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Abstract: In this review, we draw from observational studies, treatment guidelines and our own clinical experience to describe
approaches to monitoring and management of immune checkpoint inhibitor (ICI)-induced inflammatory arthritis, including polymyalgia
rheumatica. This condition occurs in about 4% of ICI-treated cancer patients and can persist for a year or longer. Mild arthritis can
generally be managed with non-steroidal anti-inflammatory drugs, intraarticular steroids injections and/or low dose corticosteroids. Higher
grade arthritis should be brought under control with corticosteroids, but early introduction of a steroid-sparing agent is recommended to
minimize steroid toxicity. In order to assess the effectiveness of any arthritis treatment, tender and swollen joint counts and patient reported
measures of physical function, such as the health assessment questionnaire, should be obtained at each visit. Referral to a rheumatologist is
recommended for patients with high grade arthritis to help guide the use of disease-modifying antirheumatic drugs.
Keywords: arthritis, checkpoint inhibitor, immunotherapy, adverse event, cancer, treatment

Introduction
Since the approval of ipilimumab in 2011 for metastatic melanoma, a raft of immune checkpoint inhibitors (ICI) have
come into use for a wide variety of metastatic cancers,1–4 for adjuvant therapy of locally advanced tumors,5,6 and for
microsatellite instability (MSI)-high tumors agnostic of tumor origin.7,8

The inhibitory “checkpoint molecules” targeted by these agents include cytotoxic T lymphocyte-associated protein 4
(CTLA-4) and programmed cell death-1 (PD-1) which are expressed on the surface of T cells, as well as the PD-1 ligand
(PD-L1) expressed by tumor macrophages and some cancer cells (Table 1). When engaged, checkpoint molecules turn
off T cell activation and prevent runaway autoreactivity and cytotoxicity. However, engagement of checkpoint molecules
also prevents effective clearance of cancer cells by the immune system. Blockade of CTLA-4, PD-1 or PD-LI by ICI
prevents inhibitory signaling and allows ongoing anti-tumor immunity.9

While ICI can effectively treat many cancers, they can also result in immune-related adverse events (irAE) as
a consequence of off-target activation of T-lymphocytes. These irAE can involve a variety of organ systems, and the
joints are not exempt.10 ICI-induced inflammatory arthritis (“ICI-arthritis”) often goes unrecognized by oncologists who,
like most non-rheumatologists, are often unaccustomed to taking a musculoskeletal history or performing
a musculoskeletal examination. Left untreated, ICI-induced arthritis can render a patient unable to perform the most
basic of tasks such as walking, washing, or dressing, and joint damage from ICI-induced arthritis can, in severe cases,
lead to the need for joint replacement.11 Unlike other irAE, ICI-arthritis tends to persist.12,13 In our ICI-arthritis registry,
58% of patients continued to have symptoms and require treatment at 12 months of follow-up.12 Both the persistence of
ICI-arthritis and its potential for joint damage justify early intervention to control disease. In this review, we discuss
evaluation, treatment and monitoring of ICI-arthritis by drawing on literature review, treatment guidelines and our own
clinical experience.
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Incidence and Risk Factors
The incidence of arthralgia in ICI clinical trials ranges from 1% to 43%, and of arthritis 1–7% according to a 2017
systematic literature review.14 The frequency of arthralgia in clinical trials varies based on the ICI used, and is reported to
be 11%, 8% or 5% after treatment with combination anti-PD-1/CTLA-4, anti-PD-(L)1 or anti-CTLA-4, respectively.15

The incidence of true inflammatory arthritis (with joint swelling) after ICI was 3.8% in one prospectively followed
cancer cohort.16 The frequency of ICI-induced polymyalgia in ICI treated patients has not been established. In one
retrospective study, ICI-arthritis was found to be more common in patients with melanoma and genitourinary cancers
than in patients with lung cancer, more common with combination ICI than with anti-PD1 monotherapy, and more
common in patients with a history of a non-rheumatic autoimmune condition.17 Patients with ICI-arthritis are more likely
than the general population to carry at least one RA-associated HLA allele (referred to as the “shared epitope”) though
they are less likely to be homozygous for the allele than RA patients.18

