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STUDY DESIGN: This is a double blind phase II/III placebo-controlled randomized trial of the safety and efficacy of GH treatment in
incomplete chronic traumatic spinal cord injury.
OBJECTIVE: The aim of this study was to investigate the possibility to use exogenous GH administration for motor recovery in
chronic traumatic incomplete human SCI. The objectives were to establish safety and efficacy of a combined treatment of
subcutaneous GH (or placebo) and rehabilitation in this population.
SETTING: Hospital Nacional de Parapléjicos
METHODS: The pharmacological treatment was a subcutaneous daily dose of growth hormone (GH, Genotonorm 0.4 mg, Pfizer
Pharmaceuticals) or placebo for one year. The pharmacological treatment was performed, during the first six months under
hospitalization and supervised rehabilitation.
RESULTS: The main findings were that the combined treatment of GH plus rehabilitation treatment is feasible and safe, and that
GH but not placebo increases the ISNCSCI motor score. On the other hand, the motor-score increment was marginal (after one-year
combined treatment, the mean increment of the motor-score was around 2.5 points). Moreover, we found that intensive and long-
lasting rehabilitation program per se increases the functional outcome of SCI individuals (measured using SCIM III and WISCI II).
CONCLUSIONS: It is important to highlight that our aim was to propose GH as a possible treatment to improve motor functions in
incomplete SCI individuals. At least with the doses we used, we think that the therapeutic effects of this approach are not clinically
relevant in most subjects with SCI.
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INTRODUCTION
Recovery or improving motor abilities is one of the main goals of
patients after traumatic spinal cord injury (SCI), being associated
with quality of life and satisfaction [1]. More than 50% of people
with SCI have motor-incomplete lesions. The proportion of
incomplete SCI has been increasing [1, 2], and most of the motor
recovery occurs within months after injury. After 12–18 months,
usually no further spontaneous motor recovery is possible [2].
Many different strategies have been proposed to recover motor
functions beyond the spontaneous recovery. Nowadays, not even
one is considered effective.
Growth hormone (GH), also known as somatotropin, is a peptide

hormone that is synthesized and secreted by the somatotrophs of
the anterior pituitary gland [3].

Its secretion is mainly regulated by the hypothalamic GH‐
releasing hormone (GHRH) as a stimulator and by somatostatin as
inhibitor [4]. Once released in the bloodstream, GH reaches the
target organs. Classically, the effect of GH includes hyperglycemia,
lipolysis and protein anabolism, and it has direct effects on cellular
proliferation and differentiation. The anabolic effects of GH are
mediated by insulin-like growth factor-I (IGF1), which stimulates
whole-body protein synthesis, including skeletal muscle and
collagen proteins. The stimulation of muscle protein anabolism
and growth by GH has led to the hypothesis that GH use
would increase muscle strength and power. Indeed, starting
from the early 1980s, GH became increasingly used as a doping
agent by athletes, subsequently entering the list of banned
substances [5].
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IGF1 is produced primarily in the liver, and in various tissues
throughout the body. In response to GH [6], IGF1 regulates
growth, glucose uptake, and protein metabolism (i.e., IGF1‐
dependent GH effects). IGF1‐independent GH effects include
stimulation of insulin secretion, lipolysis, and gluconeogenesis [7].
GH can cross both the blood [8] and CSF–brain barriers [9, 10], as
does the IGF1 [11]. The GH/IGF1 axis has been implicated in
physiological brain functioning, neurogenesis, myelination, and
synaptic plasticity [12, 13]. Moreover, GH and IGF1 play a role in
muscle metabolism [14]. For the combined effects over muscle and
central nervous system, GH and IGF1 can be considered as
potential drugs to improve motor functions in SCI, even in a
chronic stage. Some case report supported this hypothesis [15–17].
Several promising therapies to improve motor functions in SCI

