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Abstract

Introduction: This study examined the relative efficacy of growth factor therapies in
healing diabetes-related foot ulcers (DFU).

Methods: PubMed and Cochrane databases were searched for randomized
controlled trials testing growth factor therapies for treating DFU. The primary
outcome was complete wound closure. Results were reported as relative risk
(RR) & 95% credible intervals (Crl). The risk of bias was assessed using Cochrane's
RoB-2 tool.

Results: A total of 31 RCTs involving 2174 participants were included. Only 13 of
the trials (n = 924) reported on the aetiology of the ulcers (85.4% neuropathic and
14.6% ischaemic). Epidermal growth factor (RR 3.83; 95% Crl 1.81, 9.10), plasma-
rich protein (PRP) (RR 3.36; 95% Crl 1.66, 8.03) and platelet-derived growth fac-
tor (PDGF) (RR 2.47; 95% Crl 1.23, 5.17) significantly improved the likelihood of
complete ulcer healing compared to control. Sub-analyses suggested that PRP (3
trials - RR 9.69; 95% Crl 1.37, 103.37) and PDGF (6 trials - RR 2.22; 95% Crl 1.12,
5.19) significantly improved the likelihood of wound closure amongst trial mainly
recruiting participants with neuropathic ulcers. Eleven trials had a low risk of bias, 9
had some concerns and 11 had a high risk of bias. Sub-analysis of trials with a low
risk of bias suggested that none of the growth factors significantly improved ulcer
healing compared with control.

Discussion: This network meta-analysis found low-quality evidence that Epidermal
growth factor, PRP and PDGF therapy improved DFU healing likelihood compared

with control. Larger well-designed trials are needed.

KEYWORDS
diabetes-related foot ulcer, epidermal growth factor, growth factors, platelet-derived growth
factor, protein-rich plasma
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1 | INTRODUCTION

Diabetes-related foot ulcers (DFU) have been estimated to cause
about four million years of living with disability.* Treatment of DFU
costs approximately US$8659 per patient annually.? Approximately
10 billion US dollars are spent annually on the treatment of DFU.2
About 85% of diabetes-related amputations are preceded by a DFU.*
New treatments for DFU are urgently needed.

Growth factors play an important role in promoting wound
healing and therefore have been tested as treatments for DFU.’
Several meta-analyses have suggested that the administration of a
number of different growth factors significantly improves DFU
healing compared with control alone.®~2° Despite these findings, The
International Working Group of the Diabetic Foot has concluded that
the available evidence does not support the use of growth factors in
the treatment of DFU.1*12 Prior meta-analyses have mainly focused
on the comparison of two treatment strategies such as admin-
istration of a growth factor compared to control alone. Network
meta-analysis (NMA) enables the comparison of multiple different
treatments. One previous NMA comparing different growth factors
suggested that the recombinant human epidermal growth factor
(EGF) was the most beneficial growth factor for healing DFU.13
However, seven clinical trials have been reported since the publica-
tion of this prior NMA.14-2° Therefore, there is a need to perform an
updated NMA to assess the evidence for different growth factors in
treating DFU.

The aim of this study was to perform an up-to-date NMA of
randomised clinical trials (RCT) evidence to test the relative effi-
cacy of growth factor therapy in healing DFU in comparison to

control.

2 | METHODS
2.1 | Search strategy

The systematic review and NMA was performed according to the
Preferred Reporting Items for Systematic Review and Meta-Analysis
with an extension for NMA statement?! and was registered in the
PROSPERO database (Registration Number: CRD42022343029).
The literature search and screening were conducted by two authors
(ST and HJ). The databases PubMed and Cochrane Central Register
for Controlled Trials were searched on 23 May 2022. The full search
strategy included terms related to DFU and growth factors (Sup-
plementary Table 1).

2.2 | Study selection

RCT testing growth factors for treating DFU were eligible for in-
clusion. Eligible growth factors included recombinant human
platelet-derived growth factor (PDGF), autologous platelet-rich

plasma (PRP), recombinant human EGF, transforming growth

factor beta, recombinant human vascular endothelial growth factor
(VEGF) and recombinant human fibroblast growth factor (FGF).
Control patients were defined as those receiving usual care, best or
optimal medical treatment alone, or those receiving placebo. Trials
were included only if the growth factor was compared with another
type of growth factor or control. Trials which tested multiple
different types of growth factors were included only if a control
group for each intervention was available. For trials testing multiple
doses of one growth factor compared to only one control group,
the highest dose growth factor and control groups only were
included. Trials were eligible for inclusion if the minimum data (i.e.
number of patients with complete wound closure at the end of the
study) were published or available from the corresponding author.
Trials were included only if all participants had diabetes and a
lower limb ulcer. While it was expected that the majority of ulcers
would be located in the foot, other lower limb sites were also
acceptable. In this study, we defined the cut off to be at a minimum
75% of lower limb ulcers in the foot. When multiple publications
arising from the same clinical trial were identified, data from the
report with the longest follow-up were included. Trials published in
languages other than English, non-randomized or crossover trials,
observational studies and trials where complete wound closure
data were not available were excluded. In addition, studies
including participants with infected DFU or people with osteomy-
elitis were excluded. Eligibility was determined by two authors (ST
and HJ), with discrepancies resolved by discussion with the senior
author (JG).

2.3 | Data extraction

Study characteristics, participant risk factors, wound characteristics
and primary outcome data were extracted on a customised spread-
sheet independently by three authors (ST, HJ and UA). Any in-
consistencies were resolved through discussion and confirmed with
the senior researcher (JG). The primary outcome was complete
wound closure or healing. The following additional data were
extracted: Age, sex, body mass index, smoking, Hypertension
(HTN), diabetes, Ankle brachial pressure index (ABPI), toe pressure,
transcutaneous oxygen pressure, medications, sample size, dura-
tion of treatment and duration of follow-up. In addition, ulcer dura-
tion, grade, size and depth were also collected. Additional
information from three trials was requested from the corresponding

22-24

authors of whom one author responded with the requested

information.2*

2.4 | Risk of bias assessment

Two authors (HJ and UA) independently assessed the risk of bias of
included trials using the RoB-2 tool, which assessed key aspects of
the reporting including random sequence allocation, allocation

concealment, randomisation between intervention groups, deviations
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from the intended interventions, missing outcome data, the suit-
ability of outcome measurement, blinding of participants and
outcome assessors and pre-specified analysis plan.2® The trials were
assessed as either at low risk of bias, some concerns (probably low
risk of bias), or high risk of bias based on these aspects as per the
RoB2 tool. Any inconsistencies were resolved through discussion
between the authors until a consensus was reached. No studies were
excluded on the basis of risk of bias.

