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Purpose: Post-inflammatory hyperpigmentation (PIH) and solar lentigines are dark spots of skin from excessive melanin production 
due to injury or UV exposure. This 12-week single-center study assessed the efficacy and tolerability of a novel targeted pigment- 
correcting spot treatment gel suspension cream (Dark Spot Treatment) for improving mild-to-moderate PIH or solar lentigines.
Patients and Methods: Female participants (N = 41) aged 25–65 with mild-to-moderate facial dark spots applied Dark Spot 
Treatment daily for 12 weeks. Investigators assessed overall hyperpigmentation, skin tone evenness, and dark spot intensity, contrast, 
and size at Weeks 2, 4, 8, and 12. Participant self-assessments occurred at Weeks 1, 2, 4, 8, and 12. Tolerability was assessed by 
clinical grading and participant reporting.
Results: Dark Spot Treatment improved overall hyperpigmentation, skin tone evenness, and dark spot intensity and contrast at Weeks 
2 through 12, and dark spot size at Weeks 4 through 12 (all p < 0.001 compared to baseline). Participant self-assessments showed high 
overall satisfaction. Dark Spot Treatment was well tolerated.
Conclusion: The novel pigment-correcting Dark Spot Treatment significantly improved the appearance of PIH and solar lentigines, 
had high participant satisfaction, and was well tolerated.
Keywords: post-inflammatory hyperpigmentation, age spots, solar lentigines, Dark Spot Treatment

Introduction
Hyperpigmentation of the skin is a dermatological condition where the color of the skin becomes darker due to excess melanin. 
This can occur in response to a variety of internal factors, such as hormonal changes, inflammation, or dermatoses (eg, acne, 
eczema, atopic dermatitis), or external factors, such as injury, specific medications/procedures, or UV exposure.1,2 The etiology of 
hyperpigmentation is complex and not entirely understood. Hyperpigmentation is the result of multiple factors leading to an 
increase in melanocyte activation, melanosome development, melanin production, and melanin transfer to surrounding kerati
nocytes that subsequently form dark spots.1,3,4 Post-inflammatory hyperpigmentation (PIH) and solar lentigines (“age spots”) are 
two forms of skin hyperpigmentation. PIH results from an overproduction of melanin in response to injury or inflammation, and 
presents as irregular shaped, darkly pigmented spots at the site of the injury/inflammation.2 Solar lentigines result from a similar 
overproduction of melanin in response to acute or chronic UV exposure. It is typically associated with older age and is located on 
body areas with high sun exposure, such as the face and hands.5

PIH is most common in darker skin tones (Fitzpatrick skin types III–VI), where it occurs with greater frequency and 
severity and is less likely to resolve quickly.3,6 Prevalence of PIH has been estimated in White/Caucasian, Hispanic, and 
Black/African American individuals at 25%, 48%, and 65%, respectively.7 Solar lentigines due to sun exposure are more 

Clinical, Cosmetic and Investigational Dermatology 2023:16 2677–2686                               2677
© 2023 Makino et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical, Cosmetic and Investigational Dermatology                              Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 22 July 2023
Accepted: 14 September 2023
Published: 27 September 2023

C
lin

ic
al

, C
os

m
et

ic
 a

nd
 In

ve
st

ig
at

io
na

l D
er

m
at

ol
og

y 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0002-6243-861X
http://orcid.org/0009-0004-9971-2928
http://orcid.org/0000-0001-5191-3289
http://orcid.org/0000-0002-7613-5847
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


likely to occur, and at a younger age, in individuals with lighter skin tones (Fitzpatrick skin types I–II).8 This is due to the 
lower amount of melanin in lighter skin tones, which increases susceptibility to UV-induced damage.8,9 Solar lentigines 
are estimated to occur in ~90% of individuals over 70 years of age.10

Both PIH and solar lentigines have no oncogenic potential and may resolve on their own over time. However, both 
dermatological conditions can significantly impact quality of life (QoL), affecting psychological and emotional well- 
being.1,3,11,12 Individuals with facial blemishes, including PIH and solar lentigines, may have feelings of isolation and 
loneliness, and report a negative impact on professional and social interactions. Strong correlations have been found 
between individuals with facial blemishes and a fear of negative perceptions and lower health-related QoL (HRQoL). 
A perception of better QoL without a facial blemish was a strong predictor of current overall HRQoL, suggesting that the 
presence of facial blemishes is the main driver of reduced HRQoL. Due to the negative impact of these conditions on 
QoL, individuals may choose to treat PIH or solar lentigines to reduce the hyperpigmentation of the dark spots.13

