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Abstract: Rosacea is a common dermatological disease, and the complexity of its etiology and pathogenesis makes conventional 
treatment of rosacea difficult. Small-molecule drugs are a new option for the treatment of rosacea. Based on its good efficacy, 
convenience of use, affordable price and other advantages, more and more small-molecule drugs are used in the treatment and 
management of rosacea, involving a variety of molecular pathways, including JAK/STAT signaling pathway, TRPV, TLR2-KLK5- 
LL37 and mTOR pathways, Th1/Th17-IL17, PED-4, AhR and MRGPRX2. However, the specific treatment mechanism and research 
progress have not been systematically elucidated. This review summarizes the latest advances in small molecules targeting key 
inflammatory pathways in rosacea, provides new ideas for the treatment of rosacea and new directions for the clinical management of 
rosacea. In addition, we need to pay attention to individual differences in patients, the side effects of drugs and formulations. 
Therefore, further research on small-molecule drugs for the treatment of rosacea is very necessary. 
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Introduction
Rosacea is a chronic inflammatory dermatological condition that impacts the facial blood vessels and sebaceous glands of 
hair follicles, predominantly affecting individuals aged 30 to 50, with a higher incidence among young to middle-aged 
women. Its clinical presentation encompasses transient or persistent redness (erythema), papules, pustules, and the 
appearance of telangiectasias on the mid-face,1 with or without burning, itching and discomfort in the middle of the 
face,2 and some patients can also have dark red plaques or even rhinophyma when the course of the disease is long. The 
incidence of rosacea in adults worldwide is about 5.46%.3

The origins of rosacea remain unidentified. The onset and recurrence of this disease are related to microecological 
disorders (such as a large number of Demodex mites,4 Propionibacterium acnes5), poor skincare habits (such as excessive 
cleansing,6 wrong moisturizing, sun protection and long-term makeup7), skin barrier destruction,8 ultraviolet rays,9 diet,10 

alcohol consumption11 and other factors, and the lesions involve blood vessels, nerves, and hair follicle sebaceous glands.
The underlying etiology of rosacea is multifaceted. The intricate interactions among genetic factors,12,13 immune 

factors (including innate immunity and adaptive immunity imbalance)14,15 and neurovascular function factors16,17 are 
involved in the pathogenesis of rosacea.

Rosacea affects the appearance of patients. It frequently induces negative psychological effects, including embarrassment 
and diminished self-worth,18 severely impairs the quality of life,19 and even leads to anxiety and depression.20,21 At present, 
rosacea Western medicine mainly uses antibiotics,22 isotretinoin, hydroxychloroquine,23 photoelectric therapy24–26 and other 
treatment methods. Western medicine has a certain effect in the treatment of rosacea, but there are many adverse reactions in 
the treatment,27 and the possibility of recurrence is greater.

Some patients do not respond well to conventional treatment or are unable to tolerate adverse effects. Therefore, there 
is a need for effective new therapies.
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Currently, small molecule inhibitors are at the vanguard of medical research endeavors.28 In recent times, with the 
ongoing and profound exploration of inflammatory mediators and signaling cascades implicated in the pathophysiology 
of rosacea, more and more targeted therapies have emerged, including biologics and small-molecule drugs.29,30 

Compared with biologics, small- molecule drugs with a molecular weight <1 kDa have unique properties: they can act 
by targeting intracellular targets that biologics cannot act on through cell membranes; Reduce the loss of response caused 
by immunogenicity of macromolecular proteins; The adjustment of its chemical structure and dosage is conducive to 
achieving the balance of clinical pharmacokinetics and pharmacodynamics. Convenient oral or topical administration and 
relatively low cost are more acceptable to patients.31,32 For patients with rosacea who are tolerated or even unable to 
respond to conventional treatment regimens, small-molecule drugs are a new alternative to treatment. This paper provides 
an overview of the mechanisms of action and advancements in clinical research concerning small-molecule drugs utilized 
for rosacea treatment in recent years.