2.5 | Data analysis

The Bayesian random-effects NMA was performed using the R sta-
tistical package “BUGSnet”, which uses the arm based model to
assess the geometry of the treatment network and provides effect
size estimates for multiple comparisons.2® The package develops a
random effects model with Bayesian hierarchy using Markov Chain
Monte Carlo (MCMC) simulation.’”’” MCMC simulations were run
using three chains with different initial values for 100,000 iterations.
The model assumes consistency between trials and follows a non-
informative uniform distribution and a weakly informative prior dis-
tribution with a variance scaling factor of 2.5. The priors were
calculated using the package without any user input using justifica-
tions made previously, similar to those used in other NMA packages
such as ‘GeMTC’.28 The convergence of the resulting model was
assessed using the league plots. The fit of the model was assessed by
producing leverage plots and a better fit model was selected based
on the lowest posterior mean of residual deviance (Dyes). Dres is the
magnitude of the difference between observed data and that pre-
dicted by the model. In a well fit model, D,.s should be closer to the
number of data points (one data point per arm). Inconsistencies
within the network model were explored using leverage plots that
compare the posterior mean deviance of each data point between the
consistency and the inconsistency models. The results of the NMA
were reported as relative risk (RR) + 95% credible intervals (Crl)
using the league tables, odds ratio relative to control using forest
plots and surface under the cumulative ranking curve (SUCRA) plots.
A minimum of 5 trials with a similar method of measurement
and reporting was required for any meta-analysis. Sub-analyses
were performed focused on studies that included participants with
largely neuropathic DFUs (85% or above) and trials deemed to be at
low risk of bias. A p-value of <0.05 was considered statistically

significant.

3 | RESULTS
3.1 | Study selection

The literature search identified 1013 publications, of which 916
unique records were assessed. Ultimately, 31 RCTs involving 2174
participants were included (Figure 1). All trials compared growth

factor therapies against control. Ten trials each tested PDGF?223:29-36

and PRP,*>1837-44 nine trials tested EGF,10202445750 3nd one trial
assessed VEGF>! and FGF.>? The NMA included control (arms = 31,
n = 1091), PDGF (arms = 10, n = 380), PRP (arms = 10, n = 368), EGF
(arms = 9, 297), VEGF (arms = 1, n = 29) and FGF groups (arms = 1,
n=29).

3.2 | Baseline characteristics of participants

Where reported, participants' age and sex were matched between
groups. Characteristics of the included participants were poorly re-
ported (Table 1). None of the included trials reported the pre-
scriptions of diabetes and cardiovascular medications in the recruited
participants. A total of 13 trials with 924 participants reported the
aetiology of ulcers.t82329:80.33-36404546.51.52 gy trials included a
proportion of participants with ischaemic ulcers, which ranged be-
tween 7% and 64%.182329:344546 The remaining seven trials exclu-
sively recruited participants with neuropathic ulcers.30-33:35:36:40,51,52
Overall in these 13 trials, 85.4% had neuropathic ulcers and 14.6%
had ischaemic ulcers (Table 2). Twenty-eight trials reported the ulcer

15,16,18,20,22-24,30-42,44-48,50-52 and 29 trials reported ulcer

15,16,18,20,22-24,29-40,42-48,50-52 (Table 2)

duration
size at the start of the study
None of the included trials with mixed aetiology DFU reported
complete wound healing of neuropathic and ischaemic ulcers sepa-
rately. The control provided to control participants in each trial

varied as tabulated in Table 2.

3.3 | Study characteristics

Ten trials were conducted in India,>16:2272429-31.3449 &y i the

United States, 323335364351 four in Egypt,'874942 three in
China,®?**%% two in Iran*** and one each in England,*® South Ko-
rea,?® Mexico,*” Cuba,*® Brazil*® and France.>? The trial duration

ranged from 4 to 24 weeks, with 17 trials having a follow-up duration

between 12 and 20 weeks 18,20,24,29,30,32,33,35-37,39,40,42,43,48,50,52

3.4 | Risk of bias of included studies

Overall 11 trials had a low risk of bias,1>202332:33.36,39.4347.4852 ¢

had some concerns,829:3%87:4041455051 anq 11 had a high risk of

bias16:2224.30.31,34,38:42,44,46.49 (Taple 3). In the randomisation process,
22 trials had a low risk of biasl516:18:20.23.29,30,32-34,36-39,43.45-

48,50,52,53 22,24,31,35,41,42,44,49,51 Thirteen

and 9 had some concerns.

trials had a low risk of bias,1>16:2022.23,32,33,36,39.4347.4852 15 ha(

some conCerns18,24,29731,34,35,37,41,42,44,45,50,51,53 and 3 had a hlgh risk

384649 in deviation from the intended intervention. Twenty-

15,18,20,23,30,32-34,36,37,39,41-45,47 -

of bias

two trials had a low risk of bias,

505253 seven had some concerns, 6242931353851 3nd two had a high

22,46

risk of bias in missing outcome data. The measurement of out-

comes had a low risk of bias in 27 trials,1>1¢:1820,22,.23,29,31-34,36-39.41~

4345-53 and some concerns in 4 trials.24303>44 Sixteen trials had a
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] FIGURE 1 Preferred reporting items for
systematic reviews and meta-analyses flow

diagram. A total of 1013 publications were

screened and after the exclusion of irrelevant
studies, 31 publications were included.

[ Identification of studies via databases
)
5 Records identified from PubMed Records removed before
E= (789) & Cochrane (224): »| Screening:
§ (n=1013) Duplicate records removed
= (n=97)
=
)
k=)
—
o
Records screened Records excluded based on
(n=916) | abstractonly
(n =495)
= Reports sought for retrieval Reports not retrieved
= (n=421) (n=0)
o
Q
»n
Reports excluded (n = 396):
A4 - Not RCTs / did not test

Reports assessed for eligibility
(n=421) -

(n=273)

(n=17)

eligible growth factors

In vitro / in vivo studies (89)
- Review/letters/case reports

- Did not report numbers of
— patients that achieved
complete wound closure /
did not test individual growth
factor or control (n=17)

T
H
= Publications included (n = 25)
) +
= Added from references (n=6)
—

low risk of biasy1S,18,20,23,29,32,33,36,39,43,47,48,50753 5 had some con-

Cerns35,37,38,41,45 and 10 had a high risk of bias16,22,24,30,31,34,42,44,46,49

in the selection of reported results.

3.5 | Network models

The network plot suggested that the comparison of the primary
outcome at different time points was feasible as model convergence
was achieved with 100,000 iterations at all follow-up time points
(Figure 2). Leverage plots suggested that a random effects model was
a better fit than a fixed effects model (Supplementary Figure 1).
Random effects models were therefore applied throughout the ana-
lyses. The similarity in posterior deviance of each data point (Dyes)
plotted between consistency (63.32) and inconsistency (63.11)

models suggested that there were no inconsistencies within the

comparisons of the included trials as shown in cross plotting the
models (Supplementary Figure 2).

3.6 | Effect of growth factor therapies on ulcer
healing

Compared to control, EGF (RR 3.83; 95% Crl 1.81, 9.10), PRP (RR
3.48; 95% Crl 1.66, 8.03) and PDGF (RR 2.47; 95% Crl: 1.23, 5.17)
significantly improved the likelihood of complete ulcer healing (Sup-
plementary Figure 3). Effect estimates with 95% Crl comparing all
treatment strategies were provided in the forest plot (Figure 3).
Although there were no significant differences in outcomes between
the different growth factor therapies, a SUCRA plot suggested that
EGF treatment had the best outcome followed by PRP and PDGF
(Figure 4).
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TABLE 1 Baseline characteristics of participants in the included studies.
Study Toe Previous

period Male Smoking pressure amputation HTN IHD

Reference Groups (n) (weeks) Age (years) gender (%) (%) BMI ABPI (%) (mmHg) (%) (%) (%)
Ahmed 2017  Control (28) 12 498 + 154 643 46 NR 0.85 £ 0.04 NR NR 89.0 NR
PRP (28) 432 + 182 366 61 NR 0.83 £ 0.01 NR NR 920 NR

Afshari 2005  Control (20) 4 59.7 £ 123 55.0 45 228 + 38 NR NR NR NR NR
rhEGF (30) 56.9 + 12.7 533 40 240 + 34 NR NR NR NR NR

