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Abstract

Objective—We sought to investigate the long-term outcomes of patients who develop immune
checkpoint inhibitor (ICI)-induced inflammatory arthritis (1A), to define factors associated with 1A
persistence after ICI cessation, the need for immunosuppressants and the impact of these
medications on underlying malignancies.

Methods—We conducted a prospective observational study of patients referred for 1A associated
with ICls. Patients were recruited from June 2015 to December 2018. Information was obtained at
the baseline visit, and follow-up visits occurred at varying intervals for up to 24 months from ICI
cessation. Kaplan-Meier curves were developed to characterise 1A persistence. Cox proportional
hazards models were used to assess the influence of various factors on 1A persistence. Logistic
regression was used to evaluate the impact of 1A treatment on tumour response.
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Results—Sixty patients were monitored with a median follow-up after ICI cessation of 9 months.
A majority (53.3%) had active 1A at their most recent follow-up. 1A was less likely to improve in
those with longer duration of ICI use, in those receiving combination ICI therapy, and in patients
with multiple other immune-related adverse events. Tumour response did not appear to be
impacted by immunosuppression. Although not statistically significant, persistent 1A was
correlated with a better tumour response (complete or partial response).

Conclusion—ICl-induced IA can become a long-term disease necessitating management by
rheumatology for immunomodulatory treatment. Importantly, the use of immunomodulatory
treatment has not been shown to impact cancer outcomes in this study.

INTRODUCTION

The use of immune checkpoint inhibitor (ICI) therapy is rapidly growing, and new agents
continue to be approved by the US Food and Drug Administration and European Medicines
Agency.12 An anti-CTLA4 agent, ipilimumab, was first approved for metastatic melanoma
in 2011. Since then, approvals have been granted for: antiprogrammed death receptor-1
(PD-1) and anti-PD ligand-1 (PDL-1) medications.® These agents are approved to treat an
increasingly wide variety of cancers, both in the metastatic and adjuvant settings.!

While ICls have improved overall survival and cancer progression-free duration, they can be
associated with various autoimmune and inflammatory syndromes known as immune-related
adverse events (irAEs).# These events are thought to occur through the non-specific
activation of T-cells against ‘self” antigens.> Some irAEs, such as colitis and pneumonitis,
can be life-threatening, while others such as inflammatory arthritis (I1A) can have a dramatic
impact on quality of life. IA is often under-recognised likely due to its limited impact on
mortality, examination findings that may miss the threshold of detection by oncology
providers, and a broad range of classification options in the Common Terminology Criteria
for Adverse Events grading used in clinical trials. However, the necessity for early
recognition of 1A is growing due to patient functional loss, reports of rapid development of
erosions and persistence of joint symptoms.5-10 The true incidence of IA resulting from
irAEs is difficult to determine, but up to 43% of patients in immunotherapy clinical trials
reported arthralgias, and it has been estimated that between 3.0% and 7.5% of patients
treated with ICIs develop 1A.11-14 In light of the percentage of patients who develop 1A and
the growing use of ICI therapy, further evaluation of long-term outcomes is warranted,
particularly in the setting of improved survival on ICI treatment and previous observations
that IA persists after ICI cessation.’~10

Little is known about risk factors for persistent A, appropriate treatment strategies in these
patients, or the potential impact of immunosuppressive therapy on tumour response. The
treatment of 1A is challenging in that individuals may require immunosuppression but have
recently received an immune-activating agent. Previous studies note that a majority of
patients required systemic corticosteroids for treatment of 1A, and of those 15%-90%
require additional immunosuppression with conventional synthetic (CS) disease-modifying
antirheumatic drugs (DMARDS) or biological (b) DMARDs including tumour necrosis
factor (TNF)-inhibitors and interleukin-6 inhibition.8915-17 One study reported no impact of
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non-corticosteroid immunosuppression on existing antitumour responses in patients with
ICI-related 1A.8

This study investigated the long-term outcomes of patients who developed IA associated
with ICI therapy. We focused on those who developed persistent symptoms after ICI
cessation and further evaluated whether factors such as combination ICI therapy, ICI
exposure duration or the development of other irAEs were predictive of ongoing IA. Lastly,
we assessed if immunosuppressive treatment for 1A had an impact on the underlying tumour
response to ICls.

