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Abstract

In recent years, cancer immunotherapy has introduced novel treatments, such as
monoclonal antibodies, which have facilitated targeted therapies against tumor
cells. Programmed death-1 (PD-1) is an immune checkpoint expressed in T cells
that regulates the immune system’s activity to prevent over-activation and tissue
damage caused by inflammation. However, PD-1 is also expressed in tumor cells
and functions as an immune evasion mechanism, making it a therapeutic target to
enhance the immune response and eliminate tumor cells. Consequently, immune
checkpoint inhibitors (ICIs) have emerged as an option for certain tumor types.
Nevertheless, blocking immune checkpoints can lead to immune-related adverse
events (irAEs), such as psoriasis and cytokine release syndrome (CRS), as exemp-
lified in the clinical case presented by Zhou ef al involving a patient with adva-
nced gastric cancer who received sintilimab, a monoclonal antibody targeting PD-
1. Subsequently, the patient experienced exacerbation of psoriasis and CRS. The
objective of this editorial article is to elucidate potential immunologic mechanisms
that may contribute to the development of CRS and psoriasis in patients receiving
IClIs. It is crucial to acknowledge that while ICIs offer superior safety and efficacy
compared to conventional therapies, they can also manifest irAEs affecting the
skin, gastrointestinal tract, or respiratory system. In severe cases, these irAEs can
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lead to life-threatening complications such as circulatory shock or multiorgan failure. Consequently, it is
recommended that patients receiving ICIs undergo regular monitoring to identify and manage these adverse
events effectively.

Key Words: Immune checkpoints inhibitors; Programmed death-1; Cancer immunotherapy; Psoriasis; Cytokine release
syndrome; Immune-related adverse events

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The introduction of cancer immunotherapies, particularly the utilization of monoclonal antibodies that inhibit
immune checkpoints, has yielded significant benefits, including enhanced survival rates and a diminished likelihood of
adverse effects. However, immune-related adverse events can manifest in certain patients, presenting mild symptoms such as
fever, fatigue, headache, rash, arthralgia, and myalgia. In more severe cases, circulatory shock or multiorgan failure can
occur, which can be mortal. This editorial examines the possible immunologic mechanisms underlying cytokine release
syndrome and the exacerbation of psoriasis in patients receiving anti-programmed death-1 monoclonal antibodies.

Citation: Maldonado-Garcia JL, Fragozo A, Pavon L. Cytokine release syndrome induced by anti-programmed death-1 treatment in a
psoriasis patient: A dark side of immune checkpoint inhibitors. World J Clin Cases 2024; 12(35): 6782-6790

URL: https://www.wjgnet.com/2307-8960/full/v12/i35/6782.htm
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INTRODUCTION

Currently, there is revolutionary progress in cancer therapies, introducing new treatments to eliminate tumor cells, as the
"magic bullets" proposed by Paul Ehrlich in the 20" century[1,2]. These treatments are based on biotechnological
advances that made it possible to generate immunotherapies using highly-specific monoclonal antibodies or adoptive cell
therapy treatments to prolong survival and significantly improving the quality of life of patients[3,4].

Cancer immunotherapy has many advantages such as greater precision and efficacy in eliminating tumor cells,
restoration of immune system that contributes to tumor cells killing, and a higher long-term survival rate and lower
incidence of adverse effects than conventional treatments[5]. Despite the potential of cancer immunotherapy, we must
consider important aspects. Not all patients are suitable candidates for these treatments, and the high costs involved are a
significant concern. Furthermore, immunotherapy may lead to immune-mediated complications and unspecific responses
and even trigger autoimmune diseases or systemic inflammation, potentially resulting in patient fatalities[5,6].

