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Immune-mediated disease units: A step forward for patients with 
inflammatory bowel disease

Esther Chamorro-de-Vega1 and Luis Menchén1,2,3*
1Centro de Enfermedades Inflamatorias Inmunomediadas (CEIMI), Hospital General Universitario – Instituto de Investigación Sanitaria Gregorio 
Marañón, Madrid, Spain, 2Departamento de Medicina, Universidad Complutense, Madrid, Spain, 3CiberEHD, Madrid, Spain

REVIEW ARTICLE

Abstract

Immune-mediated inflammatory diseases (IMIDs) are a group of chronic and, up to date, incurable disorders affecting 5-7% 
of the Western population that share common pathophysiologic mechanisms. IMIDs may generate long-term disability as well 
as a significant reduction quality of life, causing a high socio-sanitary impact. Approximately, 20% of patients diagnosed with 
IMID suffer from at least another coexisting IMID and other comorbidities are also frequent, which has a significant impact 
on their therapeutic management. Moreover, the transversality and the associated complexity of caring for these patients 
make its multidisciplinary management necessary and represent a challenge for the traditional structure of health-care ser-
vices. In this context, IMID multidisciplinary units emerge as a new collaborative care model that could provide an optimal 
framework for sharing clinical decisions between different specialists involved in the care of these patients. Some of the main 
goals of this multidisciplinary model should be the early diagnosis of concomitant IMIDs, the optimization of the treatment 
and the improvement the quality of care. For this purpose, shared decision about the most appropriate care plan and a 
multidisciplinary consultation must be warranted. In addition, IMIDs units should offer supporting programs such as those 
rely on the prevention of potentially avoidable transmissible diseases, neoplasms related to immunosuppression, and cardio-
vascular disease; resources of psychological support; and programs of transition from pediatric to adult healthcare.

Keywords: Immune-mediated inflammatory diseases. Patient care team. Comprehensive health care. Interdisciplinary com-
munication.

Unidades de enfermedades inmunomediadas: un paso adelante para los pacientes 
con enfermedad inflamatoria intestinal

Resumen

Las enfermedades inflamatorias mediadas por la inmunidad (EIMI) son un grupo de enfermedades crónicas y, hasta la fecha, 
incurables, que afectan al 5-7% de la población occidental y que comparten mecanismos fisiopatológicos comunes. Las 
EIMI pueden generar discapacidad a largo plazo, así como una reducción significativa de la calidad de vida, lo que oca-
siona un alto impacto sociosanitario. Aproximadamente el 20% de los pacientes diagnosticados de EIMI padecen al menos 
otra EIMI coexistente, siendo también frecuentes otras comorbilidades, lo que repercute significativamente en su manejo 
terapéutico. Además, la transversalidad y la complejidad asociada a la atención de estos pacientes hace necesaria una 
gestión multidisciplinar, y supone un reto para la estructura tradicional de los servicios sanitarios. En este contexto, las uni-
dades multidisciplinares EIMI surgen como un nuevo modelo de atención colaborativa que proporcionan un marco óptimo 
para compartir decisiones clínicas entre los diferentes especialistas implicados en la atención de estos pacientes. Los 
principales objetivos de este modelo multidisciplinar deberían ser el diagnóstico precoz de las EIMI concomitantes, la op-
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Introduction

Immune-mediated inflammatory diseases (IMIDs) are 
a group of chronic and, up to date, incurable disorders 
affecting 5-7% of the Western population1,2. Common 
IMIDs include gastrointestinal, rheumatological cutane-
ous, and ocular chronic disorders such as Crohn´s dis-
ease (CD), ulcerative colitis (UC), rheumatoid arthritis 
(RA), ankylosing spondylitis (AS) psoriasis and psori-
atic arthritis (PsA), and non-infectious uveitis. IMIDs 
may induce organ damage and generate long-term dis-
ability, as well as a significantly decreased quality of 
life3,4. In addition, IMIDs – that often affect young 
patients – have a high socio-sanitary impact.

Independently of particular pathogenetic features of 
each entity, IMIDs share a common genetic back-
ground, as well as cellular and molecular pathogenetic 
features. Both CD, UC, RA, AS, and psoriasis are char-
acterized by a T cell-driven chronic inflammatory pro-
cess with a prominent role of signal transduction 
pathways such as Janus Kinases-Signal Transducer 
and Activator of Transcription pathway and effector 
cytokines such as tumor necrosis factor alfa (TNFα)1. 
Therefore, this group of entities also shares pharmaco-
logical therapeutic approaches: steroids, sulfasalazine, 
conventional immunosuppressants such as azathio-
prine and methotrexate, biologic agents such as anti-
TNFα and anti-IL-12/23, and targeted small molecules 
such as tofacitinib are approved by regulatory agencies 
for the treatment of several IMIDs such as CD, CU, RA, 
AS, and psoriasis. In this sense, the irruption in the past 
two decades of the biological therapies and targeted 
molecules – beside the recognition that early and tight 
control of inflammation is critical to IMIDs short and 
long-term prognosis – has represented a revolution in 
the management of IMIDs leading to a remarkable 
change in the management of these conditions, improv-
ing their prognosis but increasing the complexity of its 
pharmacotherapeutic management, as well as the 
direct costs.

Approximately, 20% of these patients suffer from two 
or more coexisting IMID; in addition, cardiovascular, 
hematological, metabolic, and psychiatric comorbidities 

are frequent. Therefore, multidisciplinary care of patients 
with IMIDs has been widely recommended5-11. Moreover, 
the transversality and the associated complexity of car-
ing for patients with IMID represent a challenge for the 
traditional structure of health care services and make it 
necessary to transform the clinical management models 
existing up to date.

Immune-mediated comorbidity among 
patients with IBD

More than one-third of patients diagnosed with inflam-
matory bowel disease (IBD) develop extraintestinal 
manifestations and/or associated diseases, including 
concomitant IMIDs such as spondyloarthropathy or uve-
itis12,13. In addition, paradoxical psoriasis induced by 
anti-TNFα monoclonal antibodies is a relatively frequent 
complication that usually deserves dermatological con-
sultation14. In a Spanish cohort including 526  patients 
diagnosed with IBD15, 13.5% of them had a concomitant 
IMID: spondyloarthritis was the most frequent, in up to 
9% of patients, followed by psoriasis, in 3.4% of patients, 
and uveitis, in 2.1% of them. The prevalence of concom-
itant IMIDs seems to be higher in CD compared to UC, 
and among patients with longer evolution of the intesti-
nal disease. In a follow-up study of the aforementioned 
cohort, the incidence of new concomitant IMIDs among 
IBD patients after 2 years was 6.5%, with a rate of inci-
dence of 26/10.000 patients-year16.

The concurrence of another IMID in IBD patients has 
significant consequences on their therapeutic manage-
ment. Thus, extraintestinal manifestations or associ-
ated comorbidities should be considered when choosing 
IBD treatment; as an example, IBD patients diagnosed 
with concomitant axial spondyloarthropathy, uveitis or 
pyoderma gangrenosum can be successfully managed 
with anti-TNFα monoclonal antibodies. Guidelines on 
extraintestinal manifestations in IBD published by the 
European Crohn´s and Colitis Organization emphasize 
that the management of complex extraintestinal 
manifestations should be discussed in a multidisci-
plinary team meeting6. In this sense, IMID units could 

timización del tratamiento y la mejora de la calidad asistencial. Para ello, debe garantizarse un marco que permita la toma 
de decisiones compartida sobre el plan de cuidados más adecuado y una consulta multidisciplinar. Además, las unidades 
EIMI deben ofrecer programas de apoyo para la prevención de enfermedades transmisibles potencialmente evitables, neo-
plasias relacionadas con la inmunosupresión y enfermedades cardiovasculares; recursos de apoyo psicológico; y programas 
de transición de la salud pediátrica a la de adultos.

Palabras clave: IMID. Equipo de atención al paciente. Atención integral de salud. Comunicación interdisciplinaria.
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provide an optimal framework for sharing clinical deci-
sions between different specialists involved in patients 
care.

IMID interdisciplinary management: the 
role of integrated IMID units

Although IMID patients care by a multidisciplinary 
team is widely recommended5-11, high-quality evidence 
regarding its effectiveness and efficiency, as well as 
guidelines for IMID specific models are lacking. Even 
more, controversial results of this strategy have been 
reported17,18. IMID multidisciplinary units should include 
gastroenterologists, rheumatologists, dermatologists, 
and ophthalmologists, as well as specialized pharma-
cists and nursing staff. Evidence supports the effective-
ness and the cost-effectiveness of Advanced Practice 
Nurses (APN) in outpatient care19, and the inclusion of 
APN within IBD units is one of the quality indicators 
proposed by the Spanish Working Group in CD and UC 
(GETECCU) on its nationwide quality certification 
program20.

Since early treatment seems to impact the prognosis 
of several IMIDs, one of the main goals of this model 
of multidisciplinary management should be focused pri-
marily on the early diagnosis of concomitant IMIDs 
among patients previously diagnosed with another 
one10. Moreover, to optimize treatment and improve 
their quality of care, shared decision about the most 
appropriate care plan and a multidisciplinary consulta-
tion on which these patients are simultaneously 
attended by different specialists must be warranted. 
A transversal leadership system in cooperation with all 
the hospital services including Medical Directorate and 
patients can play an essential role to improve the coor-
dination between professionals, the accessibility of 
patients and the continuity of health care. Collaborative 
teams have demonstrated to improve sharing of evi-
dence-based practices and decision-making, to 
increase innovation, to reduce hospital stay, to improve 
compliance with standard of drug prescriptions, and to 
improve psychosocial management21. Evidently, IMID 
units should measure the health outcomes, including 
patient reported outcomes, should have shared and 
agreed clinical protocols and its own administrative 
processes6,10,22.

On the other hand, improving communication 
between patients and physicians is one key action 
points to improve the quality of care in patients with 
IMID23. E-health tools facilitate connected care 
and  communication with physicians and can 

improve disease management, being a cost-effective-
ness strategy24,25.

The recent emergence of value-based healthcare 
also requires new approaches for health organizations. 
This includes increasing knowledge and awareness for 
patients and physicians and the active participation of 
patients in health policy23,26. Incorporation of patients 
on their clinical management could improve health out-
comes and reduces healthcare costs21. However, the 
patient involvement in health-care policy is still scarce, 
and IMID units should allow patients to have greater 
representation in the management of their disease by 
means of enhancing knowledge and skill acquisition in 
patient self-care with the main goal of improving health 
outcomes and quality of life. In this context, IMID units 
should include Patient Schools and Expert Patient 
Programs, which emerge with the aim of improving the 
training of chronic patients and their families to improve 
their self-care and self-management of their diseases.

Supporting programs: preventive 
medicine, psychological support, and 
transition from pediatric to adult care

IMID patients treated with immunosuppressants, mal-
nourished, those with associated comorbidities and 
older age have an increased risk of several common 
and opportunistic infections27. Serological testing for 
hepatitis viruses, HIV, Epstein-Barr virus, and varicella 
zoster virus is recommended at diagnosis and the 
patients should be vaccinated against hepatitis A and 
B virus, varicella zoster (with a recombinant vaccine), 
human papilloma virus (for young patients), and pneu-
mococcus, preferably before starting immunosuppres-
sive treatment; annual influenza vaccination is also 
recommended27. However, it has been shown that gas-
troenterologists´ awareness and knowledge regarding 
the vaccination of patients with IBD are very poor and, 
thus, IBD patients are not properly vaccinated quite 
often28,29. Therefore, the inclusion of a specific vacci-
nation program – ruled out preferably by specialists in 
preventive medicine – within IMID units should be 
encouraged.

On the other hand, chronic inflammation is a well-
known risk factor for arteriosclerosis-related cardiovas-
cular diseases and venous thromboembolism, and 
among patients diagnosed with IMIDs, cardiovascular 
disease represents a major cause of death30,31. Both 
RA and IBD patients have a higher risk of ischemic 
cardiovascular disease and venous thromboembolism 
than general population32-34, and cardiovascular risk 
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assessment and monitoring should be mandatory on 
these patients. IMIDs multidisciplinary units represent 
an optimal setting to implement programs of primary 
prevention of cardiovascular diseases including proac-
tive and routine assessment of common cardiovascular 
risk factors, nutritional education and advice, design 
and promotion of adapted physical exercise programs, 
and establishment of smoking quitting programs.

