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Outcome From a Randomized Controlled Clinical Trial

— Improvement of Peripheral Arterial Disease by Granulocyte
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Background: The clinical usefulness of peripheral blood (PB) mononuclear cell (MNC) transplantation in patients with peripheral
arterial disease (PAD), especially in those with mild-to-moderate severity, has not been fully clarified.

Methods and Results: A randomized clinical trial was conducted to evaluate the efficacy and safety of granulocyte colony-stimulating
factor (G-CSF)-mobilized PBMNC transplantation in patients with PAD (Fontaine stage II-IV and Rutherford category 1-5) caused
by arteriosclerosis obliterans or Buerger’s disease. The primary endpoint was progression-free survival (PFS). In total, 107 subjects
were enrolled. At baseline, Fontaine stage was II/lll in 82 patients and IV in 21, and 54 patients were on hemodialysis. A total of 50
patients had intramuscular transplantation of PBMNC combined with standard of care (SOC) (cell therapy group), and 53 received
SOC only (control group). PFS tended to be improved in the cell therapy group than in the control group (P=0.07). PFS in Fontaine
stage II/ll subgroup was significantly better in the cell therapy group than in the control group. Cell therapy-related adverse events
were transient and not serious.

Conclusions: In this first randomized, large-scale clinical trial of G-CSF-mobilized PBMNC transplantation, the cell therapy was
tolerated by a variety of PAD patients. The PBMNC therapy was significantly effective for inhibiting disease progression in
mild-to-moderate PAD.
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in particular, a number of investigations, including
clinical trials of cell therapy in cardiovascular
diseases, indicate the safety and effectiveness of therapeutic
neovascularization. Asahara et al demonstrated that
endothelial-cell progenitors are present as CD34* hemato-

R egenerative medicine is being actively studied, and

poietic stem cells in human peripheral blood (PB) and
that transplantation of CD34* cells promotes angiogenesis
in animal models of lower-limb ischemia,! which drew
attention to hematopoietic cells as a new therapeutic
modality in ischemic diseases. Inaba et al,2 Kawamoto et
al,? Losordo et al* and Dong et al5 have reported clinical
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trials regarding transplantation of CD34* cells purified
from PB mononuclear cells (PBMNCs) in patients with
critical lower-limb ischemia (CLI). These early-phase
clinical trials indicated the safety and potential effectiveness
of CD34* cell therapy in CLI.

On the other hand, Kawamura et al attempted transplan-
tation of granulocyte colony-stimulating factor (G-CSF)-
mobilized MNCs derived from PB instead of isolated/
purified CD34* cells in patients with chronic CLI and
reported clinical effectiveness without severe adverse events
(AEs).* However, Kawamura et al reported limited thera-
peutic effects of PBMNC transplantation in advanced
cases.” Huang et al,8 Ishida et al,’ and Hoshino et al!?
similarly reported usefulness of transplantation of G-CSF-
mobilized PNMNC:s in small numbers of patients with CLI.

As just described, the clinical benefit of PBMNC trans-
plantation was expected in lower-limb peripheral arterial
disease (PAD). However, the efficacy and safety of this
treatment have not been clearly demonstrated because a
well-designed, large-scale, randomized clinical trial has not
been conducted to date. It is also unclear which severity
stage of PAD is responsive to PBMNC transplantation. To
assess this issue, the risk and benefit of PBMNC adminis-
tration should be investigated in not only CLI but also in
the mild-to-moderate stage of PAD.

In this study, we included mild-to-moderate cases
(Rutherford category 1-3)! as well as CLI patients
(Rutherford category 4-5), and excluded the most advanced
cases unlikely to benefit from PBMNC transplantation
(Rutherford category 6), in either limb of chronic PAD
caused by arteriosclerosis obliterans (ASO) or Buerger’s
disease (BD). We randomly assigned patients to either the
group receiving standard of care (SOC) based on the
Trans-Atlantic Inter-Society Consensus Document on
Management of Peripheral Arterial Disease (TASC) I1'2 or
the group receiving SOC combined with transplantation of
autologous and G-CSF-mobilized PBMNCs in order to
verify the superior efficacy and equivalent safety of the
combination therapy relative to SOC only.

