95%
Cl 8.3 to -13.1 for progesterone-treated participants versus DRS
= 4.4, 95% CI 0.0 to 9.8 for placebo-treated participants). The
authors explained that a higher proportion of severely injured
participants treated with progesterone survived, so survivorsin the
progesterone group may have been slightly more disabled. In the
moderate TBI stratum, participants treated with progesterone were
significantly less disabled than those who received placebo (DRS =
5.0, 95% Cl 1.8 to 6.2 for progesterone-treated participants versus
DRS = 12.7, 95% Cl 7.6 to 17.78 for placebo-treated participants).
The authors did not report a test for interaction between the high
and moderate brain injury strata.

Xiao 2007 and Xiao 2008 presented data showing reduced disability
in the progesterone therapy group relative to the control. However,
these were the small studies and assessed to be at high overall risk
of bias. We do not consider these data to outweigh the evidence
from the much larger meta-analysis. In Xiao 2007, disability data
were assessed using GOS score, Karnofsky Performance Scale
(KPS), verbal and motor function at three months postinjury. For
GOS, a higher score equates to less disability, whilst for KPS,
verbal and motor function scores, a lower score equates to lower
disability. All of these data were presented as means and standard
deviations in a table as follows:

« the GOS scorein the progesterone groupwas 5.0+ 1.7 and in the
control group was4.0+1.9, P <0.05

« the KPS scorein the progesterone group was 4.9 + 1.2 and in the
control group was 4.0 + 1.1, P < 0.05;

« verbal function in the progesterone group was 3.1 + 0.4 and in
the control group was 2.3+ 0.7, P <0.05;

« motor function in the progesterone group was 2.4 + 0.7 and in
the control group was 2.4 + 0.4, P > 0.05.

No other details about these data were reported.

In Xiao 2008, disability was also assessed by Modified Functional
Independence Measure (FIM) scores, where a higher score equates
to less disability. At the three-month follow-up, the scores were 7.35
+ 1.89 for the placebo group and 8.02 + 1.73 for the progesterone
group (P < 0.05). At six months after injury, the scores were 8.95
+ 1.05 for the placebo group and 9.87 + 1.17 (P < 0.01) for the
progesterone group.

Intracranial pressure (ICP)

Wright 2006, Xiao 2008 and Skolnick 2014 reported intracranial
pressure (ICP) data, but we were not able to perform meta-analysis
due to variations in the way the data were presented. Xiao 2008
presented ICP data as mean values, while Wright 2006 presented
them as the mean frequency of pressures exceeding threshold
values, and Skolnick 2014 presented them as the proportion with
increased ICP.

In Wright 2006, the mean ICP level of the progesterone group
remained stable, whereas that of the control group tended to
increase during the first three days of treatment and for one
day after treatment However, this trend was not significant. The
mean ICP-therapeuticintensity level scores presented did not differ
between groups.

In Xiao 2008, there was no evidence of a difference between the
two groups for mean ICP at 24 hours after trauma (progesterone
group, 22.1 + 4.3 mmHg versus placebo group, 23.2 + 4.6 mmHg; P
value 0.121). At 72 hours and at seven days after injury, there was
still no evidence of a difference in the mean ICP of participants who
were given progesterone and participants who received placebo
(16.9 + 3.8 mmHg and 14.8 + 3.8 mmHg for progesterone treated
participants versus 18.2 + 5.1 mmHg and 15.9 + 4.1 mmHg for
placebo-treated participants, respectively; P > 0.05).

In Skolnick 2014, the ICP of 130 participants in the progesterone
group increased, as did the ICP of 137 participants in the placebo
group. There was no evidence of a difference between the two
groups.

Body temperature

No data for body temperature were available for meta-analysis.

Wright 2006 collected detailed data on body temperature.
Throughout the three-day infusion period, the progesterone group
experienced a lower increase in mean temperature than the control
group; this was determined through analysis of a treatment-by-
time interaction term for progesterone versus control participants,
with had a slope of 0.0055 (95% CI -0.010 to -0.001).

Blood pressure
No data for blood pressure were available for meta-analysis.
Wright 2006 collected detailed data on blood pressure. Throughout

the three-day infusion interval, there was no evidence of a
difference between the progesterone and placebo groups.
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Adverse events

Apooled analysis was not appropriate for adverse event data, so we
have presented the data narratively.

Wright 2006 reported serious adverse events and adverse event
rates for the progesterone-treated group and the placebo-treated
group. There was no evidence of a difference in the rates of adverse
and serious adverse events between groups. The only adverse
event attributed to progesterone was a case of superficial phlebitis
at the intravenous site.

Xiao 2008 did not report the specifics of any adverse eventsin either
group, but did report that there were no additional adverse events
after administration of progesterone and no further late toxicity up
to six months.

Wright 2014 reported the rates of all reported adverse events and
serious adverse events. Only phlebitis or thrombophlebitis was
reported to be significantly more frequent in the progesterone
group than in the placebo group (882 cases, RR 3.03; 95% Cl, 1.96
t0 4.66).

Skolnick 2014 recorded adverse events for the first 15 days, and
serious adverse events were recorded throughout the duration of
the study. There was no evidence of a difference in the rate of
adverse events between the progesterone and placebo groups.

Subgroup analysis (severity of TBI)

The Wright 2006 and Wright 2014 trials involved 281 participants
with moderate TBI and 701 participants with severe TBI. The Xiao
2007, Xiao 2008 and Skolnick 2014 studies enrolled a total of
1410 participants with severe TBI, but did not enrol people with
moderate TBI. When we limited our analysis to the severe TBI
subgroup or moderate TBI subgroup, there were minimal changes
in the results.

In the severe TBI subgroup (GCS < 8), the pooled RR for mortality
at the end of follow-up was 0.87 (95% CI 0.60 to 1.27; P value
0.48; 2111 participants, 2090 pooled for meta-analysis). We used
a random-effects model as there was substantial heterogeneity
(Tau? = 0.10; Chi? = 11.60, df = 4 (P value 0.02); 1> = 66%). In
the moderate TBI subgroup (GCS = 9 to 12) the pooled RR for
mortality at the end of follow-up was 1.30 (95% Cl 0.70 to 2.41; P
value 0.40; 281 participants, 279 pooled for meta-analysis).There
was no substantial heterogeneity (Chi* = 0.01, df = 1 (P = 0.91);
12 = 0%). The test for subgroup differences showed no evidence
that progesterone therapy has a differential effect on these two
subgroups (P value 0.28) (Analysis 2.1).

The pooled RR in the severe TBI subgroup for death or severe
disability (GOS 1 to 3) at the end of follow-up was 0.99 (95% ClI
0.87 to 1.11; P value 0.80; 2055 participants, 2002 pooled for meta-
analysis). There was no substantial heterogeneity (Chi® = 4.25, df =
3 (P value 0.24); I =29%). The pooled RR in the moderate group for
death or severe disability (GOS 1 to 3) at the end of follow-up was
0.68(95% C10.34 to 1.37 ; P value 0.28; 281 participants, 258 pooled
for meta-analysis); we used a random-effects model as there was
substantial heterogeneity (Tau?=0.20; Chi* =4.41, df =1 (P = 0.04);
12 = 77%). The test for subgroup differences showed no evidence
that progesterone therapy had a differential effect on these two
subgroups (P value 0.31). (Analysis 2.2).

Sensitivity analysis

When we removed studies that did not report allocation
concealment procedures from the analysis, there was still no
evidence of a difference in mortality (RR 0.88,95% C1 0.60 to 1.28) or
disability (unfavourable outcomes: death, vegetative state, severe
disability; GOS 1 to 3) (RR 0.98, 95% Cl 0.89 to 1.06) between the
progesterone and placebo groups (Analysis 3.1; Analysis 3.2).