Agrawal 2009 Control (14) 12 56.2 + 8.8 71.4 NR 248 +31 NR NR NR NR NR
rhPDGF (14) 544 + 8.8 64.3 NR 267 +30 NR NR NR NR NR

Bhansali 2009 Control (10) 20 495 + 88 50.0 NR 2529 + 6.4 1.07 +0.10° NR 20.0 NR NR

1.10 + 0.14°
rhPDGF (10) 517 £ 136 70.0 NR 227 +28 103 +0.13° NR 50.0 NR NR
1.03 + 0.13°

Driver 2006 Control (32) 24 575+ 9.1 84.4 NR NR NR NR NR NR  NR
PRP (40) 564 + 10.2 80.0 NR NR NR NR NR NR  NR

D’'Hemecourt  Control (68) 20 59.6 + 11.29 794 NR NR NR 56.5 + 245 NR NR NR
1998 PDGF (34) 585 + 11.9 706 NR NR NR 494 + 11.9 NR NR NR
Elsaid 2020 Control (12) 20 55.6 + 6.5 50.0 NR 30.7 +42 NR NR NR 333 83
PRP (12) 54.7 + 6.6 66.7 NR 30+ 54 NR NR NR 417 0.0

Fernandez- Control (48) 8 64.0 (51-70) 56.3 NR NR NR NR NR NR NR
g/'()"()";eq”i" rhEGF (53) 63 (55-69) 528 NR NR NR NR NR NR  NR
Gomez-Villa Control (16) 8 55.1 + 10.6 70.6 NR NR NR NR NR NR NR
2014 rhEGF (16) 621 + 128 529 NR NR NR NR NR NR  NR
Gude 2019 Control (63) 12 66.97 77.8 46.0 NR NR NR NR NR NR
PRP (66) 64.7¢ 77.3 57.6 NR NR NR NR NR NR

Gupta 2021 Control (30) 6 558 + 10.2 633 NR NR NR NR NR NR  NR
PRP (30) 56.0 + 9.6 73.3 NR NR NR NR NR NR  NR

Hanft 2008 Control (26) 6 59.3 (38-81) 69.2 NR NR NR NR NR NR NR
rhVEGF (29) 59.5 (42-74) 65.5 NR NR NR NR NR NR NR

Hardikar 2005 Control (58) 10 NR 69.0 NR NR NR NR NR NR  NR
rhPDGF (55) NR 72.7 NR NR NR NR NR NR NR

Hossam 2022  Control (40) 12 548 + 3.9 85.0 NR NR NR NR NR 100 0.0
PRP (40) 549 + 24 70.0 NR NR NR NR NR 50 0.0

Jaiswal 2010  Control (25) 10 499 + 189 920 20 NR NR NR 4.0 NR NR
PDGF (25) 56.2 + 11.3 760 16 NR NR NR 4.0 NR  NR

Khandelwal Control (20) 10 450 £ 7.6 55.0 NR NR NR NR NR NR NR
2013 rhPDGF (20) 434 £ 8.1 55.0 NR NR NR NR NR NR NR

Li 2015 Control (55) 12 641+ 94 65.5 NR NR NR NR NR NR NR
PRP (48) 614 + 131 627 NR NR NR NR NR NR NR

Ma 2015 Control (23) 16 60.1 + 9.2 100.0 26.0 325+ 75 NR NR 48.0 NR NR
rhPDGF (23) 59.3 + 6.7 100.0 22.0 342 +81 NR NR 48.0 NR NR

Malekpour Control (47) 24 567 £ 7.2 63.8 234 NR NR NR NR 298 NR
2021 PRP (43) 563+ 7.1 60.4 34.9 NR NR NR NR 34.9 NR

(Continues)
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TABLE 1 (Continued)
Study Toe Previous

period Male Smoking pressure amputation HTN IHD

Reference Groups (n) (weeks) Age (years) gender (%) (%) BMI ABPI (%) (mmHg) (%) (%) (%)
Oliveira 2021  Control (11) 12 65.1 + 6.5 63.6 NR 321+ 63 0.94 +021 NR NR 70.0 NR
rhEGF (14) 60.6 + 8.6 78.6 NR NR NR NR

Orban 2022 Control (36) 20 59.0 + 6.7 58.3 NR NR NR NR NR NR  NR
PRP (36) 56.0 + 84 55.6 NR NR NR NR NR NR  NR

Park 2018 Control (85) 12 593 £ 126 57.6 447 245+ 43 NR NR NR 635 NR
rhEGF (82) 565 + 127 67.1 54.9 244 +35 NR NR NR 56.1 NR

Richard 1995 Control (8) 12 63.6 +7.9 87.5 NR 293+26 NR NR NR NR  NR
rhbFGF (9) 61.9 + 10.0 100.0 NR 264 £ 4.6 NR NR NR NR NR

Samuel 2016° Control (14) 24 56.1° 58.6 NR NR NR NR NR NR NR
PDGF (15) NR NR NR NR NR NR NR

Singla 2014 Control (25) 8 55.87 92.0 NR NR NR NR 24.0 NR  NR
hEGF (25) 58.8% 84.0 NR NR NR NR 320 NR NR

Steed 1995 Control (57) 20 NR 80.7 NR NR NR NR NR NR NR
rhPDGF (61) NR 70.5 NR NR NR NR NR NR NR

Tsang 2003 Control (19) 12 644 + 11.7 526 NR 257 +52 099 +£0.16 NR NR 89.5¢
hEGF (21) 622 + 13.7 286 NR 238 £32 105+0.19 NR NR 90.5¢

Viswanathan  Control (23) 4 55.0 + 6.8 522 NR NR NR NR NR NR NR
2020 rhEGF (27) 57.9 + 9.6 55.6 NR NR NR NR NR NR NR
Viswanathan Control (28) 15 NR NR NR NR NR NR NR NR NR
2006 rhEGF (29) NR NR NR NR NR NR NR NR  NR
Wieman 1998 Control (127) 20 580 + 11.8 717 NR NR NR 555 + 19.6 NR NR NR
rhPDGF (123) 57.0 + 115 66.7 NR NR NR 55.0 + 22.6 NR NR NR

Xie 2020 Control (23) 8 61.1+79 56.5 NR NR NR NR NR NR  NR
PRP (25) 60.5 + 8.3 56.0 NR NR NR NR NR NR  NR

Note: Continuous variables were presented as mean + SD or median with interquartile range.

Abbreviations: ABPI, Ankle brachial pressure index; BMI, Body mass index; FGF, Fibroblast growth factor; HTN, Hypertension; IHD, Ischaemic heart
disease; NR, Not reported; PDGF, Platelet-derived growth factor; PRP, Plasma-rich protein; rhEGF, Recombinant human epidermal growth factor;

VEGF, Vascular endothelial growth factor.
25D not reported.

PRight ABPI.
°Left ABPI.

94A total of 29 participants were included in the study, but a groupwise number was not reported. Therefore, the number of ulcers was considered as

individual participants for analysis.

®Represents comorbidities including HTN, coronary heart disease and hyperlipidaemia.

