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Abstract
Background: The neck region is an area that can be indicative of signs of skin aging. 
A novel topical product that combines multiple active ingredients including retinol, 
tripeptide and glaucine was formulated to specifically target neck aging correction 
and complement post- procedure as part of an integrated skincare regimen.
Objectives: To evaluate the efficacy of a topical neck treatment through clinical 
subject evaluation, in addition to ultrasound and biopsy assessment.
Methods: Evaluation for the efficacy of this novel topical product on improving 
the aging signs of neck skin was performed in multiple clinical trials. The first trial 
focused on clinical efficacy and included clinical assessment, subject questionnaires, 
ultrasound imaging and digital photographs. The second trial focused on biomarker 
analysis through skin biopsy.
Results: Data from the clinical trials showed that aging signs on the neck were 
significantly improved after 12 or 16 weeks of product usage. Changes were readily 
observed by clinical evaluators and participants. They were documented with digital 
photos, ultrasound images, and biomarker expression in the skin which clearly display 
the improvements.
Conclusions: This novel topical product is effective in treating the aging signs on the 
neck skin and has been shown to provide statistically significant improvement on a 
myriad of neck aging attributes including fine lines/wrinkles, crepiness, laxity, and 
texture.
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1  |  INTRODUC TION

Photo- aged skin is characterized by the presence of fine lines 
and wrinkles, hyperpigmentation, and the loss of firmness and 
elasticity, among other alterations following chronic sun expo-
sure. These characteristics arise due to the degradation of col-
lagen, decrease in the amount of water held in the dermis and 
the epidermis, specifically the stratum corneum, and damage to 
the additional structural components of the skin such as elastin 
fibers.1– 3

An area that is greatly impacted by the aging process is the 
neck. Neck skin aging is subtle but progressive. Due to the neck's 
anatomy, it ages differently from the face and has its own specific 
signs of aging. Aging signs include horizontal rhytids, skin laxity, 
loss of submental contour, discoloration due to sun exposure, and 
crepiness due to skin thinning.4– 6 Additionally, the skin on the 
neck is susceptible to lines and wrinkles from repetitive move-
ments such as looking down at mobile devices.4– 6 Treatment of 
the neck skin remains a challenge and topical treatment options 
are limited.7– 10

A topical cream has been formulated for treatment of neck 
aging by combining three powerful ingredients. Retinol is the gold 
standard for improving the appearance of fine lines, wrinkles, and 
discoloration.11– 13 Tripeptide concentrate, a blend of low molec-
ular weight tripeptide, helps strengthen the skin to build resil-
ience and firm the skin.14 Glaucine is alkaloid derived from the 
yellow poppy seed plant and has been shown to support skin's 
resistance to aging by promoting lipolysis of adipocytes.15 These 
active ingredients were combined and formulated specifically for 
treating the aging signs of the neck skin. Two clinical trials were 
conducted to fully assess the efficacy of this topical product. 
Data from clinical evaluations, instrument assessment, photo-
graphs, subjects' self- assessment, and biomarker expression all 
supported the efficacy of the product in improving the appear-
ance of aging neck skin.

2  |  METHOD

2.1  |  Subject selection

Female subjects presenting mild to moderate aging signs at the neck 
area, including fine lines/wrinkles, crepiness, sagging, lack of firm-
ness, lack of elasticity, and uneven skin tone, were selected to par-
ticipate the clinical trials. The first clinical trial recruited 60 subjects 
of age 40– 60 years, and 50 subjects completed the trial (Table 1). 
The second clinical trial recruited 15 subjects of age 55– 75 years, 
and 11 subjects completed the trial with neck skin biopsy samples 
taken at baseline and final visit (Table 2).

Prior to study participation, informed consent conforming to 
Title 21 Code of Federal Regulations (CFR) 50.25 was obtained from 
all subjects. Clinical trial involving biopsy procedure was reviewed 
and approved by IntegReview IRB (Austin) prior to study start.

2.2  |  Trial design

The two clinical trials were conducted at different testing centers. The 
first trial was 16 weeks long with the focus on non- invasive clinical as-
sessments. It was conducted from September 2019 to January 2020. 
The second clinical trial was 12 weeks long with the focus on biomarker 
changes via skin biopsy analysis. It was conducted in 2020 during the 
covid- 19 pandemic. Subjects applied the product from the jawline to 
décolletage to cover the entire neck and décolleté area once daily for 
the first week, then twice daily from the second week on. Subjects 
used provided moisturizing sunscreen (SPF 50) throughout the trials.

2.3  |  Clinical assessments

2.3.1  |  Clinical evaluations

Aging signs on the neck were evaluated once a month at baseline and 
Week 4, 8, 12, and 16 visits. Clinical grading parameters included fine 

TA B L E  1  Summary of demographics for clinical trial #1.

