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Abstract
Nowadays, the biological equipment available for the treatment of moderate-to-severe psoriasis is plenty. Anti-interleukin-23 
represents the latest class of biologic approved for the management of moderate-to-severe psoriasis. Their efficacy and safety 
have been assessed through two major sources: clinical trials (CTs) and real-world experiences data (RWE). Notably, the 
two sources differ from one another, but together, they complement information and current knowledge on both efficacy and 
safety of biological therapy. We carry out a review on CTs and RWE reports on the latest group of biological approved for 
moderate-to-severe psoriasis: anti-IL23 (guselkumab, risankizumab, and tildrakizumab).
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Introduction

Psoriasis is an inflammatory skin disease with an estimated 
prevalence from 0.51 to 11.43% in adults, and 0 to 1.37% 
in children [1]. Epidemiological data hypothesize a current 
increase in the incidence of the disease [2]. Mild forms can 
be managed by topical therapies [3]; moderate-to-severe 
cases often require conventional systemic or biological 
therapies [4] Nowadays, the biological agents available are 
plenty: from the first approved anti-tumour necrosis factor 
(TNF)-alpha in 2006 [5] to the latest anti-interleukin (IL)-23 
in 2019 [6]. Clinical safety and efficacy profiles of these new 

drugs are assessed through pre- and post-marketing proce-
dures: first of all, clinical trials (CTs) divided in different 
phases (I, II, and III) evaluate the agent under investigation 
in control and patient groups [7]. Then, regulatory enti-
ties analyse clinical trial data to approve the drug and thus, 
allowing the marketing phase [7]. In the post-marketing, 
phase IV trials continue the evaluation of the pharmaceuti-
cal agent, as well as pharmacovigilance reports by healthcare 
workers point out adverse events (AEs) occurring during the 
clinical practice [7]. Moreover, the authors can provide for 
real-world experience (RWE) data in the scientific literature.

Notably, clinical trials and RWE-related data differ one 
another, but together, they complement information and current 
knowledge on both efficacy and safety of biological therapy.

Herein, we carry out a review on clinical trials and RWE 
reports, comparing the two sources on the latest group 
of biological approved for moderate-to-severe psoriasis: 
anti-IL23 (guselkumab, risankizumab, and tildrakizumab). We 
decided to focus on anti-IL23 since they represent one of the 
last categories of approved biologics, but the clinical practice 
is not too recent to prevent from limited data on RWE.

Materials and methods

This review analyses the available English literature on 
efficacy and safety data of anti-IL23 currently approved for 
moderate-to-severe psoriasis: guselkumab, risankizumab, 

Key points  
- Anti-interleukin-23 represents the latest class of biologic 
approved for the management of moderate-to-severe psoriasis.
- Their efficacy and safety have been assessed through two major 
sources: clinical trials and real-world experiences data.
- Clinical trials and real-world evidence-related data differ one 
another, but together, they complement information and current 
knowledge on both efficacy and safety of biological therapy.

 * Angelo Ruggiero 
 angeloruggiero1993@libero.it

1 Section of Dermatology - Department of Clinical Medicine 
and Surgery, University of Naples Federico II, Via Pansini 5, 
80131 Naples, Italy

2 Dermatology Department, Universidad Autónoma de Nuevo 
León, University Hospital “Dr, José Eleuterio González”, 
Monterrey, NL, Mexico

http://crossmark.crossref.org/dialog/?doi=10.1007/s12026-022-09356-y&domain=pdf
http://orcid.org/0000-0002-4658-7391


329Immunologic Research (2023) 71:328–355 

1 3

and tildrakizumab. Clinical trials (CTs), real life studies, and 
case series along with metanalysis and pooled data analysis 
were included in our study, searching the following data-
bases through to January 22, 2021: PubMed, Embase, The 
Cochrane Library, Google Scholar, and EBSCO. The key-
words used for the research were the following: “anti-IL23 
AND psoriasis”, “guselkumab AND psoriasis”, “risanki-
zumab AND psoriasis”, “tildrakizumab AND psoriasis”. 
We excluded studies focusing on economical and health-
care management, work productivity, and life quality. Phase 
I clinical trials were excluded from this review.

Body

A total of 74 studies were included: 40 clinical trials and 
34 RWE (Tables 1, 2, 3). The highest number of studies 
regarded guselkumab in both contexts, whereas tildraki-
zumab had the lowest. This finding is due to the different 
timing of approval (2017 for guselkumab (USA [8]) and 
2019 for risankizumab (USA [9]). The majority of CTs were 
phase III, multicenter studies and the most frequent drug 
used as control was adalimumab for guselkumab [10, 20], 
ustekinumab for risankizumab [21], and etanercept for til-
drakizumab [22, 23]. On the other hand, most of the RWEs 
was represented by case reports and single-centre study 
(Tables 1, 2, 3).

