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Abstract

Immune checkpoint inhibitors (ICIs), used to treat many advanced cancers, activate the immune 

system to elicit an antitumor response. ICIs can also cause immune-related adverse events (irAEs) 

when nontumor tissues are affected by excess inflammation and autoimmunity. Rheumatic irAEs 

include inflammatory arthritis, myositis, sicca syndrome, polymyalgia rheumatica, and several 

other rare phenotypes. Treating rheumatic irAEs requires balancing the desire to decrease off-

target inflammation while not negatively impacting the antitumor immune response. In this review, 

treatment recommendations for rheumatic irAEs have been discussed. Pathogenesis of rheumatic 

irAEs has been briefly reviewed. Knowledge about the effects of corticosteroids and steroid-

sparing agents on tumor responses has been detailed to give context for treatment decisions. 

Recommendations ultimately depend not only on the clinical presentation and severity of the irAE 

but also on the goals of cancer treatment. Finally, how to safely use ICI therapy in patients with 

preexisting autoimmune diseases is considered.
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Introduction

Immune checkpoint inhibitors (ICIs) have changed the landscape of cancer therapy and are 

the standard of care for many different advanced malignancies given their survival benefits 

[1]. ICIs are monoclonal antibodies that antagonize negative regulatory proteins, such as 

cytotoxic T-lymphocyte-associated protein-4 (CTLA-4) and programmed cell death protein 

1 (PD-1) or its ligand PD-L1, leading to antitumor immunity. This block on natural immune 
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checkpoints can lead to the development of a novel autoimmune disease or uncovering of 

an existing, subclinical autoimmune disease. The immune-mediated side effects of ICIs are 

called immune-related adverse events (irAEs). IrAEs have often challenged the ability to 

safely continue ICI therapy despite its clinical benefits.

IrAEs can vary in their presentation; they can involve multiple organs and are heterogeneous 

in timing, duration, and severity. In general, irAEs are more common with combination ICI 

therapy than ICI monotherapy. Graded by the Common Terminology Criteria for Adverse 

Events (CTCAE) severity scale, high-grade irAE (CTCAE grades 3–5) occur in more than 

half of the patients receiving combination ICI, a quarter of those on anti-CTLA-4 alone, and 

10–20% on anti-PD(L)1 monotherapy [2,3] Cutaneous irAEs are the most common but are 

often low grade and manageable with topical therapies [4]. Checkpoint inhibitor-associated 

colitis (ICI-colitis) is the most common of high-grade toxicities, and ICI-myocarditis carries 

the highest case-mortality rate (up to 50%) [5].

Rheumatic irAEs include immune checkpoint inhibitor-induced inflammatory arthritis, 

polymyalgia rheumatica (PMR), myositis, sicca, and vasculitis. Noninflammatory 

musculoskeletal irAEs include arthralgia, myalgia, tendinopathy, or activated osteoarthritis; 

these noninflammatory syndromes will not be the focus of this review [6]. With an incidence 

of up to about 7%, ICI-inflammatory arthritis is the most common rheumatic irAE and, 

in particular, has been shown to persist beyond ICI cessation (Cappelli, 2017 27998041 

[7–9]. ICI-myositis carries the highest mortality of all the rheumatic irAEs and can be 

associated with myocarditis or myasthenia gravis, or both; multisystem involvement has a 

higher mortality than ICI-myositis alone [10,11]. Acute-onset sicca syndrome has also been 

described in the literature, with incidence ranging up to 24% [7,12,13]. Sarcoidosis and 

sarcoid-like presentation, as well as less common cases of systemic sclerosis, eosinophilic 

fasciitis, and vasculitis, have also been reported [7,14]. Interestingly, cases of lupus are 

incredibly rare, with reports of systemic lupus erythematosus, cutaneous lupus, lupus-like 

syndrome, lupus nephritis, or central nervous system lupus comprising <1% of all rheumatic 

adverse events (AEs) [15].

Possible mechanisms for iraes

Given the heterogeneity in onset, response to therapy, and likelihood to become chronic 

among different types of irAEs, there are likely multiple pathways relevant to pathogenesis. 

Several possible mechanisms have been suggested by data from patients with irAEs. 

Cytokine-mediated inflammatory damage is likely relevant for several irAEs given the 

response to interleukin (IL)-6R and tumor necrosis factor-alpha (TNF-alpha) blockade. In 

colitis, higher levels of serum IL-17 before ICI treatment and after 6 weeks of therapy 

predicted the development of severe diseases [16]. A shift or expansion in particular subsets 

of T cells may also be responsible for irAE development. In inflammatory arthritis as an 

irAE, for example, Th-1 CD8+ T cells were expanded in both blood and synovial fluid (ref: 

distinct molecular and immune hallmarks). Shared antigen recognition by T cells, that is, 

recognition of tumor and nontumor tissue antigens, has been demonstrated in myocarditis 

and vitiligo [17–19].
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There is some evidence that predisposition to developing irAEs overlaps with that of 

traditional autoimmune disease. Particular HLA haplotypes known to be associated with 

the risk for traditional autoimmune disease have also been associated with the development 

of irAEs in both insulin-dependent diabetes and inflammatory arthritis (PD1 type 1 diabetes 

mellitus; HLA-DRB1 shared epitope alleles). Although many patients are seronegative for 

traditional autoantibodies, a subset of patients may have a preclinical disease that is activated 

by ICI therapy as evidenced by serial autoantibody evaluation. Studies have shown the 

development of inflammatory arthritis in those with anti-CCP before ICI treatment and of 

myasthenia gravis in those with preexisting acetylcholine receptor antibodies [20,21].

Finally, alterations in the microbiome may lead to the development of irAEs. In colitis, 

having more Firmicutes bacteria in the intestinal microbiota was associated with developing 

colitis while an increase in Bacteroides species was not [22].

General irae management principles

Because of the lack of large, prospective randomized controlled trials to guide the 

management of rheumatic irAEs, immunosuppressive treatment and dosing are generally 

based on irAE severity, extent of organ involvement, and expert opinion. Multiple oncology 

organizations have put forth expert consensus-based treatment guidelines for all-type irAEs 

[23–28]. As mentioned earlier, checkpoint inhibitor toxicity severity has generally been 

graded by the CTCAE, a rubric that is commonly used by oncologists in clinical trials 

to standardize the quantification of drug toxicity such as ICI AEs, including rheumatic 

irAEs [2]. Although the CTCAE scale often fails to accurately reflect the severity of 

musculoskeletal or systemic manifestations in rheumatic diseases and efforts are underway 

to improve this for rheumatic irAEs, it has been used to grade rheumatic irAEs in previous 

studies [29].

Steroids are overall first-line treatment for most irAEs of grade 2 or higher severity. 

For steroid-refractory or steroid-dependent irAEs, steroid-sparing agent(s) need to be 

considered to improve symptomatic control and minimize potential toxicities from 

prolonged corticosteroid use. Beyond steroids, current guidelines primarily recommend 

expert-driven treatment plans for choice and duration of steroid-sparing agents [23–26]. 

Duration of treatment is mostly based on irAE response, patient tolerability, as well as 

cancer status.

One overarching principle to note is that rheumatic irAE incidence has been correlated to 

better cancer outcomes in multiple studies [30,31]. Therefore, many patients at the time of 

rheumatic irAE development will have a good tumor response, with the goal of sustaining 

this cancer outcome through irAE management. It is then vital to identify irAE treatment 

modalities that do not risk abrogation of antitumor immunity.

Steroids

Because of their quick and effective anti-inflammatory properties, steroids are the mainstay 

of acute therapy for irAEs. Apart from ICI-inflammatory arthritis where nonsteroidal 

anti-inflammatory drugs (NSAIDs) and/or articular corticosteroid injections (CSIs) may 

Reid and Cappelli Page 3

Best Pract Res Clin Rheumatol. Author manuscript; available in PMC 2023 December 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



be considered as first-line treatment for low-grade presentation, first-line treatment for 

most rheumatic irAEs relies on systemic corticosteroids. Among the corticosteroids, 

glucocorticoids such as prednisone and methylprednisolone are used for most irAEs with 

mineralocorticoids used for endocrinopathies, resulting in adrenal insufficiency [23–27]. 

Steroid dosing is based on the severity of the disease, and duration is based on the disease 

response to the initial steroid course. While a case of ICI-PMR calls for doses of oral 

prednisone up to 15–20 mg per day, a case of ICI-myositis with cardiac involvement may 

require starting with high doses of prednisone up to 2 mg per kilogram or even a pulse 

of intravenous (IV) solumedrol [24]. Detailed recommended dosing of steroids for various 

rheumatic irAEs is delineated when discussing specific rheumatic irAEs in later sections.

Systemic corticosteroids, however, are not without risk. In a retrospective observational 

study, authors found that the infection rate for patients treated with ICI was 18%, although 

none of the patients were described to have severe or opportunistic infections [32]. While 

this study did not see an association with systemic steroid or immunosuppressant use, 

another retrospective review assessing patients treated with ICIs found steroids to be the 

only risk factor associated with serious infections (75% for patients who used steroids 

compared with about 30% for patients who did not use steroids, p = 0.0003) [33]. Similar 

to this finding, serious infections in a cohort of patients treated with ICIs occurred in 

about 7.3% of patients, and patients treated with systemic steroids had a 7.71 greater odds 

[95% confidence interval (CI) 3.71–16.18] of infection than those patients treated without 

systemic steroid therapy [34].