It is well known that IMIDs lead to a significant psy-
chological impact on patients. As in the case of other 
IMIDs, the patients diagnosed with IBD have higher rate 
of anxiety and depression – the most common psychi-
atric disorders among them – in comparison with the 
general population35,36. In addition, eating behavior dis-
orders, as well as alcohol and narcotics abuse are 
emerging as important clinical problems among IBD 
patients37. Factors associated with anxiety and depres-
sion in such patients are severe disease, disease 
flares, hospital admissions, surgical procedures, 
adverse events of IBD-related drugs, and a lower socio-
economic status. Moreover, and although the causal 
relationship remains controversial, psychiatric comor-
bidity in this clinical scenario might be associated with 
adverse outcomes such as a higher risk of relapse, and 
with a higher utilization of health-care services, includ-
ing emergency room visits and hospital admissions36. 
Thus, it has been recommended that the patients diag-
nosed with IBD require screening, treatment, and mon-
itoring of psychiatric comorbidity35,36,38.

Several psychological and psychiatric interventions – 
including cognitive behavioral therapy and antidepres-
sant drugs – targeting anxiety and depression have been 
addressed in IBD patients36. Although mild emotional 
symptoms can be detected and managed by any mem-
ber of the multidisciplinary team who is trained to do this, 
recommendations of the Spanish Working Group in CD 
and UC (GETECCU) emphasize that anxiety or depres-
sion should be specifically managed by a psychologist 
and/or a psychiatrist38. A Canadian retrospective study 
comparing the quality of care of IBD patients before and 
after implementing an integrated model of care – with a 
specifically-trained gastroenterologist, specialized IBD 
nurses, registered dieticians, and a clinical psychologist 
– showed that the patients treated within the integrated 
model presented lower rates of IBD-related hospitaliza-
tion, lower levels of corticosteroid dependence, and 
higher rates of steroid-sparing maintenance therapies 
(immunomodulators and biologics) use. Moreover, it has 
been recently shown that integrating psychological care 
to IBD patients reduces healthcare costs by decreasing 
visits to emergency departments39. Therefore, inclusion 

of psychologists and psychiatrists in IMID units should 
be ensured to provide a holistic management of patients.

Transition of medical care is the intentional, pro-
grammed, and planned movement of adolescents with 
chronic diseases from childcare to adult units40. There is 
a raising number of children and adolescents diagnosed 
with IBD who need to be transferred from pediatric care 
to adult gastroenterology units41,42. The main objective of 
the transition program is to assure, in an individualized 
way, the continuity of care, including not only medical 
aspects but also social development and skills promotion 
for autonomy of care. This process must be multidisci-
plinary, anticipatory, and organized. Getting success in 
this transition process requires specific programs, inte-
grated within IMID units, involving both the pediatric gas-
troenterologists and future physicians, and emphasizing 
both the parents´ role and patients´ autonomy43,44.

Conclusions

Approximately, 20% of patients diagnosed with IBD 
suffer from ate least another one coexisting IMID, and 
this fact has a significant impact on their therapeutic 
management. Beside the focus on the early and accu-
rate diagnosis of concomitant IMIDs, IMID multidisci-
plinary units could provide an optimal framework for 
sharing clinical decisions between different specialists 
involved in the care of these patients. In addition, IMIDs 
units should offer supporting programs such as those 
rely on the prevention of potentially avoidable transmis-
sible diseases, neoplasms related to immunosuppres-
sion, and cardiovascular disease; resources of 
psychological support; and programs of transition from 
pediatric to adult healthcare.
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Abstract

An increased risk of infections has been observed in dermatological patients with immune-mediated inflammatory diseases 
under immunosuppressive treatments. Some of these treatments (Interleukin [IL]-23 and IL-17 inhibitors) present a better and 
safer profile than others (methotrexate, cyclosporine or anti-tumor necrosis factor). The appearance of the coronavirus disea-
se-19 (COVID-19) pandemic has raised serious doubts about their continuation, because they may increase the susceptibi-
lity to infections or even worsen the course of SARS-CoV-2 infection itself. Therefore, preventive measures, such as adequa-
te vaccination schedules, are crucial to properly manage these patients. In this review, we discuss the evidence on 
immunosuppressive treatment in different autoimmune skin diseases, their risk of infections, preventive measures associated 
to the vaccination status and their impact on patients during COVID-19 infection. Articles reviewed were obtained through 
searches of relevant databases (PUBMED, MEDLINE, ETHERIA).

Keywords: Psoriasis. Biological therapies. SARS-CoV-2. Vaccination. Immunosuppression.

Correspondence: 
*Mar Llamas-Velasco 

E-mail: mar.llamasvelasco@gmail.com

Available online: 13-05-2022

J IMIDs. 2022;2(2):38-49

www.JournalofIMIDs.com

Received: 01-11-2021

Accepted: 29-11-2021

DOI: 10.24875/JIMIDS.M21000015

Overview of immune-mediated 
inflammatory diseases 
(IMIDs):  Etiopathogenesis, impaired 
immunity, and associated comorbidities

IMIDs in dermatology such as atopic dermatitis (AD), 
vitiligo, hidradenitis suppurativa, or psoriasis are being 
increasingly understood.

The immunological mechanisms underlying psoriasis 
have been extensively studied and are considered to 
be the result of an imbalance between effector and 
regulatory T cells of the interleukin (IL) 23/T helper 
(Th)1/Th17 pathways, combined with an altered innate 
immune response. Such knowledge has pushed higher 
accuracy models that have helped in finding molecules 
that successfully target more specific cytokines, such 
as the IL17 and IL23-inhibitors. Other molecules that 
seemed potentially useful according to those models 

have also been tested, although with different degrees 
of usefulness1.

A greater attention has been drawn to the use of 
these new therapies to identify relevant adverse events, 
such as infections, tumors, or cardiovascular and 
inflammatory diseases. Registries, such as the Spanish 
database BIOBADADERM, among others, are useful to 
detect those adverse events and create new safety 
signals2.

Systemic and biological therapies used in 
psoriasis and other autoimmune 
dermatoses: Side effects and risk of 
associated infections

How the different treatments (biological and non-bi-
ological) used in psoriasis and in other autoimmune 
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dermatoses can be related to a potential increased risk 
of different infections has been extensively reviewed, 
paying special attention to viral infections and particu-
larly to SARS-CoV-2

Classic immunosuppressors (Acitretin, cyclosporine 
[CYP], methotrexate [MTX], Azathioprine, tumor necro-
sis factor [TNF]-inhibitors, IL-12/23, IL-17 and IL-23 
inhibitors, IL-4/13 inhibitor [dupilumab], phosphodiester-
ase 4 [PDE-4] inhibitor [apremilast], fumarates, ritux-
imab [RTX], and immunoglobulins) are within the main 
immunomodulatory drugs used in dermatology.

In general, the efficacy and risk of infection of these 
treatments have been repeatedly studied in monother-
apy and in combination, finding that sepsis and pneu-
monia are the most serious associated infections. 
Some of these studies, carried out using de 
BIOBADADERM and PSOLAR registries, suggested a 
better safety profile and less overall infections in 
patients treated with IL-12/23, IL-23 and IL-17 inhibitors, 
and a worst safety profile in those treated with TNF-
inhibitors (particularly infliximab followed by adalim-
umab combined with MTX) and CYP, all compared with 
MTX in monotherapy3-7.

Similar high-quality comparisons of risk of infections 
have not been conducted in hidradenitis suppurativa, 
where etiology seems to be based on infectious agents 
acting along with the impairment of innate immunity6, 
or in AD, where cutaneous dysbiosis and skin barrier 
are predisposing factors for infections7.

Some biological treatments have been related to 
increased tuberculosis and hepatitis B virus (HBV) 
reactivation. Regarding HBV, it seems that the risk of 
reactivation depends not only on the biological drug 
used but also on the serological status (lower risk in 
patients with past hepatitis B) at baseline8.

Classic immunosuppressors

A few comparisons have been conducted between 
MTX, CYP and acitretin. Acitretin presents a lower risk 
than MTX, which in turn has a lower risk than CYP. 
MTX and CYP are the most frequently used systemic 
drugs for dermatoses, with higher severe infection rates 
compared with the rest of systemic treatments. 
Conversely, acitretin does not suppress the immune 
system, so infections associated with its use are mild 
and uncommon9.

MTX associates with serious side effects such as 
bone marrow suppression, liver and pulmonary fibrosis 
and increased risk of infections. In addition, this treat-
ment increases the incidence of herpes zoster virus 

(HZV) and hepatitis B reactivation. CYP treatment, 
compared with MTX, presents a higher incidence of 
HZV and overall infections, in addition to interfering 
with replication of viruses such as HIV, hepatitis C and 
flaviviruses. It is uncommon for both MTX and CYP to 
associate with severe respiratory infections or other 
infections such as cellulitis10.

Azathioprine also associates with a higher risk of 
HZV infection. Furthermore, this treatment increases 
the susceptibility of serious and opportunistic infection, 
even though the most frequent infections observed in 
these patients are mild10.

PDE4-inhibitor (apremilast)

This drug has a relatively safe profile and lacks the 
immunosuppressive activity that can be observed with 
other medications. It is not associated with increased 
risk of serious infections, opportunistic infections, or 
malignancy11.

TNF-inhibitors (infliximab, etanercept, 
certolizumab, and adalimumab)

TNF-inhibitors have been associated with an increase 
in the risk of overall serious infection, tuberculosis, 
other mycobacterial granulomatous infections, and 
HBV reactivation in patients with latent and chronic 
infection (pulmonary involvement the most frequently 
reported in tuberculosis reactivation).

Opportunistic events have also been reported (though 
infrequent and practically isolated cases), such as HZV 
infection, disseminated herpes simplex virus, cytomeg-
alovirus disease, pneumocystis jirovecii pneumonia, 
aspergillosis, cryptococcosis, and leishmaniasis11,13.

Among TNF-inhibitors, infliximab has the most 
increased infection rate when compared with etaner-
cept or adalimumab; however, this increase seems to 
be limited to the 1st  year of treatment. Conversely, 
etanercept seems to cause fewer overall infections14.

IL-12/23 inhibitors/anti-p40 agents 
(ustekinumab)

The most frequent side effects associated to usteki-
numab are mild. The rate of serious infections is lower 
with IL-12/23 than with TNF-inhibitors or MTX. Kalb 
et   al. and Davila-Seijo et al., using PSOLAR and 
BIOBADADERM registries, respectively, to compare 
infection risk between biologic drugs, showed a lower 
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infection risk with ustekinumab than adalimumab and 
infliximab, and similar risk compared to etanercept4-6.

Regarding tuberculosis, most reported tuberculosis 
cases occur after a reactivation not fully treated during 
anti-TNF treatments; nevertheless, only a limited num-
ber of cases have been described with the use of 
ustekinumab15. Furthermore, several studies such as 
that of Cho et al., have not found an increased risk of 
tuberculosis associated with this drug16.

IL-17 inhibitors (secukinumab, ixekizumab, 
and brodalumab)

IL-17 is a key cytokine to maintain fungal homeostasis. 
Its inhibition results in an increase in candida suscepti-
bility, in addition to other side effects such as a neutro-
penia and flare-ups in Chron’s disease. The most frequent 
infections described so far are mild to moderate, with no 
need of discontinuation. Saunte et al. showed the highest 
candidiasis incidence with brodalumab, followed by ixeki-
zumab and secukinumab (4.0%, 0.9% and 2.1%, respec-
tively)17. Lower respiratory tract infection, severe yeast 
infections, and inflammatory bowel disease worsening 
are particularly uncommon18.

IL-23 (guselkumab, risankizumab, and 
tildrakizumab)

IL-23 plays a key role in the immune response against 
infections, contributing to a reduced risk of events such 
as salmonella, candida, and mycobacterium infections. 
In spite of this, unexpectedly no increased rates of 
severe infections have been reported with the use of 
IL-23 inhibitors, indicating that these drugs have a bet-
ter safety profile than other biologics.

Both IL-23 inhibitors and IL-17 inhibitors have been 
shown to present a low infection risk compared with 
ustekinumab, and they have been suggested to be 
safer than TNF-inhibitors. Nevertheless, evidence on 
infection risk for both types of inhibitors is still 
limited19.

RTX

Depletion of B cells by treatment with this drug results 
in an increased risk of infections, mostly by viruses. 
Some reported cases and studies have related its use 
to a more severe coronavirus disease-19 (COVID-19), 
with greater hospitalization and mortality, specially 
within the first 6 months after a RTX dose20.

Janus kinase (JAK)-inhibitors (tofacitinib, 
baricitinib, and upadacitinib)

The data on infection risks associated to JAK-
inhibitors are limited, due to the scant experience with 
their use. Nasopharyngitis, urinary tract infections, 
influenza infection, appendicitis, pneumonia and HZV, 
are the most frequently associated infections21.

Lately, increased rates of tuberculosis (low) and 
non-disseminated HZV have been observed. The latter 
may be due to increased susceptibility caused by 
COVID-19. It has also been proposed that JAK-inhibitors 
could be potentially beneficial against COVID-19 based 
on their role in the treatment of cytokine storm22.

