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Background: Under-eye bags are a common manifestation of age and a frequent complaint among patients who no longer feel youth-
ful. Non-invasive topical agents are largely ineffective at reducing their appearance.
Objective: We studied the ability of a topical serum containing epidermal growth factor (EGF) to minimize the appearance of 
under-eye bags. 
Methods: A single-center clinical trial was performed on eighteen volunteer male and female patients with under-eye bags. Subjects 
applied EGF serum to the infraorbital area twice daily for 12 weeks. At each visit, subjects were evaluated using clinical photography 
and written self-assessment. A grade on the Merz Infraorbital Hollowness Scale was also given and two independent, blind investiga-
tors assigned an Investigator’s Global Assessment (IGA) score. At the trial’s end, patients shared their final evaluation and perception 
of results with a questionnaire. 
Results: Sixteen subjects completed the trial. The final average Merz grade was 1.63 (SEM = .273), statistically significantly lower 
than the mean baseline average of 2.06 (SEM = .232) (P = .0019). A reduction in average IGA score was also significant (P < .0001). 
Average initial IGA was 2.75 (SEM = .270) and average final IGA was 2.00 (SEM = .310). All but two subjects reported improvement 
at the final visit. Improvement was quantified as 76-100% by two subjects, 50-75% by three subjects, and 25-49% by nine subjects. 
Eleven subjects classified their under-eye bags as milder at the end of the trial compared to the first visit. Seven subjects reported 
greater satisfaction with their overall facial appearance. Of the subjects who had used other topical treatments in the past, two 
reported the serum to be “significantly better” and four said it was “better” in treating their under-eye bags.
Conclusion: Our results offer evidence that topical EGF can reduce the appearance of under-eye bags. 
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 ABSTRACT

 INTRODUCTION

With age, lower eyelid skin laxity leads to sagging of 
the infra-orbital area, a feature referred to common-
ly as “under-eye bags.” Research has shown that 

the presence of this condition can detrimentally influence first 
impressions and general public perception. Understandably, the 
conflict between what is inferred and the patient’s true character 
can be a significant source of distress and feelings of one’s ap-
pearance can decline to the point of impairing self-esteem.

Though sometimes seen in younger patients owing to genetic 
influences, the overwhelming majority of under-eye bags result 
from age-related processes that accelerate over time. Changes 
in the extracellular matrix and loss of key structural proteins 
collagen and elastin cause the skin to lose structural support 
and elasticity.1 Incapable of countering gravitational forces, skin 
overhangs beyond the lid margins, forming palpebral bags.  	

Laser resurfacing is a popular modality for the treatment of un-
der-eye bags because it triggers an inflammatory process that 
ultimately leads to the synthesis of collagen and elastin.2 How-

ever, the process of tissue ablation is not without peri-operative 
discomfort, a variable recovery period and an array of potential 
side effects. Knowing this, we investigated a less invasive treat-
ment capable of producing similar changes in the extracellular 
matrix while circumventing the need to inflict damage to tissue.

Known for its ability to promote neocollagenesis and dermal thick-
ening, epidermal growth factor (EGF) is released during the process 
of inflammation and wound healing and has cytoprotective, anti-
apoptotic and mitogenic activity during the course of normal 
cellular development.3  Topical EGF in various applications has been 
well tolerated, though its efficacy in treating under-eye bags has not 
been thoroughly studied. As a result, we performed a clinical trial 
using a synthetic, barley-derived EGF to investigate its effect on the 
appearance of under-eye bags in volunteer patients. 

 METHODS
A single-center clinical trial was performed on eighteen self-se-
lected subjects (13 women, 5 men, mean age 52) with evidence 
of under-eye bags on clinical exam. Sixteen subjects self-report-
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(0 = none, 1 = very mild, 2 = mild, 3 = moderate, 4 = severe, 5 = 
very severe) and a mean value was calculated. 

