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Abstract

:

Biologics are important treatment options for psoriasis; however, direct comparison of their efficacy, safety, and drug survival is insufficient in clinical practice. This retrospective single-center study aimed to compare the efficacy, safety, and drug survival of three commonly used psoriasis biologics (secukinumab, ustekinumab, and guselkumab) and identify the factors affecting drug survival in actual clinics in Korea. We enrolled 111 patients with moderate to severe psoriasis and for at least 56 weeks of follow-up; among these, 27, 23, and 61 were administered secukinumab, ustekinumab, and guselkumab, respectively. All groups were comparable with respect to their baseline characteristics. Secukinumab showed a rapid response, and guselkumab was superior in terms of a long-term response and complete remission compared with other biologics, while ustekinumab showed a lower efficacy compared with other biologics. All three biologics had a favorable and similar safety profile; however, allergic reactions and latent tuberculosis were more common with secukinumab and ustekinumab, respectively. Guselkumab was the most sustained biologic, and the survival rates of secukinumab and ustekinumab were similar. Drug survival was remarkably shorter in female patients and those with hypertension. Introduction of new biologics emerged as a negative factor for drug survival in clinical settings.
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1. Introduction


Psoriasis is a chronic inflammatory skin condition characterized by scaly erythematous patches or plaques affecting prominent extensor surfaces but spreading to whole body areas, including flexor surfaces [1]. There are various clinical phenotypes of psoriasis, such as palmoplantar, inverse, guttate, and pustular [2]. Psoriasis occurs when the immune system attacks the skin; the interleukin (IL)-12 and IL-17/23 axis plays major roles in its pathogenesis. Prevalence varies depending on geography, ethnicity, and genetic and environmental factors, and the annual standardized prevalence in Korea is estimated to be 0.45% according to recent studies [3,4,5]. Psoriasis profoundly impairs patients’ health-related quality of life (QOL), as psoriasis patients report a reduction in physical and mental functioning comparable to that observed with other major medical diseases, such as cancer, hypertension, heart disease, diabetes, and depression [6]. However, biologics targeting IL-17 or IL-23 have emerged as an important treatment option for psoriasis and have led to a substantial improvement in the QOL of patients owing to their superior effect on decreasing subjective disease burden compared with conventional therapies [7].



Various biologics are used for the treatment of psoriasis in clinical practice; these include secukinumab (a fully humanized anti-IL-17A IgG1κ monoclonal antibody), ixekizumab (a humanized anti-IL-17A IgG4 monoclonal antibody), ustekinumab (a humanized anti-IL-12/23 p40 subunit IgG1κ monoclonal antibody), guselkumab (a fully humanized anti-IL-23 p19 subunit IgG1 monoclonal antibody), and risankizumab (a fully humanized anti-IL-23 p19 subunit IgG1λ monoclonal antibody). Multiple previous psoriasis studies evaluating the relative efficacy of biologics have concluded that biologics targeting IL-17A, such as secukinumab and ixekizumab, show superior efficacy compared with IL-12/23 inhibitors, such as ustekinumab; however, safety profiles of both groups have been found to be similar [8,9]. In addition, improved efficacy profiles of IL-23 p19 inhibitors versus IL-12/23 p40 inhibitors have been confirmed with comparable safety outcomes [10]. However, these clinical trials of biologics primarily focused on rapid responses (until weeks 12–16). As psoriasis is a chronic and incurable disease, long-term responses (approximately 1 year) and complete remission are more relevant (compared with short-term responses) in real clinical practice. In addition, the results of randomized controlled clinical trials may not match the observations made during real-world clinical practice as patients in clinics may have multiple variables (comorbidities, polypharmacy, etc.) and are more complicated than study subjects. In Korea, direct comparisons of the efficacy and safety of psoriasis biologics are insufficient in clinical practice. Furthermore, little is known about the drug survival rates of psoriasis biologics and the factors affecting these rates.



Therefore, we aimed to compare the efficacy and safety of the three commonly used biologics used in the treatment of psoriasis (secukinumab, ustekinumab, and guselkumab) in actual clinics of Korea. Additionally, we aimed to identify the factors that independently affect the survival rates of these drugs.




2. Materials and Methods


2.1. Study Design and Patients


This was an observational retrospective single-center cohort study that analyzed clinical data extracted from patients with psoriasis registered at Wonju Severance Christian Hospital from August 2012 to July 2021. Eligible patients were 18 years old and had moderate to severe psoriasis (psoriasis area and severity index (PASI) ≥ 10 and body surface area involvement (BSA) ≥ 10%) recalcitrant to nonbiologic systemic immunosuppressive treatments (cyclosporine or methotrexate) or phototherapy (narrowband ultraviolet B) for more than 6 months. All included patients were naïve to biologic therapy that they had never been treated with biologic therapy, and stopped previous systemic treatments and phototherapy after initial biologic injection. Only patients treated with at least one injection of secukinumab, ustekinumab, or guselkumab with at least 56 weeks of follow-up were included in the study. This study was approved by the Yonsei University Wonju Campus Institutional Review Board and was performed in accordance with the relevant guidelines (No. CR321184, 22 February 2022).




2.2. Procedure


Patients were administered with either secukinumab, ustekinumab, or guselkumab, with a follow-up of at least 56 weeks. Secukinumab 300 mg (Cosentyx; Novartis Pharmaceuticals Corporation, East Hanover, NJ, USA) was injected as two 150 mg subcutaneous injections at weeks 0, 1, 2, 3, and 4 and every 4 weeks thereafter. Ustekinumab (Stelara; Janssen Research and Development, Spring House, PA, USA) was administered at a dose of 45 mg initially and after a period of 4 weeks, followed by a dose of 45 mg administered every 12 weeks. Guselkumab 100 mg (TREMFYA; Janssen Research and Development, Spring House, PA, USA) was injected subcutaneously at weeks 0, 4, and 12 and every 8 weeks thereafter.




