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Abstract

Background: Psoriasis is a chronic inflammatory skin disease treated with a range of therapies, from
topical to systemic agents. Some systemic treatments, due to their immunomodulatory
mechanisms, may increase the risk of tuberculosis (TB) reactivation in patients with latent TB
infection (LTBI). Given the high global prevalence of LTBI, standardized management protocols have
been established in the management of psoriasis patients to mitigate this risk. These protocols
often apply uniformly to different therapeutic classes despite variations in their actual TB
reactivation risk.

Objectives: This article reviews treatment options for psoriasis in patients with LTBI.

Methods: A literature search was conducted in PubMed and Google Scholar using the following
MeSH terms - [Psoriasis] and ([Tuberculosis] or [Latent Tuberculosis Infection]) and ([Treatment] or
[Biological products]). Relevant articles were selected based on title, abstract, and reference
screening.

Discussion: This discussion examines the safety and efficacy of different psoriasis treatments,
emphasizing their implications for LTBI patients. Topical therapies and phototherapy remain first-
line options for mild to moderate psoriasis, offering effective disease control with minimal systemic
impact, making them safe in this group of patients. Conventional systemic agents, particularly
methotrexate and cyclosporine, present a potential yet inconsistent risk of TB reactivation, with
current guidelines offering ambiguous screening recommendations. TNF-a inhibitors, by contrast,
are strongly associated with TB reactivation, necessitating mandatory screening and prophylaxis.
Emerging evidence indicates that IL-17 and IL-23 inhibitors pose no additional risk for TB
reactivation, suggesting that existing screening requirements may be outdated and could expose
LTBI patients to unnecessary iatrogenic harm. Conversely, 1L-12/23p40 inhibitors and TYK2
inhibitors, due to their role in suppressing IL-12—a key cytokine in Mycobacterium tuberculosis
containment—still warrant screening and prophylaxis. PDE4 inhibitors, with no demonstrated
increase in TB risk, have already been exempted from preventive measures in the 2024 guidelines.
Psoriasis treatment is evolving with increasingly selective therapies, as well as unconventional
approaches such as oral vitamin D and microbiome-based treatments. Although new screening
guidelines have already been proposed, they have yet to be implemented.

Conclusion: As research continues to evolve, updating clinical protocols to reflect current risk
assessments is essential to minimize unnecessary interventions. This article underscores the
importance of individualized treatment strategies and the ongoing pursuit of safer and more

effective therapeutic options for psoriasis.
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Resumo

Introdugdo: A psoriase é uma doenca inflamatdria crénica da pele tratada com diversas opc¢des
terapéuticas, desde tratamentos tdpicos a sistémicos. Alguns destes tratamentos, devido aos seus
mecanismos imunomoduladores, podem aumentar o risco de reativagao da tuberculose (TB) em
pacientes com tuberculose latente. Dada a elevada prevaléncia global de tuberculose latente,
foram estabelecidos protocolos padronizados relativos ao tratamento dos doentes com psoriase
para reduzir esse risco. No entanto, estas diretrizes sdao frequentemente aplicadas de forma
uniforme a varias classes terapéuticas apesar das diferengas no risco de reativa¢do da TB.
Objetivos: Este artigo analisa as opc¢Oes terapéuticas para a psoriase em pacientes com tuberculose
latente.

Métodos: Foi realizada uma pesquisa bibliografica no PubMed e no Google Scholar, utilizando os
seguintes termos MeSH - [Psoriasis] e ([Tuberculosis] ou [Latent Tuberculosis Infection]) e
([Treatment] ou [Biological products]). Os artigos foram selecionados com base na analise do titulo,
resumo e referéncias.

Discussao: Esta dissertacdo avalia a seguranca e eficdcia dos diferentes tratamentos para a
psoriase, com énfase nas suas implicacdes para pacientes com tuberculose latente. Terapéuticas
topicas e fototerapia continuam a ser as opg¢oes de primeira linha para psoriase ligeira a moderada,
assegurando um controlo eficaz da doenca com impacto sistémico minimo, sendo, por isso, seguras
para este grupo de pacientes. Agentes sistémicos convencionais, como metotrexato e ciclosporina,
apresentam um risco varidvel, mas ainda incerto, de reativacdo da TB, com diretrizes atuais
oferecendo recomendacgbes ambiguas sobre o rastreio. Os inibidores do TNF-a, por outro lado,
estdo fortemente associados a reativacdo da TB, tornando o rastreio e a profilaxia obrigatérios.
Novos dados sugerem que os inibidores da IL-17 e da IL-23 ndo aumentam o risco de reativagdo da
TB, indicando que os requisitos de rastreio existentes podem estar desatualizados e expor os
pacientes com tuberculose latente a intervengdes desnecessdrias. Em contrapartida, os inibidores
da 1L-12/23p40 e da TYK2, devido a sua inibicdo da IL-12 - citocina essencial na contencdo do
Mycobacterium tuberculosis - ainda requerem rastreio e profilaxia. Os inibidores da PDE4, sem risco
demonstrado de reativa¢do da TB, ja foram isentos de medidas preventivas nas diretrizes de 2024.
O tratamento da psoriase estda a evoluir com terapias cada vez mais seletivas e abordagens
inovadoras, como a suplementacdo oral com vitamina D e tratamentos baseados no microbioma.
Embora novas guidelines de rastreio tenham sido propostas, estas ainda ndo foram implementadas.
Conclusdo: A medida que a investigacdo avanca, a atualizacdo dos protocolos clinicos para refletir
as avaliagOes de risco mais recentes é essencial de forma a evitar intervenc¢des desnecessarias. Este
artigo destaca a importancia de estratégias de tratamento individualizadas e a procura continua

por opcGes terapéuticas mais seguras e eficazes para a psoriase.
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Introduction

Psoriasis is a chronicimmune-mediated inflammatory skin disease affecting 0.14% to 5.32%
of the population across different geographical regions, being more prevalent in high income
countries with peak incidences between 30 and 39 years and 50 and 69 years'2. Extracutaneous
comorbidities are frequent and can be associated with an imbalanced immunological response.
These include, but are not limited to, cardiovascular, metabolic, psychiatric, renal and
gastrointestinal diseases®*. Plaque psoriasis is characterized by well-demarcated, erythematous
plaques or papules, symmetrically distributed. Lesions often feature thick silvery-white scaling, and

pruritus occurs in about 80% of cases®.

The primary goal of psoriasis treatment is not only to reduce visible lesions, but also to
improve quality of life by enhancing daily functioning®. Topical approaches, phototherapy and
systemic agents that target various stages of the inflammatory pathway, including tumor necrosis
factor alpha (TNF-a) and interleukins (IL) 17 and 23, are the most common treatment options. These
treatment modalities are chosen according to disease severity, different clinical variants, potential
complications, and patient comorbidities’. The involvement of a large surface area, the presence of
psoriatic arthritis, and failure of topical treatments often require the use of systemic therapy.
However, immunosuppressive and immunomodulatory therapies carry certain drawbacks, with
latent infections (tuberculosis, human immunodeficiency virus (HIV) infection, hepatitis B and C)

posing a significant concern, particularly due to the risk of reactivation?.

It is estimated that Mycobacterium tuberculosis has infected 23% of the global population,
with nearly 11 million active tuberculosis cases in 2024, making it the leading infectious cause of
death?10, Tuberculosis infection refers to latent tuberculosis (LTBI), in which individuals remain
asymptomatic and noninfectious. In contrast, tuberculosis disease involves active TB, where the
patient shows symptoms and is contagious, posing a significant public health risk. These states are
not static, as immune system alterations caused by some medications (such as biological agents or

chemotherapy) or other conditions can reactivate latent TB*%12,

Managing psoriasis in patients with latent tuberculosis infection poses significant
challenges, requiring careful strategies to balance effective symptom control and at the same time
minimizing the risk of tuberculosis reactivation. Biologic therapies offer promising options but must
be used with an understanding of their limitations. Systemic treatments differ in mechanisms of

action and associated risks, underscoring the importance of tailored clinical recommendations.

