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Abstract

Objective Based on the neuroprotective effects of gran-

ulocyte colony-stimulating factor (G-CSF) on experimental

spinal cord injury, we initiated a clinical trial that evaluated

the safety and efficacy of neuroprotective therapy using

G-CSF for patients with worsening symptoms of com-

pression myelopathy.

Methods We obtained informed consent from 15 patients,

in whom the Japanese Orthopaedic Association (JOA) score

for cervical myelopathy decreased two points or more

during a recent 1-month period. G-CSF (5 or 10 lg/kg/day)

was intravenously administered for five consecutive days.

We evaluated motor and sensory functions of the patients

and the presence of adverse events related to G-CSF

therapy.

Results G-CSF administration suppressed the progression

of myelopathy in all 15 patients. Neurological improve-

ments in motor and sensory functions were obtained in all

patients after the administration, although the degree of

improvement differed among the patients. Nine patients in

the 10-lg group (n = 10) underwent surgical treatment at

1 month or later after G-CSF administration. In the 10-lg

group, the mean JOA recovery rates 1 and 6 months after

administration were 49.9 ± 15.1 and 59.1 ± 16.3%,

respectively. On the day following the start of G-CSF

therapy, the white blood cell count increased to more than

22,700 cells/mm3. It varied from 12,000 to 50,000 and

returned to preadministration levels 3 days after complet-

ing G-CSF treatment. No serious adverse events occurred

during or after treatment.

Conclusion The results indicate that G-CSF administra-

tion at 10 lg/kg/day is safe for patients with worsening

symptoms of compression myelopathy and may be effec-

tive for their neurological improvement.

Keywords Neuroprotective therapy � Granulocyte

colony-stimulating factor � Compression myelopathy �
Clinical trial

Introduction

Chronic compression of the spinal cord by osteophytes and

ossification of the posterior longitudinal ligament (OPLL)

causes compression myelopathy [1, 6]. Such myelopathy

usually progresses with a slow, stepwise decline in function.

In some patients, however, motor paresis and paresthesia

rapidly progress with mild or no trauma. According to a

previous study, the severity of compression myelopathy

rapidly worsened in almost 5% of patients [19]. Rapidly

worsening compressive myelopathy results in severe neu-

rological deficits with poor functional recovery because of

limited axonal regeneration [1, 3, 6, 24]. To date, early sur-

gical treatment has been the only effective therapy [17, 25].

Granulocyte colony-stimulating factor (G-CSF) is a

19.6 kDa glycoprotein. This cytokine promotes survival,

proliferation, and differentiation of cells in the neutrophil

lineage [13, 16]. Furthermore, G-CSF can mobilize both

immature and mature bone marrow cells into the peripheral

blood. As a result, it is used clinically for patients with

leukocytopenia and for donors of peripheral blood-derived

hematopoietic stem cells for transplantation. Several recent
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reports have indicated that G-CSF also has nonhemato-

poietic functions and can potentially be used for the

treatment of neuronal injury, including stroke and neuro-

degenerative diseases [4, 7, 9, 18, 20]. We previously

demonstrated that G-CSF promoted the restoration of

damaged spinal cord tissue and the recovery of neural

function in experimental spinal cord injury in both mice

and rats [8, 14]. In addition, we showed that G-CSF pro-

moted the migration of bone marrow-derived cells into the

damaged spinal cord, suppressed apoptosis of neuronal

cells and oligodendrocytes, protected myelin, decreased

inflammation, and promoted angiogenesis [8, 14]. Based on

these results, we have suggested that G-CSF is a candidate

for neuroprotective therapy for worsening symptoms of

compression myelopathy.

Recently, we began a phase I and IIa clinical trial for the

purpose of evaluating the safety and efficacy of neuro-

protective therapy using G-CSF for patients with worsen-

ing symptoms of compression myelopathy. In the present

study, we evaluated the results of this trial.

Methods

This clinical trial was performed with the approval of the

Institutional Review Board of our university. We recruited

patients 20–75 years of age, in whom the Japanese Ortho-

paedic Association (JOA) score for cervical myelopathy

decreased two points or more during a recent 1-month

period. We excluded patients in the following categories:

(1) those with intracranial pathologies (e.g., tumors, infec-

tion, or ischemia); (2) those having a history of major

bleeding requiring blood transfusion or a history of leuko-

penia, thrombocytopenia, or hepatic or renal dysfunction,

severe heart failure, or splenomegaly; (3) those with evi-

dence of malignant disease within the past 5 years. We also

excluded patients who were pregnant or nursing. Eligible

patients gave informed consent for participation in the trial.