have been translated into clinical trials, but none have yet proven
to be of significant benefit in humans nor in the acute or in the
chronic stage [18]. Failure of translation may be attributed to
several factors, among the most relevant ones is the greater
heterogeneity of human SCI when compared with experimental
animal models with subsequent variability in spontaneous
neurological recovery [2]. Furthermore, it must be acknowledged
that animal models do not fully represent the human condition
and secondary-injury mechanisms may vary in importance and
timing among species.
Since exogenous GH administration is generally considered

safe, we decided to test the effects of GH administration
concomitantly with rehabilitation [19–21]. The aim of this study
was to investigate the possibility to use GH exogenous adminis-
tration for motor recovery in chronic traumatic incomplete human
SCI. Our objectives were to establish the safety and efficacy of a
combined treatment with subcutaneous GH (or placebo) and
rehabilitation in this population. To guarantee a homogeneous
rehabilitation and compliance with the treatment, we decided that
during the first six months, all participants were hospitalized.

METHODS
A total of 54 SCI participants were enrolled for the clinical trial (mean age
36.3 ± 9.9, range 21–71 years). The clinical trial was approved by the local
ethical committee and by the Spanish Drug Agency (AEMPS) and
registered on ClinicalTrials.gov (NCT01329757). To favor the recruitment,
the clinical trial was announced on the webpage of the Hospital Nacional
de Parapléjicos (HNP) and on the Spanish media.

Demographic and clinical data for screening and enrollment
purpose
The first step was an assessment for eligibility initially made by a phone
interview. The flowchart is reported in Fig. 1. After this step, participants
were screened immediately before or after the hospitalization. We used
the International Standards for Neurological Classification of Spinal Cord
Injury (ISNCSCI) [22] to classify subjects using the ASIA Impairment Scale

(AIS); neurological level of SCI (the more caudal neurological level with
normal neurological function) and the following clinical data were also
collected: age, cause of the lesion, and time since SCI lesion. Moreover, we
performed interviews, revised clinical records, obtained vital signs, ECG,
and blood and urine samples to evaluate the general medical condition of
the patients. Blood sample was also used to evaluate basal levels of IGF1.
ISNCSCI [22] is the standard evaluation of the SCI patients: it includes
muscle function grading, sensory grading, neurological level, and AIS. AIS is
used to classify the patients in five main groups A–E. Only patients with AIS
B and C were included in the study. All these examinations and procedures
were performed by a physical medicine and rehabilitation specialist. All
subjects with traumatic SCI were assessed and screened for this trial. Those
who met the inclusion criteria were offered enrolment (Table 1). Following
written informed consent and prior to randomization patients were
hospitalized at the HNP. A sample size of 62 subjects, 31 in each arm, was
estimated to be sufficient to detect a clinical difference of five points
between groups in increasing motor score assuming a standard deviation
of seven using a two-tailed t-test of the difference between means with
80% power and a 5% level of significance. Considering a dropout rate of
25%, the sample size required is 76 (38 per group). After the screening, we
finally enrolled and randomized 54 SCI patients (the main clinical and
demographic and characteristics are reported in Table 2). The whole period
for recruitment and follow-up lasted six years, that was longer than
expected (so we decided to end the trial).

Study design
This is a double-blind phase II/III placebo-controlled randomized trial of the
safety and efficacy of HGH treatment in incomplete chronic traumatic spinal
cord injury. The pharmacological treatment was GH (subcutaneous daily
dose of Genotonorm 0.4mg, Pfizer Pharmaceuticals) or placebo for one
year. The pharmacological treatment was associated, during the first six
months, to hospitalization and supervised rehabilitation. After six months,
the patients were discharged and continued the treatment at home (not
supervised). Physical therapy was individualized, depending on neurologi-
cal level and AIS of the participants of both the GH and placebo groups. The
physical therapy was individualized to take into account the SCI individual
difference (e.g., neurological level). On the other hand, the professional
prescribing the physical therapy was blinded to the pharmacological
therapy received (GH or placebo). Therapy time was 1 h every morning and
2 h every afternoon for 5 days per week (Monday to Friday) for 6 months.
The afternoon therapy included sport activity. Patients were allowed to
practice sport activity during the weekend. The clinical trial goal was to test
the safety and efficacy of the combined treatment.

