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Objective. Immune checkpoint inhibitors (ICIs) improve overall survival (OS) and progression-free survival (PFS) in
many types of malignancies but can result in off-target immune-related adverse events including inflammatory arthritis
(ICl-associated inflammatory arthritis [ICI-1A]), which can persist even after ICI cessation. We aimed to examine the pro-
portion of patients with ICI-IA who develop chronic ICI-IA and describe characteristics and outcomes associated with
chronic ICI-IA.

Methods. We identified patients from the Canadian Research Group of Rheumatology in Immuno-Oncology
retrospective cohort who developed de novo ICI-IA with at least three months of follow-up after ICI cessation. Chronic
ICI-IA was defined as symptoms or ongoing immunosuppression lasting beyond three months after ICI discontinua-
tion. Acute ICI-IA was defined as resolution of ICI-IA symptoms and discontinuation of immunosuppression within
three months of ICI discontinuation. OS and PFS were assessed with Kaplan—Meier curves. Landmark multivariable
Cox proportional hazard models for OS and PFS were conducted.

Results. The study cohort included 119 patients. A total of 15 patients (13%) had acute ICI-IA, whereas 104 (87 %)
had chronic ICI-IA. Patients with chronic ICI-IA were more likely to be White and to have polyarthritis at presentation.
After adjusting for age, sex, tumor type, stage of cancer, ICI-IA treatment, and time from ICl initiation to ICI-IA onset,
patients with chronic ICI-IA had greater PFS from ICI initiation (adjusted hazard ratio 0.27, 95% confidence interval
0.08-0.98; P = 0.046). Adjusted hazard ratio for OS was similar between those with acute versus chronic ICI-IA.

Conclusion. ICI-IA frequently persists after ICI discontinuation. Chronic ICI-IA is associated with improved PFS,

but not OS, as compared to acute ICI-IA.
INTRODUCTION

Immune checkpoint inhibitors (ICls) improve overall survival
(OS) and progression-free survival (PFS) in many types of malignan-
cies and are the new pillar of cancer treatment.” It is estimated that
over 40% of patients with cancer in the United States are candidates
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for ICls as part of their cancer management,? and this proportion is
expected to increase significantly in the coming years. ICls target
molecules that usually inhibit immune activation, including cytotoxic
T lymphocyte-associated protein (CTLA)-4 and/or programmed cell
death (PD)-1 or its ligand PD-L1. CTLA-4 and PD-1/PD-L1 path-
ways dampen the natural antitumor response by inhibiting effector
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lymphocytes.® By blocking these pathways, ICIs lead to sustained
activation of the immune system and a strong antitumor response.

Unfortunately, ICls can also lead to off-target immune-related
adverse events (irAEs). One of the most disabling irAEs is inflam-
matory arthritis (ICl-associated inflammatory arthritis [ICI-IA]),*
affecting <7.5% of those treated with ICIs.® ICI-IA often worsens
with ICI infusions® and can lead to ICI discontinuation in 9% of
patients,”” which could negatively affect tumor outcomes.®
Some irAEs such as colitis and pneumonitis tend to resolve
quickly after ICI discontinuation.®'® However, there is increasing
recognition that some irAEs can last a long time and become
chronic, persisting despite ICl cessation.® A recent publication
defined chronic irAEs as symptoms or the need for ongoing
immunosuppression lasting beyond three months after ICI dis-
continuation."" The prevalence of chronic ICI-IA per this new def-
inition has not formally been studied, although it has been
estimated that between 49% and 86% of patients who develop
ICI-IA still have active arthritis at 12 weeks after IClI cessa-
tion.% 23 However, these data come from studies of small sam-
ple sizes or studies that combined both arthritis and arthralgias.

The relationship between ICI-IA and tumor response is com-
plex. Although the development of ICI-IA has been generally
associated with favorable tumor responses,'>'* in one study,
higher Clinical Disease Activity Index (CDAI) at ICI-IA presentation
was associated with lower PFS.'® Furthermore, immunosuppres-
sants (prednisone, disease-modifying antirheumatic drugs
[DMARDs]) used to treat ICI-IA have also been associated with
reduced tumor response.’®"” The impact of chronic ICI-IA and
chronic DMARD use on tumor outcomes remains largely
unknown.'® In this multicentered retrospective cohort study, we
assessed the frequency and the factors associated with chronic
ICI-IA and PFS and OS associated with chronicity.