Clinical Presentation
ICI-arthritis can present in a variety of ways.19 Most commonly it presents as polyarthritis, similar to rheumatoid arthritis
(RA). ICI-arthritis can also present as a mono- or oligoarthritis with or without enthesitis akin to a spondyloarthropathy.
Another ICI-arthritis phenotype is a polymyalgia rheumatica (PMR)-like syndrome, in which there is bilateral shoulder
and hip girdle pain and prolonged morning stiffness. Many patients with ICI-induced PMR-like symptoms have
concomitant peripheral synovitis.20,21 Because peripheral synovitis is so common in the ICI-associated PMR phenotype,
because many ICI-arthritis cohorts in the literature include patients with ICI-PMR, and because it has not been
established that ICI-associated PMR is in fact an entity distinct from ICI-arthritis, we have included it here under the ICI-
arthritis umbrella. Finally, there is also an entity, termed “activated osteoarthritis”, in which patients experience an
exacerbation of joint pain in an area of previously identified osteoarthritis, but without morning stiffness or inflammatory
synovial fluid.22 It is unclear whether this represents a true irAE or the chance occurrence of an osteoarthritis flare after
ICI treatment. Median time of onset of ICI-arthritis is 2.8 months after ICI initiation, though the range is wide, and some
patients can present after immunotherapy has been discontinued.12

Patient Assessment
Although oncologists rely on the Common Terminology Criteria for Adverse Events (CTCAE) assessment of irAE grade
(Table 2),23 a more refined assessment of arthritis extent and severity allows clinicians to better judge the effectiveness of
therapy. This includes documentation of the specific joints affected, and of the patient’s level of pain and physical
function. Many electronic medical records have a homunculus to document tender and/or swollen joints.

Table 1 Currently Available
Immune Checkpoint Inhibitors

Drug Name Target

Ipilimumab CTLA-4

Nivolumab PD-1

Pembrolizumab PD-1

Cemiplimab PD-1

Dostarlimab PD-1

Atezolizumab PD-L1

Avelumab PD-L1

Durvalumab PD-L1
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The Clinical Disease Activity Index (CDAI) is a simple measure of arthritis disease activity that adds the total tender
and swollen joint count (0–28 each) plus the patient’s and the physician’s global arthritis activity scores (0–10 each, in
0.5 increments).24 A CDAI ≤ 2.8 represents remission, 2.8–10 represents low disease activity, >10–22 moderate disease
activity and >22 high disease activity. The Health Assessment Questionnaire (HAQ) can be used to assess function and is
graded on a scale of 0–3.0.25 The duration of morning stiffness can be used as another metric of ICI-arthritis disease
activity. These measures are validated in RA and, while not validated in ICI-arthritis, do offer clinical utility.

Laboratory Testing
Measuring an erythrocyte sedimentation rate (ESR) or C-reactive protein (CRP) can provide additional information about
the degree of inflammation and corroborate clinical findings, however inflammatory markers are not always elevated. In
our ICI-arthritis registry, median [IQR] CRP at presentation was 1.5 mg/dl [0.7, 3.1] in patients with small joint
involvement (“RA-like”), and 1.1 mg/dl [0.2, 12.3] in those with a PMR-like presentation.12

Serologic studies may be positive in ICI-arthritis, but rarely help with diagnosis or management. For example,
approximately 22% of patients with ICI-arthritis will have a positive ANA, but ICI-induced lupus is rare and other lupus
related autoantibodies are uncommon (eg, 9% are SSA/SSB positive).26 Nine percent of patients with ICI-arthritis have
a positive CCP and/or rheumatoid factor, but many seronegative ICI-arthritis patients have an RA-like presentation19 and
seropositive patients can present with any ICI-arthritis phenotype, including PMR.12 Whether seropositive ICI-arthritis
patients were seropositive prior to treatment is usually not known. In our study of 60 melanoma patients treated with
combination ICI (anti-CTLA4/PD1) in the context of a clinical trial, we found that the frequency of pre-ICI RF and CCP
was low (6.7%), and that seropositivity was not associated with post-ICI arthralgia.96 DeMoel et al made a similar
observation in a cohort of 133 ipilimumab (anti-CTLA4)-treated melanoma patients.27 Patients with ICI-arthritis who are
seronegative at presentation have been shown not to seroconvert over time.28 It is unknown whether the natural history of
ICI-arthritis differs in those who are seropositive vs seronegative either in terms of disease severity or disease duration,
and the absence of antibody positivity should not stand in the way of ICI-arthritis treatment.

Imaging
Plain radiographs may demonstrate underlying osteoarthritis in patients with ICI-arthritis, but this does not rule out
a superimposed inflammatory process. Radiographs can also be used to rule out bone metastases. Erosions are rarely seen
on radiography at presentation, however in one small study erosions were demonstrated on magnetic resonance imaging
(MRI) as early as 4 weeks in 3/8 imaged patients.29 In another study, musculoskeletal ultrasound demonstrated erosions
in 1/4 ICI-arthritis patients imaged, and an effusion and proliferative synovitis in one other.30 In a study of 6 patients with
ICI associated PMR, ultrasound was able to demonstrate biceps tenosynovitis in 5 and subacromial/subdeltoid bursitis in
3 of them.31 In that same study, FDG-PET/CT scans performed prior to corticosteroid initiation demonstrated uptake at
the shoulders, hip joints, greater trochanters and ischial tuberosities in all patients.