Randomization and masking
Subjects were randomized (parallel assignment, 1:1) to receive GH
(Genotonorm 0.4mg, Pfizer Pharmaceuticals) or placebo (equal volume
of normal saline using the same syringe system). For this purpose, sets of
20 envelopes containing a card indicating the placebo or GH kits were
prepared. The cards were randomly inserted into the envelopes and then
the envelopes were sequentially numbered and sealed. The cards and the
envelopes were prepared by an independent individual not otherwise
involved in the patient selection and evaluation. Different 20 envelope kits
were prepared. For this study, we used three kits (allowing a randomization

Fig. 1 Recruitment flowchart. The flowchart shows the number of individuals that were recruited and included in the final analysis.
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of up to 60 patients). When enrolled, patients were administered the next
available envelope code, corresponding to a placebo or GH kit. All subjects
and medical and research personnel (including nurses and therapists) were
blinded to treatment until the end of the study. To test if masking was
effective at 6- and 12-month follow-up, subjects and evaluators were given
a forced-choice question about whether GH or placebo was received to
verify the correct masking.

Data collection
Safety and clinical variables were collected at Days zero and 15, and
Months six and 12. Trial monitoring to ensure data quality was internally
performed. After the drug administration started, participants were

evaluated for adverse events daily while in hospital and at each clinical
evaluation (and on demand) subsequently. All serious adverse events were
reviewed promptly by clinicians and clinician researchers not otherwise
involved in this study. A summary of all serious adverse events was
reviewed every 6 months.

Safety variables
Vital signs, ECG, and blood and urine samples were collected at each visit
for safety. Moreover, we collected info about pain and spasticity. Pain was
graded with a numeric rating scale (NRS), the NRS is a pain rating from
zero, no pain, and 10, maximum pain. Spasticity was graded using
Modified Ashworth Scale (MAS) and spasms were measured using Penn
Spasm Frequency Scale (PSFS) [23, 24]. Neurological level and AIS score
were also considered safety variables to detect possible neurological
worsening.

IGF1
The main effects of the GH exogenous administration are mediated by the
subsequent IGF1 increment. For this reason, we monitored the baseline
value and the time course of IGF1.

Clinical outcome measures
Neurological function was assessed at intervals using the American Spinal
Cord Injury Association (ASIA) and International Spinal Cord Society (ISCoS)
standardized neurological examination, including the motor and sensory
composites. We used the ISNCSCI [22] to evaluate the SCI subjects and the
following clinical data were collected: cause of the lesion, AIS, neurological
level of SCI, motor score (muscle function grade sum for key muscle
strength in upper and lower extremities), sensory scores (sensory grade
sum of pin prick and of light-touch sensations in each key sensory point),
and time since SCI lesion. The Motor Score uses standard manual muscle
testing on a six-grade scale: 0: total paralysis; 1: visible or palpable
contraction; 2: active movement through range of motion with gravity
eliminated; 3: active movement through range of motion against gravidity;
4: active movement through range of motion against gravity and
moderate resistance in specific position; 5: active movement through
range of motion against full resistance in specific position; 5*: normal if
inhibiting factors were not present and NT= not testable. The key
muscles/functions included in the Motor Score are elbow flexors, wrist
extensors, elbow extensors, finger flexors, finger abductors, hip flexors,
knee extensors, ankle dorsi flexors, long-toe extensors, and ankle plantar
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flexors, whereas a total motor score of 100 is possible. In this clinical trial,
the main variable was the motor score of the ISNCSCI.
Secondary-outcome variables were Patient Global Impression of Change

