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Abstract

Immune checkpoint inhibitors (ICls), including anti-cytotoxic T lymphocyte antigen 4, anti-pro-
grammed cell death 1, and anti-programmed cell death ligand 1 (PD-L1) antibodies, are currently
widely used in oncology clinical practice, achieving considerable success in improving disease
outcomes. New checkpoint targets are being discovered and investigated through basic science
research and clinical trials. ICI remove negative regulatory immune signals on T cells, leading to
immune activation and induction of antitumor immunity. Patients who receive ICl, however, are at risk
for developing immune-related adverse events (irAEs), which are attributed to increased T cell activity
against antigens in both tumors and in healthy tissues, to increased inflammatory cytokine levels, to
increased levels of preexisting autoantibodies, and to enhanced complement-mediated inflamma-
tion. Arthritis is one of the most common irAEs. ICl-induced rheumatic irAEs are categorized by levels
of severity which guide the choice of treatment options. Management of ICl-induced rheumatic irAEs
includes the use of glucocorticoids, disease-modifying antirheumatic drugs (mainly methotrexate),
and biological agents (e.g., tumor necrosis factor, interleukin-6 receptor, and CD20 inhibitors). This
review aims to summarize the current ICl subtypes, their role in rheumatic irAEs development, and
therapies currently used in clinical practice to manage irAEs. In addition, we propose to use an ex
vivo personalized diagnostic assay for the selection of the most effective ICl with antirheumatic drugs
combinations that will inhibit the advancement of ICl-induced adverse events.

Keywords: Immune checkpoint inhibitor (ICl), immune-related adverse events (irAEs), ICl-induced
inflammatory arthritis, disease-modifying anti-rheumatic drugs (DMARDs), combined ICl and DMARD
therapies

Introduction

The advent of immune checkpoint inhibitors (ICls) caused a paradigm shift in improving cancer therapy.
ICls comprise a novel class of immunotherapeutic drugs whose application continues to expand. However,
ICI therapy is associated with excessive nonspecific immune activation and autoimmune response that
result in immune-related adverse events (irAEs). Immune-related adverse events can cause clinically severe
rheumatic disease manifestations. Rheumatologists are highly experienced in the use of available mul-
tiple therapeutics for controlling inflammatory arthritis. Efficient therapies for rheumatic diseases include
glucocorticoids (GCs), conventional disease-modifying antirheumatic drugs (cDMARDs), biologic DMARDs
(bDMARDs), and targeted synthetic DMARDs (tsDMARDs). Each of these therapies differs in its mechanisms
of action, structure, pharmacokinetics, and other characteristics, such as route and frequency of adminis-
tration and need for laboratory monitoring. As such, they modulate the immune response differently. The
manifestations of rheumatic irAEs can differ widely from those of classical rheumatic diseases, emphasizing
the necessity for treatment individualization based upon symptom severity. The combination of ICl therapy
with DMARDs represents a new therapeutic challenge and the need for increasing the knowledge regard-
ing rheumatic irAEs in cancer patient management and developing relevant therapeutic guidelines for
cotreatment with multiple choices of ICl and antirheumatic drugs.

Immune Checkpoint Inhibitor Subtypes

Immune checkpoint inhibitor (ICl) therapy has revolutionized cancer treatment by providing a more tar-
geted therapeutic approach. Improved survival and prolonged responses are now being witnessed in previ-
ously difficult-to-treat malignancies. Three ICl groups consisting of programmed cell death protein 1 (PD-1),
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Table 1. Severity Scale for Immune Reaction Adverse Effects According to The Common Terminology Criteria for Adverse Events (CTCAE)

Version 5

Grade 1

Grade 2 Grade 3

Grade 4

CTCAE V5 classification  Mild, asymptomatic, or
mild symptoms,

Moderate noninvasive

intervention indicated significant

intervention not indicated

Treatment NSAIDs, corticosteroid
injection
Continue ICI? Yes

Rheumatology consult? No

Referral to rheumatologist,
intra-articular injection

Severe or medically

Prednisone + MTX/TNF
inhibitors, consider DMARDs

Life-threatening consequences,
urgent intervention required

Hold ICl therapy immediately,
treat rheumatic disease directly

Yes Yes, consider pausing No

Yes Yes

Yes

programmed cell death ligand 1 (PD-L1), and
cytotoxic  T-lymphocyte-associated antigen
4 (CTLA-4) inhibitors have been approved by
the US. Food and Drug Administration for the
treatment of various cancer types. In addition,
several antibodies that target various immune
checkpoint proteins are being assessed in
clinical trials, and these subtypes are summa-
rized here.

Anti-PD-1/Anti-PD-L1 Antibodies

Programmed cell death protein 1 and its ligand
PD-L1 have been identified as a set of immune
checkpoints that mediate coinhibitory signals
to T-cell activation. Anti-PD-1 and anti-PD-L1
antibodies operate by blocking the interac-
tion of PD-1 and PD-L1, thereby removing
their inhibition on CD8* T cells and enhancing
antitumor activity in peripheral tissues. These
therapies have induced clinical responses of
tumor regression across a variety of malig-
nancies, including melanoma, renal cell carci-
noma, non-small cell lung cancer, and bladder
cancer.! Current anti-PD-1 therapies, including
pembrolizumab, nivolumab, and cemiplimab,
have shown significant effects in targeting a
variety of malignancies through generating
an antitumor response.? Anti-PD-L1 therapies,
including atezolizumab, avelumab, and dur-
valumab, have additionally played a significant
role in tumor reduction, especially notable in
hepatocellular carcinoma and triple-negative
breast cancer.* Most cancer patients, however,
rely upon combination therapies that target
both anti-PD-1 and anti-PD-L1 pathways in
addition to chemotherapy, radiation, or other
ICls for optimal clinical outcomes.