DISCUSSION

Summary of main results

We included five completed studies with 2392 participants. The
main results are presented in the 'Summary of findings' table
(Summary of findings for the main comparison). The results of
the meta-analyses did not find evidence that progesterone could
improve overall mortality (RR 0.91, 95% CI 0.65 to 1.28; P = 0.60,
I = 62%; 2376 participants; low quality evidence) nor disability
(unfavourable outcomes: death, vegetative state, severe disability;
GOS 1 to 3) (RR 0.98, 95% ClI 0.89 to 1.06; P = 0.58, 12 = 37%;
2260 participants; moderate quality evidence) in participants with
TBI. When we performed a subgroup analysis on participants with
severe TBIversus moderate TBI, and tested for a difference between
subgroups, there was no evidence of a difference between the two
groups. When we performed sensitivity analysis and removed the
study without adequate allocation concealment procedures from
analysis, there were no significant changes to the results.

Data were not available for meta-analysis for the outcomes of
mean intracranial pressure, blood pressure, body temperature
and adverse events. However, data from three studies showed
no evidence of a difference in mean intracranial pressure among
participants in either group. Data from one study showed no
evidence of a difference in blood pressure and body temperature
between the progesterone and placebo groups. Intravenous
progesterone infusion increased the frequency of phlebitis in one
trial. There was no evidence of a difference in the rate of other
adverse events between progesterone treatment and placebo in
the other three studies that looked at adverse events.

Overall completeness and applicability of evidence
Completeness

We were only able to perform meta-analysis for two of our three
primary outcomes (mortality and disability), as ICP was presented
in three different formats in the three trials that looked at this
outcome. For our secondary outcomes, blood pressure and body
temperature were only recorded in one of our five included trials
(Wright 2006), which limits the completeness of our results.

We were unable to obtain some information regarding the trial
described in Xiao 2007. We judged the allocation concealment
as unclear due to a lack of information in the study report. In
addition, in this trial the data for GOS score were presented by mean
difference and 95% ClI in a table. These data were insufficient to
calculate the pooled RR for disability. We tried to contact the study
authors of Xiao 2007 to request details, but we did not receive a
response.

Applicability

In terms of the applicability of our results, TBI patients are highly
diverse in terms of aetiology, pathology, function and outcome,
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which leads to concerns that progesterone may affect the recovery
of different TBI patients differentially. This is supported by the
fact that although we performed subgroup analysis according
to GCS grade, there was still high heterogeneity within these
subgroups. This means that the results of the meta-analyses should
be interpreted with caution. We discuss the issue of heterogeneity
among TBI patients in more detail under 'Quality of the evidence -
Categorisation of TBI".

Quality of the evidence

According to the GRADE approach to assessing the quality of the
evidence in the included studies (Summary of findings for the
main comparison), we classified the quality of the evidence as low
for mortality, and moderate for disability (unfavourable outcomes:
death, vegetative state, severe disability; GOS 1 to 3)).

Although the overall risk of bias of two included studies was judged
as high (Xiao 2007; Xiao 2008), and unclear for two studies (Skolnick
2014; Wright 2014), most of the data were from studies that were
judged to be at low risk of bias across most domains, with no
domains at high risk of bias, so we did not downgrade for risk of
bias.

Although most of the trials included in this review were well
conducted, several factors did influence our assessment of the
quality of the overall body of evidence. Firstly, although subgroup
analyses were performed according to the protocol, there was still
substantial statistical heterogeneity. Secondly, there were three
different time points involved in the analysis of mortality and
two different time points involved in the analysis of unfavourable
outcomes. Thirdly, the dosage, treatment routine and vehicles
of progesterone varied across studies. Finally, we had concerns
regarding the heterogeneity among TBI patients, and the fact that
progesterone may affect TBI patients differentially.

Time at the end of follow-up

For the mortality and disability outcome we pooled mortality and
GOS scores at the end of the follow-up in each trial; for Wright 2006
this was 30 days postinjury, for Xiao 2007 this was three months,
and for Xiao 2008; Wright 2014; Skolnick 2014 this was six months.
We should consider this as an inconsistency that has an impact on
our confidence in our conclusions.

Dosage, mode of delivery and schedule of progesterone
therapy

The dosage used in Wright 2006, Wright 2014 and Skolnick 2014
was six times that used in Xiao 2008 (approximately 12 mg/kg/
day versus 2 mg/kg/day). The schedule and mode of delivery
also varied between trials. This may explain the existence of
significant heterogeneity. Examination of the pharmacokinetics
of progesterone intravenous infusion in demonstrated that
stable progesterone concentrations can be achieved rapidly via
progesterone infusion following TBI. Unfortunately, none of the
studies used allometric scaling to determine the most effective
dose for humans based on the preclinical animal research (FDA
2005; Nair 2016), and there was no attempt to optimise either
dose or schedule as part of any included study. It is possible that
none of the doses in the included RCTs was optimal for improving
motor, sensory and memory function according to preclinical dose-
response studies (Stein 2015; Wali 2014).

Categorisation of TBI

TBI is categorised according to GCS score on admission to hospital
to estimate the severity of the underlying injury. As we know, TBI
is regarded as a very heterogeneous and complex disease, with
substantial heterogeneity in the aetiology, pathology, mechanisms,
exposure time and outcome. There are obvious limitations to using
the GCS for the classification of such a complicated disease (Maas
2012). The diverse mechanisms of TBI, as well as differences in age
and gender, also lead to different potential for functional recovery
and response to progesterone. Use of a 'one size fits all' approach
for these different types of TBI is not appropriate (Meyfroidt
2016). Recently, an increasing number of articles suggest a more
individualised classification and subgroup analysis of TBI based on
biomarkers, age, gender, and clinical characteristics and imaging
findings to identify the appropriate patients for progesterone
therapy after acute TBI (Menon 2015). Unfortunately, in this review,
we only performed subgroup analysis according to GCS grade due
to the lack of inclusion of more detailed data in the included trials.
These heterogeneities might explain the dissociation seen in the
effect of progesterone between animal models and these human
trials.

So far, all pharmacological interventions in TBI have failed, which
led to discussion of the problematic neuroprotection end-points
in clinical trials (Gultekin 2016). It appears that the commonly
used GOS and GOS-E (Glasgow Outcome Scale-extended), which
measure global functioning after TBI, do not adequately reflect
the patients' neurologic function, especially for specific deficits
in behaviour, executive function, memory and emotion that may
produce significant disabilities. This limitation can become even
more evident when the scores are subjectively dichotomised
into ~unfavourable' and " favourable' outcomes (Poon 2015; Stein
2015).

Therefore, we consider that the different timescales of outcome
measures, differing dosage of progesterone, and heterogeneity
of participants, reduce our confidence in the conclusions of this
review.

Potential biases in the review process

We have attempted to minimise bias in this review and to be as
inclusive as possible. We included five studies, but we expect that
there may have been other trials that have been conducted that we
were unable to identify.

We excluded three studies that were not prospectively registered
and published their reports after 2010 (Aminmansour 2012;
Abokhabar 2012; Mofid 2016), in accordance with Roberts 2015. We
consider that this will have reduced bias in the review process.

Agreements and disagreements with other studies or
reviews

A series of preclinical studies and results of phase Il RCTs indicated
that progesterone might be an appropriate candidate for the
treatment of people suffering from TBI (Stein 2008; Wright 2006;
Xiao 2008). However, this updated systematic review did not find
evidence that progesterone could provide a benéeficial clinical
outcome in people with TBI. It is possible that this negative result
could be due to some of the problems with trial design that we have
discussed under Quality of the evidence.
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Implications for practice

The results of our updated systematic review did not find evidence
that the use of progesterone therapy, started within 24 hours of
injury, could reduce mortality or disability in people with traumatic
brain injury (TBI). However, our confidence in these findings is
limited, as the quality of the evidence for these outcomes is of low
and moderate, respectively.

We are unable to draw firm conclusions about the effects of
progesterone therapy on intracranial pressure, blood pressure or
body temperature, as the results do not indicate any evidence of an
effect.

At the moment there is no evidence that progesterone therapy is
less safe than placebo for people with TBI, apart from a possible
increase in phlebitis in the case of intravascular progesterone.