JAK/STAT Pathway and JAK Inhibitors
JAK is a class of intracellular, non-transmembrane tyrosine kinases with four isoforms: JAK1, JAK2, JAK3, and Tyk2 
(tyrosine kinase 2). Each JAK member binds to a specific cytokine receptor, and its function is related to upstream 
cytokines: JAK1 is involved in mediating the downstream inflammatory response of cytokines such as IL-6 and IL-13; 
JAK2 plays a role in being involved in hematopoiesis, especially erythropoiesis; JAK3 is confined to hematopoietic cells 
and specifically binds to IL-2, IL-4. JAK is activated when membrane receptors specifically bind to cytokines and 
undergo conformational dimerization, thereby recruiting and phosphorylating signal transduction and transcription 
factors (signal transducers and activators of transcription, STAT).33 The JAK-STAT signaling cascade plays a role in 
the transduction of signals from various cytokines implicated in rosacea pathogenesis.

Research has demonstrated that STAT134 facilitates communication between keratinocytes and immune cells within 
the skin, which is associated with both skin barrier function and immune cells and plays a significant role in the 
pathogenesis of rosacea. The activation of STAT1 can subsequently induce inflammatory cytokines such as IFN-α, IFN-γ, 
and IL-6.35

Expression of STAT1/3 induces ROS production and release, and ROS-activated pro-inflammatory signaling plays a 
pivotal role in the immunomodulation of rosacea by mediating inflammatory responses via TLR2 receptors and inducing 
vasodilation through neurogenic mechanisms.36–38

Transcription factor 3 (STAT3) signal transduction and activator overexpression are thought to be associated with skin 
barrier dysfunction in rosacea.39 In patients with papulopustular rosacea, the researchers found that in addition to the 
classic inflammatory molecules, the expression of the JAK3 pathway was also abnormally elevated.40 One study 
confirmed that STAT3 is a central gene associated with rosacea and SBD (skin barrier dysfunction) by WGCNA 
(Weighted Correlation Network Analysis) and suggests that STAT3 may partially promote the progression of rosacea 
by activating cytokine/chemokine signaling to modulate the immune response.39 In vitro experiments show that tape 
stripping-induced SBD significantly induces STAT3 expression and increases CD4 T cell infiltration in mouse LL37- 
induced rosacea skin lesions.39

Elevated levels of JAK2 and STAT3 in ll37-treated HaCaT cells suggest a strong link between JAK/STAT signaling 
and rosacea inflammatory response. JAK2/STAT3 activation interacts with TLR2 signaling.41

Upon specific recognition of pathogen-associated molecular patterns (PAMPs) and damage-associated molecular 
patterns (DAMPs), TLR2 initiates a cascade of signaling events, culminating in the secretion of pro-inflammatory 
cytokines such as TNF-α, IL-6, and IL-8, chemokines, and antimicrobial peptides (AMPs).42 TLR2 promotes NLRP3 
inflammasome activation, which mediates the release of IL-1β, and TLR-2 upregulation of KLK-5 expression (KLK-5) to 
bioactive LL-37, causing erythema, telangiectasia, pustules, and inflammation.43,44

Jak inhibitors block intracellular transcription of JakStat through target genes and have anti-inflammatory, immuno
modulatory, or immunopriming effects.45,46

Clinical trials have been conducted on a variety of JAK inhibitors to observe their efficacy and safety in treating 
rosacea, including tofacitinib, upadacitinib and abrocitinib.
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Tofacitinib
Sun YH47 et al retrospectively analyzed 21 rosacea patients who underwent treatment with oral tofacitinib. The results of 
the analysis showed that 71.4% of patients with rosacea had significant resolution of facial erythema. Not only that, 
topical tofacitinib is also effective in the treatment of rosacea. A study shows that the topical application of tofacitinib led 
to a significant improvement in rosacea-associated phenotypes, decreased infiltration of CD4+ T cells and mast cells, and 
suppressed dermal angiogenesis.48 Two case reports49 highlighted the outcomes of 24 patients with refractory rosacea 
who underwent treatment with tofacitinib, either as monotherapy or as an adjunctive therapy. Additionally, one instance 
of steroid-induced rosacea was effectively managed with the JAK inhibitor tofacitinib, without any reported adverse 
effects.50 In conclusion, these reports demonstrate that tofacitinib is effective in treating rosacea and alleviating its 
symptoms.

Upadacitinib
A case report51 of 2 patients receiving the JAK1 inhibitor upadacitinib and 4 patients receiving the JAK1 inhibitor 
abrocitinib for refractory rosacea implied that upadacitinib and abrocitinib, both JAK1 inhibitors, may present as 
promising therapeutic alternatives for patients suffering from refractory rosacea.