PATIENTS AND METHODS

Study design and population. We conducted a retro-
spective cohort study using the Canadian Research Group of
Rheumatology in Immuno-Oncology (CanRIO) retrospective
database. The CanRIO network is a collaboration of Canadian
rheumatologists with interest and experience in the assessment
and management of patients with rheumatic irAEs (Rh-irAEs) after
exposure to ICls (www.canrio.ca). The CanRIO retrospective
cohort was established in January 2019 and initially included
patients seen from January 2013 to January 2019.* Updated
information from original patients and new patients was added
up to December 2022. It includes standardized chart review and
data extraction from all adult patients (age >18 years at inclusion)
who developed an Rh-irAE after exposure to ICIs (either a
CTLA-4, PD-1, or PD-L1 inhibitor alone or in combination for
a diagnosis of cancer, either in the context of standard clinical
care or as part of a clinical trial) seen at participating CanRIO sites
(n = 10). Patients with pre-existing autoimmune disease other

than pre-existing IA were included. Data were extracted from
charts and entered into a double-encrypted REDCap database,
hosted centrally at the University of Alberta. The study has central
ethics approval at the research ethics board at McGill University
and independent ethics approval at each participating academic
institution. Waiver of individual patient consent was granted at all
participating CanRIO sites.

For this study, the CanRIO retrospective database was
searched between January 2013 to December 2022 for all
patients with de novo ICI-IA. ICI-IA was defined as new IA after
ICl exposure diagnosed by the treating rheumatologist, which
required the presence of new-onset synovitis in at least one joint
on physical examination and/or imaging with no alternate expla-
nation. Patients were included if they had at least three months
of follow-up after ICI-IA and at least three months of follow-up
after ICI cessation. Patients with pre-existing IA (such as rheuma-
toid arthritis, psoriatic arthritis, inflammatory bowel disease—
associated arthritis, or connective tissue disease—associated
arthritis) were excluded. Patient with pre-existing autoimmune
disease other than pre-existing 1A were included.

Chronicity definition. Patients were classified as having
chronic ICI-IA if they had ongoing ICI-IA symptoms or were on
immunosuppressive treatment (prednisone and/or DMARDs) for
ICI-IA for three months or longer after ICI treatment discontinua-
tion. Acute ICI-IA was defined as the resolution of ICI-IA symp-
toms in the absence of all immunosuppressive treatment within
three months of ICI cessation.

Outcomes. Best cancer response was defined by the treat-
ing oncologist as complete response, partial response, progres-
sive disease, or stable disease according to Response
Evaluation Criteria in Solid Tumors (RECIST) 1.1 when available
and by clinical judgment of the treating oncologist when RECIST
scoring was not available.'® OS was defined as the number of
weeks between ICI initiation and death. PFS was defined as the
number of weeks between ICl initiation and the first imaging con-
firmation of tumor progression or recurrence.

Covariates. Covariates were extracted from the CanRIO
retrospective database, including sex, ethnicity, ICl type, ICI dura-
tion, comorbidities, and medication use at the time of ICI-IA onset.
Age was the age of the patient in years at ICI-IA onset. Pre-
existing autoimmune disease included any autoimmune disease
that was diagnosed before ICl initiation other than IA. In those with
more than one cancer type, tumor type was the cancer for which
the ICI was prescribed. Cancer treatment before ICl initiation was
defined as any cancer treatment given for the same cancer as the
one the ICl was prescribed for before ICI treatment initiation. Can-
cer stage was defined as the stage when the ICI was initiated
according to the American Joint Committee on Cancer.'® When
patients were exposed to more than one ICI therapy regimen
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sequentially, ICI type was the ICI or ICI combination that the
patient first received. Other irAE was defined as any non-ICI-IA
irAE for which the onset occurred after starting ICI. Pattern of joint
involvement, symmetry of joint involvement, affected joints, and
additional features were defined at the time of first rheumatology
assessment. Monoarthritis was defined as synovitis of only one
joint, oligoarthritis as synovitis of two to four joints, and polyarthri-
tis as synovitis of five joints or more. Symmetry of joint involvement
was defined as symmetric if joint involvement was similar between
the right and the left side and palindromic if the arthritis would
come and go with complete resolution between the episodes.
Inflammatory back pain was defined as pain located in the spine
worse toward the end of the night, worse with rest, improved with
activity, and associated with early morning stiffness. Polymyalgia
rheumatica symptoms were defined as inflammatory involvement
predominantly affecting shoulder and/or hip girdle. Tenosynovitis
was defined as inflammation affecting the tendon sheets, enthesi-
tis as inflammation of the site of tendon insertion, and bursitis as
inflansnmation of a bursa, diagnosed either with imaging or physical
examination.

