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Higher Checkpoint Inhibitor Arthritis Disease Activity may
be Associated With Cancer Progression: Results From an
Observational Registry

Karmela Kim Chan,' 2 Aidan Tirpack,” Gregory Vitone,” Caroline Benson,” Joseph Nguyen,” Nilasha Ghosh,’
Deanna Jannat-Khah,? Vivian Bykerk,” and Anne R. Bass'

Objective. To describe clinical features associated with cancer outcomes of patients with immune checkpoint
inhibitor (ICl)-associated arthritis.

Methods. Observational study of patients with ICl-arthritis enrolled in a single-center registry. Arthritis phenotype
and activity, medications, and cancer status were recorded at every visit. We used descriptive statistic, and Kaplan-
Meier curves using two-sided log-rank test and Cox regression analysis were used to identify factors associated with
cancer progression-free survival (PFS).

Results. Forty-two patients with ICl-arthritis were followed for a median (interquartile range [IQR]) of 7.4 (1.7,
14.7) months. Fifty-seven percent were female, 33% had melanoma, and 69% received anti-programmed death
ligand 1 monotherapy. Median time from ICI initiation to arthritis onset was 2.8 (0.8, 11.2) months. Sixty-two
percent had a rheumatoid arthritis (RA)-like small-joint presentation; 27% of all patients were rheumatoid factor
and/or cyclic citrullinated peptide positive. Median (IQR) Clinical Disease Activity Index (CDAI) on presentation
was 15 (8, 24); 62% required systemic glucocorticoids, 55% required disease-modifying antirheumatic drugs
(DMARDs), and 69% had ongoing arthritis at 6 months. Arthritis led to ICI discontinuation in five patients. In
univariate analysis, baseline CDAI, DMARD use, earlier arthritis onset, and longer duration of follow-up were
associated with shorter PFS. In multivariable Cox regression analysis controlling for DMARD use and time to
arthritis onset, CDAI was a significant predictor of cancer progression (hazard ratio 1.09, 95% confidence interval
[CI] 1.00-1.19, P = 0.05)

Conclusion. ICl-arthritis most commonly presents with an RA-like phenotype. High disease activity, as measured

by CDAI, may portend cancer progression.
INTRODUCTION

Immune checkpoint inhibitors (ICls) are being used to treat
an ever-widening array of cancers, prolonging survival in some
patients even with advanced disease (1-5). ICI target inhibi-
tory molecules, such as cytotoxic T lymphocyte-associated protein
4 (CTLA-4) and/or programmed cell death-1 (PD-1), or its ligand,
PD-L1, blocking pathways that normally serve to protect the body
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from excessive immune cell activation (6). As such, ICls result in
immune-related adverse events (rAEs) in up to 90% of patients
(7), including dermatologic, gastrointestinal, pulmonary, endocrine,
and rheumatologic toxicities among others (8,9). In one large pro-
spective cancer cohort, the incidence of ICl-associated inflamma-
tory arthritis (ICl-arthritis) was 3.8% (10). In this study, we describe
the clinical characteristics of ICl-arthritis and cancer outcomes in
patients enrolled in a single-center observational irAE registry.
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SIGNIFICANCE & INNOVATIONS

« Immune checkpoint inhibitor (ICl)-arthritis usually
presents with a rheumatoid arthritis-like pheno-
type with symmetric small-joint involvement of
the wrists, hands, and feet, but other phenotypes
include large-joint involvement with enthesitis, ar-
thralgia, and polymyalgia rheumatica.

* Unlike other immune-related adverse events,
ICl-arthritis usually persists, even after ICl discon-
tinuation.

+ High ICl-arthritis disease activity as measured by
CDAI, rather than Common Terminology Criteria
for Adverse Events grade, may be associated with
cancer progression, although this needs to be con-
firmed in a larger cohort.

+ Studies are needed to define optimal ICl-arthritis
treatment strategies that do not worsen cancer sur-
vival.