In addition to concern for known harms, such as infections, as well as adverse metabolic 

changes, including steroid-induced diabetes and osteopenia, there may also be concern 

regarding the potential abrogation of antitumor immunity. The risk of impacting tumor 

response with corticosteroids has been evaluated by various retrospective studies. Hence, 

while we have information on the potential effects of systemic steroids on tumor outcomes 

from a retrospective study, we do not yet have results from prospective trials to reliably 

address this concern. A 2015 study did not find a negative impact on survival with the use 

of steroids [35]. However, a 2018 study in patients with melanoma found that high doses 

of steroids used in the treatment of ICI-hypophysitis were associated with reduced survival 

[36]. Another retrospective assessment found a more deleterious impact of steroids on tumor 

outcomes with earlier (<2 months) and longer duration (>2 months) of corticosteroids [37]. 

A 2020 meta-analysis showed that, while there was an overall association with the use of 

steroids and worse cancer outcomes, this correlation was only true for patients who used 

steroids for metastatic disease or supportive care (HR 1.51, 95% CI 1.22–1.87, p-value 

<0.01 and 2.5, 95% CI 1.41–4.43, p-value <0.01, respectively) [38]. This correlation was 

not statistically significant for patients who used steroids for irAE treatment (1.08, 95% CI 

0.79–1.49, p = 0.62) [38].

Steroid-sparing agents

A steroid-sparing agent or disease-modifying antirheumatic drug (DMARD) is overall 

considered when a patient has an irAE that is not fully responding to systemic steroids, 

worsens upon steroid taper, or recurs after steroid taper. The choice of DMARD 
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is dependent on organ involvement, severity and grading of AE, comorbidities, and 

potentially whether or not a patient is on a clinical trial (most clinical trials often limit 

immunosuppression that can be used and still permit the patient to continue on trial). The 

DMARD is often chosen based on steroid-sparing treatment that has been found to be 

effective for the primary autoimmune disease that best resembles the irAE phenotype.

While it is critical to consider DMARD(s) that would be the most efficacious for treating 

the irAE, it is important to note the toxicity of the DMARD(s) as well, including 

the potential impact of DMARDs on cancer and antitumor immunity. Table 1 briefly 

summarizes the potential impacts of different DMARDs. A retrospective study examined 

51 patients who had received ICI treatment and one or more steroid-sparing agents, 

73% TNF-alpha inhibitor, and 20% mycophenolate mofetil [39]. The authors found 

that of those patients who died (13 of 51), 4 deaths were related to toxicity from 

immunesuppression [39]. Another retrospective study evaluating the risks and benefits of 

additional immunomodulators for steroid-refractory and steroid-resistant ICI-pneumonitis 

found that 3 patients (12% of deaths) died because of infections potentially associated 

with immunosuppression [40]. To date, because of the lack of any prospective randomized 

controlled trials to guide our choice of steroid-sparing agents, we rely on case reports, case 

series, retrospective studies, and mechanistically reasoned expert opinion.

Because research has shown that patients who develop irAE or even rheumatic and 

musculoskeletal irAEs tend to have a better tumor response and/or overall survival (OS), 

the active immune pathway may be similar to that of the primary malignancy, as well as 

the irAEs [31,41,42]. More prospective translational studies are needed to clarify the true 

mechanism of rheumatic irAEs so that we can better identify targeted steroid-sparing agents 

and minimize potential abrogation of antitumor immunity.

Two main biologics that have been successful for irAE treatment are TNF-inhibitors and 

IL6R inhibitors [24]. For this reason, it is important to consider the data regarding these 

biological pathways and their relationship to cancer outcomes.

Tumor necrosis factor inhibition

Multiple retrospective cohort studies, systematic reviews, and meta-analyses have evaluated 

this risk for the development of cancer with the use of TNFi in different autoimmune disease 

groups and found that, while there is a concern for nonmelanoma skin cancers (NMSCs), 

this increase in cancer risk does not apply to risk of melanoma or that of solid tumor cancers 

[43–47]. In the past, there have been conflicting data on lymphoma risk and TNF-inhibition, 

but recent studies in rheumatoid arthritis (RA) have shown no increased risk over the 

background risk of lymphoma in RA.

A 2006 meta-analysis that assessed the risk of cancer for patients treated with infliximab 

or adalimumab or etanercept in randomized controlled trials found a higher incidence of 

lymphoma and NMSC in patients treated with TNFi versus those who were not [44]. In 

2013, a retrospective study that included patients with various autoimmune conditions from 

multiple health insurance plans aimed to identify the risk of the most common cancers in the 

US in the group of patients treated with TNFi compared with patients treated with alternate 
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therapy options with conventional DMARDs (patients with other biological DMARD uses 

were excluded). These authors found no significant increase in the risk of these common 

solid tumors for patients treated with TNFi [48]. This lack of association with TNFi and 

that of solid tumors has been seen consistently in other studies as well (REFs). There is 

concern, however, for the potential risk of NMSC as seen in a retrospective study that found 

this increased risk of NMSC in patients who had an addition of TNFi to methotrexate versus 

methotrexate alone for patients with RA or IBD [49], as well as a 2018 publication that 

systematically reviewed this risk for patients with psoriasis [50] and a meta-analysis that 

analyzed this risk for patients with RA [51]. Regarding the risk of melanoma, a 2013 cohort 

study identified a 50% increased risk of invasive melanoma for patients with RA treated with 

TNFi than those patients with RA treated without TNFi [52]. However, other cohort studies 

and meta-analyses have yielded contradictory results and no increased risk of melanoma for 

patients treated with TNFi compared with non-TNFi-treated patients [53–55].

While there is concern for NMSC with long-term TNF inhibition, we must acknowledge 

that the use of TNFis for irAE treatments cannot be equated to that of their use for primary 

autoimmune disease for reasons including difference in duration and cumulative dose of 

TNFi, as well as timing of TNFi administration regarding cancer diagnosis. While the use 

of TNFi for preexisting autoimmune diseases (pAIDs) can be decades long, the duration for 

TNFi in one study for ICI-arthritis was demonstrated to range from 3 to 16 months [56].

The use of TNFi and primarily infliximab is most studied in cases of ICI-colitis as this was 

one of the earliest and most prevalent high-grade toxicities recognized in patients treated 

with ICI therapy for metastatic melanoma [57]. A 2018 retrospective study for ICI-colitis 

showed that not only did immunosuppression for ICI-diarrhea or ICI-colitis not impact OS 

but the choice of treatment (corticosteroids alone versus corticosteroids with infliximab) 

also did not significantly impact OS [58]. A multicenter observational study found that 

TNFi used for high-grade ICI-colitis showed a progression-free survival (PFS) that was 

comparable to previously reported PFS in patients without TNFi treatment [59]. In contrast 

to these studies, a 2020 retrospective study that assessed data from the Dutch Melanoma 

Treatment Registry showed decreased median OS in patients treated with TNFi in addition 

to systemic steroid therapy versus steroid monotherapy; however, these authors did not 

seem to take into account immortal time bias that could have significantly impacted their 

comparison [60].

An observational study assessing the characteristics of ICI-arthritis reported that 7 of 30 

patients with ICI-arthritis required TNFi treatment [56]. Of the TNFi-treated patients with 

ICI-arthritis, 4 had complete tumor response at the start of TNFi and continued to be in 

remission despite TNFi administration [56]. A multi-institutional, retrospective comparator 

study found that patients treated with TNFi ± methotrexate for ICI-arthritis had a shorter 

time to cancer progression than those patients treated with methotrexate alone [61]. In 

addition to these retrospective studies, a prospective phase 1b clinical trial (TICIMEL 

NCT03293784) studied the use of TNFi (certolizumab or infliximab) and also combination 

ICI therapy for advanced melanoma [62]. These authors found that all evaluable patients 

who received certolizumab demonstrated a high objective response rate (ORR), and half 
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of the infliximab-treated patients demonstrated tumor response. The authors of this trial 

concluded that it was safe to administer TNFi for ICI-treated patients [62].

Interleukin 6 axis inhibition

IL-6 is a pleiotropic cytokine with proinflammatory function in many diseases such as 

rheumatic disease but also including cancer [63]. High-serum IL6 has been implicated 

in the pathogenesis of melanoma [64], ovarian cancer [65], and colorectal cancer [66]. 

Furthermore, prospective proteomic assays were done on patients who received checkpoint 

inhibitor therapy, and the authors found that higher levels of IL6 and C-reactive protein were 

associated with shorter OS [67].

