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Introduction: New treatments to inhibit neointimal formation after percutaneous transluminal angioplasty

(PTA) are needed for patients undergoing chronic hemodialysis (HD). We compared the efficacy and safety

of AMG0102, a balloon catheter containing nuclear factor kB (NF-kB) decoy oligodeoxynucleotide (ODN)

with the PTA balloon catheter (control group) for arteriovenous fistula (AVF) stenosis.

Methods: In total, 175 patients (age $20 years, undergoing HD, with venous stenosis at the anastomotic

region) were registered in this prospective open-label, randomized study. Patients were followed post-

operatively for 36 weeks. The duration of primary patency on the targeted venous stenosis site (primary

endpoint) was estimated by the Kaplan–Meier method.

Results: A lower restenosis risk was observed for the AMG0102 group, but it was not statistically

significant (stratified log-rank test P ¼ 0.250, hazard ratio [HR] 0.774; 95% confidence interval [CI]: 0.500–

1.198). The median duration of primary patency was 245 days and 172 days in the AMG0102 and control

groups, respectively. After stratification based on the status of diabetes complications, the HR was 0.666

(95% CI: 0.366–1.212; P ¼ 0.183) and the median duration of primary patency was prolonged by 108 days in

the AMG0102 group with diabetes complications (245 days) compared with the control group (137 days).

Adverse event (AE) incidence up to 36 postoperative weeks did not differ between groups. Four device

failures occurred in 3 patients (AMG0102 group), but none resulted in AEs.

Conclusion: Further modifications to enhance NF-kB decoy ODN uptake and efficacy are necessary to

show its clinical utility for AVF stenosis in chronic HD.
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B
ased on the findings of the 2015 nationwide survey
by the Japanese Society for Dialysis Therapy,

324,986 patients with end-stage renal disease required
HD/renal transplantation in Japan by the end of
2015.1 With the increasing prevalence of diabetes in
the past decade, diabetic nephropathy has surpassed
chronic glomerulonephritis as the most common under-
lying disease among individuals undergoing HD.
Approximately, 43.7% of patients who started HD in
Japan for the first time in 2015 had diabetic
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nephropathy.1 In Japan, blood purification (i.e., HD
and peritoneal dialysis) remains the mainstay treatment
option for end-stage renal disease, given the limited
availability of renal transplant donors.

Although the native AVF is the preferred and most
frequentlyusedvascular access,2,3AVFdysfunctioncaused
by complications such as stenosis or occlusion is a common
issue.2 The development of AVF stenosis is known to be
multifactorial4; however, several studies have concluded
that neointimal proliferation is themain culprit of stenosis.5

The fact that there are limited HD access sites in a
patient’s lifetime,6 together with the increase in the
number of long-term HD patients, elderly patients, and
diabetic patients in whom AVF reconstruction is not an
option, has led to a growing focus on prolonging the
life of an existing AVF rather than creating a new one.
Kidney International Reports (2019) 4, 126–138
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In Japan, PTA is the first-line treatment for AVF
stenosis/occlusion.7 However, PTA is associated with
high rates of reinterventions secondary to restenosis.8

In previous reports, up to 60% of patients presented
restenosis within the first 12 months after PTA.8

Moreover, Japanese national health insurance often
does not cover the use of PTA balloon treatments for
HD because of the high cost. New means to inhibit
continuous neointimal proliferation (potentially leading
to restenosis) after PTA are needed for patients un-
dergoing chronic HD.

AMG0102 is a nylon balloon doubly coated catheter
with anionic polymer and cationic poly (lactic-co-gly-
colic acid) particles containing NF-kB decoy ODNs. Once
the balloon is inflated inside the target blood vessel, NF-
kB decoy ODN can be applied to the vessel wall.