There are currently multiple treatment strategies for PIH and solar lentigines. The initial approach is proactive management by 
avoiding sun exposure and regularly applying sun protection. Current treatments may include topicals (eg, hydroquinone, 
retinoids, steroids), cryotherapy, chemical peels (eg, glycolic acid, salicylic acid), or laser therapy.5,12 However, many of these 
treatments are associated with negative side effects. Hydroquinone has been found to be effective for PIH and solar lentigines but 
is relatively slow to work and can cause hypersensitivity and acneiform eruptions.2,14,15 Retinoid treatment may reduce 
hyperpigmentation, but current evidence is limited on optimal combinations with other treatments.2,15 Chemical peels and 
cryotherapy may result in significant lightening, but long-term improvement rates are unclear, and recurrence is common. 
Cryotherapy has also been associated with pain and a risk of hyperpigmentation.2,15 Laser therapy has demonstrated efficacy for 
hyperpigmentation, but repeated procedures are more likely to cause PIH, especially in darker skin types.2,16,17 Current 
recommended regimens for both PIH and solar lentigines include combinations of these treatments to address the underlying 
hyperpigmentation.2

There is a current need for tolerable treatments to reduce hyperpigmentation due to PIH and solar lentigines and 
address the negative impact these dermatological conditions can have on QoL. Therefore, we conducted a 12-week, 
single-center clinical study in a diverse cohort of female participants with mild-to-moderate facial hyperpigmentation to 
assess the efficacy and tolerability of a targeted pigment-correcting spot treatment gel suspension cream (Dark Spot Tx 
[Even & Correct Dark Spot Cream, SkinMedica®, Allergan Aesthetics, an AbbVie Company, Irvine, CA, USA]). Dark 
Spot Tx combines a proprietary blend of lotus sprout extract, tranexamic acid, niacinamide, retinol, glycolic acid, vitamin 
C (tetrahexyldecyl ascorbate), kojic acid (kojic dipalmitate), and other ingredients, and is designed to address the 
multiple pathways involved in melanogenesis and reduce hyperpigmentation (Table 1).1,18–20

Materials and Methods
Study Design
This 12-week single-center clinical study enrolled female participants aged 25–65 years with mild-to-moderate facial 
dark spots (score of 3–6 on a modified Griffiths scale). Female participants with Fitzpatrick skin types III–VI with at least 
1 PIH spot ≥3 mm on the face were enrolled into a PIH subgroup. This subgroup was required to enroll at least 75% 
Black/African American, Asian, or Hispanic Caucasian participants. The solar lentigines subgroup enrolled female 
participants with Fitzpatrick skin types I–III and at least 1 age spot/solar lentigines ≥3 mm on the face. This subgroup 
was required to enroll approximately 50% Asian or Hispanic Caucasian participants. All study participants were also 
required to have not used facial treatments in the previous 6 months.

Exclusion criteria included known allergies to facial skin care products; history of skin cancer in the previous 5 years; 
breastfeeding, pregnant, or planning on becoming pregnant; current or previous use of oral/topical prescription acne 
medications; Accutane® within 6 months; Avita®, Differin®, Renova®, Retin-A®, Retin-A-Micro®, Soriatane®, or 
Tazorac® within 3 months; prescription strength skin lightening products within 3 months; over the counter (OTC) 
retinol-containing or other topical or systemic products within 4 weeks; or other OTC or other topical or systemic 
products known to affect skin aging or dyschromia within 2 weeks.
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Treatment
All participants applied a once-daily treatment of Dark Spot Tx in the evening to only the dark facial spots, avoiding 
normal skin, for 12 weeks. All participants were also provided a basic skincare regimen to apply to the entire face (Facial 
Cleanser, Ultra Sheer Moisturizer [morning/evening], and Essential Defense Mineral Shield SPF 35 [morning and 
reapply as needed throughout the day], SkinMedica, Allergan Aesthetics, an AbbVie Company, Irvine, CA, USA). 
Participants avoided application of any topical moisturizing products or other treatment products to the face for at least 3 
days prior to visit 1.

Assessments
Investigators performed clinical grading of the full face at baseline and Weeks 2, 4, 8, and 12 using the modified Griffiths 
10-point scale for overall hyperpigmentation, skin tone evenness, and dark spot intensity, contrast, and size. Lower scores 
on this scale indicate improvement (0 = none, 1–3 = mild, 4–6 = moderate, 7–9 = severe). Standardized digital 
photographs were taken of the participants’ full faces (left, front, right) using a VISIA-CR photo station with a Canon 
Mark II digital SLR camera (Canfield Scientific, Parsippany, NJ, USA). Quantitative analysis of target dark spot skin 
brightness (L*) was evaluated using VAESTRO Image Analysis Software (Canfield Scientific).

