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Abstract

Background: Promoting wound healing is crucial to restore the vital barrier function of injured skin.
Growth factor products including epidermal growth factor (EGF), fibroblast growth factor (FGF)
and granulocyte-macrophage colony stimulating factor (GM-CSF) have been used for decades
although no systematic evaluation exists regarding their effectiveness and safety issues in treating
acute skin wounds. This has resulted in a lack of guidelines and standards for proper application
regimes. Therefore, this systematic review and meta-analysis was performed to critically evaluate
the effectiveness and safety of these growth factors on skin acute wounds and provide guidelines
for application regimes.

Methods: We searched PubMed/Medline (1980-2020), Cochrane Library (1980-2020), Cochrane
CENTRAL (from establishment to 2020), ClinicalTrials.gov (from establishment to 2020), Chinese
Journal Full-text Database (CNKI, 1994-2020), China Biology Medicine disc (CBM, 1978-2019),
Chinese Scientific Journal Database (VIP, 1989-2020) and Wanfang Database (WFDATA, 1980-2019).
Randomized controlled trials (RCTs), quasi-RCTs and controlled clinical trials treating patients with
acute skin wounds from various causes and with those available growth factors were included.
Results: A total of 7573 papers were identified through database searching; 229 papers including
281 studies were kept after final screening. Administering growth factors significantly short-
ened the healing time of acute skin wounds, including superficial burn injuries [mean differ-
ence (MD)=—3.02; 95% confidence interval (Cl):—3.31~ —2.74; p < 0.00001], deep burn injuries
(MD = —5.63; 95% Cl:—7.10 ~ —4.17; p < 0.00001), traumata and surgical wounds (MD = —4.50; 95%
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Cl:—5.55~ —3.44; p < 0.00001). Growth factors increased the healing rate of acute skin wounds and
decreased scar scores. The incidence of adverse reactions was lower in the growth factor treatment

group than in the non-growth factor group.

Conclusions: The studied growth factors not only are effective and safe for managing acute skin
wounds, but also accelerate their healing with no severe adverse reactions.
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Highlights

* This study is the first to comprehensively evaluate the effectiveness and safety of using growth factors as therapeutics in acute

skin wounds healing.

e Compared with non-growth factor treatment, administering growth factors significantly shortened the healing time while
increasing the healing rate of acute skin wounds with lower scar scores and fewer adverse reactions.

Background
Skin maintains internal homeostasis and provides a barrier
between our body and the outside environment [1]. Acute
skin wounds break the barrier and expose the body to the risk
of pathogen infections and fluid losses. Therefore, restoring
skin integrity as soon as possible after wounding is the body’s
most effective way to restore the environment’s balance,
fight infections and prevent fluid and electrolyte disturbances
from occurring. The speed of wound healing is of essential
importance and can impact on the patient’s prognosis [2].
Several factors can influence the speed of wound healing,
such as the growth factors secreted by activated local cells.
Numerous studies have recognized and elaborated upon
growth factors’ crucial roles in advancing angiogenesis, re-
epithelialization, granulation tissue formation and inflamma-
tory response regulation [3]. Until now, the growth factors
reported to promote wound healing mainly include vascular
endothelial growth factors (VEGFs), fibroblast growth
factors (FGFs), platelet-derived growth factors (PDGFs),
transforming growth factor-81(TGF-81), epidermal growth
factors (EGFs), granulocyte-macrophage colony stimulating
factor (GM-CSF), hepatocyte growth factor (HGF), etc. [3-6].
In 1971, Frati and Scarpa reported the treatment of
mouse burns with EGF [7]. The first human recombinant
FGF-2 was reported in 1988 [8]. In 1989, Brown et al.
reported in the New England Journal of Medicine that
epidermal growth factor significantly accelerated the rate
of healing of partial thickness skin wounds in a randomized
clinical trial [9]. The development of growth factor products
targeted at promoting wound healing has been thriving
ever since and the clinical application of growth factors
has become popular. In 1998, Fu et al. reported the result
of a randomized placebo-controlled trial investigating the
effect of recombinant bovine basic fibroblast growth factor
(rbFGF) on burns healing. The study showed that rbFGF
effectively decreased the time and improved the quality of
healing. These favorable results started a wider trend of using
growth factors in wound management [10]. In 2007, Ma
et al. reported the use of recombinant human acidic FGF

(rh-aFGF) for treating deep partial-thickness burns and skin
graft donor site through a randomized, multicenter, double-
blind and placebo-controlled trial. The study demonstrated
that rh-aFGF can promote the healing of both burn wounds
and skin graft donor sites [11], which further strengthened
the evidence of applying growth factor products to promote
acute wound healing, including both burns and surgical
wounds.

