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Abstract
Background: The combo dual therapy stent, a sirolimus-eluting stent with CD34 

antibodies, has proposed advantages over the standard drug-eluting stents (DES).
Methods: A meta-analysis was performed of all randomized controlled trials (RCT) to 

compare Combo versus standard DES.
Results: A total of five RCTs were included with 4,391 patients and a median-weighted 

follow-up of 1.27 years. Standard DES was favored in the outcomes of target lesion failure 
(TLF) (Combo 7.3% vs Standard 4.6%, p=0.001), target lesion revascuarlization (TLR) (Combo 
4.0% vs Standard 2.2%, p=0.004), and target vessel revascuarlization (TVR) (Combo 5.9% vs 
Standard 3.4%, p=0.0006). Similar results were seen for studies with one year follow up: TLF 
(Combo 6.4% vs Standard 3.8%, p=0.0004), TLR (Combo 3.5% vs Standard 1.8%, p=0.19), 
and (Combo 5.3% vs Standard 3.1%, p=0.0009). However, the effects were not seen after 
two years. Moreover, these effects were seen to be rooted in the studies that included 
the standard sirolimus-eluting stents: TLF (Combo 6.7% vs Standard 4.2%, p=0.005), TLR 
(Combo 3.7% vs Standard 1.8%, p=0.0008), and TVR (Combo 5.3% vs Standard 3.0%, 
p=0.0006). There was no difference in cardiac death, target vessel myocardial infarction, 
target vessel failure, and stent thrombosis.

Conclusion: The combo stent has higher rates of TLF, TLR, and TVR, which is possibly 
due to increased endothelialization, stent material, and unsustainable benefits. These 
effects were specifically attributed to the standard sirolimus-eluting stent.

Keywords: Combo, sirolimus, drug-eluting, meta-analysis, prospective, efficacy, 
safety.

Introduction:
In the modern-day United States, coronary artery disease 

(CAD) is the primary cause of morbidity and mortality. Unstable 
atherosclerosis plaques in the coronary arteries have been treated 
with percutaneous coronary intervention for many decades now 

[1]. The stents have advanced from a bare-metal stent with a 
stainless steel wire mesh structure to drug-eluting stents (DES) to 
overcome or minimize numerous challenges, such as neointimal 
response and angioplasty restenosis [2]. First-generation DES 
consist of sirolimus and paclitaxel; whereas, second-generation 
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DES are everolimus, zotarolimus, and biolimus. Even though the 
efficacy and safety of the second-generation DES have markedly 
improved over the last decade, very late stent thrombosis, in-
stent stenosis, and in-stent neoatherosclerosis have been noticed 
[3,4].

To overcome these issues, the research community has 
trialed a novel method of a ‘pro-healing’ approach where 
endothelial progenitor cell (EPC) capturing stents accelerate 
re-endothelialization within 72 hours [5,6]. Therefore, the 
GenousTM stent (OrbusNeich Medical, Fort Lauderdale, Florida) 
was produced, which is a bare-metal stent with anti-CD34 
antibodies coating to capture EPCs [7]. A single-arm meta-
analysis of patients with CAD who received the Genous stents 
demonstrated an alarmingly high rate of failure and adverse 
outcomes at follow-up of one year [8]. Thereafter, a similar stent 
was made, but with CD34+ antibodies on the abluminal surface of 
a sirolimus drug-eluting stent (SES) and is called ComboTM dual 
therapy stent (OrbusNeich Medical, Fort Lauderdale, Florida). 
Animal studies have shown benefits with the combo stent. In an 
observational study by Ellenbroek et al, 12 white rabbits received 
both a combo stent and an everolimus-eluting stent. They 
found that at 28 days the combo stent had significantly higher 
endothelialization by histology and neointimal hyperplasia by 
optical coherence tomography (OCT) [9]. Furthermore, Lee et al 
published an observational study of human subjects with combo 
stent placement and OCT that demonstrated that combo stents 
have neointimal regression, minimal restenosis, and no stent 
thrombosis at 24-36 months. Therefore, these stents are proposed 
to prevent early late complications of incomplete endothelial 
coverage while maintaining anti-restenotic effectiveness [10]. 
This meta-analysis was conducted to confirm this theory by 
pooling prospective studies that compared combo stents versus 
any standard DES in patients with coronary artery disease who 
received a coronary stent. The standard DES are defined as either 
first-generation or second-generation DESs that are not coated 
with any other substance.
Materials and Methods:

We conducted a comprehensive search of the electronic 
databases of PUBMED, EMBASE, and COCHRANE from inception to 
August 2021 for relevant studies. The inclusion criteria consisted 
of: (1) a prospective double-arm study, either randomized 
controlled trial (RCT) (2) compared combo CD34 antibody-
covered SES versus standard DES, (3) standard DES were either 
sirolimus, everolimus, paclitaxel, zotarolimus, or biolimus DESs 
that are not coated with any other substance, (4) reported either 
efficacy or safety outcomes, and (5) human subjects. Exclusion 
criteria were the following: (1) ongoing or irretrievable data, (2) 
single-arm study, (3) retrospective study, (4) use of bare-metal 
stents, (5) use of Genous dual-therapy stent, (6) use of animals, 
and (7) no clinical outcome endpoint. This meta-analysis was 
performed in accordance with the Preferred Reporting Items for 
Systematic Reviews and Meta-Analysis (PRISMA) guidelines.

The search included the following keywords: “CD34”, 
“combo”, “sirolimus”, “randomized trial”, “prospective”, 
“efficacy”, “safety”, “mortality”, “coronary artery disease”, 
“CAD”. Two authors (RMP and ZQB) independently reviewed the 
search results, extracted potential articles, and assessed their 
eligibility. The Cochrane Collaboration risk-of-bias tool was used 
by two different authors (RMP and ZQB) to assess the quality of 
the included studies.