Implications for research

Although some of the trials included in this review were well
conducted in terms of sample size and minimising bias, their utility
for determining the effects of progesterone therapy for acute TBI
was limited by the heterogeneity of the populations, inconsistency
of the interventions and limitations of the outcomes measured.
Future trials would benefit from the following.

Population

TBl is a complex and heterogeneous condition, so precise
characterisation - based, for example, on biomarkers, clinical

characteristics and imaging findings- is essential before further
clinical trials are conducted. This way, more meaningful subgroup
analyses can be conducted for TBI trials.

Intervention

Future trials should attempt to optimise progesterone dose and
schedule. Allometric scaling could determine the most effective
dose for humans based on the existing preclinical animal research.

Outcomes

« There have been many criticisms of the subjectivity of the
Glasgow Outcome Scale (GOS) and its extended version (GOS-
E) for measuring deficits or recovery from TBI. These scales
rely on self-assessment or assessment of a care-giver, rather
than quantifiable measurements of disability. It is possible
that more quantitative outcome measures would be beneficial,
although these may be more expensive and time-consuming to
implement.

« In response to criticism of the lack of sensitivity of the GOS,
use of multi-faceted testing approaches to capture more of the
relevant clinical information have been proposed.

+ Atthe very least, analysis methods for the GOS-E that use more
complex forms of statistical evaluation should be introduced to
improve prediction of functional outcomes (Alali 2015).
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Methods

Multicentre randomised, double-blind, placebo-controlled phase IlI study

Participants

Acute severe TBI patents, aged 16-70 years (GCS score, < 8 and at least 1 reactive pupil)

Interventions

Both groups: The study drugs (progesterone and placebo) were provided in 250 ml bottles with identi-

cal appearance, containing a lipid emulsion consisting of 6% soybean oil and 1.2% egg lecithin phos-
pholipids with the addition of 2.0 mg of progesterone per ml for the active treatment (BHR-100, Frese-
nius Kabi). Drug infusion (progesterone or placebo) was started intravenously with 0.355 ml/kg/h for 1
h, followed by 0.25 ml/kg/h for 119 hours, through a dedicated peripheral intravenous catheter or dedi-
cated lumen of a multilumen central catheter.

Outcomes Primary: GOS at 6 months

Secondary: mortality and adverse events
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Skolnick 2014 (continued)

Notes Funded by BHR Pharma; Clinicaltrials.gov number, NCT01143064
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "Randomization was implemented with the use of an interactive Web-

tion (selection bias) based response system, with a block design of four stratified according to geo-
graphic region (Asia, Europe, North America, and South America)." (p 2469)
Comment: probably done

Allocation concealment Low risk Quote: "Randomization was implemented with the use of an interactive Web-

(selection bias) based response system, with a block design of four stratified according to geo-
graphic region (Asia, Europe, North America, and South America)." (p 2469)
Quote: "The study drugs (progesterone and placebo) were provided in 250-ml
bottles with identical appearance, containing a lipid emulsion consisting of
6% soybean oil and 1.2% egg lecithin phospholipids, with the addition of 2.0
mg of progesterone per millilitre for the active treatment (BHR-100, Fresenius
Kabi)". (p 2469)

Comment: probably done

Blinding (performance Low risk Quote: "Double blind" "The study drugs (progesterone and placebo) were pro-

bias and detection bias) vided in 250-ml bottles with identical appearance". (p 2469)

Subjective outcome
Comment: probably done

Blinding (performance Low risk Obtained from medical records; review authors do not believe this introduced

bias and detection bias) bias.

Mortality

Incomplete outcome data  Low risk Atotal of 31 participants (17 in the progesterone group and 14 in the placebo

(attrition bias) group) were lost to follow-up. Missing outcome data were balanced in num-

Mortality bers between the progesterone group and the placebo group.

Incomplete outcome data ~ Low risk Atotal of 31 participants (17 in the progesterone group and 14 in the placebo

(attrition bias) group) were lost to follow-up. Missing outcome data were balanced in num-

Favorable outcome bers between the progesterone group and the placebo group.

Selective reporting (re- Low risk The protocol for this trial was presented in Clinicaltrials.gov. It was clear that

porting bias) the published report included all expected outcomes.

Other bias Unclear risk This multicentre RCT was conducted in approximately 100 centres in 21 coun-
tries. The number of outcome events in each centre was quite low. We as-
sessed potential bias for variation between-centres as unclear because of fac-
tors such as different levels of expertise in treating TBl and outcome assess-
ment.

Wright 2006
Methods Block-randomised, double-blind, placebo-controlled phase Il trial

Participants

Adults with acute severe TBI and a GCS score 4-12 after resuscitation and stabilisation within 11 hours

of injury
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Wright 2006 (continued)

Each participant was assigned to 1 of 8 clinical subgroups defined by sex, race (black versus others),
and TBI severity (index GCS scores 4 to 8 were categorised as severe; 9 to 12 as moderate). Within each
subgroup, permuted block randomisation assigned 4 of every 5 consecutive participants to proges-
terone and the other to placebo. A 4:1 randomisation scheme was used to increase the number of par-
ticipants receiving progesterone while maintaining blinding.

Exclusion criteria: indeterminate time of injury; pregnancy; a family reported history of active cancer,
acute stroke or of older stroke with residual motor deficits; acute or chronic spinal cord injury with neu-
rologic deficits; a blood alcohol concentration > 250 mg/dL; penetrating brain injury; < 18 years old

Interventions

Intervention group: progesterone was mixed in Intralipid 20% at a concentration designed to deliver a
loading dose of 0.71 mg/kg at 14 mL/h for the first hour when a participant was enrolled. Then the infu-
sion was reduced to 10 mL/h to deliver 0.5 mg/kg/h for the next 11 hours. Five additional 12-hour main-
tenance infusions were delivered at the standard rate of 10 mL/h, for a total of 3 days of treatment.

Control group: placebo

Outcomes Mortality; dichotomised GOS; DRS; duration of coma; duration of post-traumatic amnesia in 2 sub-
groups (index GCS scores 4-8 severe; 9-12 moderate) at 30 days postinjury, ICP, body temperature,
blood pressure during the first 3 days of treatment and for 1 day after treatment, adverse events.

Notes Funding and support: "Supported by a grant from the National Institute for Neurological Disorders and
Stroke, National Institutes of Health (1 RO1 NS-39097-01A1 to AK) and the General Clinical Research
Center at Emory University and Grady Memorial Hospital".

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "permuted block randomisation assigned 4 of every 5 consecutive pa-

tion (selection bias) tients to progesterone and the other to placebo". (p 393)

Comment: probably done

Allocation concealment Low risk Quote: "permuted block randomisation" (p 393)

(selection bias)

Quote: "Drug kits were prepared and randomised off site by Emory's Investi-
gational Drug Center. These kits were indistinguishable with respect to treat-
ment assignment".(p 393)

Comment: probably done

Blinding (performance Low risk Quote: "Double blind" "Drug kits were prepared and randomised off site by

bias and detection bias) Emory's Investigational Drug Center. These kits were indistinguishable with re-

Subjective outcome spect to treatment assignment". (p 393)

Comment: probably done

Blinding (performance Low risk Obtained from medical records; review authors do not believe this introduced

bias and detection bias) bias.

Mortality

Incomplete outcome data  Low risk 100 participants were randomised; 1 participant who was randomised to prog-

(attrition bias) esterone died before the infusion could be started (this subject's data were re-

Mortality tained in the analysis under the principle of ITT). Treatment for 3 participants

was discontinued (1 was taken into police custody, 2 died during infusion).
None of the participants was lost to follow-up at 30 days.

Incomplete outcome data  Low risk 92 participants were contacted to assess their functional status. All the data

(attrition bias) are presented.
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Wright 2006 (continued)
Favorable outcome

Selective reporting (re-
porting bias)

Low risk The protocol for this trial was presented in Clinicaltrials.gov and any remain-
ing information was obtained from study authors. It was clear that the pub-
lished report included all expected outcomes.