Current guidelines recommend a conservative approach that includes screening of TB

infection in every patient starting a potentially immunosuppressive therapy, regardless of the



specific characteristics of the agent, mechanism of action and risk of TB reactivation®®. The two
major screening tools are TST and IGRA blood test - both assess the immune response to TB

antigens®!4,

According to present recommendations, if the screening test is positive and without clinical
or imaging evidence, or microbiological confirmation of M. tuberculosis (active TB is excluded),
chemoprophylaxis should be initiated prior to starting any biological therapy. A rifamycin-based
regimen (rifamycin daily for four months, isoniazid and rifamycin daily for three months, or isoniazid
and rifapentine weekly for three months) is generally preferred over isoniazid monotherapy due to
higher completion rates and lower toxicity'>!. In patients with contraindications to rifamycin,
isoniazid monotherapy (6 months or 9 months daily) remains a valid alternative®®. However, since
they are potent inducers of the hepatic CYP450 system, rifamycin and rifapentine have significant
drug interactions with commonly used medications, including but not limited to warfarin,
dabigatran, hormonal contraceptives, glucocorticoids, statins, beta-blockers, levothyroxine,
macrolide antibiotics, and antiretrovirals’. Adverse effects include hepatotoxicity, gastrointestinal
symptoms and hematologic complications such as cytopenia and acute hemolytic anemia®®.
Regarding treatment with isoniazid, the primary challenge is ensuring adherence, as its side effects
can range from mild to life-threatening. Neurological reactions, such as peripheral neuropathy and
ataxia, may arise from reduced vitamin B6 activity in neurotransmitter synthesis. While
neurotoxicity can be mitigated with pyridoxine supplementation, there remains no definitive
solution for isoniazid-induced hepatotoxicity, the most notable side effect®. Isoniazid metabolism
generates hepatotoxic metabolites, leading to hepatotoxicity in 20% of patients within the first two

21,22

months of therapy®°. Approximately 1% of patients develops severe hepatitis®*??, with reports of

fulminant hepatitis that required liver transplant® and with fatal outcomes?-2°,

Anti-tuberculosis drug-induced hepatotoxicity is particularly prevalent in complex and high-
risk patients, such as those taking other hepatotoxic medications, individuals with HIV, pre-existing
liver diseases (hepatitis B and C), alcoholism, female sex, older adults (>60 years) and low body mass
index?”28, These characteristics are also commonly found in patients with psoriasis. A multinational
study involving 14 dermatology centers evaluated adult patients with moderate to severe plaque
psoriasis and positive LTBI, who were treated with IL-17 inhibitors over a 7-year period. Of the 405
patients included, 37.8% did not complete or refused chemoprophylaxis due to hepatic toxicity, drug

interactions, or physician/patient decision®.

Given the heightened susceptibility of comorbid patients, it is crucial to carefully weigh the

benefits of TB chemoprophylaxis against starting a biological agent with a lower risk of TB



reactivation without treating the latent TB infection. This review evaluates available treatment

options for such patients, aiming to provide clear, evidence-based guidance for clinical practice.



Objectives

This article aims to review the treatment options for psoriasis in patients with LTBI.

Methods
The search for this review was conducted in multiple search engines, including “Pubmed” and
“Google Scholar” databases. English-written original and reviewed articles were taken into

consideration from 1971 to 2024.

The combination of the following MeSH terms and keywords were employed: [Psoriasis] and

([Tuberculosis] or [Latent Tuberculosis Infection]) and ([Treatment] or [Biological products]).

The search results were filtered by examining the titles and abstracts of the articles, and only those
considered pertinent were included. Furthermore, the bibliographic references from the chosen

articles were also taken into account.



Discussion

Topical therapies and phototherapy

Topical therapies are particularly effective for managing less severe forms of psoriasis or as
adjuncts to systemic therapies. In the 2020 Delphi consensus from the International Psoriasis
Council, it was established that candidates for topical therapy (mild or mild to moderate psoriasis)
typically present a Body Surface Area (BSA) less than 10% and a Dermatology Life Quality Index
(DLQI)* of 0-10, provided there is no significant involvement of visible areas, major scalp
involvement, genital involvement, onycholysis or onychodystrophy of at least two fingernails, severe
itch causing scratching, or the presence of recalcitrant plaques. The severity of psoriasis has
traditionally been assessed using the Psoriasis Area and Severity Index (PASI); however, its utilization

has become less prevalent in recent clinical guidelines3%32,

Current guidelines emphasize the safety of topical treatments for psoriasis, as their side
effects are generally localized. Common adverse effects include skin atrophy and striae with
corticosteroids®?; pruritus, edema, and peeling with vitamin D analogs®*; erythema and pruritus
with calcineurin inhibitors®; folliculitis and contact dermatitis with topical tapinarof®; headaches
and nasopharyngitis with roflumilast®. These therapies don’t have significant impacts on systemic
immunity, making them suitable for use in patients with latent tuberculosis infection. Consequently,
their use does not require screening or prophylactic treatment for chronic infections, including

LTBI3.

Phototherapy is a valuable treatment option for patients with chronic non-arthritic psoriasis
inadequately controlled by optimized topical therapies®. It is particularly effective as an induction
therapy for moderate to severe psoriasis. Narrowband ultraviolet B (UVB) phototherapy, the first-
line modality, primarily targets psoriatic plaques for clearance, exerting localized effects with
minimal systemic impact. As such, it is often categorized within the realm of topical treatments®.
According to a 2020 statement by the European Academy of Dermatology and Venereology (EADV),
UVB therapy is a valid option for patients with contraindications to systemic treatments, including
those with recurrent infections or an elevated risk of systemic infections®. Nonetheless, UVB
phototherapy can be associated with potential side effects, including impacts on immunity,
hormone metabolism, and the skin-brain axis. Evidence from murine models indicates that low-
dose UVB inhibits the expansion of effector T cells in skin-draining lymph nodes. Clinically, the most
significant concern is the long-term risk of cutaneous carcinogenesis, although the overall
malignancy risk in UVB-treated patients is not higher than in the general population. UVB is also

associated with systemic immunosuppressive effects, such as inhibition of CD8 and cytotoxic T-cell



activation in the spleen and memory T-cell function in the spleen and bone marrow. However, these

effects appear to be beneficial, as they enhance protection against autoimmunity*.

Other phototherapy modalities include psoralen plus ultraviolet A (PUVA), typically
reserved for cases unresponsive to UVB therapy but associated with an increased risk of skin cancer,
and excimer lasers, which are used for localized lesions. The main contraindications for
phototherapy are lupus erythematosus, photosensitive dermatitis, and cutaneous malignancies.
However, chronic infections, including LTBI, do not impose any restrictions, making every
phototherapy modality a safe and effective option for such patients. Despite its efficacy and safety,

the use of phototherapy may be constrained by spatial, financial, logistical, and time limitations3%%2,

Systemic therapies
Conventional systemic agents

According to the 2020 Delphi consensus, candidates for systemic therapy include patients
meeting at least one of the following criteria: BSA > 10%, involvement of special areas, or failure of
topical therapy. Severe disease is typically defined as BSA > 10% or a DLQI > 103, The EuroGuiDerm
guidelines, revised in 2024, recommend conventional systemic agents - acitretin, fumarates,
ciclosporin, and methotrexate - as first line therapy for patients with moderate to severe plaque
psoriasis requiring systemic therapy. These drugs, used for more than 25 years, can be an option for
patients with LTBI, although research on reactivation risk remains limited®2. Studies indicate no

evidence of TB reactivation in patients treated with acitretin®® and fumarates*.

Cyclosporin has been associated with LTBI reactivation in solid organ transplant
recipients®*¢; nonetheless, no cases have been reported in patients using cyclosporin for psoriasis,

likely due to the lower doses employed in this context 4748,

Regarding methotrexate, some studies, dated 1971-2001 and primarily involving
rheumatoid arthritis (RA) patients, have highlighted a potential risk of TB reactivation**=?,
prompting the EADV to recommend LTBI screening and treatment before methotrexate therapy,
even in psoriasis patients. More recently, studies have shown inconsistent and contradictory data.
Two Canadian studies reported an increased risk of TB reactivation in rheumatoid arthritis patients
using methotrexate, with relative risks of 3.4*” and 1.3%2. In contrast, studies conducted in high TB
burden countries like Taiwan found no significant increase in TB reactivation among psoriasis

patients treated with methotrexate®®. Furthermore, a significant side effect of methotrexate is

hepatotoxicity, which can be exacerbated by antituberculosis agents used for LTBI prophylaxis.



Patients with risk factors such as alcohol consumption, obesity, hepatitis, or diabetes mellitus are

particularly vulnerable to this hepatotoxic effect*.