The case reported by Zhou et al[7] about a patient with advanced gastric cancer who received sintilimab, a monoclonal
antibody against programmed death 1 (PD-1), a membrane protein expressed on T lymphocytes, is an example of an
immune-mediated complication is t. The patient developed severe rashes accompanied by cytokine release syndrome
(CRS). In addition, the patient had a medical history of infantile paralysis, hypertension, diabetes mellitus, and plaque
psoriasis. As antitumor therapy, the patient received a regimen of oxaliplatin, capecitabine, and sintilimab. Despite this,
the patient developed an exacerbated low-grade skin rash accompanied by fever, with a body temperature of 38 °C.
Finally, CRS and psoriasis were diagnosed. This editorial article discusses the immunological mechanisms behind the
exacerbation of psoriasis secondary to administration of immune checkpoint inhibitors (ICIs) such as sintilimab.
Although immune-mediated side effects to the use of ICI are rare, first-contact physicians and non-oncology specialists
who provide clinical follow-up to patients must consider them to provide early interventions upon suspicion of these
complications.

IMMUNE CHECKPOINT INHIBITORS AND CYTOKINE RELEASE SYNDROME

The substantial advances in cancer therapies have prolonged patients” survival and significantly improved their life
quality. Novel cancer immunotherapies include adoptive cell therapy (ACT) and ICI[3,4]. ACT involves the transfer of
modified or unmodified T cells to eradicate cancer cells. T cell modification is initially performed by extracting T cells
from the patient, followed by genetic modification to express specific receptors on their surface[3]. Receptors that can be
modified include chimeric antigen receptors (CAR), designed to recognize and bind to specific proteins on the surface of
cancer cells. CAR-T receptors contain an antigen recognition domain and an intracellular signaling domain able to
activate efficiently and co-stimulate lymphocytes and T cell receptors to recognize specific antigens presented by cancer
cells via major histocompatibility complex (MHC)[9]. Meanwhile, ACT without receptor modification consists only of
extracting T cells, performing an ex-vivo expansion, and finally infusing the expanded T cells back into the patient to
eliminate cancer cells[10].
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The mechanism of action of ICIs is based on stimulating the T-cell-mediated response to destroy tumor cells. These
treatments stimulate immune responses to cancer cells by blocking immune checkpoints[8]. Immune checkpoints function
as an on/ off switch of the immune system and maintain the homeostatic balance between suppression and activation to
prevent an overactivation of the immune system[11]. As examples of immune checkpoints, we could mention PD-1,
programmed death-ligand 1 (PD-L1), cytotoxic T lymphocyte-associated protein 4 (CTLA-4), B7 homolog 3 protein, B7
homolog 4 protein, leukocyte immunoglobulin-like receptor B1, leukocyte immunoglobulin-like receptor B2, lymphocyte
activation gene 3, T-cell immunoglobulin and mucin containing protein-3, CD47, CD137, and CD70[11,12]. Immune
checkpoint markers are highly expressed in cancer cells and are critical in tumor cells” immune evasion mechanisms.
Furthermore, immune checkpoints favor the maintenance of tumor cell malignancy, promoting self-renewal, epithelial-
mesenchymal transition, metastasis, drug resistance, anti-apoptosis, angiogenesis, or improvement of energy metabolism
[12,13]. Currently, available ICIs are monoclonal antibodies directed against CTLA-4, PD-1, or PD-L1. CTLA-4 acts as an
initial brake on T-cell activation, while PD-1 and PD-L1 prevent excessive T-cell activation and chronic inflammation. ICIs

favor increased T-cell activation after blocking PD-1 or CTLA-4 pathways, causing a more effective antitumor response
[14-16].