Given the role of IL-6 in tumor pathogenesis, as well as its known role in autoimmune 

diseases, the question is whether blocking the IL6 pathway could enhance ICI antitumor 

immunity as well as abrogate potential autoimmunity from irAEs. A translational study led 

by providers at the MD Anderson Cancer Center demonstrated that IL-6R inhibition does 

decouple ICI antitumor immunity from ICI autoimmune toxicity [68]. In mouse models, 

these authors demonstrated that IL-6 blockade was associated with better tumor outcomes, 

and a combination of IL6-blockade with checkpoint inhibitor therapy showed better tumor 

control and better control of autoimmune encephalomyelitis than that with checkpoint 

inhibitor therapy alone [68]. The same authors conducted a retrospective study on patients 

with melanoma who received checkpoint inhibitor therapy and found that blocking the 

IL-6 pathway decreased irAEs without mitigating tumor response [68]. In 2021, Weber 

and colleagues evaluated the effectiveness and safety of combination checkpoint inhibitor 

therapy with that of tocilizumab, and in their preliminary findings, they showed an overall 

response rate and high-grade irAE rate that was favorable than a previous study that assessed 

the efficacy of same-dose ICI therapy in the same tumor type [69,70]. Most recently, a 2022 

Danish feasibility study demonstrated the ability of tocilizumab 8 mg/kg monthly infusion to 

be able to improve ICI-arthritis or ICI-colitis by 1 CTCAE grade within 8 weeks for most 

patients [71]. In this study, tocilizumab was generally tolerated, and 6 of 20 (30%) patients 

experienced cancer progression within 24 weeks [71]. In addition, a multi-institutional study 

assessing the effectiveness and safety of certain DMARDs for ICI-arthritis compared with 

methotrexate demonstrated a shorter time to cancer progression for patients on tocilizumab 

than methotrexate [61].

The use of IL6-axis inhibitor with that of checkpoint inhibitor therapy has overall been 

described as a “win-win strategy” with the potential to abet ICI effectiveness all the while 

decreasing ICI toxicity [72], but large, prospective randomized controlled trials are needed 

to best evaluate the effectiveness and safety of medications such as tocilizumab in the 

context of ICI therapy.

Management principles for rheumatic iraes

Inflammatory arthritis

Epidemiology and clinical phenotypes—Of all the rheumatic irAEs described in 

the literature, ICI-arthritis is the most common, with a reported incidence of 1–7% in a 
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systematic review and unique in its ability to present up to 2 years after ICI initiation or 

even after ICI cessation [7,9]. Notably, because ICI-arthralgia is common with prevalence as 

high as 43%, differentiating inflammatory versus noninflammatory arthropathy is important 

[7]. A phenomenon called ICI-associated-activated osteoarthritis has also been described in 

the literature; hence, it is important to consider the exacerbation of previous mechanical 

arthropathy that has resulted from degenerative arthropathy and/or trauma [73].

Once a diagnosis of inflammatory arthritis after ICI initiation has been determined, 

further evaluation to best characterize the clinical phenotype will influence the next 

steps for management. A 2020 systematic review of ICI-arthritis case series and case 

reports identified an RA-like joint pattern in 65% of cases, 21% with a PMR-like 

phenotype, psoriatic, or spondyloarthropathy-like presentations with asymmetrical large 

joint involvement in 13% of cases [74]. Of the cases with PMR-like presentation, about 20% 

had small joint involvement, along with typical girdle stiffness [74]. Serology positivity with 

RF and/or CCP was noted in about one-tenth of cases (9%), which was in concordance with 

other studies discussing autoantibody positivity with ICI-arthritis [74,75].

Arthritis severity—For patients with inflammatory arthritis, CTCAE grade 1 refers to 

mild joint pain with signs of inflammation at joints such as erythema or joint swelling [2]. 

CTCAE grade 2 is defined as moderate joint pain and signs of joint inflammation that are 

limiting instrumental activities of daily living (ADLs) while CTCAE grades 3 and 4 reflect 

severe joint pain and inflammation associated with irreversible joint damage that is limiting 

self-care ADLs. There has been discussion regarding the limitations of this CTCAE grading 

for that of ICI-arthritis, but further guidance is needed regarding the most appropriate and 

accurate grading scale to use for the various ICI-arthritis clinical phenotypes [76]. Given the 

heterogeneity in ICI-arthritis, we have depicted various treatment pathways for the different 

clinical phenotypes in Fig. 1.

In most cases of grade 1 ICI-arthritis and sometimes grade 2 ICI-arthritis, ICI can 

be continued. However, one key consideration is whether the patient is a part of an 

immunotherapy clinical trial; the clinical trial may prevent the patient from receiving 

prednisone >10 mg per day while continuing in the trial. For CTCAE grade 2 ICI-arthritis, 

the recommendation is to hold ICI therapy until the arthritis returns to grade 1 or less 

severity. Similar to grade 1, the oncologist may want to continue the ICI despite grade 2 

arthritis given its low-grade presentation and non-organ-threatening role. Inquiry regarding 

the desire to continue ICI therapy and/or to stay on an immunotherapy clinical trial (which 

may limit options for systemic immunosuppressive therapy) is key. Intra-articular CSIs are 

often allowed in ICI clinical trials and can be considered for moderate to large joint arthritis. 

For grade 3+ arthritis, the recommendation is to hold immunotherapy. Oncologists may 

consult with a rheumatologist to restart, or, if a patient was on combination ICI therapy, 

there may be a question regarding restarting single-agent ICI therapy with close monitoring 

for arthritis recurrence. These decisions are made on a case-by-case basis, according to 

patient preference, ICI effectiveness, presence of other irAEs, and options for alternative 

cancer therapies.

Reid and Cappelli Page 8

Best Pract Res Clin Rheumatol. Author manuscript; available in PMC 2023 December 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Initial approach

Peripheral polyarticular inflammatory arthritis.: For CTCAE grade 1 ICI-arthritis, 

patients are often managed by the primary treating oncologist without a rheumatology 

referral and the oncologists tend to continue ICI treatment. First-line therapy is still NSAIDs 

but consider glucocorticoids in cases where NSAIDs are not sufficient or contraindicated. 

For patients with limited moderate or large joint involvement, rheumatologists should 

consider local, intra-articular CSIs over systemic steroid treatment. However, for 

oligoarticular or polyarticular involvement and/or for small joint inflammation, systemic 

corticosteroids may have to be considered even for grade 1 arthritis. As shown in Fig. 1, 

for patients with grade 1 small joint peripheral arthritis, the recommendation is to consider 

prednisone 10–20 mg per day or equivalent for 2–4 weeks. However, if there is no resolution 

of arthritis, consider an immunomodulatory DMARD such as hydroxychloroquine or 

sulfasalazine for persistent low-grade ICI-arthritis.

For grade 2 arthritis, the NCCN guidelines recommend initial treatment with prednisone-

equivalent 0.5 mg per kg per day over 2–3 weeks while ASCO and SITC guidelines 

recommend prednisone 10–20 mg per day or equivalent with a taper over 4–6 weeks [23–

27]. As is done for primary inflammatory arthritis, the number and size of joints affected 

will also inform the initial starting dose of systemic steroids. For example, a patient with 

prolonged morning stiffness in hands, along with mild synovitis in two MCPs and four 

PIPs with minimal wrist symptoms, would likely require a different starting dose than a 

patient presenting with unilateral large knee joint effusion and moderate contralateral ankle 

swelling, along with some diarrhea. Again, similar to grade 1 ICI-arthritis, it is important 

to consider intra-articular CSIs if the patient has moderate to large joint involvement. If 

there is a lack of response to systemic steroids in 3–4 weeks after the initial dosing, the 

recommendation is to consider steroid-sparing agents as discussed below (Fig. 1).

For grade 3 arthritis that is severe in pain, limiting activities of daily living with or without 

irreversible joint damage or erosive changes seen on imaging, NCCN guidelines recommend 

starting with prednisone-equivalent 1 mg/kg per day while ASCO guidelines recommend 

prednisone 0.5–1 mg/kg per day, and, similarly, SITC guidelines recommend doses of 

prednisone-equivalent 40–60 mg may be needed for initial arthritis control [24,27]. If there 

is no improvement in symptoms or signs of arthritis after 1–2 weeks of steroids, guidelines 

agree to move forward with considering DMARD according to arthritis severity and clinical 

phenotype (Fig. 1).

Polymyalgia rheumatica phenotype—For patients with grade 1 PMR or PMR-like 

presentation with or without peripheral arthritis, NCCN guidelines recommend prednisone 

dose of 10–20 mg per day over 6 weeks with a taper over 4–6 weeks. In cases with only 

shoulder involvement, intra-articular CSIs in the glenohumeral joints may suffice in certain 

cases, potentially avoiding the need for systemic glucocorticoid use. For grade 2 or 3 PMR 

or PMR-like arthritis, there is a recommendation to consider prednisone doses up to 30 mg 

per day and to taper over 6–12 weeks, with a potentially longer taper and, if no resolution, to 

consider steroid-sparing agents.
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Choice and dosing of DMARDs—Unfortunately, in about 33–45% of cases, treatment 

beyond steroids is needed [56,74]. ICI-arthritis has been shown to persist despite ICI 

cessation or even present as new diagnosis after ICI therapy has been stopped [9]. When 

considering steroid-sparing therapy for ICI-arthritis, the current recommendation is to guide 

the choice of DMARDs based on what primary inflammatory arthropathy the ICI-arthritis 

most phenotypically resembles (Fig. 1).