Arthritis activity at ICI-IA onset was assessed with the CDAI,
a validated tool to measure rheumatoid arthritis disease activity
using clinical data retrieved from the charts.?° Variables included
in the CDAIl calculation are on a scale from 0 to 10 for physician
global assessment and patient global assessment and O to
28 for total tender joints and total swollen joints. Time from ICl ini-
tiation to ICI-IA was defined as the time between the first ICl
administration and the time of first symptom occurrence of ICI-IA
symptoms. Time from ICI-IA onset to ICI-IA treatment was
defined as the time from the date of ICI-IA symptom onset to the
date of treatment initiation. Treatment was all ICI-IA treatments
used during the follow-up period (nonsteroidal anti-inflammatory
drugs, prednisone, intra-articular glucocorticoids, and/or
DMARDs). Maximal dosage of prednisone in milligrams per day
was defined as the maximal daily dose received for the treatment
of ICI-IA between ICI-IA onset and data collection. Duration of
prednisone was defined as total duration of prednisone pre-
scribed for ICI-IA from ICI-IA onset until the end of the course or
data collection. Duration of DMARDs was defined as the total
duration in weeks that a patient received DMARDSs either in mono-
therapy, combination, or sequential. ICl management relative to
ICI-IA was defined as continued if ICI treatment was maintained,
temporarily held if doses of ICI were held, and discontinued if ICI
treatment was indefinitely stopped because of ICI-IA.

Statistical analyses. Summary statistics were used to
describe baseline demographics and clinical characteristics, and
these were stratified by ICI-IA chronicity (acute vs chronic).
Descriptive data are presented as frequency and percentage,
mean + SD, or median and interquartile range. Continuous vari-
ables were compared using nonparametric Mann-Whitney test.
Categorical variables were analyzed using chi-square test (sex,

pattern of joint involvement, progression) or Fisher’s exact test
for low cell counts (ethnicity, comorbidities, medication at time of
ICI-IA, pre-existing autoimmune disease, family history of rheu-
matic disease, tumor type, stage of cancer, type of ICI, treatment,
best cancer response, death). Two-sided P <0.05 was consid-
ered statistically significant.

OS and PFS were summarized with Kaplan—-Meier curves
and compared between those with chronic ICI-IA and those with
acute ICI-IA using log-rank tests. As per convention, time from
ICI initiation was the landmark used to calculate OS and PFS,
but for the Cox proportional hazards models, landmark analysis
was performed for events that occurred after ICI-IA onset.?'22
Patients who progressed before ICI-IA were excluded from the
PFS analyses. Patients were censored at their last follow-up date.
Competing risk of death was considered in the models for PFS.
Assumption of proportional hazards was confirmed using
Schoenfeld residual methods. Multivariable Cox proportional haz-
ard models (hazard ratios and 95% confidence intervals [Cls]) for
outcomes OS and PFS, controlling for age, sex, tumor type, stage
of cancer, ICI-IA treatment, and time from ICI initiation to ICI-IA
onset were conducted. Sensitivity analysis of the PFS Cox pro-
portional hazard model was conducted, only examining progres-
sion events that occur at least three months after ICI
discontinuation (after chronicity of ICI-IA is established). Effect
modification by sex was assessed using interaction terms sex*-
chronicity for the outcomes of PFS and OS. Analyses were per-
formed using the software STATA/SE 13.1 (StataCorp). Data
collected for this study, including deidentified individual partici-
pant data, data dictionary, and study protocol will be made avail-
able to others upon reasonable request after the publication
date of the manuscript.