The 2024 EuroGuiDerm guidelines provide no definitive guidance on TB screening before
methotrexate or cyclosporine use. While it advises testing for TB prior to methotrexate treatment
and notes that some guidelines recommend testing before cyclosporine (such as the 2008 National
Psoriasis Foundation®’), it does not explicitly endorse this practice. Notably, in its recommendations
for laboratory monitoring and instructions pre-, during, and post-treatment with cyclosporine and
methotrexate, the EADV mentions testing for HBV, HCV, and HIV but does not include IGRA or TST
for TB screening. This approach leaves the decision to individual physicians, who must tailor their
recommendations based on the patient's history, risk of exposure, and the prevalence of TB in the
region. Further research done specifically in psoriasis patients is essential to accurately evaluate the

true risk in their clinical context.
Biological systemic agents

TNF-a inhibitors

The introduction of TNF-a inhibitors, such as etanercept (ENT) in 2004, infliximab (IFX) in
2005, adalimumab (ADA) in 2007 and more recently certolizumab-pegol (CTP) 2018, marked a
significant advancement in the systemic treatment of psoriasis and other chronic inflammatory
diseases®. However, their use has long been associated with immunosuppression and its
repercussions in patients with rheumatoid and psoriatic arthritis as well as ankylosing spondylitis®3.
In response to M. tuberculosis, IL-12 is produced by the innate immune system, promoting the
differentiation of Th1 helper cells, which in turn secrete IL-1, TNF-a, and interferon-gamma (IFN-
v)**. TNF-a accumulates in the infection site and is responsible for the containment of the
tuberculosis infection through the activation of phagocytosis in macrophages, maturation of
dendritic cells and formation and maintenance of granulomas. Studies in mice and humans have
shown that the knock-out of TNF-a or TNF-a receptor leads to severe inflammation, uncontrolled

infection and reactivation of latent TB infection >>°°.

Given the direct influence that TNF-a has in controlling Mycobacterium infection, TB
screening before initiating this biologic therapy was incorporated into practice guidelines in 2001 to
enhance patient safety®’. In addition, TB associated with TNF-a inhibitor use often presents with
less typical symptoms and is more frequently extrapulmonary, disseminated, and life-threatening,

posing significant challenges for early diagnosis and treatment %%,



Extensive research has firmly established the association between anti-TNF-a agents and

59-61 with reported

an increased risk of infections, including TB, across various disease contexts
relative risk estimates ranging from 1.6 to 25.1%2. Data from clinical trials, national registries, and
post-marketing surveillance report median incidences of 85.5 cases of TB per 100,000 person-years
for etanercept, 284.5 cases per 100,000 person-years for infliximab, and 203 cases per 100,000
person-years for adalimumab. Notably, these TB incidence rates are higher than the background TB
rates in the respective countries. This review included patients who underwent different TB
screening and treatment protocols, varying from none to complete prophylaxis, with some data
predating the 2001 guideline recommending systematic TB screening®’. The risk of tuberculosis
reactivation associated with certolizumab pegol has significantly decreased, from 2630 to 180 cases
per 100,000 person-years, following the implementation of LTBI screening. This reduction highlights
the effectiveness and necessity of implementing rigorous measures for latent tuberculosis

management in psoriasis patients®®. Since 2001, preventive measures have been estimated to

reduce the risk of reactivation by 65%°%.

One major limitation in understanding the exact impact of TNF-a inhibitors on TB
reactivation in psoriasis patients is that most studies focus on rheumatologic conditions, particularly
RA. While TB appears to be more common in RA compared to inflammatory bowel disease (IBD) or
psoriasis (0.29% vs. 0.19%), some studies show that the difference is not statistically significant .
The apparent higher prevalence in RA patients may be explained by their more extensive history of
immunosuppressive therapy. Research specifically targeting psoriasis patients is scarce, requiring

extrapolation of findings from studies conducted on other inflammatory diseases.

Given the overwhelming evidence linking TNF-a inhibitors to an increased risk of LTBI
reactivation, current guidelines mandate TST or IGRA testing prior to initiating therapy with ETN,
IFX, ADA and CTP. These guidelines also strictly contraindicate the use of these agents in patients

with active tuberculosis3%#2.

AntilL-17

In the realm of biological agents, more selective therapies were later developed, specifically
targeting interleukins such as IL-17. IL-17 plays a crucial role in enhancing innate immunity by
promoting neutrophil recruitment, stimulating granulopoiesis, driving local inflammatory
responses®® and contributing to granuloma formation®®. IL-17 inhibition is associated with
suboptimal control of certain fungal infections, particularly candidiasis®’, as well as mucocutaneous
Staphylococcus aureus®. Interestingly, studies comparing cytokine roles in TB infection found that

while TNF-a neutralization leads to lethal alterations in immune and inflammatory responses, IL-17



cytokine blockage results in only mild changes in gene expression. Lung pathology and survival rates
were similar between IL-17 knockout murines and wild-type mice®, indicating that the IL-17

pathway has a redundant role in TB containment as long as the Th1 response remains intact’.

IL-17 antagonist agents, including secukinumab (approved in 2015), ixekizumab (2016),
brodalumab (2018), and bimekizumab (2021), are first-line treatments for moderate to severe
psoriasis in patients who fail (or are expected to fail) to achieve satisfactory outcomes with
conventional systemic therapies32. Current guidelines require screening for tuberculosis infection
before initiating IL-17 blockers. However, neither active TB nor LTBI is explicitly listed as a

contraindication for their use.

A 2024 review encompassing thirty retrospective and prospective analyses, case reports,
case series, and clinical trials evaluated 276 LTBI patients from regions with varying TB burdens who
received anti-IL-17 therapy (except bimekizumab) without completing chemoprophylaxis. Among
these patients, only one case of TB reactivation was identified’!. This case, reported in a
multinational retrospective analysis, involved a patient who refused prophylaxis due to concerns
about isoniazid-related hepatotoxicity. The patient developed intestinal TB 14 months after starting
ixekizumab therapy. Biological therapy was discontinued, and standard four-drug anti-tuberculosis
treatment was initiated. The patient subsequently made a full recovery without long-term TB-
related complications®. Given the typical progression rate of untreated LTBI to active TB (5-10%)"?
and the fact that most biologic-induced reactivations occur within the first six months of
therapy’®’4, it remains unclear whether this reactivation was directly linked to IL-17 inhibition or a
natural progression of the infection. These findings suggest a low likelihood of TB reactivation with
anti-IL-17 therapy, even in the absence of prophylactic treatment. Although bimekizumab has been
available only recently, safety data from randomized clinical trials (RCT) have not identified any TB
cases in patients with ankylosing spondylarthritis over 52 weeks in a phase 1ll RCT’® and 156 weeks

in a phase Ilb RCT’®, or in patients with psoriatic arthritis over 3 years in a phase llb RCT”’.

Nonetheless, a discrepancy exists between current clinical practice recommendations and
evidence suggesting that IL-17 therapy does not increase TB risk in psoriasis patients. This
misalignment often results in LTBI patients undergoing potentially avoidable treatments associated

with side effects that should not be disregarded.

Anti1L23p19

IL-23 is pivotal in the differentiation of Th17 cells, which produce key cytokines such as IL-
17A, IL-17F, and IL-22. Unlike IL-12, which it partially overlaps with by sharing the p40 subunit, IL-

23 contains a unique p19 subunit. Therapeutic agents targeting IL-23 introduced in clinical practice



in 2017 to 2019 (guselkumab, tildrakizumab, risankizumab) primarily act by neutralizing this
subunit. Additionally, IL-23 promotes IFN-y-producing Th1 cells in the absence of IL-12p7078. IL-23
blockers inhibit IL-17 production, suggesting that the considerations outlined in the previous topic
regarding IL-17 also extend to IL-23. This interleukin primarily functions as a regulatory cytokine and

is not essential for the immune response to Mycobacterium.

In the above mentioned 2024 review, anti-IL-23 therapies were also assessed and no cases
of TB reactivation were reported among 147 LTBI patients who did not complete
chemoprophylaxis’®. A significant advantage of anti-IL-17/23 studies is that the majority of the data
concerns to psoriasis patients, providing a more precise risk assessment within the context of this
specific disease. This evidence reshapes the understanding of these biotherapies, suggesting that
the risk of TB reactivation is minimal, even in the absence of preventive LTBI treatment.
Nonetheless, as with anti-IL-17 recommendations, TST or IGRA testing remains a mandatory

prerequisite before initiating IL-23 targeted therapies.