PATIENTS AND METHODS

Study investigators (KC, AB) have a fast track referral service
at Hospital for Surgery (HSS) that enables outpatients with irAE
from Memorial Sloan Kettering Cancer Center andNew York Pres-
byterian Hospital/Cornell to be seen at HSS within 1 week. On May
1, 2018, a prospective registry was established, and all patients
with irAE were invited to enroll, including patients already estab-
lished in the investigators’ practices. The registry was approved
by our institutional review board and all patients provided written
consent. Seventeen patients had already established care at HSS
prior to registry enrollment, one of whom was previously reported
(11). The first patient visit prior to registry enrollment was August 1,
2016. At the time of their first HSS rheumatology visit and first reg-
istry visit, demographics, comorbidities, medications, past med-
ical history, and detailed cancer history were obtained from the
patient and from review of oncology records. Cancer was iden-
tified by primary site (eg, melanoma, non-small-cell lung cancer),
and cancer stage was documented as locally advanced (stage ll)
or metastatic (stage IV). The specific ICI regimen was documented
as well as the first date of its administration. At each visit, we doc-
umented cancer response (complete response, partial response,
stable disease, or disease progression) based on the most recent
imaging studies performed by the patient’s oncologist. Oncolo-
gists routinely perform CT and/or other imaging modalities every
3 months (or sooner if symptoms or signs warrant it) in patients
on ICl in order to assess cancer status. Arthritis disease activ-
ity was measured using the Clinical Disease Activity Index (CDAI)
(12), and functional status was measured using the Multidimen-
sional Health Assessment Questionnaire (MD-HAQ) (13). Com-
mon Terminology Criteria for Adverse Events (CTCAE) irAE grade
(14) and maximum ever CTCAE irAE grade was documented at
the baseline registry visit and updated at all subsequent visits.

Rheumatoid factor (RF), anti—cyclic citrullinated peptide antibody
(CCP), antinuclear antibody, erythrocyte sedimentation rate (ESR),
and C-reactive protein (CRP) were collected at the first rheuma-
tology visit. We included registry patients in this study if they had
inflamsmatory joint symptoms, and we grouped them according
to their presenting phenotype: (a) inflammatory arthritis with any
small-joint involvement, (b) inflammatory arthritis with exclusively
large-joint involvement, (c) inflammatory arthralgia (joint pain
without joint swelling, but with morning stiffness), or (d) a poly-
myalgia rheumatica (PMR)-like syndrome. We excluded patients
with mechanical joint pain (eg, osteoarthritis), nonarticular rheu-
matic syndromes (eg, sicca, myositis, eosinophilic fasciitis), or pre-
existing autoimmune disease. Time of arthritis onset was defined
as the time from the date of the first ICl dose until the date of the
first joint symptoms. Duration of follow-up was measured from the
date of the first rheumatology visit. Median steroid dose in the first
30 and 60 days was calculated from the date of steroid initiation
for joint symptoms, even if steroids were started by the patient’s
oncologist prior to the first rheumatology visit. Data collection for
this study ended July 12, 2019. We received institutional funding
from the HSS Rheumatology Council Research Grant Program.

