
Citation: Gu, S.L.; Nath, S.; Markova,

A. Safety of Immunomodulatory

Systemic Therapies Used in the

Management of Immune-Related

Cutaneous Adverse Events.

Pharmaceuticals 2023, 16, 1610.

https://doi.org/10.3390/ph16111610

Academic Editor: Christof Vulsteke

Received: 3 October 2023

Revised: 8 November 2023

Accepted: 11 November 2023

Published: 15 November 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

pharmaceuticals

Review

Safety of Immunomodulatory Systemic Therapies Used in the
Management of Immune-Related Cutaneous Adverse Events
Stephanie L. Gu 1, Sandy Nath 2 and Alina Markova 1,3,*

1 Dermatology Service, Department of Medicine, Memorial Sloan Kettering Cancer Center,
New York, NY 10065, USA

2 Urgent Care Service, Memorial Sloan Kettering Cancer, New York, NY 10065, USA
3 Department of Dermatology, Weill Cornell Medical College, New York, NY 10065, USA
* Correspondence: markovaa@mskcc.org

Abstract: Immune-related cutaneous adverse events (ircAEs) commonly occur in patients on treat-
ment with immune checkpoint inhibitors and can significantly reduce patient quality of life. These
are often treated with immunomodulatory agents, including glucocorticoids, immunosuppressants,
and biologics. While often effective at managing symptoms, these therapies can cause several adverse
events which may limit their use. In addition, immunomodulatory agents should be used with
particular caution in patients receiving immunotherapy, as the efficacy of the oncologic regimen may
potentially be undermined. In this review, we summarize the safety of systemic therapies that are
used in the management of ircAEs, with a particular focus on the resultant risk of secondary tumor
progression in patients with active cancer.
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1. Introduction

Immune-related cutaneous adverse events (ircAEs) occur frequently in nearly half of
patients on treatment with immune checkpoint inhibitors (ICIs), including PD(L)-1 and
CTLA4 inhibitors [1]. Previous studies have shown that the development of immune-
related adverse events (irAEs) can predict improved outcomes, underscoring the impor-
tance of properly managing these complications [2]. These are often managed effectively
with immunomodulatory agents, but many of these therapeutics have been associated with
a wide array of adverse events (AEs). In recent years, newer biologic therapies targeting
cytokines implicated in the inflammatory process have emerged, boasting increasingly
amenable safety profiles. However, these medications all have the potential to influence the
immune response, which is especially important to consider among patients with active
cancer. Previous studies have highlighted the integral role the immune system plays in
both the body’s inherent anti-cancer mechanisms and in the action of ICI therapy. In this
review, we discuss the safety of systemic ircAE immunomodulating therapies, including
immunosuppressives and biologic agents, focusing particularly on the potential for these
medications to affect the efficacy of ICIs.

2. Results and Discussion
2.1. Immunosuppressives
2.1.1. Glucocorticoids

Glucocorticoids, including prednisone, prednisolone, methylprednisolone, and dex-
amethasone, are a class of drugs with structural similarity to endogenous cortisol. These
medications have anti-inflammatory, immunosuppressive, and vasoconstrictive properties,
which contribute to their widespread utility as a treatment for ircAEs of various phenotypes,
including maculopapular rash, lichenoid eruptions, bullous pemphigoid, and psoriasiform
rash [1]. However, these medications are recommended by the National Comprehensive

Pharmaceuticals 2023, 16, 1610. https://doi.org/10.3390/ph16111610 https://www.mdpi.com/journal/pharmaceuticals

https://doi.org/10.3390/ph16111610
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/pharmaceuticals
https://www.mdpi.com
https://doi.org/10.3390/ph16111610
https://www.mdpi.com/journal/pharmaceuticals
https://www.mdpi.com/article/10.3390/ph16111610?type=check_update&version=1


Pharmaceuticals 2023, 16, 1610 2 of 21

Cancer Network (NCCN) for Common Terminology Criteria for Adverse Events (CTCAE)
grade ≥ 2 ircAEs only, as long-term use can lead to a variety of complications [3].

Complications in numerous organ systems have been reported among patients re-
ceiving long-term glucocorticoid treatment and are typically more prominent with higher
medication doses, especially at levels that are supra-physiologic. The odds ratio of new-
onset diabetes mellitus in those receiving glucocorticoids has been reported at 1.5–2.5 [4].
Hyperglycemia has, in turn, been associated with an increased risk of death in multiple
cancers, including liver, pancreas, ovary, colorectum, lung, bladder, and breast [5]. Os-
teoporosis, myopathy, and osteonecrosis occur frequently and can significantly reduce
quality of life [6]. Cushingoid body habitus and cutaneous changes, including striae, hir-
sutism, and skin thinning, may develop in both adults and children, with children also
at risk for growth retardation [7]. Secondary adrenal insufficiency can occur as a result of
long-standing suppression of the hypothalamic-pituitary-adrenal (HPA) axis and poses a
life-threatening risk to abrupt discontinuation of exogenous glucocorticoid treatment [8].
The risk of infection, hypertension, cataracts, and gastritis/gastric ulcer formation is also
increased [9].