Table 2 Common Terminology Criteria for Adverse Events (CTCAE) V5.0 Grading of Arthritis

irAE Grade 1 Grade 2 Grade 3

Joint
effusion

Asymptomatic; clinical or
diagnostic observations only;

intervention not indicated

Symptomatic; limiting instrumental ADL Severe symptoms; limiting self-care ADL;
invasive intervention indicated

Arthralgia Mild pain Moderate pain; limiting instrumental ADL Severe pain; limiting self-care ADL

Arthritis Mild pain with inflammation,
erythema, or joint swelling

Moderate pain associated with signs of
inflammation, erythema, or joint swelling;

limiting instrumental ADL

Severe pain associated with signs of
inflammation, erythema, or joint swelling;

irreversible joint damage

Notes: Data from the National Cancer Institute.23

Abbreviations: irAE, immune-related adverse events; ADL, activities of daily living.
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Joint Aspiration
When joint effusions are present, joint aspiration and synovial fluid analysis allows objective assessment of the degree of
inflammation. A synovial fluid white cell count >2000/mm3 is indicative of an inflammatory process, while a count <200/
mm3 rules it out. Microscopy can also help rule out crystal-induced joint inflammation. Finally, joint aspiration also
provides an opportunity to inject the joint with corticosteroids if indicated.

Biology of ICI Arthritis and Implications for Treatment
Our understanding of the biology of ICI-arthritis is still in its infancy. In one case report, synovial pathology from a patient
with ICI-arthritis was strikingly reminiscent of RAwith B cell aggregates, CD4+ and CD8+ T cell infiltration and scattered
histiocytes.32 In contrast, in another published case of ICI-arthritis due to nivolumab (anti-PD1), B cells were absent, but
there was extensive infiltration of memory T cells and histiocytes. In this second case, there was significantly more tumor
necrosis factor (TNF) but less interleukin (IL)-6 staining compared to RA controls.33 Most notable about this case was
a complete lack of staining for PD-1 in the synovial tissue, suggesting continued occupancy of PD-1 by nivolumab even
though the tissue was obtained ~200 days after nivolumab discontinuation. The long duration of ICI binding in the synovial
tissue could explain the long duration of ICI-arthritis, even in patients who discontinue ICI treatment.

More recently, our group has used mass cytometry, single cell RNA sequencing and assessment of T cell clonality to
better describe the pathology of ICI-arthritis.34 These studies have identified a unique CD38hi CD127− CD8+ T cell
population that displays cytotoxic, effector, and interferon (IFN) response signatures, and is markedly expanded in the
joints of patients with ICI-arthritis as compared to RA or psoriatic arthritis controls. Examination of synovial tissue from
one patient who underwent bilateral knee arthroplasty also demonstrated considerable sharing of T cell receptor
clonotypes in the CD38hi CD8 T cell fraction from both knees, despite the two specimens having very different histologic
features on light microscopy (one knee with acute inflammation and the other with lymphoid aggregates reminiscent of
RA). Although this study suggests that targeting IFN to treat ICI-arthritis would be therapeutic, IFN signaling is critical
to effective cancer responses to anti-PD-1 therapy.35 There is one case report, however, describing pre- and post-
treatment synovial tissue from an ICI-arthritis patient successfully treated with tofacitinib, a Janus kinase (JAK) inhibitor,
showing resolution of extensive T cell infiltrates on light microscopy and a reduction in the number of IFNγ-, IL17A- and
IL22-producing CD4+ T cells.36