For low-severity, grade 1 arthritis, we recommend hydroxychloroquine up to 5 mg/kg/d or 

sulfasalazine up to 1500 mg BID. Sulfasalazine may be chosen over hydroxychloroquine 

if the patient has more of a seronegative spondyloarthropathy-like arthritis, potentially with 

associated diarrhea or colitis. Methotrexate 15 mg per week could also be considered 

for a slightly quicker onset of action than hydroxychloroquine or less pill burden than 

sulfasalazine. When starting oral medications, note that diarrhea can occur in up to 10% of 

patients with ICI monotherapy and >40% of patients with ICI combination therapy, and tend 

to present in the days or weeks following the ICI infusions [77]. In addition, for medications 

such as sulfasalazine, which is prone to cutaneous toxicities, it is important to note that 

ICI-dermatitis is the most common irAE, shown to occur in up to 41% of patients with 

combination ICI therapy [77].

If ICI-arthritis grade 2 has not improved after 3–4 weeks of the chosen initial steroid 

regimen or for ICI-grade 3 that has not improved after 1–2 weeks of initial steroid treatment, 

the guidelines recommend starting a steroid-sparing agent. If the patient’s arthritis is 

requiring steroids of prednisone >15 mg per day equivalent to maintain control, starting 

methotrexate 15 mg with quick uptitration or starting with a biologic may be necessary. 

If the patient is exhibiting moderate-to-severe signs and symptoms of symmetrical, small-to-

medium joint peripheral polyarticular arthritis, regardless of seropositivity for rheumatoid 

factor or cyclic citrullinated peptide, steroid-sparing agents most effective for RA can be 

considered. Aside from hydroxychloroquine and sulfasalazine mostly used for low-grade 

ICI-arthritis, moderate-to-severe ICI-arthritis with a clinical phenotype similar to RA, the 

most commonly used DMARDs are methotrexate, infliximab, and tocilizumab [74]. In 

contrast, in a patient with phenotype most closely resembling that of primary IBD-associated 

arthritis, such as a patient with asymmetrical medium and large joint involvement and 

concern for ICI-colitis, steroid-sparing agents best for seronegative spondyloarthropathy 

may be considered. Given the notable success of infliximab 5 mg/kg IV, a TNF-alpha 

inhibitor can be considered in moderate-to-severe ICI-arthritis presenting with colitis 

resistant to steroid taper [78]. In addition, a 2022 open-label clinical trial found reliable 

safety for the use of tocilizumab for cases of ICI-arthritis and ICI-colitis; hence, interleukin 

6 axis inhibitors could also potentially be considered for resistant or recurrent high-grade 

cases of ICI arthritis co-occurring with colitis [71].

For recurrent grade 1 ICI-PMR, a steroid-sparing agent such as methotrexate can be 

considered [79]. For steroid-taper-resistant moderate or severe (grade 2 or 3) ICI-PMR 

or recurrent moderate or severe symptoms after steroid taper, consider a biologic such as 

tocilizumab. In the rare cases where there is concern for associated giant cell arteritis with 

potential for visual compromise, the recommendation is for pulse dose methylprednisolone 
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with prolonged taper and consideration for tocilizumab early on if there is an insufficient 

response to the initial steroid dosing [27,80].

For resistant or recurring ICI-arthritis with psoriasis, there are cases of treatment of low-

grade symptoms with apremilast [81], but for moderate-to-severe presentations, higher doses 

of methotrexate (>15 mg per week) or biological treatment with TNF-alpha inhibition may 

be considered [27]. Successful use of IL17 inhibition with secukinumab and IL23 inhibition 

with guselkumab has been reported for psoriatic arthritis after ICI treatment [82,83].

Duration of treatment—Currently, there is no guidance on the duration of DMARD 

therapy. The primary goal is to get the patient to ICI-arthritis grade 1 or less with prednisone 

≤10 mg equivalent or less per day. Once this goal is achieved and the patient’s arthritis 

symptoms are controlled, the first step would be to taper the patient off of systemic 

glucocorticoids. Then, if the patient is on conventional synthetic DMARD, dose decrease 

and discontinuation could be considered; for biological therapy, interval spacing can be 

considered. A large component regarding the next steps for the ICI-arthritis will depend 

on the potential next steps for cancer therapy if there is tumor persistence or progression. 

If there is a potential plan to restart checkpoint inhibitor therapy, continuation of steroid-

sparing agents would need to be done in collaboration with the primary treating oncologist 

with close monitoring of ICI-arthritis recurrence or alternate irAE(s). Alternatively, if there 

are plans to start systemic chemotherapy, priority would need to be given to tapering off of 

biological therapy for the risk of severe immunosuppression.

Myositis

Epidemiology and clinical phenotypes—While myalgias after ICI are common (up 

to 20% incidence), ICI-myositis is rare, impacting up to 1.6% of patients treated with 

ICIs [7,10,84]. It is unique than the other rheumatic irAEs as it has been shown to 

co-occur with myasthenia gravis and/or myocarditis, both of which are associated with 

higher mortality and morbidity than ICI-myositis alone [85,86]. In a 2022 publication 

examining ICI-myositis from the WHO adverse drug reaction database, the authors found 

that about 95% of ICI-myositis cases were considered serious, requiring at least one 

hospitalization [84]. This study estimated that 11.3% of ICI-myositis cases were associated 

with myocarditis and 11.9% with myasthenia gravis [84]. In a retrospective analysis of a 

cohort with skin cancer, about one-third of cases with ICI-myositis were found to have 

myocarditis and about 5% with myasthenia gravis [87]. Fatality rate has been reported to 

be about 22–24% for ICI-myositis but up to 51–57% when there is co-occurrence with 

ICI-myocarditis or 27% with ICI-myasthenia gravis [10,84]. Most cases of ICI-myositis 

occur in the first month after ICI initiation; however, incidences later in the ICI course have 

also been reported [10,84].

ICI-myositis can present similarly to classic myositis with proximal muscle weakness but 

can also present with significant myalgia, which can closely mimic symptoms of PMR 

[27,29]. For this reason, it is important to assess muscle enzyme levels such as creatine 

kinase (CK) and aldolase in the context of clinical signs and symptoms [88] (Fig. 2). 

Note that myositis-specific antibodies have not been shown to be positive for cases of ICI-
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myositis and are not recommended as part of routine evaluation for ICI-myositis [29,87]. 

Because muscle enzymes are not commonly part of routine oncology bloodwork, one pearl 

is to have heightened suspicion for ICI-myositis with new-onset proximal muscle pain 

and weakness with elevated aspartate aminotransferase or alanine transaminase. Note that, 

however, lab abnormalities such as CK rise without symptoms may lead to overdiagnosis 

[89]. In a 2021 retrospective study, the authors showed that abnormal CK (rise of up to 400–

800 UI/L) can be seen in almost 5% of patients treated with PD(L)1 antagonists; for those 

with CK rise ascertained to ICI therapy, about 40% of patients experienced neuromuscular 

or cardiac symptoms [89]. ICI-myositis is best diagnosed by considering patient symptoms, 

physical exam findings, as well as laboratory abnormalities and imaging or procedures when 

available (Fig. 2).

Initial approach—Treatment for ICI-myositis should not be delayed given its association 

with higher morbidity. For grade 1 ICI-myositis that may be characterized solely by lab 

abnormalities or mild symptoms of muscle pain and weakness, the recommendation is to 

start with NSAIDs or acetaminophen [27,28]. If the patient has notable CK elevation with 

mild muscle weakness, oral systemic steroids can be considered [28]. Grade 2 ICI-myositis 

is characterized by moderate symptoms of muscle weakness limiting age-appropriate 

activities of daily living; ASCO recommends systemic steroids 0.5–1 mg/kg/d while NCCN 

guidelines group moderate and severe together to recommend 1–2 mg/kg/d systemic steroids 

[27,28]. The guidelines are consistent in raising concern for disease progression, and SITC 

guidelines recommend that patients with grade 3 myositis should consider hospitalization 

with steroids starting at prednisone 1 mg/kg per day or equivalent. However, for patients 

with any signs of cardiac or respiratory muscle involvement and/or dysphagia, the SITC 

expert panel recommends 1–2 mg/kg per day IV steroids with consideration of pulse dose 

steroids as well as IV immunoglobulin (IVIg) or plasmapheresis [24]. For ICI-myositis 

with muscle weakness severely limiting mobility and/or cardiac or respiratory compromise, 

the recommendation is for high-dose IV steroids at 1–2 mg/kg per day but with strong 

consideration for pulse dose steroids with 500–1000 mg IV solumedrol per day for 3–5 

days. For severe and/or rapidly progressing presentations, IVIg should be considered and is 

particularly effective for cases with myasthenia gravis [20,90].

Choice and dosing of steroid-sparing agents—In general, treatment beyond 

corticosteroids will be impacted by the severity and extent of neuromuscular involvement 

and/or cardiac involvement, as well as the acuity of the patient’s clinical status. For patients 

with persistent or recurrent symptoms that are mild and not requiring hospital admission, 

oral steroid-sparing immunosuppressants such as mycophenolate mofetil, methotrexate, 

or azathioprine can be considered [29,91,92]. For more severe cases with or without 

myocarditis or myasthenia gravis that are resistant to significant improvement from initial 

therapy by 24–48 h (closer monitoring particularly required in cases for concern of 

concurrent ICI-myocarditis), agents that have been used include mycophenolate mofetil, 

tacrolimus, and abatacept [85]. Tocilizumab, rituximab, and even infliximab have been 

used [85,91]. For cases with seropositivity, such as one or more of the myositis-specific 

antibodies or acetylcholine receptor antibody in cases of ICI-myositis with myasthenia 

gravis, B-cell-directed therapy such as rituximab can be particularly considered.
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The management of ICI-myositis treatment overall will be informed by the severity of 

clinical presentation, the extent of organ systems involved, or the progression of the disease. 