IL-4/13 inhibitor (dupilumab)

IL-4 and IL-13 act in a pathway that is mainly involved 
in the defense against helminths. AD patients have an 
increased incidence of herpes virus infections, which 
does not seem to be modified by treatment with 
dupilumab.

Dupilumab is also efficacious to reduce severe 
asthma exacerbations. Because asthma is known to be 
exacerbated by viral infections, discontinuation of this 
drug could result in a higher susceptibility towards 
infections; accordingly, similarly to other biological ther-
apies, dupilumab discontinuation due to the COVID-19 
pandemic is not advised23.

IMIDs and risk of SARS-CoV-2 infection: 
is there an increased risk of COVID-19 in 
these patients? Do they develop a more 
severe SARS-CoV-2 infection?

Since the appearance of COVID-19, the impact this 
infection can cause in patients with psoriasis and other 
dermatoses undergoing biological therapies has been 
the subject of great debate in the literature, initially from 
a hypothetical point of view and later based on real 
world evidence data. Severity of COVID-19 does not 
seem to differ among patients with AD, ulcerative coli-
tis, psoriasis, and vitiligo. However, the increased levels 
of IL-13, TNF and IL-6 in these patients on acute 
COVID-19 may be related to worsening of their cutane-
ous lesions24.

Although it has been postulated that systemic and 
biological treatments may increase the incidence and 
severity of COVID-19 and that their use should be 
stopped during infection, several studies have come to 
different conclusions. Baniandrés-Rodríguez et al., 
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studied the incidence and severity of COVID-19 in 
patients from the BIOBADADERM registry, finding that 
they presented a similar profile to general population, 
but with higher incidence of associated comorbidities. 
They found that 3.13% had the infection, 0.56% were 
hospitalized, 0.04% needed intensive care unit and 
0.04% died; These values were all higher than those of 
the general population, but the difference was not sta-
tistically significant25.

A similar study carried out by Gisondi et al. in patients 
with psoriasis under biological treatment neither 
showed an increase in hospitalization, severity or 
deaths upon COVID-1926.

Naik et al. also reported a study of HS patients on 
biologics, finding no difference in COVID-19 incidence, 
severity, or complications (hospitalization or oxygen 
requirement) compared with general population27. 
Other studies postulate a possible opposite effect of 
biological treatments, more specifically TNF and IL-17 
inhibitors, in these patients, which present a mild infec-
tion with favorable outcomes. This effect could be 
explained by the inhibition of immune cell activation 
and the cytokine storm28,29.

Psoriasis comorbidities such as obesity, hyperten-
sion, and diabetes, seem to be negative prognostic 
factors in COVID-19. The common involvement of these 
comorbidities may be explained by shared components 
of inflammatory pathways such as CDKAL1, apoprotein 
E, IL-17A and CCL20. Even though a direct relationship 
between COVID-19 and psoriasis is likely, it has not 
been properly evaluated yet30.

Finally, it is worth noting the important role that der-
matological registries have played during the COVID-19 
pandemic (AAD/ILDS, SECURE-Alopecia, SECURE-AD, 
PsoProtect, PsoProtectMe, SECURE-Psoriasis, HS 
COVID, and PeDRA). These registries have been cru-
cial for the development of knowledge, not only for a 
better management of this entity and its cutaneous 
impact, but also to establish its implication in the dif-
ferent dermatoses and to evaluate and prevent risks 
associated to biological therapies31.

¿Is a vaccination schedule for 
dermatological patients on 
immunosuppressive treatment needed? 
Current situation

Several preventive measures to reduce the risk of 
infections have been proposed due to the necessity to 
achieve a correct and standard vaccination status in 

dermatology patients undergoing immunosuppressive 
treatments.

The types of vaccines will be reviewed first. Vaccines 
can be divided in two categories: live (attenuated nat-
ural pathogens) and inactivated (killed pathogens or 
parts of a pathogen). Live vaccines are contraindicated 
in patients on immunosuppressive therapies because 
they may cause symptomatic infection.

In this context, the number of studies that prove vac-
cination as a way of preventing or reducing the severity 
of some infections are scarce, while it has been fully 
demonstrated that some specific infections have a 
higher morbimortality (pneumonia, influenza, chicken-
pox, hepatitis B, tuberculosis, etc.)32,33.

In addition, a suboptimal response may be obtained 
in patients treated with biologics due to their immuno-
suppression and chronic inflammation. Relative to this, 
a case series estimated a higher rate of AD or psoriasis 
patients without protective levels of anti-HB antibodies 
compared with general population, suggesting an 
altered immune response34. Similarly, one study 
reported a lower HBV vaccine response in patients 
using immunomodulators compared with immunocom-
petent patients, whereas psoriasis patients, who con-
stituted the largest group, showed response to the HBV 
vaccine35.

In the light of these facts, the importance of including 
a preventive strategy to ensure a correct vaccination 
status during or before the initiation of these therapies 
seems evident. Despite this knowledge, poor vaccina-
tion rates have been demonstrated in treated patients 
and the most cited reason for vaccine noncompliance 
was a lack of awareness of the need for the 
immunization36,37.

This far from ideal scenario can be explained by the 
heterogeneity of the different working groups and clin-
ical guidelines, with great variability in their recommen-
dations, and the absence of specialists to take 
responsibility for prevention in these patients32,38.

Thus, we want to highlight the central role of the 
dermatologist, as sometimes is the only specialist tak-
ing care of the patient, something more frequent 
through the SARS-CoV-2 pandemic. Because of the 
need for homogenizing the vaccination schedules in 
patients treated with immunomodulatory drugs or bio-
logical therapy, the dermatologist should coordinate, 
with primary care or the prevention department, a path 
to improve the vaccination rate in this susceptible 
population.
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General recommendations according to 
the main clinical guidelines

Considering the main clinical guidelines on vaccina-
tion (from the National Psoriasis Foundation, Australian 
Technical Advisory Group of Immunisation, Public 
Health Agency of Canada and Haut Conseil de la Santé 
Publique), and despite the heterogeneous recommen-
dations, pneumococcal and influenza vaccination are 
universally recommended in all immunocompromised 
patients38,39.

There is also a consensus recommendation to avoid 
vaccination with Bacilius Calmette-Guérin, rotavirus 
and yellow fever vaccines, which are contraindicated 
during immunosuppressive therapy.

In the case of other vaccines (measles, mumps and 
rubella, varicella-zoster), there are no consensus rec-
ommendations, but the general conception is that inac-
tivated vaccines could be used during 
immunosuppressive therapies, while live vaccines are 
contraindicated. Despite general recommendations to 
avoid live-attenuated vaccines in these patients, if 
deemed necessary, immunization could be done wait-
ing a period between 2 and 4 weeks before initiation of 
therapy, to be in the safe side, or using an appropriate 
washout (1-3  months) before immunization while on 
immunosuppressive medication36,38.

Nevertheless, some live vaccines are safe in patients 
treated with biologics. Data from a large survey of live 
zoster vaccination in patients with autoimmune dis-
eases, which included more than 600 patients treated 
with anti-TNF, showed that vaccination in these patients 
achieved the same protection and safety than in the 
whole population, with a significantly reduced long-term 
herpes zoster risk40. Regarding yellow fever vaccine, 
de Barros et al. reported that 61 psoriasis patients 
receiving the vaccine without stopping treatment 
showed no post-vaccine reaction or activation of their 
psoriasis due to the vaccination41.

Despite the lack of agreement, an assessment of 
immunization status has been carried out, at least in 
patients with moderate to severe psoriasis, during the 
initial workup (live vaccines are not contraindicated at 
that time and inactivated vaccines elicit an optimal 
immune response in immunocompetent individuals). 
This assessment included immunization or disease his-
tory for varicella zoster, hepatitis A and B, human pap-
illomavirus (HPV), influenza, Neisseria meningitides, 
Haemophilus influenzae, tetanus, pertussis and 
Streptococcus pneumoniae36,42.

Recommendations on vaccination related 
to systemic therapies used in 
dermatology

Different recommendations can be found for every 
immunosuppressive therapy used, based on several 
studies and the information available in the technical 
data sheets.

MTX

Live vaccines are not generally recommended in 
patients treated with MTX. However, multiple studies have 
demonstrated safety for the use of zoster vaccine, espe-
cially in patients treated at doses lower than 0.4 mg/kg/
week, and for other vaccines such as those for measles, 
mumps, and rubella, which have shown safety in patients 
with juvenile arthritis on MTX therapy, although data for 
other autoimmune pathologies are not clear. Administration 
of these vaccines is generally recommended 6  weeks 
before starting immunosuppressive therapy40,43,44.

In addition, reactivation of HBV during MTX treatment 
has been reported; for this reason, serologic testing for 
viral hepatitis may be considered before initiation of MTX45.

Both MTX and CYP alter de humoral response, caus-
ing an inadequate response to influenza vaccine, with 
non-protective antibody titers in approximately 50% of 
patients on CYP46.

CYP

A diminished response to influenza vaccine has been 
described in CYP-treated patients46, while an adequate 
serologic response has been observed for other vac-
cines such as those for hepatitis B, hepatitis A and 
tetanus toxoid, although titers declined rapidly. On the 
other hand, the response to pneumococcal vaccines 
seems adequate36.

Although data relative to zoster vaccine are unclear, 
vaccination is recommended before initiation of CYP.

Treatments with other classic 
immunosuppressors

Live vaccines are contraindicated during treatment 
with classic immunosuppressors, with the exception of 
hydroxychloroquine monotherapy. In all cases, vacci-
nation should be concluded two or even better 4 weeks 
before treatment initiation for inactivated vaccines and 
4 weeks for live vaccines.
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Inactivated vaccines should be avoided if significantly 
lymphocytopenia occurs during treatment with dimethyl 
fumarate46.

TNF-alpha inhibitors

In patients on TNF-alpha inhibitors a diminished 
response to influenza vaccine has been reported com-
pared with MTX48, however, another study reported that 
these therapies did not alter the humoral response to 
influenza vaccine, and patients achieved adequate pro-
tective antibody titers46. Despite the heterogeneous 
information, it seems appropriate to vaccinate before 
initiation of these treatments.

Similarly to other immunosuppressive therapies, influ-
enza and pneumococcal vaccines are recommended in 
these patients. On the other hand, live vaccines are 
completely contraindicated, however, in patients under-
going therapy, a washout period of 4  times the drug´s 
half-life has been suggested (etanercept, 12 days; inflix-
imab, 39 days; and adalimumab, 56 days). As we com-
mented before for MTX, several live vaccines could be 
well tolerated such as zoster vaccine36 or even yellow 
fever vaccine. As stated before, this vaccine was admin-
istrated to 63  patients with psoriasis and immunosup-
pressive treatment, showing no adverse effects and a 
correct immunization41

Furthermore, case reports have described moderate 
to severe HPV infections in patients with psoriasis on 
TNF-alpha inhibitors49; accordingly, HPV immunization 
and screening tests are recommended before the initi-
ation of these therapies.

Anti-IL-12/IL-23

Little evidence is available on the risk of infection in 
patients treated with ustekinumab, however, given 
ustekinumab´s mechanism of action these patients are 
expected to be immunosuppressed.

Before the administration of live vaccines, usteki-
numab may be discontinued for 2 weeks and restarted 
2 weeks after vaccination. For other vaccines such as 
those for pneumococcus or tetanus, adequate 
responses have been demonstrated during treatment 
with ustekinumab47.

Anti-IL-17A/IL-17R

The proportion of responders to tetanus and pneu-
mococcal vaccines after 4  weeks of vaccination in 
healthy subjects was not affected by ixekizumab 

treatment50. This result suggests that ixekizumab ther-
apy does not alter the humoral response to inactivated 
vaccines.

Furthermore, one study has demonstrated that the 
efficacy and tolerability of influenza and meningococcal 
vaccines in healthy patients was not affected by secuk-
inumab treatment51.

Similar recommendations to those for TNF alpha-in-
hibitors have been postulated for vaccination in patients 
treated with anti-IL-17A/IL-17R38.

Anti-IL-23

Little evidence appears in literature about the use of 
IL-23 antagonists in dermatology patients and their 
effects in the immune response. Similarly to other bio-
logics, a washout period is recommended before the 
administration of a live vaccine (12  weeks for gusel-
kumab), 21 weeks for risankizumab, and 17 weeks for 
tildrakizumab) followed by restart of treatment 2 weeks 
after vaccine administration for guselkumab and 
4 weeks for risankizumab and tildrakizumab47.

RTX

Treatment with RTX clearly alters the humoral 
response; any vaccinations should be concluded at 
least 4  weeks before treatment initiation, and for live 
vaccines an interval of at least 12 months, as well as 
a normal B cell count, must be observed after treatment 
discontinuation.

Inactivated vaccines should be avoided during the 
first 6 months of therapy, with the exception of yearly 
influenza vaccine.