ICI-Arthritis Management
Review of the Literature
We reviewed the literature through March 2022 to identify published approaches to ICI-arthritis management (See
Supplement for search strategy and Supplemental Tables 1 and 2). We identified 15 case series (“case series”) with >3
patients that included patient level data20,29,30,37–48 and 11 observational cohort studies (“cohort studies”) without
individual patient level data12,13,17,21,49–55 encompassing 595 ICI-arthritis and 95 ICI-PMR patients. Only 3 of the cohort
studies were prospective,12,13,52 and there were no randomized controlled trials, emphasizing the low quality of the
evidence. Most of the studies suffer from referral and/or publication bias. In the case series, 106/138 (76.8%) ICI-arthritis
and 39/44 (88.6%) ICI-PMR patients were treated with systemic steroids. There were similar rates of steroid use in the
cohort studies (61–100% of ICI-arthritis and 75–100% of ICI-PMR patients), and mean maximum steroid dose was 30 to
60 mg/day. Disease modifying antirheumatic drug (DMARD)-use varied widely. In the case series, 62/138 (44.9%) ICI-
arthritis patients were treated with a conventional synthetic DMARD (csDMARD), and 10/138 (7.2%) with a biologic
DMARD (bDMARD), primarily TNF inhibitors (TNFi). Among the cohort studies, csDMARDs were used in up to 40%
of patients, with equal numbers receiving hydroxychloroquine or methotrexate. Smaller numbers of patients were treated
with sulfasalazine, leflunomide or azathioprine. Where reported, bDMARD use in the cohort studies varied widely
(between 4.8% and 47.6%) with 75% (42/56) receiving a TNFi and 19.6% (11/56) receiving tocilizumab, an IL-6
receptor inhibitor (IL6Ri). In the case series, ICI was either held or discontinued in 34.3% (34/99) of ICI-arthritis
patients. Although these studies provide some insight into treatment practices in the rheumatology community, they do
not allow us to determine the relative safety or efficacy of any given approach.
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Treatment Guidelines
Several medical oncology societies, including the European Society for Medical Oncology (ESMO), the American
Society of Clinical Oncology (ASCO) and the National Comprehensive Cancer Network (NCCN) have developed
management guidelines for irAE, including ICI-arthritis (Table 3).56–59 It must be recognized that, given the weakness
of the underlying evidence, these guidelines are necessarily “eminence-based”. They are, however, a useful starting point
for physicians confronting ICI-arthritis for the first time. In general, they recommend NSAIDs for grade 1 arthritis, low
dose prednisone (10–20mg daily) for grade 2 and high dose (0.5–1 mg/kg/day) for grade 3 arthritis. DMARDS are
recommended as steroid sparing agents for steroid refractory cases and to enable tapering of steroids. They recommend
consideration of holding ICI for grade 2 arthritis and holding for grade 3. ASCO recommends referral to a rheumatologist
for ICI-arthritis that is grade 2 or higher.29 This is important since oncologists may not be familiar with conventional or
biologic DMARDS. Most guidelines provide little information about the specific choice of DMARD in steroid refractory
patients or for monitoring over time. Other organizations with more abbreviated guidance documents include the Society
for immunotherapy of Cancer (SITC) and the European League Against Rheumatism (EULAR).59,60 SITC suggests that
the specific choice of DMARD be individualized based on arthritis severity, comorbidities, and anticipated time to
efficacy. EULAR emphasizes shared decision-making between patients, oncologists, and rheumatologists. EULAR
recommends conventional DMARDs for patients who have an insufficient response to corticosteroids, and biologic
DMARDs (specifically a TNF or IL6R inhibitor) for patients with severe irAE or with an inadequate response to
a conventional DMARD.

Safety of Anti-Rheumatic Drugs in ICI-Treated Cancer Patients
There is virtually no data on the safety of DMARDS, either conventional or biologic, in the treatment of ICI-arthritis;
however, lessons can be learned from preclinical studies, and from the literature on other irAE. Table 4 lists dosing
regimens, mechanism of action, and common side effects of DMARDS used for ICI-arthritis.61–64

Corticosteroids remain the foundation of treatment for most irAE because of their effectiveness and rapid onset of
action. However, a retrospective study of patients with ICI-induced hypophysitis demonstrated that treatment with high
dose corticosteroids was associated with a dramatic reduction in overall survival compared to low dose corticosteroids.65

The negative association between corticosteroid treatment and survival is greatest when they are given within 2 months
of ICI initiation.66 This could, however, be because experiencing an early irAE necessitates early holding of the ICI, or
because higher corticosteroid doses are needed for early irAE (eg, colitis) than for later ones (eg, endocrine). A long
duration of corticosteroid use is associated with an increased infection risk67 and with osteoporosis.

Hydroxychloroquine is a commonly used DMARD for low grade ICI-arthritis40 and is thought to be immunomodu-
latory rather than immunosuppressive (ie, it is not associated with an increased risk of infection). A recent preclinical
study suggested that hydroxychloroquine may impair anti-PD-1 associated reductions in tumor growth68 but the
hydroxychloroquine dosages used in that study (the equivalent of 600 mg in humans) was higher than is used in
rheumatology practice (typically 200–400 mg). Sulfasalazine is another non-immunosuppressive DMARD that can be
used for low grade ICI-arthritis in patients who are not sulfa allergic. Both hydroxychloroquine and sulfasalazine are
slow acting agents, however, and take 2–3 months to work.

Methotrexate is a folic acid antagonist which is commonly used to treat RA and psoriatic arthritis. The medication can
cause hematologic and hepatic toxicity, as well as gastrointestinal intolerance. Methotrexate is inexpensive, widely
available, and used for many rheumatic conditions. However, as an antimetabolite its immunosuppressive effects are
broad ranging rather than targeted, raising the possibility that it could negatively impact cancer survival when used over
the long term for ICI-arthritis. It is also slow acting, taking 2–3 months to have its effect.