(PGIC), AIS conversion, ISNCSCI sensory scores (pin prick and light touch),
Spinal Cord Independence Measure (SCIM III), Walking Index for Spinal
Cord Injury (WISCI II), and EQ-5D. The Spinal Cord Independence Measure
third version (SCIM III) is a scale for the assessment of achievements of
daily function of patients with spinal cord lesions. It contains 19 tasks
organized in three subscales: self-care, respiration and sphincter manage-
ment, and mobility. A total score out of 100 is achieved, with the subscales
weighted as follows: self-care: scored 0–20; respiration and sphincter
management: scored 0–40; and mobility: scored 0–40 [25].
The Walking Index for Spinal Cord Injury (WISCI II) is a functional capacity

scale developed to measure improvements in ambulation in persons with
spinal cord injury, by evaluating the amount of physical assistance, braces
or devices required to walk 10 meters. A score from 0 to 20 is assigned.
Level 0: the patient is unable to stand and/or participate in walking to level
20: ambulates with no devices, with no brace and no assistance [26].
EQ-5D is an instrument that evaluates the generic quality of life, with

one question for each of five dimensions that includes mobility, self-care,
usual activities, pain/discomfort, and anxiety/depression [27].
The self-report measure PGIC reflects a patient’s belief about the efficacy

of treatment. PGIC is a 7-point scale depicting a patient’s rating of overall
improvement. Patients rate their change as “very much improved,” “much
improved,” “minimally improved,” “no change,” “minimally worse,” “much
worse,” or “very much worse” [28–31].

Statistical analyses
Data are reported as mean ± standard deviation for parametrical variables
and median and range for nonparametrical variables. The first step of our
statistical analysis was to compare the demographic and clinical data of
the two groups. Male/female and neurological-level (cervical or thoracic)
ratios were compared using a χ2 test. A Student t-test was used to estimate
the between group difference of age, time since SCI, and IGF1. AIS (A–E),
motor score, sensory scores (pin prick and light touch), SCIM III, WISCI II,
pain (NRS), spasticity (MAS and PSFS) and EQ-5D were compared
using Mann–Whitney test. To test if masking was effective at 6- and 12-
month follow-up, subjects and evaluators were given a forced-choice
question about whether GH or placebo was received and compared using
a χ2 test.
The second step of our statistical analysis was to compare the safety-

variable changes over time of both groups. Vital signs, ECG, blood
(including thyroid hormones) and urine results were used to identify
clinical and subclinical safety concerns. AIS conversion and neurological
level were evaluated at 15 days at 6 and 12 months. after the start of
treatment (Mann–Whitney test). The number of adverse events between
groups was compared (Mann–Whitney test). Normalized NRS, MAS, and
PSFS changes produced by the treatment were evaluated using a
repeated-measures ANOVA. These variables were evaluated by the
Kolmogorov–Smirnov normality test and were consistent with a normal
distribution. Data were entered into separate repeated-measures ANOVA,
with TIME (baseline, 15 days, 6 months, and 12 months) as within-subject’s
factors and GROUP (GH or placebo) as between-subject’s factors. In case of
significant effects, Fisher’s Least significant difference (LSD) test was used
for post hoc comparisons. During ANOVA execution, the degrees of
freedom were corrected with Greenhouse coefficients if sphericity could
not be assumed.
The third step of our statistical analysis was to evaluate the time course

of IGF1. IGF1 values were evaluated by the Kolmogorov–Smirnov normality
test and were consistent with a normal distribution. Data were entered into
a repeated-measures ANOVA, with TIME (baseline, 15 days, 6 months, and
12 months) as within-subject’s factors and GROUP (GH or placebo) as
between-subject’s factors. In case of significant effects, Fisher’s Least
significant difference (LSD) test was used for post hoc comparisons. During
ANOVA execution, the degrees of freedom were corrected with Green-
house coefficients if sphericity could not be assumed. As IGF1 is age-
dependent, this analysis was also repeated incorporating age as a
covariate (ANCOVA).
The last step of our statistical analysis was to compare the clinical

variable changes after one year of treatment. Data were normalized by
dividing each value for the baseline mean. As the principal variable (Motor
Score) concerns, we evaluated the changes after one year of treatment
(baseline and 12 months) and over time (baseline, 15 days, 6 months, and
12 months). Normalized ISNCSCI motor scores were evaluated by the