Currently, EGF, bFGF, aFGF and GM-CSF are approved
growth factor products for use on acute skin wounds. During
the past decades, the therapeutic use of these growth factors
in acute wounds management has gradually become a cus-
tomary practice in China, however, controversies have raged
about the benefits and safety of the clinical implementation
of distinct kinds of growth factor products. It is known
that acute wounds naturally hold plenty of growth factors,
which can stimulate cell proliferation and matrix production
at the wound bed. Whether the growth factor receptors are
saturated prior to the application of more growth factors
to acute wounds is unknown. Secondly, deep acute wounds
usually heal with hypertrophic scars. It is still unclear whether
deep acute wounds heal with more (or less) severe scars under
the use of growth factors. Moreover, in light of the economic
costs and possible side-effects (such as carcinogenesis) of high
local/systemic growth factor levels, it is unclear whether the
practice of using exogenous growth factors for the therapy of
acute wounds is a real necessity. In addition, whether growth
factor treatments provide true benefits remains uncertain
given their instability and short iz vivo half-life [4,12,13].

Notably, a systematic evaluation of the effectiveness and
safety of the available growth factor products used for acute
skin wound therapy is missing. There is still the need to
investigate whether the routine administration strategies used
in clinical treatments suffice to guarantee the growth factor
products’ benefits. To address these issues, we performed
the present systematic review and meta-analysis to assess the
clinical effectiveness and safety of all currently clinically avail-
able growth factor products in treating acute skin wounds
as compared to non-growth factor treatments. The results of
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Table 1. Inclusion and exclusion criteria

Criteria Inclusion

Exclusion

Randomized controlled trials (RCTs), quasi-RCTs,
controlled clinical trials

Type of study

Participants Patients with acute skin wounds from various
causes (e.g. burns, trauma, surgery, etc.)
Treatment with growth factors (epidermal growth

factor, basic fibroblast growth, acidic fibroblast

Interventions

growth factor. granulocyte-macrophage colony
stimulating factor)
Controls Any other non-growth factor treatment; placebo;
blank control
Effectiveness indicators including wound healing

time; wound healing rate; infection rate; pain score;

Outcomes

pain intensity level; etc. Safety indicators referring to
the adverse reactions rate, including skin allergy and

pruritus

Review; case study; mechanism study; research; development;
preparation and storage of materials; animal experiment;
marketing strategy; editorials; news; and newly registered clinical
trials without any reported results

Patients with deep burns (third- and fourth-degree burns), bone
wounds, mucosal wounds

Growth factor not used for wound treatment

Comparison before and after their administration of the clinical
results among different growth factors

Long-term follow-up results such as related to quality of life. The
growth factor levels set as treatment outcomes

this study will supply the evidence to strengthen the future
therapeutic use of growth factors in clinical settings.

Methods

This systematic review was conducted according to the guide-
lines for Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) [14]. It was based on the
planned Participants, Intervention, Control, Outcome and
Study design (PICOS) elements.

Search strategy

The searched databases included: PubMed/Medline (1980-
2020); Cochrane Library (1980-2020); Cochrane CENTRAL
(from establishment to 2020); ClinicalTrials.gov (from
establishment to 2020); Chinese Journal Full-text Database
(CNKI, 1994-2020); China Biology Medicine disc (CBM,
1978-2019); Chinese Scientific Journal Database (VIP, 1989-
2020); and Wanfang Database (WFDATA, 1980-2019). With
the combination of subject words and free words, the search
terms included two categories: (1) ‘epidermal growth factor’,
‘basic fibroblast growth factor’, ‘acid fibroblast growth
factor’, and ‘granulocyte-macrophage colony stimulating
factor’; and (2) ‘trauma’, ‘wound’, ‘burn’, and ‘surgery’. The
logical relationship was created with ‘OR’ and ‘AND’; and
the search formula was thereafter developed according to the
characteristics of the different databases. For example, the
search strategy for PubMed was: ((epidermal growth factor
OR EGF) OR (basic fibroblast growth factor OR bFGF) OR
(acid fibroblast growth factor OR aFGF) OR (granulocyte-
macrophage colony stimulating factor OR GM-CSF)) AND
((superficial OR surgical OR burn) AND wounds)). A pre-
retrieval process improved the searches strategy. In addition,
we conducted a manual search of unpublished studies and
conference materials, tracking also the references of the

included literature. For the analysis we included studies
reported in both Chinese and English.

