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Abstract

Purpose: Recombinant erythropoietin (EPO) administered for traumatic brain injury (TBI) may increase short-term
survival, but the long-term effect is unknown.

Methods: We conducted a pre-planned long-term follow-up of patients in the multicentre erythropoietin in TBI

trial (2010-2015). We invited survivors to follow-up and evaluated survival and functional outcome with the Glasgow
Outcome Scale-Extended (GOSE) (categories 5-8 = good outcome), and secondly, with good outcome determined
relative to baseline function (sliding scale). We used survival analysis to assess time to death and absolute risk differ-
ences (ARD) to assess favorable outcomes. We categorized TBI severity with the International Mission for Prognosis
and Analysis of Clinical Trials in TBI model. Heterogeneity of treatment effects were assessed with interaction p-values
based on the following a priori defined subgroups, the severity of TBI, and the presence of an intracranial mass lesion
and multi-trauma in addition to TBI.

Results: Of 603 patients in the original trial, 487 patients had survival data; 356 were included in the follow-up at a
median of 6 years from injury. There was no difference between treatment groups for patient survival [EPO vs placebo
hazard ratio (HR) (95% confidence interval (Cl) 0.73 (0.47-1.14) p=0.17]. Good outcome rates were 110/175 (63%) in
the EPO group vs 100/181 (55%) in the placebo group (ARD 8%, 95% Cl — 3 to 18%, p=0.14). When good outcome
was determined relative to baseline risk, the EPO groups had better GOSE (sliding scale ARD 12%, 95% Cl 2—-22%,
p=0.02). When considering long-term patient survival, there was no evidence for heterogeneity of treatment effect
(HTE) according to severity of TBI (p =0.85), presence of an intracranial mass lesion (p=0.48), or whether the patient
had multi-trauma in addition to TBI (p = 0.08). Similarly, no evidence of treatment heterogeneity was seen for the
effect of EPO on functional outcome.

Conclusion: EPO neither decreased overall long-term mortality nor improved functional outcome in moderate or
severe TBI patients treated in the intensive care unit (ICU). The limited sample size makes it difficult to make final con-
clusions about the use of EPO in TBI.
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Introduction

Traumatic brain injury (TBI) is a significant medical
problem that mainly affects a younger population with
high mortality, morbidity and treatment costs [1, 2]. Lim-
ited medical treatment options exist beyond support-
ive intensive care aimed at decreasing secondary brain
injury [3]. The secondary injury process includes cer-
ebral edema, resulting in decreased cerebral blood flow
and ischemia [3]. Erythropoietin (EPO) has been shown
in experimental studies to have many protective effects
in this setting, and systematic reviews show possible sig-
nals of lower mortality in patients treated with EPO [4].
Potential mechanisms of EPO in cerebral injury models
include reduction of apoptosis, inhibition of inflamma-
tion, and restoration of cerebral blood flow [5, 6].

Between 2010 and 2015, the Erythropoietin in Trau-
matic Brain Injury (EPO-TBI) trial randomized patients
with moderate-to-severe TBI to receive up to three doses
of recombinant erythropoietin 1 week apart during care
in the intensive care-unit (ICU) [7, 8]. No difference was
found in the primary outcome of functional outcome at
6 months measured with the Glasgow Outcome Scale-
Extended (GOSE), but a statistically significant difference
in survival (secondary outcome) was found. However, the
follow-up time was 6 months, and the optimal follow-up
time in TBI patients remains unknown. In the current
study, we performed an extended follow-up of patients
included in the EPO-TBI trial, hypothesizing that EPO
might improve long-term outcome after TBI.

Methods

This study was a long-term follow-up of patients included
in the EPO-TBI study, which was conducted between 2010
and 2015 and published in 2015. It was a randomized-con-
trolled trial performed at hospitals in Australia, New Zea-
land, Saudi Arabia, France, Finland, Ireland and Germany
[7]. Patients receiving treatment in an ICU with moderate
or severe TBI based on the Glasgow Coma Scale (GCS)
score were screened and included if all inclusion and no
exclusion criteria were met [8]. Randomization was strati-
fied by site. These patients received either weekly doses
of 40,000 IU of subcutaneous epoetin alfa (Eprex Jans-
sen-Cilag Pty Ltd, Titusville, NJ, USA) or a placebo (0.9%
sodium chloride). Deep venous thrombosis was screened
for with twice-weekly ultrasound of the legs. Data for
calculating the International Mission for Prognosis and
Analysis of Clinical Trials in TBI (IMPACT-TBI) risk for
poor six-month outcome, the Injury Severity Score (ISS),
the Abbreviated Injury Scale (AIS) and the Acute Physi-
ology and Chronic Health Evaluation (APACHE) score
were obtained prospectively in all included patients. Six

Take-home message

The use of erythropoietin in patients treated in the intensive-
care unit after severe or moderate traumatic brain injury does
not improve very long-term outcome, even though uncertainty
remains, and further studies are needed.

