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Abstract

Immune checkpoint inhibitors have emerged as a remarkable treatment option for diverse cancer
types. However, a significant number of patients on checkpoint inhibitors develop immune-related
adverse events (irAEs) affecting a wide variety of organs. These events, which may reflect
enhanced T cell activation, are unpredictable, heterogeneous, and in some instances permanent or
life-threatening. It is not clear whether these toxicities are distinct from conventional autoimmune
diseases or whether the manifestation of irAEs is associated with therapeutic efficacy. Studies
across the spectrum of basic, preclinical and clinical research deciphering the role of genetics,
epigenetics, gut microbiota and underlying immune status of patients who develop irAEs are
required to gain a deeper mechanistic understanding. Insights gained from such studies will
facilitate identification of biomarkers for optimal treatment and clinical management of patients.
In this Review, we provide basic and clinical understanding of immune checkpoint inhibitors and
irAEs. We discuss the connection between immune system, autoimmunity and cancer; immune
checkpoint inhibitors and associated autoimmune toxicities; insights into potential underlying
mechanisms of irAEs; impact of autoimmune diagnosis on cancer outcome; and management of
irAEs.
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Links between host immune function and cancer

There is a long-recognized link between immune status and cancer. Several malignancies
occur more frequently in immunocompromised populations. In epidemiologic studies of
individuals with human immunodeficiency virus (HIV) and/or acquired immune deficiency
syndrome (AIDS) or solid organ transplant recipients, several malignancies occur at
heightened rates compared to the general population. In a meta-analysis of seven studies of
individuals with HIVV/AIDS (n=444.172) and five studies of transplant recipients (n=31,977),
for 20 of 28 types of cancer examined, both populations had a significantly increased
incidence [1]. Most of these cancers had known infectious etiologies, including Kaposi’s
sarcoma (HHV-related), human papilloma virus (HPV)-related cancers (cervix, vulva/
vagina, penis, anus, oral cavity and pharynx), Hodgkin’s lymphoma and non-Hodgkin’s
lymphoma (EBV-related), liver cancer (HBV/HCV-related), and stomach cancer
(Helicobacter pylori-related). However, increased risk was also noted for cancers without
known infectious etiologies, including lung, kidney, and multiple myeloma.

Could there be other explanations for elevated cancer rates in HIV/AIDS patients and
transplant recipients? One potential reason could be heightened clinical surveillance for
cancer. However, this particular study did not identify higher risk of breast and prostate
cancer, which are most commonly diagnosed through screening. Another potential reason
could be differences in cancer risk factors. While smoking rates are approximately double
population rates in people with HIV/AIDS [2], they are comparable between the general
population and transplant recipients [3]. Furthermore, in this analysis, several tobacco-
associated cancers did not occur at higher rates in the HIVV/AIDS population.

Further supporting a connection between immune status and malignancy, individuals with
evidence of heightened immunity may have better cancer outcomes. For instance, among
patients with small cell lung cancer, those with anti-Hu antibodies have better outcomes
(complete response to therapy 56% vs 20%; P<0.001) [4]. These paraneoplastic antibodies
occur in approximately 15% of patients with small cell lung cancer, are associated with
paraneoplastic peripheral neuropathy and encephalopathy, and are thought to arise due to
immune cross-reactivity between small cell lung cancer cells and normal neural tissues [5].
Such cross-reactivity occurs particularly frequently in small cell lung cancer due to
phenotypic features resembling those of the nervous system, including expression of CD56
(neural cell adhesion molecule, NCAM). Another similar example is the favorable outcomes
observed in patients with melanoma who develop vitiligo, an autoimmune hypopigmentation
disorder attributed to autoantibodies cross-reacting between melanoma cells and normal
melanocytes [6].

Heightened immune function has also been linked to favorable cancer outcomes in the
setting of treatment. The occurrence of graft-versus host disease after allogeneic stem cell
transplantation is associated with improved survival in leukemia, as it coincides with graft-
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versus-leukemia effects [7]. Similarly, if the donor of a stem cell transplant is an identical
twin, outcomes are worse compared to fraternal twin donors [8]. In such a scenario, the
genetically identical stem cells will not result in graft-versus-host disease. However, nor will
they result in graft-versus leukemia activity.

In addition, there is a strong, dynamic and bidirectional link between autoimmunity and
cancer, although the fundamental mechanisms underlying this link are yet to be elucidated.
Both autoimmunity and cancer result from immune dysregulation. In fact, effective tumor
immunity requires the induction of the same responses that underlie autoimmunity. Several
studies have shown that certain autoimmune diseases are positively or negatively associated
with certain cancers. For example, an increased risk of malignancies has been observed in
autoimmune diseases such as Sjogren’s syndrome (SS) and systemic lupus erythematosus
[9, 10]. Recent published data from large registries and databases revealed new associations
with malignancies, such as 1gG4-related disease, Behcet’s and sarcoidosis, which were not
clearly associated with cancer in the past [11-14]. Conversely, cancer has been implicated in
certain autoimmune diseases such as scleroderma and myositis [15, 16]. The role of cancer
in initiation of autoimmune diseases is implied by paraneoplastic autoimmune syndromes
such as paraneoplastic pemphigus, Eaton-Lambert syndrome, paraneoplastic polyarthritis,
periostitis related to hypertrophic osteoarthropathy, and palmar fasciitis [14, 17].