MATERIALS AND METHODS

Patients

This is a prospective observational study of patients referred to the Johns Hopkins Arthritis
Center for 1A due to ICls. Patients were recruited from June 2015 to December 2018.
Patients were included if they were age 18 or older, had received treatment with an ICI (anti-
CTLAA4, anti-PD1, anti-PDL-1 or combination ICI therapy) and had a rheumatologist-
confirmed diagnosis of 1A. We excluded patients if they had a pre-existing rheumatological
autoimmune disease, were actively receiving ICI therapy or restarted ICI therapy during
follow-up, or if they were enrolled in a trial involving investigational agents for which
results were not published.

Patient involvement

Patients with ICI-induced I A were not formally involved in the design for this study.
However, discussions with patients by the authors emphasised the importance to patients of
understanding whether 1A would persist and how likely this would be, the key questions of
this study.

Clinical measures

Baseline data including demographics, cancer type, specific ICI treatment, tumour response,
personal and family history of autoimmunity, other irAEs, labs (rheumatoid factor (RF),
anticyclic citrullinated peptide (CCP), antinuclear antibody (ANA), erythrocyte
sedimentation rate (ESR), C reactive protein (CRP) and clinical examination findings (28-
tender joint count, 28-swollen joint count, dactylitis and/or enthesitis) were obtained at the
initial visit. Follow-up occurred at varying intervals for up to 24 months after ICI cessation
to assess the clinical status of A and malignancy. IrAE information was obtained through
medical records review. Tumour response was determined by Response Evaluate Criteria in
Solid Tumours 1.1 (RECIST) when available.1® Otherwise, tumour response was as
documented by the patient’s treating oncologist in the medical record (ie, in the assessment
portion of the progress note or imaging reports). Tumour response was recorded at follow-up
visits. Active arthritis was defined as the presence of joint disease (synovitis, tender joints,
enthesitis and dactylitis) based on rheumatologist examination or the inability to taper
immunosuppressive therapy without return of IA symptoms. If patients had no evidence of
active 1A at around 6 months after ICI cessation, DMARD medications were tapered.
Patients were treated with non-steroidal anti-inflammatory drugs (NSAIDs), intra-articular
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steroids, systemic steroids, csDMARDS (methotrexate (MTX), leflunomide, sulfasalazine,
hydroxychlorogquine (HCQ) and bDMARD:s (infliximab, adalimumab and etanercept).

Descriptive statistics were calculated for baseline characteristics. The distributions of
variables were analysed; median values are presented as they were more representative of
the distribution of data for the cohort. Kaplan-Meier curves were used to evaluate the
persistence of arthritis over time and the influence of various features on persistent arthritis.
The time origin for survival analysis was the date of ICI cessation with follow-up occurring
over 24 months from ICI cessation. The event of interest was resolution of IA. Log rank
testing was performed to evaluate for significant differences when comparing survival
curves. Univariable and multivariable Cox proportional hazards regression was performed to
identify factors that associated with 1A persistence with the outcome being time to 1A
resolution. Due to the large number of tumour types observed, only the most common,
melanoma and non-small cell lung cancer (NSCLC), were assessed as covariates in the Cox
proportional hazards model. Variables with less than three events were not examined as
covariates in the multivariable model. Factors that achieved a p<0.10 were included in the
multivariable model. Logistic regression analysis was also performed to evaluate the impact
of immunosuppression on tumour progression. HRs and ORs were estimated with their 95%
Cls. Statistical significance was set at a p<0.05. All statistical analyses were performed
using Stata/IC software V.15.0.