Indirect evidence from preclinical and clinical studies suggests that TNF inhibition is likely to be safe in ICI-treated
patients.69 One study comparing steroid treatment alone with steroid and infliximab together in patients with ICI-induced
colitis failed to show a difference in survival.70 However, in one large prospective melanoma registry, patients treated
with TNFi for high grade irAE had shorter survival than those who did not require immunosuppression (eg, endocrine
irAE), and patients treated with TNFi ± corticosteroids did worse than those treated with corticosteroids alone.71 The vast
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majority of TNFi-treated patients in this study had colitis due to anti-CTLA-4 and were treated early in the cohort, so
there may have been unmeasured confounders that influenced their results, but it does suggest that potent immune
suppression may interfere with the efficacy of ICI. Along these lines, a retrospective study of 184 patients with ICI-colitis
that compared patients treated with infliximab, a TNFi, to vedolizumab, which targets integrin α4β7 and prevents gut but
not systemic inflammation, showed infliximab to be associated with a higher rate of cancer progression.72

Table 3 Arthritis Management Guidelines56–58

ESMO 2017 ASCO 2021 NCCN 2021

Grade 1:
Mild pain with

inflammation,

erythema or joint
swelling

• Initiate analgesia with
paracetamol and ibuprofen

• Continue immunotherapy

• Continue immunotherapy
• Initiate analgesia with acetaminophen

and/or NSAIDs

Mild:
Mild in

severity or

only 1
joint

involved

• Continue immunotherapy
• NSAIDs

• If NSAIDs ineffective consider

low dose Prednisone 10–
20 mg daily x 2–4 weeks; if not

improving, treat as moderate

• Consider intra-articular
steroids in affected joints,

depending on joint location

and number involved

Grade 2:

Moderate pain
associated with

the above, limits

instrumental
activities of daily

living

• Escalate analgesia and use

diclofenac or naproxen or
etoricoxib

• If inadequately controlled,

initiate prednisolone 10–20 mg
or consider intra-articular

steroid injections for large
joints

• Consider withholding

immunotherapy and resuming
upon symptom control,

prednisolone <10 mg; if

worsens treat as per Grade 3

• Consider holding immunotherapy.

• Escalate analgesia and consider higher
doses of NSAIDs as needed.

• If inadequately controlled, initiate

prednisone 10–20 mg/d or equivalent.
If improvement, slow taper according

to response during the next 4–6 weeks.
• If no improvement after initial 4 weeks

treat as G3.

• If unable to lower corticosteroid dose
to below 10 mg/d after 6–8 weeks,

consider DMARD.

• Consider intra-articular steroid
injections for large joints.

• Referral to rheumatology.

Moderate • Consider holding

immunotherapy
• Prednisone 0.5 mg/kg/day x 2–

3 weeks, treat as severe if no

improvement

Grade 3:

Severe pain;

irreversible joint
damage; disabling;

limits self-care

activities of daily
living

• Withhold ICI

• Initiate prednisolone 0.5–1 mg/

kg If failure of improvement
after 4 weeks or worsening in

meantime–refer patient to

rheumatologist (consider anti-
TNF therapy)

• Hold immunotherapy temporarily and

may resume in consultation with

rheumatology, if recovered to # G1.
• Initiate oral prednisone 0.5–1 mg/kg.

• If failure of improvement after 2 weeks

or worsening in meantime, consider
synthetic or biologic DMARD*.

• Referral to rheumatology.

Severe:

Limits

activities
of daily

living,

presence
of joint

erosions

• Hold or permanently

discontinue immunotherapy

• Prednisone/
methylprednisolone 1 mg/kg/

day

• If no improvement by week 1
or if unable to taper steroids

by week 2, rheumatology

consultation for consideration
of additional disease-modifying

anti-rheumatic drugs

depending on clinical
phenotype of inflammatory

arthritis†.

Notes: *Synthetic: methotrexate, leflunomide, hydroxychloroquine, and sulfasalazine alone or in combination. Biologic: Consider anti-cytokine therapy such as TNF or
interleukin-6 antagonists. As a caution, IL-6 inhibition can cause intestinal perforation. Although this is extremely rare, it should not be used in patients with concomitant
immune-related colitis. †Options include: infliximab, methotrexate, tocilizumab, sulfasalazine, azathioprine, adalimumab, etanercept, hydroxychloroquine.
Abbreviations: ESMO, European Society for Medical Oncology; ASCO, American Society of Clinical Oncology; NCCN, National Comprehensive Cancer Network;
NSAIDs, Non-steroidal anti-inflammatory drugs; ADL, activities of daily living; TNF, tumor necrosis factor.
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Table 4 Commonly Used Disease-Modifying Anti-Rheumatic Drugs (DMARDs)