2.3. Outcomes


The primary outcomes of this study were efficacy profiles such as proportion of patients in each treatment group achieving PASI 75 (i.e., ≥75% improvement in PASI) or 90 at week 16 for rapid response, PASI 90 at week 56 for long-term response, and PASI 100 at week 56 for complete remission. Adverse events (AEs) were defined as the observation of at least one adverse event following the injection of the respective biologic and serious adverse events (SAEs) were defined as AEs resulting in the discontinuation of the biologic injection or changing to other biologics. Drug survival rates of the biologics were calculated as the period from the first biologic injection to biologic discontinuation or alteration (prescribing a different biologic) due to loss of efficacy or SAEs.




2.4. Statistical Analysis


Categorical variables, presented as the number and proportion of patients, were compared using the Pearson chi-square test. Continuous variables are presented as mean ± standard deviation and were analyzed using two-way analysis of variance (ANOVA). We used the Kaplan–Meier method and log-rank test to analyze drug survival rates and the Cox proportional hazard regression analysis to identify demographic factors affecting drug survival. Statistical significance was set at p < 0.05.





3. Results


3.1. Baseline Characteristics


A total of 111 patients were enrolled in this analysis, with 27 (24.3%), 61 (55.0%), and 23 (20.7%) receiving secukinumab, ustekinumab, and guselkumab, respectively. Patients treated with ixekizumab and risankizumab were excluded from this study as the number of those treated with ixekizumab was small (5) and the follow-up period for risankizumab was less than 1 year. Basic demographic features were comparable among the patients in the three treatment groups, and psoriasis was more common in male patients than in female patients (Table 1). All included patients were naïve to biologic therapy and had been treated with systemic immunosuppressive treatments (cyclosporine or methotrexate) or phototherapy for more than 6 months. Initial PASI and comorbidities were comparable among the three biologic groups, while diabetes seemed to be common in the secukinumab group, and dyslipidemia seemed to be uncommon in the ustekinumab group, but they were not statistically significant. Hypertension (24.3%) was the most common comorbidity, followed by dyslipidemia (18.9%) and diabetes (8.1%). Of the patients treated with biologics, 8.1% had psoriatic arthritis (PsA).




3.2. Direct Comparison of the Efficacy of the Biologics in Real-World Practice


With respect to the PASI 75 response, secukinumab was significantly superior to guselkumab (88.9% for secukinumab vs. 55.2% for guselkumab, p < 0.01) and ustekinumab (88.9% vs. 33.4% for secukinumab, p < 0.001) in the early phase, such as week 16 (Figure 1a). Until week 56, ustekinumab showed lower efficacy with respect to the PASI 75 response, and the superior efficacy of secukinumab was replaced by that of guselkumab in the latter phase of the treatment. Further, differences between the efficacies of the three biologics with respect to the PASI 90 response were similar to those observed with the PASI 75 response (Figure 1b). With respect to the PASI 90 response at week 16, secukinumab showed the greatest efficacy compared with guselkumab (74.1% for secukinumab vs. 39.1% for guselkumab, p = 0.013) and ustekinumab (74.1% for secukinumab vs. 9.8% for ustekinumab, p < 0.001), with ustekinumab showing the lowest efficacy among the three biologics (39.1% for guselkumab vs. 9.8% for ustekinumab, p = 0.002). In the latter phase (week 56), guselkumab showed greater efficacy than secukinumab; however, the difference was not significant (91.3% for guselkumab vs. 81.5% for secukinumab, p = 0.318). In particular, guselkumab showed a substantially greater efficacy than ustekinumab (91.3% vs. 65.6%, p = 0.018), and so did secukinumab (81.5% vs. 65.6%, p = 0.131). At week 56, a significantly lower proportion of patients in the ustekinumab group achieved PASI 100 compared with those in the guselkumab group (82.6% for guselkumab vs. 36.1% for ustekinumab, p < 0.001) and secukinumab group (63.0% for secukinumab vs. 36.1% for ustekinumab, p = 0.019) (Figure 1c). Similar to the PASI 75 and 90 responses, a higher proportion of patients in the guselkumab group achieved a PASI 100 response compared with those in the secukinumab group; however, the difference was not significant (82.6% for guselkumab vs. 63.0% for secukinumab, p = 0.123).




3.3. Direct Comparisons of Biologic Safety in Real-World Practice


Similar proportions of AEs among biologics were found, with 18.5% (5/27), 18.0% (11/61), and 17.4% (4/23) patients experiencing at least one AE with secukinumab, ustekinumab, and guselkumab, respectively (Table 2). Out of the 61 patients receiving ustekinumab, 5 (8.2%) with no history of tuberculosis (TB) were diagnosed as having latent TB using the QuantiFERON-TB Gold test after ustekinumab injection. Patients taking ustekinumab had the highest proportion of fungal infections (6.6%; 4/61), and all of them had mild tinea corporis without candidiasis. In contrast, no fungal infections, including candidiasis, were identified in the secukinumab group. Allergic reactions were mainly identified in the secukinumab group; local injection site reactions were observed in 7.4% (2/27) and systemic allergic reactions in 3.7% (1/27) of these patients. The AEs resulting in biologic discontinuation or change were defined as severe adverse events (SAEs). Only 4 patients with SAEs (3.6%) were reported: 3 in the secukinumab group (2 due to injection site reactions resulting in biologic discontinuation, and 1 due to systemic allergic reaction resulting in biologic changes to guselkumab) and 1 in the ustekinumab group (due to worsening of psoriasis, resulting in biologic changes to risankizumab). In the secukinumab group, SAEs were more common than the other two biologics, and all of them were related to local or systemic allergic reactions.