Baseline patient characteristics

A total of 60 patients, 32 female and 28 male, were monitored with a median follow-up of 9
months and average follow-up of 12 months (range 1-24 months) after ICI cessation (table
1). The median age was 58.5 years. Of the 60 patients, two had a personal history of single
organ autoimmune disease (psoriasis, hypothyroidism) and seven had family history of
autoimmune disease including rheumatoid arthritis, Crohn’s disease, juvenile idiopathic
arthritis, polymyalgia rheumatica and ankylosing spondylitis. The patients had a wide range
of cancer diagnoses with melanoma being the most common (35%), followed by NSCLC
(23%). Gastrointestinal cancers made up 12% of the study population including pancreatic
adenocarcinoma, colon adenocarcinoma, hepatocellular carcinoma and duodenal
adenocarcinoma. Four patients had genitourinary cancers (renal cell carcinoma, prostate
adenocarcinoma and urothelial carcinoma) and three patients had cervical squamous cell
carcinoma, clear cell endometrial carcinoma or endometrial carcinosarcoma. Other cancer
diagnoses included Hodgkin’s lymphoma, Kaposi sarcoma, mesothelioma, mycosis
fungoides, neuroendocrine carcinoma, ependymoma, ductal carcinoma of the breast, basal
cell carcinoma and cutaneous squamous cell carcinoma. Combination therapy (anti-
CTLA-4+anti-PD-1) was used in 30% of patients whereas monotherapy with anti-CTLA-4,
anti-PD-1 or anti-PDL-1 was used in 70% of patients. Some patients received multiple
agents over time. ICI treatment was stopped for disease progression, treatment completion
and/or severe irAEs. Fourteen (23%) had a complete response based on RECIST, imaging
reports or treating oncologist documentation.
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Baseline features of |IA and other irAEs

The median baseline 28 swollen joint count was 6, and the median baseline 28 tender joint
count was 2 (table 2). Median Clinical Disease Activity Index was 17.5, indicating moderate
disease activity. Overall, there were low rates of seropositivity (RF 1.8%, CCP 5.5%, ANA
14.3%) on laboratory analysis. Median baseline ESR and CRP were 29 mm/hour and 1.3
mg/dL respectively. Two patients received csDMARD (MTX, HCQ) for IA prior to their
initial evaluation in our clinic. Eighteen (30%) were receiving steroids with a median
prednisone dose equivalent of 10 mg daily at the time of presentation to our clinic. NSAIDs
alone had been used in 30% of patients prior to initial rheumatological evaluation. Thirty
(50%) patients had experienced other non-rheumatic irAEs; rash and colitis were the most
common, each in 33% of patients, but a range of other IRAESs were seen (table 2).

Follow-up IA activity

A majority (53.3%) of patients had active arthritis at their last follow-up visit which varied
from 1 to 24 months after ICI cessation. Three-month follow-up data after ICI cessation was
available in 51 patients, with 6-month data available on 41 patients (online supplementary
figure 1). At 3 months, 70.6% had active IA; 48.8% had active I1A at 6 months. Among the
20 patients with persistent arthritis at 6 months, 14 continued to have active disease in
further follow-up. Kaplan-Meier curves for persistent arthritis showed that those treated with
combination immunotherapy and those with =2 irAEs were more likely to persist than those
treated with monotherapy or those with <2 additional irAEs, respectively (figure 1A,B). The
curves evaluating persistent arthritis by category of tumour response did not have a
statistically significant difference, but showed a trend towards more persistent arthritis in
those with complete or partial tumour responses (figure 1C). In univariate analysis (table 3),
arthritis was less likely to improve in those with longer duration of ICI exposure (HR 0.93,
95% CI 0.87 to 0.99; p = 0.02), in those receiving combination ICI therapy (HR 0.29, 95%
Cl1 0.12 t0 0.72; p = 0.008) and in patients with history of other irAEs (HR 0.61, 95% ClI
0.39 to 0.95, p = 0.03). Duration of ICI treatment (HR 0.82, 95% CI 0.73 to 0.92; p = 0.001)
and combination ICI therapy (HR 0.06, 95% CI 0.01 to 0.50; p = 0.009) remained significant
in multivariable analysis (table 4). Although not statistically significant, persistent arthritis
was associated with a positive antitumour response rather than stable or progressive disease
(HR 0.50, 95% CI 0.22 to 1.11, p = 0.09; table 3).