3.7 | Network meta-analysis sub-analysis testing
trials reporting neuropathic diabetes-related foot
ulcers aetiology

A total of 9 trials in which at least 85% of the recruited participants
had neuropathic DFUs (370 control and 350 intervention) were
included in a sub-analysis. This suggested that PRP (3 trials - RR 9.69;

95% Crl 1.37, 103.37) and PDGF (6 trials - RR 2.22; 95% Crl 1.12,
5.19) treatment significantly improved the likelihood of complete
ulcer healing compared with control (Supplementary Figures 4 and 5).
None of the other growth factor therapies significantly improved the
likelihood of ulcer healing in comparison to control (Supplemen-
tary Figures 4 and 5). Leverage plots suggested that the NMA model
in the sub-analysis was well fit (Supplementary Figure 6).
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TABLE 3 Risk of bias assessed using the revised Cochrane risk-of-bias tool for randomized trials (RoB 2).

Reference

Afshari 2005
Agrawal 2009
Ahmed 2017
Bhansali 2009
Driver 2006
D’Hemecourt 1998
Elsaid 2020

Fernandez-
Montequin 2009

Gomez-Villa 2014
Gude 2019
Gupta 2021
Hardikar 2005
Hanft 2008
Hossam 2022
Jaiswal 2010
Khandelwal 2013
Li 2015

Ma 2015
Malekpour 2021
Oliveira 2021
Orban 2022

Park 2018
Richard 1995
Samuel 2016
Singla 2014
Steed 1995
Tsang 2003
Vishwanathan 2020
Viswanathan 2006
Weiman 1998
Xie 2020

38 |

Randomisation
process

Low
Low
Low
Low
Low
Some concerns
Low

Low

Low
Low
Low
Some concerns
Some concerns
Low
Low
Some concerns
Low
Low
Some concerns
Low
Some concerns
Low
Low
Low
Some concerns
Low
Low
Low
Some concerns
Low

Some concerns

with low risk of bias

Deviations from
the intended
interventions

Some concerns
Some concerns
Some concerns
Some concerns
High

Some concerns
Some concerns

High

Low
Low
Low
Low
Some concerns
Some concerns
Some concerns
Some concerns
Low
Low
Some concerns
Low
Some concerns
Low
Low
Low
High
Low
Some concerns
Low
Some concerns
Low

Some concerns

Missing
outcome data

Measurement
of outcomes

Selection of
the reported result

Overall quality
assessment

Low Low Some concerns Some concerns
Some concerns Low Low Some concerns
Low Low Some concerns Some concerns
Low Some concerns High High
Some concerns Low Some concerns High

Some concerns

Some concerns

Some concerns

Some concerns

Low Low Low Some concerns
High Low High High
Low Low Low Low
Low Low Low Low
Low Low Low Low
High Low High High
Some concerns Low Low Some concerns
Low Low Low Some concerns
Low Low High High
Some concerns Low High High
Low Low Low Low
Low Low Low Low
Low Low Some concerns Some concerns
Low Low Low Low
Low Low High High
Low Low Low Low
Low Low Low Low
Low Low Low Low
Low Low High High
Low Low Low Low
Low Low Low Some concerns
Some concerns Low High High
Some concerns Some concerns High High
Low Low Low Low
Low Some concerns High High

Network meta-analysis sub-analysis of trials

A total of 11 trials treated as low risk of bias were included in a

sub-analysis. In this subset, 4, 3, 3 and 1 trials assessed the

effect of pDGF’23,32,33,36

PRP 15,3943

EGF2°4748  and  FGF°2,

respectively. The NMA included control (arms = 11, n = 489),

PDGF (arms = 4, n = 222), PRP (arms = 3, n = 144), EGF
(arms = 3, n = 112) and FGF (arms = 1, n = 9). A network plot
was connected and the NMA model was well fit with no incon-
sistency (Supplementary Figures 7 and 8). None of the growth
factor therapies significantly improved the likelihood of complete
ulcer healing in comparison to control (Supplementary Figures 9
and 10).
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4 | DISCUSSION

The results of this NMA of available RCTs suggest that EGF, PRP and
PDGF therapy can improve the likelihood of DFU healing in com-
parison to control. Plasma-rich protein and PDGF appeared to have
the most consistent evidence of efficacy since it was the only growth
factor that increased the likelihood of ulcer healing both in the main
analysis and the sub-analysis focused on neuropathic ulcers. Only one
study reported neuropathic ulcers in those testing EGF; therefore, its
efficacy could not be realistically confirmed. Two thirds of the
included trials had some concerns or high risk of bias. Also, where
reported, most of the participants had neuropathic ulcers, which
typically heal with offloading alone. Since only 105 participants with
ischaemic ulcers were identified in the included trials, it was not
possible to perform a sub-analysis focused on ischaemic ulcers. This

FGF EGF

PDGF Control

PRP VEGF

FIGURE 2 Network plot of all comparisons in the included
trials. EGF, Epidermal growth factor; FGF, Fibroblast growth factor;
PDGF, Platelet-derived growth factor; PRP, plasma-rich protein,
and VEGF, vascular endothelial growth factor.

is a major limitation of the included RCTs as ischaemic ulcers make
up the majority of chronic non-healing DFUs and are much more
likely than neuropathic ulcers to be complicated by major amputa-
tions, mortality and other complications.’* Furthermore, a sub-
analysis restricted to high-quality trials found that none of the
growth factor therapies significantly improved the likelihood of ulcer
healing.

Our results are in agreement with a smaller previous NMA, which
similarly reported that PRP, EGF and PDGF significantly improved the
likelihood of ulcer healing compared to control.*® Both NMAs suggest
that there was no significant difference in the efficacy of the three
growth factor therapies tested. Similar to the previous study which
reported that EGF was likely to have the best efficacy, our results
were in agreement with EGF having the highest probability of being
the best treatment for DFU.'® Our results are more updated in
comparison to the previous NMA, which included four trials investi-
gating PRP in 113 participants, whereas the current NMA included 10
trials with 368 participants treated with PRP.'® Improved wound
closure using PRP%>> or EGF>® compared to control has been re-
ported in previous conventional meta-analyses of RCTs as well.

A number of limitations of this NMA and the included RCTs
should be noted. The follow up of included participants was relatively
short (<24 weeks) and no information on ulcer recurrence was re-
ported. All trials included a small sample size with heterogeneity in
terms of ulcer size and duration. This is important as larger and
longer term ulcers are less likely to heal®” and more likely to be
complicated by amputation®® and death.>? Amputation and mortality
data were rarely reported and none of the studies reported infor-
mation about medications. Furthermore, there was no information
reported on modifiable risk factor control, which is an important
determinant of outcome.®®¢* One trial did not report the number of
participants who had to be derived from the reported percentage of

:
EGF 1 ' . 4

:
H
FGF o—
:
Y= :
8 :

& PDGF 1 ' &
&) '
[ '

PRP 1 : L 4
:
:
VEGF 1 . \ 4
0 2 4 8 10 12 14 16 18

Odds Ratio relative to Control
(showing posterior median with 95% Crl)

FIGURE 3 Forest plot showing odds ratio of difference in wound closure of growth factors relative to control. EGF, Epidermal growth
factor; FGF, Fibroblast growth factor; PDGF, Platelet-derived growth factor; PRP, plasma-rich protein, and VEGF, vascular endothelial growth

factor.
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1001

Probability of ranking or better (%)
om

Treatment
== Control
—— EGF
- FGF
- PDGF
~ PRP
VEGF

1 2 3

o 4

4 5

Ranking of Treatment
(Higher rankings associated with larger outcome values)

FIGURE 4 Surface under the cumulative ranking curve (SUCRA) plot showing the probability of the best treatment strategy for attaining
wound closure in patients with diabetes-related foot ulcer within the included trials. EGF, Epidermal growth factor; FGF, Fibroblast growth
factor; PDGF, Platelet-derived growth factor; PRP, plasma-rich protein, and VEGF, vascular endothelial growth factor.

healed ulcers in relation to the total number of ulcers treated.?® One
trial crossed over the patients between control and treatment groups
after 2 weeks based on responders.*® Most importantly, it is rather
surprising that none of the trials reported the outcomes for neuro-
pathic and ischaemic DFU independently. Ischaemic ulcers are much
less likely to heal and more likely to precipitate major amputation.>*
For all these reasons, the beneficial effects of growth factors re-
ported in this NMA may not be generalisable to routine clinical
practice.®? Furthermore, a sub-analysis of trials deemed to be of low
risk of bias suggested that none of the included growth factor ther-
apies were effective in increasing the likelihood of ulcer healing
compared to control. Larger well-designed high-quality trials are
needed for better evaluation of the value of growth factors over
control for treating non-healing ulcers. These should include cost-
effective analyses.