3.4. Direct Comparisons of Biologic Drug Survival up to 56 Weeks in Real-World Practice


Guselkumab showed the longest drug survival of up to 56 weeks. The overall drug survival rate at week 56 was 95.7% (22/23) in patients treated with guselkumab, 81.5% (22/27) for secukinumab, and 73.8% (45/61) for ustekinumab (Figure 2). Significant differences were observed in the drug survival rates of guselkumab and ustekinumab at week 56 (p = 0.003), without any significant differences between other attributes of these two biologics. Although ustekinumab showed longer drug survival than secukinumab did till 52 weeks, this effect was reversed at week 52 onwards. Out of 27 patients treated with secukinumab, 5 patients were lost during follow-up period up to 56 weeks; 2 patients discontinued the injection due to SAE (2 patients due to injection site reactions), and 3 patients changed biologic due to SAE (1 patient due to systemic allergic reaction) and loss of efficacy (2 patients) (Table 3). Out of 61 patients, 16 patients treated with ustekinumab were lost during follow-up period up to 56 weeks; 3 patients discontinued the treatment due to SAE (worsening of psoriasis), loss of efficacy, and complete remission willing to self-discontinue, respectively. The other 13 patients lost during follow-up changed biologics due to loss of efficacy. Loss of efficacy resulting in biologic change was more common for ustekinumab, and most of them occurred around a year (52–56 weeks) after biologic initiation. Only 1 patient out of 23 patients treated with guselkumab changed biologics due to loss of efficacy, and there were no patients of biologic discontinuation.




3.5. Factors Affecting Drug Survival in Real-World Practice


The factors affecting drug survival based on the patient baseline characteristics were analyzed. We found that most of the factors were not significantly associated with drug survival. However, female patients showed a shorter drug survival rate than male patients (74.4% and 83.3%, respectively) up to 56 weeks, and female sex was significantly associated with a higher biologic discontinuation or change (hazard ratio (HR) (95% CI): 1.38 (1.12–1.68), p = 0.040) (Table 4). Although it was not statistically significant, there was a tendency that the higher the initial PASI score, the less biologic discontinuation or change. Alcohol consumption was a positive predictor for biologic discontinuation or change, whereas current smoking was a negative predictor; however, the results were not significant. Among the various comorbidities, only hypertension significantly increased the risk of drug survival shortening (84.5% vs. 66.7% for patients without hypertension; HR (95% CI): 1.36 (1.13–1.57), p = 0.020). Patients with other comorbidities, such as diabetes, hepatitis, tuberculosis, and obesity (BMI ≥ 30), showed a higher tendency for biologic discontinuation or change; however, these differences were not significant. Among the various comorbidities, dyslipidemia and psoriatic arthritis were predictors of drug survival, although the differences were not significant. Biologic change from ustekinumab or secukinumab to guselkumab significantly increased after the initiation of guselkumab irrespective of the treatment that had been injected, and drug survival was significantly decreased after the introduction of guselkumab (HR (95% CI): 3.42 (2.81–4.17), p = 0.002).





4. Discussion


IL-23 induces the production of proinflammatory mediators, such as IL-17A and IL-17F, through Th17 cell activation. This IL-23/Th17 axis plays a major role in psoriasis pathogenesis [11,12]. However, there are limited reports on IL-23 inhibitors concerning their efficacy and safety in real-world settings given their recent introduction in the market. Real-world data are needed to identify promising treatment options for patients with psoriasis. The present study is of particular importance because, in Korea, real-world data of other biologics and IL-23 inhibitors are scarce.



We found that patients administered secukinumab showed a rapid response, while guselkumab was superior in terms of long-term response (approximately 1 year) and complete remission compared with other biologics. Among all the assessed biologics, ustekinumab demonstrated a relatively low efficacy. Patients treated with secukinumab demonstrated a rapid response to initial sufficient booster injections (administered as two 150 mg subcutaneous injections at weeks 0, 1, 2, 3, and 4 every 4 weeks). Biologics related to the IL-23/Th17 axis, such as those selectively targeting IL-23 p19 or IL-17A, are superior to biologics targeting IL-12/23 p40 [9,10,13]. We also observed that ustekinumab showed the lowest efficacy among all efficacy profiles in the enrolled Korean clinics. Recently, selective IL-23 inhibitors, such as guselkumab and risankizumab, have been reported to show promising efficacy compared with drugs targeting other inflammatory mediators [10,14,15,16,17,18]. Especially, the superiority of guselkumab in terms of efficacy profiles was recently identified in Asians, including Koreans [19,20]. Although none of these studies used long-term clinical data, the superiority of guselkumab and inferiority of ustekinumab over 56 weeks were similarly identified in our real-world data analysis. As such, the biologic agent itself can have a significant impact on efficacy; however, a history of previous biological treatments can also negatively affect efficacy and drug survival according to recent studies [21,22].