IA treatment and impact on tumour response

Overall, immunomodulatory treatment was required in 75% of patients to treat the arthritis.
Forty-eight patients (80%) were treated with systemic and/or intraarticular steroids.
csDMARDs were used in 19 patients, and bDMARDS were required in 11 (online
supplementary table 1). Of the 24 patients treated with csDMARDs, bDMARDs or
combination of both, 4 (16.7%) had progression of their cancer during follow-up evaluation,
which was not significantly different than tumour progression in 8 (22.2%) of 36 patients
who did not receive DMARDs (OR 0.65, Cl 0.17 to 2.47). Of patients who progressed while
on DMARDs, one patient was on HCQ, one was on MTX and two were on adalimumab
(one for 2 months, the other for 6 months). Adalimumab was stopped in both individuals
once cancer progression was noted. In this limited sample size, there was not a statistically
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significantly increased odd of tumour progression with use of immunosuppressive
medications from any category (table 5).

DISCUSSION

ICI-induced IA is an irAE with the potential to become a chronic disease as demonstrated by
the persistence of disease at 3 and 6 months after ICI discontinuation. Factors associated
with IA persistence included use of combination ICI therapy, longer duration of ICI
exposure and prior development of other irAEs. This information provides insight into
which individuals are at highest risk for developing persistent 1A, thus warranting close
monitoring for joint-related symptoms, early referral to and close follow-up by
rheumatology and potentially more aggressive immunosuppressive therapy.

That 1A can remain active for months to years after ICI cessation is a significant
confirmation of previous reports from smaller series,’~10 especially given the paucity of
published data on the persistence of other irAEs. Though there are case reports of colitis
relapsing after cessation of ICls,1? most gastrointestinal irAEs resolve within 3 months of
first symptoms and have minimal risk of recurrence.20 In contrast, another irAE that may
recur or become chronic is pneumonitis; in one cohort, 3 of 19 patients with pneumonitis
developed recurrent episodes despite remaining off ICIs.21 In a recent poster presentation of
six patients with persistent irAESs requiring immunosuppression 6 months after I1CI
cessation, two had arthritis, and one each had hepatitis, colitis, dermatitis and neuropathy.22
Delayed initial presentation of irAEs, with symptoms starting even after ICI cessation, is a
related concept that is being increasingly recognised.3 Further prospective cohort studies
are needed to determine which irAEs besides IA are likely to persist or present after ICI
cessation. The types of irAEs that persist may indicate how the immune system interacts
with particular target tissue microenvironments causing a feed forward loop of
autoimmunity that becomes independent of ICls.

Similar to endocrine-related irAEs, ICI-induced IA may require chronic treatment.7810121624
The risk of DMARD treatment is different than hormone replacement due to the concern
that immunosuppression may negatively affect antitumour immune responses. In our small
sample size, there was not a change in tumour response in those treated with csDMARDs or
TNF inhibition. This is consistent with previous studies that have shown that treatment of
irAEs does not affect tumour response.82°

This study demonstrated that those treated with combination ICI therapy were more likely to
have persistent arthritis. The impact of combination ICI therapy versus monotherapy on
irAEs has previously been evaluated. Postow ef af reported that severe irAEs were noted in
54% of patients treated with combination therapy compared with 24% of those treated with
anti-CTLA-4 monotherapy for melanoma.28 Larkin et a/demonstrated similar findings in
melanoma patients with grade 3 or 4 irAEs occurring in 55% of the nivolumab plus
ipilimumab group versus 27.3% in the ipilimumab alone group and 16.3% in the nivolumab
alone group.2” While studies have not evaluated whether IA is more likely to develop in
those treated with combination ICI therapy versus monotherapy, previous studies have
demonstrated that the type of immunotherapy regimen may influence the type of arthritis,
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with combination therapy associated with more large joint involvement at onset versus more
small joint involvement developing in patients treated with anti-PD-1/PD-L1 monotherapy.8
Further evaluation is warranted to examine why the combination of CTLA-4 and PD-1
blockade is more likely to result in large joint involvement and persistent 1A disease.

The impact of duration of immunotherapy on specific irAEs is less well defined, as most
irAEs occur during the induction period of ICI treatment.24 However, various studies have
shown that arthritis is a later occurring irAE and can develop months after ICI cessation.
7-1013-16 \We demonstrated that individuals treated with I1CI therapy for longer duration were
more likely to have persistent arthritis at follow-up. The kinetics of ICI-induced 1A
development differs from many other irAEs and may suggest unique immune pathogenesis
for ICI-induced IA, potentially due to longer exposure to ICI therapy.