Abrocitinib
A 53-year-old female patient diagnosed with granulomatous rosacea (GR) underwent a 20-week treatment regimen with 
the JAK-1 inhibitor abrocitinib, which led to a notable enhancement in her rash and alleviated the accompanying burning 
sensation. Subsequent follow-up evaluations confirmed the absence of any adverse effects or recurrence of symptoms.52 

Four Chinese women who received oral abrocitinib for steroid-induced rosacea showed significant improvement in skin 
condition, and no adverse effects were observed.53 Based on this, abrocitinib emerges as a promising candidate for the 
treatment of steroid-induced rosacea.

AhR Agonists and Applications
The aryl hydrocarbon receptor (AhR), serving as a transcription factor that modulates the immune response in 
keratinocytes (KCs), holds promise as a therapeutic target for inflammatory skin disorders.54 As a cellular component 
of the innate immune system, KCs is the main constituent cell of the epidermis and plays an important role in the 
immune barrier by identifying pathogenic microorganisms through pattern recognition receptors (PRRs) and inducing 
itself and other innate immune cells to produce cytokines, chemokines, and antimicrobial peptides to participate in the 
immune response. Toll-like receptor (TLR) 2 and some chemokines have been found to be overexpressed in patients with 
rosacea.43,55

Aryl hydrocarbon receptor (AhR) activation suppresses the inflammatory response induced by TLR activation,56 suggest
ing that AhR agonists may be a potentially effective treatment for rosacea. A study conducted on mice administered with the 
AhR agonist Benvitimod revealed that activation of AhR decreased the upregulated expression of TLR2 and chemokines, 
including CCL5, CXCL9, CXCL10, and CXCL11, following treatment with LL-37. In a mouse model of LL-37-induced 
rosacea, AhR activation proved beneficial for therapeutic purposes. Furthermore, in a HaCaT cell model mimicking rosacea, it 
was observed that AhR activation involved the inhibition of the TLR signaling pathway.57

TRPV Antagonists and Their Applications
Recently, numerous studies have indicated that transient receptor potential (TRP) channel proteins are related to the 
occurrence and development of rosacea.58

Transient receptor potential cation channel subfamily V (TRPV) is a nociceptive cation channel expressed on sensory 
nerve endings that senses and transduces nociceptive signals. Physical stimuli such as temperature changes and chemical 
stimuli such as fragrances can activate the release of neuropeptides from sensory nerve endings through transient receptor 
potential (TRP) family cation channels that play a role in cutaneous neurogenic pain. The TRPV subfamily consists of 
four non-selective cation channels (TRPV1, TRPV2, TRPV3, and TRPV4) and two high-Ca 2+-selective channels 
(TRPV5 and TRPV6).59,60
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TRPV1
TRPV1 (transient receptor potential vanillic acid isoform 1) is a cation channel that reacts to high temperatures (>43°C) 
and capsaicin.61 Activation of TRPV1 in endothelial cells is involved in NOS and IKCa/SKCa-mediated vasodilation,62 

suggesting that TRPV1 channels may be involved in the development of transient erythema in the early stages of rosacea.
The researchers performed an in vitro study employing Capsazepine as a TRPV1 antagonist63 to assess the impact of 

TRPV1 on keratinocytes. Their findings revealed that the application of capsazepine in the treatment of rosacea led to 
decreased expression levels of TRPV1, tropomyosin receptor kinase A (TrkA), and nerve growth factor (NGF) in 
keratinocytes. In an in vitro experiment,64 the TRPV1 antagonist 4-t-butylcyclohexanol (BCH) alone inhibited the 
expression of IL-8 and the chemokines CXCL1 and CXCL6 in keratinocytes exposed to rosacea and reduced calcium 
influx, thereby reducing the inflammatory state of rosacea.

TRPV2
TRPV2 is expressed by various skin and immune cells and may be involved in vascular regulation and 
immunomodulation.65 In rosacea, upregulated TRPV2 can be activated by triggers (eg, harmful heat)66 and thus may 
play a role in the pathophysiology of rosacea.

TRPV3
TRPV3 channels are particularly highly expressed in keratinocytes, where their initial activation requires high tempera
tures (>50°C) and can be sustainably activated by temperatures in the range of 31~39°C.66 It plays a role in the regulation 
of inflammation, cell differentiation, vasodilation, heat signaling, and nociception.