Patients administered steroids are uniquely at risk of undermining the efficacy of
their antineoplastics, including immune checkpoint inhibitors (ICIs). Multiple studies
have documented an association of steroid use with decreased progression-free survival,
including a meta-analysis and in a dose-dependent manner [10–13]. An overarching
limitation of current studies is their retrospective nature and associated confounding
factors, such as discontinuation of immunotherapy or indication for steroid use. When
Ricciuti and Petrelli applied subgroup analysis, the indication for steroid administration
(palliative and/or treatment of brain metastasis vs treatment for immune-related adverse
events [irAEs]) was informative [14,15]. Overall survival (OS) remained significantly
decreased for those administered steroids for palliation and/or brain metastasis but not
in those prescribed strictly for the treatment of irAEs. There remains the possibility that
CPI benefits may be attenuated in this subgroup of irAEs as there is evidence that irAEs
confer an improved prognosis [16]. Prospective studies are warranted. As a result of the
numerous short- and long-term risks (as well as theoretical risks on decreased efficacy
of immunotherapy), the American Society of Clinical Oncology (ASCO) 2021 guidelines
recommend; “the lowest possible dose of steroids should be used for the shortest possible
duration” [17]. Steroid-sparing therapeutic options remain a desirable and reasonable
treatment for ircAEs.

2.1.2. Cyclosporine

Cyclosporine is a calcineurin inhibitor that is FDA-approved for the prevention of
solid organ transplant rejection and certain autoimmune diseases, including psoriasis and
rheumatoid arthritis. This medication has also been used for the treatment of various irAEs,
including lichenoid eruptions and toxic epidermal necrolysis [18–20]. While this use is
off-label, the American Society of Clinical Oncology (ASCO) and NCCN recommend the
use of cyclosporine for grade 4 Steven-Johnson Syndrome (SJS), toxic epidermal necrolysis
(TEN), and drug-induced hypersensitivity syndrome (DIHS) that failed to respond to
corticosteroids [3,21]. The NCCN also recommends cyclosporine for severe lichenoid and
psoriasiform ircAEs [3].

However, cyclosporine use is associated with numerous AEs and is generally rec-
ommended for short-term use only. Hypertension, renal dysfunction, neurologic AEs,
infection, hypertrichosis, gingival hyperplasia, fatigue, myalgia, cough, and dyspnea have
all been reported in association with cyclosporine [22]. The risk of these AEs appears to
be dose-dependent. In addition, patients on cyclosporine may be more predisposed to the
development of malignancy. In preclinical models, cyclosporine exposure led to increased
cell proliferation and alterations in cells, leading to increased invasiveness in certain cancer
models, including adenocarcinoma, non-small cell lung cancer, and squamous cell carci-
noma (SCC), but suppression of malignant progression in certain forms of breast cancer
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and oral SCC [23–27]. Real-world risk of malignancy in human models also appears to
be elevated with cyclosporine use: in a 5-year study, investigators found that patients on
cyclosporine for treatment of psoriasis were at increased risk of cutaneous malignancy, par-
ticularly squamous cell carcinoma [28]. However, the degree of cyclosporine exposure may
affect this risk, as one study found that short-term use of cyclosporine did not increase rates
of malignancy [29]. In addition, lymphoproliferative disorders, including EBV-positive
lymphoma, have been associated with cyclosporine use, but these are primarily limited
to small case series or case reports [30]. To date, there is no data in the literature on the
influence of cyclosporine on ICI efficacy.

2.1.3. Azathioprine

Azathioprine is a thiopurine that is FDA-approved for the treatment of rheumatoid
arthritis and as prophylaxis for kidney transplant rejection. When used to treat irAEs,
azathioprine is most often used for autoimmune hepatitis, although it can also be used for
the treatment of ICI-induced arthritis or ircAEs [31]. The NCCN recommends azathioprine
for severe lichenoid ircAEs [3].

AEs to azathioprine treatment occur in between 15–28% of patients and most often
include nausea, fever, fatigue, arthralgias/myalgias, rash, hepatotoxicity, infection, and
bone marrow suppression [32]. As an immunosuppressive, azathioprine may also increase
the risk of malignancy. Although the FDA warns users of the risk of lymphoma and
hepatosplenic T cell lymphoma (HSTCL) in patients with inflammatory bowel disease,
the data on long-term cancer risk with azathioprine treatment is currently mixed [33–35].
However, there does appear to be an increased risk of cutaneous malignancy in particu-
lar, especially squamous cell carcinoma and keratoacanthoma [36]. To date, there is no
literature on the influence of azathioprine on ICI efficacy. However, preclinical models
have shown that exposure to 6-thioguanine, another thiopurine, increased tumor response
to immune checkpoint blockade [37]. It is unclear if this effect is observed in patients,
and a clinical trial (TEMPLE) investigating this relationship is ongoing (Clinicaltrials.gov
identifier NCT05276284).

2.1.4. Methotrexate

Methotrexate (MTX) is a dihydrofolate reductase inhibitor that is FDA-approved for
the treatment of some hematologic malignancies, certain forms of arthritis, and psoriasis.
It has also been used successfully off-label for a variety of irAEs, including bullous pem-
phigoid and psoriasis [38–40]. However, this is typically reserved for severe or recalcitrant
cases [41]. The NCCN recommends MTX for severe lichenoid and psoriasiform ircAEs [3].