In conclusion, this study suggests that EGF, PRP and PDGF
treatments are more effective in healing DFU than control, but these
findings could not be replicated in a sub-analysis restricted to high-

quality trials or those including ischaemic ulcers.

AUTHOR CONTRIBUTIONS

Shivshankar Thanigaimani was involved in developing the search
terms, screening the studies, data extraction, analysis, writing the
initial draft and finalising the manuscript. Harry Jin and Usama
Ahmad were involved in data extraction and manuscript editing.
Jonathan Golledge was involved in conceiving the study, developing
the search terms, manuscript writing, critical review of the manu-

script and funding acquisition.

ACKNOWLEDGEMENTS
Jonathan Golledge holds a Senior Clinical Research Fellowship from
the Queensland Government and received research grants from the

Heart foundation, the National Health and Medical Research Council,

Medical Research Futures Fund and Townsville and Hospital Health
Services.

Open access publishing facilitated by James Cook University, as
part of the Wiley - James Cook University agreement via the Council
of Australian University Librarians.

CONFLICT OF INTEREST STATEMENT
None.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available in the
supplementary material of this article.

ORCID

Shivshankar Thanigaimani " https://orcid.org/0000-0003-0322-6147

Raghuveeran Anbalagan ‘= https://orcid.org/0000-0002-5115-6748

Jonathan Golledge " https://orcid.org/0000-0002-5779-8848

PEER REVIEW

The peer review history for this article is available at https://www.
webofscience.com/api/gateway/wos/peer-review/10.1002/dmrr.
3670.

REFERENCES

1. Zhang Y, Lazzarini PA, McPhail SM, van Netten JJ, Armstrong DG,
Pacella RE. Global disability burdens of diabetes-related lower-
extremity complications in 1990 and 2016. Diabetes Care. 2020;
43(5):964-974. https://doi.org/10.2337/dc19-1614

2. Ragnarson Tennvall G, Apelqgvist J. Health-economic consequences
of diabetic foot lesions. Clin Infect Dis. 2004;39(Suppl_2):5132-5139.
https://doi.org/10.1086/383275

3. Rice JB, Desai U, Cummings AK, Birnbaum HG, Skornicki M, Parsons
NB. Burden of diabetic foot ulcers for Medicare and private insurers.
Diabetes Care. 2014;37(3):651-658. https://doi.org/10.2337/dc13-
2176

85U801 SUOLILLOD BATe81D (eal|dde 8y} Ag peusenob ae Ss(oie YO ‘88N JO Sa|nJ Joj A% 8UlUQ A8]IM UO (SUOTHPUOD-pUB-SWISH W0 A8 |IMAeIq Ul |uo//Sdny) SUORIPUOD PUe SWB | 841 88S *[£20Z/0T/0E] Uo AriqiTauliuO AB[1M ‘0deIN 1410 81PPT AQ 029€" LIWIP/ZO0T OT/I0p/LL0o" A3 1M Ae.q 1 |Buluo//:sdny Wo.y pepeojumoq ‘G ‘€202 ‘095.025T


https://orcid.org/0000-0003-0322-6147
https://orcid.org/0000-0003-0322-6147
https://orcid.org/0000-0002-5115-6748
https://orcid.org/0000-0002-5115-6748
https://orcid.org/0000-0002-5779-8848
https://orcid.org/0000-0002-5779-8848
https://www.webofscience.com/api/gateway/wos/peer-review/10.1002/dmrr.3670
https://www.webofscience.com/api/gateway/wos/peer-review/10.1002/dmrr.3670
https://www.webofscience.com/api/gateway/wos/peer-review/10.1002/dmrr.3670
https://doi.org/10.2337/dc19-1614
https://doi.org/10.1086/383275
https://doi.org/10.2337/dc13-2176
https://doi.org/10.2337/dc13-2176
https://orcid.org/0000-0003-0322-6147
https://orcid.org/0000-0002-5115-6748
https://orcid.org/0000-0002-5779-8848

THANIGAIMANI ET AL

Wl LEY 13 of 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Moxey PW, Gogalniceanu P, Hinchliffe RJ, et al. Lower extremity
amputations--a review of global variability in incidence. Diabet Med.
2011;28(10):1144-1153. https://doi.org/10.1111/j.1464-5491.201
1.03279.x

Bennett SP, Griffiths GD, Schor AM, Leese GP, Schor SL. Growth
factors in the treatment of diabetic foot ulcers. Br J Surg.
2003;90(2):133-146. https://doi.org/10.1002/bjs.4019
Marti-Carvajal AJ, Gluud C, Nicola S, et al. Growth factors for
treating diabetic foot ulcers. Cochrane Database Syst Rev. 2015;
2015(10). https://doi.org/10.1002/14651858.cd008548.pub2

Yang Q, Zhang Y, Yin H, Lu Y. Topical recombinant human epidermal
growth factor for diabetic foot ulcers: a meta-analysis of randomized
controlled clinical trials. Ann Vasc Surg. 2020;62:442-451. https://
doi.org/10.1016/j.avsg.2019.05.041

Bui TQ, Bui QVP, Nemeth D, et al. Epidermal growth factor is
effective in the treatment of diabetic foot ulcers: meta-analysis and
systematic review. Int J Environ Res Public Health. 2019;16(14):2584.
https://doi.org/10.3390/ijerph16 142584

Zhao XH, Gu HF, Xu ZR, et al. Efficacy of topical recombinant
human platelet-derived growth factor for treatment of diabetic
lower-extremity ulcers: systematic review and meta-analysis. Meta-
bolism. 2014;63(10):1304-1313. https://doi.org/10.1016/j.metabol.
2014.06.005

Del Pino-Sedeno T, Trujillo-Martin MM, Andia |, et al. Platelet-rich
plasma for the treatment of diabetic foot ulcers: a meta-analysis.
Wound Repair Regen. 2019;27(2):170-182. https://doi.org/10.1111/
wrr.12690

Vas P, Rayman G, Dhatariya K, et al. Effectiveness of interventions
to enhance healing of chronic foot ulcers in diabetes: a systematic
review. Diabetes Metab Res Rev. 2020;36(Suppl 1):e3284. https://doi.
org/10.1002/dmrr.3284

Game FL, Apelqvist J, Attinger C, et al. Effectiveness of interventions
to enhance healing of chronic ulcers of the foot in diabetes: a sys-
tematic review. Diabetes Metab Res Rev. 2016;32(Suppl 1):154-168.
https://doi.org/10.1002/dmrr.2707