TRPV4
TRPV4 channel is a multimodally activated multireceptor channel, which is widely distributed in tissues and organs, 
especially in non-neuronal cells of the epidermis (such as keratinocytes, mast cells, macrophages) and skin neuronal cells 
and can be activated by a wide range of stimuli such as temperature in the range of 24~33°C, mechanical stimulation, pH, 
ultraviolet irradiation, and endogenous inflammatory mediators, and can be activated by regulating the osmotic pressure 
of a variety of cations in edema, vasodilation, angiogenesis caused by shear stress, and inflammation to play a role.67–69

Activated TRPV4 channels promote endothelial eNOS activity and NO release, inducing vasodilation70 and leading 
to sudden facial flushing and persistent erythema. TRPV4 is also involved in the mechanism of rosacea pruritus.71

In summary, the TRPV pathway plays an important role in the occurrence and development of rosacea. Existing 
studies have proposed the effectiveness of (TRPV)1 antagonist, including capsazepine and 4-t-butylcyclohexanol, in the 
treatment of rosacea, so pinpointing this pathway as a potential therapeutic target could signify a pivotal advancement in 
rosacea research, with the potential to lead to more effective and targeted rosacea treatments.

The TLR2-KLK5-LL37 Axis and mTOR-Related Pathways and Their 
Therapeutic Drugs
Rosacea is a chronic inflammatory skin disease prone to the central facial region. Its pathogenesis involves a variety of 
complex biological pathways, among which TLR2 (Toll-like receptor 2) -KLK5 (kallikrein 5) - LL37 (antimicrobial 
peptide) and mTOR (mammalian target of rapamycin) pathways play key roles72,73

In the pathogenesis of rosacea, external stimuli such as ultraviolet (UV) radiation, Demodex colonization, and 
microbial infection can directly or indirectly lead to the enhancement of KLK5 activity through the TLR2 pathway. 
KLK5, as a cutaneous stratum corneum trypsin, catalyzes the antimicrobial peptide precursor into the activated form of 
LL37. LL37 plays a crucial role in innate immunity, exhibiting both antibacterial and inflammatory-inducing properties. 
Not only does it directly kill microorganisms, but it also triggers a cascade of inflammatory responses by activating 
multiple cell types, such as macrophages, neutrophils, T cells, mast cells, and plasmacytoid dendritic cells (pDCs). 
Notably, the binding of LL37 to TLR2 can further activate the mTOR signaling pathway. The activation of mTOR, in 
turn, promotes the generation of LL37, forming a positive feedback loop.3 The abundant LL37 production of this circuit 
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further stimulates NF-κB signaling activation and the production of related cytokines and chemokines, thereby amplify
ing the inflammatory response and promoting the development and progression of rosacea. In addition, studies have 
shown that the mTORC1 (complex 1 of mTOR) signaling pathway is highly enriched in lesions in rosacea patients and 
mouse models.74

In LL37-induced rosacea-like mouse models, either epidermal-specific knockout or drug inhibition of mTORC1 
significantly ameliorates the rosacea-like phenotype. The enhanced amplified regulatory loop formed by mTORC1-LL37 
may be one of the reasons why rosacea is difficult to cure. Therefore, treatment strategies targeting this pathway may 
provide a new direction for the treatment of rosacea.

Therapeutics targeting this signaling pathway include retinoids, azelaic acid, doxycycline, carvedilol, and ivermectin, 
and multiple studies have confirmed their effectiveness against rosacea.

Retinoic Acids and Azelaic Acid
Tretinoin and azelaic acid exhibit significant anti-inflammatory effects in the treatment of rosacea, which can signifi
cantly reduce the mRNA levels of TLR2 and KLK5, thereby reducing the production of LL37. Its anti-inflammatory 
effect may indirectly affect the activity of the mTOR pathway. A meta-analysis of 20 studies of rosacea75 showed 
significant improvements in erythema severity and inflammatory lesion count after treatment of rosacea with azelaic acid.

Doxycycline
Doxycycline may indirectly affect the expression of KLK5 and LL37 by reducing the bacterial load by reducing TLR2 
activation.76 However, it is crucial to acknowledge that prolonged antibiotic use may result in the development of 
resistance and disrupt gut microbiota balance. Therefore, we need to use them sparingly.