Statistical analysis. Normality of continuous variables
was assessed using the Shapiro-Wilk normality test. All variables,
except for age and time to progression, were found not to be nor-
mally distributed and reported as median and interquartile range
(IQR). Categorical variables are summarized as frequencies and
percentages. Comparison of continuous non-normally distributed
variables was conducted using nonparametric Mann-Whitney U
or Kruskal-Wallis tests. Student t tests were used to compare
the normally distributed age and time to progression. Analysis of
discrete variables was performed using X? or Fisher exact tests.
Logistic regression models were constructed to assess predic-
tors of cancer progression. Backward stepwise modeling was
performed, and variables were removed from the model if they
had a P value greater than 0.1. Survival analyses were used to
assess time to arthritis control (grade 0 on or off medications)
and progression-free survival (PFS), measured from ICl initiation
until radiographic cancer progression. Kaplan-Meier curves were
used to visualize differences in time to arthritis control between
patients who did and did not discontinue ICI treatment. Simi-
larly, PFS between CDAI levels were compared using two-sided
log-rank test. Because patients with locally advanced (stage Ill)
cancer given ICl as adjuvant therapy are less likely to progress
than patients given ICl for treatment of metastatic disease, we
excluded them from the analysis of PFS. Cox regression models
were used to identify factors associated with PFS. Because of the
limited sample size available, variables in the model were limited
to CDAI level, disease-modifying antirheumatic drug (DMARD)
usage, and time to arthritis onset. Statistical significance was
defined as P values of 0.05 or below. All analyses were performed
using SPSS version 283.0 (IBM Corp) and Stata version 14.0.
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Table 1. Patient characteristics grouped by arthritis phenotype
Overall Small Joint Large Joint Arthralgia PMR
(N=42) (n=26) (n=4) (n=7) (n=05)
Median [IQR] Median [IQR] Median [IQR] Median [IQR] Median [IQR]
Variable or N (%) or N (%) or N (%) or N (%) or N (%) P value
Demographics
Age, mean (SD) 65.1 (11.9) 66.5(13.3) 63.5(9.2) 57.3(5.9) 69.7 (9.4) [61.2-78.0] 0.25
Female 24 (57) 15 (58) 3(75) 3(43) 3(60) 0.771
Race
White or Caucasian 35(83) 22 (85) (75) (71) 5(100) 0.610
Black or African 3(7) 1(4) 1(25) 1(14) 0(0)
American
Other 4(10) 3(12) 0 (0) 1(14) 0 (0)
Current/former 21(50) 14 (54) 1(25) 4(57) 2 (40) 0.683
smoker
Cancer features
Type
Melanoma 14 (33) 10 (38) 2 (50) 1(14) 1(20) 0.531
NSCLC 7(17) 3(12) 1(25) 343) 0(0)
Renal 7(17) 4(15) 0(0) 2(29) 1(20)
Urothelial 2(5) 1(4) 0 (0) 0 (0) 1(20)
Other 12 (29) 8 (31) 1(25) 1(14) 2 (40)
Stage
Stage Il 5(12) 2(8) 0(0) 2 (26) 1(20)
Stage IV 37 (88) 24 (92) 4(100) 5(71) 4(80)
ICl regimen
PD-(L)1 monotherapy 29 (69) 18 (69) 1(25) 5(71) 5(100) 0.117
Combination 13 (31) 8(31) (75) 2 (29 0 (0)
CTLA4+PD-(L)1
Arthritis features
Onset after ICI 2.8[0.8-11.2] 2.6[0.6-8.0] 14.3[6.5-44.9] 4.0[1.0-24.5] 0.2[0.0-3.3] 0.022
initiation (mo)
Time to first 3.2[1.2-7.2] 5.6[1.8-9.9] 1.2[0.5-3.9] 21[11-5.2] 1.4[0.5-5.5] 0132
rheumatology visit
(mo)
Duration of 7.41[1.714.7] 9.0[3.1-24.3] 9.6 [3.6-26.6] 1.0[0.0-4.8] 7.610.4-10.4] 0.016
rheumatology
follow-up (mo)
Persistent arthritis 34(81) 21(81) 3(75) 6 (86) 4(80) 0.978
at last follow-up
Enthesitis or 10 (24) 4(15) 2 (50) 4(57) 0(0) 0.039
tenosynovitis
CDAI at first office 15.0 22.3[11.0-25.0] 11.0[5.6-11.9] 6.0 [4.5-10.5] 11.5[7.0-22.0] 0.013
visit [8.0-24.0]
<12 17 (44) 7(27) 3(75) 5(100) 2 (50) 0.011
12+ 22 (56) 19 (73) 1(25) 0(0) 2 (50)
Maximum CDAI 20.0 22.8[15.0-28.3] 11.0[5.6-16.0] 6.0 [4.5] 15.5[7.0-30.8] 0.004
[10.0-24.0]
Maximum grade
1.0 8(20) 4(16) 1(25) (50) 0(0) 0.184
2.0 20 (50) 14 (56) 3(75) 1017) 2 (40)
3.0 12 (30) 7(28) 0(0) (33) 3(60)
Laboratory results
ESR (mm/h) at first 29.0 30.0[18.0-63.0] 53.5[10.3-96.8] 30.0[11.0-41.0] 22.0[13.5-60.5] 0.904
visit [16.5-52.5]
CRP (mg/dL) at first 1.1[0.3-3.1] 1.5[0.7-3.1] 1.4[0.2-9.0] 1.0[0.5-1.1] 1.1 [0.2-12.3] 0.935
visit
RF positive 4(10) 4(16) 0(0) 0(0) 0(0) 0.417
CCP positive 9(23) 5(20) 1(25) 2(29) (25) 0.966
RF and/or CCP 11 (27) 7 (28) 1(25 2(29) 20) 0.985
positive