CYTOKINE RELEASE SYNDROME AS A COMPLICATION ARISING FROM THE USE OF IMMUNE
CHECKPOINT INHIBITORS

Overactivation of T cells by ICIs can trigger a series of toxic effects known as immune-related adverse events (irAEs)[17].
This can occur in any organ, although they commonly affect barrier organs (i.e., the skin, gastrointestinal tract, lungs, and
the liver) due to their direct exposure, and role in metabolism and elimination, as well as the inherent sensitivity to the
harmful effects of treatments[17-19]. In this way, patients with autoimmune diseases, such as rheumatoid arthritis or
Crohn’s disease, have a higher risk of developing some irAEs secondary to the use of ICI due to the inflammatory envi-
ronment that favors the appearance of adverse events[20,21]. Patients with psoriasis also exhibit an increased risk of
developing irAE when undergoing ICI treatments[22]. Another immune-related adverse effect due to ICI use is CRS,
although only a few cases have been reported[6,23,24].

The incidence of IrAEs in patients receiving ICls varies depending on the treatment regimen[25]. For instance, adminis-
tering anti-CTLA-4 antibodies (ipilimumab) is linked to a 60% risk of developing IrAEs of any severity, with only 10%-
30% of cases resulting in severe manifestations[26]. Notably, the occurrence and severity of immune-mediated adverse
effects secondary to using anti-CTLA-4 antibodies show a dose-dependent pattern[26,27]. In contrast, the use of anti-PD-1
antibodies is associated with a lower risk of developing IrAEs, with an estimated incidence of approximately 10% among
patients. Of these, 5%-20% may experience severe IrAEs[25,28]. The combination of immune checkpoint inhibitors, such
as the combination of an anti-CTLA-4 antibody with an anti-PD-1 antibody, increases the severity and incidence of IrAEs
by approximately 30%. Moreover, these adverse effects appear at earlier stages of combined treatment compared to
monotherapy[25,29].

Cytokine release syndrome (CRS), defined as a systemic inflammatory response due to the release of inflammatory
mediators such as cytokines, chemokines, oxygen radicals, complement factors, and coagulation[30,31], was described in
the early 1990s when the murine monoclonal antibody directed against the human T-cell receptor CD3 complex, also
called Muromonab-CD3 or OKT3, was introduced as an immunosuppressive treatment during solid organ trans-
plantation. Initially, the term “cytokine release syndrome” was used in the context of cancer immunotherapy now[32].
CRS is described in other clinical settings such as viral infections caused by influenza or SARS-CoV-2[33,34]; in
hematopoietic cell transplantation and graft-versus-host disease[35,36]; and as previously mentioned, in cancer immuno-
therapies such as ICI[24,37], bispecific T cell engagers (BiTes)[31,38] and CAR-T cells[31,39].

Although the pathophysiology of CRS is not fully understood, the activation of several cell populations, including
activated myeloid cells like monocytes/macrophages, dendritic cells, and/or activated lymphocytes such as natural killer
cells, T cells, and B cells; and/or non-immune cells, i.e., endothelial cells has been suggested as the main proposal.
Moreover, there is a characteristic increase in serum tumor necrosis factor alpha (TNF-a) and interferon-y during the first
1-2 hours, followed by increases in circulating interleukin (IL)-6 and IL-10, and in some cases, IL-2 and IL-8[30,32,40]. CRS
has a broad spectrum of symptoms, varying from mild symptoms, including fever, fatigue, headache, rash, arthralgia,
and myalgia[41,42]. Severe CRS cases are characterized by hypotension and high fever. They may progress to a systemic
inflammatory response complicated by circulatory shock, vascular leakage, disseminated intravascular coagulation, and
multiorgan failure[30].