Subjects were evaluated at four-week intervals. At each visit, 
patients completed a questionnaire rating overall assessment 
of improvement and satisfaction with the treatment regimen. 
Free-form questions were also included to allow for more spe-
cific descriptions of perceived effects. Clinical photography was 
also completed at each follow-up. 

At the final visit, subjects were asked to complete an additional 
questionnaire that asked their overall perception of treatment 
efficacy. Subjects quantified improvement as 0-24%, 25-49%, 
50-75%, or 76-100% improved from baseline. They were also 
asked to rate the severity of their condition and feelings toward 
their facial appearance using the same scales used in the ini-
tial survey. The patients who had used topical agents for their 
under-eye bags prior to the start of the study were additionally 
asked to rate the EGF serum as ‘significantly better,” “better,” 
“the same,” “worse,” or “significantly worse” in comparison. 
As at the initial appointment, the primary investigator used the 
Merz Infra-orbital Hollowness Scale to assign a final grade to 
each subject. Two independent evaluators assigned each pa-
tient a final IGA score, from which a mean was calculated. 

 RESULTS
Sixteen of the original eighteen subjects completed the trial. 
Two were lost to follow-up.  At the start of the trial, one sub-
ject classified their under-eye bags as very severe (5), six as 
severe (4), seven as moderate (3), one as mild (2) and one as 
very mild (1). When asked to rate the severity of their under-eye 
bags at the end of the trial using the same system, eleven of 
the sixteen subjects chose a milder description. The number of 
subjects who selected each severity rating before and after the 

ed their racial background as Caucasian, one as South Asian 
and another as Hispanic. Seven subjects reported trying one 
or several non-prescription topical agents for their condition in 
the past, while all remaining subjects denied any intervention 
prior to study start. Informed consent of the format commonly 
utilized by the Western Institutional Review board was obtained 
from all patients. Standard Operating Procedures for Clinical 
Research in accordance with the Moy-Fincher-Chipps oversight 
committee and Good Clinical Practice were observed. 

Inclusion criteria were healthy men and women aged 30-70 
years old with evidence of under-eye bags on clinical exam, 
determined by a score of 1 through 4 on the Merz Infra-Orbital 
Hollowness Scale (Merz Aesthetics) (Figure 1). Patients were 
further required to be able and willing to comply with the treat-
ment regimen and follow-up obligations. Exclusion criteria 
included pregnancy, lactation, and receipt of invasive proce-
dures (botulism toxin, fillers, laser resurfacing, autologous fat 
transfer, blepharoplasty) in the periocular region within six 
months prior to study start.

The trial involved twice-daily application of a 5ppm bioen-
gineered, barley-derived, human synthetic EGF serum (DNA 
Regeneration Serum, DNA EGF Renewal, Oxnard, CA) to the in-
fra-orbital region over 12 weeks. During the course of the trial, 
all patients refrained from the use of tretinoin, retinol and other 
vitamin A derivatives as well as the receipt and application of 
any treatment or topical product to the infra-orbital region. 
Evaluation of results was aided by the use of clinical photogra-
phy using standard Canfield equipment performed at baseline 
and all subsequent visits.  

At the initial appointment, clinical photography was performed 
using Canfield equipment. Patients were asked to fill out a ques-
tionnaire that allowed them to personally rate the severity of 
their condition (0 = none, 1 = very mild, 2 = mild, 3 = moderate, 
4 = severe, 5 = very severe) and their overall feelings toward 
their facial appearance (0 = very dissatisfied, 1 = dissatisfied, 2 
= neither satisfied nor dissatisfied, 3 = satisfied, 4 = very satis-
fied). The primary investigator assigned each subject a baseline 
grade using the Merz Intraorbital Hollow Scale to quantify the 
severity of under-eye bags. Two independent evaluators then 
assigned the subject an Investigator’s Global Assessment score 

FIGURE 1.  Merz Infra-Orbital Hollowness Scale

"Areas of thin skin, such as beneath 
the eyes, are particularly susceptible to 
sagging in response to reductions in the 
elastic and supportive properties of the 
extracellular matrix."
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.270).  At the final visit, the average IGA score was found to be 
2.00 (SEM = .310). Using baseline and final IGA values for each 
patient and a one-tailed, paired student t-test, this difference 
was also found to be statistically significant with a P-value of < 
.0001. A summary of these statistics can be seen in Table 1. 