All three biologics had favorable and similar safety profiles; however, severe allergic reactions, resulting in biologic discontinuation or change, were significantly more common in the secukinumab group. Three patients treated with secukinumab discontinued or changed the treatment regimen because of local or systemic allergic reactions. These cases were considered to have had delayed-type drug sensitivity reactions, as they occurred after multiple injections. We discontinued the secukinumab injection immediately; two local allergic patients improved with topical corticosteroid treatment, and one systemic allergic reaction patient changed to guselkumab without any AEs. As more number of patients in the secukinumab group exhibited severe allergic reactions than those treated with other biologics, we suggest that it is better to inject other biologics if there is a history of allergy or adverse drug reactions. In addition, clinicians should be more concerned with patients given secukinumab than those given other biologics to identify allergic reactions. Among those treated with ustekinumab, latent TB was identified in five patients without a history of TB. We temporarily discontinued ustekinumab administration and resumed it after completing an anti-TB medication for several months. In a recent Taiwanese study, the seroconversion rate (assessed using the QuantiFERON-TB Gold test) following ustekinumab administration was reported to be low (7.3%), with no active TB being detected [23]. The prevalence of TB in Korea is 8.2% higher than that reported in this Taiwanese study. We found that patients treated with ustekinumab had common fungal infections; none of them were identified in patients treated with secukinumab. As IL-17-mediated immune responses can target Candida albicans, using IL-17 inhibitors can increase the risk of Candida infections [24]. Unlike previous studies, Candida infections were uncommon in patients treated with the three biologics. Among those experiencing SAEs, patients with worsening psoriasis taking secukinumab and ustekinumab were switched to guselkumab or risankizumab. Other common AEs of psoriasis biologics, such as nasopharyngitis, upper respiratory tract infection, headache, arthralgia, diarrhea, and conjunctivitis, were rarely identified. This may explain why these patients did not recognize it as an adverse reaction during treatment, because these events were mild and transient.



According to the results of a Danish DERMBIO registry study comparing the drug survival of adalimumab, etanercept, infliximab, secukinumab, and ustekinumab, ustekinumab was associated with the highest drug survival, while secukinumab was associated with the lowest drug survival. [25]. However, real-world data from BADBIR showed similar drug survival functions for the two biologics at both the first year (0.88 for secukinumab (95% CI; 0.86−0.91) vs. 0.88 for ustekinumab (95% CI; 0.87−0.89)) and the second year (0.77 for secukinumab (95% CI; 0.73−0.80) vs. 0.77 for ustekinumab (0.76−0.79)), and little is known about the drug survival rate of guselkumab owing to its more recent approval and availability [26]. In our clinical study, guselkumab was the most sustained biologic throughout the 56 weeks of follow-up. In particular, ustekinumab had a higher drug survival rate than secukinumab until less than 1 year of treatment, with this statistic being reversed after 1 year of treatment. Compared with the other biologics, loss of efficacy was more commonly observed with ustekinumab; in a majority of such cases, ustekinumab therapy was replaced with an IL-23 inhibitor therapy at the 1 year follow-up. This observation suggests that the drug survival of ustekinumab continuously declined over time until 56 weeks, mainly because of the loss of efficacy. In addition, a dramatic decrease in drug survival around 1 year indicates that replacing ustekinumab with a different biologic for therapy was usually considered during the 1-year follow-up.



A recent study identified that female sex and certain comorbidities, such as hypertension and diabetes, are predictive of the poor persistence of psoriasis biologics, whereas PsA is predictive of good persistence [27]. In particular, female sex has been identified as an independent risk factor for biologic discontinuation, according to previous studies [28,29,30,31,32,33,34]. Our clinical data also showed a loss of adherence to biologic treatment in female patients; however, a direct cause for the same, such as loss of efficacy or AEs, was not identified. Previous studies have shown that metabolic syndrome (MS) comorbidities (hypertension, diabetes, dyslipidemia, and obesity (BMI ≥ 30)) affect drug survival [29,30,33,34,35]. In our study, the proportion of psoriasis patients with one or more metabolic conditions was 44.1% (49/111). In particular, psoriasis patients with MS comorbidities showed more drug discontinuation or drug change compared with patients without MS comorbidities (drug survival rates up to 56 weeks: 77.6% for patients with MS comorbidities vs. 82.3% for patients without MS comorbidities, p = 0.537). Further analysis revealed that patients with obesity or diabetes showed more drug discontinuation or drug change compared with patients without obesity or diabetes; however, the differences were not significant. Only hypertension significantly decreased drug survival out of the MS comorbidities in our study. MS comorbidities have emerged as a positive factor for drug survival due to the generally increased health awareness of patients with MS comorbidities, causing these patients to show a better tendency towards therapy adherence, which leads to increased drug persistence [33]. However, in real-world clinical settings, most MS comorbidities, especially hypertension, decrease drug survival. Therefore, clinicians must investigate the medical histories of patients with psoriasis and consider the possibility of biologic therapy noncompliance in patients with MS comorbidities. Additionally, the higher the initial PASI score seems the less biologic discontinuation or change to another biologics, which is assumed to be due to the tendency of severe patients to be treated steadily. In our clinical setting, PsA was predictive of good biological persistence and has been observed in a previous study; however, this result was not statistically significant. In particular, biologic change increased significantly after March 2020, when guselkumab was introduced in our clinic. Recently, the introduction of new biologics has emerged as a factor that reduces drug survival of the ongoing therapeutics [28]. The results of our study were similar to those of previous studies, and the availability of new or alternative biologics is considered an essential factor while calculating drug survival.



The limitations of our study included a small sample size of patients, a relatively short follow-up period of 1 year, and its monocentric and retrospective nature. An important limitation of this study was the exclusion of two other newest biologics approved in Korea, namely, ixekizumab and risankizumab. Ixekizumab was excluded due to its administration to a considerably small number of patients at our institution, and risankizumab was excluded because there were no sufficient long-term follow-up results (follow-up of at least 1 year) as it was recently introduced. In the future, we will analyze the real-world data on risankizumab and guselkumab treatments to analyze their relative efficacy, safety, and drug survival.