Sridharan K, Sivaramakrishnan G. Growth factors for diabetic foot
ulcers: mixed treatment comparison analysis of randomized clinical
trials. Br J Clin Pharmacol. 2018;84(3):434-444. https://doi.org/10.
1111/bcp.13470

Zhang K, Li Y, He J, et al. Therapeutic effect of epidermal growth
factor combined with nano silver dressing on diabetic foot patients.
Front Pharmacol. 2021;12:627098. https://doi.org/10.3389/fphar.
2021.627098

Gupta A, Channaveera C, Sethi S, Ranga S, Anand V. Efficacy of
intralesional platelet-rich plasma in diabetic foot ulcer. J Am Podiatr
Med Assoc. 2021;111(3). https://doi.org/10.7547/19-149
Viswanathan V, Juttada U, Babu M. Efficacy of recombinant human
epidermal growth factor (Regen-D 150) in healing diabetic foot ul-
cers: a hospital-based randomized controlled trial. Int J Low Extrem
Wounds. 2020;19(2):158-164. https://doi.org/10.1177/1534734619
892791

Smith OJ, Leigh R, Kanapathy M, et al. Fat grafting and platelet-rich
plasma for the treatment of diabetic foot ulcers: a feasibility-
randomised controlled trial. Int Wound J. 2020;17(6):1578-1594.
https://doi.org/10.1111/iwj.13433

Elsaid A, El-Said M, Emile S, Youssef M, Khafagy W, Elshobaky A.
Randomized controlled trial on autologous platelet-rich plasma
versus saline dressing in treatment of non-healing diabetic foot ul-
cers. World J Surg. 2020;44(4):1294-1301. https://doi.org/10.1007/
s00268-019-05316-0

Xu J, Min D, Guo G, Liao X, Fu Z. Experimental study of epidermal
growth factor and acidic fibroblast growth factor in the treatment of
diabetic foot wounds. Exp Ther Med. 2018;15(6):5365-5370. https://
doi.org/10.3892/etm.2018.6131

Park KH, Han SH, Hong JP, et al. Topical epidermal growth factor
spray for the treatment of chronic diabetic foot ulcers: a phase Ill
multicenter, double-blind, randomized, placebo-controlled trial.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

Diabetes Res Clin Pract. 2018;142:335-344. https://doi.org/10.1016/
j.diabres.2018.06.002

Hutton B, Salanti G, Caldwell DM, et al. The PRISMA extension
statement for reporting of systematic reviews incorporating
network meta-analyses of health care interventions: checklist and
explanations. Ann Intern Med. 2015;162(11):777-784. https://doi.
org/10.7326/m14-2385

Hardikar JV, Reddy YC, Bung DD, et al. Efficacy of recombinant
human platelet-derived growth factor (rhPDGF) based gel in dia-
betic foot ulcers: a randomized, multicenter, double-blind, placebo-
controlled study in India. Wounds-a Compend Clin Res Pract.
2005;17(6):141-152.

Samuel A, Mahajan A, Mam MK, Prakash JS. Platelet derived growth
factor in diabetic lower extremity ulcer: a randomized, double blind,
placebo controlled study in Indian condition. Int J Pharmaceut Sci Res.
2016;7(9):3887-3892.

Viswanathan V, Pendsey S, Sekar N, Murthy GSR. A phase Il study
to evaluate the safety and efficacy of recombinant human epidermal
growth factor (REGEN-D (TM) 150) in healing diabetic foot ulcers.
Wounds-a Compend Clin Res Pract. 2006;18(7):186-196.

Sterne JAC, Savovi¢ J, Page MJ, et al. RoB 2: a revised tool for
assessing risk of bias in randomised trials. BMJ. 2019;366:14898.
https://doi.org/10.1136/bm;.14898

Béliveau A, Boyne DJ, Slater J, Brenner D, Arora P. BUGSnet: an R
package to facilitate the conduct and reporting of Bayesian network
Meta-analyses. BMC Med Res Methodol. 2019;19(1):196. https://doi.
org/10.1186/s12874-019-0829-2

Plummer M, Stukalov A, Denwood M. rjags: Bayesian graphical
models using MCMC, 2016. R Package Version. 2017:3-11.

van Valkenhoef G, Lu G, de Brock B, Hillege H, Ades A, Welton NJ.
Automating network meta-analysis. Res Synth Methods. 2012;3(4):
285-299. https://doi.org/10.1002/jrsm.1054

Agrawal RP, Jhajharia A, Mohta N, Dogra R, Chaudhari V, Nayak KC.
Use of a platelet-derived growth factor gel in chronic diabetic foot
ulcers. Diabet Foot J. 2009;12(2):80-88.

Bhansali A, Venkatesh S, Dutta P, Dhillon MS, Das S, Agrawal A.
Which is the better option: recombinant human PDGF-BB 0.01%
gel or standard wound care, in diabetic neuropathic large plantar
ulcers off-loaded by a customized contact cast? Diabetes Res Clin
Pract. 2009;83(1):e13-e16. https://doi.org/10.1016/j.diabres.2008.
10.005

Khandelwal S, Chaudhary P, Poddar DD, Saxena N, Singh RA, Biswal
UC. Comparative study of different treatment options of grade Il
and IV diabetic foot ulcers to reduce the incidence of amputations.
Clin Pract. 2013;3(1):€9. https://doi.org/10.4081/cp.2013.e9

Ma C, Hernandez MA, Kirkpatrick VE, Liang LJ, Nouvong AL, Gordon
Il. Topical platelet-derived growth factor vs placebo therapy of
diabetic foot ulcers offloaded with windowed casts: a randomized,
controlled trial. Wounds. 2015;27(4):83-91.

Wieman TJ, Smiell JM, Su Y. Efficacy and safety of a topical gel
formulation of recombinant human platelet-derived growth factor-
BB (becaplermin) in patients with chronic neuropathic diabetic ul-
cers. A phase Il randomized placebo-controlled double-blind study.
Diabetes Care. 1998;21(5):822-827. https://doi.org/10.2337/diacare.
21.5.822

Jaiswal SS, Gambhir RPS, Agrawal A, Harish S. Efficacy of topical
recombinant human platelet derived growth factor on wound heal-
ing in patients with chronic diabetic lower limb ulcers. Indian J Surg.
2010;72(1):27-31. https://doi.org/10.1007/s12262-010-0005-8
d'Hemecourt PA, Smiell JM, Karim MR. Sodium carboxymethylcel-
lulose aqueous-based gel vs. becaplermin gel in patients with non-
healing lower extremity diabetic ulcers. Wounds-a Compend Clin Res
Pract. 1998;10(3):69-75.

