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Abstract: Necrobiosis lipoidica (NL) is a chronic granulomatous disorder of the skin which usually presents with red papules and 
plaques on the lower extremities. Diabetes mellitus has been found to be associated with NL, but the pathophysiology of the disease is 
unknown. Based on a Doppler flowmetry study showing increased blood flow at NL lesions and the macrophage upregulation of 
granulomatous disorders, it is reasonable to conclude that there is an inflammatory component to it. NL is extremely challenging to 
manage. The initial treatment of choice is usually topical or intralesional corticosteroids, and if this fails to work, many dermatologists 
depend on the small number of case reports for more treatment options. We present a pre-diabetic patient with nonulcerative NL who 
was successfully treated with the first-in-class therapeutic aryl hydrocarbon receptor (AHR)-modulating agent tapinarof cream 
(VTAMA, Dermavant). Following the case presentation is a discussion of this topical novel agent and its unique anti-inflammatory 
mechanism of action. Tapinarof specifically binds to and activates AHR leading to downregulation of TNF-α/IL-23/IL-17 and 
inhibition of IL-4/IL-13 mediated STAT6 activation. Anti-TNF-α agents and JAK-inhibitors have also been found to be beneficial 
in treating NL; tapinarof seems to target both these pathways without the risk of their serious adverse reactions. 
Keywords: aryl hydrocarbon receptor, AHR, granulomatous disease, JAK-STAT pathway, macrophage activation disorder, 
necrobiosis lipoidica diabeticorum, therapeutic aryl hydrocarbon receptor-modulating agent, TAMA, tumor necrosis factor-alpha 
antagonists, TNF-α antagonists

Introduction
Necrobiosis lipoidica (NL) is a chronic granulomatous skin disorder typically manifesting as erythematous papules and 
plaques on the pretibial region of the lower extremities. Patients usually present asymptomatic, however, pruritus, 
dysesthesia or pain at the site of the lesions may be reported.1 It has been associated with diabetes mellitus, hence its 
former name necrobiosis lipoidica diabeticorum, but the exact pathogenesis is unknown. Common complications of the 
disease are ulceration, and rarely NL can transform into squamous cell carcinoma.2 It is important to note trauma can 
incite the development of ulcerations in NL, and patients should be educated accordingly.3 NL has been proven to be 
difficult to treat despite the various treatment modalities available. Herein we report a case of NL that was successfully 
treated with tapinarof cream.

Case Report
A 44-year-old woman presented to our office with a four-month history of a pruritic rash that had been treated with 
triamcinolone cream for three weeks without clinical improvements. Exam revealed pink papules and plaques with some 
central atrophy on the left pretibial region (Figure 1a). Clinical examination and medical history were negative, except 
for prediabetes with a hemoglobin A1C of 5.7% shortly afterwards.

A deep scoop shave biopsy was then obtained from the left shin and sent for hematoxylin and eosin (H&E) stain. The 
pathology report showed a diffuse infiltrate of histiocytes in a palisaded pattern extending from the upper dermis to the 
base of the specimen, as well as degenerated collagen, and an infiltrate of lymphocytes and plasma cells. These findings 
were compatible with the diagnosis of necrobiosis lipoidica. Treatment was initiated with tapinarof 1% cream (VTAMA, 
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Dermavant) twice daily, and there was improvement over one-month of use. At this time, she reported reduction of 
pruritus, and all but two lesions were resolved; one of which was the healing biopsy site (Figure 1b). Atrophic scars were 
seen in the place of resolved lesions. The medication was well tolerated by the patient, and no adverse reactions occurred. 
The patient was directed to wean use of tapinarof with the goal of application once daily on the weekends to keep from 
reoccurrence. She transitioned to once daily application for two weeks and then to every other day. After ten days of 
every other day application of tapinarof, new lesions developed. Twice daily application was resumed and within one 
week, the new lesions resolved, and the patient began a slower wean of tapinarof.

Discussion
The pathogenesis of NL is unknown. Due to its association with diabetes, it has been thought to be related to diabetic 
microangiopathy. This theory has been challenged by a Doppler flowmetry study showing increased blood flow in NL 
lesions, suggesting it to be more of an inflammatory process.4 Furthermore, NL has been categorized as a macrophage 
activation disorder along with sarcoidosis, granuloma annulare, crohn’s disease, and hemophagocytic lymphohistiocy-
tosis. Within these granulomatous disorders, macrophages are upregulated and produce IL-6, IL-12, IL-18, IL-23, TNF-α, 
and T cell chemokines.5 In addition, low levels of JAK-STAT signaling have been found in NL. In a histologic case 
series, activation of STAT1 and STAT3 were discovered in all eleven cases of NL examined.6 Based on these findings, we 
think it is reasonable to target the downregulation of TNF-α and the JAK-STAT pathway when considering treatment 
of NL.