(Continued)
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Table 1. (Cont’d)

Overall Small Joint Large Joint Arthralgia PMR
(N=42) (n=26) (n=4) (n=7) (n=5)
Median [IQR] Median [IQR] Median [IQR] Median [IQR] Median [IQR]
Variable or N (%) or N (%) or N (%) or N (%) or N (%) P value
Arthritis treatment
Median prednisone
equivalent daily
dose
In first 30 days 13.8 18.1[10.0-35.5] 7.8[0.0-39.5] 10.0[0.0-14.2] 10.0[2.5-22.5] 0.150
after prednisone [6.9-30.0]
initiation or first
rheumatology visit
In first 60 days 15.0 20.0[10.0-31.3] 10.7 [1.5-32.0] 10.0(0.0-13.4) 15.0[3.0-23.8] 0.138
after prednisone [7.3-26.2]
initiation or first
rheumatology visit
DMARDs
No DMARDs 19 (45) 8(31) 3(75 577 3(60) 0.581
cDMARDS only 15 (36) 11 (42) 1(25 2(29) 1(20)
bDMARDS only 2(5) 2(8) 0(0) 0(0) 0(0)
cDMARDS plus 6(14) 5(19) 0(0) 0(0) 1(20)
bDMARDS
ICl treatment 20 (48) 16 (62) 1(25) 2(29) 1(20) 0.146
discontinued
Cancer outcome
Complete response 11 (26) 9(35) 0(0) 1(14) 1(20) 0.571
Partial response 5(12) 3(12) 0(0) 1(14) 1(20)
Stable 12 (29) 5(19) 3(75 3(43) 1(20)
Progression 14 (33) 9 (35) 1(25 2 (29) 2 (40)

Note. Significant P values in bold.

Abbreviations: bDMARD, biologic DMARD; CCP, cyclic citrullinated protein; CDAI, Clinical Disease Activity Index; cDMARD, conventional DMARD;
CRP, C-reactive protein; DMARD, disease-modifying antirheumatic drug; ESR, erythrocyte sedimentation rate; ICl, immune checkpoint inhibitor;
NSCLC, non-small-cell lung cancer; PMR, polymyalgia rheumatica; RF, rheumatoid factor.

RESULTS

Of the 66 patients enrolled in the registry, we included
the 42 with inflammatory arthritis, arthralgia, or PMR. Patient
characteristics are shown in Table 1. Twenty-four (57%) were
female, 21 (50%) were current or former smokers, 14 (33%)
had melanoma, and 29 (69%) received anti-PD-(L)1 monother-
apy. Median (IQR) time from ICl initiation to arthritis onset was
2.8 (0.8, 11.2) months, and median time to referral after arthritis
onset was 3.2 (1.2, 7.2) months. Median ESR on presentation
was 29 (16.5, 52.5) (normal <20 mm/h), and median CRP 1.1
(0.3, 3.1) (normal <0.8 mg/dL). Eleven (27%) patients tested
positive for RF and/or anti-CCP antibody. There was no differ-
ence in the percentage of ever smokers among patients who
were CCP positive versus those who were CCP negative (78%
vs 42%, P = 0.13).

Median duration of follow-up after the first rheuma-
tology visit was 7.4 (1.7, 14.7) months. Sixty-nine percent of
patients had ongoing arthritis at 6 months and 58% at 12 months
(Figure 1A). Twenty (48%) patients discontinued ICI therapy during
follow-up, 5 for joint pain and 15 for other reasons, primarily cancer
progression. Arthritis duration was the same in patients who did ver-
sus did not discontinue ICI (Figure 1B).Arthritis activity. Median
[IQR] baseline CDAI was 15 [8, 24]. The median [IQR] patient global

component score of the CDAIl was 5 [3, 7] and the median phy-
sician global was 3 [2, 4]. Maximum CDAI was 20 [10, 24]. There
was no difference in maximum CDAI between patients who received
combination ICI versus monotherapy (P = 0.62). Only 8% of patients
had a maximum CTCAE grade of 3. For patients with a maximum
CTCAE arthritis grade of 1, 2, and 3, respectively, the correspond-
ing maximum CDAI was 11 [6, 22], 18 [11, 24], and 24 [7.8, 34].
Baseline MD-HAQ was 2.0 [1.0, 3.3].