NF-kB is a transcription factor that regulates the
transcription of cytokines and adhesion molecules
controlling immune/inflammatory response.9 NF-kB
decoy ODN, a double-stranded phosphorothioate ODN
of 20 base pairs, includes an NF-kB binding sequence.
When NF-kB decoy ODN is taken up by a target cell,
ODN binds specifically to the NF-kB transcription
factor acting as a decoy to the NF-kB DNA binding
sequence. Thus, ODN exerts anti-inflammatory/
immunosuppressive effects by inhibiting NF-kB tran-
scription activity and reducing the expression of genes
involved in the inflammatory response.10,11 In a rabbit
model, the therapeutic effect at the site of the neointima
was verified using fluorescence-labeled, NF-kB decoy
ODN-loaded nanospheres. These nanospheres were
successfully transferred into the neointima in short-
term contact with target vessels, and fluorescence
could be detected $1 week after angioplasty. Local
application of NF-kB decoy ODN-loaded nanospheres
inhibited neointimal formation and lumen loss after
balloon angioplasty, and it also accelerated restoration
of the endothelial cell monolayer associated with
enhanced expression of phosphorylated Bcl-2 in
endothelial cells.12 Thus, the expected pharmacological
action of NF-kB decoy ODN is to inhibit the develop-
ment of restenosis of the intervened vessel.12 Regarding
the technical feasibility of the drug delivery system,
the drug-coated balloon catheter is considered simple
to use while allowing placement of the drug on the
target vessel wall during PTA, with a minimal vascular
injury.12 We aimed to compare the efficacy and safety
of AMG0102 with those of a PTA balloon catheter for
the treatment of AVF stenosis.

METHODS

Ethics

This study adhered to the Declaration of Helsinki,
Pharmaceutical and Medical Device Act, Ordinance of
Kidney International Reports (2019) 4, 126–138
Good Clinical Practice for Medical Device, associated
Japanese regulations, and the approved study protocol.
All patients provided written informed consent for
study enrollment and procedures. The institutional
review board at each participating center reviewed and
approved the study protocol and associated documents.
This trial was registered at the UMIN Clinical Trial
Registry under the registration number
UMIN000008096.

Patients

Inclusion criteria were as follows: outpatients and in-
patients aged $20 years who had undergone HD via
AVF in the arm at least 3 times and provided informed
consent at least 4 weeks before the shunts were created;
had untreated venous stenosis at or around the anas-
tomotic region demonstrated by ultrasound or angi-
ography; a stenosis rate $50% at the dialysis shunt
venous stenotic lesion site; and if PTA was found to be
the most appropriate treatment for the identified
treatment site as determined by the investigator, based
on the following conditions: reduction in blood flow
(defined as blood removal of #180 ml/min multiple
times when performing puncture toward the anasto-
motic site); increase in venous pressure (defined as
increased pressure of $50 mm Hg), or if pressure
remained stable at 150 mm Hg; reduction in dialysis
dose (defined as a decrease of$10% in the efficiency in
dialysis by recirculation); a lesion with a length of #60
mm at the venous treatment site; and patients who
were willing to comply with study visits and were
registered within 30 days from providing informed
consent. Detailed exclusion criteria are listed in
Appendix S1.

Study Design and Treatments

This was a prospective, multicenter, open-label ran-
domized study with 2 groups, the AMG0102 treatment
group (AMG0102 group) and PTA balloon catheter
treatment group (PTA group), and a 36-week post-
operative follow-up period. The study was conducted
between September 2012 and November 2015 in 25
institutions (listed in Appendix S2) in Japan.

Patients were randomized to each group via dynamic
allocation. Assignment to each treatment group was
conducted using the central registration method. The
randomization process included minimization by the
following allocation adjustment factors, which may
have influenced the duration of primary patency (pri-
mary endpoint): facility and presence of diabetes
complications (i.e., patients receiving treatment with
insulin or oral hypoglycemic agents).

Patients in the AMG0102 group underwent a single
use of AMG0102 and were evaluated until 36 weeks
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postoperatively. Treatment with cutting balloon,
Rotablator (Boston Scientific Japan K.K., Tokyo, Japan),
ultra-high-pressure balloon, or laser, and atheroma
excision was prohibited. Blood samples were collected
before and after the procedures and every 4 weeks
thereafter to perform blood biochemistry, hematology,
lipid profile, and liver function tests.