Anti IL 12/23p40

Ustekinumab, introduced in 2009, is a monoclonal antibody targeting the shared p40
subunit of IL-23, thereby functioning as a nonselective inhibitor of both IL-12 and IL-23. The IL-12
pathway is a key player against intracellular pathogens, by inducing Th1 responses and facilitating
the migration of dendritic cells to lymph nodes through the p40 subunit’. Studies have
demonstrated that defects in IL-12/23-mediated immunity, including the absence of IL-12p40 or IL-

12RPB1, are associated with increased tuberculosis incidence®82,

A 2012 review of five phase lll trials of ustekinumab involving 3177 treated patients found
that only one patient, who did not receive prior anti-tuberculosis treatment, developed
asymptomatic pulmonary TB. No cases were reported among the 167 psoriasis patients with latent
TB who received isoniazid prophylaxis®. Three cases of TB reactivation have been reported in
patients who received chemoprophylaxis — two psoriasis cases in Italy with pulmonary TB (2014)
and in Ireland in with peritoneal TB (2017) and one Crohn’s disease case in Japan with tuberculosis
pericarditis (2021)%8. These findings appear to corroborate the essential role of IL-12 in controlling
and maintaining M. tuberculosis infection latency. Further data on the safety profile of ustekinumab
is needed, but in light of these findings, it seems reasonable to continue to require mandatory TB

screening and treatment prior to initiating anti-IL-12/23p40 therapies.
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Non-Biological systemic agents

Phosphodiesterase 4 inhibitors

Apremilast, a small molecule non biological systemic treatment introduced in 2015, is a
selective phosphodiesterase 4 (PDE4) inhibitor that elevates intracellular cyclic adenosine
monophosphate (CAMP) levels, leading to the suppression of pro-inflammatory cytokines like TNF-
a, IL-17, IFN-y and promotion of anti-inflammatory mediators like IL-10. This immunomodulatory,
rather than immunosuppressive, mechanism reduces inflammation in immune and non-immune
cells, effectively mitigating psoriasis-related chronic inflammation without significantly impairing
overall immune function®?®’. Apremilast targets an earlier stage of the inflammatory pathway
compared to TNF-a antagonists and IL-17/23 blockers. Due to their less aggressive mechanism of
action, PDE4 inhibitors have demonstrated lower efficacy compared to biological agents. Real-world
data indicates that these therapies are often prescribed to patients with a PASI score of 10-11 and
limited prior exposure to biological treatments. However, they offer the significant advantage of
being suitable for patients with chronic infections, including hepatitis B, hepatitis C, HIV, and TB. In
phase Il trials which included 7 patients previously treated for TB (4 with latent TB and 3 with active
TB), overall a 156 week period to evaluate apremilast safety, no case of opportunistic infection or

TB reactivation was reported®,

In phase Il and Il clinical trials conducted between 2012 and 2017, where latent TB
screening was not required but cases of active TB or incomplete TB treatment were excluded, no
instances of opportunistic infections or TB reactivation were reported®-3. Based on evidence
indicating that apremilast does not elevate TB risk, mandatory screening is not required in the

updated 2024 EuroGuiDerm guidelines®?,

Tyrosine Kinase 2 inhibitors

Deucravacitinib, a novel pharmaceutical introduced in 2023, is a selective tyrosine kinase 2
(TYK2) inhibitor that blocks the signaling pathways of cytokines implicated in psoriasis, including IL-
12, IL-23, and type | interferons. It achieves this by allosterically binding to the TYK2 regulatory
pseudokinase domain, locking it into an inhibitory conformation and preventing downstream
activation. This high selectivity for TYK2, with minimal inhibition of the Janus kinase (JAK) 1, JAK 2
and JAK 3, gives deucravacitinib a favorable safety profile and positions it as an effective treatment

for moderate-to-severe plaque psoriasis®*®.

The Phase Il POETYK trials evaluating the safety and efficacy of deucravacitinib over one-

and two-year periods reported one case of TB. This case involved a 33-year-old patient from Russia
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(high burden TB setting) with a negative IGRA result at baseline but with pre-existing fibrosis of the
upper lung lobes. Investigators deemed this a moderate TB case unrelated to the study treatment®®,
Notably, active TB and positive IGRA results were an exclusion criteria in the PSO-1 and PSO-2 Phase
Il double-blinded, 52-week randomized controlled trials, making it challenging to determine the
true risk of TB reactivation with TYK2 selective therapy®®8. It should also be noted that the
mentioned trials were conducted during the SARS-CoV-2 pandemic, and the majority of adverse
events reported were coronavirus infections. However, given the mechanism of action involving IL-
12, which plays a significant role in defense against mycobacteria as already discussed, current
guidelines recommend TB screening and treatment for LTBI before initiating therapy, pending

further research and clearer evidence, ideally conducted in a more typical epidemiological context.

Future Perspectives
Novel treatments

The treatment of chronic inflammatory diseases has become increasingly selective, aiming
to reduce side effects while improving efficacy and convenience, such as through oral
administration. In psoriasis management, the goal remains to aggressively resolve psoriatic plaques

while minimizing immunosuppressive effects—a balance that has yet to be fully achieved®.

Ongoing research focuses on novel inflammatory targets for severe psoriasis, with several
agents in phase |, Il, and lll trials. These include JAK inhibitors (tofacitinib, baricitinib), though safety
concerns persist'®192; the TYK2/JAK1 pathway inhibitor brepocitinib!®; adenosine A3 receptor
agonists like piclidenoson %4, ROCK2 inhibitors such as belumosudil, which elevate IL-10 levels to

105.

downregulate Th17 T-cells without compromising immunity*®>; and selective retinoic acid-related

orphan receptor gamma t (RORyt) antagonists, including vimirogant and cedirogant°®,

Future perspectives for the treatment of psoriasis also include innovative approaches that
address underlying factors beyond traditional inflammatory pathways. One promising approach
involves the use of oral vitamin D, which has demonstrated significant antimycobacterial activity in
vitro and plays a critical role in host defense and inflammation?®’. Historically utilized alongside UVB
phototherapy for tuberculosis treatment!®®, higher vitamin D levels have been associated with

reduced TB transmission®®

. While not explicitly endorsed by the National Psoriasis Foundation,
recent evidence supports oral vitamin D as a safe and effective therapy for improving plaque
psoriasis, with recurrence observed upon discontinuation and improvement upon resumption®°,
Another possible unconventional treatment is the correction of gut microbiota imbalances that are

implicated in dermatological conditions like psoriasis, atopic dermatitis, and acne!!!. Gut microbiota
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dysbiosis in psoriasis patients correlates with disease severity, inflammation markers, and altered
microbial composition, such as decreased Akkermansia muciniphila and increased Ruminococcus
species. This dysbiosis impacts immune responses, particularly via the IL-23/Th17 axis, promoting
inflammation and highlighting the therapeutic potential of microbiome-targeted interventions and
dietary modulation!2, Therapies targeting intestinal microbiome have shown promise as safe and
effective interventions that need more investigation in order to be implemented in real-life clinical

practice.

Further research involving larger patient populations is essential to thoroughly explore

these innovative and alternative therapeutic approaches.
Updating guidelines

In light to new data, experts’ opinion has started to shift. Both a 2019 review published in
the Journal American Academy of Dermatology and the Austrian 2023 consensus on managing LTBI
suggest that IL-17 antagonists do not impose a higher TB reactivation risk and do not require
TST/IGRA testing, agreeing that they are a safe option in LTBI patient. However, they also state that

additional safety data is needed to make the same assumptions for IL-23 blockers**113,

More recently, the 2024 SPIN-FRT expert consensus, involving 14 dermatology and
infectious disease specialists, proposed updated recommendations for managing psoriasis with
biological and nonbiological therapies in patients at risk of TB exposure, at risk of TB disease, with
LTBI and with active TB disease. The changes were particularly relevant when it comes to IL-17 and
IL-23 antagonists and have major implications concerning screening timing after beginning therapy,
first line psoriasis treatments for LTBI patients and management of active TB in patients under

systemic therapy’®.

The consensus advises LTBI screening for all patients initiating systemic treatments, except
for apremilast. Periodic testing with TST or IGRA is recommended only for patients treated with TNF-
a inhibitors, IL-12/23 inhibitors, or TYK2 inhibitors who lack a history of TB and simultaneously have
specific risk factors for TB exposure or active disease. Screening is not required for patients without
these risk factors regardless of the therapy they are using or any patient treated with IL-17

inhibitors, IL-23 inhibitors, or PDE4 inhibitors.