The primary outcome of this meta-analysis was target lesion 
failure (TLF), which was defined as the composite endpoint of 
cardiac death or all-cause mortality, target lesion revascularization 
(TLR), and target vessel myocardial infarction (TV-MI). Secondary 
outcomes included cardiac death, TLR, TV-MI, target vessel 
failure (TVF), target vessel revascularization (TVR), and stent 
thrombosis. Stent thrombosis was defined as definite and 
probable thrombosis as per the Academic Research Consortium-2 
[11]. For each outcome, two subgroup analyses were performed 
to analyze the effect of study design and follow-up duration. If 
the statistics favored the standard DES, an additional subgroup 
analysis was conducted to evaluate the types of standard DES. 
We also collected baseline characteristics of the included studies 
and patients.

Statistical analysis was conducted using Review Manager 
(RevMan), version 5.4 (The Cochrane Collaboration, Copenhagen, 
Denmark). The Mantel-Haenszel random-effects models were 
used to estimate the risk ratios (RR) and the corresponding 
95% confidence intervals (CI). Two-sided p values of <0.05 were 
considered statistically significant. I2 statistics were used to 
assess statistical heterogeneity.
Results

Five RCTs were included with a total of 4,391 patients 
and a median-weighted follow-up of 1.27 years (Figure 1) 
[12,13,14,15,16]. The characteristics of the included studies and 
patients are described in (Tables 1 and 2). The statistical values 
of RRs, 95% CIs, and p-values are illustrated in Table 3 and the 
pertinent ones are included below.

Figure 1: The Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) flow diagram
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Table 1: Characteristics of included studies

Study name First author Publication 
year Study design Study population Patients 

(n) Type of Combo Type of Standard DES Latest 
follow-up (y)

REMEDEE-
OCT12

Jaguszewski 
et al 2017 RCT, 

Multicenter

ACS, de novo CAD lesion with diameter 
2.5-3.5 mm and length less than 20 mm, or 
diameter stenosis 50-100%, undergoing PCI 

with stent

58
Combo SES 

(OrbusNeich, Ft 
Lauderdale, FL)

Xience V CoCr-EES 
(Abbott Vascular, Santa 

Clara, CA)
1.5

HARMONEE13 Saito et al 2018 RCT, 
Multicenter

Older than 19 years, de novo CAD lesion 
with diameter 2.5-3.5 mm and length less 

than 20 mm, or diameter stenosis 50-
100%, undergoing PCI with stent

572
Combo SES 

(OrbusNeich, Ft 
Lauderdale, FL)

Xience V CoCr-EES 
(Abbott Vascular, Santa 

Clara, CA)
1

REMEDEE14 Haude et al 2019 RCT, 
Multicenter

Older than 18 and younger than 80 years, 
de novo CAD lesion with diameter 2.5-3.5 

mm and length less than 20 mm
183

Combo SES 
(OrbusNeich, Ft 
Lauderdale, FL)

Taxus Liberté 5

RECOVERY15 Tao et al 2021 RCT, 
Multicenter

Older than 18 and younger than 75 years 
with de novo CAD 432

Combo SES 
(OrbusNeich, Ft 
Lauderdale, FL)

Nano polymer-free 
SES (Lepu Medical 

Technology, Beijing, 
China)

5

SORT OUT X16 Jakobsen 
et al 2021 RCT, 

Multicenter
Older than 18 years and

CAD undergoing PCI with stent
3146

Combo SES 
(OrbusNeich, Ft 
Lauderdale, FL)

Xience V CoCr-EES 
(Abbott Vascular, Santa 

Clara, CA)
1

Legend: ACS, Acute coronary syndrome; CAD, Coronary artery disease; DES, Drug-eluting stent; EES, Everolimus-eluting stent; RCT, Randomized controlled trial; SES, 
Sirolimus-eluting stent; ZES, Zotarolimus-eluting stent. Values are reported as number of patients or mean ± standard deviation.

Table 2: Baseline characteristics of included patients

Study name Publication 
year

Sample 
size (n) Age (years) Males

Smokers 
(Current 

or former) 
(n)

Diabetes 
mellitus 

(n)

Hypertension 
(n)

Dyslipidemia 
(n)

Previous 
MI (n)

Previous 
PCI (n)

Previous 
CABG (n)

Reference vessel 
diameter (mm)

Diameter 
stenosis (%) Lesion length (mm)

Combo stent
Standard drug-eluting stent

REMEDEE-OCT12 2017
28
30

62.8 ± 10.7
59.4 ± 11.3

24
21

6
12

4
4

18
17

18
17

2
0

NR
NR

NR
NR

2.56 (2.13 - 2.83)
2.60 (2.32 - 2.89)

6.9 ± 6.9
7.1 ± 5.5

15.0 (13.51-17.96)
15.29 (11.57-17.24)

HARMONEE13 2018
287
285

67.6 ± 9.6
66.5 ± 10.4

211
212

191
175

117
93

218
220

225
227

45
45

72
83

4
5

2.73 ± 0.43
2.75 ± 0.46

65.49 ± 10.9
65.11 ± 15.5

16.70 ± 7.10
14.67 ± 6.33

REMEDEE14 2019
124
59

64.20 ± 9.48
64.05 ± 10.49

89
42

71
28

41
22

100
45

102
43

31
16

29
12

4
2

2.77 ± 0.42
2.85 ± 0.34

NR
NR

13.69 ± 5.07
14.64 ± 4.41

RECOVERY15 2021
216
216

58.3 ± 9.6
59.3 ± 8.4

147
137

97
93

43
46

116
130

27
37

29
28

21
20

1
1

2.89 ± 0.52
2.89 ± 0.50

67.7 ± 11.6
68.4 ± 13.4

16.3 ± 7.24
17.1 ± 7.73

SORT OUT X16  2021
1578
1568

67.1 ± 10.7
66.7 ± 10.9

1213
1208

410
429

279
271

835
871

783
783

240
221

295
303

111
89

3.4 ± 0.6
3.4 ± 0.6

NR
NR

22.8 ± 15.6
22.8 ± 15.8

Legends: CABG, coronary artery bypass grafting; MI, Myocardial infarction; NR, not reported; PCI, Percutaneous coronary intervention.Values are reported as Combo | Standard and number of patients or 
mean ± standard deviation.