Medication Dose, Route of
Administration,
and Common
Indications

Mechanism of Action Potential Toxicity Prescribing Notes and
Monitoring
Parameters

Hydroxychloroquine61 ≤5 mg/kg PO
Systemic lupus

erythematosus

Rheumatoid
arthritis

Interferes with acidification of
lysosomal granules; alters signaling

pathways and transcriptional

activity;
inhibition of cytokine production

Retinal toxicity
Skin pigmentation

Neuropathy

Myopathy
Cardiomyopathy

QT prolongation

Baseline ophthalmologic
evaluation

Baseline EKG

Sulfasalazine62 1000–1500 mg

BID PO

Rheumatoid
arthritis

Ulcerative colitis

Off label:
Psoriatic arthritis

Ankylosing
spondylitis

Mechanism unknown; reduces

TNFa expression; inhibits B cell

function; inhibits the pro-
inflammatory NF-kB signaling

pathway

Hypersensitivity reactions

(may be delayed): can include

fever, rash, eosinophilia,
hepatitis, pneumonitis,

interstitial nephritis

Blood dyscrasias
Hemolytic anemia

Hepatotoxicity
Rash

Gastrointestinal intolerance

Headache

Baseline CBC and LFTs

CBC and LFTs every 2–4

weeks months 0–3; every
6–8 weeks for months 3–

6; every 12 weeks

thereafter

Methotrexate 15–25 mg weekly

PO or SQ
Rheumatoid

arthritis

Psoriatic arthritis

Folate antimetabolite that inhibits

DNA synthesis, repair, and cellular
replication

Teratogenicity

Stomatitis
Bone marrow suppression

Hepatotoxicity

Reversible alopecia
Gastrointestinal intolerance

Administer with folic acid

supplementation (1 mg
daily)

Renally excreted; dose

adjustment necessary in
patients with CKD.

Baseline CBC and LFTs

CBC and LFTs every 2–4
weeks months 0–3; every

6–8 weeks for months 3–

6; every 12 weeks
thereafter

Azathioprine 25–50 mg PO
daily, up to 3 mg/

kg/day

Rheumatoid
arthitis

Off label:

Vasculitis
Lupus nephritis

Inflammatory

bowel disease
Uveitis

Antagonist of purine metabolism
resulting in the inhibition of DNA,

RNA, and protein synthesis

Bone marrow suppression
Gastrointestinal intolerance

Hepatotoxicity

Infections (in combination
with corticosteroid)

Carcinogenesis

Pancreatitis

TPMT genotyping at
baseline

Some metabolites renally

excreted; dose
adjustment necessary in

patients with CKD.

Baseline CBC and LFTs
CBC and LFTs every 2–4

weeks months 0–3; every

6–8 weeks for months 3–
6; every 12 weeks

thereafter

(Continued)
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Although less commonly used than TNFi, IL6Ri are also effective for irAE management including ICI-arthritis and
PMR.73–75 Elevated levels of IL-6 and CRP (which closely correlates with IL-6) are associated with reduced survival in
ICI-treated patients.76–78 Investigators have demonstrated synergy between IL6Ri and anti-PD(L)1 when used concomi-
tantly in a preclinical model.79 Among patients with RA, there is a risk of colon perforation with the IL6Ri tocilizumab,80

although it has been used in a trial setting for patients with Crohn’s disease.81 As such, this agent should be used with
caution in patients who have ICI-colitis.

The last several years have seen the introduction of several oral JAK inhibitors for the treatment of RA, including
tofacitinib, baricitinib and upadacitinib.82 These agents block signaling through the JAK STAT pathway and have

Table 4 (Continued).

Medication Dose, Route of
Administration,
and Common
Indications

Mechanism of Action Potential Toxicity Prescribing Notes and
Monitoring
Parameters

Leflunomide 10–20 mg PO daily

Rheumatoid

arthritis

Inhibits lymphocyte proliferation by

inhibiting pyrimidine synthesis

Diarrhea

Anorexia

Hepatotoxicity
Reversible alopecia

Teratogenicity

Peripheral neuropathy

Baseline CBC and LFTs

CBC and LFTs every 2–4

weeks months 0–3; every
6–8 weeks for months 3–

6; every 12 weeks

thereafter

Biologic DMARDS

Tumor necrosis factor

(TNF) inhibitors63
Rheumatoid

arthritis

Psoriatic arthritis
Ankylosing

spondylitis

Inflammatory
bowel disease

(except

etanercept)
Uveitis (except

etanercept)