Regarding best treatment options for patients with known TB infection, for individuals with
a high risk of toxicity to antituberculosis drugs (those over 60 years old, with diabetes or other
comorbidities), 1L-17/23 blockers and PDE4 inhibitors are preferred, and chemoprophylaxis is

unnecessary. For low-risk patients, the decision to initiate preventive LTBI treatment should be
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individualized. If TNF-a inhibitors, ustekinumab, or deucravacitinib are selected as the therapeutic

agents, chemoprophylaxis is recommended.

In cases where TB disease develops during treatment with 1L-17/23 blockers or apremilast,
TB therapy should begin without necessarily stopping psoriasis treatment, with decisions made on
a case-by-case basis. For patients on TNF-a inhibitors, ustekinumab, or TYK2 inhibitors, psoriasis
treatment must be discontinued, TB treatment initiated, and psoriasis therapy switched to I1L-17/23

blockers or apremilast’.

To optimize the use of valuable medical resources and minimize the risk of iatrogenic harm
from unnecessary medical interventions, it is essential to revise current guidelines to align with the

safety profiles of each drug.
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Conclusions

Managing psoriasis in patients with LTBI is a nuanced challenge that demands personalized,
evidence-based care. Psoriasis, which is frequently associated with comorbidities, requires a
treatment approach that not only targets the dermatological condition but also takes into account
the patient's broader clinical context, including the implications of coexisting conditions such as a

LTBI diagnosis.

Topical therapies and phototherapy, though long-standing approaches, remain effective
options for managing mild to moderate psoriasis. Conventional systemic agents like acitrecin and
fumarates are 1% line therapy in severe plaque psoriasis as well as methotrexate and cyclosporine,
although they must be prescribed with caution in high burden TB regions. However, the
therapeutical arsenal in the 21st century has expanded. TNF-a antagonists, while effective, carry a
heightened risk of TB reactivation, needing stringent screening protocols. Novel treatment options
like - IL-17 inhibitors, IL-23 inhibitors, 1L-12/23 inhibitors, apremilast, and TYK2 inhibitors, - offer

promising personalized care-tailoring alternatives with potentially lower TB reactivation risks.

In the past, when TNF-a inhibitors were the only biological treatment available, the strict
guidelines, including universal TB screening and chemoprophylaxis, were justifiable. However, as
new therapies emerge, guidelines must evolve to reflect these advancements. The one-size-fits-all
approach is outdated. It assumes that the benefits of preventive treatment, using isoniazid or
rifamycin-based regimens, always outweighs the risks, overlooking the possibility of hepatotoxicity

and drug interactions, which are particularly concerning in complex psoriasis patients.

Ultimately, a more flexible and personalized approach to managing psoriasis in LTBI
patients is necessary. This should involve updated guidelines that take into account the differential
risks of systemic therapies and exploring cutting-edge, alternative, non-traditional approaches to

treatment, thereby ensuring safer and more effective management for these patients.

15



References

1.

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

Parisi R, Iskandar IYK, Kontopantelis E, Augustin M, Griffiths CEM, Ashcroft DM. National,
regional, and worldwide epidemiology of psoriasis: Systematic analysis and modelling study.
The BMJ. 2020;369. doi:10.1136/bmj.m1590

Parisi R, Symmons DPM, Griffiths CEM, Ashcroft DM. Global epidemiology of psoriasis: A
systematic review of incidence and prevalence. J Investig Dermatol. 2013;133(2):377-385.
doi:10.1038/jid.2012.339

Bu J, Ding R, Zhou L, Chen X, Shen E. Epidemiology of Psoriasis and Comorbid Diseases: A
Narrative Review. Front Immunol. 2022;13. doi:10.3389/fimmu.2022.880201

Merola JF, Li T, Li WQ, Cho E, Qureshi AA. Prevalence of psoriasis phenotypes among men
and women in the USA. Clin Exp Dermatol. 2016;41(5):486-489. doi:10.1111/CED.12805
Armstrong AW, Read C. Pathophysiology, Clinical Presentation, and Treatment of Psoriasis:
A Review. JAMA. 2020;323(19):1945-1960. doi:10.1001/JAMA.2020.4006

Wu JJ, Kavanaugh A, Lebwohl MG, Gniadecki R, Merola JF. Psoriasis and metabolic
syndrome: implications for the management and treatment of psoriasis. J Eur Acad Dermatol
Venereol. 2022;36(6):797-806. doi:10.1111/1DV.18044

Elmets CA, Korman NJ, Prater EF, et al. Joint AAD-NPF Guidelines of care for the management
and treatment of psoriasis with topical therapy and alternative medicine modalities for
psoriasis  severity measures. J Am Acad Dermatol. 2021;84(2):432-470.
doi:10.1016/j.jaad.2020.07.087

Sbidian E, Chaimani A, Guelimi R, et al. Systemic pharmacological treatments for chronic
plague psoriasis: a network meta-analysis. Cochrane Database Syst Rev. 2023;7(7).
doi:10.1002/14651858.CD011535.PUB6

Houben RMGJ, Dodd PJ. The Global Burden of Latent Tuberculosis Infection: A Re-estimation
Using Mathematical Modelling. PLoS Med. 2016;13(10).
d0i:10.1371/JOURNAL.PMED.1002152

World Health Organization. Global Tuberculosis Report 2024. Geneva: WHO; 2024.

Behr MA, Kaufmann E, Duffin J, Edelstein PH, Ramakrishnan L. Latent Tuberculosis: Two
Centuries of Confusion. Am J Respir Crit Care Med. 2021;204(2):142-148.
doi:10.1164/RCCM.202011-4239PP

World Health Organization. WHO consolidated guidelines on tuberculosis. Module 3:
diagnosis. Tests for tuberculosis infection. Geneva: World Health Organization; 2022.
Sterling TR, Njie G, Zenner D, et al. Guidelines for the Treatment of Latent Tuberculosis
Infection: Recommendations from the National Tuberculosis Controllers Association and
CDC, 2020. MMWR Recomm Rep. 2020;69(1):1-11. doi:10.15585/MMWR.RR6901A1
Getahun H, Matteelli A, Abubakar |, et al. Management of latent Mycobacterium
tuberculosis infection: WHO guidelines for low tuberculosis burden countries. Eur Respir J.
2015;46(6):1563-1576. doi:10.1183/13993003.01245-2015

Diallo T, Adjobimey M, Ruslami R, et al. Safety and Side Effects of Rifampin versus Isoniazid
in Children. N Engl J Med. 2018;379(5):454-463. doi:10.1056

Menzies D, Adjobimey M, Ruslami R, et al. Four Months of Rifampin or Nine Months of
Isoniazid for Latent Tuberculosis in Adults. N Engl J Med. 2018;379(5):440-453.
doi:10.1056/NEJMOA1714283

Bercu JP, Ponting DJ, Ripp SL, Dobo KL, Totah RA, Bolleddula J. A Case to Support the
Continued Use of Rifampin in Clinical Drug-Drug Interaction Studies. Clin Pharmacol Ther.
2024;116(1):34-37. doi:10.1002/CPT.3256

Baciewicz AM, Chrisman CR, Finch CK, Self TH. Update on rifampin, rifabutin, and rifapentine
drug interactions. Curr Med Res Opin. 2013;29(1):1-12. doi:10.1185/03007995.2012.747952
Erwin ER, Addison AP, John SF, Olaleye OA, Rosell RC. Pharmacokinetics of isoniazid: The
good, the bad, and the alternatives. Tuberculosis.  2019;116:566-S70.
doi:10.1016/j.tube.2019.04.012

16



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Metushi |, Uetrecht J, Phillips E. Mechanism of isoniazid-induced hepatotoxicity: then and
now. Br J Clin Pharmacol. 2016;81(6):1030-1036. do0i:10.1111/BCP.12885

Gourishankar A, Navarro F, Debroy AN, Smith KC. Isoniazid hepatotoxicity with clinical and
histopathology correlate. Ann Clin Lab Sci. 2014;44(1):87-90.

Hayashi PH, Fontana RJ, Chalasani NP, et al. Under-reporting and Poor Adherence to
Monitoring Guidelines for Severe Cases of Isoniazid Hepatotoxicity. Clin Gastroenterol
Hepatol. 2015;13(9):1676-1682.el. doi:10.1016/j.cgh.2015.02.024

Cakir T, Ara C, Soyer HV, Koc S. Successful living donor liver transplantation of fulminant liver
failure due to isoniazid prophylaxis. BMJ Case Rep. 2015;2015. doi:10.1136/BCR-2015-
209448

Park JW, Curtis JR, Lee H, Lee JK, Song YW, Lee EB. Risk-benefit analysis of isoniazid
monotherapy to prevent tuberculosis in patients with rheumatic diseases exposed to
prolonged, high-dose glucocorticoids. PLoS One. 2020;15(12):e0244239.
doi:10.1371/journal.pone.0244239

Centers for Disease Control and Prevention (CDC). Update: Fatal and severe liver injuries
associated with rifampin and pyrazinamide treatment for latent tuberculosis infection.
MMWR Morb Mortal Wkly Rep. 2002;51(44):998-999.