Arthritis phenotypes. Twenty-six (62%) patients had small-
joint involvement reminiscent of rheumatoid arthritis (RA), four (9%)
had arthritis involving only large joints, seven (17%) had arthralgia
without joint swelling, and five (12%) had a PMR-like condition
(Table 1). The median [IQR] swollen joint count was 4.5 [2, 8] in
patients with the small-joint phenotype and 1 [1, 1] in patients with
the large-joint phenotype. Patients with small-joint involvement
had a higher baseline CDAI than other phenotypes: 22.3 [11,25],
versus 11 [5.6, 11.9] for patients with large-joint arthritis, 6 [4.5,
10.5] for patients with arthralgia, 11.5 [7, 22] for patients with PMR
(P =0.013). Patients with large-joint arthritis presented later than the
other groups, 14.3 [6.5-44.9] months after ICl initiation, and enthesi-
tis was seen almost exclusively in patients with large-joint involve-
ment or arthralgia. Although there was no statistical difference
between the phenotypes with regard to their ICI regimen, 18 of 26
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Figure 1.

(69%) patients with small-joint arthritis received anti—PD-(L)1 mon-
otherapy, whereas 3 of 4 (75%) patients with large-joint arthritis
received anti-CTLA-4/anti-PD-1 combination therapy. Patients
grouped by arthritis phenotypes were similar with regard to age,
smoking status, type of malignancy, and RF/CCP seropositivity.

Arthritis treatment. Twenty-six (62%) patients required

systemic glucocorticoids (Table 1). The median (IQR) prednisone
dose per day in the first 30 days of arthritis treatment was 13.8

35
30 -
25

20

15

Frequency

10

Kaplan-Meier analysis: time to arthritis control, impact of immune checkpoint inhibitor (ICI) discontinuation.

(6.9, 30) mg. Twenty-three (55%) required DMARDs: 15 (36%) a
conventional DMARD (one or more), 2 (5%) a biologic DMARD
alone, and 6 (14%) a combination of conventional and bio-
logic DMARD. Hydroxychloroquine (HCQ) was the most com-
monly used DMARD (40% of patients). Other DMARDs used
include methotrexate (21%), sulfasalazine (17%), tumor necrosis
factor (TNF)-inhibitors (14%), interleukin (IL)-6R inhibitors (7%),
and rituximab (5%). Figure 2 shows arthritis treatments that the
patients received over time.

No Medication [@ High Dose Steroids [ Biologic + cDMARD
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@ Triple Therapy
0O MTX
@ HCQ and SSZ
@ SSZ
m HCQ

0 L 4 L L =\ £ |
( 0 M 2M 3M aMm 5M 6M 9M 12M | 15M | 18M
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Figure 2.

n=29

n=26 n=29 n=20 n=17 n=12 n=9

Duration

Immune checkpoint inhibitor (ICI)-arthritis treatment over time. High-dose steroid: prednisone >10 mg/d. Low-dose steroid:

prednisone <10 mg/d. Biologics used: infliximab, rituximab, tocilizumab. Abbreviations: cDMARD, conventional disease-modifying antirheumatic
drug; HCQ, hydroxychloroquine; MTX, methotrexate; SSZ, sulfasalazine. [Color figure can be viewed at wileyonlinelibrary.com]
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Table 2. Predictors of cancer progression: univariate analysis

Overall Nonprogressors Progressors
(N=37) (N =24) (N=13)
Median [IQR] Median [IQR] Median [IQR]
Variable or N (%) or N (%) or N (%) P value

Demographics
Age 65.4[58.5-46.2] 65.3 [58.6-75.8] 66.6 [57.0-79.0] 0.229
Female 21(57) 13 (54) 8(62) 0.666
Race

White or Caucasian 31(84) 22(92) 9 (69) 0.210

Black or African American 3(8) 1) 2(15)

Other 3(8) 1(4) 2(15)
Current/former smoker 19 (51) 13 (54) 6 (46) 0.642
Cancer features
Type

Melanoma 13 (35) 8(33) 5(38) 0.790

NSCLC 5(14) 4(17) 1(8)

Renal 6(16) 3(13) 3(23)