Methods

Trial Design

This was a multicenter, randomized (1:1), open-label,
parallel group study. The trial was approved by the insti-
tutional review boards, and written informed consent
was given by the participants. The trial was conducted in
accordance with the Declaration of Helsinki, the Ethical
Guideline on Clinical Studies, and the Guidelines for
Clinical Study Using Human Stem Cells by the MHLW of
Japan. This trial was registered at http://www.umin.ac.jp/
ctr/index.htm (identifier: UMIN000002280).

Participants

Inclusion criteria required participants to have angiograph-
ically documented obstructive PAD, Fontaine classification
stage II-T1V, Rutherford classification category 1-5!! in one
or both lower extremities despite an appropriate and stable

medication regimen. The classification of Shionoya was
used for diagnosis of BD: (1) smoking history; (2) onset
before the age of 50 years; (3) infrapopliteal arterial occlu-
sions; (4) either upper limb involvement or phlebitis
migrans; and (5) absence of atherosclerotic risk factors other
than smoking.!3 For assessing the Rutherford classification,
a treadmill test (Smin at 2km/h on 12% incline) was used
if necessary.'4 Participants in whom the medical condition
was not indicated for angioplasty or bypass surgery to the
lower-extremity arteries (diffuse stenotic region or stenosis
in peripheral arterioles that are technically challenging for
bypass surgery or angioplasty), or participants with poorly
controlled symptoms despite a history of these conventional
revascularization treatments. The participants had to have
quit smoking within the past month. Exclusion criteria
included progressive symptoms (Fontaine stage or Rutherford
category had increased within the past 1 month); prolifera-
tive diabetic retinopathy; active infection; lower-extremity
revascularization or low-density lipoprotein apheresis
within the past 1 month; a history of acute coronary or
cerebrovascular syndrome within the past 6 months; and a
history of cancer within the past 36 months.

Initially, only patients with Rutherford category 3-5
were enrolled in this study, but because of insufficient
accrual of patients, patients with Rutherford category 1-2
were also included after protocol amendment in March
2010. The enrollment period was also extended from 2 to
5 years.

Randomization

Patients were enrolled and randomly assigned to either the
SOC for PAD plus G-CSF-mobilized PBMNC therapy
group (hereafter termed the “cell therapy group”) or the
SOC group (hereafter termed the “control group”) via a
web-based registration system and a follow-up system
provided by an independent data center. Minimization was
applied to randomization and assignment adjustment
factors were (1) Fontaine stage (Il and III vs. IV) and (2)
hemodialysis (HD) status (performed vs. not performed).

Interventions

SOC for PAD In both groups, the SOC was conducted
according to TASC 11.12

Collection and Transplantation of Autologous PBMNCs In
the cell therapy group, G-CSF (filgrastim, GRAN®, Kyowa
Hakko Kirin, Japan) was administered subcutaneously at
a single dose of 200 ug/m? per day for 4 days.

Leukapheresis was performed on the 4th or 5th day for
collection of PBMNCs. COBE Spectra (Gambro BCT,
USA), COM.TEC, AS-104, or AS.TEC204 (Fresenius,
Germany) was used with the PB stem cell collection
program or PBMNC collection program. Processed blood
volume was 100-200mL/kg. Using a hemocyte counter and
flow cytometry, we calculated the total nuclear-cell count,
cell fraction, and total CD34* cell count.

The PBMNC transplantation was performed using the
entire volume of the cells collected under general or local
anesthesia. Ischemic muscle including the gastrocnemius,

Blood Purification, Nagasaki University Hospital, Nagasaki (M.N.); and Translational Research Informatics Center, Foundation
for Biomedical Research and Innovation, Kobe (T.I., H.K., M.F.), Japan
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‘ 107 Randomized |

|

1 .

1 Allocation |

55 Allocated to the control group
53 Received the SOC
2 Had no outcome data

2 Lost to follow-up before 1 month

52 Allocated to the cell therapy group
50 Received the SOC + cell therapy
2 Did not receive the cell therapy:
1 Ineligible
1 Lost to follow-up before 1 month

{ Follow-Up

27 Completed treatment period
28 Did not complete treatment period:

18 Disease progression

2 Consent withdrawal 2 Death
2 Lost to follow-up before 1 month

2 Lost to follow-up after 1 month

32 Completed treatment period
20 Did not complete treatment period:
11 Disease progression

2 Death 4 Prohibited therapy

I Lost to follow-up before | month

1 Lost to follow-up after 1 month

1 Prohibited therapy 1 Ineligible
1 Investigator decision
Analysis ]
53 Analysed 50 Analysed

2 Excluded from analysis:

2 Did not receive the SOC

2 Excluded from analysis:

2 Did not receive the cell therapy

Figure 1. CONSORT flow diagram
showing that of the 107 randomized
patients, 4 (2 in each group) were
excluded from analysis. SOC, standard

of care.

anterior tibial, plantar or toe muscle was chosen as the
transplantation site. Assuming a 0.5-mL injection volume
per site, the number of injection sites was estimated on the
basis of the collected fluid volume (=70-150 sites). If
ischemic lesions were located in both lower limbs, trans-
plantation was performed in both limbs. After disinfection,
the cells were injected intramuscularly into each planned
site using 23-27-G needles.