5. Conclusions


In conclusion, in Korean clinical practice, secukinumab showed a rapid effect, while guselkumab was more advantageous in terms of its long-term effects, potential for inducing complete disease remission, and drug survival rate. All three commonly used biologics had favorable and similar safety profiles. Female sex, hypertension, and availability of new biologics were determined to be negative factors for drug survival in a real-world clinical setting.







Author Contributions


Conceptualization, S.-W.J., M.S.C. and S.-P.H.; methodology, S.-W.J., S.H.L., J.J.J., Y.-W.H. and S.-P.H.; investigation, S.-W.J.; data curation, S.-W.J., S.H.L., J.J.J. and Y.-W.H.; writing—original draft preparation, S.-W.J. and S.H.L.; writing—review and editing, M.S.C. and S.-P.H.; project administration, S.-W.J., S.H.L. and S.-P.H. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Yonsei University Wonju Campus Institutional Review Board and was performed in accordance with the guidelines (No. CR321184, 22 February 2022).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Amoruso, G.F.; Nisticò, S.P.; Iannone, L.; Russo, E.; Rago, G.; Patruno, C.; Bennardo, L. Ixekizumab May Improve Renal Function in Psoriasis. Healthcare 2021, 9, 543. [Google Scholar] [CrossRef] [PubMed]

	



Dastoli, S.; Nisticò, S.P.; Morrone, P.; Patruno, C.; Leo, A.; Citraro, R.; Gallelli, L.; Russo, E.; De Sarro, G.; Bennardo, L. Colchicine in Managing Skin Conditions: A Systematic Review. Pharmaceutics 2022, 14, 294. [Google Scholar] [CrossRef]

	



Parisi, R.; Symmons, D.P.; Griffiths, C.E.M.; Ashcroft, D.M. Identification and Management of Psoriasis and Associated ComorbidiTy (IMPACT) project team. Global epidemiology of psoriasis: A systematic review of incidence and prevalence. J. Investig. Dermatol. 2013, 133, 377–385. [Google Scholar] [CrossRef] [PubMed]

	



Parisi, R.; Iskandar, I.Y.K.; Kontopantelis, E.; Augustin, M.; Griffiths, C.E.M.; Ashcroft, D.M. National, regional, and worldwide epidemiology of psoriasis: Systematic analysis and modelling study. BMJ 2020, 369, m1590. [Google Scholar] [CrossRef]

	



Lee, J.Y.; Kang, S.; Park, J.S.; Jo, S.J. Prevalence of psoriasis in Korea: A population-based epidemiological study using the Korean National Health Insurance Database. Ann. Dermatol. 2017, 29, 761–767. [Google Scholar] [CrossRef]

	



Rapp, S.R.; Feldman, S.R.; Exum, M.L.; Fleischer, A.B.; Reboussin, D.M. Psoriasis causes as much disability as other major medical diseases. J. Am. Acad. Dermatol. 1999, 41, 401–407. [Google Scholar] [CrossRef]

	



Jungo, P.; Maul, J.T.; Djamei, V.; von Felten, S.; Kolios, A.G.A.; Czernielewsk, J.; Yawalkar, N.; Odermatt, O.; Laffitte, E.; Anliker, M.; et al. Superiority in quality of life improvement of biologics over conventional systemic drugs in a Swiss real-life psoriasis registry. Dermatology 2016, 232, 655–663. [Google Scholar] [CrossRef]

	



Blauvelt, A.; Reich, K.; Tsai, T.-F.; Tyring, S.; Vanaclocha, F.; Kingo, K.; Ziv, M.; Pinter, A.; Vender, R.; Hugot, S.; et al. Secukinumab is superior to ustekinumab in clearing skin of subjects with moderate-to-severe plaque psoriasis up to 1 year: Results from the CLEAR study. J. Am. Acad. Dermatol. 2017, 76, 60–69.e69. [Google Scholar] [CrossRef] [PubMed]

	



Paul, C.; Griffiths, C.E.M.; van de Kerkhof, P.C.M.; Puig, L.; Dutronc, Y.; Henneges, C.; Dossenbach, M.; Hollister, K.; Reich, K. Ixekizumab provides superior efficacy compared with ustekinumab over 52 weeks of treatment: Results from IXORA-S, a phase 3 study. J. Am. Acad. Dermatol. 2019, 80, 70–79.e73. [Google Scholar] [CrossRef]

	



Gordon, K.B.; Strober, B.; Lebwohl, M.; Augustin, M.; Blauvelt, A.; Poulin, Y.; Papp, K.A.; Sofen, H.; Puig, L.; Foley, P.; et al. Efficacy and safety of risankizumab in moderate-to-severe plaque psoriasis (UltIMMa-1 and UltIMMa-2): Results from two double-blind, randomised, placebo-controlled and ustekinumab-controlled phase 3 trials. Lancet 2018, 392, 650–661. [Google Scholar] [CrossRef]

	



Girolomoni, G.; Strohal, R.; Puig, L.; Bachelez, H.; Barker, J.; Boehncke, W.H.; Prinz, J.C. The role of IL-23 and the IL-23/TH17 immune axis in the pathogenesis and treatment of psoriasis. J. Eur. Acad. Dermatol. Venereol. 2017, 31, 1616–1626. [Google Scholar] [CrossRef] [PubMed]

	