Steed DL, Group DUS. Clinical evaluation of recombinant human
platelet - derived growth factor for the treatment of lower ex-
tremity diabetic ulcers. J Vasc Surg. 1995;21(1):71-81. https://doi.
org/10.1016/s0741-5214(95)70245-8

85U801 SUOLILLOD BATe81D (eal|dde 8y} Ag peusenob ae Ss(oie YO ‘88N JO Sa|nJ Joj A% 8UlUQ A8]IM UO (SUOTHPUOD-pUB-SWISH W0 A8 |IMAeIq Ul |uo//Sdny) SUORIPUOD PUe SWB | 841 88S *[£20Z/0T/0E] Uo AriqiTauliuO AB[1M ‘0deIN 1410 81PPT AQ 029€" LIWIP/ZO0T OT/I0p/LL0o" A3 1M Ae.q 1 |Buluo//:sdny Wo.y pepeojumoq ‘G ‘€202 ‘095.025T


https://doi.org/10.1111/j.1464-5491.2011.03279.x
https://doi.org/10.1111/j.1464-5491.2011.03279.x
https://doi.org/10.1002/bjs.4019
https://doi.org/10.1002/14651858.cd008548.pub2
https://doi.org/10.1016/j.avsg.2019.05.041
https://doi.org/10.1016/j.avsg.2019.05.041
https://doi.org/10.3390/ijerph16142584
https://doi.org/10.1016/j.metabol.2014.06.005
https://doi.org/10.1016/j.metabol.2014.06.005
https://doi.org/10.1111/wrr.12690
https://doi.org/10.1111/wrr.12690
https://doi.org/10.1002/dmrr.3284
https://doi.org/10.1002/dmrr.3284
https://doi.org/10.1002/dmrr.2707
https://doi.org/10.1111/bcp.13470
https://doi.org/10.1111/bcp.13470
https://doi.org/10.3389/fphar.2021.627098
https://doi.org/10.3389/fphar.2021.627098
https://doi.org/10.7547/19-149
https://doi.org/10.1177/1534734619892791
https://doi.org/10.1177/1534734619892791
https://doi.org/10.1111/iwj.13433
https://doi.org/10.1007/s00268-019-05316-0
https://doi.org/10.1007/s00268-019-05316-0
https://doi.org/10.3892/etm.2018.6131
https://doi.org/10.3892/etm.2018.6131
https://doi.org/10.1016/j.diabres.2018.06.002
https://doi.org/10.1016/j.diabres.2018.06.002
https://doi.org/10.7326/m14-2385
https://doi.org/10.7326/m14-2385
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1186/s12874-019-0829-2
https://doi.org/10.1186/s12874-019-0829-2
https://doi.org/10.1002/jrsm.1054
https://doi.org/10.1016/j.diabres.2008.10.005
https://doi.org/10.1016/j.diabres.2008.10.005
https://doi.org/10.4081/cp.2013.e9
https://doi.org/10.2337/diacare.21.5.822
https://doi.org/10.2337/diacare.21.5.822
https://doi.org/10.1007/s12262-010-0005-8
https://doi.org/10.1016/s0741-5214(95)70245-8
https://doi.org/10.1016/s0741-5214(95)70245-8

14 of 14 WI LEY

37.

38.

39.

40.

41.

42.

43.

44,
45.

46.

47.

48.

49.

50.

51.

52.

THANIGAIMANI €T AL

Ahmed M, Reffat SA, Hassan A, Eskander F. Platelet-rich plasma for
the treatment of clean diabetic foot ulcers. Ann Vasc Surg. 2017,
38:206-211. https://doi.org/10.1016/j.avsg.2016.04.023

Driver VR, Hanft J, Fylling CP, Beriou JM. Autologel Diabetic Foot
Ulcer Study G. A prospective, randomized, controlled trial of autol-
ogous platelet-rich plasma gel for the treatment of diabetic foot
ulcers. Ostomy Wound Manage. 2006;52(6):68-70. 72, 74 passim.

Li L, Chen D, Wang C, et al. Autologous platelet-rich gel for treat-
ment of diabetic chronic refractory cutaneous ulcers: a prospective,
randomized clinical trial. Wound Repair Regen. 2015;23(4):495-505.
https://doi.org/10.1111/wrr.12294

Hossam EM, Alserr AHK, Antonopoulos CN, Zaki A, Eldaly W.
Autologous platelet rich plasma promotes the healing of non-
ischemic diabetic foot ulcers. A randomized controlled trial. Ann
Vasc Surg. 2022;82:165-171. https://doi.org/10.1016/j.avsg.2021.10.
061

Malekpour Alamdari N, Shafiee A, Mirmohseni A, Besharat S. Eval-
uation of the efficacy of platelet-rich plasma on healing of clean
diabetic foot ulcers: a randomized clinical trial in Tehran, Iran. Dia-
betes Metab Syndr. 2021;15(2):621-626. https://doi.org/10.1016/j.
dsx.2021.03.005

Orban YA, Soliman MA, Hegab YH, Alkilany MM. Autologous
platelet-rich plasma vs conventional dressing in the management of
chronic diabetic foot ulcers. Wounds. 2022;33(2):36-42. https://doi.
org/10.25270/wnds/2022.3642

Gude W, Hagan D, Abood F, Clausen P. Aurix gel is an effective
intervention for chronic diabetic foot ulcers: a pragmatic random-
ized controlled trial. Adv Skin Wound Care. 2019;32(9):416-426.
https://doi.org/10.1097/01.asw.0000577140.19174.9¢

Xie J, Fang Y, Zhao Y, Cao D, Lv Y. Autologous platelet-rich gel for
the treatment of diabetic sinus tract wounds: a clinical study. J Surg
Res. 2020;247:271-279. https://doi.org/10.1016/].js5.2019.09.069
Afshari M, Larijani B, Fadayee M, et al. Efficacy of topical epidermal
growth factor in healing diabetic foot ulcers. Therapy. 2005;2(5):
759-765. https://doi.org/10.1586/14750708.2.5.759
Fernandez-Montequin JI, Valenzuela-Silva CM, Diaz OG, et al. Intra-
lesional injections of recombinant human epidermal growth factor
promote granulation and healing in advanced diabetic foot ulcers:
multicenter, randomised, placebo-controlled, double-blind study. Int
Wound J. 2009;6(6):432-443. https://doi.org/10.1111/j.1742-481x.
2009.00641.x

Gomez-Villa R, Aguilar-Rebolledo F, Lozano-Platonoff A, et al. Effi-
cacy of intralesional recombinant human epidermal growth factor in
diabetic foot ulcers in Mexican patients: a randomized double-
blinded controlled trial. Wound Repair Regen. 2014;22(4):497-503.
https://doi.org/10.1111/wrr.12187

Oliveira BC, de Oliveira B, Deutsch G, Pessanha FS, de Castilho SR.
Effectiveness of a synthetic human recombinant epidermal growth
factor in diabetic patients wound healing: pilot, double-blind, ran-
domized clinical controlled trial. Wound Repair Regen. 2021;29(6):
920-926. https://doi.org/10.1111/wrr.12969

Singla S, Garg R, Kumar A, Gill C. Efficacy of topical application of
beta urogastrone (recombinant human epidermal growth factor) in
Wagner's Grade 1 and 2 diabetic foot ulcers: comparative analysis of
50 patients. J Nat Sci Biol Med. 2014;5(2):273-277. https://doi.org/
10.4103/0976-9668.136160

Tsang MW, Wong WK, Hung CS, et al. Human epidermal growth
factor enhances healing of diabetic foot ulcers. Diabetes Care.
2003;26(6):1856-1861. https://doi.org/10.2337/diacare.26.6.1856
Hanft JR, Pollak RA, Barbul A, et al. Phase | trial on the safety of
topical rhVEGF on chronic neuropathic diabetic foot ulcers. J Wound
Care. 2008;17(1):30-32. 34-37. https://doi.org/10.12968/jowc.2008.
17.1.27917

Richard JL, Parer-Richard C, Daures JP, et al. Effect of topical basic
fibroblast growth factor on the healing of chronic diabetic

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

neuropathic ulcer of the foot. A pilot, randomized, double-blind,
placebo-controlled study. Diabetes Care. 1995;18(1):64-69. https://
doi.org/10.2337/diacare.18.1.64