Inclusion and exclusion criteria

The inclusion and exclusion criteria are listed in Table 1.

Study selection Two researchers independently read the titles
and abstracts to exclude the literature that did not meet
the inclusion criteria. As a further safeguard, the full texts
of the literature that might have met the inclusion criteria
were read and evaluated. At the same time, the following
information was extracted: author, publication date, research
type, characteristics of research objects, sample number, loss
of or withdrawal from interview, intervention measures and
measurement indicators, and more. For multiple studies pub-
lished in the same literature, the required data were acquired
according to their research contents. In the case of repetitive
reports, the study included only the latest or the most com-
prehensive ones.

Quality evaluation The quality of the included research
method was evaluated via Jadad’s scale, which is an
internationally recognized clinical trial scoring standard, as it
includes data about random method, allocation concealment,
blind use, loss of follow-up, withdrawal and outcome. The
score range was 1-5 points, including 1-2 points for lower
quality and 3-S5 points for higher quality.

Meta-analysis The RevMan5.4 software recommended by
Cochrane Collaboration served for meta-analysis. Subgroups
considered types of wounds and outcome variables. The
relative risk (RR) consisted of the joint effect size for the
counting data, while the weighted mean difference (WMD)
was used for the measurement data. All effects were conveyed
with their 95% confidence interval (CI). Results heterogeneity
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was assessed by the chi square test. When the homogeneity
of each study was statistically significant (p > 0.1, I* < 50%),
the fixed effect model was used; otherwise, the random effect
model was used. Subgroup results from single studies were
noted down.

Results

Study selection and characteristics

In total, our preliminary screening selected 7573 papers.
After screening titles, abstracts and full-texts (Figure 1) we
kept 229 papers including 281 studies, which consisted of
207 randomized controlled trials (RCTs) and 74 clinical
controlled trials (CCTs) with a total of 30 562 patients. The
basic characteristics of the included studies and the results of

the methodological quality evaluations are shown in Table 2
[10,11,15-241]. All the growth factors in these studies were
applied topically. In all studies, the patients’ basic characteris-
tics were comparable (p > 0.05) between intervention groups
and control groups.

Healing time comparison of second-degree burn
wounds

A total of 76 studies [10,15-25,27-55,57-86,144,230,234,
236,237] enrolling 8915 cases compared the healing time
of superficial second-degree burn wounds between growth
factor and other non-growth factor treatments. The results
showed the presence of statistical heterogeneity (p < 0.00001;
I =88%). Therefore, the random effect model was used
for meta-analysis (Figure 2). The results showed that the

{n=7573)
Electronic database (n=7378)

Website resources (n=195)

Articles identified through database searching

Excluded 1255 duplicated articles

A 4

abstracts (n=6318)

Preliminary screening of titles and

A\ 4

Exclusion of 5183 articles based on reasons below
Unqualified study type (n=4456)

Not involving skin wound (n=524)

Not involving growth factors (n=141)

Preparation growth factor study (n=62)

Full-text screening (n=1135)

\ 4

4

Manual Search
{Addition of 3 articles)

Exclusion of 909 articles based on reasons below
Review and conference proceedings (n=43)

Not involving skin wound (n=38)

Deep burns (n=4)

Animal experiments (n=6)

Incomplete experiment data (n=363)

Growth factor not used for wound healing (n=21)
Comparison between growth factors (n=32)
Repeated study (n=20)

Not acute skin wound (n=382)

A\ 4

Final qualified articles (n= 229) *

*Some articles containing multiple studies

Figure 1. PRISMA flow diagram for inclusion or exclusion of studies used for this systematic review. PRISMA Preferred Reporting Items for Systematic Reviewsand