Immunoglobulins

The response to live vaccines could be compromised 
by the use of immunoglobulin preparations; therefore, 
it is recommended to avoid this treatment during the 
first 3 months after vaccine administration. Inactivated 
vaccines appear to be safe.

Dupilumab

Available data regarding efficacy, safety, and immuno-
genicity of live vaccines in patients treated with dupilumab 
are insufficient; however, these vaccines are contraindi-
cated during this treatment. Response to meningococcal 
ACWY and tetanus/diphtheria vaccines has been shown 
to be unaffected by dupilumab treatment47.
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Apremilast

An interval of 2  weeks, or even better 4  weeks, is 
advised between the administration of inactivated vac-
cines and the treatment initiation; a 4-week period is 
recommended for live-attenuated vaccines. Regarding 
adverse effects, inactivated vaccines seem to be safe 
during therapy with apremilast47.

JAK inhibitors

Despite the scant information in real practice, a dimin-
ished humoral vaccination response has been observed 
in patients treated with tofacitinib and baricitinib, 
although the most patients achieve sufficient immunity. 
A treatment-free period after vaccination of 2 weeks, or 
longer, could be necessary for optimal antiviral 
immunity52,53.

In summary, it appears that RTX and other classic 
immunosuppressive drugs such as MTX and CYP alter 
vaccine immunogenicity, which might be taking into 
account previous vaccination, with a possible temporary 
interruption or with an extending RTX dosing interval. 
On the other, although biologics, especially TNF-alpha 
inhibitors, and within this group, IFX, might decrease 
the humoral response, this effect has not been observed 
to be significant in clinical practice, because it does not 
increase rates of infections or severity.

COVID-19 vaccine in patients on biologic/
immunosuppressive therapy

Recent studies have investigated the effect on immu-
nity of the different COVID-19 vaccines in patients 
receiving immune-based treatments for inflammatory 
skin disorders.

Firstly, focusing on vaccine safety and efficacy, 
Geisen et al. demonstrated in a small cohort of immu-
nosuppressed patients an adequate antibody response 
without considerable side effects of the anti-SARS-
CoV-2 mRNA vaccines54. Boekel et al. observed that 
seroconversion could be reduced in older patients 
undergoing immunosuppressive therapies, but in gen-
eral, the vaccination response after a second dose led 
to a correct immunization, except for RTX55,56. Although 
the humoral response seems to be impaired with RTX, 
the cellular immune response appears to be achieved57.

In general terms, and with the aim of achieving a 
correct immunogenicity, experts recommend perform-
ing the vaccination before initiating the treatment with 
immunosuppressors or administering the vaccine 

midcycle in patients receiving biologics, with the excep-
tion of RTX; in this case, postposing the vaccination 
until 6  months after the last RTX dose or extending 
dosing intervals is recommended58.

For MTX and CYP a 2-wees temporary treatment 
interruption for after COVID-19 vaccination has been 
suggested, particularly for patients aged >65 years or 
with comorbidities, which are at risk for a more severe 
COVID-19, particularly if the skin disorder is well-con-
trolled and the risk of disease flare is low59,60.

On the other hand, COVID-19 vaccines may be 
administered without additional measures to patients 
treated with biologics in monotherapy60,61.

The Spanish Psoriasis Group recommendations on 
vaccination in these patients are consistent with those 
previously described; they highlight the safety of the 
available vaccines, yet though acknowledging that fur-
ther studies a needed in this population62,63.

The US Food and Drugs Administration has recently 
authorized the use of an additional dose of the mRNA 
COVID-19 vaccines in certain immunocompromised 
individuals, including those receiving MTX, mycopheno-
late mofetil, CYP, and JAK inhibitors. For patients receiv-
ing TNF-alpha inhibitors and anti-IL-17 monotherapy a 
third dose might not be needed, although it may be 
indicated for patients with comorbidities that predispose 
to severe COVID-19. In patients on anti-IL-23 and 
anti-IL12/23 treatments an adequate response must be 
achieved with the standard COVID-19 vaccine 
regimen63-65.

All data are summarized in table 1.

Future proven management in patients 
with dermatology diseases on biologic/
immunosuppressive therapy

At present, it seems essential to implement a preven-
tion protocol in dermatological patients with inflamma-
tory diseases who are undergoing or underwent 
immunosuppressive therapy.

As previously mentioned, the prevention strategies 
chosen by the different working groups are currently 
heterogeneous, with imprecise recommendations based 
on limited evidence.

The study by Fahim et al., with the purpose to develop 
a checklist to create a standard prevention protocol for 
psoriasis patients receiving or starting systemic bio-
logic therapy, is a clear example of the lack of agree-
ment among dermatologists at the time of choosing the 
preventive measures to be applied in these patients63.
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Table 1. Risk of infection, general recommendations on vaccines, and the ones regarding SARS-CoV-2 vaccination

Agent Risk of infection Vaccines and general 
recommendations

Risk of infection and vaccine 
recommendations regarding 
SARS‑CoV‑2

Methotrexate -Common:
HZV
Hepatitis B reactivation
-Uncommon:
Severe respiratory infection
Soft tissue infection
*It also causes bone marrow 
suppression and liver and pulmonary 
fibrosis, which can influence the risk 
of infections10

Live vaccines are not 
recommended; however, there 
are studies that demonstrate 
safety with zoster vaccine 
and with other vaccines such 
as those for measles, mumps, 
and rubella.39

It is generally recommended 
to administer them 6 weeks 
before starting immuno-
suppressive therapy
Inactivated vaccines should 
be administrated 2-4 weeks 
before treatment initiation; 
however, they may be 
administered at any time 
during treatment47

It does not seem to cause an 
increased risk of infection or 
severe COVID-19.
Some experts have suggested 
a 2-week temporary treatment 
interruption of after COVID-19 
vaccination, particularly for 
patients aged > 65 years or 
with comorbidities*.
Additional dose might be 
considered60

Cyclosporine Same infections as seen with MTX 
but with a higher incidence10

Live vaccines must be 
excluded during treatment, 
although during low-dose 
therapy (≤ 2.5 mg/kg/day), 
administration of certain MMR 
or varicella vaccines may be 
considered
Inactivated vaccines should 
be administered 2-4 weeks 
prior to treatment initiation; 
however, they may be 
administered at any time 
during treatment47

It does not seem to cause an 
increased risk of infection or 
severe COVID-19.
A temporary 2-week 
treatment interruption after 
COVID-19 vaccination has 
been suggested, particularly 
for patients aged > 65 years 
or with comorbidities*.
Additional dose might be 
considered59,60

Treatments with 
other classic 
immunosuppressors 
treatments (Azathioprine, 
Cyclophosphamide, 
Dimethyl fumarate, 
Corticosteroids [> 10 mg/d 
or IV therapy], 
Hydroxychloroquine)

Azathioprine:
-Common:
Urinary tract infections
Folliculitis and impetigo
Sore throat
HZV10

Live vaccines are 
contraindicated during 
treatment, except for 
hydroxychloroquine 
monotherapy.
In all cases, vaccination 
should be concluded two or 
even better 4 weeks before 
treatment initiation for 
inactivated vaccines, and 
4 weeks for live vaccines

It does not seem to cause an 
increased risk of infection or 
severe COVID-19.
More data are needed
in patients receiving 
mycophenolate mofetil, a 
temporary interruption 
(≥ 2 weeks after vaccination) 
might increase the efficacy of 
vaccination, and an additional 
dose might be considered59

TNF-alpha inhibitors -Most common:
Soft tissue and joint infections, 
Pneumonia
-Common:
Nasopharyngitis and upper respiratory 
tract infections,
Urinary tract infections
Tuberculosis and other mycobacterial 
granulomatous 
infections (histoplasmosis, candidiasis 
and coccidioidomycosis)
Hepatitis B virus reactivation in 
patients with latent and chronic 
infection
-Uncommon:
HZV

Live vaccines are 
contraindicated. In patients 
on therapy, a period of four 
times the drugxs half-life has 
been suggested. However, 
zoster or yellow fever 
vaccines could be well 
tolerated36.
Inactivated vaccines should 
be administered 2-4 weeks 
before treatment initiation; 
however, they may be 
administered at any time 
during treatment

It does not seem to cause an 
increased risk of infection or 
severe COVID-19, and even 
has been considered to be 
potentially beneficial

(Continues)
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Table 1. Risk of infection, general recommendations on vaccines, and the ones regarding SARS-CoV-2 vaccination 
(Continued)

Agent Risk of infection Vaccines and general 
recommendations

Risk of infection and vaccine 
recommendations regarding 
SARS‑CoV‑2

Disseminated herpes simplex virus
Cytomegalovirus disease
Pneumocystis jirovecii pneumonia
Aspergillosis
Cryptococcosis
Leishmaniasis
*Listeria monocytogenes infection 
mainly in patients on infliximab
*Infliximab presents the most increased 
infection rate when compared with 
etanercept or adalimumab12,13

If possible, necessary 
vaccinations during ongoing 
treatment should be 
performed in the middle of the 
treatment interval47.
Administration of the HPV 
vaccine is recommended 
before the initiation of these 
therapies49

In patients treated with 
monotherapy, COVID-19 
vaccine could be administered 
without additional measures*. 
An additional dose might be 
considered in patients on 
TNF-alpha inhibitors with 
associated comorbidities that 
predispose to severe 
COVID-1962-65

Anti-IL-12/IL-23 -Common:
Mild infections such as urinary tract 
infections
*Increased rates of severe infections 
have not been reported yet
*Clear increased risk of tuberculosis 
has not been reported, more data are 
needed5,15

Live vaccines are 
contraindicated during 
treatment.
Before vaccine administration 
ustekinumab may be 
discontinued for 2 weeks and 
restarted 2 weeks after 
vaccination.
Inactivated vaccines should be 
administered 2-4 weeks before 
treatment initiation; however, 
they may be administered at 
any time during treatment.
If possible, necessary 
vaccinations during ongoing 
treatment should be performed 
in the middle of the treatment 
interval47

It does not seem to cause an 
increased risk of infection or 
severe COVID-19.
In patients treated with 
monotherapy, COVID-19 
vaccine could be 
administered without 
additional measures*.
An additional dose may not be 
required62

Anti-IL17A/IL17R -Common:
Urinary tract infections
Nasopharyngitis
Injection site reactions
-Uncommon:
Lower respiratory tract infection, 
severe yeast infections
Inflammatory bowel disease 
worsening.
*Safety profile seems superior to the 
rest of biologics (similar to IL-12/23 
inhibitors) 18

Live vaccines are 
contraindicated during 
treatment. Secukinumab: live 
vaccines might be 
administered at least 4 weeks 
before treatment initiation. 
They should be administered 
at least 2 months after 
treatment discontinuation
Inactivated vaccines should 
be administered 2-4 weeks 
before treatment initiation; 
however, they may be 
administered at any time 
during treatment18,47.
If possible, necessary 
vaccinations during ongoing 
treatment should be 
performed in the middle of the 
treatment interval

It does not seem to produce 
an increased risk of infection 
or severe COVID-19, and even 
has been considered to be 
potentially beneficial
In patients treated with 
monotherapy, COVID-19 
vaccine could be 
administered without 
additional measures*. 
An additional dose might be 
considered in patients on 
anti-IL17A/IL17R with 
associated comorbidities that 
predispose to severe 
COVID-1962

Anti-IL-23 -Common:
Urinary tract infections
Nasopharyngitis
Influenza infection.
*Increased rates of severe infections 
have not been reported yet19

Life vaccines: a washout 
period is recommended 
before vaccine 
administration (12 weeks for 
guselkumab, 21 weeks for 
risankizumab and 17 weeks for 
tildrakizumab) followed by 
treatment restart 2 weeks after 
administration for guselkumab 
and 4 weeks for risankizumab 
and tildrakizumab.
Inactivated vaccines are not 
explicitly prohibited during 
treatment47

It does not seem to cause an 
increased risk of infection or 
severe COVID-19.
In patients treated with 
monotherapy, COVID-19 
vaccine could be 
administered without 
additional measures*.
An additional dose may not be 
required62

(Continues)
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For all these reasons, further studies are needed 
regarding the safety and efficacy of vaccines in patients 
with autoimmune disease on immunomodulatory medi-
cations, including new drugs as dupilumab66, to provide 
evidence-based recommendations.
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Table 1. Risk of infection, general recommendations on vaccines, and the ones regarding SARS-CoV-2 vaccination 
(Continued)

Agent Risk of infection Vaccines and general 
recommendations

Risk of infection and vaccine 
recommendations regarding 
SARS‑CoV‑2

Rituximab -Common:
Lower respiratory tract and 
non-opportunistic infections
Reactivation of chronic hepatitis B 
and C virus infection