 DISCUSSION
The periorbital region is one of the first areas of the face to 
show signs of aging, usually in the mid to late 30s.4  Along 
with other changes to the orbit, such as the development 
of rhytides and hyperpigmentation, palpebral bags are a 
common complaint among individuals who feel their appear-
ance is no longer youthful.1 Because they are so common 
and also a frequent source of insecurity, a plethora of treat-
ments aimed at reducing the appearance of under-eye bags 
are available. Invasive and minimally invasive methods such 
as lower eyelid blepharoplasty, radiosurgery, autologous fat 
transfer and laser resurfacing procedures are successful, yet 
carry a wide range of surgical risks and do not consistently 
obtain a rejuvenated appearance for the patient.5-7 Despite 
the abundance of over the counter topical agents available, 
their general efficacy is questionable.

trial is illustrated in Figure 2. Compared to how they felt about 
their overall facial appearance at the start of the trial, seven 
subjects stated that they were more satisfied at the final visit. 
Three of these subjects reported that they were “satisfied” with 
their appearance after having previously reported being “dis-
satisfied” at the beginning of the trial. One subject went from 
“dissatisfied” to “neither satisfied nor dissatisfied,” one from 
“neither satisfied nor dissatisfied” to “satisfied,” and two from 
“satisfied” to “very satisfied.” 

When asked to rate the efficacy of the EGF serum, all but two sub-
jects reported improvement. Of those subjects who perceived 
improvement, two reported “great improvement,” one saw 
“very good” improvement, four reported “good improvement” 
and the remaining nine subjects stated they saw “moderate im-
provement.” No subject quantified their improvement as “poor.” 
Improvement from baseline was quantified by two of these 
subjects as 76-100%, 50-75% by three subjects, and 25-49% by 
nine subjects. The average time at which improvement was first 
perceived was 3.67 weeks. Overall improvement among our 
subjects was well visualized in side-by-side before and after 
photographs, one of which is depicted in Figure 3. When asked 
if they would recommend the use of EGF serum for under-eye 
bags, thirteen subjects (81.2%) said yes. When the seven subjects 
who reported prior use of topical agents were asked to compare 
the efficacy of EGF serum in reducing the appearance of their 
under-eye bags, two reported the serum to be “significantly bet-
ter” and the remaining four said it was “better.” 

At the start of the study, the average score on the Merz Infra-
orbital Hollowness Scale among all subjects was 2.06 (SEM = 
.232). At the end of the trial, the average Merz score was reduced 
to 1.63 (SEM = .272). A one-tailed paired student t-test using val-
ues of initial and final Merz scores for each patient generated a 
P-value of .0019, verifying this mean difference as statistically 
significant. A similar trend was also seen when comparing ini-
tial and final scores on the Investigator’s Global Assessment 
(IGA). The average baseline IGA score among those subjects 
who completed the entire 12-week regimen was 2.75 (SEM = 

TABLE 1.

Average Merz Infraorbital Hollowness (MIH) Grade and 
Investigator Global Assessment (IGA) score at Baseline and 
Final Visit

Baseline Final Visit

Average MIH grade 2.06 (SEM = .232)* 1.63 (SEM = .272)*

Average IGA score 2.75 (SEM = .270)** 2.00 (SEM = .310)**

*P = .0019
**  < .0001

FIGURE 2. Comparison of eye bag severity as perceived by patient 
before and after EGF serum regimen.