Table 3: Overview of statistical analysis results.

Outcome Combo rate (%) Standard rate (%) RR 95% CI p-value I2 (%) Summary

TLF

All studies 7.3 4.59 1.5 1.17, 1.90 0.001 0 Significantly favored standard DES

1 year 6.39 3.82 1.7 1.26, 2.22 0.0004 0 Significantly favored standard DES

>2 years 12.35 9.82 1.1 0.71, 1.76 0.64 0 No difference

SES 6.69 4.2 1.6 1.14, 2.14 0.005 11 Significantly favored standard DES

EES 6.67 4.44 1.5 0.78, 2.98 0.23 0
No difference

PES 17.74 16.95 1.1 0.53, 2.07 0.9 NA

CD

RCT 1.3 1.17 1.1 0.66, 1.85 0.71 0

No difference1 year 1.43 1.27 1.1 0.65, 1.91 0.7 0

>2 years 0.59 0.69 1 0.16, 6.31 1 0

TLR

RCT 4.03 2.22 1.7 1.18, 2.38 0.004 1 Significantly favored standard DES

1 year 3.49 1.81 1.9 1.28, 2.91 0.002 0 Significantly favored standard DES

>2 years 7.06 5.09 1.2 0.65, 2.32 0.53 0 No difference

SES 3.68 1.79 2 1.35, 3.10 0.0008 0 Significantly favored standard DES

EES 4.13 3.17 1.3 0.58, 2.99 0.52 0 No difference

PES 8.87 10.17 0.9 0.34, 2.24 0.78 NA No difference
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TV-MI

RCT 2.64 2.09 1.2 0.76, 1.91 0.44 12 No difference

1 year 2.54 1.7 1.5 0.96, 2.32 0.08 0 Insignificantly favored standard DES

>2 years 3.24 4.73 0.7 0.29, 1.55 0.35 0 No difference

TVF

RCT 10.93 7.22 1.3 0.80, 1.95 0.33 0

No difference1 year 7.3 5.08 1.4 0.77, 2.68 0.26 0

>2 years 20.16 18.64 1.1 0.57, 2.05 0.81 NA

TVR

RCT 5.91 3.43 1.6 1.24, 2.16 0.0006 0
Significantly favored standard DES

1 year 5.28 3.08 1.7 1.25, 2.36 0.0009 0

>2 years 9.41 5.82 1.4 0.78, 2.48 0.26 0 Insignificantly favored standard DES

SES 5.3 2.97 1.8 1.28, 2.48 0.0006 0 Significantly favored standard DES

EES 6.35 4.44 1.4 0.73, 2.81 0.3 0  

PES 13.71 11.86 1.2 0.51, 2.63 0.73 NA No difference

ST

RCT 0.45 0.42 0.9 0.31, 2.84 0.91 10

No difference1 year 0.53 0.42 1.3 0.50, 3.16 0.63 0

>2 years 0 0.36 0.2 0.01, 3.87 0.26 NA

Legends: CD, cardiac death; CI, confidence interval; EES, everolimus-eluting stent, RCT, randomized controlled trial; RR, risk ratio; NA, not applicable; SES, sirolimus-eluting stent; ST, stent 
thrombosis; TLF, target lesion failure; TLR, target lesion revascularization; TVR, target vessel revascularization; TVF, target vessel failure; TV-MI, target vessel myocardial infarction; PES, 
paclitaxel-eluting stent

The primary outcome of TLF significantly favored standard 
DES in the RCTs (Combo 7.3% vs Standard 4.6%, RR 1.49, 95% CI 
1.17-1.90, p=0.001, I2=0%) (Figure 2). After one year  of follow-up, 
TLF significantly favored standard DES (Combo 6.4% vs Standard 
3.8%, RR 1.67, 95% CI 1.26-2.22, p=0.0004, I2=0%), but there 
was no difference after two years (Combo 12.35% vs Standard 
9.8%, RR 1.12, 95% CI 0.71-1.76, p=0.64, I2=0%) (Figure 3). When 
evaluating the types of the standard DES, the patients with SES 
significantly favored the standard DES (Combo 6.7% vs Standard 
4.2%, RR 1.57, 95% CI 1.14-2.14, p=0.005, I2=11%) (Figure 4).

As described above, TLF is a composite outcome of cardiac 
death, TLR, and TV-MI. There was no difference in cardiac death 
between combo and standard DES when analyzed by study design 
or follow-up duration (Figures 5 and 6). TLR significantly favored 
the standard DES in RCTs (Combo 4.0% vs Standard 2.2%, RR 1.68, 

Figure 2: Target lesion failure based on study design.

Figure 3: Target lesion failure based on follow-up duration

Figure 4: Target lesion failure based on type of standard drug-eluting 
stent.

Figure 5: Cardiac death based on study design.