Investigators performed clinical grading for tolerability using a 4-point scale (0 = none, 1 = mild, 2 = moderate, 3 = 
severe) by assessing signs of erythema, edema, and dryness. Using the same scale, participants reported the degree of 
burning, stinging, itching, and peeling globally on their face.

Participant self-assessments were made at Weeks 1, 2, 4, 8, and 12. Participants completed a sponsor-provided self- 
assessment questionnaire on treatment satisfaction, the effect of immediate and continued use, skin texture, and 
application experience.

Statistical Analyses
The per-protocol population included all participants who received treatment and completed the study in general accordance 
with the protocol. Number of participants, mean, median, standard deviation, minimum, and maximum of all scores/values 
were provided at all applicable time points. Analyses were conducted separately for PIH and solar lentigines, as well as 
combined based on average scores. Mean change from baseline was estimated at applicable post-baseline time points. Clinical 

Table 1 Target Pathways in the Melanin Life Cycle and Key 
Ingredients in Dark Spot Treatment

Melanin Life Cycle Pathway Dark Spot Treatment Ingredients

Melanocyte activation Tranexamic acid

Niacinamide

Vitamin C (tetrahexyldecyl ascorbate)

Melanosome development Lotus sprout extract

Melanin production Lotus sprout extract

Phenylethyl resorcinol

Kojic acid (kojic dipalmitate)

Vitamin C (tetrahexyldecyl ascorbate)

Melanin distribution Niacinamide

Melanosome degradation Lotus sprout extract

Melanin removal Retinol

Glycolic acid
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grading of efficacy parameters and tolerability evaluations were analyzed using a Wilcoxon signed-rank test. Image analysis of 
skin color measurements were analyzed using a paired t-test. Questionnaires were tabulated and the frequency and percentage 
of all response options were reported for each question and time point. A binomial sign test was performed to test if the 
proportion of the combined designated favorable responses was equal to the combined designated unfavorable response for 
each applicable question. All analyses are 2-sided at a significance-level alpha = 0.05 unless otherwise stated.

Results
Participants
This study enrolled 41 female participants aged 25–64 years. The PIH group consisted of 19 female participants who 
were predominantly Black/African American (52.6%) and Hispanic (36.8%), with Fitzpatrick skin types IV–V. The solar 
lentigines group consisted of 22 females who were predominantly White/Caucasian (50.0%), Hispanic (22.7%), and 
Asian (18.2%), with Fitzpatrick skin types I–IV (Table 2).

Efficacy Assessments
Dark Spot Tx resulted in a significant reduction in overall hyperpigmentation and a significant improvement in skin tone 
evenness in the overall group (combined PIH and solar lentigines) compared with baseline starting at Week 2 and 
continuing through Week 12 (p ≤ 0.018) (Figure 1A and B). Image analysis of target dark spot brightness (L*) showed 
significant improvement at all visits in the overall group (p ≤ 0.01) (Figure 1C).

Dark spot intensity and dark spot contrast were significantly reduced with Dark Spot Tx at all follow-up visits, and 
dark spot size at Weeks 4, 8, and 12, compared to baseline in the overall group (p ≤ 0.008) (Figure 2A). Subgroup 
analysis showed similar results for the PIH subgroup with significant improvements in dark spot intensity and dark spot 
contrast starting at Week 2, and in dark spot size starting at Week 4 (p ≤ 0.031) (Figure 2B). In the solar lentigines 
subgroup, dark spot intensity and dark spot contrast were significantly reduced with Dark Spot Tx at all visits (p ≤ 0.016), 
and there was no significant change in dark spot size (Figure 2C).

Table 2 Participant Demographics

PIH  
(n = 19)

Solar Lentigines  
(n = 22)

All Participants  
(N = 41)

Race and Ethnicity, n (%)

White/Caucasian 1 (5.3) 11 (50.0) 12 (29.3)

Hispanic 7 (36.8) 5 (22.7) 12 (29.3)

Black/African American 10 (52.6) 0 10 (24.4)

Asian 1 (5.3) 4 (18.2) 5 (12.2)

Native American/Alaska Native 0 1 (4.5) 1 (2.4)

Asian/Caucasian 0 1 (4.5) 1 (2.4)

Fitzpatrick Skin Type, n (%)

I 0 1 (4.5) 1 (2.4)

II 0 9 (40.9) 9 (22.0)

III 0 10 (45.5) 10 (24.4)

IV 10 (52.6) 2 (9.1) 12 (29.3)

V 9 (47.4) 0 9 (22.0)

Abbreviation: PIH, post-inflammatory hyperpigmentation.
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Representative images of 4 participants in Figure 3 show improvements in hyperpigmentation with the use of the 
Dark Spot Tx. In individuals with PIH (Figures 3A and B) or with solar lentigines (Figures 3C and D), improvements 
could be seen starting at Week 2 and continuing through to Week 12 in a range of ages and different skin types.