Urothelial 1(3) 1(4) 0(0)

Other 12 (32) 8(33) 4(31)

ICl regimen
PD-(L)1 monotherapy 24 (65) 18 (75) 6 (46) 0.079
Combination CTLA-4+PD-(L)1 13 (35) 6(25) 7 (54)
Arthritis features
Onset after ICl initiation (mo) 3.0[0.9-11.5] 41 [1.0-11.7] 2.0[0.4-13.8] 0.050
Time to first rheumatology visit (mo) 3.1[1.3-6.9] 2.5[0.9-6.9] 5.0[1.3-7.3] 0.214
Duration of follow-up (mo) 8.0[2.2-18.6] 7.8[1.3-14.2] 8.0 [5.0-25.8] 0.039
Persistent arthritis at last follow-up 30(81) 20(83) 10(77) 0.635
CDAI at first office visit 12.0[7.3-23.8] 11.3[6.8-22.9] 23.0[11.5-31.0] 0.007

<12 17 (47) 14.(61) 3(23) 0.041

12+ 19 (53) 9(39) 10(77)
Maximum CDAI 16.5[10.0-24.0] 11.5[7.0-22.0] 24.0[16.3-31.0] 0.008
Arthritis phenotypes

Small joint 23(62) 14 (58) 9 (69) 0.912

Large joint 4(11) 3(13) 1(8)

Arthralgia 6(16) 4(17) 2(15)

PMR 4(11) 3(13) 1(8)

Maximum grade

1.0 7 (20) 5(23) 2(15) 0.752

2.0 17 (49) 11 (50) 6 (46)

3.0 11(31) 6(27) 5(38
Laboratory results
ESR (mm/h) at first visit 28.5[16.3-45.8] 28.0[9.0-45.0] 29.0[20.5-63.0] 0.637
CRP (mg/dL) at first visit 1.0[0.2-2.9] 1.0[0.2-1.9] 1.1 [0.5-4.6] 0.954
RF positivity 4(11) 6 (8) 2(17) 0.588
CCP positivity 9 (25) 5(21) 4(33) 0.443
RF and/or CCP positivity 11(31) 6 (25) 5(42) 0.446
Arthritis treatment
Median prednisone equivalent daily dose

In first 30 days after prednisone initiation or 14.2[8.8-30.0] 13.8[6.3-20.6] 15.6 [8.8-35.0] 0.108

first rheumatology visit

In first 60 days after prednisone initiation or 15.0 [7.5-25.2] 14.2 [6.9-20.0] 18.8[10.0-29.2] 0.157

first rheumatology visit
DMARDs

No DMARDs 17 (46) 14 (58) 3(23) 0.037

cDMARDS only 13(35) 6(25) 7 (54)

bDMARDS only 2(5) 0(0) 2(15)

cDMARDS plus bDMARDS 5(14) 4(17) 1(8)
ICI treatment discontinued 17 (46) 11 (46) 6 (46) 0.985

Note. Significant P values in bold.

Abbreviations: bDMARD, biologic DMARD; CCP, cyclic citrullinated peptide; CDAI, Clinical Disease Activity Index; cDMARD, conventional DMARD;
CRP, C-reactive protein; CTLA-4, cytotoxic T lymphocyte-associated protein 4: DMARD, disease-modifying antirheumatic drug; ESR, erythrocyte
sedimentation rate; ICl, immune checkpoint inhibitor; NSCLC, non-small-cell lung cancer; PD-(L)1, programmed cell death ligand-1; PMR,

polymyalgia rheumatica; RF, rheumatoid factor.
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Figure 3. Kaplan-Meier analysis of progression-free survival stratified by baseline Clinical Disease Activity Index (CDAI).