RESULTS

The CanRIO retrospective cohort included 367 patients, of
which 172 patients had de novo ICI-IA. ICI was discontinued in
128 patients at the time of last follow-up, including 119 who had
three months or more of follow-up after ICI cessation. A total of
104 of the 119 patients (87%) had chronic ICI-IA and 15 (13%)
had acute ICI-IA (Figure 1). A total of 57 patients (58.8%) were
men, with a mean age (+SD) of 66 (+13) years.

Baseline characteristics of patients with acute and chronic
ICI-IA were compared. There was no difference in sex, age,
comorbidities, medications at time of ICI-IA onset, pre-existing
autoimmune disease, family history of rheumatic disease, tumor
type, cancer treatment before ICI initiation, stage of cancer at ICl
initiation, or type of ICI (Table 1). No patients were taking steroid-
sparing agents at the time of ICI-IA diagnosis. It is unknown
whether they were previously treated with steroid-sparing agents
for a nonarthritis irAE before ICI-IA onset. White people were more
likely to have chronic ICI-IA (P = 0.014). Polyarthritis at presenta-
tion compared with mono-/oligoarthritis was associated with
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Figure 1. Flowchart of study patients. CanRIO, Canadian Research Group of Rheumatology in Immuno-Oncology; ICI, immune checkpoint

inhibitor.

chronicity. Involvement of the wrists and ankles/feet was more
frequently seen in those who developed chronic ICI-IA. However,
baseline CDAI was not different between acute and chronic ICI-
IA. Time from ICI initiation to ICI-IA onset and time from ICI-IA
onset to ICI-IA treatment were similar between acute and chronic
ICI-IA. Mean ICI-IA duration at the time of ICI discontinuation was
longer in those with acute ICI-IA compared with chronic ICI-IA
(87.0 vs 12.7 weeks; P = 0.03). The percentage of ICI-IA treated
with prednisone and DMARDs and maximum daily dose of pred-
nisone were not significantly different between those with acute
versus chronic ICI-IA. As expected, duration of prednisone and
DMARD use was both significantly longer in patients with chronic
ICI-IA. Timing of initiation of prednisone and DMARDs was similar
between those with acute ICI-IA and those with chronic ICI-IA.
Patients with acute ICI-IA were more likely to have had their ICI
delayed due to their ICI-IA, whereas patients with chronic ICI-IA
were more likely to have had their ICI treatment stopped perma-
nently due to their ICI-IA. ICI-IA persistence at various timepoints
after ICl discontinuation is shown in Table 2. Best cancer response
was similar between acute and chronic ICI-IA (Table 3). Total dura-
tion of ICI treatment and duration of follow-up after ICI-IA onset
were not different between acute and chronic ICI-IA.

Median PFS and OS could not be measured because <50%
of the cohort progressed or died during the follow-up period.
The 25th percentile for PFS was 111.5 days for those with
chronic ICI-IA and 67 days for those with acute ICI-IA (log-rank

test P=0.013, Figure 2). The 25th percentile for OS was 161 days
for those with chronic ICI-IA and 130 days for those with acute
ICI-IA (log-rank test P = 0.348; Figure 3). After adjusting for age,
sex, tumor type, stage of cancer, ICI-IA treatment, and time from
ICl initiation to ICI-IA onset, adjusted hazard ratio (aHR) for PFS
was 0.27 in those with chronic ICI-IA (95% CI 0.08-0.98; P =
0.046), and the aHR for OS was 0.63 (95% CI 0.18-2.16;
P = 0.465). Sensitivity analyses evaluating PFS 3 months after
ICI discontinuation revealed that chronic ICI-IA had an aHR of
0.94 (95% CI 0.07-13.46; P = 0.96) for progression as compared
to acute ICI-IA. There was no effect modification by sex using
interaction terms of sex*chronicity in the fully adjusted models for
both PFS and OS (P = 0.826 and P = 0.584, respectively).