Di Cesare, A.; Di Meglio, P.; Nestle, F.O. The IL-23/Th17 axis in the immunopathogenesis of psoriasis. J. Investig. Dermatol. 2009, 129, 1339–1350. [Google Scholar] [CrossRef] [PubMed]

	



Lebwohl, M.; Strober, B.; Menter, A.; Gordon, K.; Weglowska, J.; Puig, L.; Papp, K.; Spelman, L.; Toth, D.; Kerdel, F.; et al. Phase 3 studies comparing brodalumab with ustekinumab in psoriasis. N. Engl. J. Med. 2015, 373, 1318–1328. [Google Scholar] [CrossRef]

	



Blauvelt, A.; Papp, K.A.; Griffiths, C.E.M.; Randazzo, B.; Wasfi, Y.; Shen, Y.-K.; Li, S.; Kimball, A.B. Efficacy and safety of guselkumab, an anti-interleukin-23 monoclonal antibody, compared with adalimumab for the continuous treatment of patients with moderate to severe psoriasis: Results from the phase III, double-blinded, placebo- and active comparator–controlled VOYAGE 1 trial. J. Am. Acad. Dermatol. 2017, 76, 405–417. [Google Scholar] [CrossRef]

	



Reich, K.; Armstrong, A.W.; Foley, P.; Song, M.; Wasfi, Y.; Randazzo, B.; Li, S.; Shen, Y.K.; Gordon, K.B. Efficacy and safety of guselkumab, an anti-interleukin-23 monoclonal antibody, compared with adalimumab for the treatment of patients with moderate to severe psoriasis with randomized withdrawal and retreatment: Results from the phase III, double-blind, placebo- and active comparator–controlled VOYAGE 2 trial. J. Am. Acad. Dermatol. 2017, 76, 418–431. [Google Scholar] [CrossRef] [PubMed]

	



Megna, M.; Fabbrocini, G.; Ruggiero, A.; Cinelli, E. Efficacy and safety of risankizumab in psoriasis patients who failed anti-IL-17, anti-12/23 and/or anti IL-23: Preliminary data of a real-life 16-week retrospective study. Dermatol. Ther. 2020, 33, e14144. [Google Scholar] [CrossRef] [PubMed]

	



Reich, K.; Gooderham, M.; Thaçi, D.; Crowley, J.J.; Ryan, C.; Krueger, J.G.; Tsai, T.-F.; Flack, M.; Gu, Y.; Williams, D.A.; et al. Risankizumab compared with adalimumab in patients with moderate-to-severe plaque psoriasis (IMMvent): A randomised, double-blind, active-comparator-controlled phase 3 trial. Lancet 2019, 394, 576–586. [Google Scholar] [CrossRef]

	



Warren, R.B.; Blauvelt, A.; Poulin, Y.; Beeck, S.; Kelly, M.; Wu, T.; Geng, Z.; Paul, C. Efficacy and safety of risankizumab vs. secukinumab in patients with moderate-to-severe plaque psoriasis (IMMerge): Results from a phase III, randomized, open-label, efficacy–assessor-blinded clinical trial. Br. J. Dermatol. 2021, 184, 50–59. [Google Scholar] [CrossRef] [PubMed]

	



Youn, S.W.; Yu, D.Y.; Kim, T.Y.; Kim, B.S.; Lee, S.C.; Lee, J.H.; Choe, Y.B.; Lee, J.H.; Choi, J.H.; Roh, J.Y.; et al. Efficacy and safety of guselkumab compared with placebo and adalimumab in Korean patients with moderate-to-severe psoriasis: Post-hoc analysis from the phase III, double-blind, placebo- and active-comparator-controlled VOYAGE 1/2 trials. J. Dermatolog. Treat. 2022, 33, 535–541. [Google Scholar] [CrossRef]

	



Reich, K.; Song, M.; Li, S.; Jiang, J.; Youn, S.W.; Tsai, T.F.; Choe, Y.B.; Huang, Y.H.; Gordon, K.B. Consistent responses with guselkumab treatment in Asian and non-Asian patients with psoriasis: An analysis from VOYAGE 1 and VOYAGE 2. J. Dermatol. 2019, 46, 1141–1152. [Google Scholar] [CrossRef]

	



Kwon, S.H.; Lee, E.S. Secukinumab Response in Korean Patients with Moderate to Severe Plaque-Type Psoriasis Irrespective of Previous Biologic Use: 1-Year Experience at a Single Center. Ann. Dermatol. 2020, 32, 255–257. [Google Scholar] [CrossRef] [PubMed]

	



Youn, S.W.; Yu, D.Y.; Kim, B.S.; Kim, Y.; Kim, K.J.; Choi, J.H.; Son, S.W.; Lee, E.S.; Ro, Y.S.; Park, Y.L.; et al. Stelara PMS investigators. Clinical outcomes in adult patients with plaque psoriasis treated with ustekinumab under real-world practice in Korea: A prospective, observational, multi-center, postmarketing surveillance study. J. Dermatol. 2021, 48, 778–785. [Google Scholar] [CrossRef]

	



Hsiao, C.-Y.; Chiu, H.-Y.; Wang, T.-S.; Tsai, T.-F. Serial QuantiFERON-TB Gold testing in patients with psoriasis treated with ustekinumab. PLoS ONE 2017, 12, e0184178. [Google Scholar] [CrossRef] [PubMed]

	



Saunte, D.M.; Mrowietz, U.; Puig, L.; Zachariae, C. Candida infections in patients with psoriasis and psoriatic arthritis treated with interleukin-17 inhibitors and their practical management. Br. J. Dermatol. 2017, 177, 47–62. [Google Scholar] [CrossRef] [PubMed]