There have been several case reports using TNF-α antagonists (infliximab, etanercept, adalimumab) to successfully 
treat NL. Basoulis et al reported a case of ulcerative NL successfully treated with infliximab and reviewed the literature 
of cases of NL treated with TNF-α antagonists.7 Turning our attention to the JAK-STAT pathway, there are a few case 
reports of patients with NL successfully treated with JAK inhibitors. Janßen et al showed healing of a patient with 
ulcerated NL with tofacitinib and a hair-containing punch graft transplantation after initially failing therapy with the 
TNF-α inhibitor adalimumab.8 Damsky et al achieved a better response with the dual therapy of tofacitinib with 
intralesional corticosteroids compared to monotherapy with either.6 They hypothesized that the synergistic response 
was the resultant of inhibition of both JAK-dependent and JAK-independent (ie TNF-α) cytokines. Lee et al reported 
a case using ruxolitinib to treat polycythemia vera, which resulted in the resolution of the patient’s concomitant ulcerative 
NL.9 Using TNF-α antagonists and JAK-inhibitors is not without risk. There is a black box warning on infliximab and 
tofacitinib of increased risk of serious infections that could lead to hospitalization or death. Infections include acute 
tuberculosis, reactivation of latent tuberculosis, invasive fungal infections and opportunistic infections.10,11

In our patient, we selected the novel therapeutic aryl hydrocarbon receptor (AHR)-modulating agent (TAMA)— 
tapinarof 1% cream. AHR is a ligand-dependent transcription factor that helps regulate skin homeostasis.12 Tapinarof 
selectively binds to AHR, leading to the downregulation of proinflammatory cytokines, antioxidant activity, and the 
promotion of skin barrier normalization through regulation of skin barrier protein expression, including filaggrin and 

Figure 1 (a) Pink papules and plaques with some central atrophy on the left pretibial region status post shave biopsy. (b) After one month of use, all but two lesions are 
healed (the biopsy site and one lesion on the medial aspect of the pretibial region), leaving behind atrophic scars.
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loricrin.12 More specifically, there is a suppression of TNF-α/IL-23/IL-17 and inhibition of IL-4/IL-13 mediated STAT6 
activation.13

We believe that tapinarof’s downregulation of TNF-α and IL-23, which are produced by macrophages upregulated by 
NL, and deactivation of STAT6 is what makes it a good option for the treatment of NL. Though there has been some 
successful treatment with TNF-α antagonists and JAK inhibitors, there is more risk associated with their use. In contrast, 
there are no serious adverse events nor contraindications with tapinarof.14,15 It is well tolerated with adverse reactions 
being folliculitis (20%), nasopharyngitis (11%), contact dermatitis (7%), headache (4%), pruritus (3%), and influenza 
(2%).15 Therefore, we believe that topical tapinarof could be a good option when it comes to the treatment of NL.

Conclusion
NL is a rare disorder affecting the skin. It can have a significant impact on quality of life due to the aesthetic concerns, 
symptoms of pain and pruritus, and the common complication of ulceration. Even though the pathogenesis of NL is 
unclear, it is reasonable to conclude that there is an inflammatory component to it. Tapinarof is a selective AHR agonist 
with impressive anti-inflammatory effects through the downregulation of TNF-α/IL-23/IL-17 and inhibition of IL-4/IL- 
13 mediated STAT6 activation. This topical agent is a non-steroidal cream and was well tolerated in clinical trials with 
a few adverse reactions. Since therapeutic options for NL are limited due to missing guidelines and randomized 
controlled trials, it is of high clinical impact to report about new and successful approaches. Tapinarof showed 
therapeutic benefit for our patient with NL and may prove to successfully treat more patients with NL.

Abbreviations
AHR, Aryl hydrocarbon receptor; IL-4, interleukin-4; IL-13, interleukin-13; IL-17, interleukin-17; IL-23, interleukin-23; 
JAK, Janus kinase; NL, necrobiosis lipoidica; TNF-α antagonist, tumor necrosis factor α antagonist; STAT, signal 
transducers and activators of transcription.
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