Figure 1a and b show the study device (AMG0102,
supplied byMedikit Co., Ltd., Tokyo, Japan) and Table 1
shows its specifications by device size and NF-kB decoy
ODN amount. The control device was a commercially
available PTA balloon catheter (e.g., HYUGA [Medikit
Co., Ltd., Approval number 21500BZZ00120000]). For
device insertion, the operator had to expand theballoon at
a pressure lower than the rated burst pressure, and the
duration of the expansion was $60 seconds. When the
investigator considered that there was no clinical issue
during the first postoperative dialysis, patient discharge
was evaluated. The need for a bailout procedure and the
specific procedure was evaluated and chosen by each
investigator.

Endpoints

The primary efficacy endpoint was the duration of
primary patency (from the date of surgery to the date
of loss of patency) at the targeted venous stenosis
treatment site until 36 weeks. Loss of primary patency
was considered if the restenosis treatment criteria were
met (as defined in the inclusion criteria: reduction in
blood flow, increase in venous pressure, and reduction
in dialysis dose); if there was confirmation of obstruc-
tion at the treatment site; if it was decided that a sur-
gical intervention was needed to remove the treatment
site from the access circuit (i.e., the flow of the vessel
starting at the venous anastomotic site and flowing into
the superior vena cava–right atrium junction); or if the
dialysis shunts could no longer be used because of
restenosis at the treatment site as judged by the
investigator. The date of any of these events was
recorded to calculate the duration of primary patency.

The secondary efficacy endpoints were the rate of
primary patency, technical success, and safety, evalu-
ated in terms of the incidence of AEs, treatment-related
AEs, and serious AEs. Technical success was defined as
the lack of any serious AEs and defects or malfunctions
during the sequential procedure from the insertion of
the catheter into the sheath to balloon expansion and
removal of the catheter from the sheath.

Statistical Analyses

The rationale and details of the sample size calculation
are provided in Appendix S3. The total target sample
size was set to be 177 patients: 118 patients in the
AMG0102 group and 59 patients in the PTA group.
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The data analysis sets (full analysis set [FAS], per
protocol set, and safety analysis set) are defined in
Appendix S3. Patients in whom loss of primary
patency was not observed were removed from the
study on the last day on which the patency was
confirmed. Additionally, patients who received a
bailout procedure during the treatment that may have
influenced the duration of primary patency were
removed from the study analysis on the date of sur-
gery. Patients with diabetes complications were defined
as receiving treatment with insulin or oral hypogly-
cemic agents according to the Statistical Analysis Plan.

The changes in the duration of primary patency were
shownbyKaplan–Meiermethod, and the primarypatency
rate at 36 weeks and the 95% CIs were calculated using
Greenwood’s formula. The duration of primary patency
until 36 weeks in both treatment groups was analyzed
using a stratified log-rank test according to the allocation
adjustment factors, except for institutions, and both
treatment groups were compared. A Cox proportional-
hazards model, which included assignment groups as
covariates, was used. The HRs between the treatment
groups and the 95% CIs were calculated. Between-group
comparisons were made using the c2 test (using Fisher
exact test as needed). All tests were 2-sided at a 5% sig-
nificance level. Statistical analyses were conducted using
SAS version 9.1.3 (SAS Institute, Inc., Cary, NC).

RESULTS

Patients

Figure 2 shows the disposition of patients. A total of
175 patients were registered. Of these, 168 patients
were in the FAS (AMG0102 group, n ¼ 111; PTA
group, n ¼ 57 patients). Nearly all of the patients
completed the study. The main reason for exclusion in
both the safety analysis set and FAS (AMG0102 group,
n ¼ 4; PTA group, n ¼ 1) was “investigational device
not used.” In the per protocol set, it was “violation of
the protocol affecting the assessment of the primary
endpoint” (AMG0102 group, n ¼ 4; PTA group, n ¼ 1).
No significant differences were identified between
groups at baseline (Table 2 and Supplementary
Table S1), except for a larger proportion of patients
aged $65 years at the time of providing consent in the
AMG0102 group; a larger proportion of stenosis in the
access circuit (defined as the flow of the vessel that
starts from the venous anastomotic site up to the su-
perior vena cava–right atrium junction) in the PTA
group; and a larger proportion of patients with other
past history in the PTA group.