Carvedilol
Carvedilol is a β receptor blocker, and carvedilol is able to inhibit sympathetic-mediated flushing and inflammation, 
which may help reduce the symptoms of rosacea.77 Retrospective analysis suggests that carvedilol can be an effective 
and safe treatment option for patients with rosacea with facial flushing and erythema.78

Ivermectin
Ivermectin is a broad-spectrum antiparasitic agent that also has some anti-inflammatory effects. In rosacea, ivermectin 
may inhibit the activation of the endoplasmic reticulum stress kinase p38 through ivermectin, thereby inhibiting the 
activation of the pro-inflammatory transcription factor NF-κB.79 This mechanism of action helps to reduce LL37 
production and inflammatory responses.

There may be some crossover and mutual influence of the drugs mentioned above on the mechanism of action of 
TLR2-KLK5-LL37 and the mTOR pathway.

In conclusion, the pathways involving TLR2-KLK5-LL37 and mTOR are pivotal in the development of rosacea. The 
treatment strategies targeting this pathway may bring breakthroughs in the treatment of rosacea.

NLRP3 Inflammasome and Related Small-Molecule Drugs
Tranilast (TR)
TR is an anti-allergic clinical drug, a direct NLRP3 inhibitor, and a derivative of tryptophan. It has been studied for its 
role in various fibrosis, such as for COVID-19,80 hypertensive heart disease,81 and so on. NLRP3 plays an important role 
in the development of rosacea, inducing the release of multiple inflammatory factors, including IL-1β and IL-18, leading 
to inflammatory responses in the skin. A recent animal experiment82 on Tranilast showed that TR can effectively reduce 
the expression levels of inflammatory cytokines TNF-α, IL-1β, IL-6 and IL-18 associated with rosacea, and inhibit the 
activation of NLRP3 inflammasomes, reducing skin inflammation and fibrosis in rosacea-like mice.
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Supramolecular Salicylic Acid (SSA)
SSA is an intermolecular water-soluble supramolecular salicylic acid aggregate formed by molecular recognition and 
self-assembly of non-water-soluble salicylic acid molecules through modern supramolecular chemistry technology. It has 
keratolytic, antibacterial, and anti-inflammatory properties. Supramolecular salicylic acid effectively inhibits the produc
tion of multiple biomarkers associated with rosacea, including Toll-like receptor 2, matrix metallopeptidase 9, kallikrein 
5, and LL-37. At the same time, it also blocks the activation process of inflammasomes mediated by LL-37-induced 
NLRP3,83 which plays an important role in the treatment of papulopustular rosacea (PPR).84

MCC950
MCC950 is a selective small molecule inhibitor specifically designed to target NLRP3 inflammasome activation. Recently, 
research on MCC950 has been broadening, and its mechanisms of action have become increasingly elucidated.85 The 
NLRP3-specific inhibitor MCC950 protests the treatment of NLRP3-mediated inflammatory diseases, such as rosacea, 
which is effective in alleviating the LL37-triggered rosacea-like phenotype and attenuating the inflammatory response.86

Th1/Th17-IL17 in Rosacea and Therapeutic Drugs
Studies conducted recently have highlighted the significant role of the Th1/Th17-IL-17 pathway in the pathogenesis of 
rosacea.87 In the onset of rosacea, an imbalance in the immune system plays a key role. In particular, Th1 and Th17 
subsets in T helper cells (Th cells) regulate the immune response by secreting specific cytokines. Th1 cells mainly secrete 
cytokines such as interferon-γ (IFN-γ) and participate in cellular immune responses. Th17 cells, on the other hand, 
mainly secrete cytokines such as interleukin-17 (IL-17), which are involved in inflammatory response and tissue damage. 
The signaling pathway involving IL-17 is crucial in rosacea, impacting angiogenesis and the production of inflammatory 
cytokines.73 IL-17 can act on a variety of cell types, such as keratinocytes, endothelial cells, monocytes, and fibroblasts, 
inducing them to secrete more pro-inflammatory factors such as IL-6, IL-1β, and tumor necrosis factor (TNF). These 
cytokines further activate immune cells, forming a positive feedback loop that exacerbates the inflammatory response.88

Hence, the Th1/Th17-driven IL-17 pathway holds a significant role in the underlying mechanisms of rosacea. 
Therapeutic strategies targeting this pathway – inhibiting the differentiation of Th17 cells and blocking IL-17 signaling 
– may provide new directions and hope for the treatment of rosacea.