TNF activates macrophages, T- and

B-cells inducing production of

cytokines (IL-1, IL-6), chemokines,
adhesion molecules, matrix

metalloproteinases, and inhibits

regulatory T cells

Infections, including

opportunistic infections

(particularly intracellular eg
mycobacterial, viral)

Non-melanoma skin cancer

Multiple sclerosis
Neuropathy

Headache

Rash
Psoriasis

Prior to initiation, screen

for hepatitis B and latent

tuberculosis

• Infliximab 3–10 mg/kg week 1,2,6 and then every 4–8 weeks

• Etanercept 50 mg weekly SQ

• Adalimumab 40 mg every 2 weeks SQ
• Certolizumab 200 mg every 2 weeks or 400 mg every 4 weeks SQ

• Golimumab 50 mg every 4 weeks SQ or 2 mg/kg every 8 weeks IV

Interleukin 6 (IL6)

receptor blockade64
Rheumatoid

arthritis

Giant cell arteritis
Scleroderma lung

disease

Severe SARS-
CoV2 infection

IL6 induces synthesis of acute phase

reactants such as CRP, serum

amyloid A, fibrinogen. It stimulates
antibody production and effector

T cell development. In the joint, it

induces vascular permeability and
osteoclast activation, as well as

collagen production

Intestinal perforation

Cytopenias

Hyperlipidemia
Hepatotoxicity

Use with caution in

patients with a history of

diverticulitis or peptic
ulcer disease

CBC, LFT monthly x 3

months, then every 3
months

Lipid monitoring

• Tocilizumab 4–8 mg/kg every 4 weeks IV OR 162 mg every 1–2 weeks SQ

• Sarilumab 200 mg every 2 weeks SQ
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important inhibitory effects on gamma IFN, which signals through JAK1 and JAK2. Of note, intact IFN signaling has
been shown to be necessary for cancer responses to anti-PD-1.35

Abatacept, which is a CTLA4 agonist, has the direct opposite effect of ipilimumab (anti-CTLA4), and it has been
used to treat life-threatening irAE such as myocarditis.83 There is limited and conflicting evidence as to the role of IL17
in irAE development.84,85 Although there are a number of case reports in which anti-IL17 was used to treat ICI-induced
psoriasis, in one instance the tumor response was subsequently lost.86 Anti-IL12/IL23 (ustekinumab) was reported to be
effective in two cases of refractory ICI-colitis but has not been used for ICI-arthritis.87 With regard to rituximab,
a systematic literature review identified no published cases of rituximab treated patients with ICI arthritis but did note
that the drug was effective in 6/9 patients with neurologic irAE.88

ICI Rechallenge After ICI-Arthritis Development
Studies suggest that about half of patients who are rechallenged with ICI after experiencing an irAE will have
a recurrence of the same or a different irAE.89 In a study using the World Health Organization database VigiBase,
28.8% of patients rechallenged with the same ICI had a recurrence of the same irAE, and recurrence rates were highest
for ICI-arthritis (45%, 95% CI 28–62%).90

Our approach:
For patients with ICI-arthritis, the major therapeutic questions are:

1. Can this patient be managed without systemic steroids?
2. If steroids are used, what dose is appropriate?
3. If steroids cannot be tapered, what steroid-sparing agent should be used?
4. Should the patient’s ICI be held and, if so, when/whether should ICI be resumed?

We aim to taper prednisone to ≤10 mg daily while maintaining an ICI-arthritis grade ≤1. This contrasts with our
approach to treating RA, where our goal is remission. We accept a low level of ICI-arthritis disease activity in order to
avoid intensive immunosuppression that might abrogate cancer responses.

As recommended in most treatment guidelines recommendation, we use NSAIDS, acetaminophen, intraarticular steroid
injections and/or, at times, low doses of prednisone for grade 1 arthritis, and moderate to high steroid dosages for grade 2 and
3 arthritis. We generally aim to taper prednisone to 10 mg over 2 to 4 weeks. The ease with which this can be accomplished
without a flare of symptoms provides additional information that can help determine whether a steroid sparing agent is
needed, and if so which one to use. Hydroxychloroquine and sulfasalazine are most appropriate for patients with mild
arthritis who can easily taper prednisone to ≤10 mg. Patients who fail to respond to hydroxychloroquine or sulfasalazine, or
who have higher grade arthritis, can be treated with methotrexate or a biologic DMARD. For patients with high grade
arthritis who cannot quickly taper prednisone to ≤10 mg/day, we prefer biologic DMARDS over methotrexate in order to
avoid prolonged high dose corticosteroid use. We generally turn to TNFi rather than IL6Ri due to their tolerability, their
effectiveness for de novo rheumatoid arthritis95 and the extensive experience using TNFi for ICI-colitis.70 In our experience,
patients with the PMR phenotype of ICI arthritis also response to TNFi. In patients with refractory arthritis, methotrexate can
be added to a biologic DMARD for better arthritis control; alternatively, the TNFi can be switched to an IL6Ri.