For live vaccines an interval 
of at least 12 months, as well 
as a normal B cell count, 
must be observed after 
treatment discontinuation
Inactivated vaccines should 
be avoided during the first 6 
months of therapy, with the 
exception of yearly influenza 
vaccine47

Some studies relate Rituximab 
to severe COVID-1920.
It should be considered 
vaccinating 12-20 weeks after 
the completion of a treatment 
cycle or extending rituximab 
dosing intervals*58

Immunoglobulins Live vaccines may be avoided 
during the first 3 months after 
treatment administration. 
Inactivated vaccines appear 
to be safe

More data are needed to 
evaluate COVID-19 infection 
risk.
No data on vaccine efficacy 
are available

Dupilumab -Common:
Herpes virus infections: eczema 
herpeticum and HZV-
*Risk of overall and respiratory 
infections is not increased

Live vaccines are 
contraindicated during 
treatment Inactivated 
vaccines are recommended 
during ongoing treatment47

It may prevent asthma 
exacerbations and hence, 
viral infections and 
COVID-1923,65.
Data suggest that COVID-19 
vaccination will be as 
effective as in normal 
individuals61

Apremilast -Common:
Urinary tract infections
Nasopharyngitis-
*The risk of serious infections, 
opportunistic infections or malignancy 
and tumors is not increased11

Live vaccines should only be 
administered during treatment 
according to individual 
risk-benefit assessment
Inactivated vaccines should 
be administered 2-4 weeks 
before treatment initiation; 
however, they may be 
administered at any time 
during treatment47

It does not seem to produce 
an increased risk of infection 
or severe from COVID-19.
No data relative to efficacy 
are available, but normal 
responses are expected61

JAK inhibitors -Common:
Urinary tract infection 
Nasopharyngitis
Influenza infection
Appendicitis
Pneumonia
Tuberculosis
Non-disseminated HZV21

Inactivated vaccines: a 
2-week treatment-free period, 
even longer, after vaccination 
could be necessary for 
optimal response52,53

They seem to be potentially 
beneficial against COVID-1922.
A treatment-free period 
of≥2 weeks after vaccination 
could be necessary for 
optimal antiviral immunity
Additional dose of the mRNA 
COVID-19 vaccine might be 
considered62.

HZV: herpes-zoster virus; MTX: methotrexate; MMR: measles, mumps, and rubella; HPV: human papillomavirus; IV: intravenous.
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Abstract

The field of moderate-severe psoriasis is experiencing a real therapeutic revolution in recent years with the appearance of 
new molecules that present more selective pathophysiological targets. The incorporation of biosimilar drugs with less clinical 
development than the original brands may result in the incorporation of new molecules with better levels of efficacy and 
safety being relegated to the background. In the present review, we review the main anti-IL-17, anti-IL-23, and JAKi drugs that 
have been incorporated and will soon be incorporated into our therapeutic arsenal, making special mention of their efficacy, 
safety, and persistence characteristics as deduced from the main pivotal clinical trials and series of real clinical practice.
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Interleukin (IL) 17 blockers

Brodalumab

Brodalumab is a recombinant human immunoglobulin 
G2 monoclonal antibody that selectively binds IL-17 
receptor A. The IL-17 family of pro-inflammatory cyto-
kines consists of five receptors (IL-17RA to F) and six 
ligands (IL-17A to F, existing IL-17A as homodimer of 
two IL-17A chains or as heterodimer with IL-17F)1.

To date, there are three IL-17 inhibitors approved in 
the USA and in Europa for the treatment of moder-
ate-to-severe psoriasis who are candidates for sys-
temic therapy (Table 1). Secukinumab and ixekizumab 
specifically inhibit IL-17A, meanwhile, brodalumab tar-
gets IL-17RA inhibiting its interactions with the cyto-
kines IL-17A, IL-17C, IL-17E, IL-17F, and IL-17A/F. As a 
result, brodalumab action mechanism achieves down-
regulate the skin inflammation and stops the circle 
maintained by IL-17C and other IL-17 cytokines family 

members. Another anti-IL-17 that targets IL-17A and F 
is currently in clinical trials, bimekizumab.

The recommended doses regimen of brodalumab is a 
210  mg subcutaneous injection at weeks 0, 1, and 2 
followed by a maintenance dose of 210  mg every 
2  weeks. However, Yeung et al. reported a case of a 
patient with recalcitrant moderate-to-severe plaque pso-
riasis who achieved disease clearance with an increased 
maintenance dose of 210  mg of brodalumab every 
week2. Increased maintenance doses represent an inter-
esting alternative therapeutic scheme to investigate in 
patients only partially responsive to the standard dose.

Efficacy

To evaluate the efficacy of brodalumab, three Phase 
3 clinical trials in a total of 4373 patients with moder-
ate-to-severe plaque psoriasis have been conducted 
(AMAGINE-1, AMAGINE-2, and AMAGINE-3)3,4. In all 
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three studies, after 12  weeks of treatment, psoriasis 
area and severity index (PASI) 75 and sPGA 0/1 
achieved by patients receiving brodalumab were statis-
tically higher compared with placebo (p < 0.001). In 
addition, in AMAGINE-2 and AMAGINE-3, the efficacy 
of brodalumab compared with ustekinumab (45 mg for 
patients with a body weight ≤ 100  kg and 90  mg for 
patients > 100  kg) has been evaluated. PASI 100 
response rates at week 12 were significantly higher in 
the group of brodalumab 210 mg (44% in AMAGINE-2 
and 37% in AMAGINE-3) compared to ustekinumab 
(22% in AMAGINE-2 and 19% in AMAGINE-3). 
Symptoms of psoriasis were also evaluated, based on 
the Psoriasis Symptom Inventory (PSI), which assessed 
itch, redness, scaling, burning, stinging, cracking, flak-
ing, and pain. In the three trials, patients with broda-
lumab achieved a PSI response (total PSI score ≤ 8, 
with no individual item PSI score > 1) significantly 
higher than patients with placebo.

Long-term efficacy of brodalumab has also been eval-
uated in the long-term extension of AMAGINE-2 trial5. 
Treatment with brodalumab maintained skin clearance 
from week 52 through week 120, with 64.8% of patients 
achieving PASI 100 at week 52 and maintained through 
week 120 in 61.1% of patients. In addition, among 
patients who received ustekinumab treatment and 
whose PASI 100 rate response at week 52 was 43.3%, 
switch to brodalumab at week 52 resulted in an improve-
ment in PASI 100 response rate to 60.7% at week 120.

Brodalumab has also been shown to have a rapid 
onset of action in patients with moderate-to-severe pso-
riasis, achieving a rapid improvement in disease 
severity6.

Brodalumab may also be a treatment option in 
patients with psoriasis who have been previously 

exposed to other biologics, including IL-17A inhibitors, 
as shown in an open-label study conducted on 
39  patients with psoriasis in whom treatment with 
secukinumab or ixekizumab for ≥ 3  months was 
unsuccessful7.

The efficacy of brodalumab in patients with psoriatic 
arthritis (PsA) was evaluated in two Phase III clinical 
trials (AMVISION-1 and AMVISION-2)8 in patients with 
PsA who had been ill for at least 6  months, being 
achievement of the American College of Rheumatology 
20 (ACR20) as the primary endpoint. At week 16, 47.9% 
of patients in brodalumab 210  mg group achieved 
ACR20, significantly more patients compared to 20.9% 
of patients in the placebo group, with similar results at 
week 24. Although these trials show the efficacy of 
brodalumab in this pathology, there is not yet a label 
indication.

Safety

Brodalumab is generally well tolerated, being naso-
pharyngitis, upper respiratory tract infection, arthral-
gias, and headache, the most frequent adverse events 
(AEs) reported3,4 in the Phase III AMAGINE clinical 
trials, similar to those observed with others IL-17 inhib-
itors. Similar safety profile was observed during long-
term follow-up (120 weeks) to that observed during the 
blinded study periods9.

After 3 years of pharmacovigilance data10, the most 
frequent adverse was arthralgia (111 events; 0.04 
events per patient-year), followed by fatigue, headache, 
injection site reaction, and diarrhea. A suicide attempt 
was reported in a patient with a history of depression, 
but no completed suicides were reported. The U.S. 
package insert for brodalumab includes a boxed 

Table 1. Agents targeting IL-17

Type of monoclonal antibody Target Dosage Indication

Secukinumab Fully human monoclonal 
IgG1-κ 

IL-17A 300 mg SC at weeks 0, 1, 2, 3, 
and 4, then every month

§ Plaque psoriasis
§ Psoriatic arthritis
§ Ankylosing spondylitis

Ixekizumab Humanized IgG4 IL-17A 60 mg SC at week 0, then 80 
mg at weeks 2, 4, 6, 8, 10, and 
12, then 80 mg every 4 weeks

§ Plaque psoriasis
§ Psoriatic arthritis

Brodalumab Recombinant, fully human 
IgG2

IL-17RA, with 
inhibition of IL-17A, E, 
F, A/F

210 mg SC at weeks 0, 1, and 
2, followed by 210 mg every 
2 weeks

§ Plaque psoriasis

Bimekizumab Humanized monoclonal IgG1 IL-17A, IL-17F, and 
IL-17A/F

320 mg SC at weeks 0, 4, 8, 12, 
and 16, then every 8 weeks 

§ Not yet indicated 
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warning regarding suicidal ideation and behavior, how-
ever, evidence of a causal association between treat-
ment with brodalumab and increased risk of suicidal 
ideation and behavior has not been established.

Finally, it should be noted that brodalumab, as others 
IL-17 inhibitors, is contraindicated in patients with 
inflammatory bowel diseases because IL-17A is consid-
ered a protective cytokine in intestinal mucosa.

In conclusion, brodalumab is an important treatment 
in patients with moderate-to-severe psoriasis, with a 
high level of clinical efficacy since it achieves a high 
percentage of patients achieving and maintaining PASI 
100, both in naïve patients and those who have failed 
other biologic drugs, and it has a favorable safety 
profile.

Bimekizumab

Bimekizumab is a humanized immunoglobulin G1 
(IgG1)/κ-type monoclonal antibody that selectively 
binds and with high affinity to the cytokines IL-17A, 
IL-17F, and IL-17AF and thus includes their interaction 
with the IL-17RA/IL-17RC receptor complex.

The IL-17 family consists of five receptors (IL-17RA-F) 
and six isoforms (IL-17A-F). Unlike other drugs of the 
same therapeutic class, the main characteristic of 
bimekizumab is the inhibition of IL-17F. IL-17F is 
30  times less potent than IL-17A, but both cooperate 
synergistically with IL-6, IL-8, and tumor necrosis factor 
(TNF), amplifying the inflammatory response. Elevation 
of IL-17A and F has been demonstrated in psoriatic 
patients in blood, skin, and synovial membrane sam-
ples. Preclinical studies have shown that ixekizumab 
and bimekizumab have an equivalent affinity for IL-17A, 
unlike secukinumab, whereas the ability of bimeki-
zumab to neutralize IL-17F is unique. Dual inhibition of 
IL-17A and F showed a significant reduction in inflam-
matory cell migration, pro-inflammatory cytokine pro-
duction, and pro-inflammatory gene expression 
compared to IL-17A inhibition alone11.

From a posological point of view, the recommended 
dose for adult patients with plaque psoriasis is 320 mg 
(administered in two subcutaneous injections of 160 mg 
each) at weeks 0, 4, 8, 12, and 16 and thereafter, every 
8  weeks. Suspension of treatment should be consid-
ered in patients who have not shown improvement 
afterwards 16 weeks of treatment. In some patients with 
a bodyweight ≥ 120  kg who have not achieved com-
plete clearance of the skin at week 16, administration 
of 320 mg every 4 weeks after week 16 could continue 

to improve response to treatment. In elderly patients 
(≥ 65 years), it is not necessary to adjust the dose.

Efficacy

To evaluate the efficacy of bimekizumab, four clinical 
trials have been carried out comparing bimekizumab 
with placebo (BE VIVID and BE READY), adalimumab 
(BE SURE), and secukinumab (BE RADIANT). As we 
will discuss below, bimekizumab has shown superiority 
in the different primary and secondary endpoints com-
pared to placebo, adalimumab, ustekinumab, and 
secukinumab.

In the BE VIVID study12, the efficacy of bimekizumab 
was compared with placebo and ustekinumab. Efficacy 
was assessed by the endpoint by the percentage of 
patients who reached PASI90 at week 16, resulting in 
85%, 4%, and 50%, respectively. These results were 
replicated with the determination of the Investigator’s 
Global Assessment (IGA) 0/1 with 84%, 5%, and 53%, 
respectively. In relation to more demanding efficacy 
measures such as the percentage of patients who 
achieved PASI100, 64% of patients receiving bimeki-
zumab achieved it at week 16 compared to 38% of 
patients receiving ustekinumab, p < 0.001.