Kolmogorov–Smirnov normality test and were consistent with a normal
distribution. Motor-score changes produced by the treatment were
evaluated using a repeated-measures ANOVA with TIME as within-subject’s
factors and GROUP (GH or placebo) as between-subject’s factors. The
following covariates (baseline values) were added to the model to correct
for all the possible confounding factors (ANCOVA): age, sex, time since
injury, AIS, motor and sensory levels, motor and sensory scores (pin prick
and light touch), SCIM III, WISCI II, pain (NRS) and spasticity (MAS and PSFS).
The degrees of freedom were corrected with Greenhouse coefficients if
sphericity could not be assumed. Fisher’s Least significant difference (LSD)
test was used for post hoc comparisons.
Normalized ISNCSCI sensory scores, SCIM III, WISCI II and EQ-5D, were

similarly evaluated, with the exception that for SCIM III, WISCI II and EQ-5D,
no covariates were added to the model. PGIC was evaluated only at 6 and
12 months after the start of treatment. We used a Mann–Whitney test to
compare GH and placebo groups. AIS conversion was evaluated at 15 days, 6,
and 12 months after the start of treatment (Mann–Whitney test).
For significant variables, we also calculated the standardized difference

(Cohen’s D), considering a small-effect size d~0.20; medium-effect size
d~0.50; large-effect size d~0.80; very-large-effect size d~1.30.
All statistical analyses were performed with the software STATISTICA.

The results were considered significant at p < 0.05.

RESULTS
Subjects
The flowchart shows how the 54 SCI individuals were enrolled.
Twenty eight were assigned to the GH group and twenty six to the
placebo group. The study was terminated upon recruitment of 54
motor-incomplete subjects, a recruitment target lower than the a
priori-defined (n= 76) due to technical reasons. Baseline demo-
graphic and clinical characteristics, including IGF1 baseline value
for the GH and placebo groups, are summarized in Table 2. There
were four dropouts (two from GH and two from placebo arm). One
subject dropout at day three after treatment started (GH group)
due to femur fracture that was considered as a severe adverse
event not related to the medication. One subject dropout at day
188 after treatment started (placebo group) due to anal fistula
surgery that was considered as a severe adverse event not related
to the medication. The other two subjects’ dropouts due to
personal decision (consent withdrawn) in the first two weeks after
treatment started. There was one protocol violation related to the
interventions. A subject stopped medication intake at day 342 but
was evaluated at day 365, so he was included in the final analysis.
No other relevant adverse events occurred and there were no
differences between GH and placebo groups with respect to
dropouts and adverse events. Evaluators and subjects were not
able to identify any difference between patient membership to
GH and placebo group at six (Evaluators: Pearson chi-
squared=1.01, p= 0.3128; Subjects: Pearson chi-squared=0.102,
p= 0.7495) and 12 months (Evaluators: Pearson chi-squared=0.98,
p= 0.3221; Subjects: Pearson chi-squared=3.10, p= 0.0773).

Safety variables
Vital signs, ECG, and blood and urine did not show any change that
was a concern for safety. No subjects worsened the AIS or the
neurological level during the study. Spasticity and spasms were stable
during the study. A tendency to increment of pain over time was
observed only in the placebo group (ANOVA: F= 2.568, p= 0.0567),
that after one-year treatment had a mean NRS of 3.75 ± 3.3 (e.g.,
approximately one point higher than at baseline). No differences were
observed when compared with the GH-treated group, so we will not
consider this finding as relevant for this study.

IGF1
The main effects of the GH exogenous administration are
mediated by the subsequent IGF1 increment. For this reason, we
monitored the baseline value (all participants) and the time course
of IGF1 (in a subgroup of participants). ANCOVA (age included as a
covariate) showed interaction TIME per GROUP (ANOVA: F= 7.087,
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p= 0.0002). Post hoc confirmed a significant effect at all times
(p < 0.05). The Cohen’s d showed that the treatment had a large-/
very-large-effect size (six months, d= 1.6; one year, d= 0.95).