Participant self-assessment questionnaires showed consistent, high levels of self-perceived effectiveness across the 
questionnaire topics with the use of Dark Spot Tx during the 12-week study. Furthermore, 85% of the participants saw an 
overall improvement in their skin condition with Dark Spot Tx at Week 12, and ≥85% of the participants reported overall 
satisfaction with the results of the Dark Spot Tx at all time points (Figure 4).

Figure 2 Mean percent change from baseline of dark spot intensity, contrast, and size in the overall group (A), PIH subgroup (B), and solar lentigines subgroup (C). Overall 
group: n = 40 at Weeks 2 and 4; n = 41 at Weeks 8 and 12. PIH subgroup: n = 22 at Weeks 2, 8, and 12; n = 21 at Week 4. Solar lentigines subgroup: n = 18 at Week 2; n = 
19 at Weeks 4, 8, and 12. *p ≤ 0.008, †p ≤ 0.031, ‡p ≤ 0.016 vs baseline (Wilcoxon signed-rank test).

Figure 1 Mean percent change from baseline of overall hyperpigmentation (A) and skin tone evenness (B), and mean scores of the image analysis of dark spot brightness 
(L*) (C) in the overall group (PIH and solar lentigines combined). Skin tone evenness was graded on a scale from 0 to 9, where 0 indicated even, healthy skin and 9 indicated 
uneven, discolored appearance. A decrease in skin tone evenness score indicated an improvement. The results for skin tone evenness were inverted for clarity when 
interpreting the figure. Mean L* scores from images of the target dark spot. Increased L* indicates brighter skin. Overall group: n = 40 at Weeks 2 and 4; n = 41 at Weeks 8 
and 12. *p ≤ 0.018 vs baseline (Wilcoxon signed-rank test). †p ≤ 0.01 vs baseline (paired t-test).
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Tolerability Assessments
Investigator-assessed clinical grading and participant self-reporting of tolerability parameters (erythema, edema, dryness, 
burning, stinging, itching, peeling) showed that Dark Spot Tx was well tolerated during the 12-week study. The 
occurrence of erythema (Week 12), dryness (Weeks 2, 4, and 8), and peeling (Week 2) were significant compared 
with baseline; however, mean tolerability scores for all parameters were less than 0.25 (mild) at all study visits 
(Figure 5). No serious adverse events were reported.

Discussion
This single-center 12-week study evaluated the efficacy and tolerability of a novel, targeted pigment-correcting dark spot 
treatment gel suspension cream for the treatment of PIH and solar lentigines. Significant improvements in overall 
hyperpigmentation, skin tone evenness, dark spot brightness, and dark spot intensity, contrast, and size were observed 
and supported by clinical investigator assessments, quantitative image analysis, and participant self-assessment ques
tionnaires. Collectively, these results demonstrate the ability of Dark Spot Tx to target dark spots due to PIH and solar 
lentigines and improve multiple parameters of hyperpigmentation in a diverse cohort of females with varying ages, 
ethnicities, and Fitzpatrick skin types.

Erythema, edema, and dryness were assessed objectively by evaluating the clinical signs and symptoms of these 
parameters. Burning, stinging, itching, and peeling were assessed subjectively via participant self-reporting. All para
meters had a mean score below 0.25 (mild) at all study visits demonstrating tolerability of the Dark Spot Tx, both 

Figure 3 Four representative participants at baseline and Week 2 and/or Week 12 after Dark Spot Tx. (A) A 37-year-old woman with Fitzpatrick skin type IV and PIH. (B) 
A 25-year-old woman with Fitzpatrick skin type V and PIH. (C) A 64-year-old woman with Fitzpatrick skin type II and solar lentigines. (D) A 51-year-old woman with 
Fitzpatrick skin type IV and solar lentigines.
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Figure 4 Participant self-assessment questionnaire at Week 12 (A), self-assessment product attributes questionnaire at Week 12 (B), and overall improvements and overall 
satisfaction at all weekly assessments (C). Participants completed self-assessment questionnaires regarding treatment satisfaction, effects of immediate and continued use, 
skin texture, and application experience.
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objectively and subjectively. Glycolic acid (GA) is an established treatment for a range of dermatologic conditions, 
including PIH and solar lentigines; however, it may be associated with certain side effects (erythema, stinging, and 
burning) depending on the application strength and timing of the treatment.15,21 Similarly, topical retinols can be used to 
manage PIH and solar lentigines; however, they may be associated with redness, peeling, and irritation.3,14 Dark Spot Tx 
contains both GA and retinol, and demonstrated high tolerability across these parameters in this 12-week study.

