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Abstract

:

Porokeratosis is a heterogeneous group of keratinising disorders characterised by the presence of particular microscopic structural changes, namely the presence of the cornoid lamella. This structure develops as a consequence of a defective isoprenoid pathway, critical for cholesterol synthesis. Commonly recognised variants include disseminated superficial actinic porokeratosis, disseminated superficial porokeratosis, porokeratosis of Mibelli, palmoplantar porokeratosis (including porokeratosis palmaris et plantaris disseminata and punctate porokeratosis), linear porokeratosis, verrucous porokeratosis (also known as genitogluteal porokeratosis), follicular porokeratosis and porokeratoma. Apart from the clinical presentation and epidemiology of each variant listed, this review aims at providing up-to-date information on the precise genetic background, introduces imaging methods facilitating the diagnosis (conventional and ultraviolet-induced fluorescence dermatoscopy, reflectance confocal microscopy and pathology), discusses their oncogenic potential and reviews the literature data on the efficacy of the treatment used, including the drugs directly targeting the isoprenoid–mevalonate pathway.
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1. Introduction


Porokeratosis is a heterogeneous, isoprenoid pathway defect group of keratinising disorders, microscopically sharing a typical feature, namely, the presence of the cornoid lamella. The cornoid lamella is characterised by a parakeratotic column overlying an area of epidermal invagination, surrounded by an area of dyskeratosis and hypogranulosis/agranulosis [1]. Since the first reports of porokeratosis by Neumann [2] in 1875 and Respighi [3] and Mibelli [4] in 1889, a number of subtypes have been introduced on the basis of peculiar morphology, the distribution of lesions and histopathology. These include disseminated superficial actinic porokeratosis (DSAP)—the most common variant—porokeratosis of Mibelli (PM), disseminated superficial porokeratosis (DSP), palmoplantar porokeratosis (including porokeratosis palmaris, plantaris et disseminata [PPPD], punctate porokeratosis [PuP], linear palmoplantar porokeratosis, porokeratotic palmoplantar keratoderma discreta, spiny keratoderma, porokeratosis palmaris discreta variants), linear porokeratosis (LP) and verrucous porokeratosis (VP). Less frequent clinical variants, including follicular porokeratosis (FP), porokeratoma, porokeratotic eccrine ostial and dermal duct nevus, porokeratotic eccrine duct and hair follicle nevus, have also been described [1,5,6,7,8,9,10,11]. It is still unclear whether a number of these entities are subvariants of the main six forms or distinct entities.



For a number of clinically variable manifestations, diagnosing porokeratosis might be challenging. Dermatoscopy has proved to be an auxiliary diagnostic method facilitating this process and useful in ruling out clinical differentials [12,13,14]. The aberrated mevalonate–isoprenoid pathway is involved in the pathogenesis of various subtypes [15]. In this paper, we aim to provide a comprehensive review on the most frequent porokeratosis clinical subtypes reported in the literature, as well as their genetic traits and their potential impact on its management.




2. Materials and Methods


For the purpose of this review, the PubMed database was searched in August 2023 using the following terms: “porokeratosis” or “porokeratoma”. After initial screening of the titles, we selected 504 articles out of the initial 1346 papers. No limits were applied on the publication type or language. A secondary manual search of the reference lists of studies, case reports and review papers identified an extra 28 relevant papers. Only papers where there was no doubt about the diagnosis and treatment result were included in the treatment section. An additional 44 papers were added in order to provide a background on genetics and auxiliary imaging techniques. A total of 576 references were included.




3. Disseminated Superficial Actinic Porokeratosis (DSAP)


3.1. Clinical Presentation


DSAP, initially described by Chernosky and Freeman in 1967 [16], usually presents as multiple pink or brown annular atrophic/keratotic macules and papules, usually with a diameter of <1 cm, located particularly on sun-exposed areas, including the extensor surface of the arms and lower extremities (Figure 1) [1,13,17,18]. In about 15% of cases, the lesions appear on the face [19]. Small papules of DSAP slowly progress into keratotic plaques characterised by a keratotic rim, which might be enhanced using exogenous pigmenting agents, such as povidone–iodine [20], fake tan lotion [21], gentian violet [22,23] but also permanent marker or ink. Skin lesions in sporadic form usually develop in the third and fifth decade of life [1,18,24], but familial DSAP usually manifests at a younger age (3rd–4th decade) [19,24]. Female predominance has been reported [25]. Ultraviolet light is one of the exacerbating factors [1,26,27]. Rarely, DSAP develops bullous [28] or prurigo nodularis-like forms [29]. There are reports of non-actinic DSAP in immunocompromised patients (organ transplant recipients, oncological patients, HIV-positive patients and others) [28,30,31,32,33,34,35,36,37], pyoderma gangrenosum [34], pseudoxanthoma elasticum [38], dermatomyositis [39], systemic scleroderma [40], Sjögren’s syndrome [41], in combination with glioblastoma and Lynch syndrome [42] and during hydroxyurea treatment [43,44].



DSAP occasionally coexists with LP as a form of type 2 segmental involvement [1,45,46]. Common coexistence with LP (multiple cases) [5,7,9,45,46,47,48,49,50,51,52,53,54,55,56,57] and occasional coexistence with VP (5 cases) [9,58,59,60,61], PM [62] and PPPD [46] was also reported. Such cases are likely caused by second-hit mutations in the monoallelic gene carriers [63]. Very frequently, DSAP is misdiagnosed as actinic keratosis, psoriasis, nummular dermatitis, lichen planus, granuloma annulare, tinea corporis or even xerosis [14,64]. Having a high index of suspicion and including DSAP in the differential diagnosis of lesions on sun-exposed areas is critical.




3.2. Dermatoscopy


The majority of publications concerning the dermoscopy of porokeratosis are case reports [14,65,66,67,68,69]. In 2021, members of the International Dermoscopy Society performed a retrospective cohort study of 77 patients from 11 different countries. The most common dermatoscopic features of DSAP reported in the study included a keratin rim and the presence of associated structures (vascular and non-vascular) within the rim [14,70]. This keratotic rim corresponds to cornoid lamella and proved to be a highly specific clue, present in almost all DSAP cases (Figure 2) [14,66,67,68,69,71]. Among the vascular structures, dotted or glomerular vessels were the most common findings, especially on the lower extremities [14,65]. Additionally, non-peripheral scales were reported to be present in around half of the cases, and these were the predominant non-vascular clues observed within the keratotic rim. Moreover, dermatoscopy of DSAP might reveal grey–brown dots or pigmentation along the keratotic rim [14,65,68,69], polarising-dependent shiny white structures [14], linear serpentine and linear serpentine branching vessels, polymorphous vessels and peripheral vascularisation [14,67,69]. Some of these latter findings (e.g., polymorphous vessels and shiny white structures) might be concerning for cutaneous malignancy. Thus, some of these cases might require a biopsy (see below). Even though both DSAP and PM were reported to share all the abovementioned clues, DSAP demonstrated fewer blood spots and erosions, whereas the brown pigmentation in DSAP was lighter than in PM [14]. A pigmented variant of DSAP has also been described [13,72,73]. Its frequency was estimated to be 25.8% in a retrospective study from New Zealand [72]. So far, only a single dermatoscopic report on that variant exists, with a well-demarcated, roundish, hyperpigmented periphery composed of black dots and a central clearing [13,73].




3.3. Confocal Microscopy


Confocal reflectance microscopy (RCM) is useful in DSAP, as confocal findings match the horizontal histological sections (Figure 3) [1,74,75]. The absence of a physiological honeycomb pattern in the central aspect of the lesion and peripheral parakeratotic columns (cornoid lamellae) with focal keratinocytic atypia, surrounded by the regular honeycomb pattern of the normal skin, were noted using RCM [74,76]. RCM has been used to differentiate DSAP from psoriasis [76] and actinic keratosis [77].




3.4. Pathology


Due to its typical clinical presentation and current advances in dermatoscopic imaging, skin biopsy in DSAP is rarely performed, mainly in lesions suspected of malignant transformation. Optimally, skin biopsy should be obtained from the border of skin lesion. As in all porokeratosis subtypes, histopathology in DSAP reveals a column of parakeratotic cells called the cornoid lamella that correlates with the characteristic keratotic rim (Figure 4). In some DSAP cases, the cornoid lamella can be doubled [1]. Parakeratosis can develop according to two mechanisms—via the disruption of keratinocyte maturation or with accelerated upward migration [78]. It was demonstrated that the keratinocytes located below this parakeratotic column undergo accelerated programmed death, which has been linked to disrupted expression of loricrin and filaggrin at the cornoid lamella level and the absence of or a reduction in the granular layer [79]. On the other hand, keratinocyte hyperproliferation was shown not to be indispensable for the formation of the cornoid lamella, as the proliferation rate beneath it is normal [80]. It should be noted that the cornoid lamella might be incidentally present in other non-porokeratotic lesions like lichenoid keratosis and HIV-associated epidermodysplasia verruciformis [81,82]. Loss or thinning of the granular layer, the presence of basal and/or spinous keratinocyte vacuolisation and sometimes atypia beneath the cornoid lamella, focal dyskeratosis in the spinous layer, diffuse epidermal atrophy and spongiosis are among the characteristic pathology features in DSAP [1,71]. Solar elastosis and dilated papillary vessels accompanied by superficial band-like lymphocytic inflammatory infiltrate (lichenoid/interface dermatitis pattern) in the central aspect of the lesion may be present in some instances [1,19,74]. The latter should be differentiated from lichen planus-like keratosis (benign lichenoid keratosis), which never features cornoid lamellae [1,82]. Pigment incontinence and upper dermal melanophages located below the cornoid lamella were noted in a pigmented form of DSAP [13]. Focal epidermal necrotic changes or blistering are very rare [1]. In one case of prurigo nodularis-like DSAP, apart from the typical cornoid lamella, agranulosis and interface dermatitis, the authors noted hyperkeratosis, irregular acanthosis, dermal perivascular mononuclear cell infiltrate and increased dermal collagen, particularly in the dermal papillae [29]. Some cases may feature dermal amyloid deposits [1,83,84,85].




3.5. Genetics and Epigenetics


DSAP is inherited as an autosomal dominant pattern with a decreased penetrance of 22% [86], yet many cases result from new post-zygotic mutations [9,87]. The delayed expression of the disease (contrary to PM) is probably due to mutational events caused by a frequent sun exposure, which makes it a heterogeneous condition. So far, four DSAP genes have been identified using various methods, including genome linkage mapping, microsatellite polymorphism analysis and polymerase chain reaction studies [9]: DSAP1 (MVK; reportedly linked to a cluster of loci at 12q24.1–24.2, which includes also the SART3 candidate gene) [88,89], DSAP2 (linked to the 15q25.1–26.1 region, which includes both SSH1 and ARPC3 candidate genes) [90,91,92], DSAP3 (1p31.3-p31.1 region) [93], DSAP4 (16q24.1–24.3 region) [94] and one more candidate gene suspected to be involved in pathogenesis, namely DSAP8 (SLRC17A9) [95].



At least four genes (MVK, PMVK, MVD and FDPS) have been described to play a role in the mevalonate–isoprenoid (HMG-CoA reductase) pathway (Figure 5) [15,96], which is important in the synthesis of sterols, isoprenoids, cholesterol, lipoproteins and steroid hormones [97], and modulates cell differentiation, growth and apoptosis, likely playing a role in nuclear retention (parakeratosis) in keratinocytes [15]. MVK (mevalonate kinase) encodes the peroxisomal enzyme mevalonate kinase, a key enzyme in isoprenoid and sterol synthesis, expressed in skin keratinocytes, where it participates in the regulation of calcium-induced keratinocyte differentiation and is involved in protection from UV-A-induced apoptosis [96,98,99]. PMVK (phosphomevalonate kinase gene) encodes a peroxisomal enzyme converging from the galactokinase, homoserine kinase, mevalonate kinase and phosphomevalonate kinase family of ATP-dependent enzymes. PMVK catalyses the conversion of mevalonate 5-phosphate into mevalonate 5-diphosphate, which is the fifth step in the mevalonate pathway of isoprenoid biosynthesis [98]. MVD (mevalonate diphosphate decarboxylase gene) is responsible for catalytic reactions in the ATP-dependent decarboxylation of mevalonate [98]. FDPS (farnesyl diphosphate synthase gene) encodes an enzyme that catalyses the production of geranyl pyrophosphate and farnesyl pyrophosphate from isopentenyl pyrophosphate and dimethylallyl pyrophosphate. The final product of this reaction—farnesyl diphosphate—is a key compound in cholesterol synthesis and is a ligand or an agonist for certain hormones and protein reactions. Alterations in the aforementioned genes, causing the downregulation of the corresponding protein expression, have been reported to produce mevalonate deficiency, resulting in abnormal apoptosis in the keratinocytes.



MVK deficiency is an autosomal recessively inherited disease that has three different clinical presentations: DSAP, hyper IgD syndrome and mevalonic aciduria [78,96,100,101,102,103,104]. It was reported that the DSAP severity closely correlates with the MVK level [96,105]. Such mutations lead to the accumulation of upstream metabolites and the insufficiency of the end product of the pathway (which is cholesterol—a well-known component of the functional skin barrier), and impair keratinocyte maturation. Analysis of genomic variants of the mevalonate pathway in porokeratosis showed that the most frequent mutations found in DSAP were in the MVK (26/130 patients) and MVD (56/130 patients) [15]. At least one mutation of the mevalonate pathway gene was found in 98% (60/61) of familial cases of DSAP and 73% (53/73) of sporadic cases [15]. It was suggested that the MVD and FSPS mutations tend to produce more superficial DSAP than those seen in patients with mutated MVK and PMVK [15]. Of note, germline FDPS mutations were recently confirmed in a Chinese family with concurrent Lynch syndrome [43]. MVK mutations were identified in 33% (19/57) of familial and 16% (9/57) sporadic DSAP cases [99]. Interestingly, MVK’s underexpression is not only linked to compromised protein prenylation and geranylgeranylation (resulting in dysregulated inflammasome function) but also to an increased apoptotic rate [106,107].