Guselkumab

The two main phase III trials, VOYAGE 1 and VOYAGE 
2, as well as the phase II trial published in 2015 compared 
guselkumab not only with placebo but also with the first 
class of biologics approved for the treatment of moderate-
to-severe psoriasis: anti-TNF-alfa (adalimumab) [10, 20]. 
Both in short- and long-term assessments, guselkumab 
showed higher efficacy rates according to the different 
endpoints used, such as mean Psoriasis Area Severity 
Index (PASI), PASI75, PASI90, and Investigator Global 
Assessment (IGA) [10, 20]. Moreover, a good maintenance 
of the clinical improvement achieved has been reported 
throughout years of therapy [16, 19]. In fact, as pointed 
out by the most recently published results from VOYAGE 
1 and VOYAGE 2 trial, during the 4-year study exten-
sion, the authors reported high efficacy response rates with 
most of the patients experiencing a PASI90 and IGA 0/1 
response (> 80%) and more than a half even PASI100 and 
IGA 0 [16, 19]. Further CTs have compared guselkumab 
with other biologics classes: ustekinumab in the NAVI-
GATE trial [24], secukinumab in the ECLIPSE trial [25], 
and ixekizumab in the IXORA-R study [26, 27]. In the 
NAVIGATE trial, the guselkumab group reported higher 

rates of improvement, PASI90 and PASI100 responses 
[24]. The efficacy reflected also in a better DLQI assess-
ment for the guselkumab than in the ustekinumab group 
[24]. Similar results were obtained in the comparison 
with secukinumab, as at week 48, a higher proportion 
of patients in the guselkumab group achieved a PASI90 
response [25]. In the phase IV IXORA-R trial, Blauvelt 
et al. pointed out a faster response for the ixekizumab than 
for the guselkumab group at week 12 [26]. In 2020, Thaçi 
et al. have compared guselkumab with fumaric acid esters 
(FAEs) [28]: a huge difference in efficacy was outlined, 
as 82% of guselkumab-treated patients reached PASI90 
versus 27% of FAEs-treated [28].

Studies of guselkumab efficacy in RWE are different 
from CTs mainly because of the lack of a comparison group 
treated with another biologic or conventional systemic ther-
apy. Retrospective single- or multi-centre studies confirmed 
the efficacy of guselkumab in both short- and long-term 
periods also in RWE [29, 34]. PASI response rates were 
comparable to those from CTs: in fact, Ruiz-Villaverde 
et al. reported that 90.3% of patients reached PASI75, 71% 
PASI90 and 51.6% PASI100 at week 52 [34]. On the other 
hand, RWE added new insights in the use of guselkumab: 
some case reports pointed out the possibility of guselkumab 
efficacy and safety in patients with other comorbidities, as 
well as in cases of non-plaque psoriasis (e.g., erythroder-
mic psoriasis) otherwise excluded from clinical trials [35, 
39]. Examples are represented by efficient and safe use of 
guselkumab in an HIV-positive patient [35], in a woman 
affected by psoriasis, hidradenitis suppurativa, and Crohn’s 
disease [36], and in a patient with Cornelia De Lange syn-
drome [37]. Others are reported in Table 1. Moreover, RWE 
has widened the possibility of treating even severe forms 
(e.g., erythrodermic psoriasis) with guselkumab [38, 40]. 
Chiang et al. published a study on 13 erythrodermic psoria-
sis patients treated successfully and safely with guselkumab 
[38]: at week 28, a mean PASI improvement of 67.5% was 
experienced along with no common AEs reported at week 
36 [38].

Another clinical aspect has been differently investigated 
in clinical trials and in RWE: psoriasis localization. Up until 
now, CTs focused on special areas and forms of psoriasis 
(e.g., palmoplantar pustulosis [41]) more than the RWE 
counterpart. This phenomenon is mainly due to the dissimi-
lar assessment of patients in trials to the clinical practice: 
usually, clinical studies require a strict clinical evaluation 
most of the time carried out by specific scores (e.g., PSSI, 
Psoriasis Scalp Severity Index).