DISCUSSION

In this multicenter retrospective cohort study, we found that
the majority of ICI-IA become chronic, persisting even after ICl dis-
continuation. Those with chronic ICI-IA were more likely to be
White and to have polyarthritis at presentation. Chronic ICI-IA
was associated with longer PFS as compared to those with acute
ICI-IA. Whether there are inherent differences in presentation and
prognosis between acute and chronic ICI-IA that are present at
disease onset (for example, inherent differences between rheu-
matoid arthritis and psoriatic arthritis at disease onset®®) or if the
evolution to chronic ICI-IA leads to differing outcomes and clinical
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Table 1. Baseline and ICI-IA characteristics of patients with acute and chronic ICI-IA*
Acute (N = 15), Chronic (N = 104),
Characteristic n (%) n (%) Pvalue
Sex
Male 8(53.3) 62 (59.6) 0.644
Female 7(46.7) 42 (40.4) 0.644
Age,y 71.5(13.3) 64.9 (13.3) 0.055
Ethnicity®
White 5(33.3) 54 (51.9) 0.014
Black 0(0.0) 0(0.0) 0.014
Asian 3(20.0) 1(1.0) 0.014
Other 0(0.0) 3(2.9) 0.014
Comorbidities
None 6 (40.0) 39 (37.5) 0.963
Cardiovascular 0(0.0) 3(2.9) 0.963
Hypertension 6 (40.0) 39 (37.5) 0.963
COPD 1(6.7) 3(2.9) 0.963
Diabetes 1(6.7) 7 (6.7) 0.963
Kidney failure 0(0.0) 4 (3.8) 0.963
Medication at time of ICI-IA
Antihypertensive 6 (40.0) 45 (43.3) 1.000
Insulin/oral hypoglycemic 3(20.0) 16 (15.4) 1.000
PPI 3(20.0) 30(28.8) 1.000
Thyroid replacement therapy 2(13.3) 22 (21.1) 1.000
Prednisone 0(0.0) 9(8.7) 1.000
Pre-existing autoimmune disease other than IA 1(6.7) 9(8.7) 0.615
%nﬂyMﬂowofﬁmummmdBe%eb 1(6.7) 21(20.2) 0.188
Tumor type
Melanoma 4(26.7) 53(51.0) 0.154
Lung 7 (46.7) 24 (23.1) 0.154
GU 2(13.3) 13(12.5) 0.154
Other 2(13.3) 14 (13.5) 0.154
Cancer treatment before ICl initiation
Radiation 5(33.3) 30(28.8) 0.360
Surgical resection 8(53.3) 63 (60.6) 0.360
Chemotherapy 9 (60) 31 (29.8) 0.360
Rituximab 0(0) 0(0) 0.360
Targeted therapy 1(6.7) 15(14.4) 0.360
Glucocorticoids 0(0) 0(0) 0.360
Stage of the cancer at ICl initiation®
1-3 4(26.7 39 (37.5) 0.188
4 9 (60.0 63 (60.6) 0.188
Type of IC/
Anti-PD~(L)1 10 (66.7) 65 (62.5) 0.614
Anti-CTLA-4 0(0.0) 0(0.0) 0.614
Combination 5(33.3) 33(31.7) 0.614
Other irAEs
Colitis 0(0) 10(9.6) 0.527
Lung 0(0) 5 (4.8) 0.527
Skin 0(0) 5 (4.8) 0.527
Thyroid 1(6.7) 4(3.8) 0.527
Other 4(26.7) 21(20.2) 0.527
Pattern of joint involvement®
Polyarthritis 7 (46.7 5(81.2) 0.011
Oligo-/monoarthritis 7(46.7 18 (17 0.011
Affected joints
Wrists 4(26.7) 56 (53.9) 0.05
MCP 7 (46.7) 71 (68.3) 0.10
DIP 3(20) 14 (13.5) 0.5
PIP 7 (46.7) 65 (62.5) 0.24
Shoulder 7 (46.7) 39 (37.5) 0.49
Hips 2(13.3) 14 (13.5) 0.99
Knee 8 (53.3) 68 (65.4) 0.36
Ankle/feet 3(20) 61 (58.7) 0.005