Neurological recovery
Primary-outcome measure. Significant effects of treatment after
one-year treatment are summarized in Fig. 2, Fig. 3, and
Table 3. The primary end point (ISNCSCI motor score recovery
after one-year treatment). Motor recovery (significant incre-
ment of motor-score compared with baseline) was present in
the GH group but not in the placebo group (ANCOVA:
F= 5.910, p= 0.0205). ANCOVA showed interaction TIME
per GROUP (F= 2.919, p= 0.0377). Post hoc confirmed a
significant effect between baseline and one year (p < 0.05)
and between 15 days and one year (p < 0.01). Even if
significant, the Cohen’s d showed that the treatment had a
small-effect size (d= 0.15).

Secondary-outcome measures. No significant effects between
groups and over time were observed comparing normalized
ISNCSCI sensory scores (pin prick and light touch). After one-year
treatment, AIS conversion was similar in both groups
(Mann–Whitney, p= 0.4281). Very few subjects experienced AIS
conversion both in GH (n= 4/26; B, C= 1, B–D= 1, and C, D= 2)
and placebo (n= 2/24; B, C= 1, C, D= 1) groups.

SCIM III and WISCI II: Functional recovery (significant increment
of SCIM III and WISCI II compared with baseline) was present in
both groups (ANOVA: SCIM III: F= 23.532, p < 0.0001; WISCI II:
F= 8.493, p= 0.0054). Repeated-measures ANOVA confirmed no
interaction TIME per GROUP (all p > 0.2), but showed a strong
effect of treatment on SCIM III (F= 10.009, p < 0.0001) and on
WISCI II (F= 10.575, p < 0.0001). Post hoc confirmed a significant
effect between baseline and 15 days for SCIM III (p < 0.05) and for
both SCIM III and WISCI II when comparing the baseline and six
months (p < 0.001) and the baseline and one year (p < 0.001). The
Cohen’s d showed that six-month and one-year treatment had a
medium-effect size (SCIM III, d= 0.3–0.35; WISCI II, d= 0.4–0.6).

EQ-5D: Quality-of-life nonsignificant increment (EQ) was
observed one year after treatment in the GH group but not in
the placebo group (ANOVA: F= 3.447, p= 0.0695). This result was
not confirmed by the repeated-measures ANOVA (all p > 0.05).

PGIC: After one-year treatment, PGIC was similar in both
groups (Mann–Whitney, p= 0.6873). Most of the subjects referred
to improvement both in GH (n= 21/26) and placebo (n= 16/24)
groups.

DISCUSSION
The purpose of this single-center study was to demonstrate the safety
and efficacy of a combined treatment of a drug (GH) and
rehabilitation in incomplete SCI subjects in a chronic stage and of
traumatic origin. As a therapeutic strategy, GH presents several
advantages for possible clinical use. From a pharmacological
perspective, it is clinically available for human use and can be safely
administered over long periods. From a mechanistic perspective, it
has an influence directly or indirectly (via IGF1) on multiple
biochemical pathways potentially useful for motor recovery. As far
as efficacy concerns, we focused on the potential effects on ISNCSCI
motor score (principal variable) and other functional outcome scores
for the treatment of human SCI. Our results demonstrate high
protocol compliance (few dropouts even with a very demanding
clinical trial), and that the dose used appears well-tolerated in human
SCI subjects (no safety concerns). The main findings we report here
can be summarized as follows: (1) the combined treatment (GH plus
rehabilitation treatment is feasible and safe); (2) as in healthy subjects
and in other disorders, GH exogenous administration increases the
blood levels of IGF1 (one of GH biological effectors) also in SCI
population; (3) GH but not placebo increases the ISNCSCI motor-score
in incomplete, traumatic, and chronic SCI individuals; (4) intensive and
long-lasting rehabilitation program per se increases the functional
outcome of SCI individuals (measured using SCIM III and WISCI II).
Moreover, it is possible that GH but not placebo increases the quality
of life in incomplete, traumatic, and chronic SCI individuals. On
the other hand, we consider that ISNCSCI motor-score increment
(even if statistically significant) is rather modest and of little clinical
relevance (as demonstrated by size effect estimation). Moreover, the
motor score improvement, is not paralleled by a sensory improve-
ment making unreliable a neurological recovery, and points to a more
probable muscular strength improvement (e.g., a sort of doping
effect). After one-year combined treatment, the average increment
of the motor score was around 2.5 points. Thus, only a
marginal proportion of chronic SCI individuals may functionally
benefit from GH therapy. We would like to remark that this change is
below the value that can be considered a clinically significant
change [32, 33].
It is well known that in adults with GH deficiency, a normal-

