






ALSFRS-R and ALSAQ-40 was assayed by mixed effect models.
All data were analysed using SAS V.9.3 (SAS Institute INC. Cary,
North Carolina, USA). This study is registered with EudraCT,
number 2009-016066-91 (EPOS trial).

RESULTS
Between August 2010 and November 2012, 208 of 545 eligible
patients (38%) were randomly allocated to the treatment arms
(104 in the rhEPO arm and 104 in the placebo arm; figure 1).
Patients were recruited at 25 Italian ALS centres from 13 regions
(figure 2). Table 1 shows the demographic and clinical character-
istics of the treatment groups at baseline. In the analysis of the
primary outcome performed on all patients who received at least
one dose of the interventional treatment (eg, 103 patients in the
rhEPO arm and 97 patients in the placebo arm), the rate of
events (death, tracheotomy, >23 h NIV) at 12-month follow-up
did not differ between the treatment groups, even after stratifica-
tion by disease severity and onset (table 2). The Kaplan-Meier
analysis did not disclose any difference in terms of the log-rank
test (p=0.99; figure 3) and Peto test (p=0.89). The correspond-
ing HR between rhEPO and placebo, adjusted for gender, age,
ALSFRS-R score and disease duration, was 1.02 (95% CI 0.57 to
1.83). The analysis of efficacy by intention-to-treat performed on
all randomised patients (eg, 104 patients in the rhEPO and
placebo groups) yielded the same results.

The percentage of AE causing withdrawal was twice as high
in the rhEPO (16.5%) group as in the placebo (8.3%) group,

although the difference was not significant in terms of the
log-rank test (p=0.16), most likely due to the small number of
events (table 3; figure 4). In the rhEPO group, we recorded four
cases of deep venous thrombosis complicated in two cases by
pulmonary embolism, two cases of cardiac arrhythmia, four
cases of treatment suspension for >8 weeks and seven cases of
delay more than two times due to altered safety parameters. In
the placebo group, we recorded one case of deep venous throm-
bosis, one case of cardiac infarction, four cases of treatment sus-
pension for >8 weeks and two cases of delay more than two
times due to altered safety parameters (table 3).

The analysis of the secondary outcomes during the
12 months of follow-up did not show differences between
groups either in ALSFRS-R (p of mixed-effects models=0.31)
and sVC (p of mixed-effects models=0.47) decline (figure 5) or
ALSAQ-40 score (+29 points in the rhEPO group and +37
points in the placebo group from baseline to 12 months; p of
mixed-effects models=0.23).

All the above analyses were also performed for the subgroups
of patients with ALSFRS-R ≥33 or <33 at randomisation and
with spinal or bulbar onset, and per-protocol, and did not show
any significant difference between the two treatment groups
(data not shown). Haemoglobin and haematocrit values over-
lapped in the rhEPO and placebo groups at baseline, whereas
they were significantly (p<0.01) higher in the rhEPO group
than the placebo group throughout the entire study period
(figure 6).

Figure 2 Italian centres participating in the EPOS trial with a number of patients enrolled in brackets.
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At 18-month follow-up, 6 months after the treatment was
stopped, 41 (41%; 3 lost to follow-up) of 100 patients in the
rhEPO group and 31 (33.3%; 4 lost to follow-up) of 93 placebo
patients reached the primary outcome (death or tracheotomy).

DISCUSSION
Several studies suggested that EPO can promote the homeostasis
of cells under stress and exert protective actions on different

tissues. Peripheral administration allows EPO to penetrate
through an intact blood-brain-barrier,15–17 and this has been
exploited to test its neurotrophic effects in multiple sclerosis,
Parkinson’s disease and schizophrenia.18 19 Encouraging preclin-
ical studies with EPO and its non-erythropoietic derivatives in
models of central and peripheral nervous system degenerative
diseases,2 expression of the non-erythropoietic receptor
(EPOR)2 in motor neurons6 and preliminary data from ALS
mouse models8 and a pilot clinical trial13 suggested that patients
with ALS might benefit from rhEPO treatment. Conversely, our
study demonstrated that rhEPO administered at the dose of
40 000 IU fortnightly did not change either survival or disability
at 12 months. Patients’ demographic and clinical features were
well balanced between the treatment arms, supporting the reli-
ability of the results. The significant and stable increase of
haemoglobin and haematocrit values in the rhEPO group
throughout the entire treatment period demonstrated that
rhEPO exerted its expected haematological effects, and there-
fore it was not degraded in patients with ALS. This observation
strengthens our negative findings, suggesting that the lack of
neuroprotective effect could not be attributed to an altered bio-
logical activity of rhEPO at the haematological level.