(Continued)
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Table 1. (Cont’d)
Acute (N =15), Chronic (N = 104),
Characteristic n (%) n (%) P value

Symmetry of joint involvement

Symmetric 10 (66.7) 79 (77.5) 0.36

Palindromic 1(6.7) 8(7.7) 0.88
Additional features

PMR symptoms 0(0) 6 (5.8) 0.34

Inflammatory back pain 0(0) 0(0) NA

Tenosynovitis 4(26.7) 16 (15.4) 0.28

Enthesitis 2(13.3) 10(9.6) 0.66

Bursitis 1(6.7) 11 (10.6) 0.64
CDAI 21(11.1) 27.3(11.8) 0.109
Time from ICl initiation to ICI-IA onset, mean + SD, wk 187 +194 32.7+33.7 0.142
ICI-IA duration at the time of ICl discontinuation, mean * SD, wk 37 +£44.0 12.7+37.6 0.03
Time from ICI-IA onset to ICI-IA treatment, mean + SD, wk 69+56 11.9+194 0.994
ICI-IA treatment

NSAIDs 9 (60.0) 53(51.0) 0.512

Intra-articular GCs 4(26.7) 30(28.8) 0.512

GCs 6 (40.0) 73(70.2) 0.512

DMARDs 4(26.7) 88(77.9) 0.512
Maximal dose of prednisone, mg/d 325+17.8 359+244 0.930
Duration of prednisone use, mean + SD, wk 18.1+£22.7 56.2 £57.5 0.04
Timing of initiation of prednisone after ICI-IA, mean + SD, wk 35+£38 1M13+£17 0.26
Duration of DMARD use, mean + SD, wk 464 +75.5 70.7 £ 55.1 0.03
Timing of initiation of DMARDs after ICI-IA, mean + SD, wk 359+87.8 722 +57.8 0.99
ICI management in response to ICI-IA, n (%)

Continued 9 (60) 53 (51) 0.002

Temporarily held 6 (40) 12(11.5) 0.002

Discontinued 0(0) 39 (37.5) 0.002

*All values are expressed as frequency, n, and percentage (%) or mean + SD. CDA|, Clinical Disease Activity Index; COPD, chronic obstructive pul-
monary disease; CTLA, cytotoxic T lymphocyte-associated protein; DIP, distal interphalangeal; DMARD, disease-modifying antirheumatic drug;
GC, glucocorticosteroid; GU, genitourinary; ICI-IA, immune checkpoint inhibitor-associated inflammatory arthritis; irAE, immune-related
adverse event; MCP, metacarpophalangeal; NSAID, nonsteroidal anti-inflammatory drug; PD-(L), programmed cell death (ligand); PIP, proximal
interphalangeal; PMR, polymyalgia rheumatica; PPI, proton pump inhibitor.

3Missing data for ICI-IA are as follows: acute n = 7, and chronic n = 46.
bMissing data for ICI-IA are as follows: acute n = 1, and chronic n = 6.
“‘Missing data for ICI-IA are as follows: acute n = 2, and chronic n = 2.

9Missing data for chronic ICI-IA are n = 6.

¢Missing data for ICI-IA are as follows: acute n = 1, and chronicn = 1.

features is unknown. Our primary evaluation examining the differ-
ence in PFS and OS included all progression events after ICI-IA
onset and evaluated differences at ICI-IA onset between those
who develop chronic ICI-IA and those who do not. Thus, we
included sensitivity analysis, in which we only examine progres-
sion events that occur after ICI-IA chronicity is established (three
months after ICI discontinuation).

Table 2. Percentage of ongoing ICI-IA according to timepoint after
ICI discontinuation*

Patients with active
ICI-IA/patients still
at risk, n/n (%)

Timepoint after ICl
discontinuation, mon

3 106/119 (89)
6 90/106 (84.9)
9 83/90(92.2)
12 73/83 (88)

24 35/73 (47.9)

*|CI-IA, immune checkpoint inhibitor-associated inflammatory
arthritis.