Anti-CTLA-4 Antibodies

Cytotoxic T-lymphocyte-associated antigen 4
has been identified as an additional immune
checkpoint target that serves as a negative
regulator for T-cell immune response. Unlike
PD-1/PD-L1, CTLA-4 regulates T cells dur-
ing preliminary immune responses, primar-
ily within the lymph nodes. Cytotoxic T-lym
phocyte-associated antigen 4 competes with

CD28 for B7 binding on antigen-presenting
cells (APCs) in order to limit T-cell survival and
induce T-cell anergy. In addition, expression
of CTLA-4 on regulatory T cells (Tregs) plays
an important role in the peripheral immune
response against encountered foreign patho-
gens. Ipilimumab, the most prominent
anti-CTLA-4 therapy, has shown improved out-
comes in patients with melanoma and hepa-
tocellular carcinoma.*

Anti-LAG-3 Antibodies

The lymphocyte activation gene 3 (LAG-3) is
the newest anticancer immunotherapy tar-
get. LAG-3 is an inhibitory receptor involved
in CD4/CD8 T-cell activation and also serves
as a key regulator within the immune sys-
tem. In conjunction with TCR/CD3 signaling,
LAG-3 downregulates TCR activation, thereby
inhibiting immune-mediated T-cell responses
by binding to MHC class Il. Programmed
cell death protein 1 and LAG-3 exhibit sig-
nificant similarities in their ability to regulate
the tumor microenvironment and promote
immune evasion.® Clinical trials aim at target-
ing these immune checkpoints simultane-
ously in order to determine their therapeutic
benefits in combination. Novel anti-LAG-3
antibodies have shown promising results in
delaying tumor growth, with greater effects
seen by the combination of anti-LAG-3/anti-
PD-1 therapies within solid tumors.” Anti-
LAG-3 therapies are currently being explored
in a variety of neoplasms, including, but not
limited to, brain, head and neck, endocrine,
lung, abdominal, urogenital, breast, and lym-
phoid tumors.®

Anti-TIM-3 Antibodies

T-cell immunoglobulin mucin  domain-con-
taining protein 3 (TIM-3) may be found on the
surface of Th1 cells, a subtype of CD4* effec-
tor T cells that promote cellular-mediated
immune responses. Specifically, TIM-3 medi-
ates Th1 apoptosis through binding to galectin
9 (Gal-9).° Dendritic and natural killer cells con-
stitutively express TIM-3 and may provide an

alternative route for future immune checkpoint
blockade therapies.” Clinical trials targeting
TIM-3 have yielded encouraging results, par-
ticularly in solid tumors and liver cancer.” The
use of combination blockade therapy against
PD-1/TIM-3 reportedly achieves greater tumor
control than individual ICl therapy." Preclinical
models have shown the potential of anti-TIM-3
therapy to reduce tumor progression and
improve antitumor T-cell responses in a variety
of cancer patients.'

Anti-TIGIT Antibodies

T cell immunoglobulin and ITIM domain
(TIGIT) binds to 2 ligands, CD155 (poliovirus
receptor, PVR) or CD112 (PVRL2 or Nectin-2),
expressed by tumor cells and APCs within
the tumor microenvironment.® It follows,
therefore, that targeting this immune check-
point may promote immune-mediated tumor
rejection. Anti-PD-1 and anti-TIGIT combined
therapy was observed to enhance CD8" T cells
and CD8* tumor-infiltrating lymphocytes (TILs)
in melanoma patients." Murine models have
demonstrated the primary mechanism of TIGIT
antitumor signaling to involve regulatory T
cells and to show coinhibitory responses with
TIM-3 targets.” Preclinical studies have sup-
ported the use of TIGIT blockade monotherapy
in addition to combined therapies with other
ICls.'® The interim results of clinical trials on
TIGIT blockades in cancer have favored the use
of anti-PD-1/anti-TIGIT therapies in patients
with solid malignancies."”

Anti-VISTA Antibodies

V-domain Ig suppressor of T-cell activation
(VISTA), a member of the B7 family, has a
unique ability to bind to overlapping sites on
the extracellular domain. Binding to P-selectin
glycoprotein ligand 1 (PSGL-1) and the V-Set
and  Immunoglobulin domain-containing
VSIG-3 resulted in T-cell function inhibition.
VISTA may also upregulate macrophages for
cytokine release and increase IL-10 produc-
tion.”® The role of VISTA in both innate and
adaptive immunity makes it a unique target for
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cancer immunotherapies.'”” The VISTA protein
expression in tumor cells had already shown a
favorable prognosis in patients with pancreatic
cancer who were treated with anti-VISTA anti-
bodies.® Dual inhibitors of VISTA and PD-L1 in
phase I/Il clinical trials have additionally shown
clinical efficacy in solid tumors?' VISTA bio-
markers therefore comprise important candi-
dates for use in cancer therapy.