In the BE READY study13, the efficacy and safety of 
bimekizumab were evaluated against placebo in 
56 weeks of treatment. In this study, as in the rest of 
the pivotal studies, adult patients over 18 years of age 
with moderate-to-severe plaque psoriasis were enrolled, 
stratified by region and by exposure to previous biolog-
ics. At week 16, 91% of patients receiving bimekizumab 
achieved PASI90 and 93% AGI0/1 versus 1% of patients 
on placebo in both efficacy measures. In this study, 
68% of patients achieved PASI 100 versus 1% of 
patients with placebo, p < 0.001. At week 56, PASI90 
was maintained by 86.8% of the patients treated with 
bimekizumab at the dose of 320  mg every 4  weeks 
(Q4W), in 91% of the patients who received 320  mg 
every 8  weeks (Q8W) and in 16.2% where the treat-
ment was suspended.

The BE SURE study14 compares the efficacy results 
of bimekizumab versus adalimumab. At week 16, 86% 
and 85% of the patients with bimekizumab achieved 
PASI90 and IGA 0/1, respectively, compared to 47.2% 
and 57.2% of the patients who were on adalimumab 
treatment. The percentage of patients who achieved 
PASI100 was 60.8%, significantly higher than patients 
with adalimumab, where only 23.9% achieved it. 
Adalimumab patients at week 24 were randomized to 
bimekizumab every 4  weeks (Q4W). At week 56, the 
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efficacy of both study arms was perfectly 
comparable.

The BE RADIANT15 study is the first HEAD-TO-
HEAD study comparing for the 1st  time two anti-IL-17 
drugs, bimekizumab and secukinumab. The percent-
age of patients who achieved PASI100 at week 16 was 
higher in patients treated with bimekizumab (61.7%) 
compared to secukinumab (48.9%).

It is not possible to establish a direct comparison of 
the PASI100 results in the primary endpoint with other 
molecules that we currently have in our therapeutic 
arsenal, but the percentage of complete clearance with 
bimekizumab is 60% of the patients at 12  weeks in 
compared with 40% of ixekizumab, 25% of guselkumab, 
and 35-50% of patients with risankizumab.

PsA

In relation to psoriatic arthropathy, in the BE ACTIVE16 
study, a Phase 2b, randomized, double-blind, multi-
center clinical trial has been developed at 48 weeks to 
evaluate the efficacy and safety of bimekizumab in 
psoriatic arthropathy. Of the 308 patients enrolled, 206 
completed the study with active psoriatic arthropathy. 
The study did not allow the concomitant use of anti-TNF 
drugs, but DMARDs and NSAIDs were allowed. The 
primary endpoint was the ACR50 assessment at 
12  weeks, being much more demanding than that of 
other anti-IL-17 drugs that have been previously tested. 
About 34.5% of the patients reached ACR50 and 
59.75% of the patients ACR20 at 12 weeks of initiation 
of the study.

In these Phase 3 clinical trials, patients who com-
pleted the evaluation time without dropping out were 
offered to enter the BE RIGHT study (NCT03598790) 
to evaluate the efficacy, tolerability, and safety of bime-
kizumab at 144 weeks.

Safety

In the BE VIVID study, serious AEs (SAEs) were only 
reported in 2% of patients receiving bimekizumab with 
no statistically significant difference from placebo or 
ustekinumab. In the BE READY study, these percent-
ages did not exceed 5%. The most commonly reported 
adverse effects in all clinical trials were nasopharyngi-
tis, oral candidiasis, and upper respiratory tract infec-
tions. In all clinical trials, cases of oral candidiasis have 
been mild or moderate and have been controlled with 
topical or systemic treatment without leading to signif-
icant discontinuation of bimekizumab treatment.

Of all the clinical trials, the one most focused on 
evaluating the safety of the drug is BE VIVID. In it, five 
major cardiovascular events were reported, not attrib-
utable to the drug, and although the worsening and the 
appearance of de novo cases of inflammatory bowel 
disease in patients treated with anti-IL-17 drugs have 
been reported, only one case of ulcerative colitis has 
been reported in the referred study and in the BE 
RADIANT study. There have also been no reports of 
suicidal ideation associated with bimekizumab.

IL-23 blockers

Guselkumab

Guselkumab is a fully human IgG lambda (IgG1λ) 
monoclonal antibody that targets selectively the p19 
subunit of IL-23, inhibiting IL-23-specific intracellular 
signaling and subsequent production of cytokines. 
IL-23 is a heterodimeric cytokine composed of two sub-
units, p19 and p40, the latter of which is shared with 
IL-12. It’s produced by dendritic cells and keratinocytes, 
and its heterodimer receptor is expressed, among oth-
ers, on T cells. IL-23 receptor promotes naïve T-cell 
differentiation into Th17 and stimulates IL-17 
upregulation17 (Fig.  1). As result, IL-23 represents a 
pivotal cytokine in the pathogenesis of diverse 
immune-mediated diseases such as psoriasis.

Guselkumab was the first selective IL-23 inhibitor to 
be approved for the treatment of adult patients with 
moderate-to-severe plaque psoriasis who are candi-
dates for systemic therapy (approved by the US FDA 
in July 2017 and European Medicines Agency [EMA] in 
November 2017).

The recommended doses regimen for the treatment 
of psoriasis is 100 mg administered by subcutaneous 
injection at weeks 0 and 4, followed by 100 mg every 
8 weeks as maintenance dose.

Efficacy

Efficacy of guselkumab in the treatment of moder-
ate-to-severe psoriasis in adults has been assessed in 
four randomized, double-blinded, multinational, Phase 
3 clinical trials (VOYAGE 1, VOYAGE 2, NAVIGATE, 
and ECLIPSE).

VOYAGE 1 (n = 837)818 and VOYAGE 2 (n = 992)13 
demonstrated superiority of guselkumab compared 
with placebo or adalimumab. In VOYAGE 1, patients 
were randomized to receive placebo, guselkumab, or 
adalimumab, and after placebo-controlled period 
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(16  weeks) patients taking placebo crossed over to 
receive guselkumab through week 48. Guselkumab 
was superior to adalimumab and placebo at the week 
16 endpoints of PGA score of 0/1 (85.1, 65.9, and 6.9% 
of patients receiving guselkumab, adalimumab, or pla-
cebo, respectively) and PASI 90 (73.3, 49.7, and 2.9% 
of patients). Response rates were maintained at week 
24 and 48. In addition, Approximately, guselkumab 
achieved significantly higher rates of complete clear-
ance (PGA 0) (47.7%, 52.6%, and 50.5%, at weeks 16, 
24, and 48, respectively) compared with patients receiv-
ing adalimumab (26.3%, 29.3%, and 25.7%). VOYAGE 
2 evaluated the efficacy and safety of transition from 
adalimumab to guselkumab, demonstrating its superi-
ority to placebo and adalimumab for PASI 90 and PSA 
0/1 at 16 and 24 weeks, in addition to the effectiveness 
of guselkumab in adalimumab non-responder. The sus-
tained efficacy of guselkumab through 5  years has 
been confirmed in the long-term extension of VOYAGE 
1 and VOYAGE 2 studies, even among adalimum-
ab-treated patients who crossed over to gusel-
kumab19,20. All patients in both studies received 
open-label guselkumab at the approved dosage regi-
men of 100 mg every 8 weeks through week 252, start-
ing at week 52 in VOYAGE 1 and week 76 in VOYAGE 
2. The proportions of patients in the guselkumab group 
who achieved clinical responses at week 252 in 
VOYAGE 1 and VOYAGE 2, respectively, were as fol-
lows: 84.1% and 82.0% in PASI 90, 82.4% and 85.0% 

in IGA 0/1; 52.7% and 53.0% in PASI 100, and 54.7% 
and 55.5% in IGA 0. In addition, about 75% of patients 
in the reported no impact of psoriasis on their lives as 
measured by DLQI 0/1 at week 252; and the propor-
tions of patients reporting PSSD 0 (about 40% for 
symptom-free status and about 30% for sign-free sta-
tus) were also maintained to week 252.

The NAVIGATE study assessed the clinical efficacy of 
guselkumab in patients with moderate-to-severe psoria-
sis who had prior insufficient response to ustekinumab, 
demonstrating that switching to guselkumab is an effec-
tive strategy in these patients. The ECLIPSE trial pro-
vides head-to-head data on the efficacy and safety of 
guselkumab compared with secukinumab in patients 
with moderate-to-severe psoriasis, showing long-term 
efficacy in terms of PASI 90 (84% vs. 70%, p < 0.0001)21. 
The effectiveness and safety of guselkumab in clinical 
practice have been evaluated by few real-life studies. 
Ruiz-Villaverde et al.22 analyzed 87 patients with moder-
ate-to-severe psoriasis treated with guselkumab and 
reported significant improvements in PASI, BSA, VAS 
pruritus, and DLQI scores, maintained after 52-76 weeks.

GUIDE (NCT03818035) is a new phase 3b study in 
adults with moderate-to-severe plaque psoriasis, with 
the aim of test the hypothesis that early intervention with 
an IL-23 inhibitor could lead to better clinical responses 
and more durable maintenance of response after drug 
withdrawal23. Preliminary results showed that a signifi-
cantly greater proportion of short disease duration 

Figure 1. Schematic representation of pro-inflammatory cytokines IL-12 and IL-23, their receptors and downstream 
signaling pathways, and the mechanism of action of IL-12/23 and IL-23 inhibitors for treating psoriasis.
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patients (first psoriasis symptoms ≤2 years before 
screening) achieved PASI 90 and absolute PASI=0 at 
week 28 in comparation with long disease duration 
patients. In addition, a significantly greater proportion of 
short disease duration patients were super-responders 
(an absolute PASI=0 at both week 20 and week 28)24.

The effect of guselkumab on psoriasis in diffi-
cult-to-treat body regions (scalp, palms/soles, and 
nails) has also been evaluated in a post hoc data anal-
ysis from VOYAGE 1 and 2 studies23. A  total of 
1829  patients were included in the analysis. At week 
24, near-complete or complete clearance of the scalp 
and the palms and/or soles were achieved by signifi-
cantly more guselkumab-treated patients compared 
with adalimumab (85.0% vs. 68.5% for ss-IGA score 0 
or 1 and 80.4% vs. 60.3% for hf-PGA score 0 or 1). 
Improvement in fingernails was significantly higher 
compared to placebo (fingernail PGA 0/1  46.7% vs. 
15.2% at week 16). However, grade of improvement in 
fingernails did not differ between treatments21.

Guselkumab is the first selective IL-23 inhibitor 
approved to treat active PsA. Two phase 3 studies 
(DISCOVER-1 and DISCOVER-2, in biologic-naïve and 
TNF inhibitor experienced patients) investigate the effi-
cacy and safety of guselkumab 100 mg in patients with 
PsA25. Ninety per cent (343/381) of enrolled patients 
in DISCOVER-1 continued study treatment up to week 
52. ACR20 response at week 24 was achieved by sig-
nificantly greater proportions of patients receiving 
guselkumab every 4 weeks - Q4W group (59%) and 
every 8 weeks - Q8W group (52%) than in the placebo 
group (22%), (both p<0.0001). Improvements in ACR20 
response rates were observed after week 24 through 
week 52, 73% in Q4W group and 60% (76/127) in Q8W 
group. In addition, approximately half of guselkum-
ab-randomised patients achieved ACR50 and more 
than a quarter achieved ACR70 responses at week 52. 
Recently published results at 100 weeks in DISCOVER-2 
study show similar data26. Among the 88% of patients 
who completed the study, ACR20 response was 
achieved in 76-74%, ACR50 in 56-55% and ACR70 in 
35-36%, in the Q4W and Q8W groups respectively. 
Moreover, 62% in Q4W group and 70% in Q8W group 
achieved complete resolution of enthesitis and 72% 
and 83% complete resolution of dactylitis, providing 
durable improvements through 2 years.

Safety

Guselkumab has a favorable safety profile in 
patients with plaque psoriasis according to results of 

the four Phase 3 clinical trials described above. The 
most commonly reported AEs were nasopharyngitis, 
upper respiratory tract infections, and headache. 
Only 1.6-6.7% of patients receiving guselkumab 
experienced at least one SAE. Similar AEs were 
reported for the guselkumab and adalimumab in 
VOYAGE 1 and 2 and the proportion of patients who 
experienced at least one SAE was also comparable 
in both VOYAGE 1  (4.9% vs. 4.5%) and VOYAGE 
2  (3.6% vs. 3.6%). In NAVIGATE, 6.7% of patients 
randomized to guselkumab and 4.5% of those receiv-
ing ustekinumab had at least one SAE. This safety 
profile has been ratified using pooled data from the 
VOYAGE 1/2 studies through 5 years24. The AE rate 
per 100  patient years (PY) was 149/100 PY, being 
infection events the most frequents. SAE rate was 
low (5.01/100 PY), the main ones being serious infec-
tions (0.85/100 PY; appendicitis, cellulitis, and pneu-
monia), malignancies other than non-melanoma skin 
cancer (NMSC), NMSC (0.34/100 PY), and mayor 
adverse cardiovascular event (0.29/100 PY; cardio-
vascular death, non-fatal myocardial infarction, and 
non-fatal stroke).