In our study, polyarthritis at ICI-IA presentation was associ-
ated with the development of chronic ICI-IA as compared to
oligo- or monoarthritis. Braaten et al'® found that higher tender
joint count, but not swollen joint count or CDAIl, after ICI cessation
was associated with longer ICI-IA duration. They also found that
exposure to combination ICl, longer duration of total ICI treat-
ment, and the presence of more than two irAEs were associated
with longer duration of ICI-IA. Although their study did not exam-
ine baseline characteristics of ICI-IA in relation to the recently pro-
posed definition of chronic ICI-IA, our results align to suggest that
higher number of involved joints is associated with longer ICI-IA
duration. Consistent with results from Braaten et al,'® in our
study, class of monotherapy ICl and tumor type were not associ-
ated with ICI-IA chronicity. Importantly, fewer patients with acute
ICI-IA were treated with DMARDs. Although the reason for this
was not ascertained, we hypothesize that perhaps the higher inci-
dence of polyarthritis in the group with chronic ICI-IA prompted
rheumatologists to start DMARDs given the similar presentation
to classic rheumatoid arthritis.



CHRONICITY OF IMMUNE CHECKPOINT INHIBITOR ARTHRITIS 7 of 10
Table 3. Tumor outcomes of patients with acute and chronic ICI-IA*
Characteristic Acute Chronic Pvalue
Best cancer response, n (%)
Complete response 5(33.3) 35(33.7) 0.889
Partial response 5(33.3) 37(35.6) 0.889
Stable 3(20.0) 20(19.2) 0.889
Progressive disease 2(13.3) 7(6.7) 0.889
Not restaged 0(0.0) 3(2.9) 0.889
Total duration of ICl treatment, median (IQR), wk 39(26.2-95.2) 34 (14.8-68.3) 0.21
Duration of follow-up after ICI-IA onset, mean (+SD), wk 27 (£19.5) 345 (+17.2) 0.072
25th percentile progression-free survival (25%) from ICl initiation, log-rank test, wk 67.1 111.5 0.013
Death 5(33.3) 30 (28.8) 0.466
25th percentile overall survival from ICl initiation, log-rank test, wk 129.8 161.2 0.348

*ICI-IA, immune checkpoint inhibitor-associated inflammatory arthritis; IQR, interquartile range.

More recently, a study by Cappelli et al** found that combi-
nation ICI treatment and use of glucocorticoids were associated
with persistent ICI-IA at six months after ICI discontinuation. In
our study, taking glucocorticoids was not associated with chronic
ICI-IA. Interestingly, pre-existing nonrheumatic autoimmune dis-
ease has been found to be associated with de novo ICI-IA but
was not associated with chronicity in our study,?® and patients
with  pre-existing nonrheumatic autoimmune disease were
excluded from the only other study on duration of ICI-IA."® It
appears that factors associated with the development of de novo
ICI-IA are not necessarily associated with ICI-IA chronicity.

Our finding of similar percentages of prednisone users in
both the groups with acute and chronic ICI-IA are consistent with

the results of the multicenter retrospective cohort study by
Patrinely et al,” which also found that treating acute irAEs with glu-
cocorticoids was not associated with the development of chronic
irAEs. The reason why certain irAEs such as ICI-IA and neurologic
and ocular toxicities tend to become chronic when compared to
colitis or hepatitis, for example, which rarely become chronic,
remains unknown.® One hypothesis is that ICI-IA is underreported
in clinical trials and underrecognized, resulting in treatment delay,
which could lead to establishment of chronic ICI-IA.?°78 In one
study, the mean duration between diagnosis of ICI-IA and initial
symptom onset was five months.' However, in our study,
although there was a significant lag between ICI-IA symptoms
onset and ICI-IA treatment, this time between ICI-IA symptoms

Progression-free survival
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Figure 2. Kaplan—-Meier curves for progression-free survival by ICI-IA chronicity. Time O is ICl initiation and excludes all patients who progressed
before ICI-IA onset. ICI-IA, immune checkpoint inhibitor—associated inflammatory arthritis.
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Figure 3. Kaplan—-Meier curves for overall survival by ICI-IA chronicity. Time O is ICl initiation. ICI-IA, immune checkpoint inhibitor-associated

inflammatory arthritis.

and ICI-IA treatment initiation was not associated with the devel-
opment of chronic ICI-IA.