FIGURE 3. Improvement in under-eye bags after 12 weeks of twice-
daily infraorbital EGF serum application.
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Under-eye bags that develop with age are the clinical mani-
festation of lower eyelid dermatochalasis, a term that refers 
to an excess of skin in the infra-orbital area.1 In this case, 
excess is a relative term and refers to the appearance of re-
dundant skin overlying a reduced volume of tissue. With age, 
atrophy of subcutaneous fat in the lower periorbital region 
reduces the skin’s structural support. This causes the lower 
eyelid skin to become lax and overhang the lid margin.5 
Compounding this process is the fact that aging skin is thin 
and less elastic, rendering it more susceptible to sagging and 
the pull of gravitational forces over time.1

Skin thinning and loss of elasticity is a generalized process 
that occurs with age and is the result of ultraviolet-induced de-
generation and age-related degeneration.1 These processes, 
intrinsic and extrinsic, act independently to disrupt the physi-
cal integrity of the skin. Most affected are collagen and elastin, 
extracellular matrix proteins that provide integrity and elastic-
ity to the skin, respectively.8 

Dermal atrophy, which occurs universally in aged skin, results 
from degeneration of and failure to properly synthesize colla-
gen.9 Matrix metalloproteinases (MMPs), enzymes responsible 
for degrading collagen, grow increasingly less responsive to 
intrinsic regulatory signals as cells age, resulting in accelerated 
collagen breakdown and residual fibers that are highly disorga-
nized.10,11 Several histologic studies have demonstrated these 
findings.12-18 Though the mechanism remains unclear, colla-
gen synthesis also gradually declines beginning in the third or 
fourth decade of life and so is unable to balance the rate of col-
lagen degeneration.19 The ensuing collagen deficiency is further 
exacerbated by chronic ultraviolet radiation (UVR) exposure. 
Though collagen biosynthesis is unaffected by UVR, chronic ex-
posure has been shown to increase the activity of MMPs.11,20,21 
This explains the general reduction in type I collagen seen in 
photo-damaged skin and also the sparse distribution, fragmen-
tation and improper organization of fibers.22-25 

The end result of both the intrinsic and extrinsic aging pro-
cesses is a reduced number of disorganized collagen fibers that 
are less able to provide structural support for the skin. The skin 
loses its resiliency and cannot adequately counter gravitational 
forces, causing it to sag.26 Sagging of the skin is exacerbated by 
comparable changes in the elastic fiber network. Degeneration 
and impaired organization of elastic fibers is attributed to the 
same age-dependent increase in MMP expression underlying 
collagen deficiency.20 Along with solar elastosis, the accumu-
lation of abnormal elastotic material in the upper and middle 
dermis in response to UVR, this process underlies the marked 
reduction in skin elasticity seen with age.27-29 

Areas of thin skin, such as beneath the eyes, are particularly 
susceptible to sagging in response to reductions in the elastic 

and supportive properties of the extracellular matrix. Because 
under-eye bags develop, in large part, from changes in these 
biochemical properties, much of the success of laser resur-
facing in reducing their appearance stems from its ability to 
promote collagen and elastin synthesis. By inducing micro-
scopic thermal injuries to the skin, lasers such as the CO2 
and Er:YAG trigger an innate inflammatory and wound heal-
ing response.30 Dermal remodeling ensues and involves the 
synthesis of new, compact collagen and elastin.2 Evidence of 
neocollagenesis and neoelastogenesis has been document-
ed for at least 18 months after CO2 laser resurfacing and is 
believed responsible for improvements in dermatochalasis 
following treatment of the periocular area.2,31 Despite their 
success, however, lasers are associated with variable degrees 
of peri- and post-treatment pain. They also have the potential 
to cause a wide array of side effects including redness, bruis-
ing, infection and swelling, as well as transient and chronic 
hyperpigmentation, particularly in dark-skinned patients.32,33 

The results of our study on EGF serum demonstrate efficacy of 
a novel, non-invasive treatment for under-eye bags, which has 
proven safe and associated with minimal risk in prior studies 
(34)(3). As with laser resurfacing, we attribute our results to the 
promotion of neocollagenesis. However, visible improvement 
was attained in this study without inflicting tissue injury. 