Regarding the safety profile, in CTs, the most frequent 
AEs were infectious diseases, particularly nasopharyngi-
tis and upper respiratory tract infections [10, 20]. Safety 
and AEs were comparable to the other classes of biolog-
ics [10, 20] and in RWE [29, 34]. In 2020, a focus on 
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latent tuberculosis infection (LTBI) was carried out in the 
VOYAGE 1 and VOYAGE 2 pooled data: Puig et al. have 
assessed the onset of active tuberculosis infection (TB) in 
patients with LTBI and without LTBI (LTBI-) treated with 
guselkumab [17]. At week 100, no active TB case was found 
in the guselkumab group, whereas 2 cases were reported 
in the adalimumab group [17]. Besides, RWE counterpart 
has signalled new AEs not previously pointed out, such as 
eczematous eruption, nummular dermatitis, and lentigines 
in areas of resolving psoriasis [42, 45]. Also, RWE did not 
report TB reactivation cases so far.

Other studies include post hoc analysis from CTs (44), 
additional phase III trials [46, 47], and CT on novel patient-
controlled injector [47]. On the other hand, RWE includes 
further retrospective studies [49, 52], case series [53], and 
case reports [54, 61].

Risankizumab

The two main phase III trials, UltIMMa-1 and UltIMMa-2 
(replicate studies), as well as a phase II CT compared 
risankizumab with ustekinumab [21, 62]. In these two rep-
licate studies, higher efficacy regarding PASI90 and static 
Physician Global Assessment (sPGA) at week 16 compared 
to ustekinumab was found (UltIMMa-1: PASI90 75.3% 
vs. 42%, sPGA 0/1 87.7% vs. 63%; UltIMMa-2: PASI90 
74.8% vs. 47.5, sPGA 0/1 83.7% vs. 61.6, with risanki-
zumab and ustekinumab respectively) [21]. In 2020, Blau-
velt et al. [63] in the IMMhance placebo-controlled trial 
confirmed the long-term efficacy of risankizumab [63]. 
At week 104, the sPGA 0/1 score was achieved by 81.1% 
of patients receiving risankizumab versus 7.1% receiving 
placebo [62]. Other studies have compared risankizumab 
with different biologics, such as adalimumab (IMMvent) 
[63], secukinumab (IMMerge) [65], and FAEs [66]. In all 
of these studies, risankizumab has shown a higher efficacy, 
achieving > 72% of patients PASI90 and > 83% sPGA of 0/1 
at week 16 [64–66]. In the IMMerge study, which compared 
risankizumab to secukinumab, risankizumab was found 
non inferior to secukinumab regarding PASI90 at week 16 
(73.8% versus 65.6%), and superior to secukinumab at week 
52 (86.6% versus 57.1%, p < 0.001). Also, secondary end 
points (sPGA 0/1, PASI75, and PASI100) demonstrated 
superiority for risankizumab at week 52 (p < 0.001) [64]. A 
wide difference between risankizumab and FAEs at week 24 
was found in the study by Thaçi et al. [65]; PASI90 of 83.3% 
with risankizumab versus 10% with FAEs [66].

The main difference found between CTs and RWE was 
the absence of a control group. Moreover, endpoints for 
RWE were different from the typical endpoints found in 
CTs (PASI50, PASI75, PASI90, PASI100, or sPGA) and 
vary from one to another. The biggest RWE multicentre Ta
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study included 57 patients: PASI90 was reached by 63.2% at 
week 16 [67]. Reddy et al. [68] included patients who failed 
guselkumab treatment previously, and they found a 79.3% 
decrease in PGA and BSA, compared to an 84.3% decrease 
in patients without previous guselkumab treatment [68]. In 
the study by Megna et al. [69], NAPSI, palmo-plantar, and 
scalp area reduction were also reported. NAPSI reduced 
from 18.0 ± 8.5 to 7 ± 1.4, whereas palmo-plantar and scalp 
area showed a reduction of 67.5% and 99.9%, respectively 
[69]. Another important knowledge acquired by RWE is 
the possibility of using risankizumab in patients with other 
concomitant diseases, thus anticipating clinical therapeutic 
options under investigation. In fact, a case report described 
a patient with psoriasis and colonic diverticulitis, with 
achievement of PASI100 after 1 year of treatment with non-
reported AEs [70]. In the CTs counterpart, risankizumab 
has been investigated in patients affected by moderately to 
severely active Crohn’s disease [71].

A good safety profile for risankizumab was found in both 
CTs and RWE. Papp et al. [61] reported an incidence of 
12–15% of serious AEs, including 2 basal cell carcinomas 
and a major cardiovascular event, while other CTs reported 
a percentage of severe AEs between 1.67 and 5.5% [21, 
62–65]. The most frequently found AEs in CT were upper 
respiratory tract infection, nasopharyngitis, headache, and 
arthralgia [21, 62–66, 72–74]. Blauvelt et al. included a 
small subset of patients (n = 31) with latent tuberculo-
sis (positive for Quantiferon TB gold assay) that did not 
receive tuberculous prophylaxis before treatment [63]. No 
active tuberculosis developed after risankizumab therapy for 
55 weeks despite the lack of prophylaxis [63]. To date, no 
RWE reported cases of TB reactivation under risankizumab 
in real world settings. Most RWE denied AEs or failed to 
report them [68–70, 75–77].