Prohibited Therapies During the protocol treatment
period (1 year from registration), prohibited medications
were as follows: (1) G-CSF other than the protocol treat-
ment, (2) sympathetic nerve blockers other than nonsteroidal
anti-inflammatory drugs and narcotics, (3) basic fibroblast
growth factor (fiblast® spray, Kaken Pharmaceutical,
Japan), and (4) other investigational agents. Prohibited
therapies were as follows: (1) angiogenic therapy other
than the protocol treatment, (2) surgical revascularization,
(3) endovascular treatment, (4) sympathectomy, and (5)
low-density lipoprotein apheresis. After completion or
premature discontinuation of the protocol treatment period,
any treatment, including G-CSF-mobilized PBMNC trans-
plantation for the control group, was permitted. Revascu-
larization was performed at the discretion of the physicians.
Follow-up was continued until 1 year after registration
in patients with premature discontinuation except for
withdrawal of consent.

Endpoints
The primary endpoint was progression-free survival (PFS)

within 1 year after registration. Disease progression was
defined as: (1) worsening of Rutherford category, (2) an
increase in skin ulcer size (>50% increase in sum of the
longest diameter), (3) gangrene extension, (4) a new ulcer
or gangrene, or 5) major limb amputation (above the
ankle). Disease progression was evaluated in both limbs of
all participants. Progression was adjudicated by the Event
Evaluation Committee.

Secondary endpoints included: (1) all-cause death, (2)
frequency of major limb amputation, (3) major limb
amputation-free survival, (4) changes from baseline in
Fontaine stage or Rutherford category, (5) ulcer size, (6)
rest pain scales (Wong-Baker FACES Pain Rating Scale
[hereafter termed the “FACES” scale]; rest pain scale), (7)
ankle-brachial index (ABI) and toe-brachial index (TBI) in
patients in whom these parameters were measurable, and
(8) intermittent claudication distance (ICD) and absolute
claudication distance (ACD). Death and major-limb-
amputation data were collected until 1 year after the last
patient registration, and other outcomes were assessed at
1, 6, and 12 months after registration. AEs, vital signs, and
laboratory data were analyzed during the treatment and
follow-up periods. The Common Terminology Criteria
for Adverse Events (CTCAE) grading score was used for
AE grading.'s

Statistical Analysis
Based on previous clinical studies,!>16-18 the 1-year PFS
was anticipated to be 65% in the cell therapy group and
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Table 1. Baseline Characteristics of the PAD Patients

Age (years)
Male sex
Body mass index (kg/m?)
Buerger’s disease
Hypertension
Hyperlipidemia
Diabetes
Hemodialysis
History
Ischemic heart disease
Stroke
Major or minor amputation
Angioplasty
Bypass graft
Laboratory data
LDL-cholesterol (mg/dL)
HDL-cholesterol (mg/dL)
Triglyceride (mg/dL)
Hemoglobin Alc (%)
TASC II-Recommended SOC
Lipid-lowering drugs
Blood-pressure lowering drugs
Antidiabetic drugs
Antithrombotic drugs
Exercise therapy
Prostanoids
Vascular measures
Fontaine stage
Il
1T}
v
Rutherford category*
0