Figure 6: Cardiac death based on follow-up duration
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95% CI 1.18-2.38, p=0.004, I2=1%) and one year follow-up (Combo 
3.5% vs Standard 1.8%, RR 1.93, 95% CI 1.28-2.91, p=0.19, I2=52%) 
(Figures 7 and 8). However, after two years of follow-up there 
was no difference (Combo 7.1% vs Standard 5.1%, RR 1.23, 95% CI 
0.65-2.32, p=0.53, I2=0%) (Figure 8). When evaluating the different 
types of standard DES, we saw that TLR significantly favored the 
standard DES when SES was used (Combo 3.7% vs Standard 1.8%, 
RR 2.04, 95% CI 1.35-3.10, p=0.0008, I2=0%) (Figure 9). Of the 
studies included, there was no difference in TV-MI between the 
two arms (Figure 10). TV-MI insignificantly favored the standard 
DES after one year (Combo 2.5% vs Standard 1.7%, RR 1.49, 95% 
CI 0.96-2.32, p=0.08, I2=0%), but there was no difference after 
two years (Figure 11).

Figure 7: Target lesion revascularization based on study design

Figure 8: Target lesion revascularization based on follow-up duration

Figure 9: Target lesion revascularization based on type of standard 
drug-eluting stent

Figure 10: Target vessel myocardial infarction based on study design.

Figure 11: Target vessel myocardial infarction based on follow-up 
duration.

In regards to TVF, there was no difference between the two 
arms (Figures 12 and 13). TVR, on the other hand, significantly 
favored standard DES in RCTs (Combo 5.9% vs Standard 3.4%, RR 
1.63, 95% CI 1.24-2.16, p=0.0006, I2=0%) and one year follow-
up (Combo 5.3% vs Standard 3.1%, RR 1.72, 95% CI 1.25-2.36, 
p=0.0009, I2=0%). However, when the follow-up was greater than 
two years TVR insignificantly favored the standard DES (Combo 
9.4% vs Standard 5.8%, RR 1.39, 95% CI 0.78-2.48, p=0.26, I2=0%) 
(Figures 14 and 15). The SES significantly favored the standard 
DES arm for the TVR (Combo 5.3% vs Standard 3.0%, RR 1.78, 95% 
CI 1.28-2.48, p=0.0006, I2=0%) (Figure 16). Finally, there was no 
difference in stent thrombosis between combo and standard DES 
(Figures 17,18 and 19).

Figure 12: Target vessel failure for randomized controlled trials.

Figure 13: Target vessel failure based on follow-up duration.

Figure 14: Target vessel revascularization for randomized controlled 
trials
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Figure 14: Target vessel revascularization for randomized controlled 
trials

Figure 15: Target vessel revascularization based on follow-up duration

Figure 16: Target vessel revascularization based on type of standard 
drug-eluting stent

Figure 17: Stent thrombosis (definite and probable) based on study 
design.

Figure 18: Stent thrombosis (definite and probable) based on follow-
up duration

Discussion:
In this meta-analysis, we found that the composite outcome of 

TLF and individual outcome of TLR significantly favored standard 
DES in RCTs and after one year of follow-up. Moreover, we found 
that TLF and TLR effects were both significantly associated with 
standard SES. There was an insignificantly higher rate of TV-MI 
in the standard DES. TVR also favored standard DES and was 
mainly due to the standard SES. Finally, there was no difference 
in cardiac death, TVF, stent thrombosis between combo and 
standard DES.

Recently, there have been three RCTs published that have 
compared combo stents and standard DES. In 2021, the large-
scale SORT OUT X RCT was published by Jakobsen et al where a 
total of 3146 patients received combo or the Xience V SES. After 
one year, the standard SES had a significantly lower rate of TLR 
(p=0.0012); however, there was no statistical significance in TLF, 
all-cause death, cardiac death, myocardial infarction [16]. Two 
other recent RCTs were published - RECOVERY by Tao et al in 

2019 and REMEDEE by Haude et al in 2021 - and demonstrated 
that there was no difference in clinical or safety outcomes at two 
and five years, respectively, between combo and standard DES 
[14,15].

Our meta-analysis confirms the results of the included RCTs 
that the standard DES is more efficient and safe for patients 
with CAD who are receiving a coronary stent. These favorable 
differences were significantly seen in TLF and TLR. TLR is known 
as clinically indicated percutaneous or surgical revascularization 
of the index lesion during follow-up [17]. We propose the theory 
that this effect of TLF and TLR is multifaceted by: an over-increased 
level of early endothelialization, stent material difference, and 
unsustainable short-term benefits in the mid- and long-term 
setting. As described before, the CD34 antibodies in the combo 
stent promote early endothelialization by allowing CD34+ cells 
and vascular endothelial growth factors to induce therapeutic 
angiogenesis in myocardial ischemia of animals [18,19]. However, 
a recent retrospective study by Blessing et al showed that in 
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patients with OCT-guided revascularization by combo stents 
there was a 40% rate of restenosis and 60% rate of neointimal 
formation at a median follow-up of 189 days [20]. Although there 
was no difference in the incidence of stent thrombosis in the 
included total cohort, it might be important to demonstrate the 
rates of stent thrombosis and TV-MI in particular subsets, such as 
ACS and diabetes. Another mechanism for worse outcomes is the 
diffuse process of endothelialization instead of focally near the 
infarcted vessel and lesion.

The combo stents also have significant differences in their 
material from the standard DES. In regards to the combo stent, 
the strut thickness is 100 micrometers, drug-eluting only lasts 
30-45 days, and absorption time only lasts 90 days. On the other 
hand, the three standard DES in this meta-analysis (Xience, 
Orsiro, and Taxus) have a smaller strut thickness of 60-90 
micrometers, drug elution time is prolonged at over 120 days, 
and absorption time is either 15 months or permanent [21]. 
Therefore, the disadvantages with combo stents are not with 
the drug-eluting component, but rather the CD34 antibodies and 
different materials. Additionally, focal myocardial ischemia and 
subsequent regional angiogenesis cause ischemia in the epicardial 
coronary vessels that are proximal to the ischemic focus. Thus, 
a larger collateral system may alleviate the ischemia, but not by 
the increased microcirculation from the CD34 antibodies in the 
combo stent.(Nagy, Schaper, Jargon [22,23,24].