ization of muscle strength [14] and positive effects on aerobic
exercise capacity [34] are observed following long-term GH-
replacement therapy. Despite some report suggesting a GH
deficiency in SCI population [35], we did not formally assess this in
our cohort, and this can be identified as a study limitation. On the
other hand, the IGF1 levels of our cohort at baseline were within
normal range.
GHD has been studied in neurological disorders affecting

central nervous systems, such as multiple sclerosis, amyotrophic
lateral sclerosis [36, 37], and traumatic brain injury, and it
has been confirmed in SCI. In SCI individuals with GHD, GH
combined with physical therapy has been reported to improve
quality of life and sensory deficit (subclinically) of complete SCI
individuals [35].
From a clinical point of view, it seems more important the

observation that rehabilitation and physical therapies are able to
improve functional outcome even in a chronic stage. This suggests
that not all the SCI individuals in the chronic stage are using all
their potential. The hospitalization (first six months) may
guarantee correct drug management, and a supervised lifestyle.
Moreover, the individuals probably benefit from rehabilitation and
sport activities. It has been pointed out that intense exercise
promotes activity-induced neuronal plasticity. Similar results were

Fig. 2 Significant effects after one-year treatment on principal
variable (motor score). This effect does depend on pharmacological
treatment (GH and placebo groups are different). GH group, N= 26 and
Placebo group, N= 24 (all included SCI individuals that had a one-year
follow-up visit). A small-effect size was found for motor score (d= 0.15).
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reported by other authors during replacement therapy in SCI with
GHD [35].
We found that GH but not placebo increases the quality of life

that cannot be due to the increased functional independence
gained along the clinical trial, as it is not present in the placebo
group. On the other hand, placebo group showed a tendency of
pain worsening. We do not have a clear explanation why pain
tends to be worse in the placebo group.
The present study was specifically designed to assess the

patients when no spontaneous recovery of either motor or
sensory functions is supposed to happen (minimum 18 months
after injury), to avoid interference with spontaneous recovery
mechanisms. The results of this clinical trial have to be considered
valid in this stage of the SCI, as we cannot guarantee the safety of
GH therapy in the early stage (hyperacute, acute, or subacute) of
the SCI. Moreover, we cannot speculate that in earlier stages, more
efficacy is expected. We avoided to assess the patients in the
worst-possible clinical situation, which is a complete AIS-A injury,
and we preferred to design the trial for incomplete SCI (AIS B and
C). To obtain motor improvement in AIS-A injury, neural repair
and/or regeneration are probably required. As GH/IGF1 may have
different mechanisms that may favor motor improvement, we
decided to start with incomplete SCI individuals that may benefit
from neural repair and/or regeneration, but also from nervous
system and muscle better functioning.
We conclude, as a result of this study, that GH given

subcutaneously for one year is well-tolerated and safe. In a
randomized, multiple-blind manner, the treatment was associated

with a marginal improvement in neurological (motor) outcomes
compared with placebo. Moreover, we observed that the
rehabilitation program can improve functional outcome even in
a chronic stage of SCI, warranting further formal investigations of
rehabilitation strategy.
It is important to highlight that our aim was to propose GH as a

possible treatment to improve motor functions in incomplete SCI
individuals. At least with the doses we used (and with the
increment of IGF1 we found), we think that this approach is not
useful. We consider important to remark this aspect to avoid any
expectations that could lead to massive unlabeled use in the SCI
community.
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