AW NN =

5
Gangrene

Control Cell therapy
(n=53) (n=50)
62.0+12.0 62.6+10.9
33 (62.3) 37 (74.0)
22.9+3.8 21.7+3.2
8 (15.1) 9 (18.0)
31 (58.5) 31 (62.0)
14 (26.4) 16 (32.0)
29 (54.7) 27 (54.0)
27 (50.9) 27 (54.0)
16 (30.2) 19 (38.0)
10 (18.9) 8 (16.0)
9(17.0) 7 (14.0)
14 (26.4) 11 (22.0)
10 (18.9) 4 (8.0)
90.0+37.5 93.7+29.8
53.3+17.1 54.4+17 1
132.3+95.3 127.1+58.6
5.7+1.0 5.6+0.8
15 (28.3) 21 (42.0)
33 (62.3) 35 (70.0)
21 (39.6) 21 (42.0)
48 (90.6) 45 (90.0)
17 (32.1) 18 (36.0)
25 (47.2) 20 (40.0)
33 (62.3) 36 (72.0)
8(15.1) 5(10.0)
12 (22.6) 9 (18.0)
0(0.0) 0(0.0)
9(17.0) 13 (26.0)
15 (28.3) 10 (20.0)
9(17.0) 13 (26.0)
8 (15.1) 5(10.0)
12 (22.6) 9(18.0)
7 (13.2) 7 (14.0)

Data are mean+standard deviation for continuous variables and numbers and percentages for discrete variables.
*Severity in the more severe limb of each patient. HDL, high-density lipoprotein; LDL, low-density lipoprotein; PAD,
peripheral artery disease; SOC, standard of care; TASC, Trans-Atlantic Inter-Society Consensus Document on

Management of Peripheral Arterial Disease.

40% in the control group. Sample size was calculated as 64
for each group (two-tailed 5% significance level, power level
of 80%)." Assuming that 10% of patients would be lost
during follow-up, we planned to enroll 144 patients.
Kaplan-Meier survival estimate curves for time-to-event
variables were generated for each group and compared by
log-rank test. A stratified log-rank test using Fontaine stage
(II/IT vs. IV) and HD status (+ vs. —) was also performed
for analysis of PFS. We chose Fontaine stage and HD status
as the assignment adjustment factors, because a significant
difference was found between Fontaine II/IIl and IV, and
between groups with and without HD on amputation-free

survival in a retrospective study of G-CSF-mobilized
PBMNC implantation.!® For subgroup analysis of the
protocol treatment effect on PFS, a Cox proportional-
hazards model was used to calculate the hazard ratios
(HRs) and corresponding 95% confidence intervals. The
Chi-square test was used for changes in Fontaine stage,
Rutherford category, and the rest pain scale. A mixed model
for repeated measures was used for changes in ulcer size,
ABI, TBI, ICD, and ACD. Frequencies of AEs and serious
AEs were compared between groups. The significance level
was 0.05 for a two-sided test. Data are expressed as
meantstandard deviation for continuous variables and as
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numbers and percentages for discrete variables, unless
specifically mentioned. All analyses were conducted using
SAS version 9.3 (Cary, NC, USA).

Interim Analysis

Prespecified interim analyses for PFS and safety were
performed when study data were available until the
6-month follow-up in 35 patients in each group. In June
2013, the Independent Data Monitoring Committee
recommended the investigators continue the study in
consideration of the results of the interim analysis.

Results

Subject Disposition and Baseline Characteristics

From January 1, 2009 to December 31, 2013, 107 PAD
patients (74% of the target number) in 17 centers across
Japan were randomly assigned to the cell therapy group
(n=52) or the control group (n=55); 2 patients in the cell
therapy group who did not undergo cell therapy and 2
patients in the control group who had no outcome data
were excluded from the analysis (Figure 1). Baseline
characteristics are shown in Table 1. The study population
included 70 men and 33 women with a mean age of 62 years;
54 patients (52.4%) were on chronic HD and 17 patients
(16.5%) had BD. Fontaine stage was IV in 21 patients
(20.4%). Rutherford category was 4 in 25 limbs (12.1%)
and 5 in other 25 limbs (12.1%). A total of 16 patients
(15.5%) had undergone major or minor amputation, and
33 patients (32.0%) had undergone lower-extremity bypass
surgery or percutaneous intravascular intervention. There
were no statistically significant differences in the baseline
demographics, medical history, and disease characteristics
of the 2 groups.

Treatments

The cell transplantation procedure was performed in 49
left limbs and 43 right limbs. The transplanted PBMNC
count per patient was a median 1.41 (range 0.55-36.00x1010),
including a median 1.64 (range 0.16-26.80x107) CD34+ cells
(in 69.1£21.5mL). After disease progression or completion
of 1-year follow-up, 17 patients in the control group
underwent the cell therapy. Furthermore, 21 patients
underwent revascularization after completion of the
protocol treatment period or after discontinuation of the
study (12 in the cell therapy group, 9 in the control group;
18 patients underwent percutaneous transluminal angio-
plasty, 2 had bypass surgery, and 1 had thrombectomy).