Efficacy Endpoints

The mean (� SD) observation period (FAS) in the
AMG0102 and PTA groups was 171.5 � 82.5 days
Kidney International Reports (2019) 4, 126–138



Figure 1. (a) Schematic representation of the layers of AMG0102 and image of AMG0102. (b) Schema of the structural components of AMG0102.
PLGA, poly (lactic-co-glycolic acid).
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(minimum–maximum, 0–266 days, median 175.0 days)
and 158.5 � 84.8 days (minimum–maximum, 1–265
days, median 137.0 days), respectively (Table 3).
The mean duration of primary patency in the
Table 1. Coated area per balloon and amount (theoretical) of NF-kB
decoy ODN in AMG0102
Balloon size,
mm Area coated, mm2

Amount, mg/mm2,
of NF-kB decoy ODN

Amount, mg, of
NF-kB decoy ODN

4 � 40 502 0.18 89

5 � 40 628 0.18 112

6 � 40 754 0.18 134

NF-kB, nuclear factor kB; ODN, oligodeoxynucleotide

Kidney International Reports (2019) 4, 126–138
AMG0102 and PTA groups was 220.0 � 67.3 days
(minimum–maximum, 4–265 days, medium 252.0 days)
and 207.7 � 84.7 days (minimum–maximum, 1–265
days, medium 250.5 days), respectively (Table 3).

Figure 3a shows the estimated duration of primary
patency by Kaplan–Meier method from baseline to
week 36. The primary patency rates at week 36 in the
AMG0102 and PTA groups were 29.9% (95% CI: 15.4–
45.8) and 27.2% (95% CI: 13.6–42.6), respectively;
however, the stratified log-rank test found no statisti-
cally significant difference between the 2 treatment
groups (HR 0.774 [95% CI: 0.500–1.198], P ¼ 0.250)
(Table 4). The median duration of primary patency in
129



Figure 2. Patient disposition. FAS, full analysis set; GCP, Good Clinical Practice Guidelines; PPS, per protocol set; PTA, percutaneous trans-
luminal angioplasty; SAS, safety analysis set.
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the AMG0102 and PTA groups was 245 days and 172
days, respectively. Compared with the PTA group, in
the AMG0102 group, we observed 73 days (2.4 months)
of prolongation of the median duration of primary
patency.

Figure 3b and c show the estimated duration of
primary patency by Kaplan–Meier method from base-
line to week 36 for patients without and with diabetes
complications. In patients without diabetes complica-
tions, the primary patency rates at 36 weeks in the
AMG0102 and PTA groups were 45.3% (95% CI: 31.1–
58.6) and 31.5% (95% CI: 10.8–54.8), respectively. The
median duration of primary patency in the AMG0102
and PTA groups was 245 days and 211 days, respec-
tively. Compared with the PTA group, in the
AMG0102 group, we observed 34 days (1.1 months) of
prolongation of the median duration of primary
patency. In patients with diabetes complications, the
primary patency rates at 36 weeks in the AMG0102 and
PTA groups were 19.1% (95% CI: 4.4–41.5) and 24.6%
130
(95% CI: 9.9–42.7), respectively. The median duration
of primary patency in the AMG0102 and PTA groups
was 245 days and 137 days, respectively. Compared
with the PTA group, in the AMG0102 group, we
observed 108 days (3.6 months) of prolongation of the
median duration of primary patency. The results in the
FAS and per protocol set analysis were similar in pa-
tients regardless of the group.

When stratifying patients according to “without
diabetes complications,” the HR was 0.919 (95% CI:
0.486–1.738; P ¼ 0.794 [log-rank test]) (Table 4). When
stratifying patients according to “with diabetes com-
plications,” the HR was 0.666 (95% CI: 0.366–1.212;
P ¼ 0.183 [log-rank test]) (Table 4). The test of strati-
fication consistency for treatment efficacy was not
statistically significant (P ¼ 0.470) (Table 4).