Khan FY, Rasoul F. Rifampicin-isoniazid induced fatal fulminant hepatitis during treatment
of latent tuberculosis: A case report and literature review. Indian J Crit Care Med.
2010;14(2):97-100. doi:10.4103/0972-5229.68226

Tostmann A, Boeree MJ, Aarnoutse RE, De Lange WCM, Van Der Ven AJAM, Dekhuijzen R.
Antituberculosis drug-induced hepatotoxicity: concise up-to-date review. J Gastroenterol
Hepatol. 2008;23(2):192-202. doi:10.1111/J).1440-1746.2007.05207.X

Chung-Delgado K, Revilla-Montag A, Guillen-Bravo S, et al. Factors associated with anti-
tuberculosis medication adverse effects: a case-control study in Lima, Peru. PLoS One.
2011;6(11). doi:10.1371/JOURNAL.PONE.0027610

Torres T, Chiricozzi A, Puig L, et al. Treatment of Psoriasis Patients with Latent Tuberculosis
Using IL-17 and IL-23 Inhibitors: A Retrospective, Multinational, Multicentre Study. Am J Clin
Dermatol. 2024;25(2):333-342. doi:10.1007/s40257-024-00845-4

Finlay A, Khan G. Dermatology Life Quality Index (DLQl)-a simple practical measure for
routine clinical use. Clin Exp Dermatol. 1994;19(3):210-216. do0i:10.1111/j.1365-
2230.1994.tb01167.x

Strober B, Ryan C, van de Kerkhof P, et al. Recategorization of psoriasis severity: Delphi
consensus from the International Psoriasis Council. J Am Acad Dermatol. 2020;82(1):117-
122. doi:10.1016/j.jaad.2019.08.026

The European Dermatology Forum (EDF). EUROGUIDERM Guideline for the Systemic
Treatment of Psoriasis Vulgaris. September 2023, revised version March 2024. Zurich:
European Dermatology Forum; 2024.

Abraham A, Roga G. Topical steroid-damaged skin. Indian J Dermatol. 2014;59(5):456-459.
doi:10.4103/0019-5154.139872

Scott LJ, Dunn CJ, Goa KL. Calcipotriol ointment. A review of its use in the management of
psoriasis. Am J Clin Dermatol. 2001;2(2):95-120. doi:10.2165/00128071-200102020-00008

Chandy RJ, Dao DPD, Rivis CC, Shan DM, Feldman SR. Noncorticosteroid Topical Therapies
for the Treatment of Plaque Psoriasis: A Narrative Review. J Pharm Technol. 2023;39(5):247-
255. doi:10.1177/87551225231193057

Nogueira S, Rodrigues MA, Vender R, Torres T. Tapinarof for the treatment of psoriasis.
Dermatol Ther. 2022;35(12):e15931. doi:10.1111/dth.15931

Doherty SD, Van Voorhees A, Lebwohl MG, et al. National Psoriasis Foundation consensus
statement on screening for latent tuberculosis infection in patients with psoriasis treated
with systemic and biologic agents. J Am Acad Dermatol. 2008;59(2):209-217.
doi:10.1016/j.jaad.2008.03.023

17



38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Elmets CA, Korman NJ, Prater EF, et al. Joint AAD-NPF Guidelines of care for the
management and treatment of psoriasis with topical therapy and alternative medicine
modalities for psoriasis severity measures. J Am Acad Dermatol. 2021;84(2):432-470.
doi:10.1016/j.jaad.2020.07.087

van de Kerkhof PCM, de Gruijl FR. Phototherapy in the perspective of the chronicity of
psoriasis. J Eur Acad Dermatol Venereol. 2020;34(5):926-931. doi:10.1111/jdv.16245

Ighani A, Partridge ACR, Shear NH, et al. Comparison of Management Guidelines for
Moderate-to-Severe Plaque Psoriasis: A Review of Phototherapy, Systemic Therapies, and
Biologic Agents. J Cutan Med Surg. 2019;23(2):204-221. doi:10.1177/1203475418814234
Halliday GM, Damian DL, Rana S, Byrne SN. The suppressive effects of ultraviolet radiation
on immunity in the skin and internal organs: implications for autoimmunity. J Dermatol Sci.
2012;66(3):176-182. doi:10.1016/j.jdermsci.2011.12.009

Pathirana D, Ormerod A, Saiag P, et al. European S3-Guidelines on the systemic treatment
of psoriasis vulgaris. J Eur Acad Dermatol Venereol. 2009;23(s2):1-70. doi:10.1111/j.1468-
3083.2009.03389.x

Kaushik SB, Lebwohl MG. Psoriasis: Which therapy for which patient. J Am Acad Dermatol.
2019;80(1):43-53. doi:10.1016/j.jaad.2018.06.056

Fragoso YD, Adoni T, Anacleto A, et al. How do we manage and treat a patient with multiple
sclerosis at risk of tuberculosis? Expert Rev Neurother. 2014;14(11):1251-1260.
doi:10.1586/14737175.2014.962517

John G. Mycobacterial infections in organ transplant recipients. Semin Respir Infect.
2002;17(4):274-283. doi:10.1053/srin.2002.36445

Sundaram M, Adhikary S, John G, Kekre N. Tuberculosis in renal transplant recipients. Indian
J Urol. 2008;24(3):396. doi:10.4103/0970-1591.42625

Brassard P, Lowe A, Bernatsky S, Kezouh A, Suissa S. Rheumatoid arthritis, its treatments,
and the risk of tuberculosis in Quebec, Canada. Arthritis Care Res (Hoboken).
2009;61(3):300-304. doi:10.1002/art.24476

Chen YJ, Wu CY, Shen JL, Chen TT, Chang YT. Association between traditional systemic
antipsoriatic drugs and tuberculosis risk in patients with psoriasis with or without psoriatic
arthritis: Results of a nationwide cohort study from Taiwan. J Am Acad Dermatol.
2013;69(1):25-33. doi:10.1016/j.jaad.2012.12.966

Smith JD, Knox JM. Psoriasis, methotrexate and tuberculosis. Br J Dermatol. 1971;84(6):590-
593. d0i:10.1111/j.1365-2133.1971.tb02548.x

di Girolamo C, Pappone N, Melillo E, Rengo C, Giuliano F, Melillo G. Cavitary lung tuberculosis
in a rheumatoid arthritis patient treated with low-dose methotrexate and steroid pulse
therapy. Br J Rheumatol. 1998;37(10):1136-1137. doi:10.1093/rheumatology/37.10.1136
Binymin K, Cooper RG. Late reactivation of spinal tuberculosis by low-dose methotrexate
therapy in a patient with rheumatoid arthritis. Rheumatology (Oxford). 2001;40(3):341-342.
doi:10.1093/rheumatology/40.3.341

Brode SK, Jamieson FB, NgR, et al. Increased risk of mycobacterial infections associated with
anti-rheumatic medications. Thorax. 2015;70(7):677-682. doi:10.1136/thoraxjnl-2014-
206470

Miller EA, Ernst JD. Anti-TNF immunotherapy and tuberculosis reactivation: another
mechanism revealed. J Clin Invest. 2009;119(5):1079-1082. doi:10.1172/JCI39143

Segueni N, Benmerzoug S, Rose S, et al. Innate myeloid cell TNFR1 mediates first line defence
against primary Mycobacterium tuberculosis infection. Sci Rep. 2016;6(1):22454.
doi:10.1038/srep22454

Segueni N, Jacobs M, Ryffel B. Innate type 1 immune response, but not IL-17 cells control
tuberculosis infection. Biomed J. 2021;44(2):165-171. doi:10.1016/j.bj.2020.06.011

Robert M, Miossec P. Reactivation of latent tuberculosis with TNF inhibitors: critical role of
the beta 2 chain of the IL-12 receptor. Cell Mol Immunol. 2021;18(7):1644-1651.
do0i:10.1038/s41423-021-00694-9

18



57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Cantini F, Niccoli L, Goletti D. Adalimumab, etanercept, infliximab, and the risk of
tuberculosis: data from clinical trials, national registries, and postmarketing surveillance. J
Rheumatol Suppl. 2014;91:47-55. doi:10.3899/jrheum.140102

Kasiraman V, Atwan AA, Durojaiye OC, Kalavala M, Piguet V. Risk of tuberculosis with the
use of anti-TNF medications in psoriasis: incidence, screening and management. Dermatol
Online J. 2014;20(8).