Efficacy
Within 13 months (the outside limit of the 1-year follow-up

100] -, — Cell therapy
s e .
= L Control
R e %
Z 1 T e, FHH
E 60' -‘“-ijti‘#jfftf
£ | “mH:
'g; 40, Wi
% E Log-rank P =0.07
E” 204
=9 4
0‘ T T T T T
0 3 6 9 12
Time (mos)
Patients at risk
Cell therapy 50 45 38 28 21
Control 53 37 32 25 14

Figure 2. Kaplan-Meier estimates of the progression-free
survival (PFS), which was the primary endpoint of this study.
Disease progression was defined as (1) worsening Rutherford
category, (2) increase in skin ulcer size, (3) gangrene exten-
sion, (4) new ulcer or gangrene, or (5) major limb amputation.
mo, months.

window), disease progression or death occurred in 15
patients in the cell therapy group (0.40/patient-years) and
in 24 patients in the control group (0.73/patient-years). PFS
tended to be improved in the cell therapy group compared
with the control group (log-rank P=0.07) (Figure 2). Early
separation of Kaplan-Meier curves was observed (5 events
in the cell therapy group vs. 15 in the control group within
3 months) (Table S1). Worsening Rutherford category was
the most frequent event (6 in the cell therapy group vs. 18
in the control group). An increase in ulcer size, gangrene
extension or major limb amputation was rare (Table 2).
A stratified log-rank test for PFS using Fontaine stage
(II/IT vs. IV) and HD status (+ vs. —) yielded a similar
result (P=0.07).

Subgroup analysis by a forest plot of the HR revealed
that PFS in the Fontaine stage II/Il subgroup was signifi-
cantly better in the cell therapy group than in the control
group. However, HD status and disease (ASO vs. BD) did
not significantly affect the difference of PFS between the 2
treatment groups (Figure 3). In a subgroup of non-CLI
patients at baseline (n=33 in both groups), there tended to
be less progression to CLI in the cell therapy group than in
the control group (2 (6%) vs. 7 (21%), P=0.15).

On the other hand, the Cox proportional hazard model
utilized for PFS showed a significantly higher HR (P=0.03,

Worsening Rutherford category
Increase in skin ulcer size
Gangrene extension

New ulcer or gangrene

Major limb amputation

Death

Table 2. Individual Components of the Primary Endpoint

Comel cbe pyae
18 (34.0) 6 (12.0) 0.01
3(5.7) 2 (4.0) 1.00
3(5.7) 5 (10.0) 0.48
8 (15.1) 9 (18.0) 0.80
3(5.7) 3(6.0) 1.00
11 (20.8) 7 (14.0) 0.44

*Fisher’s exact test.
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Subgroup

Overall
Age
<64 (n=48)

Hazard ratio (95%CI)

>65 (n=55) .

P value for
interaction
0.56 (0.29 - 1.06)

0.50 (0.20 - 1.27) 0.76
0.62 (0.25 - 1.52)

Sex
Male (n=70)

L]

Female (n=33)

0.46 (0.20 - 1.06) 0.25
0.99 (0.36 - 2.73)

Disease
ASO (n=86)
Buerger’s (n=17)

0.59 (0.30 - 1.16) 0.72
0.38 (0.03 - 4.18)

Hemodialysis*

No (n=49) h

L ]

Yes (n=54)
Fontaine stage™*

II/111 (n=82) .

0.42 (0.13 - 1.36) 0.54
0.62 (0.28 - 1.36)

0.45 (0.21 - 0.98) 0.20
1.11 (0.34 - 3.65)

IV (n=21)

0.1 Cell therapy better

Figure 3. Subgroup analysis of the progression-free survival (PFS), analysis of the interaction and a forest plot of the hazard ratio.
In the subgroup of Fontaine stage II/Ill, the cell therapy was significantly better than the control for PFS improvement. The results
of all tests for treatment-by-subgroup interactions were not statistically significant. *Assignment adjustment factors (Fontaine stage
and hemodialysis). ASO, arteriosclerosis obliterans; Cl, confidence interval.

Control better

HR=2.15[1.10-4.20]) for the subgroup with HD than for
the subgroup without. The effect of PBMNC therapy on
PFS adjusted by variables (Fontaine stage and HD status)
was of a similar magnitude to the unadjusted PFS (Table 3).