Given its association with myocarditis and myasthenia gravis, it will be key to collaborate 

closely with cardiology in the setting of ICI-myocarditis to help monitor and manage cardiac 

instability and neurology for ICI-myasthenia gravis for assistance in the evaluation and 

management of myasthenia-specific tests and treatment.

Sicca syndrome

Epidemiology and clinical phenotypes—Sicca syndrome due to ICIs involves 

immune-mediated dry mouth and dry eyes. Sicca syndrome as an irAE typically affects 

the mouth more than the eyes. In two case series, well over half of the patients did not have 

any ocular dryness. Parotitis is rare and has only been reported once in the literature [7]. 

Most patients are seronegative for anti-Ro and anti-La antibodies (10% positive in one study, 

20% in another [12,13]). The median time to develop sicca after ICI start was 70 days in 

one series [12]. Histology from minor salivary gland biopsies can show two patterns. First, 

a mild focal lymphocytic sialadenitis has been demonstrated. In severe sicca, however, a 

robust T-cell infiltrate distorting gland architecture can be seen with upregulated PD-1 and 

PD-L1 tissue expression.

Treatment—Symptomatic treatment is similar to that of primary Sjogren’s syndrome. 

For dry mouth, saliva substitutes can be used. Sialogogues such as pilocarpine and 

cevimeline are indicated if saliva substitutes are not helpful. For ocular dryness, referral 

to ophthalmology is appropriate. Artificial tears and punctal plugs can be helpful for dry 

eye symptoms. A key difference between treating primary Sjogren’s syndrome and sicca 

syndrome as an irAE is the role of prednisone. There is some evidence that a 4–6-week taper 

of prednisone for severe sicca may help restore some salivary function. Warner et al. suggest 

using prednisone in patients with grade 2 or higher sicca syndrome according to CTCAE, 

that is, those who need copious amounts of liquids to swallow, have to restrict or alter their 

diet, or need to use oral lubricants.

Managing preexisting autoimmune disease during ICI therapy

For patients with pAID, considering therapy that will exacerbate their immune system 

understandably raises concern. To date, no completed prospective checkpoint inhibitor 

clinical trial has allowed enrollment of patients with a pAID; hence, the safety 

and effectiveness of ICI therapy for patients with pAIDs with or without chronic 

immunomodulatory therapy are not truly known. Multiple observational studies and meta-

analyses have investigated the safety and effectiveness of ICI therapy for patients with pAID 

(Table 2). Across other large-cohort studies (>100 patients) and reviews for patients with 

pAIDs who have received ICI treatment, 25–50% of patients may have a pAID flare and up 

to about 40% of patients may suffer from a de novo irAE (Table 2). Note that high-grade 

AEs (≥CTCAE grade 3) are less common, with a retrospective study estimating about 13% 

high-grade pAID flares and 16% high-grade de novo irAEs [93].

Identifying the factors associated with the risk of pAID flares and/or de novo irAEs 

can help guide conversation for patients with pAIDs considering ICI therapy. In a 2021 
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systematic literature review by Wu and colleagues, inactive AID than active AID at the 

time of ICI initiation experienced higher rates of high-grade pAID flares (50% versus 

0%, respectively, p = 0.045) [94]. Furthermore, patients without immunosuppression at ICI 

start showed significantly higher rates of high-grade ICI AEs than those patients without 

immunosuppression at ICI start (70% versus 30%, respectively, p = 0.007) [94]; this 

was also demonstrated in another review where patients with immunosuppression at ICI 

initiation versus those without had less any-type AEs, pAID exacerbations, or de novo irAEs 

(67% versus 74%, 48% versus 50%, and 19% versus 34%, respectively) [95]. ICI regimen 

also impacts the rates of AEs. Anti-CTLA4 therapy showed a higher rate of de novo irAEs 

versus anti-PD(L)1s (42% versus 26%) (Wu, 2021, 33715386). In another review, more 

patients on combination therapy compared with ICI monotherapy witnessed de novo irAEs 

(67% in the combination group versus 42% in the CTLA4 inhibitor group and 26% in the 

PD(L)1 inhibitor group) [95].

In particular, patients with psoriasis or psoriatic arthritis are reported to be at the highest 

risk of ICI AEs, with pAID flares ranging from 43 to 79% and up to 89% suffering from 

any-type AEs (pAID flare or de novo irAE) [93,95,96]. For patients with RA, rates of RA 

flare can range from 50 to 65%, with about 9% experiencing severe flares [93,97,98]. Up 

to 79% of patients with preexisting RA can suffer from any-grade AEs after ICI therapy, 

with 57% reported to experience any-type high-grade AEs [98]. Cases of spondyloarthritis 

with ICI therapy are rare, but Tison et al. reported 2 of 5 patients experiencing an ICI AE 

and Abdel-Wahab found 2 of 2 patients with spondyloarthropathy and 1 of 1 patient with 

ankylosing spondylitis who suffered an ICI immunotoxicity [93,97]. In Tison et al.’s study, 

only 1 of 7 patients with lupus experienced a mild flare; and in Abdel-Wahab’s review, none 

of the 2 patients with lupus experienced an ICI toxicity [93,97].

Regarding the efficacy of ICIs for patients with pAIDs, a 2019 study with 85 patients 

with pAID found no statistically significant difference in ORR for patients with pAID 

(38–50%) versus those without pAID (35%) [99], but a 2022 multicenter, prospective 

study demonstrated that patients with pAIDs had an OS that was significantly higher than 

those patients without pAIDs (65% compared to 46%, p = 0.02) [98]. Smaller studies 

reported worse response rates and shorter progression-free survival for patients with pAID 

that are on baseline immunosuppressive therapy at the time of ICI initiation [93,100]. 

Future prospective study through randomized clinical trials of ICI therapy for patients 

with pAIDs is critical to truly appreciate the different factors that may contribute to ICI 

safety and effectiveness in this particular population (NCT03816345, NCT04805099, and 

NCT03140137). Meanwhile, it seems that checkpoint inhibitor therapy may be safe for 

patients with pAID and should not be withheld from patients with pAIDs, but providers 

and patients should monitor the AEs closely, particularly in the setting of combination ICI 

therapy.

Overarching considerations for rheum-onc multidisciplinary care

Rheumatology and oncology collaboration and close communication are key in the context 

of ICI therapy with or without pAID and the concern for, evaluation of, and management 

of ICI-associated rheumatic toxicities. Because of the correlation of rheumatic irAEs 
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with that of favorable tumor response, the main priority is often to stay on ICI therapy 

[30,31]. Likewise, for patients enrolled in a clinical trial, considering irAE treatments that 

allow patients to continue a clinical trial is preferred. Most commonly, immunotherapy 

clinical trials allow local corticosteroid treatment, such as intra-articular CSIs and systemic 

glucocorticoids up to prednisone 10 mg daily equivalent [57,101–104]. Beyond these 

disease-related concerns, patient perception is important to note. ICI therapy is still 

predominantly used for advanced malignancies. Patients may have already gone through 

several cancer treatments with radiation, chemotherapy, or surgery before considering cancer 

immunotherapy. ICIs have offered considerable hope for cancer therapy, and ICI toxicities 

can cause significant stress to patients who may be worried about the cancer returning and/or 

development of another chronic condition such as a new autoimmune disease [105].

Conclusion

The advent of cancer immunotherapy has revolutionized the field of oncology, but immune-

driven toxicities have often hindered the continuation of these life-saving therapies. 

Rheumatic irAEs are associated with significant mortality and morbidity, and prompt 

management by rheumatology can be key to recognize and effectively treat these conditions. 

Treatment of irAEs should be based on the extent and severity of the disease in the context 

of patients’ other comorbidities. Management plans should be made in collaboration with 

the oncologist and the patient with close monitoring for progression of the irAE after the 

start of initial treatment and/or recurrence upon tapering initial immunosuppression. Patients 

with pAID should not be excluded from receiving ICI therapy, but cancer immunotherapy in 

this at-risk population should be carefully dosed with regular supervision.
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Practice points

• Rheumatic irAEs range widely in clinical presentation and severity.

• Choosing appropriate treatment for a rheumatic irAE depends not only on the 

clinical phenotype and severity but also on the goals of cancer treatment.

• Steroid-sparing agents such as TNF-inhibitors, IL-6R inhibitors, IVIg, and 

methotrexate may be used in patients who fail to respond to steroids, are 

unable to wean off steroids, or have a chronic course to their irAE.

• Patients with pAID may have a flare or de novo irAE when treated with ICIs, 

but most patients do not require discontinuation of ICI therapy and can be 

managed with careful monitoring by the rheumatologist and oncologist.
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Research agenda

• Further understanding of the underlying pathogenesis of rheumatic irAEs is 

needed so that more precisely targeted therapy can be used.

• Prospective clinical trials comparing current treatment regimens are important 

to define the efficacy and safety of steroid-sparing agents for rheumatic 

irAEs.
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Fig. 1. 
ICI-arthritis treatment based on clinical presentation.