Our negative findings appear to be in keeping with those dis-
appointing from previous clinical studies investigating rhEPO
neuroprotection in critical illness and patients with stroke.1

RhEPO may remain a promising treatment in schizophrenia19

and in the prevention of cognitive impairment after cardiac
surgery and cardiopulmonary bypass,20 though these prelimin-
ary data need larger confirmatory studies. Therefore, despite the
bulk of preclinical findings in favour of a substantial protective
activity of EPO outside the bone marrow, no evidence is cur-
rently available to support the hypothesis that rhEPO can rescue
injured neurons in patients with acute or chronic progressive
neurological diseases like stroke and ALS.

In most previous clinical studies of neuroprotection, cardio-
protection and renal protection, rhEPO was acutely administered
at doses ranging from 40 000 IU daily for 3 days to 50 000 IU 24
and 48 h after the event, whereas in critically ill patients the
schedule was 40 000 IU weekly for 3 weeks.1 Ours is the first
trial in which rhEPO was chronically administered to non-

Table 1 Demographic characteristics and clinical features of
randomised patients at baseline in the two treatment groups

rhEPO (n=103) PLACEBO (n=97)

Gender
Men 55 (53.4%) 50 (51.6%)
Women 48 (46.6%) 47 (48.5%)

Age (years)
Mean (SD) 59.4 (9.7) 58.6 (10.5)
Median (range) 62 (25–73) 60 (25–75)

Onset
Bulbar 27 (26.2%) 25 (25.8%)
Spinal 76 (73.8%) 72 (74.2%)

Disease duration (years)
Mean (SD) 1.0 (0.4) 1.1 (0.3)
Median (range) 1.0 (0.3–1.7) 1.1 (0.2–1.6)

ALSFRS-R
Mean (SD) 38.4 (5.8) 38.3 (5.8)
Median (range) 40 (21–48) 39 (20–48)

sVC
Mean (SD) 86.7 (14.5) 86.2 (16.0)
Median (range) 87 (37–110) 86 (23–114)

ALSAQ40
Mean (SD) 100 (30) 99 (24)
Median (range) 98 (43–200) 97 (52–161)

Riluzole treatment
Yes 100 (97.1%) 92 (94.9%)

Svc, slow vital capacity; rhEPO, recombinant human erythropoietin.

Table 2 Analysis of efficacy for the primary outcome at 12-month follow-up

rhEPO (n=103; PY=92) Placebo (n=97; PY=88) p Value

Overall events (death, tracheotomy, >23 h NIV)
N (annualised rate; 95% CI) 25 (0.27; 0.18 to 0.40) 23 (0.26; 0.17 to 0.39) 0.88

Death
N (annualised rate; 95% CI) 10 (0.11; 0.06 to 0.20) 7 (0.08; 0.04 to 0.17) 0.52

Tracheotomy or >23 h NIV
N (annualised rate; 95% CI) 15 (0.16; 0.10 to 0.27) 16 (0.18; 0.11 to 0.30) 0.77

Overall events stratified by disease onset and severity
Spinal onset n=76; PY=68 n=72; PY=65 0.73
N (annualised rate; 95% CI) 21 (0.31; 0.20 to 0.47) 18 (0.28; 0.17 to 0.44)
Bulbar onset n=27; PY=24 n=25; PY=23 0.71
N (annualised rate; 95% CI) 4 (0.17; 0.06 to 0.45) 5 (0.22; 0.09 to 0.52)
ALSFRS-R ≥33 n=86; PY=79 n=84; PY=77 0.69
N (annualised rate; 95% CI) 17 (0.22;0.13 to 0.35) 19 (0.25; 0.16 to 0.39)
ALSFRS-R <33 n=17; PY=13 n=13; PY=12 0.37
N (annualised rate; 95% CI) 8 (0.60; 0.30 to 1.20) 4 (0.35; 0.13 to 0.93)