The most common AEs include transaminitis, nausea/vomiting, stomatitis, throm-
bocytopenia, rash, diarrhea, alopecia, photosensitivity, pancytopenia, and dizziness [42].
Long-term studies show that AEs occur in 61–95% of patients, although many of these are
not treatment-limiting [22]. Given the risk of liver damage, patients are instructed to avoid
alcohol consumption while on methotrexate. However, the potential for irreversible liver
damage and fibrosis with methotrexate use is controversial [43]. In addition, the FDA warns
about the increased risk for malignancy, particularly cutaneous and lymphoproliferative
neoplasms [42]. The data on this is mixed and may vary based on the indication for which
methotrexate is being used—some studies found no increased risk of malignancy among pa-
tients receiving methotrexate for psoriasis specifically, while others found increased risk of
cutaneous malignancies with methotrexate use across all indications [44–48]. However, for
patients on treatment with ICIs, some data suggests that methotrexate may actually increase
anti-tumor response; in vitro experiments have demonstrated that methotrexate induces
increased maturation of dendritic cells and greater stimulation of T cells [39,49]. In addition,
treatment with methotrexate was associated with a longer time to cancer progression when
compared to patients on treatment with anti-TNFa agents [39,49]. Further investigation
into the synergistic effects of MTX and ICIs is needed, and a clinical trial evaluating the use
of methotrexate in conjunction with ICIs for solid tumors is currently ongoing.
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2.1.5. Mycophenolate Mofetil

Mycophenolate mofetil (MMF) is an inosine monophosphate dehydrogenase inhibitor
that is FDA-approved for the prophylaxis of organ rejection. Due to its immunosuppressive
properties, it has also been used successfully off-label for the treatment of numerous
autoimmune conditions, including pemphigoid diseases, psoriasis, and various other
inflammatory dermatoses. MMF has also been used successfully for ircAEs, including
bullous pemphigoid [40].

Common AEs with MMF include pain, abdominal pain, fever, headache, infection,
anemia, leukopenia, hypertension, edema, diarrhea/nausea, infection, dyspnea, rash, and
insomnia [50]. Long-term, real-world studies have similar safety profiles [51]. As with other
immunosuppressants, MMF also increases the risk of infection. Progressive multifocal
leukoencephalopathy (PML) was also reported in clinical trials, although studies have not
found a significant association between PML and MMF [52]. In addition, the FDA warns
users of increased risk of malignancy, as 0.4–1% of patients developed a lymphoproliferative
disease in clinical trials. However, numerous studies have shown that MMF use does not
increase and may, in fact, lower malignancy risk [53–55]. There is currently no published
data on the influence of MMF on ICI efficacy.

2.1.6. IVIG

Intravenous immunoglobulin is comprised of pooled human antibodies and is FDA-
approved for humoral immunodeficiency, chronic immune thrombocytopenia purpura, and
chronic inflammatory demyelinating polyneuropathy. In addition, due to its immunomod-
ulatory properties and relatively favorable safety profile, it is also used frequently as a
second- or third-line treatment in various dermatologic autoimmune diseases [56]. IVIG
has also been used to treat numerous irAEs and is recommended by the American Society of
Clinical Oncology for the treatment of steroid-refractory severe cutaneous adverse reactions
secondary to ICI treatment (SCARs) [21]. In addition, the NCCN recommends IVIG for
ICI-induced SJS and severe bullous eruptions [3].

Common AEs include headaches, fatigue, nausea, chills, fever, abdominal pain, ane-
mia, epistaxis, and vomiting [57]. In addition, severe AEs, including acute renal failure,
aseptic meningitis syndrome, hemolysis, elevations of blood pressure, and pulmonary
adverse reactions, have all been reported [58].

The risk of cancer progression has not been associated with IVIG use. In contrast,
IVIG has been shown to have antimetastatic effects and may lead to tumor regression.
Mouse models injected with sarcoma or melanoma cells experienced significantly fewer
lung metastases when concomitantly treated with IVIG [59]. In addition, IVIG has shown
anti-angiogenic properties in both mice and humans [60]. Cases of patients experiencing
tumor regression following treatment with IVIG have also been reported in the literature,
but large studies examining its effects on tumor progression or response to antineoplastic
treatment are lacking [61]. To date, there is no data in the literature on the influence of
IVIG on ICI efficacy. However, preclinical models suggest that IVIG may increase T cell
recognition of tumor cells through IgG binding to tumor surface antigens and subsequent
dendritic cell activation [62]. It is also important to note that IVIG may bind to and interfere
with ICI therapies and, therefore, should not be infused simultaneously.

2.1.7. Hydroxychloroquine

Hydroxychloroquine is an immunomodulator and anti-parasitic medication that is
used to treat uncomplicated malaria, rheumatoid arthritis, systemic lupus erythematosus,
and chronic discoid lupus erythematosus. It has also been used successfully in various
dermatologic conditions, including ICI-induced subacute cutaneous lupus [63–65].

Common AEs associated with hydroxychloroquine use include gastrointestinal symp-
toms, headaches, and rashes [66]. There does not appear to be an elevated risk of malig-
nancy with hydroxychloroquine use [67–69]. In fact, numerous preclinical models have
shown that hydroxychloroquine can induce tumor suppression and may help overcome
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chemotherapy resistance [70]. It is unclear if this is clinically significant, as studies have not
found a reduction in absolute cancer occurrence with hydroxychloroquine use [69,71]. One
study, however, did find that the use of this medication may reduce the risk of metastatic
cancer and death [69]. Its effect on the anti-tumor efficacy of ICIs is mixed, with some
in vitro and mouse studies supporting a synergistic relationship and others suggesting a
reduction in anti-PD1 benefit with hydroxychloroquine administration [72–74].