Tildrakizumab

Since tildrakizumab was the last anti-IL23 approved for the 
treatment of moderate-to-severe psoriasis, a smaller num-
ber of clinical trials have been conducted. The P05495 and 
reSURFACE 1 study compared different doses of tildraki-
zumab to placebo, whereas the reSURFACE 2 CT compared 
different doses of tildrakizumab to etanercept [23, 24].

Reich et al. [24] showed a good efficacy of tildrakizumab 
in the reSURFACE 1 and 2. In reSURFACE 1 at week 
12, PASI75 was achieved by 62% and 64% in 200 mg and 
100 mg tildrakizumab group, respectively. Also, PGA 0/1 
was achieved by 59% in the 200 mg group and 58% in the 
100 mg group of tildrakizumab. Temporarily, the reSUR-
FACE 2 supported the efficacy by achieving a PASI75 by 
66% and 61% in 200 mg and 100 mg tildrakizumab groups, 
respectively, compared to 48% in the etanercept group. PGA 
0/1 was achieved by 59% in the 200 mg group and 55% in the 

100 mg tildrakizumab group compared to 48% in etanercept 
group [23]. Later, the long-term efficacy was also agreed 
in a pooled analysis of reSURFACE 1 and 2 for 148 weeks 
[78]. A PASI75 response was attained by 72.6% of patients 
with 100 mg and 80.2% with 200 mg of tildrakizumab [78].

Regarding tildrakizumab safety profile, a low incidence 
of serious AEs was reported by both Papp et al. in 2015 
[22] and Reich et al. in 2017 [23]. The most common AEs 
reported were nasopharyngitis and headache [22, 23]; the 
most frequent severe AEs at long-term were cellulitis, herpes 
zoster, and urosepsis [77].

Only two RWEs were found, one which is currently 
recruiting patients and the other one that has not yet started 
[79, 80]. RWE could open our horizons to different indica-
tions for tildrakizumab regarding comorbidities or previous 
treatment failures for our patients with moderate-to-severe 
psoriasis. Likewise, expand our knowledge regarding AEs, 
compared to CT. All mentioned studies, as well as some post 
hoc analysis from CTs, were included in Table 3 [81–87].