Self-assessment questionnaires were completed by the participants and showed a high level of self-reported dark spot 
improvement and treatment satisfaction. Taken together with the previous results, this study shows the efficacy, 
tolerability, and participant satisfaction of the Dark Spot Tx. Medical treatment of dark spots from PIH and solar 
lentigines is not required, hence individuals with these conditions choose to initiate treatments to manage their 
hyperpigmentation and address QoL.1,3,11,13 Treatments that are not only effective in reducing the hyperpigmentation, 
but also tolerable and satisfy the individuals’ treatment goals, are of particular importance to the management of these 
conditions.

Current methods for managing PIH and solar lentigines include at-home topical treatments, such as hydroquinone, 
retinoids, or steroids and in-office treatments/procedures, such a cryotherapy, chemical peels, or laser therapy. These have 
varying degrees of effectiveness in treating hyperpigmentation and current practice include combinations of these 
treatments.2,5,12 Dark Spot Tx combines a unique blend of lotus seed extract, tranexamic acid, niacinamide, retinol, 
glycolic acid, vitamin C (tetrahexyldecyl ascorbate), kojic acid (kojic dipalmitate), and other ingredients to treat 
hyperpigmentation associated with PIH and solar lentigines. Using gel suspension technology, Dark Spot Tx was 
designed to stabilize and minimize degradation of the high load of powerful actives. This new treatment allows 
physicians and individuals with PIH and solar lentigines to customize their overall treatment regimen. Additional studies 
are needed to address optimal combinations of Dark Spot Tx with other treatments/procedures for targeted pigment 
correction.

One potential limitation of the study is the relatively small number of participants. However, results were consistent 
across all ethnicities and Fitzpatrick skin types for those participants included in the study. Future studies of additional 
diverse cohorts and a comparison in efficacy of Dark Spot Tx between the PIH and solar lentigines groups may further 
support the use of Dark Spot Tx for the treatment of PIH and solar lentigines.

Conclusion
The novel, targeted pigment-correcting spot treatment gel suspension cream is an effective and tolerable treatment for 
hyperpigmentation associated with PIH and solar lentigines. Improvements in facial dark spots were seen as early as Week 2, 
and continued through Week 12. These results were demonstrated in a broad range of ages, ethnicities, and skin types.

Figure 5 Tolerability parameters assessed by clinical grading and participant self-reporting at baseline and Weeks 2, 4, 8, and 12. Investigator-assessed clinical grading and 
participant self-reported tolerability was assessed on a 4-point scale (0 = none, 1 = mild, 2 = moderate, 3 = severe). All assessments were compared to baseline. *p ≤ 0.031 
vs baseline (signed-rank test).
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Ethics Approval
The study was conducted in compliance with all applicable guidelines for the protection of human subjects for research 
as outlined in the 1975 Declaration of Helsinki and 21 CFR 50. Institutional review board approval (Advarra IRB) was 
obtained prior to conduct of any study procedures. All subjects signed written informed consent forms and were willing 
to follow all study requirements and instructions.

Data Sharing Statement
AbbVie is committed to responsible data sharing regarding the clinical trials we sponsor. This includes access to 
anonymized, individual, and trial-level data (analysis data sets), as well as other information (eg, protocols, clinical 
study reports, or analysis plans), as long as the trials are not part of an ongoing or planned regulatory submission. This 
includes requests for clinical trial data for unlicensed products and indications.

These clinical trial data can be requested by any qualified researchers who engage in rigorous, independent, scientific 
research, and will be provided following review and approval of a research proposal, Statistical Analysis Plan (SAP), and 
execution of a Data Sharing Agreement (DSA). Data requests can be submitted at any time after approval in the US and 
Europe and after acceptance of this manuscript for publication. The data will be accessible for 12 months, with possible 
extensions considered. For more information on the process or to submit a request, visit the following link: https://vivli. 
org/ourmember/abbvie/ then select “Home”.
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