Other bias Low risk --
Wright 2014
Methods Multicentre randomised, double-blind, placebo-controlled phase IlI study

Participants

Adults who had severe, moderate-to-severe, or moderate TBI due to a blunt mechanism, with a GCS

score of 4-12. Participants were enrolled if the study treatment could be initiated within 4 h after injury.

Interventions

Both groups: the study drug (progesterone or placebo) was infused continuously through a dedicated
intravenous catheter at a dose of 14.3 mL/h for 1 hour and then at 10 mL/h for 71 hours; the dose was
then tapered by 2.5 mL/h every 8 hours, for a total treatment duration of 96 hours. Site pharmacists
prepared the coded kit assigned by the randomisation algorithm by mixing a weight-based dose (prog-
esterone 0.05 mg/kg/mLinfusate) from the provided vials and a 250-mL bag of fat-emulsion vehicle (In-
tralipid 20%, Fresenius Kabi) every 24 hours.

Outcomes Favourable outcome, as determined with the use of the stratified dichotomy of the GOS-E score at 6
months after injury
Mortality, DRS score and adverse events

Notes Funding and support: Supported by grants from the National Institute of Neurological Disorders and
Stroke of the National Institutes of Health (NS062778, 5U10NS059032, and UO1NS056975) and the Na-
tional Center for Advancing Translational Sciences of the National Institutes of Health (UL1TR000454)
and by the Emory Emergency Neurosciences Laboratory in the Department of Emergency Medicine,
Emory School of Medicine, and Grady Memorial Hospital.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Randomization was performed with the use of a combination of mini-
mization and biased-coin algorithms". (p 2459)

Comment: probably done

Allocation concealment
(selection bias)

Low risk Quote: "Randomization was performed with the use of a combination of mini-
mization and biased-coin algorithms".(p 2459)

Quote: "Study-drug kits containing four vials of progesterone in ethanol (ac-
tive treatment) or ethanol alone (placebo) were prepared by the Emory Inves-
tigational Drug Service. Drug kits and their contents were identical in appear-
ance, and study assignments remained concealed from all site pharmacists
and study teams".(p 2459)

Comment: probably done

Blinding (performance
bias and detection bias)
Subjective outcome

Low risk "Double blind." "Drug kits and their contents were identical in appearance,
and study assignments remained concealed from all site pharmacists and
study teams". (p 2459)

Comment: probably done
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Blinding (performance Low risk "Double blind" and review authors judged that the outcome and the outcome

bias and detection bias) measurement were not likely to be influenced.

Mortality

Incomplete outcome data  Low risk Missing outcome data balanced in numbers between progesterone group and

(attrition bias) placebo group.

Mortality

Incomplete outcome data  Low risk Data of 28 participants (6.3%) in progesterone group and 24 (5.5%) in placebo

(attrition bias) group were missing.

Favorable outcome

Selective reporting (re- Low risk The protocol for this trial was presented in Clinicaltrials.gov. It was clear that

porting bias) the published reportincluded all expected outcomes.

Other bias Unclear risk The trial intended to enrol 1140 participants, but the trial was abandoned af-
ter 882 people had been assessed. The trial was because of futility: favourable
outcomes were observed in 51% of participants who received progesterone af-
ter TBI, compared with 55.5% of controls. Stratification of the participants on
the basis of injury severity did not reveal any effect of progesterone on recov-
ery. We therefore assessed the risk of other bias to be unclear.

Xiao 2007
Methods RCT

Participants

People with acute severe TBI and a GCS score of 5-8 within 24 hours of the time of injury
Exclusion criteria: pregnant or lactating women, taking other investigational drugs, have severe chron-

ic disease

Interventions

Intervention group: progesterone 80 mg via intramuscular injection repeated every 12 hours for 5 con-

secutive days

Control group: No progesterone administration. No placebo

Outcomes Mortality, ICP, GCS scores, complications during treatment
GOS scores, verbal and motor function at 10 days and 3 months after injury

Notes The study was approved by the Institutional Review Board and the ethical committees and supported
by the Scientific Research Fund of Zhejiang Provincial Education Department, China.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "Patients allocated according to random number table".

tion (selection bias) Comment: probably done

Allocation concealment Unclear risk No information was reported.

(selection bias)

Blinding (performance High risk No blinding and the outcome measurement was likely to be influenced by lack

bias and detection bias)
Subjective outcome

of blinding.
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Xiao 2007 (Continued)

Blinding (performance Low risk No blinding, but review authors judged that the outcome and the outcome
bias and detection bias) measurement were not likely to be influenced by lack of blinding.
Mortality
Incomplete outcome data  Unclear risk No information was reported about withdrawals, dropouts, attrition between
(attrition bias) groups or losses to follow-up.
Mortality
Incomplete outcome data  Unclear risk No information was reported about withdrawals, dropouts, attrition between
(attrition bias) groups or losses to follow-up.
Favorable outcome
Selective reporting (re- High risk The trial was registered retrospectively. The registration date was after the
porting bias) end of the trial.
Other bias Low risk --

Xiao 2008
Methods Randomised, double-blind, placebo-controlled trial; qualifying participants were randomly assigned in

a 1:1 manner using random numbers

Participants

People with acute severe TBI and a GCS score < 8 after resuscitation and stabilisation within 8 hours of
injury

Exclusion criteria: pregnant or lactating women; people who had taken other investigational drugs
within 30 days; who had severe anoxic intracerebral damage or brain death; whose clinical condition
was unstable (partial pressure of oxygen <60 mmHg or a systolic blood pressure <90 mmHg, or both);
those for whom there was doubt about whether the neurological status resulted from head trauma or
acute or chronic spinal cord injury

Interventions

Intervention group: progesterone 1.0 mg/kg via intramuscular injection within 8 hours of the docu-
mented time of injury and repeated every 12 hours for 5 consecutive days
Control group: placebo

Outcomes Mortality, GOS scores and Modified Functional Independence Measure scores at 3 and 6 months after
injury
ICP, and average body temperature during treatment
Complications and adverse events
Notes The study was approved by the Institutional Review Board and the ethical committees and supported
by the Scientific Research Fund of Zhejiang Provincial Education Department, China.
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Quote: "Qualifying patients were randomly assigned in a 1:1 manner to receive
tion (selection bias) the matching treatment with random numbers".
Comment: probably done
Allocation concealment Low risk Quote: "The appearance, packaging and administration of placebo and prog-
(selection bias) esterone injections were the same for the two groups".
Comment: probably done
Blinding (performance Low risk "Double blind" "The appearance, packaging and administration of placebo
bias and detection bias) and progesterone injections were the same for the two groups. All patients,
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Xiao 2008 (continued)
Subjective outcome treating physicians, nursing staff, and pharmacists were blinded throughout
the study period".
Comment: probably done

Blinding (performance Low risk Double blinded, and review authors judged that the outcome and the outcome
bias and detection bias) measurement were not likely to be influenced.

Mortality

Incomplete outcome data  Low risk Data were available for 154 participants (96%) at the 3-month follow-up and
(attrition bias) for 135 (85%) at the 6-month follow-up. At 2 months, 19 participants (12%)
Mortality were lost to follow-up, 3 (2%) refused follow-up, and 2 (1%) withdrew from the

trial. Missing outcome data were balanced in numbers between the proges-
terone group and placebo group, with similar reasons for missing data across

the groups.
Incomplete outcome data  Low risk Missing outcome data were balanced in numbers between the progesterone
(attrition bias) group and placebo group, with similar reasons for missing data across the
Favorable outcome groups.
Selective reporting (re- High risk The trial was registered retrospectively. The registration date was after the
porting bias) end of the trial.

Other bias Low risk -

Abbreviations

DRS: Disability Rating Score

GCS: Glasgow Coma Scale

GOS: Glasgow Outcome Scale

GOS-E: extended Glasgow Outcome Scale
ICP: intracranial pressure

ITT: intention-to-treat analysis

RCT: randomised controlled trial

TBI: traumatic brain injury

Characteristics of excluded studies [ordered by year of study]

Study Reason for exclusion

Wright 2005 This study evaluated the pharmacokinetics of progesterone given by intravenous infusion in TBI
patients. No data on therapeutic effects were presented.