ISS body regions were assessed: head or neck, face, tho-
rax, abdominal or pelvic contents, the extremities, or pel-
vic girdle and external. The patients were followed up until
6 months after the event with determination of functional
outcome with the GOSE, survival and quality of life (QoL).
QoL was evaluated with the visual analog scale (VAS) on
the EuroQol Group 5-Dimension Self-Report Question-
naire (EuroQol 5D-5L), ranging from 0 to 100, with higher
scores indicating a better health status [9].

Outcomes

For this study, we measured survival of all the patients
and invited the survivors to take part in a long-term
follow-up study including an assessment of functional
outcome and QoL. Given the prolonged study duration,
the follow-up timepoint varied from three to eight years.
The survivors were contacted and invited to take part in
the study by phone or letter as appropriate, including a
reminder. An outcome assessor blinded to the treat-
ment interviewed the patients to determine the GOSE
and QoL. The secondary neurological outcomes were
assessed with the GOSE at the longest follow-up and
QoL was assessed among the survivors [10]. We ana-
lyzed neurological outcome dichotomized into a good
(GOSE 5-8) or a poor outcome (GOSE 1-4). In addi-
tion, we analyzed the effect of the intervention on the
sliding dichotomy of the GOSE scale [11]. First reported
by Murray et al. in 2005, the sliding dichotomy scale is
designed to ensure that the definition of “good” outcome
is tailored to each individual patient’s baseline progno-
sis on entry into the trial. This was achieved by dividing
patient baseline IMPACT score into tertiles (WORST,
MEDIUM, GOOD). To achieve a good outcome on the
sliding scale, patients from the WORST tertile needed
to achieve a GOSE at follow-up>2, and patients in
the MEDIUM tertile of baseline risk need to achieve a
GOSE >4, whereas patients in the GOOD tertile needed
to achieve a GOSE>6. The study protocol underwent
ethical review at all participating sites [details provided in
the electronic supplemental material (ESM)].

Data collection

The original study used a web-based case record form
that included detailed data on the patient characteris-
tics, the injury mechanism, pre-hospital care, and the
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immediate hospital management [8]. Admission com-
puted tomography (CT) scans were reviewed and the
IMPACT-TBI risk for poor 6-month outcome was cal-
culated [12]. The ISS scores were recorded by trained
assessors blinded to patient treatment and outcome.
Long-term neurological outcome data and QoL were
recorded on outcome assessment forms similar to those
used in the original study.

Statistical analysis
The statistical analysis plan for this post hoc study was
embedded in the original published study plan [13] with
sample size predetermined by the parent trial. The pri-
mary outcome (patient survival) was analyzed using
Cox proportional hazards regression fitting a shared
frailty model with individual sites as a clustered vari-
able. Proportional hazards assumptions were confirmed
using loglog survival plots and by fitting time-dependent
interactions between treatment and log(time). Multivari-
able sensitivity analyses were performed using covariate
adjustment for region, TBI severity, and baseline risk
(extended IMPACT-TBI) [13, 14]. Binomial secondary
outcomes were analyzed using generalized linear mixed-
effects models with a binomial distribution and a log link
to facilitate relative risks (95% confidence interval [CI])
and an identify link to facilitate risk differences (95%
CI). Quality-of-life measures were analyzed using linear
mixed-effects models and presented as mean difference
(95% CI). All secondary analyses used robust errors to
account for clustering by site.

Subgroup analyses were performed considering the fol-
lowing groups of interest:

1. Severe (GCS 3-8) or moderate TBI (GCS 9-12)

2. Intracranial mass lesion (Marshall CT scan classifica-
tion V or VI) or no intracranial mass lesion (Marshall
CT scan classification I, II, III, or IV)

3. Patients with and without multi-trauma defined as
the presence of an AIS of 3 (serious) or higher in two
or more ISS body regions or an extracranial ISS score
(ISS excluding the head and neck AIS) of higher than
six. This approach is consistent with international
reviews and we used this same approach in our pre-
viously published subgroup analysis [15-17].