Meta-analyses
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Experimental Control
__Study or Subgroup Mean _SD Total Mean SD
Akita 2008 12 22 51 16° 2.7 51 1.4%
Baolong Zhang 2014 92 38 37 135 57 37 08%
Bing Zhang 2012 93 12 30 131 35 30 1.2%
Bingfeng Liu 2014 93 21 6 132 26 6 0.7%
Chen Zhang 2001 935 1.88 31 1252 32 31 1.2%
Cong Shi 2018 27.32 246 100 3475 373 100 1.4%
Dapeng Lu 2002 924 235 53 11.82 268 61 1.4%
Deliang Qiu 2010 8 08 48 125 16 45  1.6%
Dequan Li 2004 1 21 20 102 25 25 1.2%
Dongliang Gao 2019 6 2 90 7 2 60 1.5%
Fanchao Shi 2019 1021 2.1 25 16.44 3.05 26 1.1%
Fengrui Xu 2016 16.02 3.28 49 2202 51 51 1.1%
Fu 1998 99 25 300 124 27 300 1.6%
FuXiaobing 2000 989 245 330 1235 274 324 1.6%
Gangquan Chen 2014 815 1.21 50 1211 215 50 1.5%
Guicheng Fan 2018 8.56 251 45 1242 213 45 1.4%
Hayashida 2012 138 24 10 175 341 10 0.7%
Honglan Xiong 2010 432 1.08 16 437 091 15 1.5%
Hua Liu 2012 87 28 12 125 34 13 0.8%
Huaxiu Luo 2014 82 13 § 88 13 5 1.1%
Hujun Wang 2003 14.08 2.47 12 1717 2.64 12 0.9%
Huoxing Li 2003 1048 1.78 32 1287 241 32 1.4%
Jiangho Ma 2014 20 4 15 26 5 15 05%
Jianhua Wang 2009 93 25 31 124 27 31 1.2%
Jianjun Wang 2010 10.03 1.06 40 128 214 38 15%
Jiatao Tan 2000 105 213 46 1237 134 46 1.5%
Jiatao Tan 2001 992 24 51 17.2 356 51 1.3%
Jie Lin 2014 823 1.89 37 1262 227 36 1.4%
Jinfeng Fu 2003 955 2.77 51 13.04 235 51 1.4%
Junming Gao 2004 74 15 1§ 115 32 15 1.0%
Liang Zhou 2001 9.7 22 95 116 27 67  1.5%
Lijun Guo 2002 96 24 566 126 29 167 1.6%
Lizhen Huo 2001 867 1.77 26 10.43 2.04 16 1.3%
Peidong Zhao 2015 11.26 285 44 1359 3.57 44 1.2%
Peihe Wang 2004 957 1.98 30 128 215 30 1.4%
Piyu Zhou 2005 85 15 72 125 15 80  1.6%
Ruipeng Sun 2011a 72 14 16 94 19 15 1.3%
Ruipeng Sun 2015 73 14 21 94 19 25 1.4%
Ruipeng Sun 2018 11.55 2.02 40 12.63 1.96 40 1.4%
Shengwu Chao 2003 92 1.35 30 11.53 2.74 30 1.3%
Shiling Wang 2002a 968 2.68 206 1117 281 206 1.6%
Shiling Wang 2002b 839 225 105 952 256 105 1.5%
Shuyan Zhou 2014 81 286 50 122 26 50 1.4%
Suyu Meng 2018 1001 274 35 1367 31 33 12%
Wanfen Fang 2014 9.25 1.42 35 116 217 37 1.4%
Wanling Xiong 2018 527 1.82 46 812 256 46 1.4%
Wanling Xiong 2019 89 34 60 124 52 58 1.1%
Weibing Zhan 2015 934 1.26 20 15.32 2589 18 1.2%
Weiguo Ye 2008 10.08 1.07 30 126 212 30 1.4%
Wu Hong 2013 892 1.51 19 1325 2.65 19 1.2%
Xiaohong Liu 2001 103 1.6 23 132 3 23 1.2%
Xiaohong Liu 2005 103 1.6 23 132 3 23 1.2%
Xiaokun Li 2002 96 24 566 126 29 167 1.6%
Xiaoming Hu 2012 928 1.05 42 121 208 42 1.5%
Xiaoying Wu 2015 7.52 153 45 11.08 2.24 43 1.5%
Xihua Guo 2006 951 1.86 24 1243 203 25 1.3%
Xihua Wang 2000 91 14 14 113 22 14 1.2%
Xing Guo 2010 143 1.26 20 1622 1.4 18 1.5%
Xinmin Zhou 1999 10 2 20 12 2 20 1.3%
Yalin Tong 2004 111 23 30 126 341 41 1.3%
Yan Liu 2005 1054 255 149 1422 277 149 1.5%
Yi Liao 2003 102 22 38 132 24 38 1.4%
Yimin Yang 2002 104 09 1 127 089 1" 1.5%
‘Yongjun Pan 2009 1013 1.86 32 13.78 3.63 32 1.2%
Yongtong Zou 2017 943 1.24 29 15.23 298 27 1.3%
Yun Guo 2008 84 12 32 116 18 32 15%
Yunyan Huang 2004 853 1.41 30 11.58 2.61 26 1.3%
Yuyou Guo 2017 14.78 2.62 49 18.64 251 49 1.4%
Zhenglu Huo 1996 9 1.78 29 11 11 29 15%
Zhengwen Yang 2000 9 1.84 80 12 0.21 37 1.6%
Zhenjiang Liao 1996 86 27 48 116 31 200 11%
Zhijun Chen 2001 984 23 30 11.74 28 30 1.2%
Zhongzhu Zheng 2003 88 21 100 127 43 100 1.4%
Zigian Liang 2006 992 248 60 12.07 3.05 60 1.4%
Zigian Liang 2007 8.83 248 60 11.06 3.05 60 1.4%
Zongyu Li 2004 8 1.06 191 11 13 A 1.6%
Total (95% Cl) 4958 3957 100.0%