Abokhabar 2012 Not a prospectively registered study. We were unable to locate the protocol.
Aminmansour 2012 Not a prospectively registered study. We were unable to locate the protocol.
Shakeri 2013 This study used medroxyprogesterone as the intervention rather than progesterone. Not a

prospectively registered study. We were unable to locate the protocol.

Mofid 2016 The authors claimed this was a prospective, single-blind RCT, which was performed from May 2013-
July 2015. However, we found the study protocol was approved by ethics committee of Kerman
University of Medical Sciences in April 2014 and the protocol was registered in the Iranian Registry
of Clinical Trials in August 2014 (www.irct.ir, CT2014042017356N1). On the basis of this unreason-
able schedule, we judged that the study was not prospective.

Raheja 2016 This study was part of a prospective blinded, randomised, placebo-controlled phase Il trial of prog-
esterone with or without hypothermia. It focused on the relationship between serum biomarkers
and outcomes after TBI. The effect of progesterone on TBI was not published in this article.
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Abbreviations
RCT: randomised controlled trial
TBI: traumatic brain injury

Characteristics of ongoing studies [ordered by study ID]

CTRI/2009/091/000893

Trial name or title A randomized placebo controlled trial of progesterone with or without hypothermia in subjects
with acute severe traumatic brain injury

Methods RCT

Participants Inclusion criteria: men or women aged 18-65 years with suspected TBI; GCS score 4-8 after resusci-
tation and stabilisation, who arrived within 8 hours of injury

Exclusion criteria: people who have received any investigational drugs 30 days prior to enrolment,
such as progesterone, oestrogen or any other investigational compound; people with severe anox-
icintracerebral damage or brain death; those whose clinical condition is unstable (partial pres-
sure of oxygen <60 mmHg or a systolic blood pressure <90 mmHg, or both); pregnant or lactat-

ing women; those for whom there is doubt about whether the altered neurological status resulted
from head trauma or acute or chronic spinal cord injury

Interventions Intervention group: progesterone 1.0 mg/kg via intramuscular injection, repeated every 12 hours
for 5 consecutive days

Control group: distilled water 1.0 mg/kg via intramuscular injection, repeated every 12 hours for 5
consecutive days

Outcomes Primary outcome: GOS score at 1, 3 and 6 months

Secondary outcomes: FIM score and mortality at 1,3 and 6 months

Starting date January 2012

Contact information Dr Sumit Sinha, sumitaiims@yahoo.com

Department of Neurosurgery, JPNA Trauma Center, All India Institute of Medical Sciences-110029
New Delhi, DELHI

Sponsors and Collaborators Department of Biotechnology, Government funding agency

Notes Estimated enrolment: 250 participants

CTRI/2013/02/003396

Trial name or title Arandomised, placebo-controlled study to investigate the efficacy of progesterone in patients with
severe traumatic brain injury

Methods RCT

Participants Inclusion criteria: men and women aged 16-70 years (inclusive); weighing 45 kg-135 kg (inclusive);
who had sustained a closed head trauma < 8 h before initiation of study drug infusion; TBI diag-
nosed by history and clinical examination; post-resuscitation GCS score 4-8 (inclusive); at least 1 re-
active pupil; evidence of TBI confirmed by abnormalities consistent with trauma on CT scan upon
admission (diffuse injury 1I-IV, evacuated and non-evacuated mass lesion, Marshall's CT Classifica-
tion)
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CTRI/2013/02/003396 (Continued)

Exclusion criteria: life expectancy <24 hours as determined by the Investigator; prolonged and/

or uncorrectable hypoxia or hypotension (systolic blood pressure 90 mmHg) upon admission; any
spinal cord injury; pregnant; penetrating head injury; bilaterally fixed dilated pupils at the time of
randomisation; coma suspected to be primarily due to other causes (e.g. alcohol); pure epidural
haematoma; pre-existing clinically significant disease or chronic condition that can be ascertained
at the time of admission and could affect functional outcome; severe cardiac or haemodynamicin-
stability after resuscitation; known treatment with other investigational drug therapy or procedure
within 30 days of injury; a history of allergic reaction to progesterone and related drugs or any of
the components of the infusion; any disease that, in the opinion of the investigator, is unstable or
which could jeopardise the safety of the patient and his/her compliance in the study; those who,

in the opinion of the investigator, would not be able or willing to comply with the protocol through
the final visit (6 months postinjury)

Interventions

Intervention group: progesterone 1.0 mg/kg via intramuscular injection, repeated every 12 hours
for 5 consecutive days

Control group: distilled water 1.0 mg/kg via intramuscular injection, repeated every 12 hours for 5
consecutive days

Outcomes

Primary outcome: GOS at 6 months postinjury

Secondary outcomes: mortality at 1 and 6 months postinjury; GOS at 3 months postinjury; GOS-
E at 3 and 6 months; quality of life using SF-36 at 3 and 6 months; change in ICP and cerebral per-
fusion pressure; changes in intracranial pathology as assessed by admission and day 6 CT scans;
changes in biochemical markers of severe TBI at 120 hours after the administration of the drug/
placebo

Starting date

July 2013

Contact information

Dr Sumit Sinha, sumitaiims@yahoo.com

Department of Neurosurgery, JPNA Trauma Center, All India Institute of Medical Sciences-110029
New Delhi, DELHI

Sponsors and Collaborators

All India Institute of Medical Sciences

Notes

Estimated enrollment: 80 participants

IRCT2014042017356N1

Trial name or title

Effect of female sex hormones on traumatic brain injury

Methods

RCT

Participants

Inclusion criteria: diffuse TBI; men aged 18-60 years with moderate to severe brain injury (GCS
grades 3-8 = severe and 9-12 = moderate).

Exclusion criteria: people with blunt head trauma; damage at an unknown time; entering the hos-
pital > 4 hours after the time of damage; severe hypothermia (temperature less than 28 °C); aged
<18 years and > 60 years; candidates for craniotomy; diseases related to the immune system, gas-
trointestinal, oncology, infectious diseases, and other associated trauma

Interventions

Intervention 1 (control group): routine and standard treatment only

Intervention 2 (progesterone group): in addition to routine and standard treatment, within 4 hours
of brain damage participants are given progesterone 1 mg/kg intramuscularly; dose is repeated
every 12 hours for 5 consecutive days
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IRCT2014042017356N1 (Continued)

Intervention 3 (oestrogen group): in addition to routine and standard treatment, within 4 hours of
brain damage participants are given a 40 ug oral oestrogen dose; dose is repeated daily for 5 con-

secutive days

Outcomes CRS-R, FIM, GOS-E, complications and adverse effects, difference GCS between admission and dis-
charge times, length of stay, mortality

Starting date May 2014

Contact information Dr Mohammad Khaksari, physiolojy@kmu.ac.ir.

Department of Physiology, Afzalipour Medicine College, 22 Bahman Blvd. Kerman, Islamic Republic

of Iran.
Sponsors and Collaborators Kerman Neuroscience Research Center
Notes Estimated enrollment: 90 participants

Abbreviations

CRS-R: coma recovery scale - revised
CT: computed tomography

FIM: Functional Independence Measure
GCS: Glasgow Coma Scale

GOS: Glasgow Outcome Scale

GOS-E: extended Glasgow Outcome Scale
ICP: intracranial pressure

ITT: intention-to-treat analysis

RCT: randomised controlled trial
SF-36: Short Form (36) health survey
TBI: traumatic brain injury

DATA AND ANALYSES

Comparison 1. Progesterone versus placebo

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1 Mortality at the end of the follow-up peri- 5 2376 Risk Ratio (M-H, Random, 0.91[0.65, 1.28]

od 95% Cl)

2 Death or severe disability (GOS1 to 3) at 4 2260 Risk Ratio (M-H, Fixed, 0.98[0.89, 1.06]

the end of the follow-up period

95% Cl)

Analysis 1.1. Comparison 1 Progesterone versus placebo, Outcome 1 Mortality at the end of the follow-up period.