Subgroup analyses were reported using forest plots,
with heterogeneity between subgroups determined by
fitting an interaction term between the treatment and
the subgroup. To determine the representativeness of
our sample, comparisons with original trial participants
not included in the analyses were performed using Chi-
square tests for equal proportions, analysis of variance
for normally distributed data and Kruskal-Wallis tests

otherwise, with results reported as frequencies (%),
means (standard deviation), or medians (interquartile
range), respectively. All analyses were performed using
SAS version 9.4 (SAS Institute Inc., Cary, NC, USA), and
a two-sided p-value of 0.05 was used to indicate statisti-
cal significance.

Ethical assessment, consent, and trial registration

Ethical approval was obtained at all the EPO-TBI study
sites. For the follow-up, the patient’s next of kin or legal
representative gave informed consent for participation
according to local requirements. The original EPO-TBI
trial was registered at ClinicalTrials.gov (NCT00987454),
the Australian and New Zealand Clinical Trials Registry
(ACTRN12609000827235), and European Drug Regula-
tory Authorities Clinical Trials (011-005235-22). This fol-
low-up study was registered at ClinicalTrials.gov in 2017
(NCT03061565).

Results

Included patients

The original study included 603 patients, of whom 116
were treated in countries that were unable to take part
in the follow-up, mainly due to the coronavirus disease
2019 (COVID-19) pandemic (France, Ireland and Ger-
many). Of the 487 eligible patients, 131 were lost to fol-
low-up, leaving 356 patients in the study (Fig. 1). Data
on QoL were collected from 259 patients. The base-
line injury characteristics in the patients with data on

116 treated at centres
not taking part
3 withdrew consent

606 included
in main trial

A

487 patients eligible
for long term follow-up

131 patients lost to
——————————— >
long-term follow-up
b
‘ 356 with GOSE ‘
h 4 h 4
‘ 175 received EPO ‘ ’ 181 received placebo ‘
Y A
‘ 132 with QoL data ‘ ’ 127 with QoL data ‘

Fig. 1 Flow chart of included patients. GOS Glasgow Outcome Scale-
Extended, QOL quality of life
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long-term functional outcome, survival, and those lost to
follow-up are shown in Supplemental Table 1. There were
some differences in the injury characteristics of patients
included and not included in the analysis. Data on long-
term survival were available in 487 patients and data on
functional outcome in 356 patients. Of the 356 included
patients, 175 received EPO and 181 received the placebo.
The groups were well balanced with regards to baseline
characteristics (Table 1).

Long-term mortality

The median time from randomisation to death or last
known time alive was 5.7 years for EPO (interquar-
tile range (IQR) 0.6—6.9 years) and 5.3 years (IQR 0.6—
6.7 years) for placebo (p=0.71). Of the 487 patients
in our cohort, 63 patients had died by day 180 [EPO
22/246 (9%) vs placebo 41/241 (17%) p=0.008]. After
2 years, an additional 17 patients had died with mortal-
ity status unknown for a further 74 patients. [EPO 35/203
(17.2%) vs 45/210 (21.4%) p=0.28]. The Kaplan—Meier

Table 1 Baseline characteristics of patients included in the long-term follow-up

Age (years)—Median [IQR]
Female sex—n (%)
Cause of injury—n (%)
Motor vehicle accident
Motorcycle
Bicycle
Pedestrian
Fall/jump
Hit by object
Other
Severe Traumatic Brain Injury—n (%)
Moderate Traumatic Brain Injury—n (%)
Pupillary response—n (%)
Both reacting
Dilated and both non-reactive
Both non-reactive
One non-reactive
Unknown
Hypotension—n (%)
Hypoxia—n (%)

Haemoglobin at baseline (g/L)—Mean (STD)

APACHE Il Score—Mean (STD)
Injury Severity Score—Mean (STD)

IMPACT-TBI probability of poor outcome—Mean (STD)
Abbreviated Injury Head Score—Median [IQR]

Marshall CT classification—n (%)

VI

Time from injury to randomization, hr—Mean (STD)
Time from injury to first dose, hr—Mean (STD)

277 [214-47 4] 28.2[20.7-46.8] 27.5[215-47.7]
66 (18) 30(17) 36 (20)
158 (44) 73 (42) 85 (47)
41(12) 23(13) 18(10)
9(2) 4(2) 5(3)
38(11) 19(11) 19(11)
75 (21) 42 (24) 33 (18)

25 (7) 11 (6) 14.(8)

10 (3) 302 7 (4)