2.1.8. Dapsone

Dapsone is an anti-infective sulfone that is FDA-approved for the treatment of leprosy
and dermatitis herpetiformis. It can also be used off-label for a number of inflammatory
dermatoses and has been used successfully for the treatment of ircAEs, including Sweet
syndrome and immunobullous eruptions [40,75–78]. Common adverse effects include
anorexia, nausea, vomiting, headache, dizziness, tachycardia, anxiety, insomnia, and skin
disorders. In addition, dapsone may cause methemoglobinemia or hemolysis in some
patients and should be used with caution in patients with glucose-6-phosphate dehy-
drogenase deficiency [79]. Very rarely, patients can experience dapsone hypersensitivity
syndrome (DHS), which is characterized by fever, rash, lymphadenopathy, hepatitis, and
leukopenia. This occurs in an estimated 1.4% of patients taking dapsone and tends to
manifest in the first 6 weeks of treatment. Symptoms typically improve once dapsone is
discontinued, but an estimated 9.9% of cases are fatal [80]. There is no data on the effects of
dapsone on ICI efficacy.

2.1.9. Apremilast

Apremilast is a phosphodiesterase-4 inhibitor (PDE4) that is FDA-approved for the
treatment of psoriasis and psoriatic arthritis. This medication has also been used successfully
for the treatment of ICI-induced psoriasis and is recommended by the NCCN [3,38,81,82].
In clinical trials, patients receiving apremilast for psoriasis most often reported diarrhea
(6%), nausea (7%), upper respiratory tract infections (6%), headache (4%), abdominal
pain (2%) and vomiting (2%). Long-term studies have found similar rates of AEs [83].
The FDA warns of serious toxicities, including hypersensitivity reactions and depression.
However, long-term studies have found that these serious AEs occur rarely [84]. In addition,
apremilast appears to be safe for use in patients with prior or current malignancy [85]. In
fact, preclinical models have found that inhibition of PDE4 reduced the progression of lung
and prostate cancers and induced apoptosis of chronic lymphocytic leukemia and colorectal
tumor cells [86]. However, the effect of blockade of PDE4 with apremilast specifically on
cancer progression in the setting of ICI has not been investigated.

2.1.10. Acitretin

Acitretin is a systemic vitamin A derivative (retinoid) that is FDA-approved for the
treatment of psoriasis. It is also used frequently in psoriasis, psoriasiform, or lichenoid
eruptions induced by systemic cancer treatments, including ICIs, and is recommended by
the NCCN for moderate psoriasiform ircAEs and severe lichenoid ircAEs [3,82,87–89].

Common side effects of acitretin often resemble those of hypervitaminosis A syndrome
and most often include flushing, psychiatric disturbances, headache, myopathy, thin-
ning/exfoliation of the skin, capillary leak syndrome, skeletal abnormalities, xeropthalmia,
and vision and hearing loss [90]. Patients may also experience hyperlipidemia or hep-
atotoxicity. However, there does not appear to be a significant risk of liver damage or
uncontrolled hyperlipidemia with long-term use of low-dose acitretin [91,92]. Acitretin is
also contraindicated in women who are pregnant or nursing due to the risk of fetal deformi-
ties. Acitretin has also been shown to reduce the frequency of BCC and SCC development
in high-risk patients [93]. There is no data on the influence of acitretin on ICI efficacy.
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2.2. Biologics
2.2.1. Ustekinumab (Anti-IL12/23)

Ustekinumab, an anti-IL-12/23 monoclonal antibody, is FDA-approved for the treat-
ment of plaque psoriasis and inflammatory bowel disease. It can also be used off-label for
the treatment of ircAEs, especially psoriasiform eruptions. In clinical trials, patients receiv-
ing ustekinumab for psoriasis most often reported nasopharyngitis (8%), upper respiratory
tract infections (5%), and headache (3%) [94]. Overall, the long-term safety of ustekinumab
has been well established, with AEs occurring at a rate comparable to that seen with a
placebo [95]. In addition, ustekinumab has one of the lowest risks of AEs when compared
to other common treatments for psoriasis [96].

The FDA warns users about the increased risk of infection, although the risk appears
to be lower than that of patients on other biologics or comparable treatments [97–99].
Providers are also advised to test for TB prior to initiation of ustekinumab, but appropri-
ate prophylaxis for patients with latent disease significantly reduces the risk of reactiva-
tion [100]. A rare association between posterior reversible encephalopathy syndrome and
ustekinumab use has also been reported, but the literature is limited to case reports [101].