ICI: Immune checkpoint inhibitor; NSAIDs: nonsteroidal anti-inflammatory drugs; 

CSI: corticosteroid injections; HCQ: hydroxychloroquine; SSZ: sulfasalazine; MTX: 

methotrexate; TNF: tumor necrosis factor; IL6: interleukin 6; AZA: azathioprine; IL6Ri: 

interleukin 6 receptor inhibitor; IL12/23i: interleukin 12/interleukin 23 inhibitor; PPI: proton 

pump inhibitor, IL17i: interleukin 17 inhibitor; Pred: prednisone.
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Fig. 2. 
ICI-myositis evaluation and treatment.

*Frequent monitoring for progression to myocarditis and/or myasthenia gravis. For grade 

2 ICI-myositis, may consider outpatient monitoring of symptoms and frequent labs 

accordingly. For grade 3 ICI-myositis, recommend inpatient care with at least daily 

monitoring of symptoms and associated labs, imaging, and procedures.

†For cardiac involvement, recommend cardiology consultation to assist with heart-directed 

therapies, and, for myasthenia gravis, recommend neurology consultation to help manage 

associated neurological manifestations.

ICI: Immune checkpoint inhibitor; NIF/PEF: negative inspiratory force/peak expiratory 

flow; NSAIDS: nonsteroidal anti-inflammatory drugs; MMF: mycophenolate mofetil; MTX: 

methotrexate; AZA: azathioprine; ADLs: activities of daily living; IVIg: intravenous 

immunoglobulin; BID: twice a day; ICU: intensive care unit; RTX: rituximab.
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Table 1

Considerations for use of steroid-sparing agents to treat rheumatic irAEs.

Drug type Rheumatic irAE uses: Reported and theoretical Potential of mitigating 
anti-tumor efficacy

Other DMARD toxicity to 
consider in context of ICI 
Treatment

csDMARDs

Hydroxychloroquine Peripheral arthritis Sarcoid Unlikely None

Sulfasalazine Peripheral arthritis Unlikely Skin rash

Methotrexate Peripheral arthritis with/without psoriasis Myositis 
Sarcoidosis

Unlikely Liver toxicity

Leflunomide Peripheral arthritis Sarcoidosis Possible Diarrhea, liver toxicity

Mycophenolate mofetil Myositis Sarcoidosis Possible Diarrhea, cytopenias

Azathioprine Peripheral arthritis with/without colitis Myositis 
Vasculitis

Possible GI symptoms, cytopenias

Apremilast Peripheral arthritis with psoriasis Unlikely Diarrhea

Calcineurin inhibitors Myositis/myocarditis Possible Nephrotoxicity

Biologics

TNF-alpha inhibitor Axial or peripheral arthritis with/without psoriasis 
or colitis Sarcoidosis

Possible Infection (opportunistic), rash, 
psoriasis

IL6 inhibitors Peripheral arthritis with/without pneumonitis 
Polymyalgia rheumatica Giant cell arteritis

Unlikely Intestinal perforation, 
hepatotoxicity

Abatacept Severe myositis/myocarditis Probable for patients on 
anti-CTLA-4, unclear 
for anti-PD-1/L1

Pulmonary disease exacerbation

Rituximab Peripheral arthritis Myositis Vasculitis Unlikely Systemic infusion reaction, 
Infection (opportunistic)

IL1 axis inhibitors Peripheral arthritis Unlikely Skin rash

IL12/IL23 inhibitor Axial or peripheral arthritis with/without psoriasis 
or colitis

Unlikely

IL17 inhibitor Axial or peripheral arthritis with/without psoriasis Unlikely Diarrhea

tsDMARD

JAK inhibitors Axial or peripheral arthritis with/without psoriasis 
or colitis Myositis

Possible Intestinal perforation, Infection 
(opportunistic, zoster)

Best Pract Res Clin Rheumatol. Author manuscript; available in PMC 2023 December 18.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Reid and Cappelli Page 27

Ta
b

le
 2

E
vi

de
nc

e-
ba

se
d 

ta
bl

e 
fo

r 
pr

ee
xi

st
in

g 
au

to
im

m
un

e 
di

se
as

es
 a

nd
 I

C
I 

us
e.

St
ud

y 
(F

ir
st

 
A

ut
ho

r,
 Y

ea
r)

, 
P

M
ID

C
oh

or
t 

si
ze

Tu
m

or
 t

yp
e

pA
ID

s 
st

ud
ie

d 
(p

A
ID

s 
≥3

 c
as

es
)

IC
I

%
 T

ot
al

 
pA

ID
 f

la
re

 
(%

 G
ra

de
 

≥3
)

%
 T

ot
al

 d
e 

no
vo

 ir
A

E
 (

%
 

G
ra

de
 ≥

3)

%
 T

ot
al

 
an

y 
A

E
s 

(A
ID

 
fl

ar
e 

an
d/

or
 

ir
A

E
) 

(%
 

G
ra

de
 

≥3
)

%
 I

C
I 

di
sc

on
ti

nu
at

io
n

O
th

er
 O

ut
co

m
e 

m
ea

su
re

s
Tu

m
or

 
ou

tc
om

e

O
ri

gi
na

l C
oh

or
t 

St
ud

ie
s

T
is

on
 e

t a
l. 

A
rt

hr
iti

s 
R

he
um

at
ol

, 2
01

9,
 

PM
ID

: 3
13

79
10

5

11
2

M
el

an
om

a 
(6

6)
, 

N
SC

L
C

 
(4

0)
, O

th
er

 
(6

)

Ps
O

/P
sA

 (
28

),
 R

A
 (

18
),

 
IB

D
 (

13
),

 S
L

E
 (

6)
, 

PM
R

/G
C

A
 6

),
 S

pA
 (

5)
, 

O
th

er
s 

(2
5)

C
T

L
A

4i
 

(1
3)

, 
PD

(L
)1

i 
(8

5)
, C

om
b 

(3
)

47
%

 (
13

%
)

42
%

 (
16

%
)

71
%

 
(N

A
)

21
%

A
ny

 c
an

ce
r 

O
R

R
 4

9%

M
el

an
om

a 
PF

S:
 1

3 
m

on
th

s 
N

SC
L

C
 

PF
S:

 1
2 

m
on

th
s

K
eh

l e
t a

l. 
C

an
ce

r 
Im

m
un

ol
 

Im
m

un
ot

he
r, 

20
19

, 
PM

ID
: 3

08
77

32
5

17
9

L
un

g 
ca

nc
er

 
(8

7)
, 

M
el

an
om

a 
(4

2)
, R

en
al

 
(2

0)
, 

U
ro

th
el

ia
l 

(7
),

 H
ea

d 
an

d 
ne

ck
 (

8)
, 

O
th

er
 (

15
)

IB
D

 (
70

),
 R

A
 (

40
),

 P
sA

 
(1

1)
, I

T
P 

(1
0)

, S
ar

co
id

 
(8

),
 M

S 
(8

),
 S

L
E

 (
7)

, 
A

S 
(7

),
 P

M
R

 (
4)

, 
va

sc
ul

iti
s 

(4
),

 v
iti

lig
o 

(3
)

C
T

L
A

4i
 

(1
8)

, 
PD

(L
)1

i 
(1

54
),

 C
om

b 
(7

)

N
ot

 a
va

ila
bl

e
N

ot
 a

va
ila

bl
e

N
ot

 a
va

ila
bl

e
35

%
 a

ll-
ca

us
e 

ho
sp

ita
liz

at
io

n

11
%

 
ho

sp
ita

liz
at

io
n 

w
ith

 p
ro

ba
bl

e 
an

y 
A

E
 d

ia
gn

os
is

41
%

 s
ys

te
m

ic
 

st
er

oi
ds

 
pr

es
cr

ip
tio

n 
at

 3
 

m
on

th
s

N
ot

 
av

ai
la

bl
e

A
bu

-S
be

ih
 e

t a
l, 

J 
C

lin
 O

nc
ol

, 2
02

0.
, 

PM
ID

: 3
18

00
34

0

10
2

M
el

an
om

a 
(4

4)
, L

un
g 

(2
3)

, G
I 

(1
7)

, G
U

 (
7)

, 
O

th
er

s 
(1

0)

U
C

 (
48

),
 C

D
 (

48
),

 o
th

er
 

IB
D

 (
4)

C
T

L
A

4i
 (

7)
, 

PD
(L

)1
i 

(8
3)

, C
om

bi
 

(1
0)

O
nl

y 
G

I 
A

E
s 

re
po

rt
ed

O
nl

y 
G

I 
A

E
s 

re
po

rt
ed

O
nl

y 
G

I 
A

E
s 

re
po

rt
ed

23
%

A
ny

 G
I 

A
E

 4
1%

G
ra

de
 ≥

3 
G

I 
A

E
s 

21
%

O
R

R
 4

8%

C
ha

nz
a 

et
 a

l. 
J 

Im
m

un
ot

he
r 

C
an

ce
r, 

20
20

, 
PM

ID
: 3

22
17

76
2

10
6

R
C

C
 (

58
) 

U
C

 (
48

)
Ps

or
ia

si
s 

(2
4)

, 
th

yr
oi

di
tis

 (
14

),
 R

A
 

(1
2)