Treatment Approach to Immune-Related Adverse
Events

While ICI therapies show promising results, it
should be borne in mind that their activity can
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lead to irAEs that may affect any organ system,
most notably impacting the gut, skin, endo-
crine glands, liver, and lungs, as well as the
musculoskeletal system.?? The proposed mech-
anisms of action of irAEs include increased
T-cell activity against antigens in tumors and
healthy tissues, increased inflammatory cyto-
kine levels, increased levels of preexisting
autoantibodies, and enhanced complement-
mediated inflammation due to direct CLTA-4
binding on normal tissue.?® The incidence of
ICl-induced arthralgia has been reported as
high as 43%, and that inflammatory arthritis
occurs in approximately 7% of patients.?*

aTIGIT

T cell activation and proliferation

ICl therapies
o.CTLA-4 CD80/CD8

Inflammatory T cells

Rheumatic immune related

— C ’ C ' adverse events
GCs O C '
Prednisone CJ QJ
I /r Inflammatory cytokines
%)
! |\
44@“ 44:0&
Oty bDMARDs JAKs
Sy, *y%*e,@ Anti-TNF  Inhibitors
o, o, Anti-IL-6R  Tofacitinib
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e %4,  Anti-CD20
Anti-IL-17
Figure 1. Immune checkpoint inhibitor therapy augments T-cell proliferation and activation,

inducing rheumatic adverse events, and the potential of diverse antirheumatic drugs to block the
excessive immune response. (Top) Immune checkpoint inhibitor therapies block inhibitory

receptors, including antibodies against PD-

1,PD-L1, CTLA-4, TIM-3, LAG-3, TIGIT, and VISTA. These

inhibitory receptors contribute to T-cell dysfunction in cancer. As a result of their blockade,
activation and proliferation of T cells induce ICl rheumatic irAEs. (Bottom) The excessive immune
response and inflammatory cytokines can be blocked by diverse antirheumatic drugs, including
NSAIDs, GCs, cDMARDs, and Janus kinase (JAK) inhibitors. APC, antigen-presenting cell; CD, cluster
of differentiation; CTLA-4, Cytotoxic T-lymphocyte-associated antigen; Gal-9, galectin 9; GCs,
glucocorticoids; ICl, immune checkpoint inhibitor; IL, interleukin; LAG-3, lymphocyte activation
gene 3; MHC class Il, major histocompatibility complex class Il; NSAIDs, nonsteroidal anti-
inflammatory drugs; PD-1, programmed death protein 1; PD-L1, programmed death ligand; PSGL-

1, P-selectin glycoprotein ligand

1; R, receptor; TIGIT, T-cell immunoglobulin and ITIM domain;

TIM-3, T-cell immunoglobulin mucin domain-containing protein 3; TNF, tumor necrosis factor;
VISTA, V-domain Ig suppressor of T-cell activation; VSIG-3, V-Set and Ig domain-containing 3.

ICl-induced inflammatory arthritis (ICI-IA) may
present in a variety of ways, including polyar-
thritis, mono- or oligoarthritis, and polymyal-
gia rheumatica-like syndrome.” Unlike other
irAEs, ICI-IA can persist after immunotherapy
discontinuation, causing irreversible joint dam-
age and significant disability.*® The European
League against Rheumatism (EULAR) recom-
mends treating ICl-induced irAEs initially with
nonsteroidal anti-inflammatory drugs (NSAIDs)
and/or analgesics for mild-to-moderate
rheumatic irAEs (Table 1) (adopted from?).
Treatment with systemic and/or intra-articu-
lar glucocorticoids is recommended in cases
of insufficient response and persistent joint
inflammation. However, it was recently shown
that CTLA-4 and PD-1 inhibitor therapy pref-
erentially enhanced Th17 cell signatures, thus
contributing to steroid resistance in arthritis
irAEs.® Conventional synthetic DMARDs (csD-
MARDs), such as methotrexate, can be consid-
ered in more severe cases of rheumatic irAEs.
Numerous biologic agents targeting pro-
inflammatory key cytokines [such as tumor
necrosis factor (TNF), IL-6, IL-17, and 1L-12/23]
and immune cells (such as B cells) or targeted
synthetic tsDMARDs, such as Janus kinase (JAK)
inhibitors, have been proven effective with
an acceptable safety profile for treatment of
rheumatic diseases. The potential of the vari-
ous ICl to activate the immune response that
may eventually result in rheumatic irAEs and
the potential of the above-listed antirheu-
matic drugs by their ability to mitigate the ICI-
induced rheumatic irAEs are shown in Figure 1.

Evidence for ICI Use in Animal Models
Humanized  BALB/c-hPD-1/hCTLA-4  mice
were injected with vehicle or collagen-specific
antibodies in order to induce rheumatic irAEs.
The mice were treated with the ICl therapies,
including ipilimumab, anti-human CTLA-4,
and nivolumab, anti-human PD-1.The induced
clinical arthritis was subsequently treated with
anti-TNF, which produced significant mitiga-
tion of disease.”” These findings support the
use of targeted treatment with antirheumatic
drugs against irAEs.