During a median 870 days of follow-up, 7 patients (6
patients on HD) in the cell therapy group and 11 (9 on HD)
in the control group died (log-rank P=0.37) (Figure S1A).
A stratified log-rank test (ASO vs. BD and HD status)
revealed a similar result (P=0.56). The main causes of
death included sepsis and cardiovascular diseases in both
groups. In both treatment groups, major amputation was
rare (3 patients in each group and all patients were on HD)
and major amputation-free survival was similar between
the 2 groups (P=0.97) (Figure S1B).

The cell therapy was associated with a favorable shift in
the distribution of Rutherford category at 1, 6, and 12
months from baseline (P=0.04, 0.002, and 0.004, respec-
tively) (Figure 4A,B) and the FACES scale and the rest
pain scale at 1 month (P<0.001 and P=0.004, respectively)
(Figures 4C,D,S3).

There were no differences in the changes of ABI, TBI,
ICD, or ACD between the 2 groups (Figure S2). There
were no significant differences in changes of ulcer size or
gangrene extension between the 2 groups.

Safety

AEs were reported in 39 patients (78.0%) in the cell therapy
group and in 22 patients (41.5%) in the control group
(P<0.001). AEs in the cell therapy group were mostly
transient fluctuation from the start of G-CSF administra-
tion till the date of discharge, and the CTCAE grade of all
AEs at this time was 1 or 2. Serious AEs occurred in 10
patients (20.0%) in the cell therapy group and in 6 (11.3%)

in the control group (P=0.28) (Table 4). Among the AEs
that were observed in 25% of all the patients, hypertension
and laboratory data abnormality (leukopenia, anemia,
alkaline phosphatase elevation, hypocalcemia or hyperuri-
cemia) were significantly more frequent in the cell therapy
group compared with the control group. Leukopenia,
alkaline phosphatase elevation, and hyperuricemia were
regarded as AEs of G-CSF administration. Hypocalcemia
was regarded as an AE associated with leukapheresis.
However, no serious cases were observed among the
frequent AEs (Table S2).

Discussion

The major importance of this clinical trial can be summa-
rized in the following 3 points. (1) This is the first report of
a large-scale, randomized, parallel clinical trial of G-CSF-
mobilized PBMNC therapy with 1 year of follow-up in
PAD patients. (2) PAD patients with Fontaine stage I[I-IV
and Rutherford category 1-5 were enrolled in this clinical
trial. (3) The proportion of PAD patients on HD was as
high as 52% of all subjects. The frequency of the HD
patients was higher in this study than in any other random-
ized clinical trials of cell therapy for PAD.20.21

In the present study, as many as 103 patients with PAD
received the protocol treatment. Even with other types of
cell therapy, such as BMMNC or BM mesenchymal stem
cell transplantation, a controlled study with more than 100
enrolled cases with PAD and with a follow-up period >1
year is rare. A randomized, double-blind, placebo-controlled
clinical study (JUVENTAS trial), which enrolled 160
cases with PAD (Rutherford category 3-6)2 evaluated
intra-arterial infusion of autologous BMMNCs for a
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Table 3. Univariate and Multivariate Cox Proportional Hazard Models to Assess the Factors Associated With
Progression-Free Survival
Una;g'slf,/sotg?) HR P value A‘:g“ssofgl;'m P value
Treatment 0.08 0.08
Cell therapy (n=50) 0.56 (0.29-1.06) 0.56 (0.29-1.07)
Control (n=53) 1.00 1.00
Fontaine stage 0.11 0.12
IV (n=21) 1.78 (0.89-3.58) 1.73 (0.86-3.49)
1/l (n=82) 1.00 1.00
Hemodialysis 0.03 0.02
Yes (n=54) 2.15 (1.10-4.20) 2.22 (1.14-4.36)
No (n=49) 1.00 1.00
Disease 0.10
ASO (n=86) 2.68 (0.83-8.71)
Burger’s (n=17) 1.00
Sex 0.13
Male (n=70) 0.61 (0.32-1.16)
Female (n=33) 1.00
Ischemic heart disease 0.07
Yes (n=35) 1.79 (0.95-3.38)
No (n=68) 1.00
Stroke 0.56
Yes (n=18) 0.78 (0.32—-1.85)
No (n=85) 1.00

ASO, arteriosclerosis obliterans; Cl, confidence interval; HR, hazard ratio.