In a single-center prospective study of 42 patients with ICI-
IA, CDAI was found to be associated with earlier cancer progres-
sion after controlling for time from ICI initiation to arthritis onset
and DMARD use."® Several papers have reported that Rh-irAEs
were associated with good tumor outcomes determined by best
cancer response (complete or partial response).* 423 Braaten
et al'® found that ICI-IA chronicity was possibly associated with
better cancer response (complete or partial response) but did
not evaluate PFS and OS, which are standardized outcome mea-
sures in cancer studies. Our study is the first to show that chronic
ICI-IA is associated with improved PFS.

This is the first study to examine the proportion of ICI-IA that
becomes chronic using a recently published definition.'" This
study includes the largest cohort of patients with cancer with
rheumatologist-confirmed de novo ICI-IA using a consistent defi-
nition of ICI-IA across sites. Despite the retrospective nature of
this cohort, the CanRIO sites systematically capture clinical data,
and thus, the CanRIO database has captured the most important
covariates well, allowing adjustment for important potential con-
founders. Further, this multicenter study reflects the treatment
patterns of many rheumatologists and sites from across
Canada, increasing the generalizability of the findings we present.

One limitation of this study is there may be selection bias in
the CanRIO database because these patients likely reflect those

with more severe or chronic ICI-IA because those with milder or
quickly resolving ICI-IA may not have been referred to rheumatol-
ogists. Thus, the estimated proportion of chronic ICI-IA reflects
the population of patients with ICI-IA referred to rheumatology.
Moreover, because the cohort selected for this study only
included patients with ICI-IA who had discontinued ICls, our
results might not be generalizable to patients with ICI-IA who are
actively treated with ICls. Although we were able to evaluate a
large number of baseline characteristics, there are other poten-
tially important covariates, such as socioeconomic factors that
were not recorded in the CanRIO retrospective database. Tumor
type may be an effect modifier in the association between out-
comes and ICI-IA chronicity. Although we controlled for type of
cancer in our multivariable survival analyses, our sample size
was inadequate to perform subgroup analyses by tumor type.
Further, there may be heterogeneity of outcomes by specific
types of tumors within these broad categories of cancer type. As
aresult of its retrospective design, there were variables with miss-
ing values, such as race, which reduced our ability to examine
race or ethnicity differences. Although this is the largest cohort of
ICI-IA published to date, our sample size still limited the number
of variables we could include in our models. The three-month def-
inition for chronicity, although aligning with the Society for Immu-
notherapy of Cancer consensus definition of irAE chronicity, may
not be the most clinically relevant time point to consider for ICI-
IA. Larger studies with longer follow-up data will allow sufficient
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power to perform sensitivity analysis with various time frames
such as 6 or 12 months. Last, sensitivity analysis examining can-
cer progression that occurred at least three months after ICI dis-
continuation (after establishment of chronic ICI-IA) showed that
the association between chronic ICI-IA and better PFS was no
longer statistically significant, although there was a trend toward
better PFS. It is unclear whether there is truly no difference in pro-
gression events three months after ICl discontinuation or if these
results are due to insufficient sample size. Larger studies are
needed to confirm our findings.

In conclusion, this study shows that the vast majority of ICI-IA
is chronic, using the recent definition of chronic irAEs,"" and
patients with chronic ICI-IA had better PFS but not OS, as com-
pared with acute ICI-IA. This new knowledge will be important
when clinicians are trying to make the best treatment decisions
for their patients with ICI-IA and consider the best balance of risks
and benefits of potentially long-term ICI-IA treatment. Studies are
needed to investigate if early initiation of steroid-sparing drugs to
limit glucocorticoid exposure and toxicity such as recommended
in primary rheumatic diseases is associated with less toxicity and
better outcomes in those with ICI-IA. More research is required
to better understand the predictors of ICI-IA chronicity and its
implications on tumor outcomes, with the ultimate goal of optimiz-
ing management of ICI-IA and the underlying malignancy.
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