Study or subgroup Progesterone Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Xiao 2007 7/30 5/26 —_— 8.59% 1.21[0.44,3.37]
Wright 2006 10/77 7/23 — 11.33% 0.43[0.18,0.99]
Xiao 2008 15/82 25/77 ‘ ‘ — ‘ ‘ 18.74% 0.56[0.32,0.99]
Favours progesterone 005 02 1 5 20 Favours control
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Study or subgroup Progesterone Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Wright 2014 83/442 69/440 29.78% 1.2[0.9,1.6]
Skolnick 2014 109/591 95/588 31.56% 1.14[0.89,1.47]
Total (95% CI) 1222 1154 100% 0.91[0.65,1.28]

Total events: 224 (Progesterone), 201 (Control)
Heterogeneity: Tau?=0.08; Chi*=10.4, df=4(P=0.03); 1>=61.54%
Test for overall effect: Z=0.53(P=0.6)

Favours p rogesterone

0.05 0.2

|
1

|

\

5 20 Favours control

Analysis 1.2. Comparison 1 Progesterone versus placebo, Outcome 2
Death or severe disability (GOS1 to 3) at the end of the follow-up period.

Study or subgroup Progesterone Placebo Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Skolnick 2014 293/591 291/588 [ 54.32% 1[0.89,1.12]
Wright 2006 49/70 18/22 + 5.1% 0.86[0.67,1.1]
Wright 2014 175/414 173/416 ] 32.13% 1.02[0.87,1.19]
Xiao 2008 34/82 44/77 -+ 8.45% 0.73[0.53,1]
Total (95% Cl) 1157 1103 { 100% 0.98[0.89,1.06]
Total events: 551 (Progesterone), 526 (Placebo)
Heterogeneity: Tau?=0; Chi*=4.77, df=3(P=0.19); 1?=37.1%
Test for overall effect: Z=0.56(P=0.58)
Favours [progesterone] ~ 0-01 0.1 1 10 100 Favours [placebo]
Comparison 2. Subgroup analysis: severe TBI subgroup (GCS < 8)
Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Mortality at the end of the follow-up 5 2369 Risk Ratio (M-H, Random, 0.95[0.70, 1.29]
period 95% Cl)
1.1 severe TBI subgroup (GCS < 8) 5 2090 Risk Ratio (M-H, Random, 0.87[0.60, 1.27]
95% Cl)
1.2 moderate TBI subgroup (GCS9to 2 279 Risk Ratio (M-H, Random, 1.30[0.70, 2.41]
12) 95% Cl)
2 Death or severe disability (GOS1 to 4 2260 Risk Ratio (M-H, Random, 0.92[0.78, 1.08]
3) at the end of the follow-up period 95% Cl)
2.1 severe TBI subgroup (GCS < 8) 4 2002 Risk Ratio (M-H, Random, 0.99[0.87,1.11]
95% Cl)
2.2 moderate TBI subgroup 2 258 Risk Ratio (M-H, Random, 0.68[0.34, 1.37]

95% Cl)
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Analysis 2.1. Comparison 2 Subgroup analysis: severe TBI subgroup
(GCS = 8), Outcome 1 Mortality at the end of the follow-up period.

Study or subgroup Progesterone Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
2.1.1 severe TBI subgroup (GCS =< g8)
Skolnick 2014 109/591 95/588 .- 28% 1.14[0.89,1.47]
Wright 2006 7/53 6/15 . — 8.3% 0.33[0.13,0.83]
Wright 2014 64/313 55/315 L 24.84% 1.17[0.85,1.62]
Xiao 2007 7/30 5/26 R a— 7.16% 1.21[0.44,3.37]
Xiao 2008 15/82 25/77 — 16.04% 0.56[0.32,0.99]
Subtotal (95% Cl) 1069 1021 L 2 84.33% 0.87[0.6,1.27]
Total events: 202 (Progesterone), 186 (Control)
Heterogeneity: Tau?=0.1; Chi*=11.6, df=4(P=0.02); 1*=65.52%
Test for overall effect: Z=0.7(P=0.48)
2.1.2 moderate TBI subgroup (GCS 9 to 12)
Wright 2006 3/18 1/7 2.03% 1.17[0.14,9.41]
Wright 2014 19/129 14/125 -1+ 13.64% 1.32[0.69,2.51]
Subtotal (95% Cl) 147 132 N 15.67% 1.3[0.7,2.41]
Total events: 22 (Progesterone), 15 (Control)
Heterogeneity: Tau?=0; Chi*=0.01, df=1(P=0.91); 1>=0%
Test for overall effect: Z=0.84(P=0.4)
Total (95% CI) 1216 1153 <& 100% 0.95[0.7,1.29]
Total events: 224 (Progesterone), 201 (Control)
Heterogeneity: Tau?=0.07; Chi*=12.16, df=6(P=0.06); 1*=50.65%
Test for overall effect: Z=0.34(P=0.73)
Test for subgroup differences: Chi*=1.17, df=1 (P=0.28), 1’=14.43% ‘ ‘ ‘ ‘
Favours progesterone 005 02 1 5 20 Favours control
Analysis 2.2. Comparison 2 Subgroup analysis: severe TBI subgroup (GCS < 8),
Outcome 2 Death or severe disability (GOS1 to 3) at the end of the follow-up period.
Study or subgroup Progesterone Placebo Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
2.2.1 severe TBI subgroup (GCS =< 8) ‘
Wright 2006 41/52 11/15 +— 13.67% 1.08[0.77,1.5]
Xiao 2008 34/82 4477 H 14.39% 0.73[0.53,1]
Wright 2014 142/295 139/302 +‘ 24.78% 1.05[0.88,1.24]
Skolnick 2014 293/591 291/588 + 29.21% 1[0.89,1.12]
Subtotal (95% Cl) 1020 982 * 82.04% 0.99[0.87,1.11]
Total events: 510 (Progesterone), 485 (Placebo) ‘
Heterogeneity: Tau?=0; Chi*=4.25, df=3(P=0.24); 1?=29.38% ‘
Test for overall effect: Z=0.25(P=0.8) ‘
2.2.2 moderate TBI subgroup
Wright 2006 8/18 77 — ‘ 7.19% 0.48[0.28,0.81]
Wright 2014 33/119 34/114 —*‘— 10.77% 0.93[0.62,1.39]
Subtotal (95% Cl) 137 121 .F 17.96% 0.68[0.34,1.37]
Total events: 41 (Progesterone), 41 (Placebo) ‘
Favours progesterone 0.05 02 1 5 20 Favours placebo
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Study or subgroup Progesterone Placebo Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Heterogeneity: Tau?=0.2; Chi*=4.41, df=1(P=0.04); 1*=77.35%
Test for overall effect: Z=1.08(P=0.28)
Total (95% Cl) 1157 1103 ¢ 100% 0.92[0.78,1.08]

Total events: 551 (Progesterone), 526 (Placebo)

Heterogeneity: Tau?=0.02; Chi?=11.45, df=5(P=0.04); 1*=56.33%
Test for overall effect: Z=1.05(P=0.29)

Test for subgroup differences: Chi*=1.05, df=1 (P=0.31), 1’=4.81%

0.05 0.2 1 5 20

Favours progesterone Favours placebo

Comparison 3. Adequate allocation concealment (sensitivity analysis)

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1 Mortality at the end of the follow-up peri- 4 2320 Risk Ratio (M-H, Random,  0.88[0.60, 1.28]

od 95% Cl)

2 Death or severe disability (GOS 1 to 3) at 4 2260 Risk Ratio (M-H, Fixed, 0.98[0.89, 1.06]

the end of the follow-up period

95% Cl)

Analysis 3.1. Comparison 3 Adequate allocation concealment (sensitivity
analysis), Outcome 1 Mortality at the end of the follow-up period.