The analysis was performed in terms of the annualised rate with the corresponding 95% CI and p value using a χ2 test with one degree of freedom for rate comparison (based on
Poisson regression).
NIV, non-invasive ventilation; PY, total patient-years of follow-up; rhEPO, recombinant human erythropoietin.
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anaemic patients with a degenerative disease for a 12-month
period. One limitation may appear to be the lack of a previous
dose-finding study. However, we have chosen the dosing schedule
of rhEPO 40 000 IU fortnightly based on the pharmacokinetic
profile, the known linear relationship between a single dose
administered and erythropoietic response, and the turnover of
reticulocytes,21 with the aim of reducing the thrombotic risk in
patients. Moreover, acute higher doses used in previous clinical
studies increased the rate of thrombotic vascular events.1

40 000 IU approximately equals one-third of the maximally
effective single dose in a 70 kg participant (eg, 1800 IU/kg). In
our study, it did not significantly increase the rate of thrombotic
complications compared with the placebo group, most likely due
to the small number of events, being the overall number of AEs
twice as high as in the rhEPO treated group. In rodent models,22

the dose of 2500 IU/kg/day was reported to be the most effective
for neuroprotection but caused an increase of haematocrit value
that would not be acceptable in humans.

Figure 3 Primary outcome analysis.
Survival probability in terms of death,
tracheotomy and 23 h non-invasive
ventilation for 14 consecutive days
during the 12 months of the EPOS
trial, with the corresponding p value of
the log-rank test.

Table 3 Number and percentage of AEs causing withdrawal in
the two treatment groups

rhEPO
(N=103)

PLACEBO
(N=97)

Total
(N=200)

Serious AEs
N (%) 17 (16.5) 8 (8.3) 25 (12.5)

Causes
Treatment suspended >8 weeks 4 4 8
Altered safety examinations 7 2 9
Myocardial infarction 0 1 1
Pulmonary embolism 2* 0 2*
Deep venous thrombosis 4 1 5
Cardiac arrhythmia 2 0 2

*Secondary to deep venous thrombosis.
AEs, adverse events; rhEPO, recombinant human erythropoietin.

Figure 4 Adverse event analysis.
Survival probability in terms of adverse
events causing withdrawal during the
12 months of the EPOS trial, with the
corresponding p value of the log-rank
test.
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A recent reappraisal of patients’ clinical features included in ALS
trials suggested that the intrinsic limitations imposed by a classical
randomised clinical trial can lead to the exclusion of patients
representing the ALS population in clinical practice, reducing the
reliability of the results.23 It has been suggested that the enrolment
of patients in the earliest phases of ALS could increase the prob-
ability of identifying successful disease-modifying treatments. In
our study, the percentage of patients excluded due to respiratory
insufficiency (15%) and of those who did not reach the diagnostic
certainty level of probable ALS according to the revised El Escorial
criteria (1.5%) at randomisation was small compared with previ-
ous trials. Similarly, gender distribution was well balanced between
arms, thus avoiding the underrepresentation of women observed
in other trials.23 However, the mean age of ALS onset was slightly
lower than that recorded in epidemiological studies,24–27 possibly
accounting for the lower 1-year death rates.

Like previous trials in ALS, results from our pilot study did
not replicate in the larger phase III trial. In particular, in the
pilot study, we had observed a higher prevalence of primary
outcome events (death and tracheotomy) in the placebo group
at 18 months follow-up, most likely a chance result due to the
small sample size. In ALS, the most important goal of new treat-
ments which can protect motor neurons and axons from pro-
gressive degeneration in a time frame that is useful to patients
remains far from be achievement. Our phase III randomised
trial demonstrated that rhEPO does not have any positive effect

on the course of ALS, lengthening the list of disappointing
results from all the previous studies.28–37
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