We generally hold the ICI until the patient’s arthritis is grade ≤1 and they are on prednisone ≤10 mg daily. The
decision to resume ICI should be made in consultation with the patient’s oncologist and will depend on the original
severity of the arthritis, the number of ICI doses the patient has already received, the status of the cancer, and the
availability of other treatment options. For example, in a patient with melanoma who has been on ICI for a year, whose
cancer remitted and who presented with grade 3 arthritis, the oncologist may not feel any need to resume ICI. In contrast,
in the case of a patient with lung cancer who presents with grade 2 arthritis after only two months of ICI, and whose
cancer has stabilized on imaging, the oncologist may be anxious to resume ICI. Patients with high grade ICI arthritis who
would like to resume ICI can sometimes be successfully managed with concomitant TNFi.
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Reassessment of arthritis severity (grade and CDAI) and response to therapy is needed during follow-up, regardless of
whether the patient continues ICI therapy. Although measurement of ESR and CRP can provide adjunctive information,
treatment can be guided largely by the patient’s joint symptoms, physical exam findings, and functional status. Most
patients achieve full benefit from DMARDs, whether conventional or biologic, within three months. Failure to respond,
or failure to taper corticosteroids to an acceptably low dose, is an indication to adjust therapy, or to add an additional
agent in cases of a partial response.

ICI-arthritis can resolve, however, and when the patient’s symptoms have completely dissipated, tapering of
medications is indicated. If prednisone has already been tapered off, then the interval between doses of TNFi or IL6Ri
can be increased. In patients on methotrexate, the dose can be cut in half and later discontinued, keeping in mind that the
effect of medication discontinuation may lag by as much as three months.

Patients whose cancer has progressed on ICI therapy may transition to other cancer treatments, including chemother-
apy. Combining immunosuppressive DMARDS, systemic corticosteroids, and chemotherapy will significantly increase
the risk of infection; it may be prudent to hold DMARDS in that setting.

Patient with Preexisting Autoimmune Diseases
The overall risk of toxicity from ICI is similar in patients with or without pre-existing autoimmune conditions.91 About
50% of patients with an underlying autoimmune condition will experience a flare of their disease after ICI initiation,
although disease flares appear to be more common with anti-PD-(L)1 than with anti-CTLA-4.92 One question that arises
in these patients is whether to hold their immunosuppressive medications at the time of ICI initiation. A retrospective
study of ICI-treated non-small cell lung cancer patients (without autoimmune disease) demonstrated that patients on
prednisone >10 mg daily at the time of ICI initiation had worse overall survival after ICI treatment.93 Similarly,
a retrospective study of anti-PD1 treated melanoma patients demonstrated lower cancer response rates in patients who
continued immunosuppression at the time of anti-PD1 initiation (15% vs 44% (p = 0.033)).94 In contrast, a prospective
study of 415 patients with autoimmune diseases enrolled in a melanoma registry did not demonstrate a significant
reduction in overall survival in ICI-treated patients on versus off immunosuppression after adjusting for known
prognostic factors, although there was a trend in that direction.91

Given these contradictory results and the overall low level of evidence, the decision whether to hold immunosuppres-
sion at the time of ICI initiation should be made jointly with the patient, taking into account the severity of their
autoimmune condition and the risk associated with disease flare. In general, our approach is to continue antirheumatic
drugs in patients with active life- or organ-threatening autoimmune diseases (eg, vasculitis and severe lupus). We
generally continue medications such as hydroxychloroquine and sulfasalazine at the time of ICI initiation since they
are immunomodulatory and not immunosuppressive. Sometimes, we choose an alternative treatment for a patient’s
preexisting autoimmune condition at the time of ICI initiation. An example of this would be switching a patient with RA
being treated with a JAK inhibitor to a TNFi or and IL6Ri, since JAK inhibitors may abrogate responses to anti-PD-1.35

Conclusion
Early recognition and management of ICI-induced arthritis is important in order to minimize its impact on patients’
physical function, quality of life and its potential to cause joint damage. Treatment must take into account the impact of
immunosuppression on cancer ICI responses, especially because ICI-induced arthritis has a tendency to persist, even after
ICI discontinuation. There are now a number of published prospective ICI-induced arthritis cohorts characterizing ICI-
induced arthritis.12,13 However, translational studies are needed to identify pathways that are important to ICI-induce
arthritis pathogenesis but not critical to cancer control. This in turn could inform future randomized controlled trials
comparing the safety and efficacy of different targeted treatment approaches.
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