Study or subgroup Progestrone Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Skolnick 2014 109/591 95/588 ‘i 33.53% 1.14[0.89,1.47]
Wright 2006 10/77 7/23 — 13.34% 0.43[0.18,0.99]
Wright 2014 83/442 69/440 - 31.91% 1.2[0.9,1.6]
Xiao 2008 15/82 25/77 —— 21.22% 0.56[0.32,0.99]
Total (95% CI) 1192 1128 L 2 100% 0.88[0.6,1.28]
Total events: 217 (Progestrone), 196 (Placebo)
Heterogeneity: Tau?=0.1; Chi*=10.31, df=3(P=0.02); 1>=70.92%
Test for overall effect: Z=0.69(P=0.49)

6,01 011 1 1‘0 10(;

Favours [progesterone] Favours [placebo]

Analysis 3.2. Comparison 3 Adequate allocation concealment (sensitivity analysis),
Outcome 2 Death or severe disability (GOS 1 to 3) at the end of the follow-up period.

Study or subgroup Progestrone Placebo Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Skolnick 2014 293/591 291/588 — 54.32% 1[0.89,1.12]
Wright 2006 49/70 18/22 5.1% 0.86[0.67,1.1]
Wright 2014 175/414 173/416 + 32.13% 1.02[0.87,1.19]
Favours [progesterone] 001 0.1 1 10 100 Favours [placebo]
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Study or subgroup Progestrone Placebo Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Xiao 2008 34/82 44/77 — 8.45% 0.73[0.53,1]
Total (95% CI) 1157 1103 { 100% 0.98[0.89,1.06]

Total events: 551 (Progestrone), 526 (Placebo)
Heterogeneity: Tau?=0; Chi*=4.77, df=3(P=0.19); 1?=37.1%
Test for overall effect: Z=0.56(P=0.58)

Favours [progesterone] ~ 0.01 0.1 1 10 100 Favours [placebo]

APPENDICES

Appendix 1. Search strategies 2016

Cochrane Register of Studies (including RCTs from the Injuries Group's Specialised Register)

#1((progesteron* or progestagen* or progestin* or gestagen*) ):TI,AB,KY

#2((TBI or ((trauma* or acute or severe* or acquired) and (brain injur* or brain trauma* or head injur* or head trauma*)))):TI,AB,KY
#3(GLASGOW COMA SCALE):TI,AB,KY

#4((acute NEAR (head or crani* or cerebr* or capitis or brain* or forebrain* or skull* or hemispher* or intra cran* or inter cran* or intracran*
or intercran® or multiple) and (injur* or trauma* or damag* or lesion* or wound* or destruction* or oedema* or edema* or contusion* or
concus* or fracture*))):TI,AB,KY

#5(Glasgow Outcome Scale or Glasgow Coma Scale):TI,AB,KY

#6(#2 OR #3 OR #4 OR #5)

#7(#1 AND #6)

Ovid MEDLINE (30/09/2016)

(Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid MEDLINE(R) Daily and Ovid MEDLINE(R) 1946 to Present)

1. exp Craniocerebral Trauma/

2. Glasgow Coma Scale/ or Glasgow Outcome Scale/

3. (Glasgow adj (coma or outcome) adj (scale* or score*)).ab,ti,kf.

4. (injur* or trauma* or damag* or wound* or fractur* or contusion* or haematoma* or hematoma* or haemorrhag* or hemorrhag* or
pressur* or lesion* or destruction* or oedema* or edema* or contusion* or concus*).ti,ab kf.

5. (acute adj5 (head or crani* or cerebr* or capitis or brain* or forebrain* or skull* or hemispher* or intra cran* or inter cran* or intracran*
or intercran* or multiple) adj3 (injur* or trauma* or damag* or lesion* or wound* or destruction* or oedema* or edema* or contusion* or
concus* or fracture*)).ab,ti,kf.

6. (TBl or ((trauma* or acute or severe* or acquired) and (brain injur* or brain trauma* or head injur* or head trauma*))).ti,ab,kf.
7.10or((2or3)and4)or5o0r6

8. exp Progesterone/

9. Progestins/tu [Therapeutic Use]

10. (progesteron* or progestagen* or progestin* or gestagen*).ti,ab,kf,ot,rn.

11.or/ 8-10

12. randomitted.ab;ti.

13. randomized controlled trial.pt.

14. controlled clinical trial.pt.

15. placebo.ab.

16. clinical trials as topic.sh.

17. randomly.ab.

18. trial.ti.

19. Comparative Study/

20.0r/12-19

21. (animals not (humans and animals)).sh.

22.20 not 21

23.(7and 11 and 22)

24.(2012* or 2013* or 2014* or 2015 or 2016*).yr,ed.

25.23 and 24

Ovid Embase (30/09/2016)
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(1974 to 2016 September 29)

1. exp Brain Injury/

2. Head Injury/

3. Brain Edema/

4, Brain Perfusion/

5. Glasgow Coma Scale/ or Glasgow Outcome Scale/

6. (Glasgow adj (coma or outcome) adj (scale* or score*)).ab,ti,kw.

7. (injur* or trauma* or damag* or wound* or fractur* or contusion* or haematoma* or hematoma* or haemorrhag* or hemorrhag* or
pressur® or lesion* or destruction* or oedema* or edema* or contusion* or concus*).ti,ab,kw.

8. ((acute adj5 (head or crani* or cerebr* or capitis or brain* or forebrain* or skull* or hemispher* or intra cran* or inter cran* or intracran*
or intercran* or multiple)) and (injur* or trauma* or damag* or lesion* or wound* or destruction* or oedema* or edema* or contusion* or
concus* or fracture*)).ab,ti,kw.

9. (TBI or ((trauma* or acute or severe* or acquired) and (brain injur* or brain trauma* or head injur* or head trauma®))).ti,ab,kw.
10.1or2or3or4or((50r6)and7)or8or9

11. Progesterone/ or Progesterone Derivative/

12. ((progesteron* or progestagen* or progestin® or gestagen*).ab,kw,ot,rnti.

13. Gestagen/

14.0r/11-13

15. randomized controlled trial.de.

16. randomization.de.

17. randomly.ab.

18. randomitted.ab,ti,kw.

19. placebo.de,ti,ab.

20. trial.ti.

21. major clinical study/

22.0r/15-21

23. ((animal or nonhuman) not (human and (animal or nonhuman))).de.

24.22 not 23

25.10 and 14 and 24

26.(2012* or 2013* or 2014* or 2015* or 2016*).yr,em.

27.25and 26

Web of Science (Core Collection): Conference Proceedings Citation Index- Science (CPCI-S) --1990-present
Topic: (progesteron* and (TBI or ((trauma* or acute or severe* or acquired) and (brain injur* or brain trauma* or head injur* or head
trauma*))) and (random* or placebo* or trial or study))

Clinicaltrials.gov

Free-text search: Progesterone AND TBI (30/09/2016)

2015 search: traumatic brain injury [DISEASE] AND ( Progestin OR gestagen OR progestagen OR progestogen OR progestation OR estrogen )
[TREATMENT] AND ("01/01/2010" : "03/11/2015" ) [FIRST-RECEIVED-DATE

WHO International Clinical Trials Registry Platform (ICTRP)

Free-text search: Progesterone AND TBI OR Progesterone AND Traumatic Brain Injury (30/09/2016)

2015 search. Title: brain injury; Intervention: Progestin OR gestagen OR progestagen OR progestogen OR progestation OR estrogen;
Recruitment: ALL; Registered: 01/01/2010 - 11/03/2015

Controlled-Trials.gov (ISRCTN) search: Condition: injury; Interventions: progestin OR gestagen OR progestagen OR progestogen OR
progestation OR estrogen; Date applied: 01/01/2010 - 11/03/2015 only

Appendix 2. Search strategies 2012

Cochrane Injuries Group's Specialised Register

(head or brain or cranial or cerebral or brain* or intra-cranial or inter-cranial) and (injury or injur* or trauma* or damag* or wound*
or fracture* or contusion* or polytrauma* or haematoma* or hematoma* or haemorrhag* or hemorrhag* or bleed*) and (progesterone
or progestins or Gonadal Steroid Hormones or estrogens or Estrogens or Progestin* or gestagen® or progestagen® or progestogen™ or
progestation* or estrogen®)

MEDLINE (Ovid SP) 1950 to August Week 1 2012 and Cochrane Central Register of Controlled Trials (CENTRAL)
1.exp Progesterone/

2.exp Progestins/

3.exp Receptors, Progesterone/

4.exp Gonadal Steroid Hormones/

5.exp Estrogens/
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6.exp Receptors, Estrogen/

7.(Progestin* or gestagen* or progestagen* or progestogen* or progestation* or estrogen*).abti.