A) Change in Fontaine stage

Control

Cell therapy

P=0.17

P=0.06

P=040

0% 50% 100% 0% 50%  100%

B) Change in Rutherford category

C) Change in FACES scale

Control

=

Cell therapy

=

P <0.001

P=0.14

12m P=0.13

0% 50%  100% 0% 50%  100%

D) Change in rest pain scale

Im P=0.04 I m P=10.004
6m P =0.002 6m P=10.53
12m P=0.004 12m P=0.17
0% 50%  100% 0% 50%  100% 0% 50% 100% 0% 50%  100%
B Deteriorated [ No change [ Improved

Figure 4. Changes in Fontaine stage (A), Rutherford category (B), the FACES scale (C), and the rest pain scale (D). Changes in
Fontaine stage and Rutherford category in both limbs and pain scales (FACES scale and rest pain scale) from baseline to 1, 6,
and 12 months later were categorized as deteriorated (increased), no change, or improved (decreased). P values are for
comparison between the 2 treatment groups.
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Table 4. Serious Adverse Events

No. of patients with an event (%)
Limb edema

Sepsis

Lung infection

Conjunctival chalasis
Cataract

Retinopathy

Rotator cuff tear

Fracture

Thromboembolic event
Peripheral arterial ischemia
Acute coronary syndrome
Cerebrovascular ischemia
Arrhythmia

Seizure

Pneumothorax

Pain in extremity

Control Cell therapy
(n=53) (n=50)
6(11.3) 10 (20.0)
0(0.0) 1(2.0)
1(1.9) 1(2.0)
3(5.7) 0(0.0)
0(0.0) 1(2.0)
1(1.9) 1(2.0)
1(1.9) 0 (0.0)
1(1.9) 1(2.0)
0(0.0) 1(2.0)
0(0.0) 1(2.0)
0(0.0) 3(6.0)
1(1.9) 2 (4.0)
0(0.0) 1 (2.0)
0(0.0) 1 (2.0)
0(0.0) 1(2.0)
1(1.9) 0(0.0)
0(0.0) 1(2.0)

6-month follow-up period. Unfortunately, that study
revealed no significant difference in the major amputation
rate at 6 months between the BMMNC and placebo groups.
The current clinical trial of PBMNC therapy is considered
to be important for verifying the safety and efficacy of a
novel therapeutic modality in PAD patients.

Because most of the previous cell therapy trials420-24
were conducted in PAD patients with severe limb ischemia
only, the inclusion/exclusion criteria of this study are
unique. In fact, the proportion of Fontaine stage II cases
was the greatest, at 67% of all participants, suggesting that
mild PAD patients were frequently enrolled in this study.
The JUVENTAS trial investigators discussed that their
study result may not rule out the potential benefit of
BMMNC treatment in patients with milder PAD despite
the negative outcomes in severe subjects.?? Another con-
trolled study'# was conducted in a small number of PAD
patients with Fontaine stage IIb (Rutherford category 2-3)
only. In 13 Fontaine IIb cases, autologous BMMNCs were
injected intra-arterially into the superficial femoral artery
of the ischemic limb and intramuscularly into quadriceps
and gastrocnemius at the same time; walking distance,
ABI, and other parameters were evaluated before the
treatment as well as at 2 and 13 months after the treatment.
The same evaluation was performed at the start of the
study and 4 months later in another 12 Fontaine IIb cases
as the controls. That pilot study revealed that both the
short-term (2 months) and the long-term (13 months)
effects on ABI and capillary-venous oxygen saturation
were attributable to the stem cell transplantation.! Because
of the small amount of knowledge about the safety and
efficacy of cell therapy in cases of milder PAD, the outcome
of the present clinical trial is considered to be valuable.

On the other hand, PAD patients on HD were frequently
enrolled in this study. Our retrospective study'® revealed
that HD as well as higher Fontaine stage and presence of
gangrene were negatively associated with amputation-free
survival in PAD patients receiving G-CSF-mobilized
PBMNCs. Onodera et al also reported a similar outcome
after BMMNC or PBMNC transplantation for CLI.!7

These previous reports suggested that various subjects,
including both good responders (lower Fontaine stage)
and poor responders (on HD) to cell therapy, would be
frequently enrolled in the present clinical trial.

In a study comparing BMMNC and PBMNC trans-
plantations,? significant improvements were observed in
ABI, skin temperature, rest pain with PBMNC compared
with BMMNC. However, there was no significant difference
between 2 groups for pain-free walking distance, transcu-
taneous oxygen pressure, ulcers, and rate of lower-limb
amputation. Therefore, further large-scale studies are
needed to determine whether PBMNC or BMMNC
transplantation is more effective for preventing PAD
progression.