Aspirin
One study89 using RNA sequencing analysis showed that aspirin relieves inflammation of rosacea primarily by 
modulating the immune response. Aspirin decreased the levels of chemokines and cytokines implicated in rosacea and 
inhibited the Th1 and Th17 polarized immune responses in LL37-induced rosacea-like mice.

Thalidomide
The study found90 that thalidomide reduced LL37-induced cytokine and chemokine production in mouse skin and HaCaT 
keratinocytes, while also reducing CD4+ T helper cell infiltration and downregulating Th1 and Th17 polarization genes.

In addition, both aspirin and thalidomide can reduce vascular endothelial growth factor (VEGF) expression in rosacea.89,90

Small-Molecule Drugs That Inhibit Phosphodiesterase-4 to Regulate 
Inflammatory Balance (PDE4)
Phosphodiesterases (PDEs) are a large multigene family of 11 isoforms (PDE1-PDE11), which can degrade cyclic 
adenosine monophosphate (cAMP) and cyclic guanosine monophosphate (cGMP).91 DE4 is found in immune cells such 
as keratinocytes, dendritic cells, T cells, and eosinophils in the skin.92 PDE4 plays a key regulatory role in the production 
of pro-inflammatory cytokines by specifically hydrolyzing cAMP, which regulates the cascade of inflammatory signaling, 
such as the nuclear factors that activate T lymphocytes, and then control the expression of cytokines such as IL-2, IL-4, 
IL-10, and IL-13.93
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Research indicates that the activity of PDE4 is linked to prostaglandin E2 (PGE2), which promotes the upregulation 
of IL-10 levels and inhibits the expression of tumor necrosis factor (TNF)-α, resulting in Th1/Th2 imbalance.94

Phosphodiesterase inhibitor 4 has undergone testing for the management of various inflammatory skin disorders95 but 
has been less studied for the treatment of rosacea. In a pilot study96 of moderate to severe inflammatory rosacea treated 
with the oral phosphodiesterase-4 inhibitor apremilast, the results showed improvement in erythema, but the primary 
endpoint of papule and pustule counts was not met statistically significant. Therefore, the PDE4 inhibitor apremilast may 
be a new alternative therapy for rosacea.

MRGPRX2 Antagonists
Ogasawara et al identified two MRGPRX2 antagonists that have the potential to prevent IGE-independent allergic 
reactions by specifically blocking MRGPRX2-mediated activation of human mast cells.97 Cutaneous mast cells (MCs) 
express the Mas-associated G protein-coupled receptor-X2, the inappropriate activation of which may lead to the 
production of rosacea.

MRGPRX2 has now been identified as a target receptor for LL37, which causes MCs degranulation, the release of 
inflammatory mediators (IL-8, IL-13, IL-17, IL-31) and chemotaxis,98 leading to the development of associated 
symptoms such as rosacea flushing, erythema, and papules. MCs expressing MRGRPX2 on skin biopsy has been 
reported to be positively associated with symptoms in patients with rosacea.15 MRGPRX2 is emerging as a new drug 
target, and MRGPRX2-specific antibodies and inhibitors are a new way to treat rosacea.

Challenges
Most of the existing data on the safety of small-molecule drugs come from small-scale clinical trials, animal trials, 
retrospective studies or case reports, and the level of evidence is limited, and large-scale clinical trials are urgently needed 
for further validation. Emerging targeted agents, such as JAK inhibitors, have shown potential, but the risk of infection 
associated with immunosuppression99 needs to be further evaluated. Doxycycline, a therapeutic drug associated with the 
TLR2-KLK5-LL37 pathway, is widely used in papulopustular rosacea100 and has a generally good safety profile, but long- 
term use may cause gastrointestinal upset, photosensitivity, and the risk of microbial resistance. Isotretinoin is effective in 
recalcitrant rosacea, but its adverse effects such as teratogenicity, dyslipidemia and dry skin limit its clinical application, 
especially in women of childbearing age. Thalidomide plays a role in the treatment of rosacea through the Th1/Th17-IL17 
pathway, but its use should be closely monitored due to its potential adverse effects, especially teratogenicity.101

Limitations of the available studies included insufficient sample size and follow-up time, with most studies having 
small sample sizes and short follow-up periods, making it difficult to assess rare or long-term adverse effects. Analysis of 
population heterogeneity was insufficient, and the existing trials were mostly population-specific, lacking subgroup 
analysis of patients with comorbidities. Real-world data in existing studies are relatively lacking, and post-marketing 
monitoring data are sparse, especially the long-term safety of novel small-molecule drugs has not yet been determined.