Discussion

Psoriasis treatment armamentarium is continuously grow-
ing with an increased number of different biologics being 
available so far, and another almost ready to expand the list: 
bimekizumab. Particularly, to date, 11 different biologics 
(adalimumab, brodalumab, certolizumab pegol, etaner-
cept, guselkumab, infliximab, ixekizumab, risankizumab, 
secukinumab, tildrakizumab, and ustekinumab) belonging 
to 4 different classes (anti-TNF, anti-IL12/23, anti-IL17, 
and anti-IL23) are available for moderate-to-severe psoriasis 
treatment; apart from several distinct anti-TNF biosimilars 
[88]. As the psoriasis treatment goal is to obtain a complete 
or an almost complete skin clearance, dermatologist should 
not rely only on CTs data to perform the best treatment 
choice for their patients. In this context, RWE evidence is 
of indisputable importance since they evaluate the efficacy 
and safety in daily setting, which can be more complicated 
(multiple comorbidities, multifailure patients, difficult to 
treat areas, etc.) than those represented by CTs [89]. RWE 
also showed the efficacy and safety od anti-IL-23 in elderly 
patients, patients who are typically excluded from CTs, due 
to the multiple comorbidities and pharmacological treat-
ments [90]. Furthermore, RWE also showed the safety dur-
ing COVID-19 pandemic era, during which several concerns 
were raised about the use of biologics, which had been linked 
to eventual higher risk of COVID-19 infection or higher 
disease severity [91–95]. Our thorough review showed that 
RWE seems to confirm efficacy and safety of CTs on anti-
IL23. More data are needed, especially for tildrakizumab 
whose RWE information is still scant due to its more recent 
availability on the market. Moreover, RWEs have already 
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showed additional features respect to CTs such as anti-IL23 
efficacy in erythrodermic psoriasis, pustular psoriasis, as 
well as in possible psoriasis comorbidities such as hidrad-
enitis suppurativa. Outstanding progresses have been done 
in the last few decades regarding psoriasis pathogenesis and 
the development of innovative therapies [90]. It is now well 
known that psoriasis is a chronic inflammatory multifactorial 
disease with dysregulation of immune cells (Th1 and Th17 
above all) being its key features [96]. In this context, a major 
role is played by inflammatory cytokines such as TNF-α and 
IL-17, and IL-23 [96]. Advances in psoriasis pathogenesis 
have put the basis for the development of new effective drugs 
for its treatment. Nowadays, 11 different biologics belonging 
to 4 diverse classes are available for moderate to psoria-
sis treatment: anti-TNF (adalimumab, certolizumab pegol, 
etanercept, and infliximab), anti-IL12/23 (ustekinumab), 
anti-IL17 (brodalumab, ixekizumab, secukinumab), and 
anti-IL23 (guselkumab, risankizumab, and tildrakizumab). 
In addition, anti-TNF biosimilars as well as small mol-
ecules (apremilast) are also available as therapeutic weapon 
for psoriasis management. Psoriasis is a chronic relapsing 
disease which requires long-term treatment. Although bio-
logics have dramatically improved psoriasis therapy, cur-
rently available biological agents are not curative; relapse 
or rebound of the disease could occur when a therapy is 
discontinued or even during the treatment (primary or sec-
ondary inefficacy) with some patients being non responders 
even after several weeks of treatment [97]. Since our goal 
is to find the right treatment for the right patient at the right 
time, in order to guarantee the best clinical outcomes in long 
term together with the best quality of life improvement and 
safety level, treatment selection has to be performed case 
by case with clinical decision which should not rely only 
on CTs data. Indeed, even if CTs represent the fundamental 
first step for new drugs approval which ensure their efficacy 
and safety profile, RWE studies are needed to increase the 
knowledge about new drugs in clinical practice, particularly 
in patients and/or conditions which are typically excluded 
by CTs. Moreover, although CTs and RWE-related data may 
differ one another, together, they complement information 
and current knowledge on both efficacy and safety of recent 
available biological therapies [89]. Particularly, RWE studies 
allow to confirm data of efficacy and safety in patients which 
are usually excluded from CTs study populations. Indeed, 
CTs require strongly selective inclusion criteria, resulting 
in the selection of study populations which may not reflect 
the cohort of patients to manage in daily clinical practice. 
These patients include ones affected by multiple comorbidi-
ties, including elderly psoriatic patients in which disease 
management may be frequently challenging due to several 
factors such as common multiple comorbidities and linked 
polypharmacy, infections, and cancer vulnerability due to 
immunosenescence. Furthermore, CTs data are usually 

referred to plaque psoriasis type, excluding patients suffer-
ing from non-plaque psoriasis (erythrodermic psoriasis, gut-
tate psoriasis, or pustular psoriasis) which may also benefit 
from biologics. Moreover, RWE may also give additional 
information on multifailure patients; in fact, the need for a 
prompt and new available therapy in case of clinical failure 
is not always compatible with the timing for a complete wash 
out required in CTs. Other examples of the importance of 
RWE and their complementation with CTs are represented 
by their utility for pharmacovigilance and monitoring long-
term treatment emergent AEs which may not be highlighted 
by CTs as the case of eczematous eruptions for anti-IL17 as 
well as clinical issues which have not been posted in CTs 
as the case of COVID-19, COVID-19 vaccines as well as 
their influence on psoriasis natural course and biologics effi-
cacy [98–106]. Indubitably, all these issues are particularly 
actual and true for anti-IL-23, the latest class of biologics 
approved for moderate to severe psoriasis. Indeed, real life 
studies are still limited due to their recent availability on 
the market respect other classes of biologics. Since another 
anti-IL23 as mirikizumab will be available in the future for 
psoriasis [107], as well as the fact that these drugs are being 
also evaluated for PsA as well as inflammatory bowel dis-
eases treatment [108], RWE for anti-IL23 and their correla-
tion with CTs represent a hot topic in dermatology, which 
could help to highlight eventual peculiarities and differences 
among anti-IL23s performances in order to guide the derma-
tologist among the jungle of biologics treatment for psoriasis 
management.

Conclusions

Our review showed that guselkumab, risankizumab, and 
tildrakizumab confirmed the promising data showed by 
clinical trials, in terms of both safety and efficacy profile. 
The anti-IL-23 biologic class confirmed to be safe with no 
concerns about the use of these drugs even in more frag-
ile patients, such as elderly, and/or in those suffering from 
several comorbidities, and many concomitant medications. 
Hence, although more real-life studies, with longer follow-
up periods, and larger study populations are still needed, our 
review confirm the important role that anti-IL-23 s have in 
the management of moderate to severe forms of psoriasis.
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