PSORIASIS INDUCED BY ANTI-PD-1 THERAPY

Psoriasis is a chronic inflammatory disease primarily affecting the skin and joints, characterized by erythema, thickening,
and skin scaling[43]. Psoriasis is caused by a complex interplay between genetic factors, external and internal triggers,
and immunological factors[44]. The genetic factors of psoriasis involve nine genomic regions (PSORS 1-9) where HLA-
Cx06: 02 (PSORS 1) is the allele most closely related to disease susceptibility and severity[45]. Immunologically, psoriasis
pathophysiology involves a complex interplay between innate and adaptive immune response mechanisms. It has been
proposed that psoriasis has a mixed pattern of autoimmune and autoinflammatory disease[46,47], both of which will be
discussed below.
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External or internal factors can trigger psoriasis. External factors include infections by bacteria such as Staphylococcus
aureus and Streptococcus pyogenes, viruses including human papillomavirus or retroviruses, fungi like Malassezia and
Candida albicans[48]; skin injuries (cuts and burns)[49]; obesity, smoking or excessive alcohol consumption[50,51]. On the
other hand, internal factors include dysbiosis in the skin and gut microbiome[48,52], stress[51], dyslipidemia[53] and, in
women, a dysregulation of progesterone and estrogen can exacerbate symptoms[54-56].

External triggers such as skin trauma, dysbiosis, or smoking cause keratinocytes to release antimicrobial peptides such
as cathelicidin (LL37)[57], S100 family proteins like S100A7 (psoriacin), SI00A8 (calgranulin A), and S100A9 (Calgranulin
B)[58] and B-defensins[59]. These antimicrobial peptides bind to the DNA or RNA of damaged cells[60], forming
complexes, such as the DNA-LL37, which activates plasmacytoid dendritic cells (pDC) through toll-like receptors (TLR) 7,
which triggers the production of type I interferons (IFN), like IFN-a and - complex[61]. In addition, the RNA-LL37
complex activates myeloid dendritic cells through TLRS8, promoting the release of TNF-o, IL-23, and IL-12[60,62]. After
recognizing the DNA-LL-37 complex, mature DCs upregulate CCR7 expression and migrate to draining lymph nodes
through a process finely regulated by chemokines and their receptors. In lymph nodes, DCs present antigens to naive T
cells through the MHC, providing co-stimulatory signals and activating T cell proliferation and differentiation. Simultan-
eously, IL-23 secreted by activated DCs favors the differentiation of T helper 17 (Th17) cells, known to produce IL-17A/F,
IL-22, and TNF-o. Furthermore, IL-12 secreted by DCs induces the differentiation of T helper 1 (Th1) cells, which produce
IFN-y, IL-2, and TNF-a[63-65]. The autoreactive T cells migrate to the epidermis, where they will continue to produce Th1l
and Th17 cytokines, which cause the proliferation and activation of keratinocytes, forming the characteristic thickening of
the epidermis and the appearance of psoriatic plaques[66].

As previously mentioned, psoriasis includes features of an autoimmune disease, such as antigen presentation via MHC
and activation of Th1 and Th17 lymphocytes that favor the activation of phagocytes, such as macrophages or neutrophils.
Likewise, psoriasis has features of autoinflammatory disease, such as persistent activation of alarmins and damage
signals that activate TLRs, chemotaxis, and activation of monocytes. It is important to emphasize that the activity of Thl
and Th17 lymphocytes feedback to the function of innate cells such as macrophages and neutrophils and vice versa[46,47,
67].

In addition to the etiopathogenic mechanisms previously described for psoriasis, other factors that might contribute to
the development of the disease include the use of certain drugs such as beta-blockers, angiotensin-converting enzyme
inhibitors, angiotensin II receptor blockers, lithium, anti-malaria drugs, interferons, terbinafine, bupropion, immunosup-
pressants, and antineoplastics such as nivolumab (monoclonal antibody anti-PD-1) and imatinib[68,69].

Some patients with anti-TNF-a therapy (infliximab, etanercept, adalimumab, and certolizumab) displayed a subtype of
psoriasis named paradoxical psoriasis[70,71]. However, the pathophysiology of drug-induced psoriasis remains unclear.
Nonetheless, the disease has clinical differences depending on the drug that triggers it. For instance, an increase of IFN-a
and pDC in lesions has been observed in paradoxical psoriasis caused by anti-TNF-a therapies; other findings include
eczematiform spongiotic pattern, psoriasis-like dermatitis (with infiltration of intraepidermal or subcorneal neutrophils);
and lichenoid reaction with focal interface dermatitis[70,71]. In contrast, anti-PD-1-induced psoriasis has histopatho-
logical features that are similar to chronic psoriasis, in which a predominance of adaptive immunity is observed, with
abundant CD3+, CD8+ T cells and CD11c+ dendritic cells infiltrating the skin lesions, as well as an increase in IL-23, IL-6,
TNEF-a, IFN-y, and IL-17[72].