In the first stage of this trial, G-CSF (5 lg/kg/day) was

intravenously administered for five consecutive days (the

5-lg group). We conducted an open-label study, and a

control group was not used. We evaluated common criteria

for adverse event reporting, version 3.0. We also evaluated

the patients’ severity of myelopathy, using JOA scores

(cervical myelopathy scores range from 0 to 17, thoracic

myelopathy scores range from 0 to 11) [10]. We then eval-

uated their motor and sensory functions by calculating

scores of muscle power, touch sensation, and pain sensation

according to the American Spinal Injury Association (ASIA)

score (motor scores range from 0 to 100, light touch and pin

prick scores range from 0 to 112) [11]. In the present study,

two orthopedic spine surgeons specializing in cervical and

thoracic spine surgery evaluated patients’ neurological

status independently every month until 6 months after

G-CSF administration, and calculated the mean data. In

addition, we analyzed hematological data from the treated

patients. During the first stage (the 5-lg group), we did not

restrict the time of surgery of patients and performed sur-

gical treatment according to the patients’ directives.

At the second stage, G-CSF (10 lg/kg/day) was similarly

administered for five consecutive days (the 10-lg group). We

evaluated adverse events, JOA score, scores of muscle power,

touch sensation and pain sensation, and hematological data,

as done with the 5-lg group. A major difference of the study

design between the 5-lg group and the 10-lg group was a

restriction of the time of surgery after G-CSF administration.

In the 10-lg group, to evaluate neurological improvement

resulting from neuroprotective therapy with G-CSF, we

planned to follow patients without surgical treatment for

1 month after G-CSF administration. When patients were

given informed consent documents, we explained our plans

regarding the time of surgery, and we administered G-CSF

only to those patients who agreed with the protocol. One

month after G-CSF administration, we performed surgical

treatment according to the patients’ wishes. But when mye-

lopathy progressed and patients wanted to initiate surgery, we

abandoned the original schedule and performed surgery

according to the patients’ requests regardless of the timing

relative to G-CSF administration.

Statistical analysis was performed using a Mann–Whit-

ney U test. A p value \0.05 was considered statistically

significant. Results are presented as mean values ± stan-

dard deviation of the mean.

Results

The 5-lg group

Between June 2008 and May 2009, a total of five patients

were enrolled in the first stage of this trial, and all the

patients had cervical and/or thoracic myelopathy due to

ossification of the spinal ligament, such as OPLL and

ossification of the ligamentum flavum (OLF) (Table 1). In

all five of the patients, the JOA score decreased two points

or more over a recent 1-month period (Table 2). Neuro-

logical improvements in both motor and sensory functions

were observed in all five patients by the seventh day fol-

lowing the start of G-CSF administration, though the

degree of the improvement differed depending on the

patient (Table 4). The five patients underwent surgical

treatment after G-CSF administration; one patient under-

went posterior decompression and four patients posterior

decompression with instrumented fusion. The time

between the first day of G-CSF administration and surgery

ranged from 9 to 115 days.
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One day after the start of G-CSF therapy, the white

blood cell (WBC) count increased to more than

15,200 cells/mm3 (Table 5). It remained elevated (from

15,200 to 43,200) during the administration, and returned

to preadministration levels within 3 days of the final

G-CSF treatment. G-CSF selectively mobilized cells of the

neutrophil lineage, while neither monocytes nor lympho-

cytes were affected (Table 5). There was no change in

inflammation during G-CSF administration, as indicated by

C-reactive protein levels, except for an instance of surgical

site infection (Table 5). One patient (case 4) developed a

surgical site infection 14 days after G-CSF administration

(5 days after surgery). The infection was relieved by

debridement of the infection site and administration of

antibiotics. No relation was found between the infection

and the G-CSF administration. No other adverse event

occurred during or after the administration.