	



Egeberg, A.; Ottosen, M.B.; Gniadecki, R.; Broesby-Olsen, S.; Dam, T.N.; Bryld, L.E.; Rasmussen, M.K.; Skov, L. Safety, efficacy and drug survival of biologics and biosimilars for moderate-to-severe plaque psoriasis. Br. J. Dermatol. 2018, 178, 509–519. [Google Scholar] [CrossRef]

	



Yiu, Z.Z.N.; Mason, K.J.; Hampton, P.J.; Reynolds, N.J.; Smith, C.H.; Lunt, M.; Griffiths, C.E.M.; Warren, R.B.; BADBIR Study Group. Drug survival of adalimumab, ustekinumab and secukinumab in patients with psoriasis: A prospective cohort study from the British Association of Dermatologists Biologics and Immunomodulators Register (BADBIR). Br. J. Dermatol. 2020, 183, 294–302. [Google Scholar] [CrossRef] [PubMed]

	



Sbidian, E.; Mezzarobba, M.; Weill, A.; Coste, J.; Rudant, J. Persistence of treatment with biologics for patients with psoriasis: A real-world analysis of 16 545 biologic-naïve patients from the French National Health Insurance database (SNIIRAM). Br. J. Dermatol. 2019, 180, 86–93. [Google Scholar] [CrossRef]

	



Graier, T.; Salmhofer, W.; Jonak, C.; Weger, W.; Kölli, C.; Gruber, B.; Sator, P.G.; Prillinger, K.; Mlynek, A.; Schütz-Bergmayr, M.; et al. Biologic drug survival rates in the era of anti-interleukin-17 antibodies: A time-period-adjusted registry analysis. Br. J. Dermatol. 2021, 184, 1094–1105. [Google Scholar] [CrossRef] [PubMed]

	



Torres, T.; Puig, L.; Vender, R.; Lynde, C.; Piaserico, S.; Carrascosa, J.M.; Gisondi, P.; Daudén, E.; Conrad, C.; Mendes-Bastos, P.; et al. Drug survival of IL-12/23, IL-17 and IL-23 inhibitors for psoriasis treatment: A retrospective multi-country, multicentric cohort study. Am. J. Clin. Dermatol. 2021, 22, 567–579. [Google Scholar] [CrossRef]

	



Mourad, A.; Straube, S.; Armijo-Olivo, S.; Gniadecki, R. Factors predicting persistence of biologic drugs in psoriasis: A systematic review and meta-analysis. Br. J. Dermatol. 2019, 181, 450–458. [Google Scholar] [CrossRef]

	



Doshi, J.A.; Takeshita, J.; Pinto, L.; Li, P.; Yu, X.; Rao, P.; Viswsanathan, H.N.; Gelfand, J.M. Biologic therapy adherence, discontinuation, switching, and restarting among patients with psoriasis in the US Medicare population. J. Am. Acad. Dermatol. 2016, 74, 1057–1065.e1054. [Google Scholar] [CrossRef] [PubMed]

	



Warren, R.B.; Smith, C.H.; Yiu, Z.Z.N.; Ashcroft, D.M.; Barker, J.N.W.N.; Burden, A.D.; Lunt, M.; McElhone, K.; Ormerod, A.D.; Owen, C.M.; et al. Differential drug survival of biologic therapies for the treatment of psoriasis: A prospective observational cohort study from the British Association of Dermatologists Biologic Interventions Register (BADBIR). J. Investig. Dermatol. 2015, 135, 2632–2640. [Google Scholar] [CrossRef]

	



Shalom, G.; Cohen, A.D.; Ziv, M.; Eran, C.B.; Feldhamer, I.; Freud, T.; Berman, E.; Oren, S.; Hodak, E.; Pavlovsky, L. Biologic drug survival in Israeli psoriasis patients. J. Am. Acad. Dermatol. 2017, 76, 662–669.e661. [Google Scholar] [CrossRef] [PubMed]

	



Graier, T.; Weger, W.; Sator, P.-G.; Salmhofer, W.; Gruber, B.; Jonak, C.; Kölli, C.; Schütz-Bergmayr, M.; Vujic, I.; Ratzinger, G.; et al. Effectiveness and clinical predictors of drug survival in psoriasis patients receiving apremilast: A registry analysis. JAAD Int. 2021, 2, 62–75. [Google Scholar] [CrossRef] [PubMed]

	



Jacobi, A.; Rustenbach, S.J.; Augustin, M. Comorbidity as a predictor for drug survival of biologic therapy in patients with psoriasis. Int. J. Dermatol. 2016, 55, 296–302. [Google Scholar] [CrossRef]








[image: Biomedicines 10 01058 g001 550] 





Figure 1. Proportion of patients achieving clinical response over time with secukinumab, ustekinumab, and guselkumab. The proportion of patients achieving > 75% (a), 90% (b), and 100% (c) improvement in PASI through week 56. Abbreviation: PASI, psoriasis area and severity index. 
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Figure 2. Drug survival rates of up to 56 weeks. The numbers of patients still receiving treatment for each biologic are described below the line in the figure. 
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Table 1. Baseline characteristics.
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	Secukinumab

(n = 27)
	Ustekinumab

(n = 61)
	Guselkumab

(n = 23)
	p-Value





	Age (years)

Mean (SD)
	

47.9 (15.6)
	

47.8 (15.3)
	

43.6 (15.1)
	

0.82



	Sex (female)
	8 (29.6%)
	23 (37.7%)
	8 (34.8%)
	0.76



	Body mass index, kg/m2

Mean (SD)

Obesity (BMI ≥ 30)
	