8.((gender* or gonad* or sex*) adj3 hormon*).ab;ti.

9.((gender or Sex* or hormon*) ad;j3 (differ* or effect* or influence* or function* or recover*)).ti,ab.

10.0r/1-9

11.exp Craniocerebral Trauma/

12.exp Brain Edema/

13.exp Glasgow Coma Scale/

14.exp Glasgow Outcome Scale/

15.exp Unconsciousness/

16.exp Cerebrovascular Trauma/

17.((head or crani* or cerebr* or capitis or brain* or forebrain* or skull* or hemispher* or intra-cran* or inter-cran*) ad;j5 (injur* or trauma*
or damag* or wound* or fracture* or contusion*)).ab;ti.

18.((head or crani* or cerebr* or brain* or intra-cran* or inter-cran*) adj5 (haematoma* or hematoma* or haemorrhag* or hemorrhag* or
bleed* or pressure)).ti,ab.

19.(Glasgow adj (coma or outcome) adj (scale* or score*)).ab;ti.

20."Rancho Los Amigos Scale"ti,ab.

21.("diffuse axonal injury" or "diffuse axonal injuries").ti,ab.

22.((brain or cerebral or intracranial) adj3 (oedema or edema or swell*)).ab,ti.

23.((unconscious* or coma* or concuss* or 'persistent vegetative state') adj3 (injur* or trauma* or damag* or wound* or fracture*)).ti,ab.
24.exp coma/

25.0r/11-24

26.randomi?ed.abti.

27.randomized controlled trial.pt.

28.controlled clinical trial.pt.

29.placebo.ab.

30.clinical trials as topic.sh.

3l.randomly.ab.

32.trial.ti.

33.0r/26-32

34.(animals not (humans and animals)).sh.

35.33not 34

36.25and 35

37.(rat* or rodent* or animal* or mice or murin* or dog* or canine* or cat* or feline* or rabbit* or guinea pig*).ti.
38.36 not 37

39.10 and 38

EMBASE(Ovid SP)

. exp head injury/

. brain edema/

. exp Glasgow coma scale/

. exp Glasgow outcome scale/

. exp unconsciousness/

. exp cerebrovascular accident/

7. ((head or crani$ or cerebr$ or capitis or brain$ or forebrain$ or skull$ or hemispher$ or intra-cran$ or inter-cran$) ad;j5 (injur$ or trauma
$ or damag$ or wounds or fracture$ or contusion$)).ab;ti.

8. ((head or crani$ or cerebr$ or brain$ or intra-cran$ or inter-cran$) adj5 (haematoma$ or hematoma$ or haemorrhag$ or hemorrhag$
or bleed$ or pressure)).ti,ab.

9. (Glasgow adj (coma or outcome) adj (scale$ or score$)).ab,ti.

10. "rancho los amigos scale"ti,ab.

11. ("diffuse axonal injury" or "diffuse axonal injuries").ti,ab.

12. ((brain or cerebral or intracranial) adj3 (oedema or edema or swell$)).abti.

13. ((unconscious$ or coma$ or concuss$ or 'persistent vegetative state') adj3 (injur$ or trauma$ or damag$ or wounds or fracture$)).ti,ab.
14. exp coma/

15.1or2or3or4or50r6o0r7or8or9orl0orllorl2orl3orl4

16. exp progesterone/

17. exp progesterone receptor/

18. exp sex hormone/

19. exp estrogen/

20. exp estrogen receptor/

21. (Progestin* or gestagen® or progestagen* or progestogen* or progestation* or estrogen*).ab;ti.

22. ((gender* or gonad* or sex*) adj3 hormon*).ab;ti.

O wWN -
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23. ((gender or Sex* or hormon*) adj3 (differ* or effect* or influence* or function* or recover*)).ti,ab.
24.160r170r18o0r190r200r21or22or23
25.15and 24

26. exp Randomized Controlled Trial/

27. exp controlled clinical trial/

28. randomi?ed.abti.

29. placebo.ab.

30. *Clinical Trial/

31. randomly.ab.

32. trial.ti.

33.260r270r280or29or300r31or32

34. exp animal/ not (exp human/ and exp animal/)
35.33not 34

36. 25 and 35 37. limit 36 to (exclude medline journals)

Zetoc

1.Progesterone trauma* brain
2.Progesterone trauma* head
3.Progesterone injur* brain
4.Progesterone injur* head
5.Progesterone trauma* crani*
6.Progesterone trauma* cerebr*
7.0r/1-6

LILACs

head OR brain OR cranial OR cerebral OR intra-cranial OR inter-cranial [Words] and haematoma OR hematoma OR hemorrhage
OR bleedOR pressure OR injury OR injuriesOR traumaOR damageOR damagedOR wound OR fracture [Words] and progesterone
or progestins or Gonadal Steroid Hormones or estrogens [Words]

Clinicaltrials.gov

brain damage and (progesterone or progestins)
brain injury and (progesterone or progestins)
head injury (progesterone or progestins)

Controlled-trials.com (ISRCTN)
(progesterone or progestins) and (brain or head or cranial) and (trauma or injury or damage or wound)

WHAT'S NEW

Date Event Description
7 February 2017 Amended Minor copy-editing amendment.
HISTORY

Protocol first published: Issue 3, 2010
Review first published: Issue 1, 2011

Date Event Description

4 November 2016 Amended In an attempt to improve the quality of our systematic review,
we only included prospectively registered studies for studies
whose publication occurred after the publication of our 2012 re-

view.
4 November 2016 New citation required and conclusions Two multicentre phase Ill trials (NCT00822900 and
have changed NCT01143064) have completed and been added into the review.
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Date Event Description

The results and conclusions have changed. We have identified
three ongoing studies.

30 September 2016 New search has been performed The search has been updated to September 2016.

18 August 2012 New search has been performed The search has been updated to July 2012. A new ongoing study
was identified. The results and conclusions remain the same.

16 August 2012 New citation required but conclusions The search has been updated to July 2012. The results and con-
have not changed clusions are unchanged. One new ongoing study has been identi-
fied.

CONTRIBUTIONS OF AUTHORS

JM and YZ undertook partial electronic database searches, screened the citations for eligibility, assessed the quality of papers, extracted
data, entered data into RevMan and updated the review.

SH and CY conceived and designed the review, moderated disagreements during data collection, analysed and interpreted data, and
helped to write the review.
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW
Yunhui Zeng and Chao You have been added as authors.

We have changed the inclusion criteria according to Cochrane Injuries Group policy (Roberts 2015). In order for a study to be eligible for
inclusion, if the report of a study was published after 2010 then the study must have been prospectively registered.

We added a 'Summary of findings' table to the review, and described how we did this in the Methods.

For the outcome of disability at the end of follow-up, measured using the Glasgow Outome Score (GOS), we split GOS data into favourable
(moderate disability, good recovery; GOS 4 and 5) and unfavourable (death, vegetative state, severe disability; GOS 1 to 3) outcomes, as
these groupings reflect two different disability levels.
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NOTES

Theresults of the ongoing trials IRCT2014042017356N1, CTRI/2009/091/000893 and CTRI/2013/02/003396 were not considered to influence
the results of the review because of their limited enrolments. We will update the review when other phase Il trials are completed.

INDEX TERMS

Medical Subject Headings (MeSH)

Brain Injuries [*drug therapy] [*mortality]; Disability Evaluation; Glasgow Coma Scale; Injury Severity Score; Intracranial Pressure
[drug effects]; Neuroprotective Agents [adverse effects] [*therapeutic use]; Progesterone [adverse effects] [*therapeutic use];
Randomized Controlled Trials as Topic; Risk

MeSH check words

Humans
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