Heterogeneity: Tau®= 1.25; Chi*= 611.87, df= 75 (P < 0.00001); = 88%
Test for overall effect: Z=20.98 (P < 0.00001)

Mean Difference
Total Weight IV, Random. 95% CI

-3.02[-3.31,-2.74]

Mean Difference
IV. Random. 95% CI
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Figure 2. Comparative meta-analysis of the healing time of superficial second-degree burn wounds. C/ confidence interval, MD mean difference

wound healing time was 3.02 days shorter in the growth
factor group than in the control group (MD=-3.02; 95%
CL:-3.31~—2.74; p < 0.00001).

A total of 113 studies [10,11,15,16,19-24,28,30~32,34—
36,38-53,57,58,61,62,66-69,72-76,78,80-82,84,87-97,100
~110,112,115-120,122,123,125-134,136-143,145,146 230,
232,233,235,237,238,240,241] enrolling 12465 cases were
conducted to compare the healing time of deep second-degree

burn wounds between growth factor and other non-growth
factor treatments. The results showed the occurrence of
statistical heterogeneity (p < 0.00001; I? = 100%). Therefore,
the random effect model was used for meta-analysis
(Figure 3). The results showed that the wound healing time
was 5.63 days shorter in the growth factor group than in the
control group (MD=-5.63; 95% CI:—=7.10~—-4.17; p <
0.00001).
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Experimental Control
Study or Subgroup Mean SD Total Mean SD
Baogen Xie 2018 148 16 43 213 18
Bing Ma 2008 169 05 32 188 05
Bing Zhang 2010 122 31 22 181 35
Bing Zhang 2011 12 3 30 14 4
Bing Zhang 2012 151 3 38 207 22
Bingfeng Liu 2014 13.4 2 4 187 27
Bingxu Han 2018 1514 1.49 35 2078 2.01
Biyi Hu 2013 1812 31 22 2412 32
Boming Yang 2013 22 14 30 30 14
Bogiu Chen 2013 20 26 44 24 22
Chen Zhang 2001 1586 213 80 2206 326
Deliang Qiu 2010 165 1.75 38 255 1.85
Dequan Li 2004 21.73 384 30 206 364
Dexiong Yan 2017 188 76 95 255 46
Dian Zhou 2016 1812 324 30 2252 529
Dongliang Gao 2018 16 3 84 25 4
Fanchao Shi 2018 19.35 4.81 15 2397 6.37
Fu1998 17 48 300 212 48
FuXiaobing 2000 17.04 456 330 21.21 488
Gangquan Chen 2014 1523 216 50 1766 3.15
Guoying Jin 2014 1518 1.51 36 21.03 213
Haibo Lin 2013 183 38 50 254 45
Honglan Xiong 2010 658 2.31 15 942 241
Hua Liu 2012 154 23 20 207 23
Huade Chen 2009 147 24 60 168 35
Hujun Wang 2003 18.35 5.14 20 2225 6.01
Jian Liu 2016 16.93 04 177 1988 041
Jian Zhou 2015 19.27 1.82 30 1827 1.82
Jianhua Wang 2009 193 28 31 236 34
Jianpin Chen 2012 148 27 66 162 27
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Figure 3. Comparative meta-analysis of the healing time of deep second-degree burn wounds. C/ confidence interval, MD mean difference
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Figure 4. Comparative meta-analysis of the scar score of deep second-degree burn wounds. C/ confidence interval, MD mean difference