We performed the additional analysis after data
fixation for the patients whose loss of primary patency
was not observed by week 36 (cutoff date on the next
day [266 days] as the upper limit). The primary patency
Kidney International Reports (2019) 4, 126–138



Table 2. Baseline demographic and clinical characteristics of patients in the FAS (categorical data)

Variable No. of patients

Total

Treatment group

P

AMG0102 n (%) PTA n (%)

168 111 (66.1) 57 (33.9)

Age, yr <65 61 46 (75.4) 15 (24.6) 0.054a

$65 107 65 (60.7) 42 (39.3)

Sex Male 122 82 (67.2) 40 (32.8) 0.611a

Female 46 29 (63.0) 17 (37.0)

Diabetes complications Absent 86 58 (67.4) 28 (32.6) 0.701a

Present 82 53 (64.6) 29 (35.4)

Target lesion site of interest (treatment site) Vein near anastomosis 101 66 (65.3) 35 (34.7) —

Superficial forearm vein (internal shunt main vein) 82 55 (67.1) 27 (32.9)
Superficial brachial vein (internal shunt main vein) 15 10 (66.7) 5 (33.3)

Deep brachial vein 0 0 0
Central vein 1 1 (100) 0

Smoking history No smoking history 75 49 (65.3) 26 (34.7) 0.965a

Previously smoked 77 51 (66.2) 26 (33.8)
Currently smoking 16 11 (68.8) 5 (31.25)

Number of shunt constructions Once 119 80 (67.2) 39 (32.8) 0.622a

Twice or more 49 31 (63.3) 18 (36.7)

Shunt site Left 129 88 (68.2) 41 (31.8) 0.285a

Right 39 23 (59.0) 16 (41.0)

Shunt anastomosis method Side-end anastomosis 119 77 (64.7) 42 (35.3) —

Side-side anastomosis 31 22 (71.0) 9 (29.0)
End-end anastomosis 1 0 1 (100)

Other 17 12 (70.6) 5 (29.4)

Weekly dialysis frequency <3 times 7 6 (85.7) 1 (14.3) —

3 times 161 105 (65.2) 56 (34.8)
4 times 0 0 0
$5 times 0 0 0

Target lesion site of interest Initial onset 61 43 (70.5) 18 (29.5) —

Recurrence 107 68 (63.6) 39 (36.4)
Unknown 0 0 0

Type of previous treatment in case of recurrence PTA balloon 107 68 (63.6) 39 (36.4) —

Other 0 0 0

Stenosis of access circuit Absent 118 82 (69.5) 36 (30.5) 0.150a

Present 50 29 (58.0) 21 (42.0)

Stenting at site other than target lesion Absent 167 110 (65.9) 57 (34.1) 1.000b

Present 1 1 (100) 0

Etiology of dialysis Diabetic nephropathy 89 58 (65.2) 31 (34.8) —

Chronic glomerulonephritis 23 14 (60.9) 9 (39.1)
Nephrosclerosis 32 22 (68.8) 10 (31.3)

Rapidly progressive glomerulonephritis 1 1 (100) 0
Polycystic kidney disease 6 5 (83.3) 1 (16.7)
Chronic pyelonephritis 1 1 (100) 0

Other 27 16 (59.3) 11 (40.7)

Diabetes mellitus Absent 65 43 (66.2) 22 (33.8) 0.986a

Present 103 68 (66.0) 35 (34.0)

Diabetes treatment Insulin therapy 45 27 (60.0) 18 (40.0) —

Oral diabetes medication 54 38 (70.4) 16 (29.6)
Dietary therapy alone 9 5 (55.6) 4 (44.4)

Untreated 12 10 (83.3) 2 (16.7)
Other 12 10 (83.3) 2 (16.7)

Hyperlipidemia Absent 87 57 (65.5) 30 (34.5) 0.875a

Present 81 54 (66.7) 27 (33.3)

Hyperlipidemia treatment Resolved 2 1 (50.0) 1 (50.0) 1.000b

Ongoing morbidity 79 53 (67.1) 26 (32.9)
Drug treatment absent 28 21 (75.0) 7 (25.0)
Drug treatment present 51 32 (62.7) 19 (37.3)

Hypertension Absent 9 8 (88.9) 1 (11.1) 0.276b

Present 159 103 (64.8) 56 (35.2)

Hypertension treatment Resolved 0 0 0 —

Ongoing morbidity 159 103 (64.8) 56 (35.2)
Drug treatment absent 15 13 (86.7) 2 (13.3)
Drug treatment present 144 90 (62.5) 54 (37.5)

Other past history Absent 96 70 (72.9) 26 (27.1) 0.030a

Present 72 41 (56.9) 31 (43.1)