The AE and SAE rates were 149/100 PY and 5.01/100 
PY, respectively. Rates of AEs of interest were low: 
serious infections (0.85/100 PY), NMSC (0.34/100 PY), 
malignancies other than NMSC (0.45/100 PY), and 
MACE (0.29/100 PY). Year-to-year variability was evi-
dent, but no increasing trend was observed. Finally, 
antibodies to guselkumab were detected in approxi-
mately 15% of patients over 5 years. However, the titer 
levers were low among most patients in both studies 
and the presence of antibodies did not reduce the clin-
ical efficacy of guselkumab. In addition, no clear asso-
ciation between positive antibody status and the 
incidence of ISRs was observed. Therefore, there is no 
evidence to suggest that there is a negative impact of 
antibodies to guselkumab on either efficacy or safety.

Tildrakizumab

Tildrakizumab is a humanized IgG1 monoclonal anti-
body which, like risankizumab and guselkumab, selec-
tively binds to the p19 subunit of IL-23 and inhibits its 
interaction with the IL-23 receptor. Therefore, tildraki-
zumab blocks the IL-23/IL-17 axis, and dysregulation of 
this pathway is known to be closely associated with 
psoriatic disease25.

The efficacy and safety of tildrakizumab have been 
evaluated in two randomized, multicenter, double-blind, 
Phase III clinical trials in patients with 
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moderate-to-severe plaque psoriasis who are candi-
dates for systemic treatment. Both of them (reSUR-
FACE 1 and 2) are placebo controlled. Besides of this, 
reSURFACE 2 is also controlled with etanercept26.

The EMA recommended dose of tildrakizumab is 
100 mg subcutaneous injection at weeks 0 and 4 and 
every 12 weeks thereafter. The 200 mg dose may be 
more effective in patients with certain characteristics 
as high disease impact or body weight ≥ 90 kg26. By 
subcutaneous administration, the absolute bioavailabil-
ity of tildrakizumab was in the range of 73-80%. 
Bioavailability was one-third lower in patients with 
plaque psoriasis than in healthy volunteers26.

Efficacy

The efficacy of tildrakizumab has been evaluated in 
patients with moderate-to-severe plaque psoriasis who 
were candidates for systemic treatment (n = 1.862) by 
two randomized, multicenter, double-blind, Phase III 
clinical trials (reSURFACE 1 and 2)27. Inclusion criteria 
were as follows: age 18  years or older and moderate 
to severe chronic plaque psoriasis with BSA ≥ 10%, 
PGA ≥ 3, and PASI ≥ 12. In both studies, the efficacy 
of the treatment was assessed through 2 coprimary 
variables: the percentage of patients who at 12 weeks 
reach PGA 0-1 and the percentage of patients with 
PASI 75 response28.

In the reSURFACE 1 and reSURFACE 2 studies27, 
patients were randomized to receive tildrakizumab 
200  mg, tildrakizumab 100  mg, or placebo in reSUR-
FACE 1 or tildrakizumab 200 mg, tildrakizumab 100 mg, 
placebo, or etanercept 50 mg in reSURFACE 2. It was 
decided to randomize by region and stratify by body 
weight (≤ 90 kg or > 90 kg) and prior exposure to bio-
logic therapy for psoriasis. In reSURFACE 1, tildraki-
zumab and placebo were administered at weeks 0 and 
4 and then every 12 weeks thereafter until week 64. In 
reSURFACE 2, the same regimen was followed until 
week 52, also including in the randomization to etaner-
cept 50 mg twice a week for 12 weeks and then once 
a week until 28 weeks. Some patients continued with 
a long-term safety extension phase and an additional 
20-week follow-up period afterwards. At the week 12 
assessment, there were already statistically significant 
results for PASI 75, with 62.3% of patients in the til-
drakizumab 200  mg group and 63.8% in the 100  mg 
group achieving PASI 75, compared to 5.8% in the 
placebo group. The same was true for PGA, with 59.1% 
of patients in the tildrakizumab 200  mg and 57.9% in 
the 100  mg group achieved PGA 0/1 responses, 

compared to 7.1% in the placebo group (p < 0.001). In 
reSURFACE 2, the results were similar to placebo at 
week 12. In addition, tildrakizumab 200 mg and tildraki-
zumab 100 were both shown to be statistically signifi-
cantly superior to the etanercept comparator group. 
Thus, 66% in the tildrakizumab 200 mg group and 61% 
in the tildrakizumab 100 mg group achieved PASI 75, 
compared to 48% in the etanercept group (p < 0.0001 
for tildrakizumab 200 mg vs. etanercept and p = 0.001 
for tildrakizumab 100 mg vs. etanercept)28. PGA results 
were also favorable for tildrakizumab, and statistically 
significant, except for the comparison between tildraki-
zumab 100 mg and etanercept (p = 0.0663). Recently, 
it has been shown that, after 5  years, tildrakizumab 
treatment provided sustained disease control in tildraki-
zumab responders and in those who switched from 
etanercept at week 2828-30.

PsA

To date, tildrakizumab has not yet been approved for 
the treatment of PsA. Two clinical trials are ongoing to 
evaluate its efficacy in patients with PsA. Initial results 
from one of the Phase II trials (NCT01225731) showed 
an improvement, although not necessarily statistically 
significant, in ACR components and PsA endpoints. 
Preliminary results from a Phase IIb trial (NCT02980692) 
that randomized patients into five subgroups (200  mg 
every 4 weeks, 200 mg every 12 weeks, 100 mg every 
12  weeks, and 20  mg every 12  weeks or placebo) 
showed a notable efficacy of tildrakizumab in the treat-
ment of PsA compared to placebo, with statistically 
significant differences in ACR20 and ACR50 at 12 weeks 
in the groups that were treated with 200 mg31,32.

Tolerability

In the reSURFACE trials, the rate of adverse effects 
was low and no significant differences were observed 
between the different doses of tildrakizumab (100 mg 
vs. 200 mg)27. Three years of follow-up after the initial 
data from the reSURFACE trials, the good results in 
terms of safety and tolerability have been 
maintained28.

Risankizumab

Risankizumab is a humanized IgG1 monoclonal anti-
body that binds to and inhibits the p19 unit of IL-2333. 
Risankizumab is produced in Chinese hamster ovary 
cells by recombinant DNA technology34.
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Risankizumab was approved for the treatment of 
moderate-to-severe plaque psoriasis in the US and 
many other countries in 2019. It had previously demon-
strated efficacy in four multicenter, randomized, dou-
ble-blind, Phase 3 studies35. Risankizumab also had a 
superior clinical response to ustekinumab in a 48-week 
Phase 2 study36. Recently, a study has also evaluated 
the good tolerability of risankizumab in a follow-up of 
more than 7000 patient-years, with a low rate of AEs37. 
The dose recommended by the EMA is 150  mg (two 
75 mg injections) administered by subcutaneous injec-
tion at weeks 0 and 4 and every 12  weeks 
thereafter38.

Efficacy

The efficacy of risankizumab has been evaluated in 
patients with moderate-to-severe plaque psoriasis who 
were candidates for systemic treatment (n = 2109) by 
four pivotal, multicenter, randomized, double-blind, 
Phase III studies. In ULTIMMA-1, ULTIMMA-2, and 
IMMHANCE, the comparator group was assigned to 
placebo. In addition, in ULTIMMA-1 and ULTIMMA-2, 
efficacy was also compared to a group treated with 
ustekinumab. In the IMMVENT study, risankizumab 
was compared to adalimumab. In all four studies, the 
primary endpoints were an improvement of at least 
90% on the PASI 90 and a physician global physician 
global assessment score (sPGA) of bleached or almost 
bleached (sPGA 0/1) at week 16.

*In the ULTIMMA-1 and ULTIMMA-2 studies39, 
patients were stratified by weight and previous expo-
sure to tumor necrosis factor inhibitor and then were 
randomly assigned to receive 150  mg risankizumab, 
45 mg or 90 mg ustekinumab (weight-based per label), 
or placebo. Risankizumab showed superior efficacy to 
placebo and ustekinumab. At week 16, the PASI 90 
responses were 75.3% and 74.8% with risankizumab 
treatment, 4.9% and 2.0% with placebo, and 42.0-
47.5% with ustekinumab in the ULTIMMA-1 and 
ULTIMMA-2 studies, respectively (p < 0.001). The 
responses of sPGA0/1 at week 16 were 87.8% and 
83.7% with risankizumab, 7.8% and 5.15% with pla-
cebo, and 63.0% and 61.6% with ustekinumab and 
were also statistically significant (p < 0,001).

*The IMMHANCE study (NCT02672852) evaluates 
the efficacy and safety of treatment discontinuation 
and retreatment with risankizumab. It includes an 
88-week treatment period and a 16-week follow-up 
period. At week 16, 83% of those treated with risanki-
zumab achieved sPGA response, in contrast to 7% 

with placebo. The results were statistically significant 
for both sPGA and PASI90, and the latter was 
achieved in 73% in the risankizumab group, in con-
trast with 2% treated with placebo40. In addition, 
patients who achieved an sPGA score of 0 or 1 at 
week 28 were re-randomized to either risankizumab 
or placebo. At week 52, statistically significant better 
response was observed in those who did not stop 
treatment (87% vs. 61%).

*In the IMMVENT study41, PASI 90 at week 16 was 
72.4% for the risankizumab group versus 47.4% in the 
adalimumab group (p < 0.001). sPGA results were 
higher for risankizumab (83.7%), but were not statisti-
cally significant when compared with adalimumab. 
Patients who achieved a PASI 50 to < PASI 90 response 
with adalimumab at week 16 were re-randomized. The 
primary endpoint in this phase was PASI 90 at week 44 
for patients re-randomized at week 16. Patients who 
received risankizumab compared to those who received 
adalimumab at re-randomization had a better response 
(49.1% vs. 26.8% adalimumab) and it was statistically 
significant.

PsA

Risankizumab has recently been approved by the 
EMA for the treatment of active PsA following the 
publication of the results of a double-blind Phase 3 
clinical trial (KEEPsAKE 2)42. This study compared 
risankizumab with placebo in participants with active 
PsA who had a history of failure of at least one treat-
ment with disease-modifying antirheumatic drugs. At 
week 24, the primary endpoint of ACR20 was 
achieved by a significantly higher proportion of 
patients receiving risankizumab (51.3% vs. 26.5%, p 
< 0.001), as well as all secondary endpoints (p < 
0.05) compared to placebo, with a low rate of adverse 
effects42.

Tolerability

A Phase 2 open-label extension trial was designed 
to investigate the long-term safety and efficacy of 
risankizumab37. The most common AEs with risanki-
zumab were upper respiratory tract infections, head-
ache, arthralgias, and injection site erythema, which 
occurred in more than 2% of patients at 16 weeks and 
in more than 5% at 52  weeks. SAEs were very rare, 
and less than 1% discontinued treatment for this rea-
son. This was comparable with ustekinumab (1.3%) and 
adalimumab (2.0%). The severe adverse effects 
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resulting in study drug discontinuation were neoplasm 
(invasive lobular breast carcinoma and esophageal car-
cinoma), congestive heart failure, and liver injury.

JAK inhibitors

Advances in the knowledge of the etiopathogenesis of 
psoriasis have allowed the development of multiple phar-
macological agents, effective for the control of the dis-
ease. Although many of the developments are aimed at 
blocking the IL-17/IL-23 (IL-17-IL-23) axis, psoriasis is a 
complex inflammatory disease, in which many cytokines 
are involved. Among them, those transmit their signal 
after binding to their corresponding receptors through the 
JAK/STAT pathway: interferon ⍺ and γ (IFN-α and IFN-γ), 
the ILs IL-2, IL-6, IL-12, IL-13, IL-19, IL-20, IL-21, IL-22, and 
IL-23. Other cytokines, such as TNF-α and various ILs 
(Il-17, IL-8, and IL-1 family), can be suppressed indirectly 
by inhibiting the JAK-STAT pathway38 figure 2.

In psoriasis plaques, increased expression of STAT1 
and STAT3 has been found, compared to healthy skin. 
STAT1 is responsible for the transduction of type  I (α 

and β) and type II (γ) IFN signals through a JAK1/JAK2-
dependent mechanism, from which a multitude of 
pro-inflammatory mediators are produced, activating 
dendritic cells and Th1 and Th17 lymphocytes39-41.