267 (75) 131(75) 136 (75)
89 (25) 44 (25) 45 (25)
293 (82) 142 (81) 151 (83)
1(03) 0(0) (M

27 (8) 11 (6) 16 (9)
31(9) 20(11) 11 (6)
4(1) 2(1) 2(1)

124 (35) 65 (37) 59 (33)

77 (22) 40 (23) 37 (20)
118 (21.1) 119 (20.4) 17 (21.7)
206 (7.1) 21(74) 20.1 (6.7)
27 (10) 273(93) 267 (10.6)
0.46 (0.23) 047 (0.24) 046 (0.23)
4[3-5] 4[3-5] 4[3-5]
13(4) 8 (5) 5(3)

216 (61) 108 (62) 108 (60)
47 (13) 21(12) 26 (14)
123) 6@3) 6(3)

8(3) 302 5(3)

60 (17) 29(17) 31(17)
17.9(56) 18 (5.34) 17.8(5.85)
19.2(53) 19.2 (5.1) 19.1 (5.6)

APACHE acute physiology and chronic health evaluation, CT computed tomography, IMPACT-TBI International Mission for Prognosis and Analysis of Clinical Trials in

traumatic brain injury
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Fig. 2 Long-term survival in patients with moderate or severe traumatic brain injury and treated with erythropoietin (EPO) or placebo [hazard ratio
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Fig. 3 Survival analysis shown as hazard ratios and 95% confidence
intervals in all patients included in the EPO-TBI trial. AlS abbreviated
injury scale, C/ confidence interval, HR hazard ratio, ISS injury severity
score, TB/ traumatic brain injury

survival plot is shown in Fig. 2. The unadjusted HR for
mortality for EPO compared to placebo was 0.73 (95%
CI 0.47-1.14, p=0.17). The adjusted HR for EPO was
0.68 (95% CI 0.43-1.06, p=0.08). The univariate HRs
of all included subgroups are shown in Fig. 3 and the
adjusted HRs in Supplemental Fig. 1 in the ESM. The

Kaplan—Meier survival plots of the subgroups are shown
in the ESM (Supplemental Figs. 2-9). There was no sig-
nificant difference in the effect of EPO compared to
placebo based on TBI severity and the presence of an
intracranial mass lesion (Fig. 2 and Supplemental Fig. 1).
The effect of EPO compared to the placebo on long-term
mortality in the patients with and without multi-trauma
are shown in Fig. 3 and Supplemental Fig. 1. While the
risk of death was significantly lower in EPO patients with
multi-trauma compared to placebo (p<0.05), there was
no significant evidence of heterogeneity of treatment
effect due to any of the two definitions of multi-trauma
(Interaction p values 0.13 and 0.08) (Fig. 3).

Long-term neurological outcome

The median time to GOSE assessment was 6.4 years (IQR
5.6-7.1) in the EPO group and 6.2 (IQR 5.3-7.2) a non-
significant difference (p =0.31). The long-term neurolog-
ical outcomes in the patients treated with EPO and the
placebo are shown in Fig. 4. The proportion of patients
with a good neurological outcome at follow-up was
110/175 (63%) in the EPO-treated patients and 100/181
(55%) in the placebo-treated patients (Table 2), a non-sig-
nificant difference (p=0.14). In the patients with severe
TBI, the good outcome rate was 57% in the EPO-treated
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EPO 20% 1%  10%
€«--------- >
Mortality 20% GOSE 5-8 63%
Mortality 25% GOSE 5-8 55%
€«----------- >
Placebo 25% 1%  10% 9%
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Fig. 4 Distribution of neurological long-term outcome by the Glasgow Outcome Scale-Extended in those 356 patients treated with erythropoietin
or placebo with complete data on functional outcome. EPO erythropoietin, GOSE Glasgow Outcome Scale-Extended. The median time to GOSE
assessment was 6.4 years (IQR 5.6-7.1) in the EPO group and 6.2 (IQR 5.3-7.2) a non-significant difference (p=0.31)

Table 2 Long-term Glasgow Outcome Scale, Extended and quality-of-life data in 356 traumatic brain injury patients

including subgroups treated with erythropoietin or placebo

Secondary outcomes
Good outcome (GOSE 5-8)
Good outcome sliding scale

110/175 (63%)
112/175 (64%)