Appropriate duration of IA treatment remains unknown. One study noted that IA treatment
was continued for an average of 9 months after ICI cessation.10 In the current report, some
patients required immunosuppression >24 months after ICI cessation. Since ICl-induced 1A
is a novel condition, further evaluation is needed to determine the optimal initial treatment,
appropriate dose and taper schedule, and duration of therapy.

Interestingly, our data suggest that the development of persistent arthritis may associate with
better antitumour responses compared with patients who have transient 1A. This could
reflect ongoing activation of the immune system that portends better antitumour immunity.
Other studies have demonstrated that development of irAEs associates with better
progression-free and overall survival, but persistence of an irAE has not been examined.
1228-31 | a study of melanoma patients, patients with irAEs of any grade had improved
survival compared with those without irAEs.2® Studies in non-melanoma patients have also
demonstrated similar findings: patients who develop irAEs experience better tumour
response.3132

The limitations of this study include a possible selection bias for more symptomatic
individuals, as it included only patients referred to rheumatology for joint complaints. Less
severe cases may have been self-limited or managed by oncology. Also, patients who had
persistent 1A may have been more likely to pursue longer rheumatology follow-up. A delay
in diagnosis may have occurred in the setting of corticosteroids and/or DMARD therapy to
manage other irAEs antecedent to the arthritis. Patients were omitted from analysis if they
were on a blinded clinical trial or receiving an investigational immunotherapy agent.
Additionally, follow-up was limited in some cases due to death in this patient population.
Finally, conclusions about the relationship between tumour response and persistent arthritis
are limited as not all patients had RECIST scoring. This heterogeneity in monitoring may
have under or overestimated the proportion of patients with a positive tumour response.

This study is one of the largest longitudinal reports to date of patients with ICI-induced IA
and the first to evaluate persistence of 1Cl-induced 1A and identify influential factors on
outcome. Future studies include evaluating genetic risk factors for development of persistent
IA. A previous report found that shared epitope alleles were more common in patients with
ICI-induced IA; whether this or other genetic factors play a role in 1A chronicity is
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unknown.33 Best clinical practices for treating patients with ICl-induced IA based on risk of
developing chronic symptoms must also be determined. Those at high risk of developing
persistent A may warrant more specific monitoring approaches by oncologists or pre-
emptive treatments such as HCQ. Another area for inquiry is the differences in timing of
development and persistence between IA and other irAEs. Understanding specifics in the
biology underlying different irAEs can lead to specifically targeted therapy. Overall,
continued clinical and translational investigation on larger longitudinal cohorts will allow for
increased understanding of pathophysiology and determination of the best clinical care for
patients with ICI-induced IA.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key messages

. Immune checkpoint inhibitor (ICI)-induced inflammatory arthritis (I1A) may
persist after ICI cessation.

. Longer ICI exposure, receipt of combination ICI therapy and a history of
other immune-related adverse events increase the risk of 1A persistence.

. Immunomodulatory treatments were efficacious for symptom control while
having no apparent effect on tumour response at follow-up.

. Persistent arthritis may be associated with better tumour response (complete
or partial response).
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Persistent Arthritis in Monotherapy vs Combination Therapy Influence of irAEs on Persistent Arthritis
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Figure 1.

Kaplan-Meier curves for persistent arthritis based on immunotherapy regimen, irAEs, and
tumour response. (A) demonstrates increased arthritis persistence in those treated with
combination ICI therapy. (B) shows more persistent arthritis in those with >2 additional
irAEs. (C) shows that patients with a tumour response of complete response or partial
response (CR/PR) had more persistent arthritis compared with those with stable disease or
progressive disease (SD/PD) at follow-up. IA, inflammatory arthritis; ICI, immune
checkpoint inhibitor; irAEs, immune-related adverse events.
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Table 1

Baseline demographics

Values*, n=60

Demographics

Female sex, (%) 32 (53.3)

Age (years) 58.5 (52, 68)

BMI (kg/m?) 26.6 (22.6, 32.6)

Race, (%) White: 54 (90)
Black: 2 (3.3)
Asian: 2 (3.3)

White/Asian: 1 (1.7)
White/Pacific Islander: 1 (1.7)