Other concomitant illness Absent 0 0 0 —

Present 168 111 (66.1) 57 (33.9)

Allergy to heparin Absent 168 111 (66.1) 57 (33.9) —

Present 0 0 0

Allergy to contrast agent Absent 164 109 (66.5) 55 (33.5) 0.605b

Present 4 2 (50.0) 2 (50.0)

(Continued on next page)
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Table 2. (Continued)

Variable No. of patients

Total

Treatment group

P

AMG0102 n (%) PTA n (%)

168 111 (66.1) 57 (33.9)

12-lead ECG No abnormality 98 67 (68.4) 31 (31.6) 0.417a

Abnormality present 69 43 (62.3) 26 (37.7)

With and without diabetes mellitus complications: a patient who received insulin preparation or oral hypoglycemic agents when obtaining consent was regarded as having diabetes
mellitus complications.
Diabetes mellitus: in addition to the described above, the patient who received diet and exercise therapy was regarded as having diabetes mellitus.
ECG, electrocardiogram; FAS, full analysis set; PTA, percutaneous transluminal angioplasty.
ac2 test.
bFisher exact test.
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rates at 36 weeks were 40.5% (95% CI: 30.9–49.9) in
the AMG0102 group and 32.6% (95% CI: 20.2–45.6) in
the PTA group. The median duration of primary
patency was 245 days and 172 days in the AMG0102
and PTA groups, respectively. Compared with the PTA
group, in the AMG0102 group, we observed 73 days
(2.4 months) of prolongation of the median duration of
primary patency (Figure 4a).

Figure 4a–c show the estimated duration of primary
patency by Kaplan–Meier method from baseline to
week 36 for patients in the FAS and stratified according
to diabetes status for the revised data with a cutoff at
36 weeks. In the FAS analysis, when patients with and
without diabetes complications were stratified and
treatment groups were compared, there were no sta-
tistically significant differences in primary patency rate
(HR 0.785; 95% CI: 0.508–1.211; P ¼ 0.274 [stratified
log-rank test]) (Supplementary Table S2).

No statistically significant differences between the
treatment groups were found in terms of technical
success rates (AMG0102 group: 99.1%, PTA group:
100%; P ¼ 1.00) (Table 5).

Safety

Four device failures occurred with AMG0102 in 3 pa-
tients; these failures did not result in any AE. No de-
vice failures occurred in the PTA group.

Serious AEs were observed in 37 (33.3%) (95% CI:
24.7%–42.9%) of 111 patients in the AMG0102 group
Table 3. Summary statistics of the observation period in the FAS
All patients Primary patency patients

Total

No. of patients 168 72

Mean (SD) 167.1 (83.3) 216.2 (72.6)

Median (minimum–maximum) 161.0 (0–266) 252.0 (1–265)

AMG0102

No. of patients 111 50

Mean (SD) 171.5 (82.5) 220.0 (67.3)

Median (minimum–maximum) 175.0 (0–266) 252.0 (4–265)

PTA

No. of patients 57 22

Mean (SD) 158.5 (84.8) 207.7 (84.7)

Median (minimum–maximum) 137.0 (1–265) 250.5 (1–265)

FAS, full analysis set; PTA, percutaneous transluminal angioplasty.

132
and 17 (29.8%) (95% CI: 18.4%–43.4%) of 57 patients
in the PTA group (Supplementary Table S3). No serious
AE for which a causal relationship could be established
was observed in the AMG0102 group. In the PTA
group, 1 patient (1.8%) (95% CI: 0.0–9.4) developed a
serious AE (shunt stenosis) for which a causal relation
cannot be ruled out (Supplementary Table S3). Five
patients died during the study (4 of 111 patients in the
AMG0102 group and 1 of 57 patients in the PTA
group), but a causal relationship with the study device
was ruled out in all of them. The summary of AEs in
each group classified by system organ class and
preferred term of the Medical Dictionary for Regula-
tory Activities is shown in Supplementary Table S4. Of
the AEs with an incidence $5%, those with a differ-
ence in the incidence of 5% or more between groups
were vasospasm, peripheral arterial occlusive disease,
dermatitis contact, skin exfoliation, puncture site pain,
and postangioplasty restenosis. The incidence was
higher for all of these in the PTA group.