Cancer outcomes. Thirty-seven (88%) of the ICI-arthritis
patients had stage IV (metastatic) cancer. Of these, 13 (35%) had
cancer progression during follow-up (Table 2). Progressors had
a longer duration of follow-up than nonprogressors (8 [5.0, 25.8]
vs 7.8 [1.3, 14.2] months, P = 0.039). Progressors were similar
to nonprogressors with regard to age, sex, race, type of malig-
nancy, smoking status, arthritis phenotypes, RF/CCP seroposi-
tivity, baseline ESR and CRP, and steroid dose. Progressors had
a shorter time to arthritis onset (median [IQR] 2.0 [0.4, 13.8] vs
4.1 [1.0, 11.7] months, P = 0.05) and were more likely to have
received a DMARD (77% vs 42%, P = 0.04). There was a trend
toward more combination ICI therapy among progressors than
nonprogressors (54% vs 25%, P = 0.079). Patients whose can-
cer progressed had a higher baseline CDAI than nonprogressors
(23 [11.5, 31] vs 11.3 [6.8, 22.9], P = 0.007) and no patient with
a baseline CDAI less than 10 progressed. In a logistic regres-
sion model, CDAI was found to be a statistically significant pre-
dictor of progression (odds ratio = 1.11, 95% CI [1.02, 1.20]).
Figure 3 shows a Kaplan-Meier analysis of PFS in patients with a
baseline CDAI of 12 or greater versus less than 12. In multivari-
able Cox regression analysis, there was an association between
baseline CDAI and cancer progression after controlling for time to
arthritis onset and DMARD use (hazard ratio 1.09, 95% ClI [1.00,
1.19], P = 0.050).

DISCUSSION

In this large, real-world observational cohort of patients with
ICl-arthritis recruited and followed in New York City, we demon-
strate that most patients present with an RA-like phenotype,
regardless of type of ICl therapy, type of cancer, or serologic sta-

tus. Most patients require systemic corticosteroids, and a sub-
stantial number require DMARDs. |Cl-arthritis persists, even in
patients who stop their ICl. We also demonstrate that for every
one-point increase in baseline CDAI, the likelihood of cancer pro-
gression increased by 9%, independent of DMARD use and time
to arthritis onset after ICl initiation.

Our finding that small-joint arthritis, closely resembling that
seen in RA, is the most frequently encountered phenotype is in
keeping with two other published cohorts (15,16). Of interest,
the majority of patients with this phenotype had received PD-(L)1
blockade. There is evidence that PD-1 inhibition mimics the biol-
ogy of RA. In a study by Guo et al, for example, a “nivolumab
(anti-PD-1) gene signature” was demonstrated in peripheral
blood mononuclear cells from patients with active RA (17). PD-1
expression is increased in the synovium of patients with RA at
all stages of disease, and PD-L1 expression is increased when
disease is active (17,18). The majority of patients with large-
joint arthritis in our study (half of whom also had enthesitis) had
received combination ICI (anti-CTLA-4 plus anti—-PD-1), raising the
possibility that combination ICI triggers pathways seen in patients
with spondyloarthritidesopathies. In keeping with this, a high level
of IL-17, a cytokine implicated in the pathogenesis of the spondy-
loarthritides (19), has been demonstrated in patients experiencing
colitis due to anti-CTLA-4 therapy (20).

The persistence of ICl-arthritis demonstrated in our study has
also been reported by others (12,21). The majority of our patients
had arthritis for 12 months or more, regardless of whether their
ICl was discontinued. This may be explained by the pharmacoki-
netics of ICI binding to synovial tissue resident immune cells. For
example, one case report demonstrated 100% PD-1 receptor
occupancy (ie, complete blockade) in a synovial biopsy taken from
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an ICl-arthritis patient 200 days after their last dose of nivolumab
(see figure 2 in Murray-Brown et al (22)).

The majority of patients in our cohort (62%) required ongo-
ing glucocorticoids to control their symptoms, and 55% required
conventional and/or biologic DMARDs. The decision to start a
DMARD is often driven by a need to taper glucocorticoid, as stud-
ies suggest that steroid doses greater than 7.5 to 10 mg/d nega-
tively impact cancer outcomes (23,24

). The choice of DMARD is always made in consultation with
the patient and their oncologist and may be influenced by the type
of cancer and whether the patient is enrolled in a clinical trial. In
our cohort, HCQ was the most commonly used DMARD (40%
of patients). This treatment approach is based largely on the per-
ceived safety of HCQ relative to other commonly used DMARDs.
Intriguingly, in addition to the anti-inflammatory effect of HCQ, one
potential added benefit is its inhibition of autophagy. HCQ has in
fact been used in preclinical studies and early-phase clinical tri-
als to potentiate the response to chemotherapy in patients with
advanced solid tumors (25,26). Roberts et al studied HCQ sys-
tematically in ICl-arthritis with good results (27). Unfortunately, no
other ICl-arthritis treatment has been systematically studied. Sev-
eral retrospective studies of ICI-induced enterocolitis have sug-
gested that infliximab is not only effective but also safe (28,29), but
a retrospective study of multiple irAEs suggested that infliximab
could negatively impact survival (30). Given our limited sample
size, we were unable calculate the effect of individual DMARDs
on PFS.