TNF-α has a predominant role in psoriatic arthropa-
thy (PsA), likewise, the JAK/STAT pathway would have 
an important role in its development. The altered syno-
vial response appears to be related to the activation of 
STAT1 and STAT3. The activation and performance of 
STAT1 and STAT3 appear to play an important role in 
the development of a pathologic synovial response. 
This response results from the action of IFN-γ, IL-6, as 
well as the cytokines inscribed on the IL-23/IL-17 axis, 
through the activity of JAK1, JAK2, and TYK2. The 
JAK/STAT pathway regulates several steps in psoriasis 
pathogenesis, making it an interesting target for a new 
class of small-molecule agents42.

Tofacitinib

Tofacitinib is an oral JAKi that acts primarily on JAK1 
and JAK3. It is approved for the treatment of adult patients 

Figure 2. Janus Kinase pathway. The JAK-STAT pathway begins with the coupling of a circulating cytokine to 
its receptor on the cell membrane. This connection triggers a conformational change in the receptor, which 
then activates and recruits a combination of autophosphorylated JAKs. The JAKs are then responsible for the 
phosphorylation of the receptor and create the conditions to phosphorylate the STAT proteins, causing their 
dimerization. When dimerized, STAT proteins can translocate to the cell nucleus and alter gene transcription. JAKi 
binds to the adenosine triphosphate (ATP) binding site on JAK, inhibiting the phosphorylation and activation of JAK. 
The STAT proteins are not activated and the remaining cascade is compromised, resulting in less transcription of 
pro-inflammatory and pathological genes. 
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with PsA, for the treatment of moderate-to-severe rheu-
matoid arthritis, ankylosing spondylitis, and juvenile idio-
pathic arthritis in children over 2 years of age. It is also 
approved for the treatment of ulcerative colitis43.

Concerning psoriasis, tofacitinib has been evaluated 
in Phase II and III clinical trials, regarding its efficacy 
and safety in patients with moderate-to-severe psoria-
sis. In Phase II clinical trial, 197  patients treated with 
tofacitinib 2 mg, 5 mg, and 15 mg twice daily achieved 
a PASI75 response of 25%, 41%, and 67%, respectively, 
at 12 weeks, compared to 2% for placebo. About 22% 
of patients receiving tofacitinib achieved a PASI90 
response at week 1244.

Phase III trials evaluated tofacitinib at doses of 
5 mg or 10 mg twice daily. A short-term (week 12 or 
week 16) improvement in PASI of 75% or more com-
pared to baseline (PASI75) was achieved in approxi-
mately 40-64% of patients in active treatment groups. 
Higher doses of tofacitinib were more effective and 
the 10 mg twice daily regimen was shown not to be 
inferior to subcutaneous etanercept 50  mg weekly. 
Response to treatment was maintained for 2 years of 
treatment for most patients, with no unexpected 
AEs45.

The most frequent adverse effect was rhinopharyngi-
tis followed by the appearance of a herpes zoster. 
Increases in cholesterol and creatine phosphokinase 
(CPK) and decrease in hemoglobin were described. 
Adverse effects were similar in both treatment groups 
(5 mg or 10 mg).

A topical formulation of tofacitinib has also been 
tested in chronic plaque psoriasis in three separate 
randomized clinical trials (NCT01831466, 
NCT00678561, and NCT01246583), with a total of 628 
participants enrolled in the studies. The results were 
very modest, although the drug was very well 
tolerated46-51.

In 2015, the FDA rejected the authorization of tofaci-
tinib for plaque psoriasis, based on the need for more 
long-term safety studies52.

JAK1/2 inhibitors

Ruxolitinib and baricitinib

Ruxolitinib is a JAK1/2 inhibitor, approved in its oral 
form for the treatment of polycythemia vera and myelo-
fibrosis. For plaque psoriasis, only the topical formu-
lation has been tested. In a Phase II trial, ruxolitinib 
0.5% or 1% cream once a day, or ruxolitinib 1.5% 
cream, twice a day for 28  days, was compared with 

the vehicle itself and as an active comparator, calcipo-
triol 0.005% or betamethasone dipropionate 0.05%. 
The treatment with ruxolitinib was well tolerated at the 
different concentrations, and in terms of efficacy, no 
differences were found with the active comparators 
and there were differences with the vehicle (reduction 
of erythema, thickness of the plaques, desquamation, 
and area of 53% compared to 32% vehicle)53. Its use 
is not approved for psoriasis, although there are ongo-
ing clinical trials for vitiligo and atopic dermatitis.

Baricitinib is also a JAK1/2 inhibitor, currently approved 
for the treatment of moderate-to-severe rheumatoid 
arthritis at a dose of 4 mg per day orally and for mod-
erate-to-severe atopic dermatitis54. It has been studied 
in Phase IIb clinical trials, with doses of 8 mg or 10 mg, 
PASI75 responses were obtained higher than compared 
to placebo (42.9%, 54.1%, and 16; 7%)55.

Selective JAK1 inhibitors

Abrocitinib, filgotinib, itacitinib, solcitinib, 
and upadacitinib

Oral abrOcitinib

Abrocitinib is a JAK1 inhibitor that has been evalu-
ated for the treatment of plaque psoriasis in a 12-week 
Phase II trial. The doses used were 200 mg or 400 mg 
(administered as a dose of 400  mg or 200  mg every 
12 h), compared to placebo. The best results at 4 weeks 
were for the dose of 200 mg every 12 h, with a PASI75 
response of 60%, patients with a dose of 400  mg in 
one dose, obtained a PASI 75 response in 50%. The 
200 mg dose had a PASI75 response of 17% similar to 
placebo. No serious adverse effects were observed, 
but laboratory abnormalities were more frequent in 
patients treated with the 200  mg dose every 12  h 
(thrombocytopenia, neutropenia, and reticulopenia). It 
is currently being tested in atopic dermatitis, but not in 
psoriasis56.

Oral sOlcitinib

Solcitinib is very similar in terms of results to abroci-
tinib, in Phase II clinical trial in patients with plaque 
psoriasis, the most favorable response was obtained 
with the dose of 400 mg/day (PASI 75 57% of patients 
treated versus 0% of those treated with placebo), the 
results were lower in the groups treated with 100 mg/
day or 200 mg/day (13% and 25%, respectively). Due 
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to adverse effects, the development of new trials in 
psoriasis has not been followed57.

FilgOtinib

Filgotinib is approved for the treatment of rheumatoid 
arthritis. It is currently being studied for psoriatic 
arthropathy, not plaque psoriasis. The Phase II clinical 
trial has demonstrated its efficacy and safety, with a 
rapid response, improving symptoms a week after treat-
ment, the ACR20 response was achieved by 80% of 
the patients at week 16, compared to 33% of the pla-
cebo group. The most frequent adverse effects were 
headaches and rhinopharyngitis58.

itacitinib adipate

Itacitinib is a JAK1 inhibitor, its most advanced devel-
opment is in a Phase III trial in graft-versus-host reac-
tions. A  Phase II trial has been carried out in plaque 
psoriasis, with therapeutic regimens of 100 mg per day, 
200 mg per day, 200 mg twice per day, and 600 mg per 
day. The subjective severity of the disease (sPGA) and 
the PASI 75 response was evaluated. At four weeks, the 
best sPGA response was for the dose of 200 mg twice 
a day and 600 mg a day. PASI75 response rates were 
0%, 11.1%, 0%, 22.2%, and 27.7% in the placebo groups, 
itacitinib 100 mg once daily, 200 mg once daily, 200 mg 
BID, and 600 mg once daily, respectively. Compared to 
placebo, a significant difference was only observed with 
the 600 mg dose. The most frequent adverse effect was 
nasopharyngitis59. It is not currently in development.

Upadacitinib

Upadacitinib is an oral drug, a JAK1 inhibitor, indi-
cated in rheumatoid arthritis, PsA, ankylosing spondy-
litis, and atopic dermatitis60. It is not being studied in 
patients with plaque psoriasis.

JAK3 inhibitors

Peficitinib

Peficitinib, a pan-JAK inhibitor, is approved in Japan 
for rheumatoid arthritis. For plaque psoriasis, a Phase 
II trial has been performed with 124 patients, the doses 
were 10 mg, 25 mg, 60 mg, and 100 mg twice daily or 
50 mg once a day. Differences in PASI75 were signifi-
cant for all treatment groups versus placebo at 42 days. 
The best results were for the highest dose, 100  mg 

twice daily (PASI75 of 58.8% vs. 3.4% of placebo). No 
serious adverse effects were observed61. There are 
currently no new clinical trials in psoriasis.

TYK2 inhibitors

Brepocitinib, PF-06826647, and 
deucravacitinib

TYK2 inhibition is being evaluated in psoriasis, PsA, 
inflammatory bowel disease, and systemic lupus erythe-
matosus (SLE). A  genetic variant that induces TYK2 
inactivation leads to almost complete loss of function of 
IL-12, IL-23, and type  I IFN signaling, protects against 
autoimmunity, and does not produce immunodeficiency. 
Therefore, inhibition of TYK2 may be beneficial in the 
treatment of psoriasis and PsA. Three new TYK2 inhib-
itors are being developed for psoriasis and moder-
ate-to-severe PsA62.

brepOcitinib

Brepocitinib is a dual inhibitor of TYK2/JAK1 with 
partial selectivity for JAK2, which binds to active sites 
in the catalytic domains of TYK2, JAK1m and JAK2. In 
a Phase 1 trial, brepocitinib was well tolerated in healthy 
subjects and patients with psoriasis; however, platelet 
and reticulocyte counts were reduced due to JAK2 
inhibition63. A Phase IIa trial has been conducted, eval-
uating 212 patients with moderate-to-severe psoriasis, 
with five treatment arms, they were administered pla-
cebo for 12 weeks or brepocitinib (30 mg once a day 
or 60  mg once a day) for a 4-week induction period. 
The drug group then switched to placebo or brepoci-
tinib (10 mg once a day, 30 mg once a day, and 100 mg 
once a week) for an 8-week maintenance period. 
Brepocitinib-treated patients experienced significantly 
greater changes from baseline in PASI at week 12 (pri-
mary endpoint) compared to placebo recipients. 
Patients who received brepocitinib 30 mg for both the 
induction and maintenance periods had the highest 
PASI75 response rate (86.2%; 90% confidence interval 
[CI]), whereas the group that received placebo for 
12  weeks had the lowest rate (13.0%, 90% CI). Mild 
adverse effects were common, herpes zoster did not 
occur, five patients suffered serious adverse effects64.

pF-06826647

PF-06826647 is an oral drug, TYK2/JAK2 inhibitor. 
In two randomized, double-blind, placebo-controlled 
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Phase I trials in healthy volunteers and patients with 
moderate-to-severe plaque psoriasis, PF-06826647 
was well tolerated with an acceptable safety profile.

The most common adverse effects in patients with 
plaque psoriasis were increased blood creatinine levels, 
increased alanine aminotransferase levels, and head-
aches. All adverse effects in patients treated with 
PF-06826647 were mild, with no serious adverse effects, 
deaths, dose reductions, or temporary interruptions. After 
4 weeks of treatment, PF-06826647 effectively reduced 
disease activity as measured by PASI 75, body surface 
area, and psoriasis plaque severity score. Phase II trials 
will further evaluate the efficacy and safety of PF-06826647 
in psoriasis and moderate-to-severe ulcerative colitis65.

deUcravacitinib

Deucravacitinib is an oral drug, a selective TYK2 
inhibitor, that binds to the regulatory domain (pseudoki-
nase) rather than the active site (adenosine triphos-
phate binding) in the catalytic domain of TYK2 where 
other TYK2/JAK1-3 inhibitors bind. Deucravacitinib is 
highly selective for TYK2 and has little or no activity 
against JAK1-3. In cell assays, deucravacitinib had 
more than 100-fold selectivity for TYK2 versus JAK1/3 
and more than 2000-fold for TYK2 versus JAK266.

A Phase II trial demonstrated that a significantly 
higher proportion of patients with moderate-to-severe 
psoriasis achieved PASI75 at week 12 (primary end-
point) in the deucravacitinib 3  mg twice daily dose 
groups (69%), 6 mg twice daily (67%), and 12 mg once 
daily (75%), compared to placebo (7%; p. 0.001).

Deucravacitinib was not associated with significant 
changes in hematological parameters, nor was there 
an increase in serum levels of lipids, creatinine, and 
liver enzymes. It is noteworthy that, unlike JAK, there 
was no increase in lipids, which is linked to its mecha-
nism of action, the increase in lipids, is partially medi-
ated by IL-6 signaling regulated by JAK1 and 
deucravacitinib it does not have a substantial effect on 
IL-6 signaling in human cells.

Phase III trials of PsA, ulcerative colitis, and Crohn’s 
disease are under development67.
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