DISCUSSION

Interestingly, among patients without diabetes com-
plications, the median duration of primary patency was
prolonged by 34 days in the AMG0102 group; how-
ever, among patients with diabetes complications, the
median duration of primary patency was prolonged by
108 days (3.6 months) in the AMG0102 group. Thus, a
more favorable result was obtained in the patient
population complicated with diabetes in the AMG0102
group.

Previous reports indicate that advanced glycation
end products (AGEs) increase adhesion of inflammatory
cells that then stimulate endothelial proliferation.13,14

One of the causes of diabetic angiopathy is the accel-
erated formation and accumulation of AGEs (also
known as saccharified products). When AGEs bind to
the receptor for AGE (RAGE), NF-kB is activated
through the Ras/MAP kinase pathway in vascular
endothelial cells. Additionally, NF-kB in endothelial
cells increases the expression of inflammatory media-
tors, such as monocyte chemoattractant protein 1 and
vascular cell adhesion protein 1, via RAGE.13,14 Thus,
Kidney International Reports (2019) 4, 126–138



Figure 3. (a) Estimation of the duration of primary patency by Kaplan–Meier method. (b) Estimation of the duration of primary patency by
Kaplan–Meier method: Full analysis set (FAS) without diabetes complications. (Continued)
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Figure 3. (Continued) (c) Estimation of the duration of primary patency by Kaplan–Meier method: FAS with diabetes complications. PTA,
percutaneous transluminal angioplasty.
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we consider that AMG0102 prolonged the primary
patency period further in patients with diabetes com-
plications than in those without diabetes complications
by suppressing inflammation caused by activation of
NF-kB.

Although NF-kB is found in other types of cells, it is
primarily found in immune/inflammatory cells. NF-kB
regulates the transcription of cytokines and adhesion
molecules, such as tumor necrosis factor-a and
Table 4. Stratified log-rank test for the duration of primary patency in the

Stratum
AMG0102 group,

n PTA group, n Score

Without diabetes complications 58 28 �0.801

With diabetes complications 53 29 �4.358

Total c2 value — — —

Stratified log-rank test 111 57 �5.159

The test of stratification consistency
for treatment efficacy

— — —

CI, confidence interval; DF, degrees of freedom; FAS, full analysis set; HR, hazard ratios; PTA,
aValues based on the stratified log-rank test score. Hazard ratio was calculated as AMG0102
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interleukins-1b, -6, and -8, thereby controlling im-
mune/inflammatory responses. NF-kB also activates
interleukin-2 receptor, major histocompatibility com-
plex class I/II, costimulatory molecules CD80 and CD86
(involved in antigen presentation), intercellular adhe-
sion molecule-1 and vascular cell adhesion protein 1
(adhesion molecules), cyclooxygenase-2 (prostaglandin
synthase), and collagenase I (matrix metalloprotease),9

all of which are associated with vascular restenosis.
FAS
Square
of score

Variance
of score c2 value DF HRa 95% CIa P

0.642 9.445 0.068 1 0.919 0.486–1.738 0.794

18.990 10.704 1.774 1 0.666 0.366–1.212 0.183

— — 1.842 — — — —

26.613 20.149 1.321 1 0.774 0.500–1.198 0.250

— — 0.521 1 — — 0.470

percutaneous transluminal angioplasty.
group hazard/PTA group hazard.
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Figure 4. (a) Estimation of the duration of primary patency by Kaplan–Meier method: Full analysis set (FAS) additional analysis with data cutoff
at 36 weeks. For patients in whom primary patency was not lost by 36 weeks, the day (day 266) after the upper limit of the 36-week data range
was set as the day of cessation. (b) Estimation of the duration of primary patency by Kaplan–Meier method: FAS without diabetes complications.
Additional analysis with data cutoff at 36 weeks. (Continued)
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Figure 4. (Continued) (c) Estimation of the duration of primary patency by Kaplan–Meier method: FAS with diabetes complications. Additional
analysis with data cutoff at 36 weeks. PTA, percutaneous transluminal angioplasty.
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Theoretically, NF-kB decoy ODN bound with such
inflammatory cells, inhibiting NF-kB transcription ac-
tivity and suppressing the inflammatory response.11,12