Among patients with cancer, there is a concern for ustekinumab’s influence on anti-
tumor efficacy, as both IL-12 and IL-23 play integral roles in cancer biology. In preclinical
studies, IL-12 demonstrated anti-tumor effects, with data suggesting a potential for its
synergistic use with T cell-based immunotherapies. IL-12 expressing modified CAR-T
cells were effective against B cell lymphoma, ovarian cancer, and hepatocellular carcinoma.
In addition, the combination of IL-12 with anti-PD-L1 boosted T cells increased tumor
regression in mouse models [102,103]. IL-23 appears to have an opposing effect and tends
to be elevated in tumors. In mouse models, blockade of IL-23 had synergistic effects with
immune checkpoint blockade. However, the effects of IL-23 may vary based on cancer
type, as other studies have found that IL-23 levels decreased with tumor progression in
pancreatic cancer patients, and IL-23 was inhibitory toward premalignant oral lesions in
mouse models. Blockade of both IL12 and 23 via inhibition of their shared p40 subunit
led to tumor growth in one study and no tumor development in another, suggesting
that the dominant effects of shared IL-12/23 blockade vary with the characteristics of
the tumor [102,103]. Therefore, it is a plausible concern that blockade of IL12/23 with
ustekinumab may increase the risk of tumor progression in certain cancer types. Long-
term real-world studies have not found an increased risk of malignancy with the use of
ustekinumab, but its influence on anti-tumor efficacy among patients on ICIs specifically
has not yet been investigated [104].

2.2.2. Dupilumab (Anti-IL4/13)

Dupilumab is a monoclonal antibody that blocks IL-4 and IL-13, which are commonly
implicated in allergic diseases. This biologic is FDA-approved for the treatment of asthma,
atopic dermatitis, and nasal polyps. Dupilumab has also been used successfully off-label
for the treatment of ICI-induced eczematous, maculopapular, and lichenoid eruptions,
bullous pemphigoid, and lichen planus pemphigoides [105–108] and is recommended
by the NCCN for severe ICI associated pruritus [3]. In clinical trials, patients most often
reported injection site reactions, conjunctivitis, and oral herpes [109]. Long-term safety
evaluations have found similar types and rates of AEs [110].

Although increased cancer risk with dupilumab use has been raised as a concern,
an analysis found no association between dupilumab use and short-term risk of devel-
oping a malignancy [111]. There have been some cases in the literature of chronic T cell
lymphoma (CTCL) diagnosis following initiation of dupilumab, but it is possible that
these patients were initially misdiagnosed with atopic dermatitis as clinically, this may
present similarly to CTCL [112,113]. In preclinical studies, IL-4 and IL-13 have been shown
to activate tumor-associated macrophages and myeloid-derived suppressor cells, which
have pro-tumor effects. In addition, IL-4/13 are up-regulated in a variety of tumors, thus
serving as a potential therapeutic target. When IL-4 and IL-13 inhibiting therapies were
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administered in human xenografts and mouse models, tumor growth decreased, and death
of malignant cells was observed [114]. Therefore, it is possible that blockade with IL-4 and
IL-13 with dupilumab may reduce tumor progression and growth, but further investigation
is needed. Dupilumab has also been shown to reduce eosinophil levels. This has potentially
relevant oncologic implications, as eosinophils play an integral role in immunotherapy
and can enhance response to ICI treatment [115–117]. While 43.6% of patients treated with
dupilumab for ircAE experienced subsequent progression of their tumor, there is no clear
association as the majority of these patients had preceding ongoing disease progression,
metastatic disease at baseline, or had received systemic steroids. In addition, the NCCN
recommends the use of dupilumab for the management of ircAEs. Further prospective
investigations on the influence of dupilumab on ICI efficacy are needed [115].

2.2.3. Omalizumab (Anti-IgE)

Omalizumab is an anti-IgE humanized monoclonal antibody that is FDA-approved
for asthma and chronic idiopathic urticaria refractory to antihistamine treatment. In clinical
trials, patients receiving omalizumab most often experienced headaches, nasopharyngitis,
sinusitis, upper respiratory tract infection, and arthralgias [118]. A meta-analysis of real-
world use of omalizumab found that the average AE rate is 4.0%, and long-term safety
evaluations have found that AEs occur at rates similar to that seen with placebo [119,120].

This therapy has also shown success in the treatment of moderate–severe cases of
ICI-induced pruritus, eczema, urticaria, and bullous pemphigoid. In a cohort of 34 patients
who were receiving omalizumab for ircAEs, no AEs were reported [121]. This study also
found that concurrent oral use decreased from 50% to 9% of patients, which reduces the risk
of steroid-associated complications [122]. In addition, the NCCN recommends omalizumab
for the treatment of severe ICI-induced pruritus [3]. Concerns of increased malignancy
risk with omalizumab have been raised, especially given the role that IgE plays in cancer
surveillance [123]. In fact, some investigators have found that low IgE levels may predict a
higher risk for cancer development [124,125]. Therefore, blockade of IgE with omalizumab
may theoretically increase the risk of primary malignancy development or progression of
existing tumors. However, a pooled analysis of patients on omalizumab in clinical trials
showed no increased risk of malignancy [126]. The effect of omalizumab on ICI efficacy in
patients on active treatment has not been evaluated, but the Society for Immunotherapy of
Cancer (SITC) and NCCN currently recommends the use of omalizumab for the treatment
of ircAEs [3,21,127,128].

2.2.4. Benralizumab (Anti-IL5)

Benralizumab targets the IL-5 receptor and is FDA-approved as an add-on treat-
ment for the maintenance of severe asthma with an eosinophilic phenotype. It has also
been used successfully for the treatment of drug rash with eosinophilia and systemic
symptoms (DRESS), atopic dermatitis, and AEs associated with the breast cancer therapy
alpelisib [129–131]. Although there is little published data on this indication, benralizumab
may also be useful for the treatment of ircAEs, as eosinophils are frequently elevated and
may be implicated in the pathologic process [105].