SART3 (squamous cell carcinoma antigen recognised by T-cells 3) encodes nuclear-restricted protein Tip110, a pre-mRNA splicing factor that interacts with oncogenic ubiquitin-specific peptidase 15 (USP15), regulating cell proliferation and the transformation of epithelial cells, and is indirectly involved in the regulation of proinflammatory responses via the modulation of NF-κB activity [108,109,110]. SART3 was shown to play a role in regulating interactions between polymerase η and its partner RAD18, involved in UV-induced DNA damage protection [109]. This link could explain the photodistribution in DSAP. SSH1 (slingshot homolog) encodes slingshot protein phosphatase 1 implicated in the regulation of actin cytoplasmic cytoskeleton dynamics and organisation via its stabilisation and bundling [91,111]. ARPC3 (Actin Related Protein 2/3 Complex Subunit 3) encodes a protein complex subunit participating in actin polymerisation and bundling, thus actively involved in cell motility [112]. In regard to UV association in DSAP, this Arp2/3 complex has been shown to modulate gene transcription and the repair of damaged DNA [113]. DSAP8 codes a gene-encoding vesicular nucleoside transmembrane protein transporter implicated in the storage and exocytosis of adenosine triphosphate [101]. Missense mutations in that gene have been identified in a small number of DSAP pedigrees.




3.6. Treatment


Although multiple treatment options for DSAP have been proposed, due to the relative rarity of this entity, randomised clinical trials are lacking and the majority of data are based on case reports or small case series. No therapeutic consensus has been reached, as no method has been found to achieve an acceptable effectiveness and been approved by the authorities. Ideally, enzyme replacement therapies would correct the culprit enzyme deficiency [114,115,116]. Therefore, management should depend on the accessible tools and the number of lesions and their distribution, and should be tailored to the demand of the situation.



The efficacy of diclofenac 3% gel was assessed on a series of 25 DSAP patients. Eight DSAP patients were treated twice daily for six or more months with overall good tolerability, yet only two patients achieved a clinical response, while only one achieved am overall response after six months [100]. A second larger prospective multicenter study involved 17 patients (twice daily for 3–6 months) [117]. A decrease in the target area lesions was noted in 53.8% of patients after 3 months and 30% in 4 months. The treated area presented 9% fewer lesions than the control in 6 months. In this study, the subjective effectiveness of diclofenac 3% gel was rated 4/10, whereas comfort and elegance 7/10 by the patients. Dermatitis and erythema were the only side effects reported (4 and 1 patients, respectively). A single case report of DSAP treated using topical diclofenac 3% gel (12 weeks) reported no effect [118].



Photodynamic therapy (PDT) was investigated in 30 patients with DSAP. The results of PDT utilising 5-aminolevulinic acid (ALA) in a series of three DSAP patients were not promising (effectiveness observed in one of three patients proved to be transient) [119,120,121]. Slightly better results were achieved with the use of methyl aminolevulinate (MAL) in one DSAP patient, possibly due to higher lipophilicity and better penetration to the cells [122,123]. In a larger series of 13 DSAP patients treated with MAL, 19% of them achieved a >75% reduction in the lesions [124]. In another smaller case series treated using MAL-PDT (mean 5.5 sessions, every 15 days), only a slight reduction in roughness was noted [125]. In a series of three DSAP patients, MAL-PDT (1–2 courses at a 4-week interval) was compared to cryotherapy, reporting that the effectiveness of the former was very poor (two non-responders and one patient with a 5% drop in lesion count at week 4) [126]. MAL-PDT was described to be ultimately unsuccessful in DSAP (33.3% effectiveness) and characterised by an unfavourable safety profile (pigmentation disorders, inflammation, erythema and discomfort) [121]. Salas et al. and Guillen et al. reported no recurrence after 10 months and 1 year, respectively [123,124]. PDT utilising hypericin (St. John’s wort-derived herbal photosensitiser) does seem promising. It was administered in two DSAP patients, with only one achieving a partial response [127].



Radiotherapy has been investigated in a series of 27 patients. Complete clearance in seven out of eight DSAP patients treated using superficial Grenz rays was noted, with typical transient post-radiation side effects that resolved in 4 weeks [128]. At least 50% effectiveness was reported in a group of 17 DSAP patients, with transient erythema, itching and a burning sensation [129]. These adverse reactions can be supplemented by a sunburn-like reaction, yet the tolerability of this modality seems to be good [130]. A single report on the use of high-dose-rate iridium-192 brachytherapy in one DSAP patient shows that this method can also be useful in selected limited areas and well tolerated [131]. However, clinicians should be aware of the long-term side effects of the different forms of radiotherapy, including pigmentation disorders, alopecia, skin atrophy, telangiectasia, fibrosis and secondary skin malignancies [17,128,132]. On the other hand, radiotherapy might be employed to treat DSAP with concomitant skin malignancy or even skin field cancerisation. There is a single report on the successful use of volumetric modulated arch therapy that is suited for wide, curved surfaces with a homogenous dose [17].



Reports on the use of topical vitamin D3 analogues are limited to single cases of DSAP. The results seem to be promising, yet have not been confirmed in randomised trials. Monotherapy or combination treatment including topical vitamin D3 analogs have been reported to be effective: calcipotriol 0.005% twice daily [133,134], tacalcitol 0.002% or 0.004% [135,136], calcipotriol 0.005%/adapalene 0.1% gel [137], calcipotriol/betamethasone gel [138] and CO2 laser with tacalcitol 0.002% ointment [139]. A combination of calcipotriol and 5-fluorouracil (5-FU) provided a moderate effect (some flattening of the lesions) [71].



Topical imiquimod 5% cream was used in a single case of DSAP (5 days per week for 4 weeks) leading to complete remission after 2 months [140]. An almost complete response with imiquimod (3 days per week for 24 weeks and once-weekly maintenance therapy) was achieved in one case [141]. The authors reported overall improvement in the context of the colour, thickness and texture of the DSAP lesions, with typical side effects of the therapy (crusting, erythema, itching) and no recurrence after 2 years. In a case series comparing the effectiveness of imiquimod (3 days per week for 8–20 weeks) and/or MAL-PDT to cryotherapy, imiquimod had no impact on the lesion count in all four patients, even though the lesions became less rough and less irritable. The treatment was inferior in effectiveness to cryotherapy [126].



There is a single case report on the successful use of ingenol mebutate 0.05% gel in DSAP [142]. Nonetheless, the drug is no longer available.



5-FU 5% gel was used under occlusion using zinc-oxide-impregnated bandage as a chemo-wrap in one patient [86]. The treatment lasted for 3 months (wraps were changed weekly); it was safe and well tolerated and achieved a satisfactory cosmetic outcome. 5-FU 5% solution (unknown regimen; 3 months) was applied in one prurigo nodularis-like DSAP case, yet the treatment was unsuccessful [29]. Systemic 5-FU was administered in one DSAP case due to breast cancer, providing a satisfactory outcome for the skin lesions [143].



Chemical peels with 50% glycolic and 25% salicylic acid used in a two-layer technique (mean of three cycles every 6–8 weeks, with 1–2 areas treated per cycle, and each area treated at least three times) showed satisfactory results and a good safety and tolerability profile in a series of five non-immunosuppressed DSAP patients [105]. A combination treatment with 70% glycolic acid and a 5-FU 5% solution applied every 2 weeks for a duration of 4 months (eight sessions) followed by 18 months of topical retinoid acid 0.05% cream provided only temporal clinical remission in one DSAP patient (15 months) [144].



There are scarce data on the use of vitamin A derivates in DSAP. Topical tretinoin 0.1% once daily was modestly effective in one case of DSAP/LP [45], but ineffective in another [145], whereas topical tazarotene 0.1% gel used once daily provided a complete remission in 4 weeks in four patients [146], and was ineffective in one [147]. The use of oral retinoids in the treatment of DSAP appears to be promising but there are not enough data on their efficacy and safety. There is only a single report on the treatment of DSAP using acitretin in an adolescent boy with graft-versus-host disease [148]. The initial dose was 0.3 mg/kg daily and was tapered to 0.3 mg/kg every other day after achieving complete remission (4 weeks), then continued for 3 months, and for the next 14 months, further reduced to twice a week with good control of the disease. Alitretinoin was reported to be effective in two patients (10 mg daily; 4- and 7-month treatment) and well tolerated [149]. The effectiveness of oral etretinate (0.75–1 mg/kg or 50–100 mg daily; 8-week treatment) was good to excellent in three cases [150,151,152], moderate in two cases [151] and none in one (75 mg/day; 3 weeks) [153]. In one case, it led to hair loss and the development of digitate keratoses that subsided after treatment discontinuation [152]. In two other reported cases (1 mg/kg/day; 3–6 weeks), the treatment was poorly tolerated, and facilitated UV-induced disease aggravation, an increase in lesion count and intense generalised pruritus [151]. The use of oral retinoids in the treatment of DSAP requires studies on larger numbers of patients, especially regarding the prevention of non-melanoma skin cancer in high-risk patients.



Topical glucocorticosteroids combined with oral antihistamines were reported to be ineffective in one case of DSAP [118].



The use of cryotherapy was reported in 10 DSAP cases [126,147,154], even though it is seemingly widely used in porokeratoses in general [155]. In one case, it was reported to be minimally effective [147], whereas in seven, cryotherapy was shown to provide an excellent outcome (80–100% lower lesion count at week 4, and 100% at week 8 and superior to MAL-PDT and imiquimod) [126]. The authors suggested that biannual follow-up for new lesions should be recommended in treated DSAP patients.



A systematic review [121] evaluating the effectiveness of a range of laser therapies in DSAP showed complete remission achieved with this modality using a Q-switched ruby laser (two cases: 694 nm; 5.0 J/cm2 [156]; or 4.3 J/cm2; spot size of 6.5 mm [157]), CO2 laser (two cases; 10,600 nm; one session; 100–150 mJ; 150 Hz; 15 W; 2–3 pulses each 10 ms; defocused mode; spot size of 1 mm [157]; and five sessions at 1–2-month intervals; ring abrasion method [139]), Q-switched Erb:YAG laser (1 case; 2940 nm; 13 sessions at 2–4-week intervals; 0.3 J each, 4–10 passes) [158] and Q-switched Alexandrite laser/fractional CO2 laser (2 cases; 100–150 mJ; 2 Hz; spot size of 1.3 mm; scan matrix 2–7; density 3) [159]. A partial response was achieved using the Nd:YAP laser (1340 nm; seven sessions every 4–5 weeks; four passes per session; 100 mJ/MTZ; 3 ms pulse duration, 100 MTZ/cm2 density; 8 mm tip) [145] and the fractional 1927 nm thulium fibre laser (two cases) [147], whereas PDT/CO2 laser combination therapy (two cases) led to a partial response in one case and no response in the other [160]. Fractional photothermolysis was reported in two DSAP cases with partial clinical improvement in the size of DSAP lesions (3–6 sessions every 4 weeks; Erbium-doped 1550-nm laser) [161]. Although the safety profile reported in these cases was usually acceptable (mild erythema, minimal hyperpigmentation and moderate edema), larger studies defining the selection of the optimal device and settings are lacking. Even though responses to laser treatment, cryotherapy, excision or curettage have shown promising results [24], this is limited by the area affected, and the major concern is the risk of subsequent hyperpigmentation and/or scarring, so patients should be advised to apply photoprotection.



In one DSAP coexisting with ovarian cancer, chemotherapy with carboplatin and paclitaxel (every 3 weeks for 6 months) led to full remission a month after starting the treatment; however, DSAP recurred after 5 months after treatment cessation in eruptive inflammatory mode [37]. The precise mechanism of action with these drugs is unknown, yet a speculatively anti-mitotic effect on the hyperproliferative mutant DSAP keratinocytes can be expected, likely via the interruption of p53-dependent mechanisms.



Potential new DSAP treatment could target the mevalonate pathway. Lovastatin, a cholesterol-lowering agent, can cause mitochondrial damage in the neurons, microglia and monocytes, and finally can induce apoptosis [115,162,163,164,165]. As one of the end products of the mevalonate pathway, cholesterol is a key component of the extracellular lipid matrix in the stratum corneum, playing an essential role in providing and maintaining the skin function [115,166]. A combination of lovastatin and cholesterol has been suggested to act by replenishing the cholesterol and preventing the accumulation of toxic metabolites in the mevalonate pathway. Topical lovastatin 2%/cholesterol 2% ointment (twice per day; 4 weeks) provided a good clinical response (significant resolution of scaling) in one DSAP patient [116]. Interestingly, the application of lovastatin 2% ointment alone following the same regimen on previously untreated lesions led to complete remission by week 6. Interestingly, no amelioration was observed with cholesterol 2% ointment monotherapy (4 weeks) [116], supporting the active role of topical statins in the treatment of DSAP. A larger series of seven DSAP patients were treated with this formulation vs. vehicle (split-body study) twice daily for 12 weeks and evaluated with a PGA scale every 4 weeks [165]. Good or excellent effects (two patients with complete and five patients with partial remission) were reportedly achieved with no adverse effects. The promising results of a statin/cholesterol formulation was also shown in an open-label, vehicle control, split-body clinical trial with a simvastatin 2%/cholesterol 2% cream applied twice daily in eight patients with DSAP [164]. A significant reduction in lesion number (OR 0.12 [95% CI 0.01–0.72], erythema score (0.25 [95% CI 0.05–0.79]) and scale score (0.18 [95% CI 0.03–0.64]) as well as patient-reported disease activity (0.33 [95% CI 0.09–0.89]) was observed. A recent single-blinded clinical trial on 31 patients with DSAP assessed the efficacy of a combination of lovastatin 2% and cholesterol 2% cream (17 patients) compared to a 2% lovastatin alone ointment (14 patients) [167]. The disease severity (scored with DSAP-GASI [Global Assessment of Severity of Illness]) significantly decreased from week 1 to week 12 by 50.0%, from 3.08 [95% CI, 2.57–3.60] to 1.54 (95% CI, 1.04–2.05], and by 51.4%, from 2.92 [95% CI, 2.40–3.43] to 1.50 [95% CI, 0.99–2.01], respectively. Both treatment groups exhibited no significant differences at week 12, which confirmed no added value of topical cholesterol. The treatment was well tolerated with only minor adverse reports such as application discomfort, myalgia, elevated creatine kinase level and skin rash (occurring in four, two, one and one patients, respectively). The abovementioned studies provide evidence for the effectiveness of topical statins in the management of DSAP.





4. Disseminated Superficial Porokeratosis (DSP)


4.1. Clinical Presentation


Although the first report on DSP was published in 1893 by Respighi and described as an “eccentric hyperkeratosis” [3], the current name was introduced by Andrews in 1937 [168]. DSP presentation resembles DSAP, but UV radiation is not considered a trigger. Multiple erythematous or pigmented small keratotic papules bilaterally affect the extremities [169]. The disease affects both sun-exposed and unexposed areas—predominantly the trunk, acral areas and genitalia [78,170]. Oral involvement is rare [171,172,173]. The majority of cases are generally asymptomatic [174], yet about one-third present with pruritus [175]. DSP has been reported to be more prevalent in females [172], even though a study from China noted male predominance [25]. The mean age of onset for DSP is between the fourth and fifth decade of life [25,172]. Some reviews previously reported DSP onset between 5 and 10 years of age, which was likely misattributed and referred to without confirmation [68,78,176].



Facial superficial porokeratosis, with lesions limited to the facial area, is believed to be a DSP subvariant [177]. An inflammatory or pruriginous DSP subvariant, called eruptive pruritic papular porokeratosis or eruptive disseminated porokeratosis (EDP), has been distinguished [174,175,178,179,180,181,182,183,184]. EDP lesions are extremely pruritic and in most cases tend to subside spontaneously within a month, usually with residual annular/macular hyperpigmented patches [174,175,182,184,185]. Although this subvariant has been proposed to develop in four forms—paraneoplastic, immunosuppressive, inflammatory and other [186]—such classification could be applied to almost all variants of porokeratosis. Four DSP cases coexisting with LP (including one rare case presenting DSP, LP and PM), possibly due to a loss of heterozygosity [53,55,187,188], two cases with coexistence with PM [189,190] and one case clinically fitting the clinical presentation of DSP coexisting with VP [191] have also been reported in the literature. Other entities occurring along DSP include multiple porokeratomas [12], diffuse epidermolytic acanthoma [192] and giant facial porokeratosis in a pregnant woman [193].



The aethiology of DSP remains ambiguous but it could be an immunological response to abnormal keratinocytes, in some cases secondary to immunosuppression [30,194] (including AIDS [195], electron beam irradiation [196], chemo(capecitabine)-radiotherapy [197], hematologic disorders [198,199,200,201,202,203], organ transplantation [204,205,206,207], systemic glucocorticosteroid treatment [208,209], nephrotic syndrome [210] or drugs, esp. biologics [211,212,213,214,215,216,217], furosemide [218], antibiotics and benzylhydrochlorothiazide [180]). Other speculative triggers for DSP include acute pancreatitis [219], viral [197,220] and non-viral hepatitis [221,222] and diabetes mellitus (likely due to keratinocyte protein glycation) [137,175,191,223,224]. In a patient with diabetes mellitus treated using metformin and empagliflozin, bullous pemphigoid (BP) developed within the atrophic centres of DSP [225]. It has been speculated that diabetes mellitus or/and empagliflozin could be linked to the emergence of BP [225]; nevertheless, this phenomenon could relate to central scar-like atrophy, as BP has been reported to affect surgical scars [142,226], Wolf’s isotopic response [227] or anti-neoplastic immunity in DSP, inducing pathological autoimmune responses to hemidesmosomal components due to the bystander effect [228].



Malignant transformation in DSP (squamous cell carcinoma) has been described [188,229], possibly due to a shared genetic background with LP with known propensity to develop skin neoplasms. Moreover, there are a few papers reporting the development of DSP (esp. its ESP variant) associated with various neoplasms [182]: esophageal cancer [230], gastric cancer [169], colon cancer [197,231,232], cholangiocarcinoma [233], pancreatic cancer [210,234], ovarian cancer [235], hepatocellular cancer [220], invasive SCC [215], myelodysplastic syndrome [198,199], idiopathic thrombocytopenia [203], graft-versus-host disease [204], leukaemia [202] and diffuse large B-cell lymphoma [200]. It was suggested that the phenomenon may be related to immunosuppression via increased expression of the p53 tumour suppressor gene [220,231,233,235], or an increased concentration of TGF-⍺ stimulating epithelial cell proliferation [230]. Nevertheless, as porokeratoses as a whole are likely to be underreported, the paraneoplastic character of DSP is doubtful.




4.2. Genetics and Epigenetics


An autosomal dominant pattern of inheritance with varying penetrance has been suggested in DSP [78,182,231]. PMVK [170] and MVK [236] loss-of-function mutations are believed to be involved in the pathogenesis of the disease. Two DSP loci have been identified: DSP1 (chromosome 18p11.3) [237] and DSP2 (chromosome 12q21.2–24.21) [238]. Interestingly, the DSP1 locus overlaps with a locus for psoriasis susceptibility (18p11) [237] and the DSAP4 locus [94].



Upregulated epidermal CCL26/eotaxin-3 and thymic stromal lymphopoietin protein levels at the periphery of the porokeratotic lesion have been noted in one ESP case with mixed eosinophilic and basophilic infiltrate [239]. The authors suggested that this phenomenon might have contributed to non-histamine-dependent pruritogenic signalling.




4.3. Dermatoscopy


Five out of six reported cases of DSP (two classical ones and four EDP including one reported as pruritic follicular porokeratosis) belong to patients from Asia [12,67,174,214,240,241]. The dermatoscopic morphology of both variants resembled DSAP. The clues included a single peripheral hypo- or hyperpigmented rim of scale, perilamellar brown dots/clods and a central whitish (scar-like/atrophic) area. The vascular pattern consisted of linear serpentine or linear serpentine branching vessels [240,241]. An ink test can further facilitate the visualisation of the cornoid lamella [67]. Follicular plugging was demonstrated in one EDP case [241]. These findings require further confirmation with larger series. For the pruriginous nature of EDP, such coexistence with prurigo nodularis should always be considered. Nevertheless, the presence of a hyperkeratotic rim should be of aid in distinguishing DSP from prurigo nodularis (background hyperpigmentation and white radial lines) [240].



Ultraviolet-induced fluorescence dermatoscopy (UVFD) is an emerging non-invasive diagnostic method in inflammoscopy based on the Stokes shift phenomenon [242,243,244,245]. Although a single case report on UVFD in porokeratosis does not mention DSP, a reported clinical presentation could support this diagnosis [67]. The authors describe the shiny “diamond necklace” appearance of the lesion’s periphery in UVFD. In this paper, the matching figure displays greenish interconnected clods. In our personal experience, the cornoid lamella along with keratin plugs may either display a bright blue colour (keratin’s excited fluorescence) in non-pigmented lesions, or become dark (melanin absorption spectrum) if the keratin rim is pigmented (Figure 6).



Sub-ultraviolet reflectance dermatoscopy (sUVRD) is another novel imaging method [246] that could be of use in porokeratoses. The method is based on physical differences in the absorption spectra among skin chromophores. Specifically, sub-ultraviolet radiation (405 nm) is absorbed by some chromophores (e.g., hyporeflective hemoglobin) and reflected by others (e.g., hyperreflective keratin). The device’s sensor collects the reflected sub-ultraviolet signals filtered out by the special filter, measures their intensity and converts it into a greyscale image (Figure 6D).




4.4. Confocal Microscopy


RCM in both DSP and EDP demonstrates the presence of a distinct hyper-reflective parakeratotic border at the level of the stratum corneum (without an underlying granular layer), a well-defined structured and regular honeycomb pattern of the spinous layer and numerous multiple horizontally distributed blood vessels spanning across the dermal papillae. Moreover, an atypical honeycomb pattern and an architectural disarray may also be observed [74,214].




4.5. Pathology


As the histological features of DSP and ESP overlap with DSAP, differentiating these two entities based on pathology seems impossible without the clinical context. The salient features include the presence of a cornoid lamella, sublamellar agranulosis, dyskeratotic keratinocytes and/or vacuolisation in the basal layer and melanophages in the upper dermis [195,214,246]. Equally, a perivascular inflammatory infiltrate (predominantly consisting of CD4+ T-helper cells mixed with Leu-6+ Langerhans cells) and mild orthokeratotic hyperkeratosis may be observed [174,178,184,240,247,248,249]. Dermal/epidermal eosinophilic infiltrate might be demonstrated in ca. 25–50% ESP cases [174,178,182,250], whereas basophilic infiltrate was reported in only one case [174]. Mast cells are absent and seemingly do not play a role in pruritus in EDP [174]. CD8+ Treg cells are suspected to drive the spontaneous regression in some EDP cases [174,251].



Keratin expression in DSP was reported to be normal whereas involucrin expression was irregularly increased (both expressing cytoplasmic expression in suprabasal keratinocytes) [195,252] and filaggrin was shown to be focally underexpressed in the granular layer under the areas of parakeratosis [195]. In the vicinity of the parakeratotic column, some keratinocytes exhibited nuclear staining for PCNA/cyclin and p53 [195,253], whereas the number of intraepidermal Langerhans cell was markedly reduced in some cases [174,195,254], and more numerous in others [249].



Eosinophilic amyloid deposition in the papillary dermis was noted in several reported cases, preferably at their inflammatory stages (both inside the annular edge and beneath the cornoid lamellae) in both sun-protected and sun-exposed areas, as a consequence of keratinocyte degeneration [84,254,255,256,257,258,259,260,261,262,263,264,265,266]. These can be stained using Congo red, pagoda red, thioflavin T or methyl violet and exhibit bright yellow fluorescence under a polarised microscope [255,258,260,261,262,263]. This phenomenon is likely underreported [263,266].




4.6. Treatment


There is no standard or recommended treatment for DSP, whereas the majority of modalities are reported in regard to single case reports or small series of patients. The therapeutic armamentarium does not significantly differ from the one proposed for other variants.



Physical destruction with cryotherapy [260,261],or laser treatment [29] might be useful in less widespread cases. A Q-switched Nd:YAG laser (532 nm pulse width; 5 mm spot size, 1.5-J/cm2 fluence; 1.4 pulse/s delivery rate; four sessions at 4-week intervals) provided complete resolution in one DSP case [267].



Systemic retinoids have been administered in few DSP patients. Oral etretinate proved to be ineffective in three DSP (1 mg/kg/day for 6 weeks; 20 mg/day for unknown duration) [151,250,255] and three EDP patients (0.5–0.64 mg/kg/day; unknown duration in one case and 1 year in two others) [179,265,268]. In one of the EDP cases, the drug was discontinued due to drug-induced renal complications. Another DSP case responded well to combined treatment with oral etretinate (20 mg/day) and topical glucocorticosteroids (unknown substance and regimen) [224]. Although a gradual reduction in itching was reported in that patient, the drug mainly reduced the severity of larger, inflammatory lesions and did not affect the smaller, non-inflammatory ones. A similar scenario was observed in another EDP patient treated with a combination of oral etretinate (20 mg twice per day for 14 days, then 20 mg/daily for 3 months), oral hydroxychloroquine (200 mg twice a day for 14 days), oral antihistamines, intravenous sodium thiosulphate administration, vitamin C injections, topical glucocorticosteroid ointment twice per day (unknown formulation) and allantoin twice per day, who achieved a moderate reduction in symptoms [269]. Oral acitretin provided a satisfactory outcome in three cases. In one patient (30 mg/day), complete remission was observed at week 4 [67], whereas one treated with 25 mg daily for 7 months [176], with an additional 0.3 mg/kg daily and tapered after week 4, achieved good DSP control at week 28 [148]. In one case, treatment failure was reported in week 2 when acitretin (10 mg daily) was combined with topical calcipotriol+betamethasone gel [203]. Adding cryotherapy led to complete remission in 4 weeks. The value of cryotherapy in managing DSP was confirmed in one more case report [148]. Topical retinoids (two cases treated with adapalene, one with isotretinoin and one with tretinoin) were ineffective [224,269,270].



Topical 0.0025% maxacalcitol [265] and vitamin D analogue cream [224,271] had poor to no role in controlling the DSP symptoms. In one case of EDP/DSP, maxacalcitol 0.0025% ointment combined with topical betamethasone led to complete remission [185], yet in our opinion, likely due to the natural burn-out of the disease rather than the treatment itself, as the lesions fully resolved in 6 months from the onset, leaving just residual hyperpigmentation.



Topical corticosteroids do not seem to affect the lesion size and count [174,178,184,241,255,258,269,272], even though in some cases might contribute to itch control [261,268,272]. On the other hand, systemic glucocorticosteroid may contribute to immune suppression, one of the risk factors for DSP [208,273], so such management should be carefully considered. Low doses of oral prednisone (15 mg/day; unknown duration) [250] and betamethasone (0.5 mg/day) [178] were ineffective in single DSP and EDP cases. Conversely, monotherapy with oral prednisone (0.77 mg/kg/day; unknown duration) [179], local glucocorticosteroid injections (6 months) [178] and a tapered dose of 40 mg/daily combined with dimetindene (unknown treatment duration) [269] led to complete resolution in three reported EDP cases. In our opinion, the therapeutic success might not have owed to the treatment but rather the natural course of the disease subvariant, which tends to subside over time [178]. In one EDP case, reported as pruritic follicular porokeratosis yet clinically fitting EDP with follicular involvement, intralesional glucocorticosteroid injections provided no clinical improvement [241].



As non-histamine-dependent mechanisms are likely to be involved in pruritus in EDP [174,239], oral antihistamines may not control the itch [178,184,250]. Nevertheless, antihistamine drugs combined with topical or oral corticosteroids have been reported to alleviate itching to some extent [261,268,269,270]. Nevertheless, in our opinion, this effect could have been achieved by any of the drugs used or simply might have resulted from natural spontaneous remission occurring in EDP, as in a scenario previously reported in one DSP and one EDP case previously resistant to such combined treatment [174,178].



Various miscellaneous drugs have been used in DSP/EDP. Topical diclofenac has been used in two cases (3% gel/unreported regimen and 1% gel applied twice daily, respectively) with poor control of EDP (at week 24) [214] and good control of DSP (reduction in scaling and pigmentation at week 4; combined with systemic etretinate) [224]. In the latter case, the lesions recurred with treatment discontinuation. Topical tacrolimus 0.1% ointment and topical polidocanol had no impact on the ESP course in one patient [269]. An excellent and rapid effect following the use of 5-FU 5% cream was demonstrated in one DSP case [274]. In two other EDP cases from India, 5-FU was introduced, yet the article did not provide any follow-up [183]. One EDSP case did not respond to imiquimod 5% cream [224]. Keratolytic treatments, such as topical 20% urea, have been used to reduce scaling, but with variable success [224,273].



Dimethyl sulphoxide (DSMO) is a protein solvent with anti-inflammatory properties traditionally used to reduce itch and subepidermal amyloid deposition in macular and nodular amyloidosis [275,276]. As DSP/EDP can be associated with subepidermal amyloid deposition and EDP with self-limiting inflammation, DSMO was utilised in two DSP cases, with clinical response in one (5-month course; no data on the regimen and concentration) and treatment failure in another [258].



Tofacitinib is a second-generation selective Janus kinase (JAK) inhibitor (particularly targeting JAK-1 and JAK-3) FDA-approved for ulcerative colitis and rheumatoid, psoriatic and polyarticular course juvenile idiopathic arthritis and investigated in many other autoimmune/inflammatory/neoplastic disorders [277]. Oral tofacitinib (5 mg twice per day; 4-week course) was reported to reduce pruritus and led to complete remission in one EDP case [270].



Huang-Lian-Jie-Du-Tang (also known as Oren-gedoku-to) is a traditional Chinese herbal drug. This medication, popular in Asia, demonstrated efficacy in managing atopic dermatitis-like lesions on a mouse model by modulating the expression of Th2-dependent cytokines (IL-4 and TNFα) [278], inhibiting the maturation of Th17 cells, recruiting Treg [279] and downregulating the skin levels of substance P (itch mediator) [280]. This medication, administered at 7.5 mg/day, has been reported to be effective in relieving itch and flattened the ESP papules in 6 weeks [250].





5. Porokeratosis of Mibelli (PM)


5.1. Clinical Presentation


PM is a rare, chronic dermatosis that usually presents as a single, centrifugally spreading solitary plaque or multiple papules/macules with a central atrophy and raised keratotic borders that vary in diameter (up to 20 cm) (Figure 7) [78,248,281]. The lesions may occasionally regress [282]. Rare linear/naeviform [283,284,285], giant [10,190,286] and hyperkeratotic/verrucous [287,288,289,290,291,292] have been observed. PM subtypes have been distinguished, yet in our opinion it remains unclear whether a portion of the linear subvariants should not be rather reclassified as belonging to an LP variant. The inheritance is autosomal dominant with variable penetrance, or more commonly, random [282]. PM was reported to be two to three times more common in males than females, and more frequently occurs in Caucasians [25,78,281]. Although it may develop at any age, it usually occurs during childhood [248]. Nevertheless, in non-hereditary cases, the lesions usually appear later.



The lesions are most frequently located on the limbs, but may also affect other sites such as the palms, soles, face, scalp, mucous membranes or genitals [248,282,293,294,295,296,297,298,299,300,301]. Isolated digital lesions have also been reported [302,303]. Rarely, porokeratosis may affect the nail plate [300,304,305,306,307,308] or the phalanx [309]. In all such cases, the PM led to progressive destruction of the nail plate, which provides a rationale for bone abnormalities/anonychia screening in PM.



One of the common associations in PM is immunosuppression. The disease has been reported in patients after bone marrow transplants [310], in organ recipients [206,311,312,313] or even after the prolonged use of topical glucocorticosteroids [314]. The mechanism of this phenomenon is unclear; however, abnormal keratinocyte proliferation in porokeratosis is suspected to derive from the loss of immunosurveillance. One case of primary cardiac amyloidosis associated with PM resulting in congestive heart failure has also been described, providing a possible common pathophysiological link to disturbed immune balance [315]. PM was reported in the context of Parkinson’s disease [316], diabetes mellitus [307], viral hepatitis B [307] and C [317], vitiligo [317] and end-stage renal disease requiring hemodialysis [307]. Dermal amyloid deposits have been reported in PM lesions [292]. While their significance remains unclear, amyloid clumps may form secondary to epidermal degeneration [291]. Cases with coexisting other subtypes include DSP (3 cases) [188,189,190], DSAP [62], LP [188], VP [318] and porokeratoma [316] (one case each).



As some of the lesions may be verrucous and may mimic or coexist with psoriasis [319], confirmatory biopsy might be of aid in less typical cases [6,288,320,321]. Moreover, scaly lesions might simulate SCC, and this neoplasm has been reported to arise within some porokeratotic lesions [322,323,324,325,326]. On the other hand, cutaneous T-cell lymphoma [327] and cutaneous sarcoidosis [328] might be PM simulants.




5.2. Genetics and Epigenetics


PM was reported to feature genetic alterations in the mevalonate pathway (particularly affecting MVK and PMVK; see the Genetics and epigenetics section on DSAP) [15,329,330]. A cluster of loci at 18p11.32-p11.3, containing elastin microfibril interfacer 2 gene (EMILIN2), was hypothetically linked with PM in one pedigree [331]. As this candidate gene is involved in the regulation of cell apoptosis, its duplication and overexpression were suggested to alter the keratinocyte maturation.



Even though PM was expected to share a similar gene expression profile with SCC, due to the high incidence of this neoplasm in PM lesions (7.6%), more similarities between PM and psoriasis have been observed (highly upregulated keratin 16, S-100 molecules [A7, A8 and A9] and connexin 26). Moreover, keratin 16 has been suggested to be a potential marker of treatment response not only in psoriasis but also in PM [332].




5.3. Dermatoscopy


The common clues to PM are a white peripheral keratotic rim (Figure 8) (corresponding to the cornoid lamella and often double-marginated) [333] and brown clods linearly arranged within the rim [14,333,334]. Blood spots and erosions occurring throughout the keratotic rim seem to be less numerous in PM than in DSAP [14]. A helpful trick in diagnosing PM is the “furrow ink test”. Staining the surface of the skin with a whiteboard marker reveals rims alongside the peripheral bands and multiple open pores in dermatoscopy. These correspond to hair follicle openings and sweat duct pores [335].




5.4. Confocal Microscopy


Although confocal microscopy is rarely performed in PM, there is a single report of an linear, highly reflective structure (corresponding to the cornoid lamella in the upper dermis), whereas the epidermis seemed relatively darker and displayed a loss of the physiological architecture [336].




5.5. Pathology


Cornoid lamella is a histopathological hallmark of all subtypes of porokeratosis. This structure can be multiplied in PM (Figure 9) [292]. The biopsy should always involve the peripheral rim of the lesion. A typical feature for this subtype is epidermal invagination with papillomatosis noted in the surrounding skin [67,82]. These can be accompanied by hyperkeratosis, irregular acanthosis, upper and mid-dermal lympho-histiocytic inflammatory infiltrate and the presence of perivascular plasmocytes [292]. Colloids or Civatte bodies (basal apoptotic keratinocytes) have been observed in some PM cases [337,338,339]. Dermal amyloid deposits have been reported in the hyperkeratotic variant of PM in four Japanese patients, including three members of one family [291,292]. Amorphous eosinophilic amyloid deposits (suggestively of epidermal origin) extending from the upper dermis to the mid-dermis could be observed using Congo red (typical green birefringence of amyloid clots) or Dylon staining [291,292]. The authors hypothesised that such a scenario may not be rare, yet small amyloid clots may simply be missed in routine H+E staining if no supplementary immunohistochemical stains are performed [292].




5.6. Treatment


Various treatment options have been proposed for PM. A vast range of modalities reported in the literature assess the outcome either only in series of patients or single case reports.



PDT has been used in PM either as a single method or combined with topical treatments. MAL-PDT (1–4 sessions) was reported to achieve moderate to excellent results [122,340,341]. A combined therapy with 5% 5-FU once per day and one session of ALA-PDT led to complete clearance at week 3 and no recurrence at 6-month follow-up [342].



Cryotherapy is a promising method in PM with a good to excellent outcome; however, it comes with a risk of hyperpigmentation, scarring or atrophy [154,300,343,344,345]. Nevertheless, moderate success [293,296] and even treatment failures have also been reported [340,346]. Electrocautery was ineffective in one reported case [308].



Some PM lesions have been successfully treated surgically [302,347,348] or with skin grafts [347,349,350], but such procedures may lead to the development of hypertrophic scars, contractions and post-surgical neuralgia. The aforementioned side effects can be spared using CO2 laser vaporisation [297], yet unsuccessful cases have also been reported [347,348,349]. A Q-switched laser (694 nm; pulse frequency 1 Hz; two sessions at a 3-month interval) provided satisfying cosmetic results [351]. The whiting phenomenon observed after the treatment seemed to be a good indicator of effectiveness. There is one case report on the successful application of dermabrasion to PM in a dark-skinned patient. (6 × 18 mm diamond fraise attached to an acrotorque hand engine rotating at 20,000 rpm); however, mild hypertrophy and slight hyperpigmentation were noted [352].



Topical 5-FU 5% cream has been used in combination with other treatment modalities. Daily application under occlusion for 8 weeks in one PM case provided 30% resolution, preceded by a strong inflammatory reaction [346]. Topical 5% imiquimod (3 days per week for 6 weeks) treatment of this lesion finally led to complete healing. A combined topical therapy (morning 5% 5-FU and evening 5% imiquimod) was reported to be inefficient in week 4 in one PM case, yet with modification (morning 5% 5-FU and evening 5% 5-FU + 5% imiquimod), provided complete remission at week 12 [353]. No response was achieved in a case treated with topical 5% 5-FU every other day for 6 weeks [343], and another treated with 5% 5-FU for 8 weeks (unknown dosing) [342], whereas a complete response was achieved at week 5 with twice-per-day application [354]. In one PM case, 8-week therapy with 5-FU 5% cream (unknown regimen) improved the lesions [317].



Retinoids modulate the epidermal turnover and accelerate keratinocyte proliferation [355]. Complete remission of a giant subtype of PM was achieved using a combination of topical urea 12% and tretinoin 0.3% cream [286]. Topical tretinoin 0.05% cream combined with topical calcipotriol (2 months; unknown regimen) provided a partial improvement in one PM patient [300]. A significant reduction in scalp PM severity was achieved with combined topical treatment with urea (120 mg/g) and tretinoin (0.3 mg/g) [301]. Topical retinoic acid was ineffective in one case [317], but in another, provided a good effect [356]. On the other hand, topical tretinoin did not provide satisfactory outcomes in one case [347], whereas in another, it led to a reduction in hyperkeratosis without any impact on lesion size (unknown regimen; 1-year treatment) [357]. Systemic (0.5–0.7 mg/kg per day) and topical etretinate once daily for 4 weeks provided an unsatisfactory effect in one case of the hyperkeratotic PM subtype [291], whereas in another six cases, systemic etretinate was effective [320,358,359,360,361]. A severe verrucous PM case associated with HIV responded well to oral acitretin (25 mg daily), antiretroviral therapy (efavirenz/tenofovir/emtricitabine) and oral trimethoprim/sulfamethoxazole by week 16, and achieved complete clearance after 1 year of treatment [289].



Dexamethasone pulses (100 mg iv once daily for 3 consecutive days; 18 courses at 4-week intervals) provided a good response in a disseminated PM case (80% clearance and flattening of the remaining lesions) with no side effects noted [362]. Topical steroids demonstrated no effect [293].



Topical 5% imiquimod cream provided excellent outcomes in nine PM cases [140,346,353,363,364,365,366,367,368] and no response in three [340,342,369].



Although currently unavailable, topical 0.015% ingenol mebutate gel (once daily for 3 consecutive days; two courses at a 4-week interval) demonstrated success, yet the treatment led to visible atrophy and depigmentation [370].



Topical 0.7% cantharidin in the form of a thin film was applied in two PM patients (8 h exposure time), leading to blister formation and complete clearance within 1 week. Post-treatment, post-inflammatory erythema was noticed and the resolution of the PM plaques remained at 6-month follow-up [342].





6. Linear Porokeratosis (LP)


6.1. Clinical Presentation


LP was first described by Goldner in 1971 as zosteriform PM [371] and acknowledged as LP by Rahbari et al. in 1974 [372]. It is the rarest subtype of porokeratosis (estimated incidence 1:200,000) and considered to be a mosaic form of DSAP [373,374]. It predominantly affects children and newborns, but may also develop in adults, including the elderly [375,376,377,378]. A slight female predominance has been reported [78]. Raised, irregularly shaped pigmented or nonpigmented macules with a blaschkoid distribution and surrounded with cornoid lamellae usually develop on the extremities (Figure 10) [114,379], whereas facial, genital and plantar distribution is rare [52,378,380]. The lesions are usually unilateral, yet bilateral or generalised LPs have also been also reported [52,114,377,381,382,383]. The plaques are anhidrotic and alopecic [384] and rarely may start as erosions [376]. A case with a giant cornoid lamella has also been reported [385].



LP may contribute to the development of a pterygium if the distal phalanx is affected [386,387,388,389,390]. There are two reports on phalangeal nail and bone abnormalities [387,391] and pseudoainhum [392] associated with LP. This subtype is regarded to be a form of post-zygotic cutaneous mosaicism and should be differentiated at the clinical level from other Blaschko-linear papulokeratotic dermatoses, both congenital and acquired, including inflammatory linear verrucous epidermal nevus (ILVEN), porokeratotic eccrine ostial and dermal duct nevus (PEODDN), lichen striatus, linear lichen planus, linear Darier’s disease, linear psoriasis, linear incontinentia pigmenti, elastosis perforans serpiginosa, ichthyosis linearis circumflexa and linearly arranged viral warts [377,378,384,393]. Liver disease [394] and Bardet–Biedl syndrome [395] were suggested to be linked to LP. This variant was reported to coexist with DSP (four cases) [53,55,187,188], LP (two cases) [46,394], PM [188], PPPD [46] and VP [396] (one case each).



It is worth mentioning that LP is a variant most commonly reported in the context of malignant transformation, usually solitary or multiple SCC [78,397]. The cumulative risk has been reported to be 11–19% with a mean latency period of 30–40 years after the disease onset [373,398]. Higher risk of malignancy is associated with longer history, a wider diameter of the LP lesions and the acral site [397,398,399].




6.2. Genetics and Epigenetics


Germline and post-zygotic mutations in PMVK, MVK and MVD (previously mentioned mevalonate pathway genes) have been associated with LP [63,114,115,400,401,402,403]. An inflammatory verrucous LP variant has been linked to PMKV and MVK mutations, whereas superficial LP to MVD mutations [400]. A severely inflammatory and hyperkeratotic form of LP has been reported to be associated with a PMVK pathogenic variant c.329C>A, p.R110Q [403]. Of note, PMVK and MVK mutations were demonstrated to be linked to Th17-dependent responses in LP [403]. PMVK and MVD have also been targeted in DSAP, which confirms the common genetic background of LP and DSAP, and there are multiple cases in the literature where both disorders coexist [5,7,9,45,46,47,48,49,50,51,52,53,54,55,56,57]. The timing of a second-hit mutation may play a vital role in the presentation of the lesions, whether they appear in childhood (LP) or later on (DSAP) [401]. In LP, the mutations happen in utero, resulting in the early presence of skin lesions, while in DSAP, the mutations are induced by prolonged exposure to UV. LP may share the same isogenetic traits and coexist with the variants PP (MVK) [59,396] and DSP (MVD) [9,11]. Genetic testing could be essential to distinguish LP from its mimics, e.g., inflammatory verrucous epidermal nevus.



The mechanism of malignant transformation in LP is likely associated with the loss of heterozygosity [399] (see Section 11 for details).




6.3. Dermatoscopy


The cornoid lamella might be very subtle in LP. Thus, in clinically non-obvious cases, thorough dermatoscopic examination might be prudent, especially considering the oncological risk in LP. In dermoscopy, linear porokeratosis may feature a white to yellow keratotic rim surrounded by brown dots or clods or white areas (Figure 11) [404,405]. Some pigmented lesions may display a blackish aspect of the inner annular ring, grey clods and hair casts in the proximity of the cornoid lamella [377]. The central aspect of the lesion was reported to feature hyperpigmented structureless area or grey-to-brown lines reticular with grey clods [377]. Smaller early LP lesions have been characterised by the presence of brown/black dots and clods at the inner side of the thin keratin rim, whereas larger ones developed outer brown/black dots and clods and inner grey/brown lines reticular lines [405]. The widest early plaques featured grey/brown dots and clods arranged in lines along both the inner and outer side of the rim [405]. In mature LP lesions, the inner area with reticular lines becomes red and then finally becomes a pinkish–white structureless area resembling a scar [405]. One report describes the dermatoscopic features of a plantar variant of LP [378]. The lesions were surrounded with pigmented dots and clods or a thick white keratotic rim, whereas a few flaky/pale white dots, clods or irregular structureless areas were noted in the central aspect of the lesion.




6.4. Confocal Microscopy


A single case report describes the normal stratification of the skin, a 40% reduction in the spinous layer, post-inflammatory changes and dermal neovascularisation deprived of scarring [406]. The structural features of the peripheral cornoid lamellae have not been reported.




6.5. Pathology


The cornoid lamella, a hyper/parakeratotic column of tightly packed keratinocytes, is a hallmark of the disease (Figure 12). In LP, it is usually multiplied and distributed throughout the lesion [108]. A single column of parakeratosis and folliculocentrism is rather uncommon [108,407,408]. The underlying epidermis is agranulotic, whereas the bordering epidermis is usually atrophic and features basal layer vacuolisation. Dyskeratotic keratinocytes can be present in the spinous layer, whereas necrotic ones appear beneath the cornoid lamella [377,409]. Dilated vessels, pigment incontinence (at both sides of the cornoid lamella, but not below it) and strongly IL-17A-positive mild CD4+ and CD8+ inflammatory infiltrate may be present in the upper dermis [377,378,403,405,410]. Subepidermal amyloid deposits have also been observed in this subtype [85].




6.6. Treatment


Since LP is not a frequent entity, the knowledge on the treatment methods of this disease is based on case reports or case series.



CO2 [411,412] and 585 nm pulsed dye laser irradiation [413] were reported to give satisfactory results in LP. A therapeutic success was achieved using diamond fraise dermabrasion in one patient, with partial repigmentation and no recurrence [414]. As in the other forms of porokeratosis, LP can also be managed using cryotherapy [415,416], yet some cases tend to be unresponsive to this treatment [417].



There are three reports on the use of MAL-PDT in LP [406,418,419]. Two adolescent patients underwent this treatment (2–3 sessions at 4-week intervals) after superficial skin stripping. The photosensitiser was applied under occlusion for 3 h and subsequently irradiated (energy density 37 J/cm). Regardless of a transient burning sensation during the session and remaining subtle peripheral hyperpigmentation, the outcome was satisfactory in regard to colour and scale, and the patients were reported to remain in remission at an 11–12-month follow-up [406,419]. Another adolescent responded to MAL-PDT (2 h application under occlusion; two sessions at a 3-week interval; energy density 37 J/cm), also achieving an excellent cosmetic outcome [418]. A combined therapy with ALA 20% solution (occlusion for 3 h) and pulse dye laser (595 nm; spot size 10 mm; fluence 8 J/cm2, pulse duration 1.5 ms) resulted in complete clearance [417].



Vitamin A derivates modulate keratinocyte maturation, providing either flattening of the LP lesions or their clearance. Thus, oral retinoids are considered by some researchers to be the treatment of choice in LP [420]. Oral isotretinoin (1.5 mg/kg for 24 weeks and 1.7 mg/kg for next 8 weeks) was reported to provide a good cosmetic effect in regard to thickness and scaling, and a moderate effect on hyperpigmentation, in a 2-month follow-up in a young female with adult-onset progressive LP [421]. Satisfactory effects have also been achieved in other cases treated with oral isotretinoin [422], acitretin [383,423] and etretinate [424,425], whereas treatment failure was reported in two using acitretin [412,426]. Treatment failure with systemic retinoids (no data regarding the drug) was reported in two LP cases [403,412].



Tretinoin 0.05% cream applied once daily was reported to be ineffective at 1-month follow-up [377] and so were topical adapalene [418] and topical tretinoin [427]. Split-body treatment with tretinoin 0.5% gel (once daily) vs. 5-FU 5% cream (twice daily) in one case report led to comparable significant clearance at week 12 and no recurrence at week 24, yet healed LP lesions displayed post-inflammatory hyperpigmentation [428]. Both treatments were characterised by mild to moderate transient side effects. Nevertheless, treatment failure with 5-FU 5% cream has also been reported [417].



Topical vitamin D analogues are supposed to modulate keratinocyte differentiation and proliferation alongside a reduction in inflammation. Topical vitamin D3 ointment (once daily for 12 weeks) has been used with moderate success in a single case of LP [390], but without success in others (3–12 months) [412,418]. On the other hand, an excellent response to a typical vitamin D3 analogue (maxacalcitol) in regard to pruritus and erythema was noted after 2 months in a single case with pruritic LP [379]. Non-histaminic itch mediators, such as thymic stromal lymphopoietin, periostin and interleukin 31, were locally upregulated, suggestive of Th2 response involvement, whereas no increase in eosinophils or mastocytes were observed in this particular case [379]. Six-month therapy with topical calcipotriene 0.005% cream and diclofenac 1% gel was reported to be ineffective in LP [429].



Topical glucocorticosteroids [379,403,412,417,426], topical urea (concentration unknown) [427] and 10% salicylic acid [379] were all reported ineffective in LP.



Topical tacrolimus 0.1% ointment provided no benefit in two LP cases [412,418], it while effectively cleared the lesions in one case [426]. Interestingly, a combined treatment with topical tacrolimus 0.1% (twice per day) and betamethasone dipropionate 0.05% ointment lead to LP clearance in 8 weeks with no recurrence in 2.5 years, and only mild residual post-inflammatory hyperpigmentation [426].



In a case of LP, topical imiquimod 5% cream (once daily, 5 days/week under occlusion) provoked a strong inflammatory response at week 3; thus, the treatment was tapered to twice per week without occlusion (extra 16 weeks). The outcome was excellent in regard to colour and scaling at both 3 months and further at 1-year follow-up with no recurrence [430].



As a cholesterol biosynthesis pathway is involved in the pathogenesis of porokeratoses, statin use has been proposed to manage LP. Topical lovastatin 2%/cholesterol 2% cream, aimed at supplementing the deficient mevalonate pathway end products, was well tolerated and moderately effective in five cases of LP [115,391,429,431]. Contrarily, a poor outcome has been reported in five cases treated with simvastatin 2%/cholesterol 5% ointment and 10% urea cream (twice daily for at least 4 weeks) [412]. Increasing the concentration of the simvastatin compound to 5% gave a superior effect at 10-month follow-up in regard to pruritus, pain and thickness in one patient [412]. One of these did not improve and one worsened. Atorvastatin 2%/cholesterol 2% ointment was reported to have no additional benefit to oral isotretinoin treatment in LP [422]. One LP patient was reported to be unresponsive to an unspecified statin/cholesterol formulation [403].



Bleomycin electrochemotherapy was reported to be successful in a single case of LP and multiple LP-associated SCCs [373]. A good clinical response, viz. complete remission of the treated SCCs and almost complete resolution of LP lesions and itching, was observed 8 weeks after the treatment, with acceptable tolerability (pain due to bleomycin). No recurrence of either SCC or LP at the treated sites was observed at 1-year follow-up.



Recently, a targeted anti-IL-17A therapy has been proposed to manage LP, as Th17-dependent inflammation has been shown to be involved in PMVK- and MVK-related disease [403]. Off-label treatment with secukinumab (75 mg s.c. every 3 weeks; for over 1.5-year duration) was demonstrated to reduce the symptoms (erythema and hyperkeratosis) within several weeks of first administration [403]. The achieved amelioration was stable and matched with a reduced DLQI (16 to 12), whereas the treatment tolerability was excellent.





7. Porokeratosis Palmaris, Plantaris et Disseminata (PPPD) and Punctate Porokeratosis (PuP)


7.1. Clinical Presentation


PPPD and PuP are rare variants of porokeratosis. PPPD was first described by Guss et al. in 1971 [432] and has been referred to as “porokeratosis punctata palmaris et plantaris” or “punctate keratoderma (spiny keratoderma)”, which is a clinically distinct, autosomal dominant subvariant of porokeratosis [433,434]. Unlike other subtypes, PPPD usually presents in adolescents or young adults in their early 20s with lesions restricted to the palms and soles (Figure 13) [435]; nevertheless, congenital cases were also reported [436]. It is more frequently observed in males [433,437,438]. Subsequently, the plaques spread within months or years until the entire extremities and trunk are affected [439]. Subungual, hyperkeratotic lesions might be found on the fingernails and toenails [440], while opalescent lesions may appear on the buccal mucosa [441]. Papules on the acral locations are usually more hyperkeratotic than the ones on the trunk, which are more superficial and morphologically resemble DSAP [442]. Both DSAP and PPPD present with exacerbated, widely spread lesions; however, in PPPD, they are not only limited to sun-exposed areas. It has been reported that 25% of patients with PPPD experience pain due to plantar lesions, and another 25% of them endure exacerbations of the lesions during summer [432]. A case of PPPD presenting as multiple erythematous, hyperkeratotic papules with pruritic inflammatory changes has also been described [443]. The oncogenic potential of PPPD is proposed by a few reports on multiple SCCs developing on the palms and soles in these patients [444,445,446].



PuP is likely a PPPD subvariant, although other authors claim it is a more severe form [432,434,447]. The disease was initially reported as “punctate keratoderma” by Brown in 1971 [448], later on dubbed “punctate porokeratotic keratoderma” by Herman in 1973 [449] and finally given the current term by Rahbari et al. in 1977 [450]. This keratinising disorder clinically presents as multiple tender, linear or diffuse seed-like pits 1–3 mm in diameter filled with keratotic plugs symmetrically affecting the palms and soles [435,437,449,450,451,452], yet rare unilateral involvement was also described [453]. Differential diagnoses for PuP may include viral warts, arsenic and arsenical keratosis, punctate palmoplantar (Buschke–Brauer–Fisher) keratoderma, nevoid basal cell carcinoma (Gorlin–Goltz) syndrome, punctate porokeratotic keratoderma, spiny keratoderma (also known as music box spine dermatosis) and pitted keratolysis [451,453]. Keratin plugging of Darier’s and Cowden diseases is accompanied by other criteria to these diagnoses [453]. Chronic idiopathic hepatitis [394], renal transplantation due to chronic renal insufficiency [454] and diabetes mellitus [434] were reported to coexist with this variant.



PuP may coexist with DSAP/LP [46] and LP [394]. So far, there are no data concerning the risk of malignancy [453].




7.2. Genetics and Epigenetics


PPPD is an autosomal dominant entity, although there are sporadic cases with no family history of this disease [432,442,443,455,456,457], which could result from a spontaneous gene mutation or other triggers, e.g., immunosuppression or radiation. Five chromosome loci regions at 12q24.1–24.2 have been identified in a five-generation Chinese family with PPPD (18/80 members) [457]. Interestingly, an overlap between the loci for PPPD and DSAP has been reported, which may explain the clinical resemblance of these two diseases. The mutation in patients with PPPD may develop spontaneously. In a different study, MVD mutations were detected in three patients with PPPD [458]. Reports of PuP do not provide any data on genetic traits besides positive family history [434,435,452]. Currently, no more than 100 PPPD cases have been reported in the English literature.




7.3. Dermatoscopy


There is only a single dermatoscopic description of PPPD in a dark-skinned individual [437]. Dermatoscopically, both PPPD and PuP are characterised by multiple, yellowish annular structures present with a discrete white rim surrounding a central homogenous brownish clod. An “ink test” can be used to better visualise the lesions [437]. Dermatoscopic examination can be useful to differentiate PPPD from circumscribed palmar hypokeratosis [437,459]. Pitted keratolysis can be differentiated from PuP as it displays multiple coalescing plantar pits with a free edge without a central clod, and presents distinct porphyrin-related UVFD clues, namely multiple pits surrounded with coral–red scaling, a coral–red parallel ridge pattern (not seen using conventional dermatoscopy) and coral–red eccrine dots and clods [244].




7.4. Confocal Microscopy


No data.




7.5. Pathology


Similarly to other porokeratosis subtypes, the most prominent finding in PPPD is the cornoid lamella. Moreover, agranulosis, acanthosis, papilomatosis, dyskeratotic keratinocytes and subepidermal lympho-histiocytic inflammatory infiltrate were reported (Figure 14) [440,443,460].



The typical features of PuP encompass the cornoid lamella, hypo/agranulosis, keratin plugs, dyskeratosis and vacuolated cells [453]. Common histopathological simulants of PuP include punctate palmoplantar keratoderma, nevoid basal cell carcinoma syndrome, punctate porokeratotic keratoderma and spiny keratoderma [453]. Even though all the abovementioned disorders (along with PuP) present with keratin plugging, the first two display neither a cornoid lamella nor a thinned granular layer, and, contrary to PuP, all lack dyskeratotic and vacuolated keratinocytes [453]. Contrary to PuP, palmar and plantar pits present in nevoid basal cell carcinoma syndrome, and corynebacterial pitted keratolysis exhibits a focally reduced or absent horny layer [244,453]. A cornoid lamella may also be present in actinic keratosis and porokeratotic eccrine ostial and dermal ductal nevus, yet the former shows epidermal cytologic atypia, and the latter involves acrosyringia within the parakeratotic column [435,442]. Even though viral warts may occasionally display cornoid lamellation, no koilocytosis is ever observed in PuP [435]. Of note, Darier’s and Cowden diseases may also display keratin plugs, so the pathology should always be matched with the clinical context [453].




7.6. Treatment


Few case reports provide data on treatment. There are a few attempts to treat PPPD using systemic retinoids, due to their ability to regulate epidermal proliferation, desquamation and inflammation. These include isotretinoin (60–80 mg/daily or 1 mg/kg/day; 5 months course) [442,461], etretinate (tapered doses of 10–75 mg/daily) [442,445,446,447], and acitretin (25 mg/day or 0.5 mg/kg/day; 4–5 months course) [442,460], providing a good to excellent effect. However, in one case, the treatment was interrupted due to cheilitis, syncope and systemic complications. Moreover, one PPPD case was aggravated by etretinate (1 mg/kg/day) [151]. It has been speculated that systemic retinoids could serve as skin cancer prevention in PPPD [446].



A significant reduction in lesions were reported in a PPPD patient treated with imiquimod 5% cream (alternate days for 3 weeks under occlusion, then tapered to three times per week without occlusion for another 6 months) [440].



Two patients with PPPD were reported by Atzmony et al. in their case series. A cholesterol 2%/lovastatin 2% ointment was applied twice daily for 6 weeks in one patient and 8 weeks in the other. In both of them, a reduction in scaling was observed, however, without an impact on lesion count and size [115].



The literature’s data regarding the treatment modalities in PuP is scarce. Topical 2% cholesterol/2% lovastatin ointment (twice daily; 19 months) did not resolve the lesions. Nevertheless, it softened them and slowed down their recurrence [452]. Treatment with salicylic acid provided no effect [451,452].





8. Verrucous Porokeratosis (VP)


8.1. Clinical Presentation


VP (also known as genitogluteal porokeratosis) is an extremely rare variant of porokeratosis first characterised clinically in 1985 by Helfman and Poulos as “reticulated porokeratosis” [462], and later on named “porokeratosis ptychotropica” by Lucker et al. in 1995 [463] and “perianal inflammatory verrucous porokeratosis” by Stone et al. in 1999 [464]. This nomenclatural chaos is a reason for undying confusion among researchers, clinicians and patients, the motive for introducing a unifying VP term [108,465]. Nevertheless, this trend is maintained, as the terms “porokeratosis ptychotropica” or “penoscrotal porokeratosis” still remain preferable for a number of authors in clinically non-verrucous VP cases.



VP is clinically characterised by the presence of multiple, slowly progressing, well-defined, concentrically arranged, symmetrical reddish to brown-coloured hyperkeratotic, verrucous or psoriasiform/lichenified erythematous or keratotic papules, annular or depressed plaques associated with severe itching or burning (Figure 15A) [191,466,467,468,469,470,471,472,473,474,475]. Multiple (or, less frequently, solitary) cornoid lamellae produce thread-like, ridged, uplifted boundaries [468,469,476,477]. The lesions spread centrifugally over a 5–10 year period [465] and have a tendency towards forming small peripheral satellite lesions [478].



VP affects the anogenital area and skin folds, usually the genitogluteal region, but may also involve the scrotum, penis (including the glans and urethral meatus), vulva and anus [465,467,473,479,480,481,482,483,484,485], as well as groin and upper thighs [486]. Thus, the peculiar pattern of distribution is sometimes described as having a butterfly-shaped appearance [61,465,485,486,487,488]. The majority of gluteal lesions are adjacent to the natal cleft rather than the lateral quadrant of the buttocks [469]. A VP subvariant exclusively involving the penile shaft and anterior scrotum (penoscrotal porokeratosis) is regarded as a distinct entity by some authors (Figure 15B) [473].



The peak incidence of VP is the 3rd–5th decade of life, yet the first lesions may occasionally develop in childhood [465,473,479,489,490]. The majority of reported cases have been in males, whereas occurrence in women seems to be extremely rare [201,465,467,472,481]. The disease is reportedly aggravated by warm climates [466,467,477], friction with clothing [467,468] or scratching [467,473].



VP may mimic many dermatological conditions (esp. inverse psoriasis, but also viral warts, perianal Paget’s disease, Darier’s disease, Hailey–Hailey disease, epidermal nevus, seborrheic keratosis, lichen planus verrucosus, lichen simplex chronicus, contact dermatitis, neurodermatitis, Zoon’s balanitis, dermatophytosis, chromomycosis, paracoccidioidomycosis, squamous cell carcinoma, sebaceous carcinoma, condyloma acuminata, granuloma annulare, lichen sclerosus, morphea, verrucous cutaneous tuberculosis, leishmaniasis, acrodermatitis enteropathica and necrolytic migratory erythema), the patients usually report multiple treatment failures and are subjected to delayed diagnosis [464,465,467,469,474,477,485,487,491,492,493,494,495]. Thus, the disease is suspected to be largely underdiagnosed and some cases may be treated as sexually transmitted infections [295,465,467]. Nevertheless, there are examples of VP and STI coexistence in the literature [295].



Little is known on the pathogenesis; however, repeated traumas and defective immune surveillance have been speculated to play a role [201,484,487,490,496,497]. VP was reported to develop at sites of prior radiotherapy and injection in a HIV-positive patient [470] and non-HIV-immunocompromised patient [490]; associated with multiple myeloma treated with thalidomide and dexamethasone [201]; an allogenic bone marrow transplant due to myeloid leukaemia [496]; at sites previously treated using topical glucocorticosteroids [492] and in a patient undergoing imatinib therapy for systemic mastocytosis [487]. Five diabetic VP cases may indicate the potential role of protein glycosylation [191,467,496]. Rarely, VP may coexist with other subtypes: DSAP [58,59,60,61], DSP [191], PM [318] or LP [396]. Contrasting to PM, malignant transformation (SCC) has been reported only in a single patient [498]. Even though the oncogenic potential in VP remains uncertain, an increased vigilance towards malignancy is recommended.




8.2. Genetics and Epigenetics


VP almost never has any family history. However, single case reports might suggest an autosomal dominant trait [191,465,499,500]. MVK mutation was reported in 50% of VP patients and exclusively associated with clinical presentations featuring a giant, plaque-type lesion with a diameter of 5+ cm [15,59]. Interestingly, patients diagnosed with MVK-related porokeratosis demonstrate the widest range of phenotypes in terms of size and number of lesions [15,59]. Six VP cases coexisting with DSAP reported in the literature support the isogenetic background of these two variants [15,58,60].




8.3. Dermatoscopy


Dermoscopy of VP usually shows a thick peripheral hyperkeratotic rim, variable in colour (hypopigmented, brown, grey or white) typical for all porokeratoses (Figure 16). A central scar-like or hyperpigmented area, polarising-specific white four-dotted clods (rosettes), clues of scale (thick curved parallel lines/cerebriform or papillomatous-like pattern, white or brown diffuse scales, follicular plugs) and a vascular pattern consisting of non-uniformly arranged dots or clods can be noted. Pigmented dots and clods on a reddish–brown background may occasionally occur [59,466,473,486,493,501,502,503,504,505].




8.4. Confocal Microscopy


RCM reveals a well-defined, peripheral rim appearing as a hyper- and/or hyporeflective amorphous structure abruptly interrupting the epidermis alongside the loss of the physiological honeycomb pattern. These findings resemble the RCM pattern demonstrated in DSAP and PM [486].




8.5. Pathology


Confirmation with pathology may be recommended in atypical cases. Multiple, often concentrically arranged and large, cornoid lamellae, irregular or uniform papillomatosis (digitate epidermis) and/or psoriasiform epidermal hyperplasia and papillary dermis telangiectasia are the unique features of the disease, enabling reliable differentiation from PM (Figure 17) [465,469,476,477,480,483,485,487,503]. Some lesions may display folliculocentric or perieccrine arrangement (esp. in penoscrotal cases) [465,473]. It is speculated that multiple parakeratotic columns may be responsible for the thick and verrucous character of VP [465]. The disease features an absent or diminished granular layer [468,476,506] with multiple dyskeratotic cells present also in the spinous layer [495]. A vacuolated basal layer, individual necrotic keratinocytes, focal hyperchromatic cells, dermal inflammatory infiltrate and pigment incontinence can be observed [469,476,491,499,503]. Subepidermal amyloid deposits reported in a number of VP cases [47,471,494,507,508] might be associated with the concomitant chronic itching and subsequent rubbing in the intertriginous areas. As dyskeratotic epidermal cells and focal basal degeneration are more prominent under cornoid lamella, the occurrence of amyloid deposits might also be associated with epidermal defect [507]. Of note, some cases may lack amyloid [506], which might be attributed to the limited amount of friction in the particular non-intertriginous areas (e.g., the scrotal region) [471].




8.6. Treatment


Treatment of VP is very difficult and rarely leads to satisfying clearance of the lesions. Multiple case reports describe temporary improvements, yet ultimately a relapse.



Nine patients with limited lesions underwent surgical excision with a good to excellent effect [191,465,467,475,489,506,509,510]. One- to six-year follow-ups reported no recurrence in four cases [465,467,510] a complete relapse after 13 years in one case [506] and solitary recurrent lesions after 3 years in other [489]. Huang et al. reported a series of six patients with limited VP lesions successfully treated using CO2 lasers or surgery (no precise data) with no relapse at up to 6-year follow-up [469]. Dermabrasion was fully effective in one reported case (no relapse at 6-month follow-up) [6] and ineffective in another [475]. Curettage was used in one case with a good effect [495]. Unfortunately, the majority of reported cases lack data on long-term follow-up.



Cryotherapy completely cleared the lesions in four VP cases [345,416,511,512], demonstrated some/temporal effectiveness in four cases [191,290,465,471] and a poor outcome in three cases [465,507,513]. Considering the treated site, the main limitation for the procedure was pain [471].



Complete clearance with no relapse within 1–12 years was noted in three VP cases treated using a CO2 laser [467,514], whereas in nine, the lesions recurred after up to 13 years [6,191,290,465,467,474,475,507]. An excellent therapeutic outcome in six patients with localised VP lesions was achieved using CO2 lasers or surgery (no precise data) [469]. An excimer laser failed to provide a long-lasting effect in one VP case [475].



One case was subjected to destruction with a microwave knife (10 procedures) [60]. Complete clearance was achieved, with no recurrence during 6-year follow-up. Ultrasonic surgical aspiration was fully successful in one patient with vulvar VP and provided excellent cosmetic results [490].



PDT applied to three VP patients (unknown regimen and photosensitiser) were temporally effective (relapse was noted) in two and ineffective in one [496,497]. In two patients MAL-PDT (2–8 sessions) reduced the itch and provided partial resolution of the plaques [496]. 5-ALA-PDT was introduced in one patient with prior VP control with imiquimod 5% cream (3 h occlusion; light dose 37 J/cm; two sessions at a 4-week interval) achieving complete clearance of the remaining lesions and no recurrence at 52-week follow-up [466]. A lack of clinical response was observed during topical PUVA treatment in one VP patient [464]. Moreover, the intense burning sensation evoked by PUVA was a reason for treatment cessation.



Various topical glucocorticosteroids were applied in 24 reported cases and failed to reduce the lesions, apart from a temporal anti-pruritic effect noted in some patients [191,294,345,396,463,464,465,466,467,468,475,477,481,485,494,495,496,497,499,504,506,508,509,515]. Neither intralesional [495] or systemic glucocorticosteroids [481] provided any significant disease control. Topical calcineurin inhibitors, pimecrolimus [465,484] and tacrolimus [475], were used with poor effect.



Imiquimod 5% cream (three times per week; 8 weeks) led to full resolution in one VP patient [516], a good effect and itch control in one patient (daily application for 24 weeks) [466] and was ineffective in eight (1–12 weeks) [6,191,465,474,492,496,497,517]. Subsiding lesions produced residual hyperpigmentation [516]. A urticarial reaction, joint pain [465] or severe irritation [6] led to treatment discontinuation in two cases. In one case, topical administration of imiquimod 5% cream alternating with 5-FU achieved an anti-pruritic effect at week 8 [517].



Treatment with 5-FU 5% cream failed to improve the disease course in six VP cases [6,465,484,494,517,518], yet was able to achieve a temporal anti-pruritic effect in four of them. Partial VP remission was observed in one VP case at week 2, but the treatment was discontinued due to local irritation [519].



Topical vitamin D derivatives, i.e., tacalcitol [497], calcitriol [475,497], calcipotriol [464,497,518] and an unknown vitamin D analogue [191], provided no response in four reported VP cases.



Vitamin A derivates were used in VP in a number of cases. The responses to topical application were generally poor. Tretinoin 0.05% cream was reported to control recurrence in two cases [465,496], whereas tretinoin 0.025–0.075% cream [61,201,463,494,503,518,520], topical tazarotene 0.1% [191] topical retinoic acid [496,497] and unspecified retinoids [488,508,513,519] failed to achieve any durable effect, and in one case, were discontinued due to irritation [463]. Oral acitretin (25 mg daily [0.3 mg/kg] for 6 months, then tapered to 10 mg daily for additional 3 months) provided an excellent outcome in regard to lesion count, pruritus and irritation in one VP case [477], a moderate improvement in three cases (10–20 mg daily) [58,495,521] and a poor effect in two (30 mg daily for 2 months; and unknown regimen) [488,494]. Treatment failure with oral isotretinoin (unknown regimen) was reported in one case [475]. On the other hand, combined treatment with oral isotretinoin (25 mg/day; 4 weeks) and 5-FU 5% cream demonstrated moderate effectiveness in 4 weeks, yet the patient was lost to follow-up [506]. One case treated with isotretinoin (unknown dose; 6 months) and topical tazarotene 0.1% gel was reported to show a 25% reduction [468]; however, it remains unclear whether the authors addressed the VP severity or affected area. Oral isotretinoin (20 mg/day) combined with topical 5-FU in the morning and tretinoin 0.025% cream at night led to partial subsidence of lesions at week 4 [501]. One VP case treated with etretinate (regimen unknown) ceased treatment due to the intolerable side effects [294].



Out of four VP patients treated with diclofenac 3% gel, all failed to respond [191,496,497]. In one case, strong local irritation led to tapering the dose.



Other miscellaneous topical modalities used did not affect the disease course: topical antifungals (six patients) [345,466,499,501,509,515], glycolic acid [496,497], podophyllin [345,465], salicylic acid [467,497], urea (2 patients each) [474,503], topical antibiotics [509], coal tar formulations [464] and zinc oxide [497]. Systemic antifungals (three patients) [466,499,506], oral antihistamines [466], oral antibiotics (chlortetracycline and clindamycin) [475], antitubercular therapy [506] and intralesional administration of bleomycin [45] provided no clinical response.



The use of topical 3-hydroxy-3-methylglutaryl coenzyme A inhibitors (statins) aims at preventing the accumulation of toxic metabolites of the malfunctional mevalonate–isoprenoid pathway. A combined treatment with cholesterol 2% and simvastatin 1% ointment on petrolatum base was applied in two VP patients (twice per day, progressively tapered to 2–3 times per week) with a good safety profile and tolerability of the treatment [497]. The affected area was reduced by 50.0% (week 104, patient no. 1) and 66.7% (week 96, patient no. 2), with good control of itch, scaling and discomfort. In both cases, there was a notable decrease in the Dermatology Quality of Life Index (DLQI) (from 7 to 4 and from 11 to 5, respectively), whereas the satisfaction from the treatment was excellent. No relapse was observed in over a 2-year follow-up. In the authors’ experience, VP does not respond to monotherapy with cholesterol 2% ointment.





9. Follicular Porokeratosis (FP)


9.1. Clinical Presentation


The initial report on the involvement of adnexal structures (eccrine gland ostia and hair follicle infundibula) in porokeratosis dates back to 1980 [522]. Since that time, this phenomenon has been noted in many variants, e.g., PM, DSAP, DSP and porokeratotic eccrine and hair follicle nevus [408,523,524,525,526]. FP was formally acknowledged as a distinct variant by Pongpudpunth et al. in 2009 [526], yet the discussion on whether it is a separate condition or just a histological phenomenon potentially present in other variants is still ongoing [523].



FP presents with a wide range of clinical phenotypes [408,527,528]. Small (usually <1 cm in diameter), static, either itchy or asymptomatic, well-defined, erythematous, violet, pinkish, skin-coloured, brownish or dusky folliculocentric papules and/or nodules with a raised keratin rim may localise on sun-exposed and sun-unexposed sites (excluding the palms and soles) [241,525,526,527,529,530,531,532], and occasionally may be accompanied by follicular spicules [523,528]. Rare, limited FP cases with exclusive nasal skin [531,533,534,535,536] or scalp involvement [537] were also reported. The former seems to be more common in young adults and is speculated to be a distinct subvariant [531]. Examination with Wood’s lamp exhibits “diamond-necklace-like” lesions characterised by a bright white annular structure and multiple inner bright spots [529]. There was no sex predominance noted in the reported cases and the peak morbidity was noted in middle-aged individuals (range from 5 to 85 years) [525,529,530,537]. Speculatively, UV radiation might be involved in pathogenesis, as some cases displayed worsening with sun exposure or developed over sun-exposed sites [524,525,529,533,534]. In a patient with Sturge–Weber syndrome, FP caused secondary alopecia due to follicular hyperkeratosis and perifolliculitis [528]. Currently, no malignancy has been reported in FP.



Differential diagnoses for FP include a wide range of entities: nevus comedonicus, lichen planopilaris, lichen nitidus, lichen spinulosus, follicular cutaneous T-cell lymphoma, follicular porokeratoma (porokeratotic acanthoma), trichodysplasia spinulosa, hyperkertotic spicules associated with paraproteinemia, keratosis pilaris, phrynoderma and paraneoplastic spiny keratoderma [528,532]. Multiple minute digitate hyperkeratosis (filiform hyperkeratosis), presenting as hyperkeratotic spicules emerging from minute annular follicular and non-follicular plaques, is speculatively considered by some authors to belong to the same FP spectrum [538].




9.2. Genetics and Epigenetics


A genetic trait was proposed by Pongpudpunth et al. [526], and later on for two well-documented familial cases [524,529]. Until now, no culprit genes have been identified.




9.3. Dermatoscopy


Dermoscopy shows a distinct annular keratotic rim and atrophic centre. Several follicular plugs can be appreciated within the lesion [529]. In a case affecting the scalp, trichosopy showed poorly defined pinkish and violet areas with a prominent vascular network and yellow keratotic plugs in some follicles [539].




9.4. Confocal Microscopy


No data.




9.5. Pathology


Infundibulocentric parakeratotic columns with consumption of the underlying granular layer are recognised as histological hallmarks of the disease. Apoptotic basal keratinocytes (dyskeratosis) and focal interface lichenoid dermatitis can be observed [241,525,526,529,530,531,533,535,536,539]. In one case, a mild increase in dermal mucin deposition was noted [526]. Multiple minute digitate hyperkeratosis, speculated by some authors to be a FP subvariant, shares hypo-/agranulosis and a cornoid lamellation pattern with FP; however, no dysplasia, angularity of columns or keratinocyte vacuolisation are usually noted [538].



The suspected mechanisms by which folliculocentric cornoid lamella might develop include: (1) clonal proliferation of keratinocytes and their spread into the hair follicle [524] and (2) the proliferation of follicular stem cells [526,534]. Congenital or acquired mutation in the epidermal cells develops secondary to inflammatory responses [529].



Interestingly, some cases described as FP present with additional interfollicular cornoid lamellae [525]. A retrospective histopathological study on various types of porokeratosis, which included 86 cases from 73 patients, demonstrated a 14% incidence of infundibular/acrosyringial cornoid lamellae [408]. Thus, this histopathological feature might not be specific to FP, but present as a site-specific sign [408,523]. As the term “FP” is merely used by some authors to describe the distinctive histopathological phenomenon, it is unclear whether all the FP cases reported in the literature truly exhibit peculiar clinical characteristics and should be classified as FP (just as was the case with pruriginous follicular porokeratosis [241] that clinically matched the EDP variant of DSP).




9.6. Treatment


Various modalities were utilised in FP, yet all of them provided little to no effect. These included cryotherapy [529], topical steroids [526,533], topical pimecrolimus cream (twice per day; 2 months) [539], topical 5-FU (twice per day; 4 months) [530], imiquimod 5% cream (1 case treated once per day for 2 weeks) [532,533], cholesterol/lovastatin ointment (unknown concentration and regimen) [530], tretinoin cream [528] and ketoconazole shampoo [528]. No effect was achieved with systemic treatment with oral hydroxychloroquine (200 mg twice per day) [526] and acitretin (unknown regimen) [528]. Moreover, the latter led to the development of abscesses and spiculisation, aggravated xerosis and itch.





10. Porokeratoma


10.1. Clinical Presentation


Porokeratoma (porokeratotic acanthoma), introduced in a case series by Walsh et al. in 2007 [540], is an isolated well-demarcated porokeratotic plaque or nodule deprived of the typical annular rim of scale, sometimes verrucous, hyperkeratotic, or depressed [1,540,541,542], and predominantly involving the upper and lower extremities, followed by the buttocks, face and trunk [543]. Even though the majority of cases were solitary, multiple porokeratomas have also been reported [12,541,544,545]. The male to female ratio is 19:4, whereas the mean age of onset is 55 years (age range from 13 to 78) [543].



FP was reported in combination with PM [316] and DSP [12]. Nevertheless, individuals affected by porokeratoma usually have no familial/personal history of porokeratosis, drug triggers or immunosuppression [540,545]. The concomitance of porokeratoma and severe ankylosing spondylarthritis (two patients; one with paraplegia secondary to poliomyelitis) [541,545], Parkinson’s disease [316], chronic lymphocytic leukaemia [541] and non-HIV-related immunodeficiency [12] has been reported.



Porokeratoma is frequently misdiagnosed due to its substantial similarity to squamous cell carcinoma, basal cell carcinoma, actinic keratosis, psoriasis, seborrheic keratosis, papular amyloidosis (lichen amyloidosis), chromoblastomycosis, viral wart, prurigo nodularis, perforating dermatoses, digital mucous cyst and excoriation [541,543,545].



Although there have been no reports of malignant transformation in porokeratoma, the histopathological similarities between the subtypes could warrant a regular follow-up.




10.2. Genetics and Epigenetics


Even though some researchers claim that porokeratoma is sporadic [543], the presence of PMVK mutation in porokeratoma [540] was recently confirmed by Zhang et al. [15]. All porokeratomas studied in a genetic sequencing study on porokeratosis (5/134 index cases) demonstrated PMVK mutations (suggestively sporadic), confirming its clinical similarity to solitary VP and hyperkeratotic and classical PM [15]. Interestingly, according to the aforementioned study, PMVK mutation was a predisposing factor for genital localisation [15].




10.3. Dermatoscopy


There is only one case report which specifies the dermatoscopic features in porokeratoma: papillary protruding structures with little white–yellow scales, and dots and punctate vessels [12].




10.4. Confocal Microscopy


No data.




10.5. Pathology


Porokeratoma can be characterised as a localised form of porokeratosis, sharing the same histological aspect, namely the cornoid lamella. Of note, an abrupt transition to normal skin is prominent, and the lesion exhibits a distinct pattern of irregularly distributed cornoid lamellation throughout the area with multiple discrete or broad confluent columns of parakeratosis [540,545]. Follicular involvement (follicular porokeratoma), histologically resembling the FP variant, was reported in one case [543]. Contrary to the classic forms of porokeratosis, the central aspect of porokeratoma is non-atrophic but hyperplastic [540,543,545,546]. Compact orthokeratosis with infralamellar dyskeratosis, acanthosis and agranulosis can be seen, accompanied by a mildly dilated vascular plexus with mid-dermal predominantly lymphohistiocytic infiltrate and occasionally with dermal hemosiderin deposits [540,541,543,545,546,547]. Papillomatosis can be appreciated in some lesions [540]. In regard to dermatoscopy–pathology correlation, the papillary protruding structures with yellow–white scales and dots correspond to verrucous hyperplasia with multiple cornoid lamellae and keratin pearls, whereas the dotted vessels reflect dermal capillaries seen from above [12].



The lesion should be differentiated from granular parakeratotic acanthoma and hypergranulotic dyskeratotic acanthoma, with the former lacking cornoid lamellation, and the latter showing unique granular parakeratosis, either limited to the infundibula or extending to the interfollicular epidermis [543]. Contrarily, cornoid lamellae can be occasionally noted in prurigo nodularis, viral warts, seborrheic and solar keratosis, SCCs and BCCs, lichen planus and nevus sebaceous. Despite that, these lesions often present characteristic structural and cytological features, enabling their reliable differentiation [543].



Considering immunohistochemical staining, downregulated expression of keratinocyte maturation antigens at the cornoid lamella level underlines a disturbed epidermal differentiation in porokeratoma. In one reported case, several keratinocytes expressed Ki67 (proliferation marker), which was underexpressed at the level of the cornoid lamella. Beneath the cornoid lamella, there were relatively fewer CD1a+/CD207+ Langerhans cells. This area also displayed a decreased keratinocyte surface expression of Ulex Europaeus Agglutinin-I (UEA-I; pan-endothelial marker) lectin and ß-catenin, whereas the epidermal expression of E-cadherin (epithelial marker) and epidermal growth factor receptors (EGF-R; basal layer marker) were normal. Involucrin and filaggrin overexpression (confined to the most suprabasal layers) was noted, whereas the protein expression of p53 and p63 (tumour suppressors) were within normal limits. Occasional expression of epidermal membrane antigen (EMA) was observed underneath the cornoid lamella. Moreover, keratinocyte CD138/syndecan-1 (keratinocyte differentiation marker) was shown to be altered (not surface but cytoplasmic staining) [545].



HPV testing was negative in three cases [12,541,545] and positive in one (HPV 16) [544]. In one case, staining with gentian violet confirmed the presence of prominent amyloid deposits in the papillary dermis [548]. This phenomenon could have been evoked by the patient himself, who admitted to chronic scratching.




10.6. Treatment


Since porokeratoma is still a fairly new entity, a very few cases with a few treatment modalities have been published.



Surgical excision was adopted in 12 cases with excellent cosmetic effect and no relapse reported in 10 [540]. No follow-up data were available in two patients [545,548]. An excellent outcome was achieved with a shave biopsy followed by curettage in one case, with no relapse in 2-year follow-up [542].



Cryotherapy provided therapeutic success in one case [540] and failed in another [544].



Oral retinoids were administered only in single cases. Acitretin (30 mg daily; 6 months) alongside Helium-Neon 1064 nm laser therapy led to a good outcome (drop in lesion count with no recurrence), allowing the dose to be tapered to 25 mg/day [12]. The same retinoid (0.4–0.6 mg/kg/day) partially reduced the lesion in 3 months, but the patient was lost to follow-up [316].



Topical 5-FU 5% cream (twice daily; three courses: 2, 3, 2 weeks, each followed by a 2-week healing break) led to complete lesion resolution at week 13 in one case, with no relapse in 2.5-year follow-up [546]. The treatment was well tolerated, whereas post-inflammatory erythema and scaling gradually subsided with each treatment course.



Topical steroids [548] and oral antifungals provided no clinical effect [12].





11. Risk of Malignancy


Porokeratosis is reportedly associated with an increased risk of malignancy, particularly keratinocyte cancer. This relation was noted first by Vigne in 1942 [549]. Although usually a solitary neoplasm develops within the lesion, multiple cancers in one patient were occasionally reported. SCC is the most commonly associated tumour in patients with porokeratoses (Figure 18) [18,282,550], yet a higher incidence of BCC and melanoma has also been demonstrated in this group [15,18,86,551,552,553,554], According to the literature, the estimated risk for developing keratinocyte cancer is 6.8–11.6% [555,556]. Malignant transformation occurs reportedly in 3.4% of DSAP, 7.6% of PM and 19% of LP [398]. Nevertheless, it is likely that the real-world risk is much lower. The most common porokeratosis subtypes and their potential for malignant transformation are summarised in Table 1.



High risk has been reportedly attributed to long-standing and large lesions, lesions located at acral and non-exposed sites, older age and personal history of irradiation [327,398,556,557]. Impaired immune surveillance can play a role in transplant patients, users of immunosuppressive drugs and individuals with AIDS [195,206,311,350,558].



The pathophysiology of carcinogenesis in porokeratosis is poorly understood. One of the theories presented for explaining this relation is a loss of heterozygosity as a first step towards neoplastic transformation [399]. The clonal proliferation of dysplastic keratinocytes in cornoid lamellae may be a consequence of intrinsic and extrinsic stimuli [282]. The former may include genetic factors (e.g., chromosome 3p.12–14 instability), with the latter including various factors impairing immune status (viz. immunosuppression, UV, infections, mechanical trauma and medications) [282,357]. Polyploidy is a situation where a cell features one or more extra pairs of chromosome copies. This phenomenon, common in SCC [559], has been demonstrated in porokeratosis [556,559,560], in particular in PM [561,562], and PPPD lesions [561,563], being a possible risk factor for cancerogenic potential.



Telomeres are vital protective elements of chromosomes. These regions of repetitive DNA sequences conserve the genome from nucleolytic degradation during chromosome replication and play an important role in ageing and cancer. Immortality, an uncontrollable self-replication, is a crucial feature of neoplasms. Human telomerase reverse transcriptase (hTERT) is responsible for aberrant cell proliferation, immortalisation and metastasis in cancers [564]. Interestingly, hTERT has been shown to be overexpressed in BCC, SCC, actinic keratosis and porokeratosis, and putatively involved in malignant transformation [565].



Oncogenesis in porokeratosis has been attributed to several signalling pathways controlling cell replication and apoptosis. p53 and p63 (p53 homolog) are tumour suppressor proteins, the most commonly overexpressed proteins in human neoplasms [565,566,567,568,569]. There are reports on p53 and p63 overexpression in various subtypes of porokeratosis [195,253,565,568,569,570,571]. p53 expression has been shown to be upregulated mainly in the inner aspect of the lesion, yet sub-lamellar and peripheral overexpression has been also noted in some cases [195,253,568,569]. Interestingly, p53 overexpression at the protein level was not matched with disrupted expression at the gene level, which questions the role of UV in porokeratosis [568,571]. Uncorrelated protein and gene expression does not seem to be uncommon in skin cancers [572] and may suggest epigenetic control of this process.



Cell cycle progression from the G0 or G1 to the S phase is regulated by cyclin-dependent kinases 4 and 6 [566,573]. p16 INK4a is a tumour suppressor inhibitor strongly linked to cell senescence, inhibiting cell cycle progression via downregulation of the activity of cyclin-dependent kinases 4 and 6 [566]. p16 INK4a was reported to be overexpressed at the mRNA level in one LP case [574] and at the protein level in the majority of DSP and PM cases evaluated [575]. Its expression under the cornoid lamella and within the central aspect of the lesion was speculatively associated with the focal senescence of keratinocytes and cornoid lamella formation [575]. Interestingly and counterintuitively, cell senescence and cancerogenesis seem to be closely related, as ageing cells may locally promote malignant transformation [573].



Survivin (baculoviral inhibitor of apoptosis repeat-containing 5, BARC5) is an apoptosis inhibitor overexpressed in a number of neoplasms [576], including SCC, yet not BCC [565]. Similar survivin expression patterns in the basal layer of porokeratosis and actinic keratosis support the premalignant character of both conditions [565].




12. Summary


Porokeratosis is a rare disease that is often misdiagnosed and mistreated, in some cases for years. A comprehensive knowledge on clinical presentation, dermatoscopy and treatment methods might be helpful to evaluate the lesions and eventually introduce an appropriate management. It should be underlined that patient education in regard to cancer awareness, self-examination and sun protection is pivotal for early detection and treatment in patients with porokeratoses. Regular long-term follow-up should be recommended in each patient. Despite no expert consensus existing, we suggest that yearly follow-up in patients with porokeratosis and no history of skin cancer could be reasonable.
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Figure 1. Small atrophic, annular, hyperkeratotic lesions (black arrows) distributed over sun-exposed areas (incl. upper and lower legs, dorsa of the hands, forehead) in elderly women with disseminated superficial actinic porokeratosis (A–D). 
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Figure 2. Dermatoscopy of disseminated superficial actinic porokeratosis (magnification 20×): central atrophic pink–tan area with polarising-specific white lines (black arrow), small white areas (black arrowheads) and vascular polymorphism (dots, linear serpentine and linear glomerular vessels; red arrows, red arrowheads and red V-shaped arrows, respectively), surrounded by a continuous yellowish double-edged keratin rim (yellow arrow). Radially arranged peripheral scaling (yellow arrowhead) can be observed on both sides of cornoid lamella (A). “Ink test”: Colouring the lesion and wiping out excessive pigment enhances the visibility of the keratotic rim, especially in non-obvious cases (B). In this case, brown pen ink was used, yet whiteboard marker or gentian violet can also be used. 
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Figure 3. Reflectance confocal microscopy of disseminated superficial actinic porokeratosis: epidermal layer with parakeratosis (red asterisk) (A), elongated vessels in the lower parts of the epidermal layer (red arrow) and spongiosis (yellow arrow) (B), hyperkeratosis in the epidermal furrow (yellow arrow) (C). 
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Figure 4. Pathology of disseminated superficial actinic porokeratosis shows cornoid lamella (black arrowhead) along with typical diffuse epidermal atrophy, agranulosis, basal keratinocyte vacuolisation (yellow arrowhead) and superficial inflammatory infiltrate in the upper dermis (white arrowhead) (original objective magnification 20×). 
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Figure 5. The mevalonate–isoprenoid pathway involved in pathogenesis of porokeratoses. Legend: ACAT—Acetoacetyl-CoA thiolase, FDPS—Farnesyl diphosphate synthase, FDFT—Farnesyl diphosphate farnesyltransferase, GGPS—Geranylgeranyl pyrophosphate synthase, HMGCoA—3-hydroxy-3-methylglutaryl-CoA, HMGCR—3-hydroxy-3-methylglutaryl-CoA reductase, HMGCS—3-hydroxy-3-methylglutaryl-CoA synthase, IDI—Isopentenyl pyrophosphate isomerase, MVD—Mevalonate-5-pyrophosphate decarboxylase, MVK—Mevalonate-5-kinase, PMVK—Phosphomevalonate kinase. 
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Figure 6. Comparison of conventional non-contact non-polarised dermatoscopy (A) and non-contact polarised dermatoscopy (B), with novel imaging techniques, namely ultraviolet-induced fluorescence dermatoscopy (UVFD; 365 nm) (C) and sub-UV reflectance dermatoscopy (sUVRD; 405 nm) (D). Note the differences in visualisation of annular keratin rim (yellow arrow), inner pink structureless area (black arrow), follicular plugging (white arrow) and vascular pattern of dots (red arrow). 
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Figure 7. Solitary, asymptomatic annular porokeratosis of Mibelli located on an extensor aspect of a lower leg in a middle-aged woman (black arrowhead). 
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Figure 8. Dermatoscopy of porokeratosis of Mibelli reveals a central hypopigmented area with polarising-specific white lines (black arrow), small white areas (black arrowheads) and dotted and coiled vessels (red arrows and red V-shaped arrows, respectively) surrounded by an interrupted yellowish keratin rim with a double-edged outline (“white track”) (yellow arrows). Within this rim, follicular plugs can be seen (white arrows). Of note, dotted vessels and radially arranged peripheral scaling (yellow arrowhead) can be seen at the lesion’s outer margin (magnification 20×). 
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Figure 9. Single- (A) or double-edged (B) cornoid lamella (black arrowheads) in PM, with typical epidermal invagination (red arrowheads) and papillomatosis (yellow arrowheads) noted in surrounding skin. Hyperkeratosis (black arrows), irregular acanthosis (red arrows), basal vacuolisation (yellow arrows), single coloids (basal apoptotic keratinocytes; blue arrows), as well as mid-dermal lymphocytic inflammatory infiltrate (white arrowhead) can be observed (original objective magnification 20×). 
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Figure 10. Clinical presentation of linear porokeratosis. Linear distribution of brown keratotic papules (black arrowhead) along the posterior part of the left leg in middle-aged women. 
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Figure 11. Dermoscopy of linear porokeratosis reveals white continuous rim of scales (cornoid lamella) (yellow arrows) surrounding central depigmented or pinkish–brownish areas (black arrows) with follicular plugs (white arrows). Pigmented dots can be appreciated at the outer margin of cornoid lamellae (black arrowheads). 
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Figure 12. Histopathology of linear porokeratosis. A classical basket weave hyperkeratosis (red arrow) is interrupted by a single parakeratotic column delved into epidermis (cornoid lamella; black arrowhead). A sparse inflammatory infiltrate underneath the structure (white arrowhead) can be noted (original objective magnification 20×). 
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Figure 13. Clinical presentation of porokeratosis plantaris, palmaris et disseminata (PPPD) in elderly men who developed cutaneous squamous cell carcinoma within the lesion. The punctate keratotic lesions affected palms and soles (black arrowheads) (A), whereas the annular lesions were distributed in a reticulate fashion on the forearms (white arrowheads) (B) and lower legs. 
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Figure 14. Pathology of the forearm (A) and plantar (B) lesions in a middle-aged man with porokeratosis plantaris, palmaris et disseminata (PPPD) showing cornoid lamella (black arrowheads), papillomatosis with hypogranulosis (yellow arrowheads and green arrowheads, respectively), dyskeratotic keratinocytes (blue arrows) and mild superficial dermal inflammatory infiltrate (white arrowheads) (original objective magnification 20×). 
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Figure 15. Verrucous porokeratosis. Clinical image of genitogluteal verrucous porokereratosis featuring prominent keratotic rim (black arrowheads) in a middle-aged man with a “butterfly-shaped” distribution over the gluteal region (A). Isolated penoscrotal verrucous porokeratosis affecting the penis shaft and preputium (white arrowheads). The patient had a 15-year history of treatment for lichen planus (B). 
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Figure 16. Dermatoscopy of penoscrotal verrucous porokeratosis exhibiting white keratotic rim (cornoid lamella; yellow arrows). 
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Figure 17. Pathology of verrucous porokeratosis. Multiple cornoid lamellae (black arrowheads) in a hypertrophic, irregularly papillomatous epidermis (yellow arrowheads), dilated papillary vessels (red arrowheads) and upper dermal lymphocytic infiltrate (white arrowheads) (original objective magnification 10×) (A). Multiple cornoid lamellae in hypertrophic, digitate epidermis with vacuolised basal keratinocytes (yellow arrows) and thinning/focal absence of stratum granulosum (green arrowheads) (original objective magnification 20×) (B). Parakeratotic column (retention of keratinocyte nuclei), delved into the epidermis. Hypogranulosis with multiple dyskeratotic cells (blue arrow) extending from basal to spinous layer and single necrotic keratinocytes can be appreciated (blue arrowheads) (original objective magnification 20×) (C). 
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Figure 18. Cutaneous squamous cell carcinoma developing on the lower leg in elderly female with disseminated superficial actinic porokeratosis (black arrowhead) (A). Dermatoscopy reveals white continuous keratotic rim (cornoid lamella; yellow arrow) that limits homogeneous pinkish–tan area with linear glomerular vessels (black arrow and red arrowhead, respectively). This vascular pattern developing due to venous stasis is typical for lower legs (B). Dermatoscopy displays pink–whitish structureless area (black arrow) with a central keratin plug (white arrow) and vascular polymorphism suggestive of squamous cell carcinoma (magnification 20×) (C). 
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Table 1. Key clinical, epidemiological and pathological data on major variants of porokeratosis.
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	Clinical Variant
	Onset
	Gender
	Key Clinical Features
	Distribution
	Key Pathological Features
	Estimated Risk for Malignant Transformation





	DSAP
	3rd to 4th (familial cases) or 3rd to 5th decade (sporadic cases)
	F > M
	Multiple atrophic/keratotic macules and papules < 1 cm in size
	Sun-exposed areas
	Single >> doubled CL
	3.4%



	DSP
	4th to 5th decade
	F > M
	Same as DSAP
	Generalised
	Same as DSAP
	Low



	EDP
	6th to 7th decade
	M > F
	Self-limiting, extremely pruritic lesions; possible paraneoplastic character
	Generalised
	Same as DSAP, eosinophilic infiltrate
	None (no data)



	PM
	Childhood (familial cases) or at any age (sporadic cases)
	M > F
	Solitary plaque with prominent border
	Limbs
	Single or multiple CLs; epidermal invagination and papillomatosis
	7.6%



	LP
	Childhood
	F ≥ M
	Linear, verrucous plaques
	Limbs (unilateral and blaschkoid)
	Multiple CLs
	11–19%



	PPPD
	Adolescence and 2nd decade
	M > F
	Multiple keratotic papules
	Palms and soles (initially), limbs and trunk (later)
	CL
	Low



	PuP
	3rd to 5th decade
	M > F
	Multiple tender pits filled with keratotic plugs
	Palms and soles (bilateral and linear or diffuse)
	CL; keratin plugs
	None(no data)



	VP
	3rd to 5th decade
	M > F
	Multiple, itching or burning, verrucous or psoriasiform patches
	Anogenital region and skin folds (butterfly-shape appearance)
	Multiple large CLs; papillomatosis and/or psoriasiform epidermal hyperplasia and papillary dermis telangiectasia
	Low



	FP
	2nd to 6th decade
	M > F
	Folliculocentric papules and/or nodules < 1 cm in size
	Any site (except palms and soles)
	Infundibulocentric CL
	None (no data)



	Porokeratoma
	5th decade
	M > F
	Isolated verrucous plaque of nodule
	Limbs
	Multiple discrete or broad confluent CLs; hypertrophic centre
	None (no data)







Legend: CL—cornoid lamella, DSAP—disseminated superficial actinic porokeratosis, DSP—disseminated superficial porokeratosis, EDP—eruptive disseminated porokeratosis, F—female, FP—follicular porokeratosis, LP—linear porokeratosis, M—male, PPPD—porokeratosis palmaris, plantaris et disseminata, PuP—punctate porokeratosis, VP—verrucous porokeratosis.
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