, p
ol

ym
ya

lg
ia

 
rh

eu
m

at
ic

a 
(8

),
 I

B
D

 
(6

),
 s

ys
te

m
at

ic
 lu

pu
s 

er
yt

he
m

at
os

us
 (

4)
, M

S 
(4

),
 s

ar
co

id
os

is
 (

2)
, 

va
sc

ul
iti

s 
(2

)

PD
(L

)-
1 

(8
5)

, C
om

b 
(1

0)

36
%

 (
6%

)
38

%
 (

12
%

)
69

%

E
ith

er
: 

53
%

 
B

ot
h:

 
16

%

34
%

R
C

C
 O

R
R

: 
31

%
 

U
C

 
O

R
R

:4
0%

B
en

de
r, 

J 
Im

m
un

ot
he

r 
12

4
L

un
g 

ca
nc

er
, 

M
el

an
om

a
A

lo
pe

ci
a 

ar
ea

ta
, 

A
IH

A
, a

ut
oi

m
m

un
e 

C
T

L
A

4i
 

(2
8)

, 
N

ot
 a

va
ila

bl
e

N
ot

 a
va

ila
bl

e
N

ot
 a

va
ila

bl
e

A
ny

 c
an

ce
r 

w
ith

 
an

y 
IC

I 
re

gi
m

en
 

N
ot

 
av

ai
la

bl
e

Best Pract Res Clin Rheumatol. Author manuscript; available in PMC 2023 December 18.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Reid and Cappelli Page 28

St
ud

y 
(F

ir
st

 
A

ut
ho

r,
 Y

ea
r)

, 
P

M
ID

C
oh

or
t 

si
ze

Tu
m

or
 t

yp
e

pA
ID

s 
st

ud
ie

d 
(p

A
ID

s 
≥3

 c
as

es
)

IC
I

%
 T

ot
al

 
pA

ID
 f

la
re

 
(%

 G
ra

de
 

≥3
)

%
 T

ot
al

 d
e 

no
vo

 ir
A

E
 (

%
 

G
ra

de
 ≥

3)

%
 T

ot
al

 
an

y 
A

E
s 

(A
ID

 
fl

ar
e 

an
d/

or
 

ir
A

E
) 

(%
 

G
ra

de
 

≥3
)

%
 I

C
I 

di
sc

on
ti

nu
at

io
n

O
th

er
 O

ut
co

m
e 

m
ea

su
re

s
Tu

m
or

 
ou

tc
om

e

C
an

ce
r, 

20
20

. 
PM

ID
: 3

33
03

57
8

he
pa

tit
is

, C
D

, d
is

co
id

 
lu

pu
s,

 G
ra

ve
s 

di
se

as
e,

 
H

as
hi

m
ot

o’
s 

th
yr

oi
di

tis
, 

IP
F,

 M
S,

 M
G

, P
M

R
, 

Ps
O

/P
sA

, r
he

um
at

ic
 

fe
ve

r, 
R

A
, S

Sc
, 

se
ro

ne
ga

tiv
e 

ar
th

ri
tis

, 
Sj

og
re

n’
s 

sy
nd

ro
m

e,
 

SL
E

, U
C

, v
as

cu
lit

is

PD
(L

)1
i 

(9
6)

 C
om

b 
(7

)

re
qu

ir
in

g 
sy

st
em

ic
 

st
er

oi
ds

: 3
1%

V
an

 d
er

 K
oo

ij,
 A

nn
 

In
te

rn
 M

ed
, 2

02
1,

 
PM

ID
: 3

35
87

68
6

41
5 

pA
ID

s,

22
8 

pA
ID

s 
w

ith
 

IC
I(

s)

M
el

an
om

a
R

he
um

at
ic

 (
22

7)
, 

E
nd

oc
ri

ne
 (

14
3)

, I
B

D
 

(5
5)

, o
r 

“o
th

er
” 

(8
)

C
T

L
A

i: 
87

/2
28

 
PD

(L
)1

i: 
18

7/
22

8 
C

om
b:

 
34

/2
28

N
ot

 
di

ff
er

en
tia

te
d 

fr
om

 d
e 

no
vo

 
ir

A
E

N
ot

 
di

ff
er

en
tia

te
d 

fr
om

 p
A

ID
 

fl
ar

es

G
ra

de
 ≥

3 
on

ly

C
T

L
A

i: 
30

%
 

PD
(L

)1
: 

17
%

 
C

om
b:

 
44

%

C
T

L
A

-4
i 1

8%
 

A
nt

i-
PD

-1
 1

7%
 

C
om

b 
29

%

A
ll 

m
el

an
om

a 
C

T
L

A
-4

i 
O

R
R

 1
0%

 
PD

-1
i O

R
R

 
40

%
 

C
om

b 
O

R
R

 
39

%

T
ul

ly
, A

m
 J

 C
lin

 
O

nc
ol

, 2
02

1 
PM

ID
: 

34
08

10
33

10
6

M
el

an
om

a
R

A
 (

28
),

 P
er

ni
ci

ou
s 

ga
st

ri
tis

 (
31

),
 T

1D
M

 
(1

6)
, b

ut
 <

11
 p

at
ie

nt
s 

no
t r

ep
or

te
d

C
T

L
A

4i
, 

PD
(L

)l
i, 

C
om

b

N
ot

 a
va

ila
bl

e
N

ot
 a

va
ila

bl
e

59
%

N
ot

 a
va

ila
bl

e
N

ot
 

av
ai

la
bl

e

Ta
ng

, J
 N

at
l C

an
ce

r 
In

st
, 2

02
2.

 P
M

ID
: 

35
18

82
15

17
49

7
Pu

lm
on

ar
y 

(1
10

79
),

 
M

el
an

om
a 

(3
94

8)
, G

I 
(3

37
8)

, 
U

ri
na

ry
 tr

ac
t 

(3
30

7)

IB
D

, R
A

, T
1D

M
, 

M
G

, V
as

cu
lit

is
, 

SS
c,

 P
sA

/P
sO

, A
S,

 
D

er
m

at
om

yo
si

tis
, S

L
E

, 
V

iti
lig

o,
 C

el
ia

c 
di

se
as

e,
 

H
as

hi
m

ot
o 

di
se

as
e,

 
G

ra
ve

s 
di

se
as

e,
 

M
uc

os
iti

s,

PD
(L

)1
i

N
ot

 a
va

ila
bl

e
N

ot
 a

va
ila

bl
e

N
ot

 a
va

ila
bl

e
N

o 
in

cr
ea

se
d 

ri
sk

 
of

 m
or

ta
lit

y 
fo

r 
pa

tie
nt

s 
w

ith
 a

ny
 

pA
ID

, R
A

, S
L

E
, 

SS
c,

 V
as

cu
lit

is
, 

de
rm

at
om

yo
si

tis
 

(a
ll 

p 
>

 0
.0

5)

N
ot

 
av

ai
la

bl
e

Pl
ac

ai
s,

 A
nn

 
R

he
um

 D
is

, 2
02

2.
 

PM
ID

 3
57

88
49

6

11
0

M
el

an
om

a
T

hy
ro

id
iti

s 
(4

7)
, 

ps
or

ia
si

s 
(1

8)
, R

A
 (

11
),

 
vt

ili
go

 (
8)

, s
ar

co
id

os
is

 
(3

),
 R

ay
na

ud
 d

is
ea

se
 

(3
),

 M
S 

(3
),

 
sp

on
dy

la
rt

hr
iti

s 
(3

)

C
T

L
A

4i
 

(1
5)

 
PD

(L
)1

i 
(8

6)
 C

om
b 

(9
)

30
%

ir
A

E
s 

di
d 

no
t 

se
em

 to
 

sp
ec

if
y 

“d
e 

no
vo

” 
ir

A
E

s

72
%

 
(5

7%
)

N
ot

 a
va

ila
bl

e
O

S:
 6

5%
 a

t 
24

 m
on

th
s

Fo
un

tz
ila

s 
et

 a
l. 

C
an

ce
r 

Im
m

un
ol

 
Im

m
un

ot
he

r, 
20

22
. 