Evidence for ICI Use in In Vitro Models

Several in vitro studies have provided evi-
dence for personalized use of combined
antirheumatic drugs and ICls to mitigate the
development of rheumatic irAEs. Synovial
fluid mononuclear cells were collected from
rheumatic patients and the effect of pem-
brolizumab-induced immune reactions was
tested without and with antirheumatic drugs
in vitro. Pembrolizumab significantly increased
monocyte chemoattractant protein 1 (MCP-1)
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Figure 2. An ex vivo model may assist clinical decisions to prioritize ICl and antirheumatic drugs
treatment in a personalized manner. The assay will enable assessment of immune response to
drugs in ex vivo conditions on patients’ own immune cells and to prioritize drug combinations
based upon their potential effect. ICI, immune checkpoint inhibitor.

production in synovial cells, suggesting that
anti-PD-1 can increase the monocyte activa-
tion that is involved in inflammatory arthritis
induction. Coculture of synovial cells with pem-
brolizumab and anti-TNF, as opposed to anti-
IL-6 receptor, downregulated the inflammatory
monocyte activity.*® A similar study tested the
effect of anti-TNF and JAK inhibitors on cyto-
toxic CD8* T cells, which are adaptive immune
cells and highly powerful effectors of the
anti-cancer immune response. In vitro tofaci-
tinib and infliximab treatment maintained the
immune-metabolic profile and did not alter
the capacity to release cytokines. Specifically,
CD8* T cells continued to release cytokines and
prevented the growth of the cultured human
cancer cell line growth*' The use of anti-TNF
additionally showed reduced tumor-specific
activation of CD8* T cells, tumor-infiltrating
lymphocytes (TILs), and of CD8* T cells derived
from peripheral blood after incubation with
autologous metastatic melanoma tumors from
2 patients.*

Evidence for ICI Use in Clinical Studies

Several clinical trials and studies have demon-
strated the safe and efficacious use of concur-
rent ICland antirheumatic therapies. Treatment
of rheumatic irAEs is based upon The Common
Terminology Criteria  for Adverse Events
(CTCAE), version 5, severity scale (Table 1).
Patients with anti-CTLA-4/anti-PD-1-induced
grade 1 inflammatory arthritis concomitantly
treated with NSAIDs had preserved the antitu-
mor effects of the ICls:** Patients treated with
ICls together with systemic GCs (injection of
20-30 mg and systemic 6-week tapered dose
of 2.5 mq) for grade 1 inflammatory arthri-
tis showed a decreased cancer burden by
positron emission tomography-computed
tomography following the addition of GC
treatment3* The use of hydroxychloroquine as

monotherapy combined with a tapering dose
of GCs also showed efficacious results as first-
line therapy for patients with ICI-IA* There are
conflicting testimonies for the use of biologi-
cal agents to combat arthritis and their effects
on the progression of cancer. However, the use
of NSAIDs, oral GCs, csDMARDs, and anti-TNF
showed no negative impact on cancer out-
comes in a cohort of 69 patients who devel-
oped arthritis during ICl treatment.”® However,
Faje et al reported that melanoma patients
who received higher GCs doses (above the
daily dose of 7.5mg prednisone) had reduced
survival compared to those who received a low
dose. Theirs was the first study to demonstrate
a potential negative effect of high GCs doses
on the efficacy of ICI.*

Grade 3 ICl-induced arthritis treated with meth-
otrexate showed a similar positive result in
managing the rheumatic disease concurrently
with anti-cancer treatment and long-term can-
cerremission.* Patients treated with nivolumab
and ipilimumab and who developed arthritis
manifestations received anti-TNF (infliximab
and certolizumab), and the addition of inf-
liximab concomitantly with nivolumab and
ipilimumab was found to be safe’” However,
patients treated with certolizumab and con-
comitant ICI therapy demonstrated a higher
toxicity profile® An additional study showed
an 80% improvement of rheumatic irAEs in
cancer patients treated with anti-TNF therapy,
with evidence of cancer remission in 40% of
patients.® The use of anti-IL-6 receptor (tocili-
zumab) has also been effective in combating
rheumatic irAEs. All 3 patients with ICl-induced
polyarthritis reported by Kim et al responded
favorably to tocilizumab.** In a larger study, 87
patients with ICl-induced arthritis improved
with GCs and anti-IL-6 receptor therapy as
measured by C-reactive protein levels, clinical
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improvement, and time to hospital discharge.
Of note, anti-TNF and anti-IL-6 receptor were
found to be more effective for ICl-induced
arthritis compared to methotrexate, whereas
cancer progression was significantly shorter for
the former than for the latter*' Another study
revealed improved clinical outcomes for ICI-
induced colitis and arthritis in patients treated
with anti-IL.-6 receptor® Anti-IL-17A may be
another potential treatment of irAEs, as dem-
onstrated in 2 patients with metastatic mela-
noma effectively treated with anti-IL-17A for
ICl-induced arthritis.**

Patients with preexisting rheumatic diseases
require additional monitoring since treatment
with ICls may lead to more adverse events.
These patients reportedly experienced flares
40% more often than those with nonrheumatic
autoimmune disorders, but the concurrent
administration of ICls and methotrexate was
safe and did not diminish the efficacy of immu-
notherapy.* This finding has been supported
by the results of the combined administration
of hydroxychloroquine and sulfasalazine; how-
ever, further studies are needed to assess the
use of biologic DMARDs in the treatment of
irAEs in cancer patients.* A wide array of clini-
cal evidence supports the concurrent use of ICl
with antirheumatic therapies to combat irAEs.
Given the results of the above-cited studies,
it is clear that an individualized approach will
assist in optimizing the quality of treatment.