Inhibition of the PD-1 immunomodulatory pathway can result in hyperactivation of Th1 and Th17 lymphocytes[73]. In
physiological situations, PD-1 activation inhibits T and B cell signaling pathways, reducing cytokine production and cell
proliferation and promoting apoptosis. This mechanism contributes to regulating the immune response, preventing
overactivation of the immune system[74]. A remarkable example of this effect is the case presented by Zhou et al[7], in
which a patient with advanced gastric cancer and chronic plaque psoriasis developed a severe CRS after treatment with
sintilimab, a PD-1 inhibitor.

PD-1-inhibitor-induced psoriasis is presumably caused by the activation of various cell populations such as
neutrophils, dendritic cells, Th1l and Th7 cells, and Treg cells[75]. In addition, dendritic cells release cytokines such as
IFN-y, IL-1, IL-17, and IL-22, which are associated with the development of de novo psoriasis or exacerbation of psoriasis
[61,64,65]. The use of anti-PD-1 monoclonal antibodies can increase the half-life of neutrophils, as well as the increase of
Th1 and Th17 cells, leading to a rise in the production of proinflammatory cytokines such as IL-2, IL-6, IL-12, IL-17, IL-22,
IFN-y, among others[75]. Also, over-activation of effector T cells can trigger CRS due to increased IFN-y, TNF-a, and IL-6
[30,76]. The evidence suggests that CRS and Th1/Th17 cell overactivation and IL-6 release are responsible for developing
anti-PD-1 induced psoriasis (Figure 1)[75,77,78]. Data obtained from animal models of anti-PD-1-induced psoriasis
indicate that IL-6 elevation in plasma plays a crucial role in developing skin lesions and promotes CD8 T-cell infiltration
into the epidermis[77]. Furthermore, CD8+ T cells were observed to enhance IFN-y production resulting in keratinocyte
activation[77]. Macrophages also participate in the activation and proliferation of keratinocytes through the release of
TNF-a, macrophage migration inhibitory factor, and IL-20, and facilitate the angiogenesis observed in psoriasis by
releasing vascular endothelial growth factor, transforming growth factor-B, platelet-derived growth factor, and TNF-a[22,
75].

Several studies have evaluated the baseline levels and changes in cytokines in patients with different types of cancer
treated with ICI. In patients treated with anti-PD1, no significant differences were observed in TNF-a levels before and
after treatment; on the contrary, elevated IL-6 Levels are associated with worse outcomes in terms of treatment response
and an increased risk of irAE. However, an increase in IL-1p levels when using an anti-PD1 has been related to a better
response, as has IFN-y[79]. These studies suggest that increased levels of several cytokines, such as IL-1f, IL-6, IFN-y, and
TNF-a after ICI treatment are associated with an increased response rate or an increased predisposition to irAE, which
would lead to discontinuation or suppression of Anti-PD1 treatment[79,80]. These results emphasize the importance of
monitoring the levels of these cytokines during treatment to identify patients who might benefit from closer follow-up
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Figure 1 Possible immunologic mechanisms of anti programmed death-1 induced psoriasis. It has been proposed that programmed death-1 (PD-
1) blockade enhances T cell activation, which results in two main events. A: Increased T helper 1/T helper 17 cell differentiation, which may induce autoimmunity; B:
Blocking PD-1 increases CD8+ T cell activity and increased antitumor activity, which may trigger cytokine release syndrome, which increases the risk of developing
autoimmunity; C: Blocking PD-1 increases CD8+ T cell activity and increased antitumor activity, which may trigger cytokine release syndrome, which increases the
risk of developing autoimmunity. Finally, both pathways may induce a skin inflammatory response which promotes psoriatic skin lesions, possibly due to activation of
keratinocytes by inflammatory mediators such as interleukin-6, interferon-y and tumor necrosis factor-o.. PDL-1: Programmed cell death ligand; PD-1: Programmed
death-1; Th1: T helper 1; IL-6: interleukin-6; TNF-a: Tumor necrosis factor a; IFN-y: Interferon-y.