100/181 (55%)
94/181 (52%)
Good outcome in subgroups

Severe TBI 71/124 (57%) 68/135 (50%)
Moderate TBI 39/51 (76%) 32/46 (70%)
Intracranial mass lesion 16/32 (50%) 19/36 (53%)
No intracranial mass lesion 94/143 (66%) 81/145 (56%)
Extracranial ISS>6 64/97 (66%) 56/100 (56%)
Extracranial ISS<6 46/78 (59%) 44/81 (54%)
AIS> 3 in two regions 51/76 (67%) 39/80 (49%)
No AIS> 3 in two regions 59/99 (60%) 61/101 (60%)

Quality of life
EQ 5D-5L utility score, Mean (STD)
EQ Visual Analog Scale, Mean (STD)

0.776 (0.297)
77.2(19.8)

0.713(0.352)
74.6 (22.1)

1.14 (0.96-1.35) 7.6% (— 2.6% to 17.8%) 0.14
1.23(1.03-1.47) 12.1% (1.9% to 22.2%) 0.02
1.14 (0.91—1.43) 6.9% (—5.2% to 19%) 0.27 0.89
1.10 (0.86—1 40) 6.9% (— 10.8% to 24.6%) 044
0.95 (0.6-1.51) —2.8% (— 26.6% to 21%) 0.82 033
1A18(098 1 42) 9.9% (— 1.3% to 21.1%) 0.09
1.18 (0.94-1.48) 10% (— 3.6% to 23.5%) 0.15 0.13
1.09 (0.83-1.43) 4.7% (— 10.7% to 20%) 0.55
1.38 (1.05-1.81) 18.4% (3.1% to 33.6%) 0.02 0.08
0.99 (0.79-1.24) —0.8% (— 14.4% to 12.8%) 0.91
Adjusted mean difference 0.07 (95% CI 0.0-0.15) 0.12
Adjusted mean difference 3.03 (95% Cl— 1.94 to 032

8.00)

AlS abbreviated injury scale, EQ 5D-5L EuroQol Group 5-Dimension Self-Report Questionnaire, Cl confidence interval, GOSE Glasgow Outcome Scale-Extended, ISS

injury severity score, TBI traumatic brain injury

patients and 50% in the placebo-treated patients (Table 2)
(p=0.27). In the patients with moderate TBI, the good
outcome rates were similar. The interaction p-values
for heterogeneity of treatment (THE) effect due to TBI
severity or presence of a mass lesion was not significant
(Table 2). The adjusted analysis showed no difference
in outcome between EPO and the placebo for the pro-
portion of good outcomes. When analyzing GOSE as a

sliding scale, there was a significantly better outcome
with the use of EPO compared to the placebo (Table 2).
The analysis adjusting for TBI severity with the IMPACT
model showed no difference in the proportion of patients
with a good outcome (odds ratio (OR) 1.6, 95% CI 0.97—
2.6, p=0.06) with the use of EPO compared to the pla-
cebo. EPO appeared to be associated with a trend for
better neurological outcome compared to the placebo in
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the patients with multi-trauma based on an AIS score of
higher than three in two regions compared to those with
isolated TBI, as shown in Table 2, but the p values for
heterogeneity were not significant.

Quality of life

The EQ-5D utility scores were higher in the EPO-treated
groups than in the placebo-treated groups, but the differ-
ence was not significant (Table 2). Similar findings were
also seen for the EQ VAS scores between the groups. The
QOL results are shown in Table 2 and the Supplemental
Figs. 10 and 11.

Discussion

In this long-term follow-up of patients with moderate
or severe TBI treated with either EPO or a placebo, we
found no significant difference in long-term neurological
outcome or survival.

We found no evidence of heterogeneity for the treat-
ment effect of EPO in the a priori defined subgroups the
severity of TBI, presence of an intracranial mass lesion or
whether the patient had multi-trauma in addition to TBL
The point estimated appeared to favor EPO compared to
placebo in patients with multi-trauma, but this should
be interpreted with caution since these were not pre-
defined subgroups of the original trial. The limited sam-
ple size suggests a further need to study the use of EPO in
patients with TBI and multi-trauma.

Our findings are in line with systematic reviews sug-
gesting beneficial effects and lack of harm from the use
of EPO in patients with TBI and major trauma [4, 18].
However, the studies conducted thus far may have had
small sample sizes. A new study to confirm or refute the
8% difference in good outcome rates between EPO and
a placebo would need to include 1600 patients, while a
study that would confirm or refute the 5% difference in
mortality would require 2300 patients. We are currently
conducting a trial titled EPO Trauma that aims to enrol
2500 patients and provide more robust answers about the
effect of EPO on both functional outcome and mortality
(NCT04588311).