Healing rate comparison of second-degree burn
wounds

Healing rate was defined as the proportion of healed wound
area compared with the total wound area. Seventeen stud-
ies  [15,17,20,36,41,42,44,51,52,54,61,68,69,71,72,77,81]
enrolling 3184 cases were conducted to compare the healing
rate of superficial second-degree burn wounds between
growth factor and other non-growth factor treatments.
The results showed the presence of statistical heterogeneity
(p <0.00001; I*=99%). Therefore, the random effect
model was used for meta-analysis (Figure S1, see online
supplementary material). The results showed that the
average wound healing rate was 15.60% higher in the
growth factor group than in the control group (MD =15.60;
95% CI: 10.51-20.68; p <0.00001). A total of 43 studies
[15,20,36,41,42,44.51,52,61,68,69,72,73,81,87,88,91,94,97,
99,102,107,108,110,114,117-119,123,124,126,128,129,
132,136,138,139,141,143,145,232,233] enrolling 5696 cases
served to compare the healing rate of deep second-degree
burn wounds between growth factor and other non-growth
factor treatments. The results showed the occurrence of
statistical heterogeneity (p < 0.00001; I*=98%). Hence, the
random effect model was used for meta-analysis (Figure S2,
see online supplementary material). The results showed that
the wound healing rate was 10.84% higher in the growth
factor group than in the control group (MD=10.84; 95%
CI: 8.31~13.37; p < 0.00001).

Infection rate of second-degree burn wounds

Seven studies [16,33,58,76,79,80,82] including 395 cases
with superficial second-degree burn wounds compared the
infection rate of growth factor and other non-growth factor
treatment methods. There turned out to be no statistical het-
erogeneity between the results (p = 0.24; I* = 25%). Therefore,
the fixed effect model was used for meta-analysis (Figure S3,
see online supplementary material). The results showed that
the infection rate was lower in the growth factor treatment
group than in the non-growth factor group, and the difference
was statistically significant (RR=0.52; 95% CI: 0.39-0.69;
p <0.00001). Seventeen studies [16,58,76,80,82,91,94,108,
118,119,122,124,128,131,132,135,136] enrolling a total of
1389 patients were conducted to compare the infection rate
of deep second-degree burn wounds between growth factor
and other non-growth factor treatments. The results showed

no statistical heterogeneity (p=0.54; I>=0%). Hence, the
fixed effect model was used for meta-analysis (Figure S4, see
online supplementary material). The results showed that the
infection rate was lower in the growth factor group than in
the non-growth factor treatment group (RR=0.52: 95% CI:
0.42 ~0.64; p <0.00001).

Vancouver scar scale score of deep second-degree
burn wounds

Five studies [101,104,108,122,123] including 413 patients
compared growth factor with other non-growth factor treat-
ments concerning the deep second-degree burn scar score. The
follow-up time was between 6 and 12 months. The results
showed the presence of statistical heterogeneity (p=0.004;
I*=74%). Therefore, the random effect model was used for
meta-analysis (Figure 4). The results showed that the Vancou-
ver scar scale score of the growth factor treatment group was
improved as compared with that of the non-growth factor
group (5.23 ~5.67 vs 6.51 ~ 8.4, i.e. 2.45 lower than that of
the non-growth factor treatment group) (MD = —2.45; 95%
Cl: —3.29 ~ —1.6; p=0.004).

Adverse reactions of deep second-degree burn wounds
Three studies [95,96,124], including 522 patients with deep
second-degree burn wounds, compared the incidence of
adverse reactions after the treatment with growth factor vs.
other non-growth factor treatments. The results showed that
no statistical heterogeneity occurred (p=0.29; I* =20%), so
the fixed effect model was used for meta-analysis (Figure S5,
see online supplementary material). The results showed that
the incidence of adverse reactions was lower in the growth
factor treatment group than in the non-growth factor group
(RR=0.35;95% CI: 0.19-0.67; p =0.001).