In the present study, no significant difference was
noted between the 2 study groups in terms of technical
success, indicating that AMG0102 is applicable as a
medical device without any clinical issue compared
with PTA, which is the recommended standard of care.
The incidence of AEs up to 36 postoperative weeks did
not differ between the 2 treatment groups. Further,
causal relationships with all serious AEs were ruled out
in both groups. Thus, an NF-kB decoy ODN-coated
Table 5. Summary of technical success in the FAS

Treatment group No. of patients Successful Unsuccessful 95% CI fo

AMG0102 111 110 (99.1) 1 (0.9) 95.

PTA 57 57 (100.0) 0 (0.0) 93.

CI, confidence interval; FAS, full analysis set; PTA, percutaneous transluminal angioplasty.
aExact 95% CI based on binomial probability.
b95% CI obtained by normal approximation to binomial probability (Wald test).
cFisher exact test.
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PTA balloon catheter would be feasible in chronic
HD patients.

Unexpectedly, we were unable to meet the primary
endpoint of this study, even though AMG0102
demonstrated better efficacy, especially in patients
with diabetes complications in the AMG0102 group.
One of the reasons for this failure might be that the
device did not transfect the NF-kB decoy ODN effi-
ciently. Further modification of the potency of inhibi-
tion of NF-kB activity or the transfection efficiency of
the PTA balloon catheter could enhance its clinical
utility.
r success ratea Success rate difference
95% CI for success
rate differenceb P

1–100.0 �0.9 �2.7 to 0.9 1.000c

7–00.0
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This study had several limitations. To be used for
dialysis, the AVF must mature appropriately. That is,
the vein must undergo dilation and remodeling to
accommodate the marked increased blood flow. Vein
trauma from hemodynamic stress (i.e., altered shear
stress and venous hypertension), in particular, may
affect the application of AMG0102 to the venous vessel
wall. As mentioned previously, AMG0102 is a balloon
catheter coated first with an anionic polymer and then
with poly (lactic-co-glycolic acid) particles (cationic,
biocompatible, and bioerodible polymer) containing
NF-kB decoy ODN. The poly (lactic-co-glycolic acid)
particle is coated with an electric charge but it is not
lipid-soluble. Thus, when AMG0102 is inserted into
the blood vessel, the marked increase in blood flow at
the AVF may wash the poly (lactic-co-glycolic acid)
particle away. Possibly, the amount of NF-kB decoy
ODN is decreased and insufficient to produce the ex-
pected effect. Several factors are involved in the pa-
thology and pathogenesis of repeated stenosis and
occlusion, particularly in patients with HD5; thus, such
patients are typically treated with a PTA balloon. In
such cases, the vein wall may be hardened by remod-
eling, and it is possible that AMG0102 may not be as
effective in the venous vessel walls.

Many laboratory animal studies have addressed the
topic of prevention of neointimal formation after an-
gioplasty using NF-kB decoy ODN-coated balloon
catheters in rat artery,11 rabbit,12 and porcine15 models.
However, few studies have been conducted using
venous models, especially an HD venous model.
Further, there may be differences between such models
using arteries and veins. Particularly, more experi-
mental trials of AVF stenosis in animal models are
needed. In this study, the primary patency rate may
have varied in each facility and affected the present
results. This study was powered to detect a 25% pri-
mary patency rate. This effect size may be overly large
to allow the detection of a clinically meaningful effect.
Finally, our sample included only Japanese patients;
thus, the present results may not be generalizable to
other populations and countries with different practice
patterns.

In conclusion, AMG0102 was safe for clinical use
and effective for the prolongation of the primary
patency period; no significant differences between
AMG0102 and PTA were noted. The clinical applica-
tion of AMG0102 for maintenance of HD AVF patency
is expected to decrease the onset of restenosis and
benefit patients in terms of a decreased burden from
early stenosis or occlusion of the HD shunt. In the
AMG0102 group with diabetes complications (i.e., pa-
tients receiving treatment with insulin or oral
Kidney International Reports (2019) 4, 126–138
hypoglycemic agents), we observed a trend toward
prolongation of the duration of primary patency.
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