Interestingly, EPO appeared slightly more effective in
the patients with multi-trauma in addition to TBI and
those without mass lesions. However, there were lim-
ited numbers of patients in these subgroups and these
findings may have been due to chance. In addition, the
multi-trauma subgroups were defined after the EPO-TBI
study was completed and these analysis should be seen
as exploratory [7, 17]. Nonetheless, it is possible that
the disease mechanism differs slightly in patients with
TBI with and without major trauma to other organs.
Experimental effects of EPO have included increases
in brain tissue oxygen and restoration of cerebral blood

flow with correction of tissue ischemia [5]. It may be that
occult ischemia is a more important injury mechanism
in patients with more severe diffuse injury than in those
with evacuated mass lesions. Another possible mecha-
nism could be attenuation of the blood—brain-barrier dis-
ruption, which is a known mechanism of ischemic brain
injury resulting in edema. It is also possible that systemic
inflammation, a contributor to multi-organ failure after
multi-trauma is somehow blunted by EPO [19].

We note some changes in patient outcomes over time
after TBIL. Mortality increased, but on the other hand, the
proportion of patients with a good neurological outcome
slightly improved. Nonetheless, the long-term mortal-
ity rate of 16% in our study is lower than that found in
an observational study from the US [20]. Indeed, in the
multi-center Transforming Research and Clinical Knowl-
edge (TRACK) in TBI study in the United States of
America, 12-month mortality was 31% in the severe TBI
patients and 13% in the moderate TBI patients.

In the current study, around 20% of the patients had a
poor neurological outcome—defined as a GOSE of 2—4 at
long-term follow-up, which highlights the longstanding
effects of TBI. This is in line with a French study includ-
ing a follow-up spanning 8 years, where a poor outcome
based on the GOSE was seen in 20% of the patients [21].
This also aligns with data from the TRACK-TBI study, in
which poor functional outcome was seen in around 20%
of the patients at 12 months in both the moderate and
severe TBI groups.

Few studies have assessed long-term QoL after TBI. In
the current study, long-term QoL appeared comparable
to that found in a recent Dutch study on long-term QoL
after injury [22, 23]. This study including almost 5000
patients with various types of trauma requiring hospi-
tal care, the mean EQ-5D utility score at two years was
0.79. Factors associated with poor QoL included poor
pre-injury QoL, frailty, and female sex. The presence of
TBI was associated with cognitive problems. Overall, the
scores seen in this study seem comparable to other types
of brain injury such as out-hospital cardiac arrest based
on patients included in the Targeted Temperature man-
agement trial published in 2021, where the EQ-5D based
on the VAS was around 0.75. There was a non-significant
difference in EQ-5D utility scores between the EPO- and
placebo-treated patients. At the 6-months follow-up, the
difference in QoL appeared to be slightly higher [24].
Whether this difference is due to chance remains to be
determined in larger studies. However, EQ-5D has been
shown to be able to detect differences in health status
in certain neurological conditions, such as stroke [25].
Finally, the EQ-5D scores seen in the long term were sim-
ilar to those obtained at 6 months.
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Strengths and limitations
This study’s strengths include its multi-center setting,
randomized design, and the fact that all the analysis was
conducted according to a pre-planned analysis plan in
the same way as in the original study. All the outcome
assessors were blinded to the treatment intervention. In
addition, this was the longest follow-up included in any
randomized interventional trial focusing on TBI.
Nonetheless, we recognize certain limitations. Due to
the COVID-19 pandemic and local organizational prob-
lems, we were unable to include all the countries that
took part in the original EPO-TBI trial. In addition, due
to differences the workload for obtaining site specific
research approvals and research contracts, there was also
a considerable variability in the timing of the follow-up.
In addition, despite considerable efforts, many patients
were lost to followup. This decreased the sample size and
may have influenced the results. We note some differ-
ences in the clinical characteristics of those included and
not included in this follow-up. However, we did not find
any difference in the baseline characteristics of the EPO-
and placebo-treated patients in both the included and
excluded cohorts. Finally, the use of EPO may be asso-
ciated with side effects. Even though our primary study
did not show any difference in major complications, such
as thrombotic events, we cannot comment on whether
these occurred at a later stage, since these were not fol-
lowed up [26].

Conclusion

The use of EPO compared to a placebo did not improve
overall long-term outcomes or QoL in patients with
moderate or severe TBI and in any of the a priori defined
subgroups. The limited sample size makes it difficult to
make the final conclusions about the use of EPO in TBI
and further studies are required.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1007/s00134-023-07141-5.
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