26.0 (4.9)

4 (14.8%)
	

24.6 (4.1)

9 (14.8%)
	

26.0 (5.1)

3 (13.0%)
	

0.82

0.99



	Body surface area (%)

Mean (SD)
	

25.0 (8.2)
	

26.8 (11.4)
	

27.4 (11.0)
	

0.27



	Initial PASI

Mean (SD)
	

17.9 (6.2)
	

17.5 (7.5)
	

20.0 (9.2)
	

0.14



	Previous treatments

 Only systemic immunosuppressive

 Treatments †

 Sequential combination of immunosuppressive treatments and phototherapy ††

Alcohol
	

12 (44.4%)



15 (55.6%)



14 (51.9%)
	

30 (49.2%)



31 (50.8%)



33 (54.1%)
	

11 (47.8%)



12 (52.2%)



15 (65.2%)
	

0.92



0.92



0.59



	Smoking
	9 (33.3%)
	29 (47.5%)
	11 (47.8%)
	0.43



	Hypertension
	8 (29.6%)
	12 (19.7%)
	7 (30.4%)
	0.45



	Diabetes
	5 (18.5%)
	3 (4.9%)
	1 (4.3%)
	0.07



	Previous hepatitis history
	1 (3.7%)
	2 (3.3%)
	3 (13.0%)
	0.19



	Previous tuberculosis history
	0 (0.0%)
	6 (9.8%)
	2 (8.7%)
	0.25



	Dyslipidemia

Cardiovascular disease

Psoriatic arthritis
	7 (25.9%)

1 (3.7%)

2 (7.4%)
	7 (11.5%)

2 (3.3%)

4 (6.6%)
	7 (30.4%)

1 (4.3%)

3 (13.0%)
	0.08

0.97

0.62







Abbreviations: SD, standard deviation; IQR, interquartile range; BMI, body mass index; PASI, psoriasis area and severity index. † Systemic immunosuppressive treatments were methotrexate or cyclosporine. †† Phototherapy was NB-UVB.
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Table 2. Safety profiles.
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	Secukinumab

(n = 27)
	Ustekinumab

(n = 61)
	Guselkumab

(n = 23)
	p-Value





	Patients with ≥1 AE

Tuberculosis

Viral infection

Fungal infection

Injection site reaction

Worsening of psoriasis

Conjunctivitis

Systemic allergic reaction

Arthralgia
	5 (18.5%)

0 (0.0%)

1 (3.7%)

0 (0.0%)

2 (7.4%)

0 (0.0%)

1 (3.7%)

1 (3.7%)

0 (0.0%)
	11 (18.0%)

5 (8.2%)

0 (0.0%)

4 (6.6%)

1 (1.6%)

1 (1.6%)

0 (0.0%)

0 (0.0%)

0 (0.0%)
	4 (17.4%)

0 (0.0%)

0 (0.0%)

1 (4.3%)

1 (4.3%)

0 (0.0%)

1 (4.3%)

0 (0.0%)

1 (4.3%)
	0.99

0.07

0.22

0.39

0.42

0.66

0.30

0.22

0.15



	SAE affecting drug survivals
	3 (11.1%)
	1 (1.6%)
	0 (0.0%)
	<0.01 **







** p < 0.01. Abbreviations: AE, adverse event; SAE, severe adverse event.
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Table 3. Drug survival for up to 56 weeks.
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	Secukinumab

(n = 27)
	Ustekinumab

(n = 61)
	Guselkumab

(n = 23)





	Drug survival for up to 56 weeks

Median drug survival weeks (95% CI)

Patients lost during follow-up period

Biologic discontinuation

 Severe adverse event

 Loss of efficacy

 Complete remission
	22/27 (81.5%)

48.4 (41.9–55.0)

5/27 (18.5%)

2 (7.4%)

2 (7.4%)

0 (0.0%)

0 (0.0%)
	45/61 (73.8%)

52.4 (50.0–54.8)

16/61 (26.2%)

3 (4.9%)

1 (1.6%)

1 (1.6%)

1 (1.6%)
	22/23 (95.7%)

55.0 (52.8–57.1)

1/23 (4.3%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)



	Biologic change

 Severe adverse event

 Loss of efficacy
	3 (11.1%)

1 (3.7%)

2 (7.4%)
	13 (21.3%)

0 (0.0%)

13 (21.3%)
	1 (4.3%)

0 (0.0%)

1 (4.3%)







Abbreviations: CI, confidence interval.
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Table 4. Factors inducing biologic discontinuation or change.
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	HR (95% CI)
	p-Value





	Female sex

Obesity (BMI ≥ 30)

Initial PASI
	1.38 (1.12–1.68)

1.59 (0.77–3.26)

0.91 (0.82–1.02)
	0.04 *

0.36

0.09



	Alcohol consumption
	1.99 (0.45–8.85)
	0.36



	Current smoker
	0.67 (0.35–1.28)
	0.22



	Hypertension
	1.36 (1.13–1.57)
	0.02 *



	Diabetes
	1.84 (0.64–5.32)
	0.26



	Hepatitis
	1.18 (0.36–3.88)
	0.79



	Tuberculosis
	1.45 (0.57–4.00)
	0.47



	Dyslipidemia
	0.75 (0.31–1.83)
	0.53



	Psoriatic arthritis
	0.88 (0.32–2.42)
	0.81



	After guselkumab introduction
	3.42 (2.81–4.17)
	<0.01 **







* p < 0.05, ** p < 0.01. Abbreviations: HR, hazard ratio; CI, confidence interval; BMI, body mass index; PASI, psoriasis area and severity index.
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