All subjects

N 50

Age (years)

Mean 53.3

Standard deviation 5.0

Minimum 41

Median 54.0

Maximum 60

N (%)

Sex

Female 50 (100.0)

Ethnicity

Hispanic or Latino 3 (6.0)

Not Hispanic or Latino 47 (94.0)

Race

Asian 4 (8.0)

Black or African American 5 (10.0)

White or Caucasian 41 (82.0)

Fitzpatrick skin type

I 1 (2.0)

II 20 (40.0)

III 22 (44.0)

IV 2 (4.0)

V 5 (10.0)

Skin type

Normal 19 (38.0)

Dry 5 (10.0)

Combination 24 (48.0)

Oily 2 (4.0)

Sensitive skin 8 (16.0)
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    |  3SULLIVAN et al.

lines/wrinkles (including horizontal lines), visual crepiness, visual and 
tactile skin smoothness, firmness, elasticity, lifting, and skin tone 
evenness. Modified Griffiths 10- point scale was used according to 
the following definition16:

0 = none (best possible condition).
1– 3 = mild.
4– 6 = moderate.
7– 9 = severe (worst possible condition).
Tolerability and safety grading was also performed at baseline 

Weeks 1 and 2 visits, and monthly visits to monitor any potential 
skin irritation and adverse reactions. Cutaneous tolerability was 
evaluated by assessing the signs of erythema, edema, dryness/scal-
ing, and peeling, and by subject reporting of the degree of burning, 
stinging, itching, and tightness on the global neck.

2.3.2  |  Photography

Digital images of each subject's neck and décolletage were taken at 
baseline and Weeks 4, 8, 12, 16 visits using Stephens photo station. 
Canon Mark II 7D digital SLR camera (Canon Inc.) with a Canon EF- S 
60 mm f/2.8 macro lens was used with light provided by Profoto D1 
(500W) studio strobes affixed to the photo station. Canon EOS util-
ity software was used for image overlay to ensure post- baseline im-
ages matched baseline images. Center view and side views (90° left 

and 90° right) were taken under visible and cross- polarized lighting 
modes.

2.3.3  |  Ultrasound imaging and assessment

Ultrasound imaging was performed using Mindray M7 Ultrasound 
system (UMI) with a probe set at 7.5 MHz. Image was taken on each 
subject's submental area approximately midway between the ear-
lobe and chin (just below the jawline) at baseline and Weeks 4, 8, 12, 
16 visits. Images taken at baseline and Week 16 were analyzed by an 
independent CRO for the area and tissue thickness of the superficial 
adipose tissue, defined as the area from dermis to fascia. Three im-
ages per time point were analyzed and the averaged result was used 
for statistical comparisons.

2.3.4  |  Subject questionnaire

Subjects completed self- assessment questionnaires regarding prod-
uct performance at baseline after in- clinic product application and 
Weeks 4, 8, 12, 16 visits.

2.4  |  Biopsy collection and histology

Elliptical, full- thickness biopsies were obtained from 11 subjects at 
baseline (left side of the neck) and Week 12 (right side of the neck) 
using standard sterile technique after an intradermal local anesthe-
sia. The biopsies samples were fixed in 10% formalin solution and 
sent for analysis. Hematoxylin and eosin staining was performed, as 
was immunohistochemistry for pro- collagen, collagen IV, elastin, fi-
brillin, lumican, and decorin. Staining pattern/intensity was scored 
and stained tissue section images were taken.

2.5  |  Statistical analysis

Data collected from the clinical trials were subjected to statistical 
analysis using SAS software version 9.4 (SAS Statistical Institute). A 
Shapiro– Wilk test was used to first test for normality of the baseline 
data (T0) and the change from baseline data (Tn– T0) at post- baseline 
time points at significance level alpha = 0.01. When data passed nor-
mality (all normality of the distributions was confirmed for the same 
parameter), a parametric test was used to test the null hypothesis 
that the mean change from baseline is zero. When data failed nor-
mality (if one or more normality of the distributions for the same 
parameter was rejected), a nonparametric test was used.

Mean of the change from baseline (defined as post- baseline value 
minus baseline value) was estimated at applicable post- baseline time 
points. The null hypothesis is that the mean change from baseline is 
zero. All statistical tests were done as 2- sided at significance level 
alpha = 0.05.

TA B L E  2  Summary of demographics for clinical trial #2.

All subjects

N 11

Age (years)

Mean 62.6

Standard deviation 6.6

Minimum 55

Median 60.0

Maximum 74

N (%)

Sex

Female 11 (100.0)

Ethnicity

Not Hispanic or Latino 11 (100.0)

Race

White or Caucasian 11 (100.0)

Fitzpatrick skin type

II 3 (27.3)

III 8 (72.7)

Skin type

Combination 2 (18.2)

Oily 9 (81.8)

Sensitive skin

No 11 (100.0)
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4  |    SULLIVAN et al.