and make a timely therapeutic adjustment. In addition, these findings may help develop more effective strategies to
prevent and treat adverse effects in the future.

According to previous reports, most cases of psoriasis induced by anti-PD-1 therapies present as exacerbations of
psoriasis, and in some cases, de novo psoriasis lesions appear. The average time of symptom onset has been reported to
be 10 weeks. In addition, no correlation has been reported between the severity of the antitumor response and psoriasis
symptoms|72,73,75,81].

Anti-PD-1-induced psoriasis is classified into Grade I, Grade II, and Grade III according to the Common Criteria for
Adverse Event Evaluation (CTCAE v5.0) classification, which considers the following parameters: Psoriasis area and
severity index; body surface area; and investigator's global assessment[82]. Most of these patients develop grades I or II,
with only a few reaching grade III. An algorithm has been proposed for the management of these patients. Initially, it is
recommended to perform a directed interrogation for a history of psoriasis. If the patient has a history of psoriasis, it is
recommended to monitor closely for irAE[73,82,83]. For the treatment of psoriasis, it is recommended that patients with
grade 1 receive topical treatment, such as corticosteroids and vitamin D analogs, maintaining their current dose of ICL;
patients with grade II should be treated with systemic therapies, such as phototherapy and retinoids, in addition to the
measures of grade I treatment, with continuation or adjustment of the dose of ICI. Subsequently, the evolution should be
evaluated two weeks later. Patients with Grade III psoriasis should be treated with higher doses of traditional systemic
therapy based on grade Il management. If treatment fails or the patient shows deterioration, the use of biological drugs
such as TNF-a antagonists or IL-17A /IL-23 antagonists (Guselkumab or Secukinumab), can be considered, in addition to
which the ICI regimen should be adjusted[83,84].

Although the incidence of anti-PD-1 induced psoriasis is relatively low, it is essential to consider that the use of ICI is
not exempt from developing adverse events, in addition to the fact that the clinical follow-up given to these patients

should be multidisciplinary to carry out effective interventions and minimize the damage caused by irAE in patients[22,
73,81]
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CONCLUSION

Cancer immunotherapy has made significant progress, and novel treatments have emerged to bolster the immune
system’s ability to eliminate tumor cells. Immune checkpoints, such as PD-1 or CTLA-4, are crucial in reducing the risk of
excessive inflammation. Still, they are also expressed by tumor cells and facilitate evasion of the immune system.
Consequently, they have been identified as therapeutic targets for cancer treatment. However, blocking immune
checkpoints can lead to irAEs secondary to exacerbated inflammation, which may manifest as skin symptoms like
psoriasis. The potential mechanisms underlying anti-PD-1-induced psoriasis, as described by Zhou et al[7] clinical case,
involve an immune imbalance resulting from enhanced CD4+ and CD8+ T cell function due to PD-1 blockade. Increased
CD4+ T cell activity promotes differentiation of Th1/Th17 cells, while improved CD8+ T cell activity favors antitumor
activity that may trigger cytokine release syndrome. Both events contribute to keratinocyte activation through IL-6 and
TNF-0, leading to the development of psoriasis lesions. Although these adverse events occur in a minority of patients,
they serve as a clear reminder of the imperative for caution and meticulous attention to detail in the clinical evaluation of
patients before the administration of immunotherapy with ICIs.
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