Our study suggested that there may be an association
between high-baseline ICl-arthritis disease activity, as meas-
ured by CDAI, and cancer progression, and this association
was not explained by immunosuppressive DMARD use. A
number of studies have demonstrated an association between
irAE and cancer survival (31-33), but few have analyzed
whether irAE severity impacts cancer outcomes. Although
one study demonstrated an association between low-grade,
but not high-grade, irAEs on PFS (34), high-grade irAEs are
less common than low-grade ones, and the study may not
have been powered for the latter analysis. Weber et al demon-
strated a stepwise improvement in overall survival in patients
with higher numbers of (any grade) irAEs but failed to show a
protective effect from high-grade irAEs (35). This too may have
been an issue of study power.

CDAl is a validated disease activity measure in RA that
takes into account tender and swollen joint counts along
with a patient and physician global scores (12). As such, we
would expect the CDAI to parallel the small-joint ICl-arthritis
phenotype, where typically more joints are affected—indeed
our small-joint arthritis patients had a higher CDAI than the
other groups. However, although a higher CDAI predicted
worse PFS, the small-joint phenotype and maximum CTCAE
grade did not. This suggests that the patient and physician

global components of the CDAI capture important prognos-
tic information that is not captured by joint counts or grade.
For example, it is possible that large-joint involvement is
perceived to be more problematic by both physicians and
patients. In fact, Cappelli et al demonstrated a significant
lag in time to diagnosis among patients who presented with
small-joint involvement versus those who presented with
large-joint involvement (36). In general, the CTCAE grading
system does a poor job of characterizing ICl-arthritis severity
(14). ICl-arthritis rarely requires hospitalization and is therefore
usually characterized as grades 1 to 2 (low grade), even if
patients have significant impairment in their activities of daily
living. In our cohort, patients with higher CDAI generally had
a higher CTCAE grade, but there was considerable overlap.
CTCAE grade is insensitive to the degree of synovitis and, in
our study, grade was not a predictor of PFS. This suggests
that in studies of ICl-arthritis, traditional measures of arthri-
tis activity, such as the CDAI, should be used in addition to
grade.

Although this is one of the largest ICl-arthritis cohorts
published, our study does have some limitations. The number
of patients is still relatively small, the cohort is heterogeneous
with regard to cancer types and ICI therapies used, and referral
bias may have led us to overestimate ICl-arthritis severity. How-
ever, these real-world data reflect the kinds of ICl-arthritis that
rheumatologists are likely to see in practice. Arthritis treatment in
this study was based on clinician judgement rather than a pro-
tocol, which points to the need for treatment trials in ICl-arthritis
patients. Although we describe four arthritis phenotypes in our
patients, this needs to be validated in studies from other centers
given our sample size, particularly because the high rate of sero-
positivity in our cohort suggests the possibility of referral bias.
Finally, because we could not include patients lost to follow-up
prior to the registry’s initiation, estimates of arthritis phenotype
distribution, severity, and duration may have been biased. These
weaknesses are balanced by several strengths, however. This is
among the largest published series of ICl-arthritis patients, and
we provide a long duration of follow-up. We offer extensive infor-
mation about arthritis characteristics and arthritis treatments,
and we demonstrate that ICl-arthritis persists even when ICls
are discontinued. Finally, we provide evidence for a possible rela-
tionship between arthritis disease activity and cancer progres-
sion, although this will need to be validated in a larger cohort.

In summary, ICl-arthritis is a long-lasting condition that
often requires immunosuppression, even after ICI discontin-
uation. Current treatments are based on expert opinion and
depend on each center’s preferences and experience. Untan-
gling the relationship between ICl-arthritis disease severity (eg,
CDAI), ICl-arthritis treatment (eg, TNF inhibitors), and cancer
survival will be critical to the development of safe treatment
approaches.
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