Healing time comparison between traumata and
surgical wounds

A total of 67 studies [48,147-156,158-164,166-173,175-
177,179,181,184-188,190,192-194,196-203,205,206,208—
214,216,218-226] including 7106 cases with traumata or
surgical wounds served to compare the wound healing
time between growth factor and other non-growth factor
treatments. The results showed that statistical heterogeneity
occurred (p < 0.00001; I* =99%). Hence, the random effect
model was used for meta-analysis (Figure 5). The results
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Figure 5. Comparative meta-analysis of the healing time of trauma and surgical wounds. C/ confidence interval, MD mean difference

showed that the healing time was 4.50 days shorter in the
growth factor group than in the control group (MD = —4.50;

95% CI: —5.55~—3.44; p < 0.00001).

Healing rate comparison of traumata and surgical

wounds

Thirteen studies [148,155,165-167,169,170,184,185,191,193,
203,228] enrolling 1017 patients with traumata or surgical

wounds allowed to compare the rate of wound healing
between growth factor and other non-growth factor treat-

ments. The results showed that statistical heterogeneity was
present (p <0.00001; I =99%), so the random effect model
was used for meta-analysis (Figure S6, see online supplemen-

tary material). The results showed that the wound healing rate

in the growth factor group was 7.63% higher than in the con-
trol group (MD =7.63; 95% CI: 4.44 ~10.82; p < 0.00001).
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Adverse reaction of traumata and surgical wounds

Six studies [157,171,197,215,219,221] including 622 patients
with traumata and surgical wounds compared the incidence
of adverse reactions after growth factor treatment or other
non-growth factor treatment methods. The results were
statistically heterogeneous (p < 0.0001; I* = 84%). Hence, the
random effect model was used for meta-analysis (Figure S7,
see online supplementary material). The results showed that
the incidence of adverse reactions was lower in the growth
factor group than in the control group (RR=0.55; 95% CI:
0.46 ~0.65; p < 0.00001).

Discussion

Growth factors are important biologically active molecules
which can markedly impact on the wound environment,
leading to rapid increases in cell migration, proliferation
and differentiation, while regulating the cellular responses
inherent to the wound healing process [14]. Recombinant
growth factors have been used as adjunctive treatments for
acute wounds to accelerate healing, however, the effectiveness
and safety of administering these growth factor products
under such conditions had not been systematically analyzed.
In 2016, Zhang et al. [242] performed a meta-analysis con-
cerning growth factor therapy in cases of partial thickness
burns. Thirteen studies with a total of 1924 participants were
included and the results showed that the topical application of
growth factors including FGE, EGF and GM-CSF significantly
reduced wound healing time as compared with standard
wound care alone. Although these preliminary results seemed
to be encouraging, the authors pointed out that high-quality
and adequately powered trials were still needed to further
confirm their conclusions. Another meta-analysis performed
by Abdelhakim ez al. included 9 clinical studies and has
shown that local bFGF treatment accelerated wound healing
and prevented pathological scarring. In a similar fashion,
the author pointed out that further research was needed to
indicate more clinical advantages [243].

In this systematic review, we performed a comprehensive
search of relevant clinical studies published in either Chinese
or English. We included many studies published in Chinese
which had not been considered for evaluation before. Our
data show that as compared to non-growth factor treatments,
the therapeutic use of growth factor products including FGF,
EGF and GM-CSF for acute wounds significantly changed the
healing outcome in terms of lessening healing time, height-
ening healing rate and reducing incidence of infections and
adverse reactions. Therefore, our study results positively sup-
port the therapeutic use of the current clinically available
growth factor products for acute wounds, especially in the
case of wounds that tend to have longer healing time.

However, one must point out that out of the 229 studies
considered, only 3 were conducted outside China (i.e. in
Japan) and reported in English, while the remaining 226
articles, including 7 reported in English and 219 in Chinese,
were all carried out within China and reported by Chinese