TVR includes restenosis, disease progression, and stent 
thrombosis [25]. The results from this meta-analysis indicate 
that there was a significant benefit in TVR for the standard DES, 
but there was no difference in-stent thrombosis. Therefore, we 
propose that the significant difference seen in the TVR outcome 
is mainly attributed to disease progression, as was depicted in a 
previous prospective observational study [25].

Our meta-analysis also demonstrated that not only did the 
outcomes favor standard DES, but they were specifically linked 
to the standard SES. Sirolimus, a first-generation standard DES, 
has powerful immunosuppressive activity by inhibiting protein 
synthesis as well as cell cycle progression and migration [26]. 
Paclitaxel is a similar medication, but is less effective and has 
a smaller therapeutic index [27]. Additionally, everolimus is a 
second-generation standard DES; however, it has a shorter half-
life and a quicker onset of endothelialization [28,29]. Therefore, in 
accordance with our meta-analysis the first generation standard 
SES should be preferentially used over paclitaxel and the second 
generation standard SES.

Retrospective studies on animals and humans have reported 
beneficial outcomes with the combo stent, but had a short-term 
follow-up duration of 28 days and 24-36 months, respectively 
[9,10]. Our meta-analysis with a follow-up period of 1.27 years 
demonstrated that the standard DES had beneficial clinical 
outcomes of TLF, TLR, and TVR at one year, but there was no 
difference in the studies with greater than two years of follow-up. 
Due to the differences between combo stents and standard DES 
as described above, it is apparent that the short-term benefits of 
DES do not last long.

There are limitations to this meta-analysis, including a limited 
number of trials with a median-weighted follow-up period of only 
1.27 years, despite including two five-year studies. The included 
studies differed in the definition of TLF, as some included cardiac 
mortality and others included all-cause mortality. Although we 

delineated first-generation and second-generation DES without 
additional coating materials as ‘standard DES’, there is no such 
defined group in the literature. The trials also used different types 
of standard SES for the control group. A subgroup analysis was 
performed to compare these different types in specific outcomes. 
Additionally, there are no current studies comparing the combo 
stent versus a placebo or medical management arm. A meta-
regression analysis was unable to be performed with the existing 
data, as the data were reported at a study level and not at a 
patient level. Since the DES is known to have increased mortality, 
we are unable to differentiate the cardiac death rates seen in the 
combo arm. We propose that medications should be evaluated in 
these patients to treat the systemic atherosclerotic process. Thus, 
RCTs should be conducted to compare patients with combo stents 
who receive dual antiplatelet therapy, such as the REDUCE trial by 
De Luca et al [30]. The studies also did not indicate whether the 
included patients had ST elevated myocardial infarctions or non-
ST elevated myocardial infarctions at presentation. We propose 
further RCTs to confirm that the beneficial effects are not seen 
after two years. Additionally, the association between TV-MI 
and standard DES needs to be further defined. Specific RCTs 
should be conducted to compare standard SES versus the other 
standard DES. Finally, previous studies have indicated that alcohol 
consumption and smoking cessation can lead to an increased rate 
of endothelization, which may confound our proposal [31,32].
Conclusion:

This updated meta-analysis demonstrates that the combo 
stent was associated with poorer clinical and safety outcomes, 
as compared to the standard DES. Our hypothesis for these 
findings with the combo stent is: over-increased level of early 
endothelialization, stent material difference, and unsustainable 
short-term benefits in the mid- and long-term setting. Therefore, 
the standard DES should remain the mainstay choice for a stent 
in patients with CAD.
Acknowledgment of grant support: 

None
Conflicts of Interest: 

The authors report no relationships that could be construed 
as a conflict of interest.

References:
1.	 Gruntzig A. Transluminal dilatation of coronary artery 

stenosis. Lancet 1978;1:263.
2.	 Bennett MR. In-stent stenosis: pathology and implications 

for the development of drug-eluting stents. Heart 
2003;89:218-24.

3.	 Camenzind E, Steg PG, Wijns W. Stent thrombosis late after 
implantation of firstgeneration drug-eluting stents: a cause 
for concern. Circulation 2007;115(11): 1440-55 discussion 
55. DOI:10.1161/circulationaha.106.666800.

4.	 Holmes DRJ, Kereiakes DJ, Garg S, et al. Stent Thrombosis. 
J Am Coll Cardiol 2010;56(17):1357-65. DOI:10.1016/j.
jacc.2010.07.016.

5.	 Rotmans JI, Heyligers MM, Verhagen HJM, et al. In Vivo 
Cell Seeding With Anti-CD34 Antibodies Successfully 
Accelerates Endothelialization but Stimulates Intimal 
Hyperplasia in Porcine Arteriovenous Expanded 
Polytetrafluoroethylene Grafts. Circulation 2005;112:12-8. 
DOI:10.1161/CIRCULATIONAHA.104.504407.

https://pubmed.ncbi.nlm.nih.gov/74678/
https://pubmed.ncbi.nlm.nih.gov/74678/
https://pubmed.ncbi.nlm.nih.gov/17344324/
https://pubmed.ncbi.nlm.nih.gov/17344324/
https://pubmed.ncbi.nlm.nih.gov/17344324/
https://pubmed.ncbi.nlm.nih.gov/17344324/
https://pubmed.ncbi.nlm.nih.gov/15983250/
https://pubmed.ncbi.nlm.nih.gov/15983250/
https://pubmed.ncbi.nlm.nih.gov/15983250/
https://pubmed.ncbi.nlm.nih.gov/15983250/
https://pubmed.ncbi.nlm.nih.gov/15983250/
https://pubmed.ncbi.nlm.nih.gov/15983250/


mpcvm-202111002

MedPress Cardiology and Vascular MedicinePrasad RM

MedPress Publications LLC

6.	 Mackie AR, Losordo DW. CD34-positive Stem Cells: in the 
treatment of heart and vascular disease in human beings. 
Tex Heart Inst J 2011;38(5):474-85.