Ex Vivo Personalized Assay for Optimized
Selection of Antirheumatic Drugs to Inhibit
ICl-Induced irAEs

Personalized Medicine Approach for Selection of
ICl and Antirheumatic Drug Combinations
Immune checkpoint inhibitor therapy aims to
reverse the “exhausted” state of immune cells
in cancer and to turn on the immune response
by over-activating immune cells that attack the
tumor, the latter occasionally inducing autoim-
mune disease-like symptoms as a side effect. In
contrast, antirheumatic drugs aim to suppress
an excessive immune response. These thera-
peutic activities of 2 opposing drug groups
can lead to unexpected clinical outcomes. In
parallel, the variability in the immune response
toward combined ICl and antirheumatic drugs
seems to be dependent upon both drug-spe-
cific and patient-specific factors. In fact, the
development of rheumatic disease-like symp-
toms is intrinsic and unique to each patient.
The variability of drugs available for treatment
poses an urgent unmet need to find predictive
assays to facilitate therapy selection to reduce
irAEs in ICl-treated patients.
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An ex vivo assay approach based upon the
response of a patient’s own cells with the can-
didate drug combinations can detect the syn-
ergistic effect of those drugs, indicate the need
for individualized adjustment of drug concen-
trations, or alternatively, identify nonresponse
to specific drug combinations. For example,
approximately 30%-40% of rheumatic disease
patients do not respond to anti-TNF therapy.
Ohman et al observed that treatment with inf-
liximab reduced the frequencies of activated
T cells (CD25* T cells) in patients with ulcer-
ative colitis who responded to infliximab but
not in nonresponders.*® These markers were
also reduced in ex vivo cultured peripheral
blood cells incubated with infliximab, again
differentiating between responders and non-
responders to treatment* and indicating that
T-cell activation markers may predict response
to treatment by means of anti-TNF agents. We
had previously shown that different biological
agents uniquely affected the activation and
proliferation of lymphocytes derived from
psoriatic arthritis (PsA) patients. Only anti-TNFs
reduced the activation and proliferation of
T cells ex vivo, while anti-IL-17A and anti-IL-6
receptor did not.*® Moreover, anti-TNF exhib-
ited selective activity on synovial fluid mono-
nuclear cells derived from PsA and RA patients
that was not mediated by other therapeutic
drugs (i.e, GCs or other biologic DMARDs).#
As such, we were able to show that diverse
biologic agents acted differently on essential
immune populations and inflammatory medi-
ators participating in the immune response.

The current approach for treating rheumatic
irAEs induced by ICls is based on case reports
and expert opinion. There are no validated
diagnostic assays to guide clinicians in select-
ing the most effective combination therapies
to reduce rheumatic irAEs of patients under-
going ICl therapy. The expansion of immuno-
therapy and available drug targets necessitates
more accurate methods for optimal manage-
ment of combined therapy for ICl-treated
patients who develop irAEs.

Development of an Ex Vivo Model to Assist in the
Selection of Combined Therapies

ICl-induced rheumatic irAEs represent a new
disease entity, and not much is known about
the modulation of the inflammatory response
with combined ICl therapy and antirheu-
matic drugs. An ex vivo model may provide
a useful tool for the evaluation of combined
ICI+DMARDs activity on diverse immune bio-

markers with the aim of identifying patients’

response to these drugs. A proposed ex vivo
model for the evaluation of patients’immune
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cell response to ICl and antirheumatic drugs
is shown in Figure 2. Patients who may profit
from this assay include: (i) ICl-treated patients
with irAEs who are candidates to receive com-
bined ICl+antirheumatic drug therapy, and (i)
patients with preexisting rheumatic diseases
who develop cancer and need to initiate ICl
therapy.

Conclusion

Immune checkpoint inhibitors are the stan-
dard of care for the treatment of several can-
cers, but they upregulate the immune system
and consequently can result in off-target
immune-related adverse events (irAEs). One
of the most disabling irAEs is immune-related
inflammatory arthritis. Rheumatic irAEs delete-
riously affect the quality of life and occasion-
ally lead to discontinuation of ICI treatment.
Careful selection of appropriate DMARDs for
the management of rheumatic irAEs under ICl
therapy poses a major clinical challenge.

The concept of ex vivo testing of combined
therapies with the aim of reducing ICl-induced
rheumatic irAEs, in a personalized manner,
aims at selecting best therapeutic choice of
cancer treatment in combination with anti-
rheumatic drugs to mitigate rheumatic irAEs
while maintaining ICl efficacy. The assay evalu-
ates simultaneously the patient’s cells'immune
response to multiple drug combinations. Its
readout should be assessed in close collabo-
ration between oncologists and rheumatolo-
gists. This platform could potentially prevent
exposure to drug-induced clinically significant
side effects. Further research is required to cali-
brate and validate the proposed model.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept — N.R, S.G; Design —
N.R, V.F, S.G,; Supervision - V.F, S.G.; Resources — N/A;
Materials — N/A; Data Collection and/or Processing —
N.R, S.G; Analysis and/or Interpretation — N.R, V.F,
S.G; Literature Search -N.R, S.G,; Writing - N.R, S.G;
Critical Review - V.F, AP, O.E.