In clinical trials, the most common adverse reactions reported by patients were
headache (8%), pyrexia (3%), pharyngitis (5%), and hypersensitivity reactions includ-
ing urticaria and rash (3%). The risk of these AEs did not appear to increase with longer
time or greater exposure to benralizumab [132].

As with all immunomodulatory drugs, the effect on cancer risk must also be consid-
ered, especially among patients on treatment with ICIs. Incidence for malignancy among
patients exposed to benralizumab was low in both short and long-term follow-up studies,
and real-world risk did not appear to be elevated [133,134]. In preclinical models, IL-5
promoted mobilization of lung cancer cells, thus suggesting a potential antineoplastic
benefit of IL-5 blockade. However, treatment with benralizumab also reduces eosinophils,
which play an integral role in tumor surveillance [116]. The significance of these findings
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for patients is unclear, and further investigation is needed. The impact of benralizumab on
ICI efficacy, in particular, has also not been studied.

2.2.5. Tocilizumab (Anti-IL6)

Tocilizumab is an anti-IL-6 antibody that is FDA-approved for the treatment of various
forms of arthritis, systemic sclerosis-associated interstitial lung disease, and cytokine
release syndrome. It has also been used successfully for a wide array of immune-related
AEs (irAEs), including ircAEs such as morphea and DRESS [135,136]. Tocilizumab may
also have utility in the treatment of ircAEs of other morphologies, as IL-6 is frequently
elevated in these patients [105].

In clinical trials, patients most often reported upper respiratory tract infection (7%),
nasopharyngitis (7%), headache (7%), hypertension (6%), dizziness (3%), and bronchitis
(3%) [137]. Psoriasiform, maculopapular, and urticarial rashes have also been reported with
tocilizumab use [138,139]. The long-term adverse effect profile for tocilizumab is similar,
and safety is well established [140,141].

IL-6 signaling also plays an integral role in cancer growth and development and may
promote resistance to both checkpoint inhibitors and cytotoxic chemotherapy [142,143].
One preclinical study found that mouse models treated with concurrent anti-IL-6 antibodies
experienced enhanced efficacy of anti-PD-L1 therapies [144]. In addition, treatment with
IL-6 blockade reduced the occurrence of ICI-induced toxicities, suggesting that irAEs
can be managed with this therapy without undermining the anti-tumor response [145].
The current literature suggests that the use of tocilizumab does not increase the risk of
malignancy and is a promising adjunct to existing antineoplastics [146,147].

2.2.6. Anti-TNFa Agents

Anti-TNFa agents, including monoclonal antibodies infliximab, adalimumab, and
golimumab and receptor fusion protein etanercept, are FDA-approved for a variety of
inflammatory disorders, including ankylosing spondylitis, psoriasis, hidradenitis suppura-
tiva, inflammatory bowel disease, and various forms of arthritis. These therapies can also
be used off-label for a variety of indications and have shown success for the treatment of
maculopapular, psoriasiform, and lichenoid ircAEs as well as hidradenitis suppurative and
pyoderma gangrenosum, which can occur with ICI treatment [1,41,77,148,149]. The NCCN
also recommends the use of etanercept and other biosimilar agents for the treatment of
SJS [3].

While effective for a wide variety of indications, anti-TNFa agents are associated
with numerous adverse effects. Most commonly, patients report headaches, injection
site or infusion reactions, rash, upper respiratory tract infections, sinusitis, nausea, and
diarrhea [150]. Severe side effects, including infection, demyelinating disease, and cancer
development, have also been reported in association with anti-TNFa use. Hepatotoxicity,
heart failure, cytopenias, hypersensitivity, and lupus-like syndromes may also occur.

The risk for cancer development, especially lymphomas and cutaneous neoplasms,
may also increase with anti-TNFa treatment, but this concern is controversial [151]. One
study found a small but statistically significant increase in lymphoma risk with anti-TNFa
monotherapy use, but other investigators have found no increase in any malignancy
risk [152–156]. Due to these concerns, patients with cancer have historically been dis-
couraged from treatment with these agents. The paradigm may be shifting as more data
emerges. However, the current literature remains mixed. One study found that patients
with high-grade irAEs treated with TNFa inhibitors had decreased survival compared to
those treated with corticosteroids [157]. Other studies found no decrease in survival, with
preclinical models also demonstrating an improvement in anti-tumor ICI efficacy with
concurrent use of anti-TNFa agents [158–161]. In general, experts believe that short courses
of anti-TNFa inhibitors among patients on ICI for cancer treatment are safe and effectively
reduce the occurrence of irAEs [162].
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2.2.7. Rituximab

Rituximab is an anti-CD20 agent that is FDA-approved for Hodgkin’s Lymphoma,
chronic lymphocytic leukemia, rheumatoid arthritis, some forms of vasculitis, and pemphi-
gus vulgaris. Off-label, rituximab has been used successfully for a wide variety of irAEs,
particularly bullous pemphigoid [163].