7.	 Shirota T, Yasui H, Shimokawa H, Matsuda T. Fabrication 
of endothelial progenitor cell (EPC)-seeded intravascular 
stent devices and in vitro endothelialization on hybrid 
vascular tissue. Biomaterials 2003;24(13):2295-302. 
DOI:10.1016/s0142-9612(03)00042-5.

8.	 Xu WY, Tang WL, Yuan M, Sun Y, Xu F, Peng F. The adverse 
events rate of endothelial progenitor cell capturing stent in 
the treatment of CAD patients. Combinatorial Chemistry & 
High Throughput Screening 2018;21(10):725-33. DOI:10.2
174/1386207322666190129113448.

9.	 Ellenbroek GH, Timmers L, Nijhoff F, et al. The effect of 
CD34-capturing coronary stents with abluminal sirolimus 
coating on endothelial coverage. AsiaIntervention 
2016;2:132-40. DOI:10.4244/AsiaInterv_V2l2A27.

10.	 Lee SW, Lam SC, Tam FC, et al. Evaluation of early 
healing profile and neointimal transformation over 24 
months using longitudinal sequential optical coherence 
tomography assessments and 3-year clinical results of the 
new dual-therapy endothelial progenitor cell capturing 
sirolimus-eluting Combo stent: the EGO-Combo study. 
Circ Cardiovasc Interv 2016;9:e003469. DOI:10.1161/
CIRCINTERVENTIONS.115.003469.

11.	 Garcia-Garcia HM, McFadden EP, Farb A, et al. Academic 
Research Consortium, Standardized Endpoint Definitions 
for Coronary Intervention Trials: The Academic Research 
Consortium-2 Consensus Document. European Heart 
Journal 2018;39(23):2192-207. DOI:10.1093/eurheartj/
ehy223.

12.	 Jaguszewski M, Aloysius R, Wang W, et al. The REMEDEE-
OCT study: an evaluation of the bioengineered COMBO 
dual-therapy CD34 antibody-covered sirolimus-eluting 
coronary stent compared with a cobalt-chromium 
everolimus-eluting stent in patients with acute coronary 
syndromes: insights from optical coherence tomography 
imaging analysis. JACC Cardiovasc Interv 2017;10(5):489-
99. DOI:10.1016/j.jcin.2016.11.040.

13.	 Saito S, Krucoff MW, Nakamura S, et al. Japan-United 
States of America Harmonized Assessment by Randomized 
Multicentre Study of OrbusNEich's Combo StEnt (Japan-
USA HARMONEE) study: primary results of the pivotal 
registration study of combined endothelial progenitor cell 
capture and drug-eluting stent in patients with ischaemic 
coronary disease and non-ST-elevation acute coronary 
syndrome. Eur Heart J 2018;39(26):2460-8. DOI:10.1093/
eurheartj/ehy275.

14.	 Haude M, Lee SW, Worthley SG, et al. The REMEDEE trial: 
a randomized comparison of a combination sirolimus-
eluting endothelial progenitor cell capture stent with a 
paclitaxel-eluting stent. JACC Cardiovasc Interv 2013;6(4): 
334-43. DOI:10.1016/j.jcin.2012.10.018.

15.	 Tao L, Li Z, Yin Z, et al. Nine-month angiographic and 2-year 
clinical outcomes of the RECOVERY trial: A randomized 
study of the biodegradable polymer sirolimus-eluting 
COMBO dual-therapy stent versus a polymer-free sirolimus-
eluting stent in Chinese patients. Catheter Cardiovasc 
Interv 2021;97:966-75. DOI:10.1002/ccd.29553.

16.	 Jakobsen L, Christiansen EH, Freeman P, et al. Randomized 
clinical comparison of the dual-therapy CD34 antibody-
covered sirolimus-eluting combo stent with the 
sirolimus-eluting orsiro stent in patients treated with 
percutaneous coronary intervention: The SORT OUT 
X Trial. Circulation 2021;143:2155-65. DOI:10.1161/
CIRCULATIONAHA.120.052766.

17.	 Charytan D, Forman JP, Cutlip DE. Risk of target lesion 
revascularization after coronary stenting in patients 
with and without chronic kidney diease. Nephrol Dial 
Transplantation 2007;22(9):2578-2585. DOI:10.1093/ndt/
gfm241.

18.	 Yoshioka T, Ageyama N, Shibata H, et al. Repair of infarcted 
myocardium mediated by transplanted bone marrow-
derived CD34+ stem cells in a nonhuman primate model. 
Stem Cells 2005;23(3):355-64.

19.	 Kawamoto A, Iwasaki H, Kusano K, et al. CD34-
positive cells exhibit increased potency and safety for 
therapeutic neovascularization after myocardial infarction 
compared with total mononuclear cells. Circulation 
2006;114(20):2163-9.

20.	 Blessing R, Ahoopai M, Geyer M, et al. The Bioengineered 
Combo Dual-Therapy CD34 Antibody-Covered Sirolimus-
Eluting Coronary Stent in Patients with Chronic Total 
Occlusion Evaluated by Clinical Outcome and Optical 
Coherence Tomography Imaging Analysis. J Clin Med 
2021;10(80):1-10. DOI:10.3390/jcm10010080 

21.	 Lee DH, Hernandez JMT. The Newest Generation of Drug-
eluting stents and Beyond. European Cardiology Review 
2018;13(1):54-9. DOI:10.15420/ecr.2018:8:2.

