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Table 27.6 Blood data before and after G-CSF administration

Peak value after

Baseline G-CSF administration P
White blood cell (x10%/mm?) 9.55+3.58 (4.0-16.7) 34.2+10.9 (12.4-56.9) <0.01
Granulocytes (x10/mm?) 7.39+3.20 (2.79-14.3) 29.3+10.3 (10.2-49.5) <0.01
Eosinophils (x10*%mm?) 0.11£0.16 (0-0.73) 0.27+0.37 (0-1.22) 0.061
Basophils (x10*/mm?) 0.023+0.029 (0-0.14) 0.079+0.10 (0-0.32) 0.017
Monocytes (x10%/mm?) 0.58+0.26 (0.25-1.38) 1.30+£0.71 (0.12-3.10) <0.01
Lymphocytes (x10*/mm?) 1.45+0.40 (0.84-2.51) 1.45+0.98 (0.13-3.93) 0.99
CRP (mg/dl) 3.30+6.86 (0-25.6) 4.93+6.55 (0.2-28.0) 0.41

Peak value after G-CSF administration: highest value between the first day and the seventh day
after G-CSF administration
CRP=C-reactive protein

administration. In one case, mild hepatic dysfunction (GOT: 91 U/L [normal range:
13-33 U/L], GPT: 99 U/L [normal range: 8—42 U/L]) was seen on the fifth day after
the start of G-CSF administration, but it spontaneously resolved. No other severe
adverse events occurred during or after G-CSF administration.

27.3 Discussion

27.3.1 Non-hematopoietic Effects of G-CSF

Experimental studies on acute myocardial infarction (AMI) have shown that stem
cell mobilization by G-CSF protects the myocardium and that the mobilized cells
are found in the myocardium [21]. In ischemic stroke models, G-CSF suppresses
neuronal apoptosis as well as the expression of inflammatory cytokines, showing
neuroprotective effects [11-15]. We made similar observations in acute SCI [16-19].
Based on these results, clinical trials have been initiated for patients with AMI [22-27]
and neurological disorders such as cerebral infarction [28] and amyotrophic lateral
sclerosis (ALS) [29, 30]. Many clinical trials in AMI have reported the safety and
feasibility of G-CSF administration [22-27]. A clinical trial of G-CSF administra-
tion for cerebral infarction showed that neurological symptoms were significantly
improved by G-CSF administration, although only seven patients received treat-
ment [28]. In ALS, stem cell mobilization by G-CSF delays ALS progression and
improves the quality of life [30]. In the present study, we first conducted a clinical
trial with G-CSF for patients with acute SCI.

27.3.2 G-CSF Neuroprotective Therapy for Acute SCI

In our previous phase I/I1a clinical trials of G-CSF neuroprotective therapy for acute
SCI and worsening symptoms of compression myelopathy, we determined that the
appropriate dose, route, and duration of G-CSF administration was 10 pg/kg/day by
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intravenous injection over five consecutive days [31, 32]. We also performed a
phase IIb controlled clinical trial of G-CSF neuroprotective therapy for patients
with worsening symptoms of thoracic myelopathy and obtained data that G-CSF
administration caused their neurological recovery [33]. Based on these results, we
conducted the present clinical trial as a multicenter prospective controlled study to
verify the efficacy of G-CSF neuroprotective therapy in patients with acute SCI. In
these patients, the pathophysiology of the injured spinal cord and symptoms dif-
fered depending on the site of vertebral injury (cervical, thoracic, and thoracolum-
bar) and the severity of the injury. Therefore, to increase the reliability of the data in
the present study, we restricted the subjects to those with cervical injury and
excluded thoracic and thoracolumbar injury patients.

We analyzed whether G-CSF administration improved muscle power in the
upper and lower extremities using the ASIA motor score. One week and three
months after injury, the motor score significantly increased in the G-CSF group
compared with the control group. Notably, the increase in motor score in the G-CSF
group was more prominent at 1 week after onset compared with that at the three-
month follow-up. This result indicated that G-CSF administration had a neuropro-
tective effect in cells in the descending tracts in the white matter and cells at the
injured spinal segments in the gray matter. We suggest that such effects resulted in
earlier and better improvement of motor function of patients.

Among the seven patients in the G-CSF group whose AIS grade was B or C at
first examination, AIS grade improved at least one step in each case. When the
analysis was restricted to subjects with incomplete paralysis and moderate to severe
symptoms (AIS grade, B or C), the improvement of AIS grade in the G-CSF group
was statistically superior to that in the control group. This finding suggests that
G-CSF neuroprotective therapy is most effective for patients whose paralysis is
moderate to severe. Future analyses of G-CSF neuroprotective therapy for acute
SCI should target subjects with moderate to severe incomplete paralysis.

27.3.3 Side Effects of G-CSF

Previous reports have described the side effects of G-CSF administration. Mild
symptoms included low back and pelvic pain, fever, listeriosis, headache, nausea,
and vomiting [34-36]. Symptoms were transient and disappeared two or three days
after cessation of the drug. In the present trial, one patient developed fever one day
after starting G-CSF administration. However, this proved to be due to a urinary
tract infection and was resolved following administration of antibiotics. One patient
demonstrated mild hepatic dysfunction, which spontaneously resolved.

In contrast, severe symptoms can include cerebral infarction, AMI, and rupture
of the spleen [35, 37]. At high G-CSF doses (20 pg/kg/day), the risk of such events
grows. Above all, if WBC counts remain >50x 10%/mm?, the risk of rupture of the
spleen increases [35]. In the present trial, moderate doses of G-CSF (10 pg/kg/day)
were administered, and no severe side effects were observed. Thus, we suggest that
the G-CSF dose (10 pg/kg/day), duration (five consecutive days), and route
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(intravenous administration) employed herein are generally safe for the treatment of
acute SCI patients.

To date, MPSS has been clinically used for treatment of acute SCI patients to
relieve secondary injury to the spinal cord [2, 3]. However, the side effects related
to MPSS treatment, such as pneumonia and gastric ulcer, cannot be ignored [3-7].
Considering this aspect, we believe that G-CSF neuroprotective therapy is much
safer than MPSS treatment.

27.3.4 Future Investigation

In the present study, G-CSF administration was performed at one institution, while
the control group consisted of patients from other institutions. Thus, we suggest that
the homogeneity between the G-CSF group and the control group was insufficient.
Furthermore, the number of patients analyzed was small, and the follow-up period
was short. The biggest limitations of the present study were that it was an open-label
study and assignment of patients to the G-CSF and control groups was not random-
ized. We therefore cannot deny the possibility that a placebo effect of injection may
have helped improve neurological symptoms. In addition, we cannot ignore the bias
that the evaluator knew which patients received drug.

To increase the reliability of the data, the next study should be designed as a
randomized, double-blind placebo-controlled study. Indeed, we plan to perform a
phase IIb clinical trial with a large number of patients and longer follow-up periods.
By conducting such a study, we will be able to reach a firmer conclusion about the
effectiveness of G-CSF neuroprotective therapy for patients with acute SCI.

274 Conclusion

Despite the limitation that patient selection was not randomized, the present results
suggest the possibility that G-CSF administration has beneficial effects on neuro-
logical recovery in patients with acute SCI. We believe that neuroprotection using
G-CSF is an effective therapeutic strategy for acute SCI treatment.
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