ZhangZ, Fan W, Yang G, et al. Risk of tuberculosis in patients treated with TNF-a antagonists:
a systematic review and meta-analysis of randomised controlled trials. BMJ Open.
2017;7(3):e012567. doi:10.1136/bmjopen-2016-012567

Gbémez-Reino JJ, Carmona L, Angel Descalzo M, Biobadaser Group. Risk of tuberculosis in
patients treated with tumor necrosis factor antagonists due to incomplete prevention of
reactivation of latent infection. Arthritis Rheum. 2007;57(5):756-761. doi:10.1002/art.22768
Desai SB, Furst DE. Problems encountered during anti-tumour necrosis factor therapy. Best
Pract Res Clin Rheumatol. 2006;20(4):757-790. doi:10.1016/j.berh.2006.06.002

LoBue PA, Mermin JH. Latent tuberculosis infection: the final frontier of tuberculosis
elimination in the USA. Lancet Infect Dis. 2017;17(10):e327-e333. do0i:10.1016/51473-
3099(17)30248-7

Mariette X, Vencovsky J, Lortholary O, et al. The incidence of tuberculosis in patients treated
with certolizumab pegol across indications: impact of baseline skin test results, more
stringent screening criteria and geographic region. RMD Open. 2015;1(1):e000044.
doi:10.1136/rmdopen-2014-000044

AiJW, Zhang S, Ruan QL, et al. The Risk of Tuberculosis in Patients with Rheumatoid Arthritis
Treated with Tumor Necrosis Factor-a Antagonist: A Metaanalysis of Both Randomized
Controlled Trials and Registry/Cohort Studies. J Rheumatol. 2015;42(12):2229-2237.
doi:10.3899/jrheum.150057

Lorenzetti R, Zullo A, Ridola L, et al. Higher risk of tuberculosis reactivation when anti-TNF is
combined with immunosuppressive agents: a systematic review of randomized controlled
trials. Ann Med. 2014;46(7):547-554. doi:10.3109/07853890.2014.941919

Singh S, Maniakis-Grivas G, Singh UK, et al. Interleukin-17 regulates matrix
metalloproteinase activity in human pulmonary tuberculosis. J Pathol. 2018;244(3):311-322.
doi:10.1002/path.5013

Conti HR, Gaffen SL. IL-17-Mediated Immunity to the Opportunistic Fungal Pathogen
Candida albicans. J Immunol. 2015;195(3):780-788. doi:10.4049/JIMMUNOL.1500909
Zhang X, Angkasekwinai P, Dong C, Tang H. Structure and function of interleukin-17 family
cytokines. Protein Cell. 2011;2(1):26-40. doi:10.1007/s13238-011-1006-5

Segueni N, Tritto E, Bourigault ML, et al. Controlled Mycobacterium tuberculosis infection in
mice under treatment with anti-IL-17A or IL-17F antibodies, in contrast to TNFa
neutralization. Sci Rep. 2016;6(1):36923. doi:10.1038/srep36923

Mourik BC, Lubberts E, de Steenwinkel JEM, Ottenhoff THM, Leenen PJM. Interactions
between Type 1 Interferons and the Th17 Response in Tuberculosis: Lessons Learned from
Autoimmune Diseases. Front Immunol. 2017;8. doi:10.3389/fimmu.2017.00294

Torres T, Brembilla NC, Langley RG, et al. Treatment of psoriasis with biologic and non-
biologic targeted therapies in patients with latent tuberculosis infection or at risk for
tuberculosis disease progression: Recommendations from a SPIN-FRT expert consensus. J
Eur Acad Dermatol Venereol. 2024. doi:10.1111/jdv.20287

Ai JW, Ruan QL, Liu QH, Zhang WH. Updates on the risk factors for latent tuberculosis
reactivation and their managements. Emerg Microbes Infect. 2016;5(2):e10.
doi:10.1038/EMI.2016.10

Keane J. TNF-blocking agents and tuberculosis: new drugs illuminate an old topic.
Rheumatology (Oxford). 2005;44(6):714-720. doi:10.1093/RHEUMATOLOGY/KEH567

Dixon WG, Hyrich KL, Watson KD, et al. Drug-specific risk of tuberculosis in patients with
rheumatoid arthritis treated with anti-TNF therapy: results from the British Society for

19



75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Rheumatology Biologics Register (BSRBR). Ann Rheum Dis. 2010;69(3):522-528.
doi:10.1136/ARD.2009.118935

van der Heijde D, Deodhar A, Baraliakos X, et al. Efficacy and safety of bimekizumab in axial
spondyloarthritis: results of two parallel phase 3 randomised controlled trials. Ann Rheum
Dis. 2023;82(4):515-526. doi:10.1136/ard-2022-223595

Baraliakos X, Deodhar A, Dougados M, et al. Safety and Efficacy of Bimekizumab in Patients
With Active Ankylosing Spondylitis: Three-Year Results From a Phase Ilb Randomized
Controlled Trial and Its Open-Label Extension Study. Arthritis Rheumatol. 2022;74(12):1943-
1958. d0i:10.1002/art.42282

Coates LC, Mclnnes IB, Merola JF, et al. Safety and Efficacy of Bimekizumab in Patients With
Active Psoriatic Arthritis: Three-Year Results From a Phase Ilb Randomized Controlled Trial
and Its Open-Label Extension Study. Arthritis Rheumatol. 2022;74(12):1959-1970.
doi:10.1002/art.42280

Khader SA, Cooper AM. IL-23 and IL-17 in tuberculosis. Cytokine. 2008;41(2):79-83.
doi:10.1016/j.cyt0.2007.11.022

Méndez-Samperio P. Role of interleukin-12 family cytokines in the cellular response to
mycobacterial disease. Int J Infect Dis. 2010;14(5):e366-71. doi:10.1016/].ijid.2009.06.022
Filipe-Santos O, Bustamante J, Chapgier A, et al. Inborn errors of IL-12/23- and IFN-gamma-
mediated immunity: molecular, cellular, and clinical features. Semin Immunol.
2006;18(6):347-361. doi:10.1016/j.smim.2006.07.010

Cooper AM, Kipnis A, Turner J, Magram J, Ferrante J, Orme IM. Mice lacking bioactive IL-12
can generate protective, antigen-specific cellular responses to mycobacterial infection only
if the |IL-12 p40 subunit is present. J Immunol. 2002;168(3):1322-1327.
doi:10.4049/jimmunol.168.3.1322

Tsai TF, Ho V, Song M, et al. The safety of ustekinumab treatment in patients with moderate-
to-severe psoriasis and latent tuberculosis infection. BrJ Dermatol. 2012;167(5):1145-1152.
d0i:10.1111/j.1365-2133.2012.11142.x

Errichetti E, Piccirillo A. Latent tuberculosis reactivation in a patient with erythrodermic
psoriasis under treatment with ustekinumab and a low dose steroid, despite isoniazid
chemoprophylaxis. Eur J Dermatology. 2014;24(4):508-509. doi:10.1684/ejd.2014.2386
Lynch M, Roche L, Horgan M, Ahmad K, Hackett C, Ramsay B. Peritoneal tuberculosis in the
setting of ustekinumab treatment for psoriasis. JAAD Case Rep. 2017;3(3):230-232.
do0i:10.1016/j.jdcr.2017.02.001

Tominaga K, Tanaka T, Kanazawa M, et al. A Case of Crohn’s Disease with Cardiac
Tamponade Caused by Tuberculous Pericarditis: Assessment of a Rare Phenomenon.
Healthcare (Basel). 2021;9(6). doi:10.3390/healthcare9060695

Schafer P. Apremilast mechanism of action and application to psoriasis and psoriatic
arthritis. Biochem Pharmacol. 2012;83(12):1583-1590. doi:10.1016/j.bcp.2012.01.001
Perez-Aso M, Montesinos MC, Mediero A, Wilder T, Schafer PH, Cronstein B. Apremilast, a
novel phosphodiesterase 4 (PDE4) inhibitor, regulates inflammation through multiple cAMP
downstream effectors. Arthritis Res Ther. 2015;17(1):249. doi:10.1186/s13075-015-0771-6
Carrascosa JM, Del-Alcazar E. Apremilast for psoriasis treatment. G Ital Dermatol Venereol.
2020;155(4):421-433. d0i:10.23736/50392-0488.20.06684-5