3  |  RESULTS

3.1  |  Efficacy assessment

Overall results from the clinical trials indicate that the novel topical 
neck cream was effective in improving skin conditions on the neck 
when used over the course of 12 or 16 weeks by women with mild 
to moderate signs of neck aging. Results of the clinical grading of 
efficacy parameters showed a statistically significant improvement 
in fine lines/wrinkles (including horizontal lines), crepiness (visual), 
visual smoothness, tactile smoothness, firmness (visual), elastic-
ity (tactile), skin tone evenness, and lifting on the neck at Weeks 
4 through 16 when compared with baseline. Over 80% of subjects 
responded to the treatment with improvement and the percentage 
mean change ranges from ~15% for lines/wrinkles, firmness, elastic-
ity, and lifting to ~30% for crepiness and smoothness. (Figure 1). The 
changes are visible in the photographs captured during the course of 
the study. A few representative before and after photos are shown 
in Figure 2.

3.2  |  Tolerability assessment

About 30% subjects experienced some skin irritation and the major-
ity of them had their product use modified and completed the trials. 
A total of four subjects discontinued from the two studies due to 
product related adverse events (AEs), and the remaining discontin-
ued subjects were due to non- product related AEs, non- compliance, 
or lost to follow up. Most of the irritations were mild in nature, but 
there was a statistically significant increase in erythema, dryness/
scaling, and itching within the first 4– 8 weeks of use when compared 

with baseline, and in peeling throughout the study (except at Week 
12) when compared with baseline. Modified use, such as reduced 
application frequency until tolerance was established, helped allevi-
ate the situation and most people were able to complete the trial 
satisfactorily.

3.3  |  Subject questionnaire

Results of the self- assessment questionnaires showed that the re-
sponses from trial participants were favorable at Weeks 4, 8, 12, 
and 16 visits. As shown in Figure 3, 75%– 95% of all participants re-
ported favorable benefits from the products, with median value of 
6.0– 7.0 at Week 4 and median value of 7.0– 8.0 at Weeks 8, 12, and 
16, where value of 5.0 is neutral and 9.0 is most favorable. At 15 min 
post- application, product ease of application and feel on skin all re-
ceived favorable responses.

3.4  |  Ultrasound imaging and analysis

Ultrasound imaging was taken at the submental area from the side of 
the neck using a 7.5 MHz probe at baseline and Week 16. Based on 
the ingredient composition of the product, we anticipated that it may 
have an effect on the lipolysis of adipocytes.15 Therefore the 7.5 MHz 
probe was chosen to acquire images deeper into the skin. The ultra-
sound images were analyzed for the area and thickness of superficial 
adipose tissue, which is defined as the area from dermis to fascia. As 
shown in Figure 4, significant reduction (~10%) in adipose tissue area 
and thickness was observed. This reduction could potentially change 
skin structure and improve the appearance of neck sagging.

F I G U R E  1  Bar graph shows the percentage of mean improvement on efficacy parameters of clinical grading assessment at each post 
baseline time point. All changes are statistically significant (p < 0.01 to p < 0.001).
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    |  5SULLIVAN et al.

3.5  |  Histology

Retinol is known to regulate the expression of a wide range of 
genes related to skin aging.17– 22 Several targets were selected to be 

examined in the skin biopsy samples taken before and after 12 weeks 
of product usage. The result showed statistically significant increase 
in the expression of elastin and lumican with 81% and 72% increases 
in expression scores, respectively at Week 12 (Figures 5 and 6). 

F I G U R E  2  Representative photos showing improvement on the neck skin before and after 16 week of product usage. Average 
improvement is shown in fine lines/wrinkles and lifting (subject 050), horizontal neck lines (subject 043), and fine lines/wrinkles and skin 
tone evenness (subject 028). Blue arrows indicate visible improvement on photos.
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6  |    SULLIVAN et al.

The increase in expression was observed within the interstitium 
and cytoplasm of dermal fibroblasts. Expression of pro- collagen 
and fibrillin also showed marginal increase. These changes are 
consistent with established results that retinoic acid stimulates gene 
expressions and regulates the organization of collagen fibrillogenesis 
and elastin fiber matrix.17– 22

4  |  DISCUSSION

Neck skin aging and its treatment has become an interesting and 
focused area in recent years due to its challenge and the limited 
treatment options.7– 10 Here we report that a novel topical cream 
was formulated specifically to treat the aging signs on the neck. This 
topical cream combines three known active ingredients, retinol, trip-
eptide complex, and glaucine, which complement each other for op-
timal benefit to the skin.11– 15 Retinol is a well- established anti- aging 
ingredient. It has been shown that, when delivered to the skin, it 

can modulate the expression of multiple targets that promote skin 
rejuvenation.17– 22 In addition, glaucine has been shown to promote 
lipolysis of adipocytes in vitro.15 Reduction of subcutaneous fat tis-
sue could help tighten and reshape the skin to improve skin firmness 
and the appearance of sagging.