In clinical trials, patients receiving rituximab most often reported infusion-related
reactions, infection, depression, herpes simplex, alopecia, fatigue, abdominal pain, con-
junctivitis, dizziness, and headache [164]. However, these were often manageable and
did not require discontinuation of treatment. Among patients receiving rituximab for
bullous pemphigoid, adverse events occurred in 24% and included infections, anemia,
neutropenia, syndrome of inappropriate antidiuretic hormone secretion (SIADH), pruritus,
and tachycardia [165]. Relative to azathioprine and mycophenolate mofetil, rituximab as a
treatment for pemphigus was associated with a greater risk of COVID-19, parasitic, and
CMV infections within the first 12 months of treatment and pneumonia, osteomyelitis,
and viral diseases extending beyond the first year of therapy [166]. Lending to its clinical
utility, rituximab demonstrates a steroid-sparing effect and appears to be associated with
fewer adverse events than treatment with conventional prednisone dosed for pemphigoid
diseases [162,167].

Real-world use of rituximab across various indications was not associated with an
increased risk of cancer [168,169]. B cells appear to play an integral role in the anti-tumor
actions of immunotherapies, but it is unclear if their depletion has any implications, as one
study found that B cell depletion or absence did not impact anti-tumor efficacy of PD-1
inhibitors [170,171]. The clinical significance of these findings is also unclear as the effect of
B cell depletion on ICI efficacy in human patients has not been thoroughly investigated.
Currently, ASCO and NCCN recommend the use of rituximab for the treatment of moderate
to severe ICI-induced bullous pemphigoid [3].

2.2.8. Anti-IL17 Agents

Monoclonal antibodies secukinumab, ixekizumab, and brodalumab are FDA-approved
for the treatment of plaque psoriasis, psoriatic arthritis, ankylosing spondylitis, and non-
radiographic axial spondylarthritis. Off-label, these agents can also be used for ircAEs, as
IL-17 is often elevated among these patients and may play a pathogenic role. Successful
treatment of ICI-associated psoriasiform eruptions with secukinumab and ixekizumab has
been reported in the literature [172–174].

In clinical trials, patients most often reported nasopharyngitis, arthralgia, diarrhea,
upper respiratory tract infection, rhinitis, urticaria, rhinorrhea, pharyngitis, and injection
site reactions. Long-term follow-up of patients receiving these agents for various indications
showed a similar adverse event profile and was generally favorable [175]. While the FDA
warns of serious adverse events, including infection, tuberculosis, and Crohn’s disease,
long-term analyses found that the incidence of these events is very low [176–178].

The risk of primary malignancy development or progression of existing cancer is
also a concern among patients receiving anti-IL17 agents. The relationship between IL-17
and tumor progression is controversial and may vary based on cancer type or tumor
stage [179–181]. Some preclinical models have suggested that blockade of IL17 enhances
tumor response to anti-PD1 immunotherapy in colorectal cancers [182]. In addition, high
IL-17 levels have been associated with poor response to therapy among patients with these
tumors [183]. The clinical significance of these findings is unclear, but anti-IL17 agent use
does not appear to be correlated with a higher risk of malignancy [175,184,185]. The impact
of IL17 blockade on ICI anti-tumor efficacy in patients is similarly unclear, as discussion in
the literature is currently limited to case reports. Among them, one patient experienced
tumor progression following secukinumab treatment, while others were treated successfully
without cancer progression [173,186,187].
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2.2.9. Anti-IL23 Agents

Anti-IL23 agents risankizumab, guselkumab, and tildrakizumab are FDA-approved
for the treatment of psoriasis. Off-label, these medications have been used successfully
for ICI-induced psoriasis or psoriasiform eruptions and psoriatic arthritis [188–190]. In
clinical trials, patients most often experienced upper respiratory tract infections, headache,
fatigue, injection site reactions, arthralgia, diarrhea, and tinea infections. In a 2-year follow-
up study, 28.6% of patients on risankizumab for psoriasis experienced an adverse event,
most commonly pharyngitis (11.9%) and headache (7.7%). No patients experienced any
serious AEs, and none required treatment interruption as a result of AEs [191]. Guselkumab
demonstrated similarly promising safety results—in a 5-year-old follow-up study, patients
experienced AEs at rates lower than or comparable to that seen in the placebo group [192].
While the FDA warns users about the increased risk of hypersensitivity reactions, infections,
and tuberculosis with the use of anti-IL23 agents, long-term follow-up studies have found
that very few to no patients experienced opportunistic infections or active tuberculosis
infections [192,193].

As discussed previously, IL-23 may have tumor-promoting effects. In preclinical mod-
els, blockade of the IL23 receptor with antibodies enhanced response to immunotherapy
through destabilization of regulatory T cells [194]. In fact, blockade of IL-23 without con-
comitant antineoplastics may already yield therapeutic benefit—the sole administration of
a neutralizing monoclonal antibody against IL-23 suppressed lung metastases in a mouse
model of melanoma [195]. The clinical significance of these findings is unclear, as the
influence of anti-IL23 on the anti-tumor efficacy of ICI treatment in patients has not been
thoroughly investigated. However, in long-term safety trials, the use of anti-IL23 agents
was not associated with increased rates of malignancy compared to those in general or
psoriasis populations (Tables 1 and 2) [193,196,197].

Table 1. The safety profile of common ircAE treatments.