Hossam EM, Alserr AHK, Antonopoulos CN, Zaki A, Eldaly W.
Autologous platelet rich plasma promotes the healing of non-
ischemic diabetic foot ulcers. A randomized controlled trial.
Ann Vasc Surg. 2022;82:165-171. https://doi.org/10.1016/j.avsg.
2021.10.061

Meloni M, Izzo V, Giurato L, Lazaro-Martinez JL, Uccioli L. Preva-
lence, clinical aspects and outcomes in a large cohort of persons with
diabetic foot disease: comparison between neuropathic and ischemic
ulcers. J Clin Med. 2020;9(6):1780. https://doi.org/10.3390/jcm90
61780

Hirase T, Ruff E, Surani S, Ratnani I. Topical application of platelet-rich
plasma for diabetic foot ulcers: a systematic review. World J Diabetes.
2018;9(10):172-179. https://doi.org/10.4239/wjd.v9.i10.172

Zhao D.-Y,Su Y.-N, Li Y.-H, Yu T.-Q, Li J, Tu C.-Q. Efficacy and safety
of recombinant human epidermal growth factor for diabetic foot
ulcers: a systematic review and meta-analysis of randomised co-
ntrolled trials. Int Wound J. 2020;17(4):1062-1073. https://doi.org/
10.1111/iwj.13377

Norgren L, Hiatt WR, Dormandy JA, Nehler MR, Harris KA, Fowkes
FGR. Inter-society consensus for the management of peripheral
arterial disease (TASC Il). Eur J Vasc Endovasc Surg. 2007;33(1,
Supplement):S1-S75. https://doi.org/10.1016/j.jvs.2006.12.037

van Battum P, Schaper N, Prompers L, et al. Differences in minor
amputation rate in diabetic foot disease throughout Europe are in
part explained by differences in disease severity at presentation.
Diabet Med. 2011;28(2):199-205. https://doi.org/10.1111/j.1464-54
91.2010.03192.x

Meloni M, Izzo V, Giurato L, Cervelli V, Gandini R, Uccioli L. Impact
of heart failure and dialysis in the prognosis of diabetic patients with
ischemic foot ulcers. J Clin Transl Endocrinol. 2018;11:31-35. https://
doi.org/10.1016/j.jcte.2018.01.002

Bekele F, Chelkeba L, Fekadu G, Bekele K. Risk factors and outcomes
of diabetic foot ulcer among diabetes mellitus patients admitted to
Nekemte referral hospital, western Ethiopia: prospective observa-
tional study. Ann Med Surg. 2020;51:17-23. https://doi.org/10.1016/
j.amsu.2020.01.005

Edo AE, Edo GO, Ezeani IU. Risk factors, ulcer grade and manage-
ment outcome of diabetic foot ulcers in a Tropical Tertiary Care
Hospital. Niger Med J. 2013;54(1):59-63. https://doi.org/10.4103/
0300-1652.108900

Golledge J, Thanigaimani S. Novel therapeutic targets for diabetes-
related wounds or ulcers: an update on preclinical and clinical
research. Expert Opin Ther Targets. 2021;25(12):1061-1075. https://
doi.org/10.1080/14728222.2021.2014816

SUPPORTING INFORMATION
Additional supporting information can be found online in the Sup-

porting Information section at the end of this article.

How to cite this article: Thanigaimani S, Jin H, Ahmad U,
Anbalagan R, Golledge J. Comparative efficacy of growth
factor therapy in healing diabetes-related foot ulcers: a
network meta-analysis of randomized controlled trials.
Diabetes Metab Res Rev. 2023;39(5):e3670. https://doi.org/10.
1002/dmrr.3670

85U801 SUOLILLOD BATe81D (eal|dde 8y} Ag peusenob ae Ss(oie YO ‘88N JO Sa|nJ Joj A% 8UlUQ A8]IM UO (SUOTHPUOD-pUB-SWISH W0 A8 |IMAeIq Ul |uo//Sdny) SUORIPUOD PUe SWB | 841 88S *[£20Z/0T/0E] Uo AriqiTauliuO AB[1M ‘0deIN 1410 81PPT AQ 029€" LIWIP/ZO0T OT/I0p/LL0o" A3 1M Ae.q 1 |Buluo//:sdny Wo.y pepeojumoq ‘G ‘€202 ‘095.025T


https://doi.org/10.1016/j.avsg.2016.04.023
https://doi.org/10.1111/wrr.12294
https://doi.org/10.1016/j.avsg.2021.10.061
https://doi.org/10.1016/j.avsg.2021.10.061
https://doi.org/10.1016/j.dsx.2021.03.005
https://doi.org/10.1016/j.dsx.2021.03.005
https://doi.org/10.25270/wnds/2022.3642
https://doi.org/10.25270/wnds/2022.3642
https://doi.org/10.1097/01.asw.0000577140.19174.9e
https://doi.org/10.1016/j.jss.2019.09.069
https://doi.org/10.1586/14750708.2.5.759
https://doi.org/10.1111/j.1742-481x.2009.00641.x
https://doi.org/10.1111/j.1742-481x.2009.00641.x
https://doi.org/10.1111/wrr.12187
https://doi.org/10.1111/wrr.12969
https://doi.org/10.4103/0976-9668.136160
https://doi.org/10.4103/0976-9668.136160
https://doi.org/10.2337/diacare.26.6.1856
https://doi.org/10.12968/jowc.2008.17.1.27917
https://doi.org/10.12968/jowc.2008.17.1.27917
https://doi.org/10.2337/diacare.18.1.64
https://doi.org/10.2337/diacare.18.1.64
https://doi.org/10.1016/j.avsg.2021.10.061
https://doi.org/10.1016/j.avsg.2021.10.061
https://doi.org/10.3390/jcm9061780
https://doi.org/10.3390/jcm9061780
https://doi.org/10.4239/wjd.v9.i10.172
https://doi.org/10.1111/iwj.13377
https://doi.org/10.1111/iwj.13377
https://doi.org/10.1016/j.jvs.2006.12.037
https://doi.org/10.1111/j.1464-5491.2010.03192.x
https://doi.org/10.1111/j.1464-5491.2010.03192.x
https://doi.org/10.1016/j.jcte.2018.01.002
https://doi.org/10.1016/j.jcte.2018.01.002
https://doi.org/10.1016/j.amsu.2020.01.005
https://doi.org/10.1016/j.amsu.2020.01.005
https://doi.org/10.4103/0300-1652.108900
https://doi.org/10.4103/0300-1652.108900
https://doi.org/10.1080/14728222.2021.2014816
https://doi.org/10.1080/14728222.2021.2014816
https://doi.org/10.1002/dmrr.3670
https://doi.org/10.1002/dmrr.3670

	Comparative efficacy of growth factor therapy in healing diabetes‐related foot ulcers: A network meta‐analysis of randomize ...
	1 | INTRODUCTION
	2 | METHODS
	2.1 | Search strategy
	2.2 | Study selection
	2.3 | Data extraction
	2.4 | Risk of bias assessment
	2.5 | Data analysis

	3 | RESULTS
	3.1 | Study selection
	3.2 | Baseline characteristics of participants
	3.3 | Study characteristics
	3.4 | Risk of bias of included studies
	3.5 | Network models
	3.6 | Effect of growth factor therapies on ulcer healing
	3.7 | Network meta‐analysis sub‐analysis testing trials reporting neuropathic diabetes‐related foot ulcers aetiology
	3.8 | Network meta‐analysis sub‐analysis of trials with low risk of bias

	4 | DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT


