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Abstract
BACKGROUND
[bookmark: OLE_LINK66][bookmark: OLE_LINK67]Paradoxical psoriasis induced by tumor necrosis factor alpha antagonists is a rare side effect of those drugs and has similarities with and differences from classical psoriasis in clinical and pathological characteristics. Treating severe paradoxical psoriasis is challenging because the reported cases are rare, with treatment experience being only anecdotal.

CASE SUMMARY
[bookmark: OLE_LINK68][bookmark: OLE_LINK69]We report 2 cases of paradoxical psoriasis caused by infliximab. Both cases manifested with a significant number of pustular lesions and had protracted and complicated clinical courses. In case 1, secukinumab alone could not control the eruptions, but colchicine supplementation markedly decreased disease activity. In case 2 miscellaneous medications were administered, including the systemic drug acitretin, the immunosuppressive drug cyclosporine, and the biologic agent ustekinumab. However, multiple applications of those medications failed to prevent new lesions from occurring. Both cases showed moderate-to-high anti-nuclear antibody titers.

CONCLUSION
[bookmark: OLE_LINK70][bookmark: OLE_LINK71]Based on these cases, moderate-to-high anti-nuclear antibody titer seems to be a risk factor for paradoxical psoriasis. In addition, extensive pustular presentation may be a negative prognostic indicator and may portend a protracted clinical course refractory to therapy.
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[bookmark: OLE_LINK63][bookmark: OLE_LINK64][bookmark: OLE_LINK65][bookmark: OLE_LINK51][bookmark: OLE_LINK52]Core Tip: In this study, we report 2 cases of paradoxical psoriasis caused by infliximab. The data indicated that moderate-to-high anti-nuclear antibody titer was a risk factor for paradoxical psoriasis. In addition, extensive pustular presentation might be a negative prognostic indicator and portends a protracted clinical course refractory to therapy.

INTRODUCTION
[bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK72][bookmark: OLE_LINK73]Tumor necrosis factor alpha (TNF-) is a cytokine produced by a variety of endothelial and immune cells. It plays an important role in the pathogenesis of various diseases. Since the 1990s, TNF- antagonists have been used in the treatment of Crohn's disease, ulcerative colitis, rheumatoid arthritis, psoriasis, and other inflammatory diseases, achieving remarkable efficacy. However, the long-term safety of TNF- antagonists remains uncertain. In 2004, researchers firstly reported a patient with Crohn's disease who developed psoriasis-like rashes during infliximab treatment[1]. As infliximab can also treat psoriasis, this phenomenon seemed paradoxical.
Statistics show that about 0.6%-5.3% of patients administered TNF- antagonists develop paradoxical psoriasis, with infliximab being the most common cause[2]. Overall, 70% of paradoxical psoriasis cases occur among patients administered infliximab for rheumatoid arthritis or Crohn's disease[3,4]. It should be noted that when patients on infliximab for psoriasis develop rashes that differ morphologically from the original skin lesions, or if the skin lesions worsen with treatment, paradoxical psoriasis should be considered[5].
The clinical characteristics and pathology of paradoxical psoriasis seem to differ from those of classical psoriasis[2,4]. First, paradoxical psoriasis occurs most often on the palms, soles, and scalp, with a relatively short disease course. In addition, a significant number of skin lesions resemble early guttate psoriasis, with 40% of the lesions being pustular. Furthermore, although the pathology of paradoxical psoriasis resembles that of its classical counterpart, with psoriasiform hyperplasia and decreased thickness of the granular cell layer, it also demonstrates spongiosis and mild interface dermatitis in most cases.
The treatment and prognosis of paradoxical psoriasis vary depending on the size of the involved area and the type of lesions. As the reported cases are rare and treatment experience is only anecdotal, we summarized the information of 2 cases of paradoxical psoriasis caused by infliximab with protracted and complicated clinical courses.

CASE PRESENTATION
Chief complaints
[bookmark: OLE_LINK74][bookmark: OLE_LINK75][bookmark: OLE_LINK76]Case 1: A 32-year-old unmarried, nulliparous female, presented with generalized pustular psoriasis of 2 wk duration.

Case 2: A 37-year-old male presented with generalized pustules and itchy erythema of more than 20 d duration.

History of present illness
[bookmark: OLE_LINK77][bookmark: OLE_LINK78]Case 1: Prior to this pustular eruption, the patient had received infliximab injection treatment for 3 years because her psoriatic lesions gradually worsened and were accompanied by pain in both knees. At the beginning of this treatment, the rash and joint pain improved rapidly and significantly. At the eighth infliximab treatment session, the rash relapsed and 10-15 mg/wk methotrexate was supplemented, but the rash on the anterior part of the legs failed to respond. This time, after 18 sessions of infliximab treatment, the psoriatic lesions flared up significantly with generalized pustulosis and left knee joint pain.

Case 2: Twenty days prior to this presentation, the patient began to show corn-kernel size vesicles scattered across the chest, abdomen, bilateral forearms, and flexed sides of both thighs. He was diagnosed with varicella, and acyclovir was administered orally and topically without improvement. The lesions were surrounded by a red halo and studded with a tense vesicle that contained clear fluid and developed into a pustule. After the pustules dried up, the lesions became a scaly erythema that varied from the size of a grain of rice to the size of a nail. The rash gradually spread to the face, limbs, and the tips of the fingers and toes.

History of past illness
[bookmark: OLE_LINK79][bookmark: OLE_LINK80]Case 1: The patient had psoriasis vulgaris for more than 10 years and received many treatments, including traditional herbal medicine (no details), methotrexate (unknown dosage), coal tar, glucocorticoid ointment, therapeutic baths, and ultraviolet phototherapy. The rash temporarily subsided after these treatments, but frequently recurred. The past medical history also included a 3-year course of iridocyclitis in which oral corticosteroids were administered, and gradually reduced to 5 mg/d at presentation.

Case 2: The past medical history included a 2-year course of Crohn's disease, for which 11 injections of infliximab were administered (5 mg/kg at baseline, 2, and 6 wk, and every 8 wk afterward).

Personal and family history
[bookmark: OLE_LINK81][bookmark: OLE_LINK82][bookmark: OLE_LINK83]Case 1: No positive family history was noted.

Case 2: The patient denied any past dermatologic history and a family history of psoriasis.

Physical examination
[bookmark: OLE_LINK84][bookmark: OLE_LINK85]Case 1: The patient had no fever, the systemic examination was unremarkable. Dermatological examination showed erythema and plaques on the scalp hairline with abundant silvery white scales on the surface. Erythema, papules, and plaques on the trunk and limbs ranged from the size of a mung bean to the size of a nail, and were covered with dark yellow crusts and scales. Numerous pustules could be seen on the rashes on the dorsal aspect of the hands and forearms (Figure 1A-C).

Case 2: Physical examination was normal. Dermatological examination showed pustular papules and plaques and confluent erythema involving the head, trunk, and limbs. Some of the lesions were fused and covered with collar-like white scales, while others were wet with exudation. Infiltrative erythema was distributed symmetrically on both the soles and palms, on which there were light yellow pustules and chaff-like scales. Purulent lakes were also noted as a result of fusion of the pustules. Dried-up pustules were present with brown yellow crusts on the surface. A large number of adherent light yellow scales were seen on the scalp (Figure 2A-C).

Laboratory examination
[bookmark: OLE_LINK86][bookmark: OLE_LINK87]Case 1: The liver and kidney profiling with electrolytes were within the normal ranges, but the patient developed a moderately increased anti-nuclear antibody titer at the fifth treatment, and the titers increased gradually and persisted at 1:320 until the outbreak of pustulosis (Table 1). In addition, the neutrophil to lymphocyte (N/L) ratio, C-reactive protein (CRP), and erythrocyte sedimentation rate (ESR) were increased after the pustulosis rash. Blood TNF-α and interleukin 8 (IL-8) levels were also elevated (Table 2). Viral and bacterial cultures of pustular lesions were negative.

Case 2: The patient had normal liver and kidney profiles, but had a high anti-nuclear antibody titer that decreased gradually after stopping infliximab therapy (Table 1). The N/L ratio, CRP, ESR, and TNF- were also increased after the pustulosis rash (Table 2).

Imaging examination
[bookmark: OLE_LINK88][bookmark: OLE_LINK89][bookmark: OLE_LINK15][bookmark: OLE_LINK16]Case 1: Skin biopsy of the non-pustule area of the left thigh showed psoriasiform epidermal hyperplasia and mild spongiosis with parakeratosis containing neutrophilic crusts (Figure 1D-F).

Case 2: Skin biopsy of the pustular area on the left dorsal foot revealed psoriasiform epidermal hyperplasia with neutrophil aggregation within the superficial epidermis (Figure 2D-F).

FINAL DIAGNOSIS
[bookmark: OLE_LINK90][bookmark: OLE_LINK91][bookmark: OLE_LINK92]Case 1: The patient underwent infliximab treatment for almost 3 years and had a stable response to the drug. She gradually developed moderate anti-nuclear antibody titers. As she presented flared psoriatic lesions and generalized pustulosis after the 18th infliximab treatment without any evidence of infection, a diagnosis of paradoxical psoriasis induced by infliximab was made.

Case 2: The patient underwent 11 courses of infliximab treatment, and had a good response of intestinal symptoms. As he presented generalized pustulosis during the infliximab treatment, a diagnosis of paradoxical psoriasis induced by infliximab was made.

TREATMENT
[bookmark: OLE_LINK93][bookmark: OLE_LINK94]Case 1: The patient was treated with secukinumab (300 mg at baseline, 1, 2, 3, and 4 wk, and monthly afterward) in place of infliximab, as the latter yielded unsatisfactory results. Although pustule and joint symptoms improved significantly after the second injection, psoriatic erythema and scales relapsed after the sixth dose. The rash became hypertrophied and confluent (Figure 1G-I). Therefore, injection of secukinumab was increased to twice monthly, with 300 mg/injection. Three injections later, the rash did not subside as expected. Oral colchicine (0.5 mg, bid) was supplemented, and the color, thickness, and scales of the lesions improved (Figure 1J-L).

Case 2: Infliximab was terminated and 300 mg/d cyclosporine was given orally. The pustules were controlled during cyclosporine treatment. However, high blood pressure (150/100 mmHg) was found after 2 mo of treatment with cyclosporine, which was replaced by acitretin (20-40 mg/d). However, the pustules recurred. Subsequently, cyclosporine was applied again, but with less efficacy. In addition, intestinal symptoms relapsed. Colonoscopy showed new multiple ulcers in the colon, so ustekinumab (45 mg at baseline, 4 wk, and every 12 wk afterward) was given, and cyclosporine was tapered.

OUTCOME AND FOLLOW-UP
[bookmark: OLE_LINK95][bookmark: OLE_LINK96]Case 1: At the last follow-up, the patient had some recalcitrant lesions on her legs and arms without pustulosis, and joint pain was relieved.

Case 2: During the last telephone follow-up, there were still occasional appearances of two-three pustules on the patient’s palms. The symptoms of Crohn's disease had disappeared (Figure 2G-I).

DISCUSSION
[bookmark: OLE_LINK97][bookmark: OLE_LINK98]Diagnosis of paradoxical psoriasis is considered with the development or worsening of psoriasis during treatment with TNF antagonists. Among all types of paradoxical psoriasis, generalized pustular psoriasis is the most severe. Whenever paradoxical psoriasis is suspected, skin biopsy as well as viral and bacterial cultures should be carried out to exclude other skin diseases. Table 3 shows common differential characteristics of pustular psoriasis[6-8]. Lesions in paradoxical psoriasis are usually relieved after the termination of TNF-α antagonist treatment. In addition, common medications for psoriasis are also effective. If the patient does not respond well to those treatments, discontinuation of TNF-α antagonists and switching to other biological agents should be performed[9].
Both patients in this study had extensive lesions and pustules, so we initially stopped infliximab treatment. Case 1 was switched to another biological agent, secukinumab, because it has a good treatment effect on both psoriasis vulgaris and pustular psoriasis. Unexpectedly, the rash was exacerbated after 8 wk of secukinumab treatment. Increasing the dose of secukinumab was not effective, so colchicine was supplemented. Addition of colchicine yielded a steady improvement of the rash. Case 2 had no previous skin diseases or a family history of psoriasis. After infliximab was stopped, cyclosporine and acitretin were applied successively, but the pustules persisted or worsened and Crohn's disease relapsed. After the patient was started on ustekinumab, intestinal symptoms and cutaneous pustules were both improved. At the 1.5-year follow-up visit, the patient reported persistent, rare occurrences of new pustules.
Although the prognosis of the majority of cases is good, 63.6% of patients with generalized pustules can improve but often fail to achieve complete resolution[5]. Both cases described here further support that pustular presentation in paradoxical psoriasis is an adverse prognostic factor: both patients presented with extensive pustules, which necessitated trying out different systemic agents, resulting in a longer disease course with persistent disease. In case 2, multiple trials of different systemic medications could not prevent new lesions from developing.
At present, the etiology of paradoxical psoriasis is unknown. Imbalance of the cytokines interferon (IFN)-) and TNF- may be involved. Compared with psoriasis vulgaris, increased proportion of CD123+ plasmacytoid dendritic cells (pDC) and IFN- overexpression were found in paradoxical psoriasis[10]. Usually, when the skin suffers a mechanical injury, an infection, autoimmune reaction, or a tumor, pDCs migrate from the peripheral blood to the skin tissue and are stimulated to produce a large amount of IFN-.
We noted that both cases described above developed moderate-to-high anti-nuclear antibody titers during infliximab treatment, and the amounts of the blood IL-8 and/or TNF- were also elevated. We speculated that exposure to autoantigens induced the activation of pDC and production of cytokines such as IL-8, IFN- and TNF- that subsequently caused the occurrence of paradoxical pustular psoriasis. Some investigators have found that the positivity rates of anti-nuclear antibodies are higher in cases with paradoxical psoriasis than those without rash[11].
Based on these cases, treatment of severe paradoxical psoriasis is challenging. The development of anti-nuclear antibodies may be a risk factor for paradoxical psoriasis, with generalized pustulosis indicating poor prognosis.

CONCLUSION
[bookmark: OLE_LINK99]Our 2 cases highlight the paradoxical psoriasis caused by infliximab, which is a very rare drug side effect of biologics. We found that anti-nuclear antibody titer seems to be a risk factor for paradoxical psoriasis. In addition, extensive pustular presentation might be a negative prognostic indicator and portend a protracted clinical course refractory to therapy.
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Figure Legends
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[bookmark: OLE_LINK114][bookmark: OLE_LINK115][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK24]Figure 1 Case 1. A-C: Generalized erythema and plaques with obvious red halos and oyster-like scales. Some lesions have many pustules; D-F: (hematoxylin and eosin, × 40, × 200, and × 400) Psoriasiform hyperplasia and mild spongiosis with focal hypogranulosis and parakeratosis containing neutrophilic debris; G-I: Lesions before, and after the first and second secukinumab administration; J-L: Lesions before, and 1 and 3 wk after colchicine treatment.

[image: ]
Figure 2 Case 2. A-C: Red papules and plaques on the trunk and limbs showing desquamation. Yellow pustules can be seen on the palms and soles, some of which are dried up and have brown yellow crusts; D-F: hematoxylin and eosin, × 200, × 40, and × 400) Psoriasiform hyperplasia with subcorneal pustules; G-I: Hands and feet after ustekinumab treatment.

Table 1 Changes of anti-nuclear antibodies during infliximab treatment
	Time of infliximab treatment
	Baseline
	8 wk
	Outbreak of pustulosis
	During 3 mo of follow-up

	Case 1
	Negative
	1: 100
	1: 320
	Negative

	Case 2
	Negative
	–
	1: 1000
	1:320



Table 2 Changes in blood-test results before and after the rash during infliximab treatment
	Rash
	N/L
	CRP, 0-5 mg/L
	ESR, 20 mm/H
	Cytokines

	
	Before
	After
	Before
	After
	Before
	After
	Before
	After

	Case 1
	1.20
	4.28
	< 3.23
	30.1
	27
	105
	TNF-: 165.00 pg/mL, IL-8: normal
	TNF-: 202.00 pg/mL, IL-8: 81.80 pg/mL

	Case 2
	4.07
	4.58
	< 3.23
	10.4
	12
	23
	–
	TNF-α: 84.80 pg/mL 



CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate; N/L: Neutrophil/lymphocyte ratio; TNF-: Tumor necrosis factor-alpha.

Table 3 Common differentials of pustular psoriasis
	
	Presentation
	Histopathology
	Etiology and pathoimmunology

	Acute generalized pustular psoriasis
	Widespread formation of sterile pustules with erythema on the trunk and limbs. Pustules often expand into lakes of pus. Relapsed course
	Overall epidermal architecture similar to plaque psoriasis. Formation of intra-epidermal neutrophilic abscesses, with marked dermal infiltrate composed of neutrophils, monocytes, and T-lymphocytes
	Infection, stress, corticosteroid (treatment withdrawal). IL36RN mutation[6]

	Palmoplantar pustulosis
	Scattered clusters of pinhead-size sterile pustules on the palms and soles. Chronic course
	As GPP
	Genetic, roles of nicotine and contact allergens, certain medications and stress[7]

	Acute exanthematous generalized pustular eruption
	Polymorphous eruption more prominent than psoriasis, short duration, and no subsequent relapsing course
	Necrotic keratinocytes and eosinophils are common
	Drugs, notably anti-infectious chemotherapy, also non-steroidal anti-inflammatory drugs[8]


GPP: Generalized pustular psoriasis.
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