22.	 Nagy JA, Dvorak AM, Dvorak HF. VEGF-A(164/165) and 
PlGF: roles in angiogenesis and arteriogenesis. Trends 
Cardiovasc Med 2003;13:169-75.

23.	 Schaper W, Buschmann I. VEGF and therapeutic 
opportunities in cardiovascular diseases. Curr Opin 
Biotechnol 1999;10:541-3.

24.	 Jargin SV. Shock wave therapy of ischemic heart disease in 
the light of general pathology. Int J Cardiol 2010;144(1):116-
7. doi: 10.1016/j.ijcard.2008.12.

25.	 Muradi HA, Mehra A, Okolo J, et al. Clinical presentation 
and predictors of target vessel revascualrization after 
drug eluting stent implantation. Cardiovasc Revasc Med 
2012;13(6):311-315. DOI:10.1016/j.carrev.2012.10.003.

26.	 Marx SO, Marks AR. Bench to bedside: the development of 
rapamycin and its application in stent restenosis. Circulation 
2001;104:852-5. DOI:10.1161/01.CIR.104.8.852.

27.	 Stettler C, Wandel S, Allemann S, et al. Outcomes associated 
with drug-eluting and bare-metal stents: a collaborative 
network meta-analysis. Lancet 2007;370:937-48. 
DOI:10.1016/S0140-6736(07)61444-5.

28.	 Klawitter J, Nashan B, Christians U. Everolimus and 
sirolimus in transplantation – related but different. Expert 
Opin Drug Saf 2015;14:1055–70. DOI:10.1517/14740338.
2015.1040388.

29.	 Grube E, Buellesfeld L. Everolimus for stent-based 
intracoronary applications. Rev Cardiovasc Med 2004;5:S3-
8.

https://pubmed.ncbi.nlm.nih.gov/22163120/
https://pubmed.ncbi.nlm.nih.gov/22163120/
https://pubmed.ncbi.nlm.nih.gov/22163120/
https://pubmed.ncbi.nlm.nih.gov/12699666/
https://pubmed.ncbi.nlm.nih.gov/12699666/
https://pubmed.ncbi.nlm.nih.gov/12699666/
https://pubmed.ncbi.nlm.nih.gov/12699666/
https://pubmed.ncbi.nlm.nih.gov/12699666/
https://pubmed.ncbi.nlm.nih.gov/30698109/
https://pubmed.ncbi.nlm.nih.gov/30698109/
https://pubmed.ncbi.nlm.nih.gov/30698109/
https://pubmed.ncbi.nlm.nih.gov/30698109/
https://pubmed.ncbi.nlm.nih.gov/30698109/
https://pubmed.ncbi.nlm.nih.gov/27418609/
https://pubmed.ncbi.nlm.nih.gov/27418609/
https://pubmed.ncbi.nlm.nih.gov/27418609/
https://pubmed.ncbi.nlm.nih.gov/27418609/
https://pubmed.ncbi.nlm.nih.gov/27418609/
https://pubmed.ncbi.nlm.nih.gov/27418609/
https://pubmed.ncbi.nlm.nih.gov/27418609/
https://pubmed.ncbi.nlm.nih.gov/27418609/
https://pubmed.ncbi.nlm.nih.gov/29891620/
https://pubmed.ncbi.nlm.nih.gov/29891620/
https://pubmed.ncbi.nlm.nih.gov/29891620/
https://pubmed.ncbi.nlm.nih.gov/29891620/
https://pubmed.ncbi.nlm.nih.gov/29891620/
https://pubmed.ncbi.nlm.nih.gov/29891620/
https://pubmed.ncbi.nlm.nih.gov/28279316/
https://pubmed.ncbi.nlm.nih.gov/28279316/
https://pubmed.ncbi.nlm.nih.gov/28279316/
https://pubmed.ncbi.nlm.nih.gov/28279316/
https://pubmed.ncbi.nlm.nih.gov/28279316/
https://pubmed.ncbi.nlm.nih.gov/28279316/
https://pubmed.ncbi.nlm.nih.gov/28279316/
https://pubmed.ncbi.nlm.nih.gov/28279316/
https://pubmed.ncbi.nlm.nih.gov/29931092/
https://pubmed.ncbi.nlm.nih.gov/29931092/
https://pubmed.ncbi.nlm.nih.gov/29931092/
https://pubmed.ncbi.nlm.nih.gov/29931092/
https://pubmed.ncbi.nlm.nih.gov/29931092/
https://pubmed.ncbi.nlm.nih.gov/29931092/
https://pubmed.ncbi.nlm.nih.gov/29931092/
https://pubmed.ncbi.nlm.nih.gov/29931092/
https://pubmed.ncbi.nlm.nih.gov/29931092/
https://pubmed.ncbi.nlm.nih.gov/23523459/
https://pubmed.ncbi.nlm.nih.gov/23523459/
https://pubmed.ncbi.nlm.nih.gov/23523459/
https://pubmed.ncbi.nlm.nih.gov/23523459/
https://pubmed.ncbi.nlm.nih.gov/23523459/
https://pubmed.ncbi.nlm.nih.gov/33605036/
https://pubmed.ncbi.nlm.nih.gov/33605036/
https://pubmed.ncbi.nlm.nih.gov/33605036/
https://pubmed.ncbi.nlm.nih.gov/33605036/
https://pubmed.ncbi.nlm.nih.gov/33605036/
https://pubmed.ncbi.nlm.nih.gov/33605036/
https://pubmed.ncbi.nlm.nih.gov/33823606/
https://pubmed.ncbi.nlm.nih.gov/33823606/
https://pubmed.ncbi.nlm.nih.gov/33823606/
https://pubmed.ncbi.nlm.nih.gov/33823606/
https://pubmed.ncbi.nlm.nih.gov/33823606/
https://pubmed.ncbi.nlm.nih.gov/33823606/
https://pubmed.ncbi.nlm.nih.gov/33823606/
https://pubmed.ncbi.nlm.nih.gov/17517798/
https://pubmed.ncbi.nlm.nih.gov/17517798/
https://pubmed.ncbi.nlm.nih.gov/17517798/
https://pubmed.ncbi.nlm.nih.gov/17517798/
https://pubmed.ncbi.nlm.nih.gov/17517798/
https://pubmed.ncbi.nlm.nih.gov/15749930/
https://pubmed.ncbi.nlm.nih.gov/15749930/
https://pubmed.ncbi.nlm.nih.gov/15749930/
https://pubmed.ncbi.nlm.nih.gov/15749930/
https://pubmed.ncbi.nlm.nih.gov/17075009/
https://pubmed.ncbi.nlm.nih.gov/17075009/
https://pubmed.ncbi.nlm.nih.gov/17075009/
https://pubmed.ncbi.nlm.nih.gov/17075009/
https://pubmed.ncbi.nlm.nih.gov/17075009/
https://pubmed.ncbi.nlm.nih.gov/33379321/
https://pubmed.ncbi.nlm.nih.gov/33379321/
https://pubmed.ncbi.nlm.nih.gov/33379321/
https://pubmed.ncbi.nlm.nih.gov/33379321/
https://pubmed.ncbi.nlm.nih.gov/33379321/
https://pubmed.ncbi.nlm.nih.gov/33379321/
https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC6159420/
https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC6159420/
https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC6159420/
https://pubmed.ncbi.nlm.nih.gov/12837578/
https://pubmed.ncbi.nlm.nih.gov/12837578/
https://pubmed.ncbi.nlm.nih.gov/12837578/
https://pubmed.ncbi.nlm.nih.gov/10600699/
https://pubmed.ncbi.nlm.nih.gov/10600699/
https://pubmed.ncbi.nlm.nih.gov/10600699/
https://www.internationaljournalofcardiology.com/article/S0167-5273(08)01559-3/fulltext
https://www.internationaljournalofcardiology.com/article/S0167-5273(08)01559-3/fulltext
https://www.internationaljournalofcardiology.com/article/S0167-5273(08)01559-3/fulltext
https://pubmed.ncbi.nlm.nih.gov/23164476/
https://pubmed.ncbi.nlm.nih.gov/23164476/
https://pubmed.ncbi.nlm.nih.gov/23164476/
https://pubmed.ncbi.nlm.nih.gov/23164476/
https://www.ahajournals.org/doi/full/10.1161/01.cir.104.8.852
https://www.ahajournals.org/doi/full/10.1161/01.cir.104.8.852
https://www.ahajournals.org/doi/full/10.1161/01.cir.104.8.852
https://pubmed.ncbi.nlm.nih.gov/17869634/
https://pubmed.ncbi.nlm.nih.gov/17869634/
https://pubmed.ncbi.nlm.nih.gov/17869634/
https://pubmed.ncbi.nlm.nih.gov/17869634/
https://pubmed.ncbi.nlm.nih.gov/25912929/
https://pubmed.ncbi.nlm.nih.gov/25912929/
https://pubmed.ncbi.nlm.nih.gov/25912929/
https://pubmed.ncbi.nlm.nih.gov/25912929/
https://pubmed.ncbi.nlm.nih.gov/15184828/
https://pubmed.ncbi.nlm.nih.gov/15184828/
https://pubmed.ncbi.nlm.nih.gov/15184828/