Class Medication ircAE Phenotype Indications
per NCCN Guidelines Common AEs

Steroids Glucocorticoids Maculopapular, pruritus,
bullous dermatitis, lichenoid

Hypertension, hyperglycemia,
osteoporosis, peptic ulcers,

cataracts, glaucoma, infections

Immunosuppressives Cyclosporine Bullous dermatitis,
lichenoid, psoriasiform

Hypertension, renal dysfunction,
infection, hypertrichosis, gingival

hyperplasia, fatigue, myalgia,
cough, dyspnea

Azathioprine Lichenoid
Nausea, fever, fatigue,

arthralgias/myalgias, rash,
hepatotoxicity, infection

Methotrexate Lichenoid, psoriasiform

Transaminitis, nausea/vomiting,
stomatitis, thrombocytopenia,

rash, diarrhea, alopecia,
photosensitivity,

pancytopenia, dizziness

Immunomodulators IVIG Bullous dermatitis
Headaches, fatigue, nausea, chills,

fever, abdominal pain,
epistaxis, vomiting

Apremilast Psoriasiform

Diarrhea, nausea, upper
respiratory tract infections,

headache, abdominal
pain, vomiting
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Table 1. Cont.

Class Medication ircAE Phenotype Indications
per NCCN Guidelines Common AEs

Acitretin Lichenoid, psoriasiform

Flushing, headache, myopathy,
thinning of the skin, capillary leak
syndrome, skeletal abnormalities,
xeropthalmia, vision/hearing loss

Biologics Dupilumab Pruritus Injection site reactions,
conjunctivitis, oral herpes

Omalizumab Pruritus Headache, upper respiratory tract
infection, arthralgias

Anti-TNFa (infliximab, adalimumab,
golimumab, etanercept) Bullous dermatitis

Headache, injection site reactions,
rash, upper respiratory tract
infections, nausea, diarrhea

Rituximab Bullous dermatitis

Infusion reactions, infection,
alopecia, fatigue, abdominal pain,

conjunctivitis,
dizziness, headache

Table 2. Risk of malignancy progression while on ICI therapy associated with ircAE treatments.

Class Medication
Risk of Progression of

Existing Malignancy While
on ICI

Level of Evidence

Glucocorticoids Glucocorticoids Increased IV [15,198]

Immunosuppressives

Cyclosporine NA NA

Azathioprine NA NA

Methotrexate Decreased V [37,47]

Mycophenolate Mofetil NA NA

Hydroxychloroquine Mixed V [70–72]

Immunomodulators

Dapsone NA NA

IVIG NA NA

Apremilast NA NA

Acitretin NA NA

Biologics

Ustekinumab Mixed V [100,101]

Dupilumab Mixed V [2,112–115]

Omalizumab Decreased V [2]

Benralizumab Mixed V [114]

Tocilizumab Decreased V [142,143]

Anti-TNFa (infliximab, adalimumab,
golimumab, etanercept) Mixed IV [152–156]

Rituximab Mixed V [168,169]

Anti-IL17 (secukinumab,
ixekizumab, brodalumab) Mixed IV [171,184,185]

Anti-IL23 (risankizumab,
guselkumab, tildrakizumab) Decreased V [192,193]
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2.3. Limitations

While all the included medications have been extensively studied, their published
use in patients with active cancer is limited. Further investigation is needed to assess the
existence of AEs unique to the cancer population. Moreover, data on the influence of these
therapies on cancer progression and ICI efficacy is either lacking or limited to low-quality
studies, and prospective investigation is needed. Many biologic therapies included were
also only recently approved, and therefore, long-term safety data is limited.

3. Conclusions

Immune-related cutaneous adverse events are a frequent and bothersome complication
of ICI therapy. Effective management strategies are needed to improve patient quality of
life and reduce ICI treatment interruptions. Several systemic therapies have been used
successfully for ircAEs, but the safety of these medications remains a concern. The use
of these immunomodulatory treatments requires discretion among patients with active
or recent cancer, as the risk of reducing anti-tumor effects must be considered. To date,
these ircAE therapies have not been shown with certainty to increase the risk of cancer
progression, relapse, or primary cancer development. However, data is very limited, and
further prospective investigation is needed to elucidate the safety profile of these therapies
in this unique patient population.

4. Materials and Methods

An extensive search of the literature was conducted up until 1 July 2023 via PubMed,
ScienceDirect, and Google Scholar for articles and textbooks related to the efficacy and safety
of the following medications: glucocorticoids, cyclosporine, azathioprine, methotrexate,
mycophenolate mofetil, hydroxychloroquine, dapsone, IVIG, apremilast, acitretin, ustek-
inumab, dupilumab, omalizumab, benralizumab, tocilizumab, infliximab, adalimumab,
golimumab, etanercept, rituximab, secukinumab, ixekizumab, brodalumab, risankizumab,
guselkumab, and tildrakizumab. These medications were included at the discretion of an
experienced oncodermatologist, given their immunomodulatory mechanism of action and
their use for the treatment of ircAEs. Search keywords included the drug name alone, the
drug name + “safety”, and the drug name + “immune checkpoint”. Food and Drug Ad-
ministration (FDA) labels of all included medications were reviewed and cited. Irrelevant
articles were excluded by review of the article title and/or abstract. Additional literature
cited in retrieved articles was also reviewed where relevant. All articles retrieved detailing
the use of these medications for immune-related cutaneous adverse events were included.
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