EGF is released during the natural course of inflammation 
and wound healing and is a potent stimulus for the prolifera-
tion of mesenchymal and epithelial cells (Kwon). Among its 
cytoprotective, anti-apoptotic and mitogenic effects, EGF is 
pro-mitotic for fibroblasts, one of several cell types responsi-
ble for collagen synthesis.3 Several in vitro and in vivo studies 
have demonstrated the ability of EGF to promote collagen 
deposition.35-37 Hiramatsu et al. demonstrated an increase in 
wet weight and collagen content following EGF injections us-
ing cotton pellet granulomas in rats.36 Another study showed 
dose-dependent increases in collagen accumulation follow-
ing daily subcutaneous injections of EGF into sponge-induced 
rat granulomas and concluded the effect was the direct result 
of fibroblast proliferation.37 Collagen deposition and dermal 
granulation have also been shown to occur following topical 
administration of EGF in wound models. A study by Kwon et 
al. showed increased expression of prolyl 4-hydroxylase, a 
marker of collagen synthesis, in full-thickness wounds treated 
with recombinant EGF ointment.38 

The ability of EGF to increase dermal collagen explains the 
reduced appearance of under-eye bags in our study. We be-
lieve that twice-daily topical application of EGF thickened the 
dermis in the infra-orbital area, as occurred in wound and 
granulation tissue models. Evidence for this can be found in 
a recently performed study that examined the ability of EGF 
serum to reduce ecchymoses in senile purpura patients and 
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which demonstrated a statistically significant increase in 
average skin thickness with ultrasound measurements.39 In 
addition to increasing the amount of collagen present, newly 
synthesized fibers are deposited in the appropriate orienta-
tion. These changes to the collagen matrix improve its ability 
to support the overlying skin and impart resiliency, properties 
critical to the prevention of sagging. 

Of note, many of the subjects in our study said they noticed an 
improvement in infraorbital dark circles. Referred to clinically 
as periorbital hyperpigmentation, dark circles commonly go 
hand in hand with dermatochalasis, as skin laxity imparts a 
shadow on the lower eyelid.40 Thin skin can also cause dark cir-
cles by allowing greater visibility of the orbicularis oculi muscle 
and underlying vasculature.40 Considering its ability to thicken 
the skin and reduce dermatochalasis, the ability of EGF to im-
prove periorbital hyperpigmentation from these etiologies is 
not surprising. By promoting epidermal proliferation, EGF is 
also able to improve periorbital hyperpigmentation stemming 
from hypermelanosis, as occurs with genetic predisposition 
or following inflammation. By promoting epidermal turnover, 
EGF triggers more rapid removal of melanin contained within 
keratinocytes.41-43 Minimization of dark circles in several of our 
subjects likely intensified the improvement seen in under-eye 
bags from dermal thickening alone. 

The results of our study demonstrate the ability of topically ap-
plied EGF serum to reduce the appearance of under-eye bags. 
Efficacy in treating this condition is significant in light of the 
paucity of currently available noninvasive treatments for this 
indication. However, given our study’s limited sample size, a 
repeat trial with a larger population is warranted. Additional in-
vestigation is also needed to determine the optimal frequency 
and duration of application to optimize results. 

Looking forward, we believe supplementing EGF serum with 
interleukin-1β (IL1β), a cytokine shown to increase elastin 
gene transcription and promote elastin synthesis, could result 
in even greater improvement.44 Topical IL1β has proven safe 
in previous studies.45 In concert, EGF and IL1β could reverse 
abnormalities of both collagen and elastin and thereby im-
prove skin elasticity as well as integrity. Considering the role 
of MMPs in collagen and elastin degradation, we believe sup-
plementing EGF serum with a cream containing DNA repair 
enzymes may have prophylactic benefit by silencing MMP 
genes.46 The combination of DNA repair enzymes and EGF 
would allow for simultaneous prevention of EC matrix degra-
dation and repair of damage already incurred.  

 DISCLOSURES
Dr. Ronald Moy owns stock and is the scientific advi-
sor  of  DNA EGF Renewal, which manufactures the serum 
studied in this trial.
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