The main outcomes of this study were: (1) PFS during
the 1-year follow-up tended to be improved in the cell
therapy group than the control group, although the differ-
ence was not statistically significant; and (2) subgroup
analyses revealed that PFS in the Fontaine stage II/III
subgroup was significantly better in the cell therapy group
than in the control group. In contrast, HD status did not
significantly affect the difference in PFS between the cell
therapy and control groups.

We selected PFS, not amputation-free survival, as the
primary endpoint of this study. The reasons for the endpoint
selection were: (1) it is clinically important to prevent PAD
progression because PAD is a chronic and progressive
disease, and (2) amputation-free survival may not have been
appropriate for this study because amputation is generally
rare in Fontaine stage II patients. In fact, only 3 patients
(5.7%) in each treatment group underwent major amputa-
tion in this study.

The main outcomes described suggest that G-CSF-
mobilized PBMNC therapy may be effective for preventing
PAD progression, especially in patients with mild severity
who are ineligible for revascularization. Clinical severity of
PAD rather than HD status may be a more significant
factor determining the response to the PBMNC therapy. It
would be warranted to perform a pivotal, prospective,
randomized clinical trial for evaluating the usefulness of
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G-CSF-mobilized PBMNC therapy in PAD patients in
Fontaine stage II/IIl in the future.

On the other hand, HD was a significant factor in PAD
aggravation, which was consistent with clinical outcomes
in previous reports.171825 The importance of HD status as
well as PAD severity should be considered in the design of
future studies.

One of the intriguing findings of this study is that disease
progression events frequently occurred within 3 months
after randomization in the control group compared with
the cell therapy group. This result suggested that PBMNC
therapy might prevent PAD progression early after the
transplantation, although the influence of an unblinded
study design should be carefully considered.

It should be noted that the number of cases in Fontaine
stage IV was limited to 21 (20.4%) in this study. One of the
reasons for this small number was that subjects classified
as Rutherford category 6 were excluded because of their
extremely poor prognosis in our retrospective study.!s
Also, only patients for which endovascular intervention or
bypass surgery was not indicated or those with poor control
of the disease following these conventional treatments were
enrolled in this study. Because conventional revasculariza-
tion is the standard therapy for Fontaine stage IV patients
and endovascular intervention can be performed repeatedly,
the number of Fontaine stage IV patients was smaller than
that of milder PAD patients in this study. In the subgroup
of Fontaine stage IV, PBMNC therapy was not significantly
effective for PFS improvement and a reason of this result
may be that there were many difficult-to-treat cases among
these no-option or poor-option patients even though they
were classified as Rutherford 5 not 6. Considering the
current results, it would be worthwhile evaluating the safety
and efficacy of combination therapy of PBMNC transplan-
tation and conventional revascularization in Fontaine
stage IV patients who are the high-risk population for limb
amputation even after successful revascularization.

The point estimate of the HR was numerically lower
in the BD group than in the ASO group (0.38 vs. 0.59,
Figure 3), suggesting more efficacy in the BD group, as
previously reported. The small number of patients (n=17)
was likely to result in wide confidence interval and no
significant difference.

AEs were more frequent in the cell therapy group than
in the control group. However, AEs in which a causal
relationship with the cell therapy could not be denied were
transient and mild to moderate. Cardiovascular AEs, such
as thromboembolic events, peripheral arterial ischemia,
acute coronary syndrome, and cerebrovascular ischemia,
tended to occur more frequently in the cell therapy group
(Table 4). Based on the temporal relationship, cardiovas-
cular AEs were judged as “unrelated to protocol treatment
(including G-CSF)” by the investigators as well as by the
Independent Data Monitoring Committee. There was no
difference in the frequency of serious AEs between the 2
treatment groups. These results indicated that G-CSF-
mobilized PBMNC transplantation may be feasible and
tolerable in a variety of PAD patients.

Conclusions

This first randomized, large-scale clinical trial of G-CSF-
mobilized autologous PBMNC transplantation revealed
that cell therapy was feasible and tolerable in patients with
both mild and severe PAD. The PBMNC therapy tended

to be effective for preventing PAD progression. PFS in the
Fontaine stage II/IIl subgroup was significantly better in
the cell therapy group than in the control group.
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