Acknowledgments: The authors are thankful to the
Rheumatology Department at Tel Aviv Sourasky
Medical Center, Tel Aviv, Israel, for providing the nec-
essary facilities to carry out this work.

Declaration of Interests: The authors have no conflicts
of interest to declare.

Funding: This work was supported by a grant from
The American Medical Program at the Faculty of
Medicine, Tel Aviv University, Tel Aviv, Israel 2021. The
funders had no role in the study design, data collec-
tion and analysis, decision to publish, or preparation
of the manuscript.

References

1. WuX,GuZ ChenY, et al. Application of PD-1
blockade in cancer immunotherapy. Com-
put Struct Biotechnol J. 2019;17:661-674.
[CrossRef]

2. Barrios DM, Do MH, Phillips GS, et al. Immune
checkpoint inhibitors to treat cutaneous malig-
nancies. J Am Acad Dermatol. 2020;83(5):1239-
1253. [CrossRef]

3. Zerdes |, Matikas A, Bergh J, Rassidakis GZ,
Foukakis T. Genetic, transcriptional and post-
translational regulation of the programmed
death protein ligand 1 in cancer: biology and
clinical correlations. Oncogene. 2018;37(34):
4639-4661. [CrossRef]

4. Hodi FS, O'Day SJ, McDermott DF, et al.
Improved survival with ipilimumab in patients
with metastatic melanoma. N Engl J Med.
2010;363(8):711-723. [CrossRef]

5. YauT, Kang YK, Kim TY, et al. Efficacy and safety
of nivolumab plus ipilimumab in patients with
advanced hepatocellular carcinoma previously
treated with sorafenib: the CheckMate 040 ran-
domized clinical trial. JAMA Oncol. 2020;6(11):
€204564. [CrossRef]

6.  Woo SR, Turnis ME, Goldberg MV, et al. Immune
inhibitory molecules LAG-3 and PD-1 synergis-
tically regulate T-cell function to promote
tumoralimmune escape. Cancer Res. 2012;72(4):
917-927. [CrossRef]

7. Yu X, Huang X, Chen X, et al. Characteriza-
tion of a novel anti-human lymphocyte acti-
vation gene 3 (LAG-3) antibody for cancer
immunotherapy. mAbs.  2019;11(6):1139-
1148. [CrossRef]

8. Sauer N, Szlasa W, Jonderko L, et al. LAG-3 as a
potent target for novel anticancer therapies of
aWide Range of tumors. IntJMol Sci. 2022;23(17)
[CrossRef]

9. Zhaol, Chengs, FanL, Zhang B, Xu S. TIM-3:an
update on immunotherapy. Int Immunophar-
macol. 2021;99:107933. [CrossRef]

10. Qin'S, Xu L, Yi M, Yu S, Wu K, Luo S. Novel
immune checkpoint targets: moving beyond
PD-1 and CTLA-4. Mol Cancer. 2019;18(1):155.
[CrossRef]

11. Martinez M, Kim S, St Jean N, et al. Addition of
anti-TIM3 or anti-TIGIT antibodies to anti-PD1
Blockade Augments human T cell Adoptive Cell
Transfer. Oncoimmunology. 2021;10(1):1873607.
[CrossRef]

12. Acharya N, Sabatos-Peyton C, Anderson AC.
Tim-3 finds its place in the cancer immuno-
therapy landscape. J Immunother Cancer.
2020;8(1) [CrossRef]

13. Chauvin JM, Zarour HM. TIGIT in cancer immu-
notherapy. J Immunother Cancer. 2020;8(2)
[CrossRef]

14.  Chauvin JM, Pagliano O, Fourcade J, et al. TIGIT
and PD-1 impair tumor antigen-specific CD8(+)
T cells in melanoma patients. J Clin Invest.
2015;125(5):2046-2058. [CrossRef]

15. Kurtulus S, Sakuishi K, Ngiow SF, et al. TIGIT pre-
dominantly regulates the immune response via
regulatoryT cells.JClinInvest.2015;125(11):4053-
4062. [CrossRef]

31


https://doi.org/10.1016/j.csbj.2019.03.006
https://doi.org/10.1016/j.jaad.2020.03.131
https://doi.org/10.1038/s41388-018-0303-3
https://doi.org/10.1056/NEJMoa1003466
https://doi.org/10.1001/jamaoncol.2020.4564
https://doi.org/10.1158/0008-5472.CAN-11-1620
https://doi.org/10.1080/19420862.2019.1629239
https://doi.org/10.3390/ijms23179958
https://doi.org/10.1016/j.intimp.2021.107933
https://doi.org/10.1186/s12943-019-1091-2
https://doi.org/10.1080/2162402X.2021.1873607
https://doi.org/10.1136/jitc-2020-000911
https://doi.org/10.1136/jitc-2020-000957
https://doi.org/10.1172/JCI80445
https://doi.org/10.1172/JCI81187

32

Rose et al. Immune Checkpoint Inhibitor-Induced Arthritis

16.

20.

21.

22.

23.

24.

25.

26.

27.