The interplay between autoimmunity and cancer represents a complex, multistep process.
Autoimmunity occurs due to breakdown in regulation of self-tolerance and defects in
apoptosis resulting in production of autoantibodies and autoreactive B cells and T cells. This
leads to hyper-activation of both adaptive and innate immune cells and excessive production
of proinflammatory chemokines and cytokines, resulting in chronic inflammation and tissue
damage. These events can potentially lead to aberrant cell proliferation and apoptosis,
eventually leading to malignancy. There is also an imbalance in T helper cells subsets and
defects in function and/or number of regulatory T cells associated with autoimmunity.
Regulatory T-cells (Tregs) play a major role in maintaining immunological self-tolerance
and can obstruct tumor immunity [18-20]. In addition, emerging studies have highlighted
the dual role of Wnt/B-catenin pathway connecting autoimmunity and cancer. Activation of
Whnt/B-catenin pathway in dendritic cells (DCs) has been shown to play a critical role in
mucosal tolerance and suppression of chronic autoimmune pathologies [21-23].
Alternatively, tumors activate Wnt/p-catenin pathway in DCs to induce immune tolerance
and thereby evade antitumor immunity through suppression of effector T cell responses and
promotion of regulatory T cell responses [18, 24, 25].

Immune Checkpoint Inhibitors

The recent and rapid emergence of immune checkpoint inhibitors has for the first time,
brought effective immunotherapy to multiple cancer types. These monoclonal antibodies
bind to immune checkpoints including cytotoxic T lymphocyte antigen 4 (CTLA4),
programmed death 1 (PD-1), and PD1 ligand (PD-L1). In doing so, they “release the brakes”
on antitumor immune effects, resulting in an anti-cancer immune response that in some
instances results in profound and prolonged benefit. As of March 2019, seven different
immune checkpoint inhibitors have been U.S. Food and Drug Administration (FDA)
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approved for more than a dozen different cancers, among them melanoma and other skin
cancers, lung cancer, kidney cancer, lymphoma, head-and-neck cancer, liver cancer (Table 1)
[26]. Thus far, the most dramatic effects have been observed in metastatic melanoma, a
malignancy with only rare and minor responses to conventional chemotherapy, and a
historical average survival of under one year [27]. With combination anti-CTLA4 and anti-
PD-1 therapy, almost 60% of patients achieve a radiographic response, with median average
survival exceeding 3 years [28, 29].

To use immune checkpoint inhibitors effectively as other cancer therapies, it is critical to
understand the fundamental mechanism of action of PD-1 and CTLA-4 under normal
conditions, as well as anti-PD-1 and anti-CTLA4 therapies in the context of antitumor
immunity (Figure 2) [30]. CTLAA4 regulates T-cell activation by attenuating T-cell receptor
(TCR) signaling through competitive inhibition with the costimulatory molecule CD28 for
the B7 ligands B7-1 (CD80) and B7-2 (CD86) and is critical in maintaining tolerance [31-
34]. Genetic deletion of CTLAA4 results in massive lymphoproliferation and early death in
mice [35, 36]. Alternatively, a recent study has shown that the conditional ablation of
CTLA4 in Tregs in adult mice not only failed to develop spontaneous autoimmunity, but
were also protected from development of experimental autoimmune encephalomyelitis
(EAE) and did not show enhanced antitumor immunity [37]. This study highlights the
importance of understanding the complex basic biology underlying checkpoint inhibitors
and suggest that the use of a nondepleting anti-CTLA4 antibody may, in fact, have
undesired effects of promoting Treg proliferation. The mechanism by which CTLA4
blockade exerts its anti-tumor effects is not fully understood; however, the following
potential mechanisms have been proposed; (1) Direct blockade of CTLA4 competition for
B7-1 and B7-2 costimulatory ligands, which allows for unrestrained CD28-mediated
positive costimulation [38]. This is thought to occur primarily in tumor-draining lymph
nodes in which tumor antigens can be cross-presented by antigen presenting cells (APCs) to
prime tumor-reactive T cells. (2) Expansion of tumor antigen-specific T cell populations
[39]. (3) Depletion of Treg cell populations and affecting Treg function.[40] (4) Broadening
of the peripheral T-cell receptor repertoire [30, 40-42].