researchers. During the screening period, one randomized
clinical trial conducted in the USA showed that epidermal
growth factor accelerated skin-graft-donor sites wound heal-
ing significantly [9]. However, the types of outcome mea-
surements in this study could not be combined with those
from other included studies to conduct meta-analysis. Thus
although it was eventually excluded, the results of this study
did support our general conclusions. We have to admit that
the lack of clinical data from other countries and areas has
reduced the evidence’s power level. This is especially true
considering that most of the included studies are rated as
low-quality ones (Jadad score: 1-2 for 202 papers, 4-5 for
6 papers only). The lack of sufficient clinical data from
other countries and areas outside Asia is likely caused by the
lack of available growth factor products for treating acute
wounds in these places. Becaplermin in Regranex® is the
only U.S. Food and Drug Administration (FDA) approved
recombinant PDGF product and is only indicated for the
treatment of neuropathic ulcers in diabetics. This product
carried a boxed warning from the FDA and due to safety
issues has been withdrawn in Europe [244]. We were only
able to find one study using PDGF gel to treat acute full-
thickness punch biopsy wounds on 7 healthy subjects [245].
The results of the study showed PDGF gel was effective
in promoting wound healing, which was in accord with
the general results of this meta-analysis. Since PDGF has
not been officially approved for use on acute wounds, we
did not include PDGF in this meta-analysis. However, we
believe that when PDGF becomes more widely used for
treating acute wounds in the future, it will be meaningful
to conduct a more comprehensive evaluation regarding the
efficacy and safety issues of all the important growth fac-
tor products that are still lacking evidence for clinical use
today.

Although this meta-analysis has brought to light encourag-
ing results, the collection of the latter from limited countries
and areas (mainly in China) increases the bias of the study.
From this standpoint, the evidence supporting the routine
therapeutic use of growth factor products for acute wounds
is still weak. More high-quality clinical studies and clinical
studies from outside of China are needed to further confirm
the efficacy, necessity and safety of their clinical application.
Despite the possible bias of the conclusions drawn from
clinical studies, the current data do show some potential
merits of using growth factors to promote acute wound
healing. It is interesting to note that several of the included
studies focused on the healing of surgical wounds entailing
high risks of contamination and infection, such as in the case
of perianal surgery [154,214,218,219,223,224,226]. Growth
factors were beneficial as they decreased the healing time
of such wounds, and therefore decreased the chances of
infection and of the development into chronic wounds. Thus,
the therapeutic use of growth factors in cases with surgical
wounds susceptible to contamination and infection could be a
beneficial practice. Again, the need remains for more evidence
reported by higher-quality studies.
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Moreover, we noted that therapeutically using growth
factors for acute wounds not only increased the speed of
healing, but also improved the quality of healing in the case
of deep wounds. It is well worth pointing out that with
growth factors treatments, deep second-degree burn wounds
healed with lower scar scores [101,104,108,122,123], which
is an important indicator for routine clinical use. It is well
known that an increased wound healing time is an important
risk factor for hypertrophic scarring in second-degree burns
[246]. The current data showed that, instead of causing ‘an
overgrowth’, growth factor treatments safely reduced wound
healing time by 5.63 days while concurrently decreasing
the degree of hypertrophic scarring. Similarly, in their study
Abdelhakim et al. [243] also pointed out that bFGF might
prevent pathological scarring through several cellular mech-
anisms, such as interfering with myofibroblasts formation
and inducing apoptosis. However, longer follow-up times
and large-scale clinical trials are still needed to confirm this
scar-reducing effect and the causal relationship with reduced
wound healing times.

Notably, most of the studies included in this systematic
review used only a single growth factor either by itself or
combined with other non-growth factor treatments and
proved their effectiveness. However, it is yet to be proven that
combining different growth factors achieves better clinical
results, or whether the contrary is true. Since applying supra-
physiological doses of growth factor(s) correlates with an
increased risk of cancer, the importance of controlling the
spatial-temporal release of growth factors at the wound
site and of overcoming this challenge is probably crucial
for any successful growth factor-based therapy [244]. Also,
as different growth factors partake in the various stages of
the wound healing process, using a single growth factor
may not suffice for best wound healing. A sophisticated
growth factor delivery system enabling a controlled spatial-
temporal delivery [13], mimicking the synergistic wound
healing activity of the combined release profiles of growth
factors in real physiological situations, could be a promising
direction for future research. Currently, the use of platelet
rich plasma (PRP) to promote refractory wound healing
has already supplied a hint for applying growth factor
compounds in a more effective fashion. However, PRP
has not been routinely used on acute wounds due to
economic considerations. More in-depth study of the PRP’s
spatial-temporal working mechanism might provide stronger
evidence to develop recombinant growth factor combination
products for promoting acute wound healing in the future.

Conclusions

With the systematic review and evaluation of the currently
available evidence, we conclude that the therapeutic use of
growth factors including EGF, FGF and GM-CSF is effective
and safe in the treatment of acute skin wounds, especially
in the case of wounds entailing higher risks of infection.
However, the need still remains for more higher-quality stud-
ies to further strengthen our conclusion.
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Supplementary data is available at Burns & Trauma Journal online.
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