mpcvm-202111002

MedPress Cardiology and Vascular MedicinePrasad RM

MedPress Publications LLC

30.	 De Luca G, Damen SA, Camaro C, et al. Final results of the 
randomized evaluating of short-term antiplatelet therapy 
in patients with acute coronary syndrome treated with a 
new-generation stent (REDUCE trial). Eurointervention 
2019;15:e980-98. DOI:10.4244/EIJ-D-19-00539.

31.	 Kondo T, Hayashi M, Takeshita K, et al. Smoking cessation 
rapidly increases circulating progenitor cells in peripheral 
blood in chronic smokers. Arterioscler Thromb Vasc Biol 
2004;24(8):1442-7.

32.	 Pai M, Zacharoulis D, Milicevic MN, et al. Autologous 
infusion of expanded mobilized adult bone marrow-derived 
CD34+ cells into patients with alcoholic liver cirrhosis. Am 
J Gastroenterol 2008;103(8):1952-8.

Citation: Prasad RM, Baloch ZQ, DeBruyn E, Thilakaratne D, Pandrangi P et.al; Combo CD34-Antibody Covered Sirolimus-Eluting 
Coronary Stent Versus Standard Drug-Eluting Stents: A Meta-analysis on Efficacy and Safety Outcomes. Medp Cardiol Vasc Med. 
2021; 1(1): mpcvm-202112001.

https://pubmed.ncbi.nlm.nih.gov/31422929/
https://pubmed.ncbi.nlm.nih.gov/31422929/
https://pubmed.ncbi.nlm.nih.gov/31422929/
https://pubmed.ncbi.nlm.nih.gov/31422929/
https://pubmed.ncbi.nlm.nih.gov/31422929/
https://pubmed.ncbi.nlm.nih.gov/15191940/
https://pubmed.ncbi.nlm.nih.gov/15191940/
https://pubmed.ncbi.nlm.nih.gov/15191940/
https://pubmed.ncbi.nlm.nih.gov/15191940/
https://pubmed.ncbi.nlm.nih.gov/18637092/
https://pubmed.ncbi.nlm.nih.gov/18637092/
https://pubmed.ncbi.nlm.nih.gov/18637092/
https://pubmed.ncbi.nlm.nih.gov/18637092/