Conclusions
In recent years, with further research on rosacea, more and more signaling pathways and their molecule receptors have 
been found to be involved in the pathogenesis of rosacea(Figure 1 and Table 1), including jak/stat signaling pathway, 
TRP channel, TLR2-KLK5-LL37andmTOR-associatedpathways, Th1/Th17-IL17, PED-4, AhR, transient receptor poten
tial ankyrin (TRPA)1, MRGPRX2. Small molecule inhibitors targets or molecular receptors may be a potential treatment 
option for the clinical treatment of rosacea in the future, but more clinical research data are still needed.

Small molecule inhibitors represent a promising treatment for inflammatory skin diseases due to their ease of adminis
tration, high bioavailability, and good safety profile, and recent studies on small-molecule drugs related to rosacea treatment 
have shown that small-molecule drugs are a new alternative option for the treatment of rosacea. At present, the long-term 
safety and durability of small-molecule drugs in the treatment of rosacea are still unclear. The existing clinical data are rather 
limited. Therefore, larger, randomized clinical trials are necessary to assess the efficacy and safety of these medications 
comprehensively. At the same time, more in-depth clinical and molecular phenotyping studies on rosacea are needed at the 
mechanism level. In the future, how to improve the selectivity of small-molecule drug targets and discover new targeted 
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molecules is also one of the focuses of basic research in the exploration of small-molecule drugs for the treatment of rosacea. 
Overall, small-molecule therapeutics offer a promising new approach in rosacea management by targeting critical inflam
matory pathways, yet robust clinical trials are imperative to validate their efficacy and safety.

Figure 1 Pathogenesis of rosacea and the key points of action of small-molecule drugs. Triggers include microbiome disorders (eg, lots of Demodex mites, 
Propionibacterium acnes), ultraviolet rays, temperature changes, mental stress, poor skincare habits (eg, over-cleansing, wrong moisturizing, sun protection and long- 
term makeup), diet, alcohol consumption, etc. The blue area represents the target and mode of action of the small molecule drug. The green area represents clinical signs 
associated with rosacea. The red boxes indicate small-molecule drugs that have a therapeutic effect on related targets and pathways. (Created in BioRender. Ye, m. (2025) 
https://BioRender.com/e44x077).

Table 1 Summary of Key Signaling Pathways and Small-Molecule Therapeutics in Rosacea Treatment

Pathway Targeted  
Molecule(s)

Small Molecule  
Drug(s)

References

JAK/STAT STAT1, 
STAT3, 

JAK1, 

JAK2

Tofacitinib, 
Upadacitinib, 

Abrocitinib,

Sun YH, 202247 

Sun R, 202448 

Zhang T, 202451 

Ren M, 202352

AhR TLR2 Benvitimod Kado, 201756 

Sun Y, 202257

TRPV TRPV1, 
TRPV2, 

TRPV3, 

TRPV4

Capsazepine, 
4-t-butylcyclohexanol

Lee SG, 202363 

Hernandez-Pigeon H, 201864 

Marziano C, 201770

TLR2-KLK5-LL37 and mTOR TLR2, 

KLK5, 

LL37, 
mTOR1

Retinoids, 

Azelaic Acid, Doxycycline, Carvedilol, 

Ivermectin

King S, 202375 

Seo BH, 202078 

Lee JJ, 202479

NLRP3 IL-1β, 

IL-18

TR, 

SSA, 
MCC950

Jin H, 202482 

Xu L, 202284 

Yoon SH, 202186

Th1/Th17-IL17 Th1,Th17,Th22, 

IL-6,IL-17,IL-22, 
IFN

Aspirin, 

Thalidomide

Yang F, 202473 

Amir Ali A, 201988 

Deng Z, 202189 

Chen M, 201990

(Continued)
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