Papp K, Cather JC, Rosoph L, et al. Efficacy of apremilast in the treatment of moderate to
severe psoriasis: a randomised controlled trial. Lancet. 2012;380(9843):738-746.
doi:10.1016/50140-6736(12)60642-4

Papp KA, Kaufmann R, Thaci D, Hu C, Sutherland D, Rohane P. Efficacy and safety of
apremilast in subjects with moderate to severe plaque psoriasis: results from a phase I,
multicenter, randomized, double-blind, placebo-controlled, parallel-group, dose-
comparison study. J Eur Acad Dermatol Venereol. 2013;27(3):e376-83. do0i:10.1111/j.1468-
3083.2012.04716.x

20



91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

Paul C, Cather J, Gooderham M, et al. Efficacy and safety of apremilast, an oral
phosphodiesterase 4 inhibitor, in patients with moderate-to-severe plaque psoriasis over
52 weeks: a phase |Ill, randomized controlled trial (ESTEEM 2). Br J Dermatol.
2015;173(6):1387-1399. d0i:10.1111/bjd.14164

Papp K, Reich K, Leonardi CL, et al. Apremilast, an oral phosphodiesterase 4 (PDE4) inhibitor,
in patients with moderate to severe plaque psoriasis: Results of a phase lll, randomized,
controlled trial (Efficacy and Safety Trial Evaluating the Effects of Apremilast in Psoriasis
[ESTEEM] 1). J Am Acad Dermatol. 2015;73(1):37-49. doi:10.1016/j.jaad.2015.03.049
Crowley J, Thagi D, Joly P, et al. Long-term safety and tolerability of apremilast in patients
with psoriasis: Pooled safety analysis for 2156 weeks from 2 phase 3, randomized, controlled
trials (ESTEEM 1 and 2). J Am Acad Dermatol. 2017;77(2):310-317.el.
doi:10.1016/j.jaad.2017.01.052

Burke JR, Cheng L, Gillooly KM, et al. Autoimmune pathways in mice and humans are blocked
by pharmacological stabilization of the TYK2 pseudokinase domain. Sci Transl Med.
2019;11(502). doi:10.1126/scitranslmed.aaw1736

Estevinho T, Lé AM, Torres T. Deucravacitinib in the treatment of psoriasis. J Dermatolog
Treat. 2023;34(1):2154122. doi:10.1080/09546634.2022.2154122

Lebwohl M, Warren RB, Sofen H, et al. Deucravacitinib in plaque psoriasis: 2-year safety
and efficacy results from the phase Ill POETYK trials. Br J Dermatol. 2024;190(5):668-679.
doi:10.1093/bjd/ljae014

Armstrong AW, Gooderham M, Warren RB, et al. Deucravacitinib versus placebo and
apremilast in moderate to severe plaque psoriasis: Efficacy and safety results from the 52-
week, randomized, double-blinded, placebo-controlled phase 3 POETYK PSO-1 trial. / Am
Acad Dermatol. 2023;88(1):29-39. doi:10.1016/j.jaad.2022.07.002

Strober B, Blauvelt A, Warren RB, et al. Deucravacitinib in moderate-to-severe plaque
psoriasis: Pooled safety and tolerability over 52 weeks from two phase 3 trials (POETYK PSO-
1 and PSO-2). J Eur Acad Dermatol Venereol. 2024;38(8):1543-1554. doi:10.1111/jdv.19925
Ferrara F, Verduci C, Laconi E, et al. Current therapeutic overview and future perspectives
regarding the treatment of psoriasis. Int Immunopharmacol. 2024;143(Pt 1):113388.
doi:10.1016/j.intimp.2024.113388

Dai Q, Zhang Y, Liu Q, Zhang C. Efficacy and safety of tofacitinib for chronic plaque psoriasis
and psoriatic arthritis: a systematic review and meta-analysis of randomized controlled
trials. Clin Rheumatol. 2024;43(5):1605-1613. doi:10.1007/s10067-024-06940-5

Kivitz AJ, FitzGerald O, Nash P, et al. Efficacy and safety of tofacitinib by background
methotrexate dose in psoriatic arthritis: post hoc exploratory analysis from two phase
trials. Clin Rheumatol. 2022;41(2):499-511. doi:10.1007/s10067-021-05894-2
Chimalakonda A, Burke J, Cheng L, et al. Selectivity Profile of the Tyrosine Kinase 2 Inhibitor
Deucravacitinib Compared with Janus Kinase 1/2/3 Inhibitors. Dermatol Ther (Heidelb).
2021;11(5):1763-1776. doi:10.1007/s13555-021-00596-8

Forman SB, Pariser DM, Poulin Y, et al. TYK2/JAK1 Inhibitor PF-06700841 in Patients with
Plaque Psoriasis: Phase Ila, Randomized, Double-Blind, Placebo-Controlled Trial. J Invest
Dermatol. 2020;140(12):2359-2370.e5. doi:10.1016/].jid.2020.03.962

Papp KA, Beyska-Rizova S, Gantcheva ML, et al. Efficacy and safety of piclidenoson in plaque
psoriasis: Results from a randomized phase 3 clinical trial (COMFORT-1). J Eur Acad Dermatol
Venereol. 2024;38(6):1112-1120. doi:10.1111/jdv.19811

Zanin-Zhorov A, Weiss JM, Trzeciak A, et al. Cutting Edge: Selective Oral ROCK2 Inhibitor
Reduces Clinical Scores in Patients with Psoriasis Vulgaris and Normalizes Skin Pathology via
Concurrent Regulation of IL-17 and IL-10. J Immunol. 2017;198(10):3809-3814.
doi:10.4049/jimmunol.1602142

Gege C. Retinoic acid-related orphan receptor gamma t (RORyt) inverse
agonists/antagonists for the treatment of inflammatory diseases - where are we presently?
Expert Opin Drug Discov. 2021;16(12):1517-1535. doi:10.1080/17460441.2021.1948833

21



107.

108.

109.

110.

111.

112.

113.

Buonsenso D, Pata D, Turriziani Colonna A, Ferrari V, Salerno G, Valentini P. Vitamin D and
tuberculosis in children: a role in the prevention or treatment of the disease? Monaldi Arch
Chest Dis. 2022;92(4). doi:10.4081/monaldi.2022.2112

McCullough PJ, Lehrer DS. Vitamin D, cod liver oil, sunshine, and phototherapy: Safe,
effective and forgotten tools for treating and curing tuberculosis infections - A
comprehensive review. J  Steroid  Biochem Mol  Biol. 2018;177:21-29.
doi:10.1016/j.jsbmb.2017.07.027

Talat N, Perry S, Parsonnet J, Dawood G, Hussain R. Vitamin d deficiency and tuberculosis
progression. Emerg Infect Dis. 2010;16(5):853-855. doi:10.3201/eid1605.091693
McCullough PJ, McCullough WP, Lehrer D, Travers JB, Repas SJ. Oral and Topical Vitamin D,
Sunshine, and UVB Phototherapy Safely Control Psoriasis in Patients with Normal
Pretreatment Serum 25-Hydroxyvitamin D Concentrations: A Literature Review and
Discussion of Health Implications. Nutrients. 2021;13(5). doi:10.3390/nu13051511

Zou X, Zou X, Gao L, Zhao H. Gut microbiota and psoriasis: pathogenesis, targeted therapy,
and future directions. Front  Cell Infect  Microbiol. 2024;14:1430586.
doi:10.3389/fcimb.2024.1430586

Buhas MC, Gavrilas LI, Candrea R, et al. Gut Microbiota in Psoriasis. Nutrients. 2022;14(14).
doi:10.3390/nu14142970

Rath E, Bonelli M, Duftner C, et al. National consensus statement by the Austrian Societies
for Rheumatology, Pulmonology, Infectiology, Dermatology and Gastroenterology regarding
the management of latent tuberculosis and the associated utilization of biologic and
targeted synthetic disease modifying antirheumatic drugs (DMARDs). Wien Klin
Wochenschr. 2022;134(21-22):751-765. doi:10.1007/s00508-022-02062-7

22



INSTITUTO DE CIENCIAS BIOMEDICAS ABEL SALAZAR