Liu L, You X, Han S, Sun'Y, Zhang J, Zhang Y.
CD155/TIGIT, a novel immune checkpoint in
human cancers (Review). Oncol Rep. 2021;
45(3):835-845. [CrossRef]

Ge Z, Peppelenbosch MP, Sprengers D, Kwek-
keboom J. TIGIT, the next step towards success-
ful combination immune checkpoint therapy in
cancer.  Front Immunol.  2021;12:699895.
[CrossRef]

Yuan L, Tatineni J, Mahoney KM, Freeman GJ.
VISTA: a mediator of quiescence and a promis-
ing target in cancer immunotherapy. Trends
Immunol. 2021;42(3):209-227. [CrossRef]
ElTanbouly MA, Croteau W, Noelle RJ, Lines JL.
VISTA: a novel immunotherapy target for nor-
malizing innate and adaptive immunity. Semin
Immunol. 2019;42:101308. [CrossRef]

Hou Z, Pan Y, Fei Q, et al. Prognostic signifi-
cance and therapeutic potential of the
immune checkpoint VISTA in pancreatic can-
cer. J Cancer Res Clin Oncol. 2021:147(2):517-
531. [CrossRef]

Tagliamento M, Bironzo P, Novello S. New
emerging targets in cancer immunotherapy:
the role of VISTA. ESMO Open. 2020;4(suppl 3):
e000683. [CrossRef]

Michot JM, Bigenwald C, Champiat S, et al.
Immune-related adverse events with immune
checkpoint blockade: a comprehensive review.
Eur J Cancer. 2016;54:139-148. [CrossRef]
Postow MA, Sidlow R, Hellmann MD. Immune-
related adverse events associated with immune
checkpoint blockade. N Engl J Med. 2018;
378(2):158-168. [CrossRef]

Cappelli LC, Gutierrez AK, Bingham CO, 3rd,
Shah AA. Rheumatic and musculoskeletal
immune-related adverse events due toimmune
checkpoint inhibitors: a systematic review of
the literature. Arthritis Care Res (Hoboken). 2017;
69(11):1751-1763. [CrossRef]

Ghosh N, Tiongson MD, Stewart C, et al.
Checkpoint inhibitor-associated arthritis: a
systematic review of case reports and case
series. JClin Rheumatol. 2021;27(8):e317-e322.
[CrossRef]

Braaten TJ, Brahmer JR, Forde PM, et al. Immune
checkpoint inhibitor-induced  inflammatory
arthritis persists after immunotherapy cessa-
tion. Ann Rheum Dis. 2020;79(3):332-338.
[CrossRef]

Common Terminology Criteria for Adverse
Events (CTCAE) Version 5.0. U.S. DEPARTMENT
OF HEALTH AND HUMAN SERVICES. https://ct
ep.cancer.gov/protocoldevelopment/electr
onic_applications/docs/ctcae_v5_quick_re
ference_5x7.pdf

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Kostine M, Finckh A, Bingham CO, et al. EULAR
points to consider for the diagnosis and man-
agement of rheumaticimmune-related adverse
events due to cancer immunotherapy with
checkpoint inhibitors.  Ann  Rheum  Dis.
2021;80(1):36-48. [CrossRef]

Gao J, Miao J, Sun H, et al. TNF-alpha inhibitor
ameliorates immune-related arthritis and
pneumonitis in humanized mice. Front Immu-
nol. 2022;13:955812. [CrossRef]

Segrensen AS, Andersen MN, Juul-Madsen K,
et al. Tumor necrosis factor alpha neutralization
attenuates immune checkpoint inhibitor-
induced activation of intermediate monocytes
in synovial fluid mononuclear cells from
patients with inflammatory arthritis. Arthritis Res
Ther. 2022;24(1):43. [CrossRef]

Benesova K, Kraus FV, Carvalho RA, et al. Distinct
immune-effector and metabolic profile of
CD8(+) T cells in patients with autoimmune
polyarthritis induced by therapy with immune
checkpoint  inhibitors.  Ann  Rheum  Dis.
2022;81(12):1730-1741. [CrossRef]

Draghi A, Borch TH, Radic HD, et al. Differential
effects of corticosteroids and anti-TNF on
tumor-specificimmune responses: implications
for the management of irAEs. Int J Cancer.
2019;145(5):1408-1413. [CrossRef]

Leipe J, Mariette X. Management of rheumatic
complications of ICI therapy: a rheumatology
viewpoint.  Rheumatol (Oxf Engl). 201958
(suppl 7)vii49-vii58. [CrossRef]

Leipe J, Christ LA, Arnoldi AP, et al. Characteris-
tics and treatment of new-onset arthritis after
checkpoint inhibitor therapy. RMD Open. 2018;
4(2):e000714. [CrossRef]

Roberts J, Smylie M, Walker J, et al. Hydroxychlo-
roquine is a safe and effective steroid-sparing
agent for immune checkpoint inhibitor-
induced inflammatory arthritis. Clin Rheumatol.
2019;38(5):1513-1519. [CrossRef]

Faje AT, Lawrence D, Flaherty K, et al. High-dose
glucocorticoids for the treatment of ipilimumab-
induced hypophysitis is associated with reduced
survival in patients with melanoma. Cancer.
2018;124(18):3706-3714. [CrossRef]