The 10-lg group

Between July 2009 and February 2010, a total of ten

patients were enrolled in the second stage of this trial: six

patients had cervical and thoracic myelopathy because of

ossification of the spinal ligament, such as OPLL and OLF,

and four patients had cervical spondylotic myelopathy

(CSM) (Table 1). In all ten of the patients, the JOA score

had decreased two points or more over a recent 1-month

period (Table 3). One month after administration, the mean

Table 1 Patients who underwent G-CSF therapy

Case no. Dose of

G-CSF

(lg/kg/day)

Age

(years)/

gender

Diagnosis Most

stenotic

level

Surgical procedure Time of surgery

after G-CSF

administration (days)

Follow-up period after

G-CSF administration

(months)

1 5 61/M T-OLF T10–11 PD (T2–3, T9–11) 49 6

2 5 68/M T-OPLL T4–5 PDF (T1–T7) 10 6

3 5 51/M T-OPLL T1–2 PDF (C7–T5) 10 6

4 5 37/M T-OPLL T3–4 PDF (T1–T10) 9 6

5 5 35/M C- and T-OPLL C6–7 PDF (C2–T4) 115 6

6 10 46/M T-OPLL T7–8 PDF (T4–T11) 59 6

7 10 67/M C-OPLL C5–6 NS NS 6

8 10 75/M C-OPLL C3–4 PDF (C2–T1) 49 6

9 10 64/M C-OPLL C3–4 PDF (C2–T1) 41 6

10 10 32/M T-OPLL T7–8 PDF (T4–T12) 29 6

11 10 67/M T-OLF T11–12 PD (T10–12) 33 6

12 10 46/M CSM C5–6 PD (C3–7) 94 6

13 10 66/M CSM C4–5 PD (C3–7) 73 6

14 10 67/M CSM C4–5 PDF (C2–T1) 67 6

15 10 74/M CSM C7–T1 PD (C7–T1) 30 6

M male, T thoracic, OLF ossification of ligamentum flavum, PD posterior decompression, OPLL ossification of the posterior longitudinal

ligament, PDF posterior decompression with instrumented fusion, C cervical, NS no surgery

Table 2 JOA score before and after G-CSF administration (5 lg group)

Case no. JOA score Recovery rate

1 month before

administration

Immediately before

administration

6 months after

administration

6 months after

administration

1 6/11 1/11 4/11 30.0

2 5.5/11 3/11 8/11 62.5

3 7/11 3.5/11 11/11 100.0

4 6/11 2/11 6.5/11 50.0

5 4.5/17 2.5/17 6.5/17 27.6

Mean ± SD 54.0 ± 26.4

Recovery rate = (postoperative score - preoperative score/full score - preoperative score) 9 100 (%)

JOA score Japanese Orthopaedic Association score (cervical myelopathy: 0–17 points, thoracic myelopathy: 0–11 points)
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JOA recovery rate was 49.9 ± 15.1% (Table 3), and the

muscle power score was significantly improved compared

with that before G-CSF administration (Table 4). Nine

patients underwent surgical treatment at 1 month or later

after G-CSF administration. Six months after administra-

tion, the mean JOA recovery rate was 59.1 ± 16.3%

(Table 2), and scores of muscle power, touch sensation,

and pain sensation were significantly improved compared

with those before G-CSF administration (Table 4). One

day after the start of G-CSF therapy, the WBC count

increased to more than 22,700 (Table 5). It remained ele-

vated (up 12,500 to 50,000) during the administration, and

returned to preadministration levels within 3 days of the

final G-CSF treatment. G-CSF successfully mobilized cells

of the neutrophil lineage, but neither monocytes nor lym-

phocytes were affected (Table 5). There was no significant

change in inflammation during G-CSF administration, as

indicated by C-reactive protein levels (Table 5). No

adverse event occurred during or after the administration.

Case presentation

Case 7

A 67-year-old man was admitted to our hospital with a

complaint of progression of myelopathy. Over the preceding

2 weeks, a loss of muscle power in his upper and lower

Table 3 JOA score before and after G-CSF administration (10 lg group)

Case no. JOA score Recovery rate

1 month before

administration

Immediately before

administration

1 month after

administration

6 months after

administration

1 month after

administration

6 months after

administration

6 7.5/11 5.5/11 9/11 9/11 63.6 63.6

7 16.5/17 11.5/17 14/17 14/17 45.5 45.5

8 16/17 8.5/17 14.5/17 14.5/17 70.6 70.6

9 14/17 9.5/17 14.5/17 15/17 66.7 73.3

10 6/11 4/11 6/11 6/11 28.6 28.6

11 6/11 4/11 6.5/11 6.5/11 35.7 35.7

12 14/17 11.5/17 14/17 16/17 45.5 81.8

13 12/17 7.5/17 13/17 14/17 57.9 68.4

14 6/17 0/17 4.5/17 11/17 26.5 64.7

15 7.5/11 5/11 8.5/11 8.5/11 58.3 58.3

Mean ± SD 49.9 ± 15.1 59.1 ± 16.3

Recovery rate = (postoperative score - preoperative score/full score - preoperative score) 9 100 (%)