The efficacy of this topical cream was tested rigorously 
through two clinical trials. Multiple lines of evidence showed that 
the novel topical cream is efficacious in improving the aging signs 
on the neck skin. First, clinical evaluations of the neck aging con-
ditions showed that after 16 weeks of product usage on the neck, 
there was statistically significant improvement in lines/wrinkles 
(including horizontal lines), skin smoothness, skin tone evenness, 
skin crepiness, and importantly skin firmness, elasticity, and neck 
lifting appearance. Significant improvement was observed as early 
as Week 4. At Week 16, over 80% participants showed signs of 
improvement with percentage mean change ranging from 15% to 
30%. (Figures 1 and 2). Second, subject self- assessment question-
naire responses indicated that majority of participants observed 

F I G U R E  3  Bar graph shows the percentage of subjects reporting positively to the questions during self- assessment at each post baseline 
time point.
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    |  7SULLIVAN et al.

F I G U R E  4  Bar graphs show the 
reduction of adipose tissue area and 
thickness at Week 16 comparing 
to baseline values. The changes are 
statistically significant (p < 0.001).

F I G U R E  5  Bar graph shows percentage increase in biomarker expression in biopsy samples at Week 12 compared to baseline. Red 
asterisks indicate statistically significant change (p = 0.005 for elastin and p = 0.016 for lumican).
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8  |    SULLIVAN et al.

benefits from the topical cream and were satisfied with the im-
provement. (Figure 3). Third, ultrasound imaging revealed a signif-
icant reduction of superficial adipose tissue underneath the skin 
after 16 weeks of product usage. Reduction of subcutaneous fat 
can lead to skin tightening and reshaping therefore improving the 
appearance of neck sagging.

Furthermore, biomarker expression was analyzed on skin bi-
opsy samples from 11 subjects taken before and after product 
usage. Retinoic acid can regulate the expression of multiple genes 
that are related to skin rejuvenation. Among the known targets of 
retinoic acid, six were examined during this trial and all six showed 
varying degree of upregulation with changes in lumican and elastin 
showing statistical significance of upregulation after 12 weeks of 
product usage (Figures 5 and 6). Lumican plays an important role 

in organizing collagen fibrillogenesis. Well- organized collagen ma-
trix and more elastin expression are hallmarks of young skin.17– 22 
Together these results support the observed changes on the skin 
surface.

One of the drawbacks of retinol containing products is their side 
effect of skin irritation.12 This is especially important for the neck 
skin as it is thinner and more delicate. About 30% of trial participants 
reported some skin irritation responses. Most were mild in nature 
and occurred during the first 4 weeks of the trial. A prescribed quan-
tity of product application as opposed to liberal application and less 
frequent use during the initial weeks of the study may have allowed 
the skin to better accommodate to this product, especially for sub-
jects who may not have used any retinol products on the neck in the 
past. Most of the subjects were able to tolerate the irritations and 

F I G U R E  6  Example of biomarker expression at baseline and at Week 12 from subject 007. (A) & (B): lumican expression; (C) & (D): elastin 
expression.
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    |  9SULLIVAN et al.

completed the trials with modified product usage for certain periods 
of the time; only four subjects from the two studies combined dis-
continued due to product related AEs. Despite the irritations experi-
enced by some subjects, the neck cream was found to be effective, 
and from the questionnaire responses, the subjects well appreciated 
the cosmetic benefits.

To further explore the potential use of this topical product 
as part of the integrated skincare regimen to complement pro-
cedure treatment, an exploratory randomized clinical study 
was conducted in 38 subjects over the course of 12 weeks. In 
this study, subjects were assigned to either cell 1 (topical neck 
cream + CoolMini™) or cell 2 (CoolMini™ alone). Subjects applied 
the topical cream as per instructions for use, in addition to a sup-
porting moisturizer and SPF 50. The tolerability evaluation was 
similar to that of the studies reported here, which is expected of 
initial use of a retinoid containing product. Results of the self- 
assessment questionnaires showed that the neck cream was well 
perceived by the subjects regarding ease of use and overall satis-
faction (data not shown).

Overall, the efficacy studies demonstrated the novel topical 
neck cream worked well for combating aging attributes associated 
with the neck region, thus providing a new option for the treatment 
of neck aging. Additionally, further clinical testing demonstrated the 
neck cream can potentially serve as a complement as part of an inte-
grated skincare regimen post- procedure.
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