Montfort A, Filleron T, Virazels M, et al. Combining
nivolumab and ipilimumab with infliximab or
certolizumab in patients with advanced mela-
noma: first results of a phase Ib clinical trial. Clin
Cancer Res. 2021;27(4):1037-1047. [CrossRef]
De La Fuente F, Belkhir R, Henry J, et al. Use of
a bDMARD or tsDMARD for the management
of inflammatory arthritis under checkpoint
inhibitors: an observational study. RMD Open.
2022;8(2) [CrossRef]

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Eur J Rheumatol 2024;11(1):27-32

Kim ST, Tayar J, Trinh VA, et al. Successful treat-
ment of arthritis induced by checkpoint inhibi-
tors with tocilizumab: a case series. Ann Rheum
Dis. 2017;76(12):2061-2064. [CrossRef]

Stroud CR, Hegde A, Cherry C, et al. Tocilizumab for
the management of immune mediated adverse
events secondary to PD-1 blockade. JOncol Pharm
Pract. 2019;25(3):551-557. [CrossRef]

Bass AR, Abdel-Wahab N, Reid PD, et al. Com-
parative safety and effectiveness of TNF inhibi-
tors, IL6 inhibitors and methotrexate for the
treatment of immune checkpoint inhibitor-
associated arthritis. Ann Rheum Dis. 2023;
82(7):920-926. [CrossRef]

Holmstroem RB, Nielsen OH, Jacobsen S, et al.
COLAR: open-label clinical study of IL.-6 block-
ade with tocilizumab for the treatment of
immune checkpoint inhibitor-induced colitis
and arthritis. J Immunother Cancer. 2022;10(9)
[CrossRef]

Ma VT, Lao CD, Fecher LA, Schiopu E. Successful
use of secukinumab in two melanoma patients
with immune checkpoint inhibitor-induced
inflammatory  arthropathy.  Immunotherapy.
2022;14(8):593-598. [CrossRef]

Leonardi GC, Gainor JF, Altan M, et al. Safety of
programmed  Death-1  pathway inhibitors
among patients with non-small-cell lung can-
cer and preexisting autoimmune disorders. J
Clin Oncol. 2018;36(19):1905-1912. [CrossRef]
Haanen J, Ernstoff MS, Wang Y, et al. Autoim-
mune diseases and immune-checkpoint inhibi-
tors for cancer therapy: review of the literature
and personalized risk-based prevention strat-
egy.AnnOncol.2020;31(6):724-744.[CrossRef]
Magnusson MK, Dahlén R, Strid H, et al. CD25
and TNF receptor | reflect early primary
response to infliximab therapy in patients with
ulcerative colitis. United Eur Gastroenterol J.
2013;1(6):467-476. [CrossRef]

Magnusson MK, Strid H, Isaksson S, et al. Cul-
tured blood T-cell responses predict anti-TNF
therapy response in patients with ulcerative
colitis.AlimentPharmacol Ther.2015:41(11):1149-
1161. [CrossRef]

Gertel S, Polachek A, Furer V, et al. T cell func-
tions of psoriatic arthritis patients are regulated
differently by TNF, IL-17A and IL-6 receptor
blockades in vitro. Clin Exp Rheumatol. 2022;
40(1):120-128. [CrossRef]

Gertel S, Polachek A, Furer V, et al. Synovial
monocytes from psoriatic and rheumatoid
arthritis patients are modulated differently by
TNF inhibitors and glucocorticoids: an ex-vivo
study. Clin Exp Rheumatol. 2023;41(9):1847-1855.
[CrossRef]


https://doi.org/10.3892/or.2021.7943
https://doi.org/10.3389/fimmu.2021.699895
https://doi.org/10.1016/j.it.2020.12.008
https://doi.org/10.1016/j.smim.2019.101308
https://doi.org/10.1007/s00432-020-03463-9
https://doi.org/10.1136/esmoopen-2020-000683
https://doi.org/10.1016/j.ejca.2015.11.016
https://doi.org/10.1056/NEJMra1703481
https://doi.org/10.1002/acr.23177
https://doi.org/10.1097/RHU.0000000000001370
https://doi.org/10.1136/annrheumdis-2019-216109
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_reference_5x7.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_reference_5x7.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_reference_5x7.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_reference_5x7.pdf
https://doi.org/10.1136/annrheumdis-2020-217139
https://doi.org/10.3389/fimmu.2022.955812
https://doi.org/10.1186/s13075-022-02737-6
https://doi.org/10.1136/ard-2022-222451
https://doi.org/10.1002/ijc.32080
https://doi.org/10.1093/rheumatology/kez360
https://doi.org/10.1136/rmdopen-2018-000714
https://doi.org/10.1007/s10067-019-04451-2
https://doi.org/10.1002/cncr.31629
https://doi.org/10.1158/1078-0432.CCR-20-3449
https://doi.org/10.1136/rmdopen-2022-002612
https://doi.org/10.1136/annrheumdis-2017-211560
https://doi.org/10.1177/1078155217745144
https://doi.org/10.1136/ard-2023-223885
https://doi.org/10.1136/jitc-2022-005111
https://doi.org/10.2217/imt-2021-0274
https://doi.org/10.1200/JCO.2017.77.0305
https://doi.org/10.1016/j.annonc.2020.03.285
https://doi.org/10.1177/2050640613502962
https://doi.org/10.1111/apt.13192
https://doi.org/10.55563/clinexprheumatol/jdhe41
https://doi.org/10.55563/clinexprheumatol/d3mfat