JOA score Japan Orthopaedic Association score (cervical myelopathy: 0–17 points, thoracic myelopathy: 0–11 points)

Table 4 Scores of muscle power, touch sensation, and pain sensation before and after G-CSF administration

Group Before Time after initiating G-CSF administration

7 d 1 m 6 m

Muscle power

5 lg 81.3 ± 12.1 89.3 ± 9.9 95.5 ± 5.7

10 lg 91.5 ± 6.7 98.2** ± 3.0 99.5** ± 0.9

Touch sensation

5 lg 78.5 ± 7.4 77.0 ± 8.4 99.5 ± 16.0

10 lg 92.5 ± 14.3 98.3 ± 15.4 106.6* ± 5.9

Pain sensation

5 lg 78.5 ± 7.4 79.5 ± 12.4 98.0 ± 15.4

10 lg 89.0 ± 14.5 100.5* ± 11.3 106.0* ± 6.1

Scores of muscle power, touch sensation and pain sensation was defined according to the American Spinal Injury Association score (motor:

0–100, light touch and pin prick: 0–112). Before: immediately before G-CSF administration

7 d 7 days after G-CSF administration, 1 m 1 month after G-CSF administration, 6 m 6 months after G-CSF administration

* p \ 0.05 compared with that before G-CSF administration

** p \ 0.01 compared with that before G-CSF administration
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extremities had rapidly progressed, and gait disturbance

developed. Previously, he had undergone surgical treatment

for cervical myelopathy because of OPLL: C3–C7 lamin-

oplasty at 64 years of age. After that operation, he could run

and slight numbness was present at his finger; his JOA scale

score was 16.5 points at 1 month before administration.

On admission, he showed severe loss of sensation below

the C6–T1 dermatome level, and muscle strength of his

upper extremities decreased to 2–4/5 and lower extremities

decreased to 4/5 in manual muscle testing. He could not

walk without a cane for assistance. Deep tendon reflexes

were hyperactive in bilateral triceps tendons and lower

extremities, and Babinski’s sign was positive bilaterally.

His bladder function was normal, and his JOA score was

11.5 points. Examination with computed tomography (CT)

and magnetic resonance (MR) imaging showed anterior

compression of the spinal cord by segmental type OPLL at

C3–C7 (Fig. 1). Especially at C5–C6, an ossified mass

caused severe anterior compression to the spinal cord.

He underwent G-CSF administration (10 lg/kg/day) for

5 days. On the fourth day of G-CSF administration, he felt

improved muscle strength in both arms and legs. The

G-CSF-induced improvement of motor and sensory func-

tions reached a peak level 2 weeks after G-CSF adminis-

tration; he could walk without a cane, and no deterioration

occurred during the following 6 months. He felt no diffi-

culties in daily life, and he returned to his work 3 months

after G-CSF administration.

Discussion

In June 2008, we started a phase I and IIa clinical trial that

evaluated the safety and efficacy of neuroprotective therapy

using G-CSF for patients with worsening symptoms of

compression myelopathy. During the first stage of this trial,

G-CSF (5 lg/kg/day) was intravenously administered for

five consecutive days. The results indicated that neurolog-

ical improvements in both motor and sensory functions

were obtained in all patients, although the degree of

improvement differed depending on the patient. No serious

adverse events occurred during or after the administration.

Previous studies of G-CSF therapy for acute myocardial

infarction, acute cerebral infarction, and amyotrophic lat-

eral sclerosis [2, 5, 12, 15, 21–23, 26, 27] have used a dose

of 10 lg/kg/day G-CSF for five consecutive days (Table 6).