Ethnicity, (%) Non-Hispanic: 60 (100)

Personal history of autoimmune disease, (%)  Psoriasis: 1 (1.7)
Hypothyroidism: 1 (1.7)

Family history of autoimmune disease, (%) Crohn’s disease: 2 (3.3)
Rheumatoid arthritis: 2 (3.3)
Ankylosing spondylitis and Crohn’s disease: 1 (1.7)
Juvenile idiopathic arthritis: 1 (1.7)
Polymyalgia rheumatica: 1 (1.7)

Total ICI duration (months) 7(2,13)
Follow-up from ICI cessation (months) 9 (5, 20.5)

Melanoma: 21 (35)
NSCLC: 14 (23.3)
Other: 11 (18.3)
Gastrointestinal: 7 (11.7)
Genitourinary: 4 (6.7)
Gynaecologic: 3 (5)

Tumour type, (%) f

Immunotherapy, (%) Combination: 18/60 (30)
Monotherapy: 42/60 (70)

Baseline tumour response, (%) CR: 14 (23.3)
PR: 10 (16.7)
NED: 4 (6.7)
SD: 17 (28.3)
PD: 15 (25.0)

*
Values expressed as number (percentage) or median (IQR) as appropriate.

fGastrointestinaI cancers included pancreatic adenocarcinoma, colon adenocarcinoma, hepatocellular carcinoma and duodenal adenocarcinoma.
Genitourinary cancers included renal cell carcinoma, prostate adenocarcinoma and urothelial carcinoma. Gynaecological cancers included cervical
squamous cell carcinoma, clear cell endometrial carcinoma, and endometrial carcinosarcoma. Other cancers included Hodgkin’s lymphoma,
Kaposi sarcoma, mesothelioma, mycosis fungoides, neuroendocrine carcinoma, ependymoma, ductal carcinoma of the breast, basal cell carcinoma
and cutaneous squamous cell carcinoma.

BMI, body mass index; CR, complete response; ICI, immune checkpoint inhibitor; NED, no evidence of disease; NSCLC, non-small cell lung
cancer; PD, progressive disease; PR, partial response; SD, stable disease.
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Table 2

Baseline features of inflammatory arthritis (IA) and other irAEs

Values*, n=60 Rangel/titers

Laboratories

RF Positive, n=56, (%) 1(1.8) 0-152

CCP Positive, n=55, (%) 3(5.5) 37,43, 2777

ANA positive, n=56, (%) 8 (14.3) No titer—1
1:40-2
1:80-2
1:160-2
1:640-1

ESR, n=53 29 (9, 53) 1-120

CRP (mg/dL), n=55 1.3(0.2,5.4) 0.1-15.7

Examination, (%)

Dactylitis 2(3.3)

Enthesitis 3(5.0)

o 6(3,11) 0-24

TJC 2(1,45) 0-28

Patient global, n=44 40 (20, 72.5) 0-100

MD global, n=58 27.5 (15, 40) 0-80

CDAI, n=45 17.5 (12, 23) 3-56

Baseline arthritis medications, (%)

Baseline prednisone equivalent dose (mg)
Other irAEs, (%)
Specific irAEs, n=30, (%)

Infliximab (for colitis), MTX, and steroid:1 (1.7)
HCQ:1(1.7)

Steroid alone: 18/60 (30)

Baseline NSAIDs: 18/60 (30)

10 (5, 50) 2.5-180
30 (50.0)

Rash: 10 (33.3)
Colitis: 10 (33.3)
Thyroid: 8 (26.7)
Sicca: 7 (23.3)
Pneumonitis: 6 (20)F
Hepatitis: 4 (13.3)
Hypophysitis: 4 (13.3)
Vitiligo: 3 (10)
Pancreatitis: 1 (3.3)
Sinusitis: 1 (3.3)
Osteitis: 1 (3.3)
Arrhythmia with reduced EF: 1 (3.3)

*
Values expressed as number (percentage) or median (IQR) as appropriate.

"

An additional two patients developed pneumonitis after their IA visit.