PM
ID

: 3
41

64
70

9

12
3

N
SC

L
C

 
(7

7)
, 

m
el

an
om

a 
(1

8)
, S

C
L

C
 

(7
),

 H
ea

d 

R
he

um
at

ic
 (

54
),

 
D

er
m

at
ol

og
ic

 (
31

),
 

E
nd

oc
ri

ne
 (

26
),

 G
I 

(1
0)

, 
N

eu
ro

lo
gi

c 
(3

)

C
T

L
A

4i
 (

4)
, 

PD
(L

)1
i 

(1
16

),
 C

om
b 

(3
)

25
%

35
%

 (
10

%
)

60
%

9%
O

R
R

 5
6%

M
ed

ia
n 

O
S 

41
 m

on
th

s

Best Pract Res Clin Rheumatol. Author manuscript; available in PMC 2023 December 18.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Reid and Cappelli Page 29

St
ud

y 
(F

ir
st

 
A

ut
ho

r,
 Y

ea
r)

, 
P

M
ID

C
oh

or
t 

si
ze

Tu
m

or
 t

yp
e

pA
ID

s 
st

ud
ie

d 
(p

A
ID

s 
≥3

 c
as

es
)

IC
I

%
 T

ot
al

 
pA

ID
 f

la
re

 
(%

 G
ra

de
 

≥3
)

%
 T

ot
al

 d
e 

no
vo

 ir
A

E
 (

%
 

G
ra

de
 ≥

3)

%
 T

ot
al

 
an

y 
A

E
s 

(A
ID

 
fl

ar
e 

an
d/

or
 

ir
A

E
) 

(%
 

G
ra

de
 

≥3
)

%
 I

C
I 

di
sc

on
ti

nu
at

io
n

O
th

er
 O

ut
co

m
e 

m
ea

su
re

s
Tu

m
or

 
ou

tc
om

e

ne
ck

 (
6)

, 
ot

he
rs

 (
15

)

M
et

a-
an

al
ys

es

A
bd

el
-W

ah
ab

 e
t 

al
., 

20
18

, P
M

ID
: 

29
29

70
09

12
3 

pa
tie

nt
s 

(4
9 

st
ud

ie
s)

M
el

an
om

a 
(1

03
),

 lu
ng

 
(1

6)
, R

C
C

 
(3

),
 M

er
ke

l 
ce

ll 
(1

)

Ps
o/

Ps
a 

(2
8)

, R
A

 (
20

),
 

IB
D

 (
13

),
 A

ut
oi

m
m

un
e 

T
hy

ro
id

 D
is

ea
se

 (
11

),
 

M
S 

(6
),

 S
ar

co
id

os
is

 (
5)

, 
M

G
 (

4)

C
T

L
A

4i
 

(4
4)

, 
PD

(L
)1

i 
(6

5)
, C

om
b 

(3
)

50
%

34
%

75
%

17
%

O
R

R
 4

7%

X
ie

, A
ut

oi
m

m
un

e 
R

ev
, 2

02
0,

 P
M

ID
 

33
13

16
88

61
9 

pa
tie

nt
s 

(1
4 

st
ud

ie
s)

A
ny

 c
an

ce
r

Ps
O

/P
sA

, R
A

 
In

fl
am

m
at

or
y 

po
ly

ar
th

ri
tis

, S
L

E
, M

G
, 

au
to

im
m

un
e 

th
yr

oi
d 

di
so

rd
er

, I
B

D
, M

S,
 

vi
til

ig
o,

 s
ar

co
id

os
is

, 
no

ns
pe

ci
fi

c 
te

rm
s 

fo
r 

au
to

im
m

un
e 

di
se

as
e 

al
so

 in
 s

ea
rc

h

C
T

L
A

4i
, 

PD
(L

)1
i, 

C
om

b

35
%

33
%

60
%

N
ot

 a
va

ila
bl

e
O

R
R

 3
0%

Y
am

ag
uc

hi
, 

Su
pp

or
t C

ar
e 

C
an

ce
r, 

20
21

, 
34

16
47

39

20
6 

(6
 

st
ud

ie
s)

A
ny

 c
an

ce
r

Ps
O

/P
sA

, R
A

, I
B

D
, 

Sa
rc

oi
do

si
s,

 E
nd

oc
ri

ne
 

di
so

rd
er

s,
 D

er
m

at
ol

og
ic

 
di

so
rd

er
s

C
T

L
A

4i
, 

PD
(L

)1
i, 

C
om

b

N
ot

 
di

ff
er

en
tia

te
d 

fr
om

 d
e 

no
vo

 
ir

A
E

s

N
ot

 
di

ff
er

en
tia

te
d 

fr
om

 p
A

ID
 

fl
ar

es

62
%

N
ot

 a
va

ila
bl

e
N

ot
 

av
ai

la
bl

e

M
es

er
ve

, A
lim

en
t 

Ph
ar

m
ac

ol
 T

he
r, 

20
21

, P
M

ID
: 

33
31

42
69

19
3 

(1
2 

st
ud

ie
s)

A
ny

 c
an

ce
r

IB
D

C
T

L
A

4i
, 

PD
(L

)1
i, 

C
om

b

40
%

35
%

W
u,

 
Im

m
un

ot
he

ra
py

, 
20

21
, P

M
ID

51
2 

(5
2 

st
ud

ie
s)

M
el

an
om

a 
(2

78
),

 
N

SC
L

C
 

(1
06

),
 

U
ro

lo
gi

c 
(5

),
 

O
th

er
s 

(1
0)

R
he

um
at

ol
og

ic
 (

18
0)

, 
D

er
m

at
ol

og
ic

 (
12

9)
, 

E
nd

oc
ri

ne
 (

11
1)

, 
G

I/
H

ep
at

ic
 (

53
),

 
N

eu
ro

lo
gi

c 
(3

5)
, O

th
er

s 
(2

3)
, M

ul
tip

le
 s

ite
s 

(2
3)

C
T

L
A

4i
 

(1
12

),
 

PD
(L

)1
i 

(2
06

),
 C

om
b 

(3
)

C
T

L
A

4i
 

th
en

 P
D

1i
 

(2
8)

44
%

 (
10

%
)

24
%

 (
8%

)
68

%
 

(1
8%

)
O

rg
an

-s
pe

ci
fi

c 
fl

ar
e 

of
 p

A
ID

: 
D

er
m

: 4
7%

 
G

I/
he

pa
tic

 4
3%

 
R

he
um

 4
1%

 
E

nd
o:

 4
2%

O
R

R
 3

4%

M
ed

ia
n 

PF
S:

 6
.6

 
m

on
th

s
M

ed
ia

n 
O

S 
12

.9
 m

on
th

s

G
ul

av
e 

et
 a

l. 
E

SM
O

 
O

pe
n,

 2
02

1,
 P

M
ID

 
33

88
76

89

10
6

Ps
or

ia
si

s 
(5

0)
, T

1D
M

 
(1

3)
, R

A
 (

9)
, 

H
as

hi
m

ot
o’

s 
di

se
as

e 
(5

),
 S

ar
co

id
os

is
 (

4)
, 

A
ut

oi
m

m
un

e 
th

yr
oi

di
tis

 
(3

),
 o

th
er

s

N
ot

 
sp

ec
if

ie
d 

fo
r 

th
e 

po
pu

la
tio

n 
w

ith
 p

A
ID

s

N
ot

 a
va

ila
bl

e
N

ot
 a

va
ila

bl
e

4%
??

Best Pract Res Clin Rheumatol. Author manuscript; available in PMC 2023 December 18.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Reid and Cappelli Page 30

St
ud

y 
(F

ir
st

 
A

ut
ho

r,
 Y

ea
r)

, 
P

M
ID

C
oh

or
t 

si
ze

Tu
m

or
 t

yp
e

pA
ID

s 
st

ud
ie

d 
(p

A
ID

s 
≥3

 c
as

es
)

IC
I

%
 T

ot
al

 
pA

ID
 f

la
re

 
(%

 G
ra

de
 

≥3
)

%
 T

ot
al

 d
e 

no
vo

 ir
A

E
 (

%
 

G
ra

de
 ≥

3)

%
 T

ot
al

 
an

y 
A

E
s 

(A
ID

 
fl

ar
e 

an
d/

or
 

ir
A

E
) 

(%
 

G
ra

de
 

≥3
)

%
 I

C
I 

di
sc

on
ti

nu
at

io
n

O
th

er
 O

ut
co

m
e 

m
ea

su
re

s
Tu

m
or

 
ou

tc
om

e

Z
ha

ng
, C

he
st

, 2
02

2,
 

35
02

62
98

17
9 

(1
0 

st
ud

ie
s)

N
SC

L
C

IL
D

PD
(L

)1
i

27
%

 (
14

%
)

ir
A

E
s 

di
d 

no
t 

se
em

 to
 

sp
ec

if
y 

“d
e 

no
vo

” 
ir

A
E

s

57
%

 
(2

8%
)

16
%

O
R

R
: 3

5%
 

M
ed

ia
n 

PF
S:

 1
.4

–
Sm

on
th

s 
M

ed
ia

n 
O

S:
 

16
–2

8 
m

on
th

s

Y
u,

 2
02

2.
 3

59
12

18
3

19
1 

(1
2 

st
ud

ie
s)

A
ny

 c
an

ce
r

Ps
or

ia
si

s
45

%
 (

11
%

)
45

%
 (

17
%

)
19

%
O

R
R

: 3
8.

1%

Best Pract Res Clin Rheumatol. Author manuscript; available in PMC 2023 December 18.


	Abstract
	Introduction
	Possible mechanisms for iraes
	General irae management principles
	Steroids
	Steroid-sparing agents
	Tumor necrosis factor inhibition
	Interleukin 6 axis inhibition

	Management principles for rheumatic iraes
	Inflammatory arthritis
	Epidemiology and clinical phenotypes
	Arthritis severity
	Initial approach
	Peripheral polyarticular inflammatory arthritis.

	Polymyalgia rheumatica phenotype
	Choice and dosing of DMARDs
	Duration of treatment

	Myositis
	Epidemiology and clinical phenotypes
	Initial approach
	Choice and dosing of steroid-sparing agents

	Sicca syndrome
	Epidemiology and clinical phenotypes
	Treatment


	Managing preexisting autoimmune disease during ICI therapy
	Overarching considerations for rheum-onc multidisciplinary care
	Conclusion
	References
	Fig. 1.
	Fig. 2.
	Table 1
	Table 2