Therefore, we administered 10 lg G-CSF/kg/day intrave-

nously for five consecutive days for the second stage of this

trial. No adverse events occurred, and all patients have

shown neurological improvements. This suggests that

G-CSF therapy at a dose of 10 lg/kg/day for 5 days is safe

for patients with worsening symptoms of compression

myelopathy.T
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In the present study, the increase of WBC counts after

G-CSF administration was lower than that in other clinical

studies using G-CSF [2, 5, 12, 15, 21–23, 26, 27]. One of

the reasons for this seems to be that we performed G-CSF

therapy for a chronic disease, whereas other studies per-

formed G-CSF therapy for the acute phase of disease. In

addition, we suggest that the route of G-CSF administration

could contribute to the lower WBC increases in the present

study. G-CSF was intravenously administered in our study,

while it was subcutaneously administered in other studies

[2, 5, 12, 15, 21–23, 26, 27].

In the ten patients enrolled in the second stage of this

trial, G-CSF suppressed the progression of myelopathy. In

addition, neurological improvements in both motor and

sensory functions were obtained in all patients. The study

design was open-label, and no control group was instituted.

In spite of such limitations, the present results indicate that

G-CSF had a neuroprotective effect on worsening symp-

toms of compression myelopathy.

In this trial, one patient (case 7) did not choose surgery

because neurological recovery after the G-CSF adminis-

tration was evident. In other cases, neurological improve-

ment was also obtained though the degree of improvement

differed among individual cases. This result indicated that

other cases in addition to case 7 might have been able to

avoid surgery. We suggest that by introducing G-CSF

neuroprotective therapy, extremely conservative treatment

may be possible for patients with worsening symptoms of

C5

C5

C5/6Rt

A B C

Fig. 1 Case 7. T2-weighted midsagittal MR image (a) and a CT midsagittal reconstruction plane (b) and CT axial plane at C5–C6 (c) showing

anterior compression of the spinal cord by ossification of posterior longitudinal ligament (OPLL) at C5–C6

Table 6 Clinical trials using G-CSF injection

Author [ref.] Sample

size

Clinical

scenario

G-CSF dose

(lg/kg/day)

Route of

administration

Duration of

G-CSF therapy (days)

Peak WBC

count (9103/ll)

Engelmann et al. [2] 23 AMI 10 s.c. 5 42.9 ± 25.7

Ince et al. [5] 15 AMI 10 s.c. 6 55 ± 8

Nefussy et al. [12] 19 ALS 5 s.c. 4 30.0 ± 7.2

Ripa et al. [15] 39 AMI 10 s.c. 6 51 ± 8

Shyu et al. [21] 7 CI 15 s.c. 5 42.9 ± 9.6

Takano et al. [22] 18 AMI 2.5 s.c. 5 29.4 ± 9

Valgimigli et al. [23] 10 AMI 5 s.c. 4 35 ± 11

Zohlnhofer et al. [27] 56 AMI 10 s.c. 5 48 ± 15

Our cases 5 Myelopathy 5 i.v. 5 26.7 ± 10.7

10 Myelopathy 10 i.v. 5 35.2 ± 7.2

CI cerebral infarction, AMI acute myocardial infarction, ALS amyotrophic lateral sclerosis, s.c. subcutaneous injection, i.v. intravenous injection
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compression myelopathy, and surgical treatment can be

avoided in some patients.

We had planned a third stage for this clinical trial with

G-CSF administration of 15 lg/kg/day for 5 days. Based

on the present results, however, we cancelled the third

stage because G-CSF therapy at a dose of 10 lg/kg/day

caused sufficient neurological improvement. In addition,

G-CSF therapy at a dose of 10 lg/kg/day increased WBC

counts to 50,000 cells/mm3 in one patient. Thus, it is

possible that G-CSF therapy at a dose of 15 lg/kg/day

could cause side effects.

We intend to advance to a phase IIb clinical trial for

accurate assessment of the efficacy of G-CSF therapy.

Based on the present results, we will use G-CSF at a dose

of 10 lg/kg/day for 5 days. The study design will be a

multi-center prospective controlled clinical trial, and a

control group without G-CSF administration will be

incorporated. By undertaking this phase IIb clinical trial,

we wish to establish the efficacy of the G-CSF neuropro-

tective therapy for patients with worsening symptoms of

compression myelopathy. To date, there have been no

reports of a drug that improves neurological status in

patients with worsening symptoms of compression mye-

lopathy. If the efficacy and safety of G-CSF treatment for

worsening symptoms of compression myelopathy are

established and clinical use of G-CSF neuroprotective

therapy is approved, a novel and effective approach for the

treatment of this disorder will be available.
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