Page 14

ANA, antinuclear antibody; CCP, cyclic citrullinated peptide antibody; CDAI, clinical disease activity index; CRP, C reactive protein; EF, ejection
fraction; ESR, erythrocyte sedimentation rate; HCQ, hydroxychloroquine; irAEs, immune-related adverse events; MTX, methotrexate; NSAID,

non-steroidal anti-inflammatory drug; RF, rheumatoid factor; SIC, swollen joint count; TJC, tender joint count.
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Cox proportional hazards model: univariable analysis to evaluate factors associated with arthritis persistence

HR  95%ClI P value®

Female sex 0.86 0.40t01.85 0.70
Age (years) 1.02 0.99t0 1.05 0.12
BMI (kg/m?) 095 0.88t01.02 017
Family history of autoimmunity 055 0.13t02.31 041
TJC 0.77 0.65t00.92 0.004
sJcss 1.0 0.92to 1.09 1.0
Enthesitis 0.65 0.24t01.76 0.40
Physician global assessment 097 0.95t01.00 0.06
Patient global assessment 099 0.97to1.01 0.30
CDAI 0.95 0.90to 1.00 0.07
ESR 1.01 0.99to01.02 0.29
CRP (mg/dL) 102 092t01.13 073
Duration ICI therapy (months) 0.93 0.87100.99 0.02
Combo versus Mono therapy 0.29 0.12t00.72  0.008
ANA positivity 177 0.52t05.98 0.36
CCP positivity 176 0.23t013.37 0.58
irAEs (0, 1, 2 or more) 061 0.39t00.95 0.03
Melanoma 0.49 0.22t01.12 0.09
NSCLC 0.89 0.36t02.20 0.80
Tumour response (CR/PRvs SD/PD) 050 0.22to1.11  0.09

p-values in bold are statistically significant (<0.05).

*
The outcome of interest was resolution of IA. Therefore, HRs <1 denote factors that associate with persistence of I1A.

ANA, antinuclear antibody; BMI, body mass index; CCP, cyclic citrullinated peptide antibody; CDAI, Clinical Disease Activity Index; CRP, C
reactive protein; CR/PR, complete response and partial response; ESR, erythrocyte sedimentation rate; 1A, inflammatory arthritis; ICI, immune
checkpoint inhibitor; irAEs, immune-related adverse events; NSCLC, non-small cell lung cancer; SD/PD, stable disease and progressive disease;

SJC, swollen joint count; TJC, tender joint count.
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Cox proportional hazards model: multivariable analysis to evaluate factors associated with arthritis persistence

HR  95%ClI P value®
TICB™ 0.88 0.62t01.26 0.50
MD global assessment 096 0.87t01.05 0.33
CDAI 1.03 0.89t01.19 0.69
Duration ICI therapy (months) 0.82 0.73t00.92 0.001
Combo versus monotherapy 0.06 0.01to0.50 0.009
irAEs (0, 1, 2 or more) 1.05 0.44t0252 0.90
Melanoma 041 0.10to1.78 0.24
Tumour response (CR/PRvs SD/PD) 151 0.34t06.63 0.59

Bold values indicate p-values less than 0.05.

*
The outcome of interest was resolution of 1A. Therefore, HRs <1 denote factors that associate with persistence of IA.

CDAI, Clinical Disease Activity Index; CR/PR, complete response and partial response; IA, inflammatory arthritis; ICI, immune checkpoint

inhibitor; irAEs, immune-related adverse events; SD/PD, stable disease and progressive disease; TJC, tender joint count.
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Univariate analysis: 1A treatment and follow-up tumour response (TR)

Medication exposure  # of patients  \ygrse TR* OR  95% CI P value
Systemic steroid 20 6 254 0.69t09.32 0.16
alone

csDMARD 19 2 0.34 0.07t01.74 0.20
bDMARD 11 2 0.82 0.15t04.43 0.82
Any DMARD 24 4 0.65 0.17t02.47 053
NSAIDS alone 7 1 0.61 0.07t05.58 0.66

*
Worse TR: worsened tumour response on follow-up assessment as compared with baseline tumour response (eg, a patient with stable disease at

baseline had progression of disease at follow-up).

bDMARD, biological disease-modifying antirheumatic drugs; csDMARD, conventional synthetic disease modifying antirheumatic drugs; IA,
inflammatory arthritis; NSAIDs, non-steroidal anti-inflammatory drugs.
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