In contrast, PD-1 is critical in maintaining peripheral tolerance. Genetic deletion of Pdcdl
(encoding PD-1) leads to autoimmune phenotypes in a strain dependent manner in mice
[43]. PD-1 regulates T-cell activation through interaction with its ligands PD-L1 and PD-L2.
This engagement results in a negative costimulatory signal through the tyrosine phosphatase
SHP2 leading to attenuation of T cell activation [44, 45]. PD-1 signaling is implicated in
driving T-cell exhaustion by inducing metabolic restriction [46]. Recent studies have shown
that PD-1 may also be involved in T-cell trafficking and migration and may possess tumor
cell-intrinsic functions [47, 48]. In the context of anti-tumor activity, PD-1 blockade
primarily exerts its effects by attenuating proximal TCR signaling and restoring activity of
exhausted CD8 effectors [49]. A recent study highlighted the role of peripheral CD4 T-cell
populations that were significantly expanded in patients responding to immunotherapy and
conferred protection against new tumors [50]. These new findings underscore the importance
of understanding the basic mechanism of action to develop novel and rational therapeutic
strategies. Furthermore, it remains unclear whether the cellular and molecular mechanisms
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underlying the enhanced efficacy observed with combination therapy are distinct from those
that underlie monotherapy-driven antitumor effects.

Laboratory investigations into immune checkpoint inhibitor efficacy have focused largely on
tumor biology. Leading biomarkers for predicting beneficial effects include tumor PD-L1
expression, tumor microsatellite instability, and tumor mutational burden. Although in some
instances, presence of biomarkers are routine requirements for use of checkpoint inhibitors
(PD-L1 expression for pembrolizumab monotherapy in non-small cell lung cancer and
tumor microsatellite instability for pembrolizumab monotherapy across cancer types), they
are far from perfect. For instance, in non-small cell lung cancer, pembrolizumab response
rates range 45-50% with high-level PD-L1 expression, and 10-15% in cases with no PD-L1
expression [51, 52]. Biomarkers for genomically-driven molecularly targeted therapies
provide far greater discriminating abilities. In non-small cell cancer harboring activating
mutations in the epidermal growth factor receptor (EGFR) gene, response rates to EGFR
inhibitors may exceed 80%, compared to <5% for EGFR wild type cancers [53].

Immune-related adverse events and checkpoint inhibitor therapy

Where host immune function—in particular autoimmunity—has primarily interfaced with
checkpoint inhibitor therapy is in the realm of toxicity. Immune-related adverse events
(irAEs) occur when checkpoint inhibitors result in an immune-based attack on normal
tissues. Although oncologists have long been comfortable anticipating, diagnosing, and
managing toxicities of conventional chemotherapy or molecularly targeted therapies, irAEs
present an entirely set of clinical challenges. These autoimmune toxicities are incredibly
diverse, potentially affecting almost every organ system (Figure 1) [54]. Common irAEs
include dermatitis and thyroiditis. Less common but potentially more serious irAEs include
pneumonitis, colitis, hepatitis, nephritis, hypophysitis (pituitary dysfunction), adrenalitis,
and myaositis. Less common still are dreaded effects on the heart and central nervous system.

As combination immune therapy regimens (such as the approved combination of ipilimumab
and nivolumab for melanoma) are used more widely, the frequency and severity of irAEs
will likely increase. In a melanoma trial, rates of high-grade treatment-related toxicities were
21% with anti-PD-1 monotherapy (nivolumab), 28% with anti-CTLA4 monotherapy
(ipilimumab), and 59% with combined anti-CTLA4 and anti-PD-1 (ipilimumab plus
nivolumab) [29]. Compared to anti-PD-1 or anti-PD-L1 therapy, ipilimumab tends to have
greater association with gastrointestinal and endocrine toxicities, and lower rates of
pulmonary and thyroid events. In some cases, regimens combining immune checkpoint
inhibitors with other treatment types have resulted in unanticipated and unacceptable
toxicity rates, even though the combined agents have entirely different mechanisms of
action. For example, combined durvalumab (anti-PD-L1) and osimertinib (EGFR inhibitor),
each of which has a reported pulmonary toxicity rate of 5% or less, resulted in interstitial
lung disease in approximately 40% of patients, while combined durvalumab plus gefitinib
(EGFR inhibitor) resulted in high-grade liver enzyme elevation in 40-70% of patients [55,
56]. Similarly, combined ipilimumab and vemurafenib for BRAF mutant melanoma resulted
in an unacceptable rate of hepatic toxicity [57]. In all of these instances, clinical
development of combination therapy was discontinued.
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Immune-related adverse events also continue to confound clinicians because of their extreme
variability and unpredictability. With conventional chemotherapy, oncologists anticipate the
most severe neutropenia 10-15 days after each dose. With EGFR inhibitors, acneiform rash
tends to develops within the first three weeks of treatment. In contrast, irAEs may develop as
early as after the first dose or as late as more than18 months into treatment [58]. In some
instances, new irAEs have been noted months after immunotherapy has been discontinued
[59-61]. While some patients may experience a single irAE, others may develop a
constellation of autoimmune toxicities, either simultaneously or separated temporally [54].

Mechanisms of Immune-related adverse events

Although cancer immunotherapy is an area of intense research, there is poor mechanistic
understanding of irAEs associated with immune checkpoint inhibitors. PD-1/PD-L1 and
CTLA4 maintain self-tolerance via distinct mechanisms under normal immune conditions
and elicit their antitumor effects in varied ways. Therefore, it is not surprising to see that
anti-PD-1 and anti-CTLA4 therapy induce a specific set of irAEs, although how they elicit
these distinct irAEs remains unknown. Emerging studies indicate that irAEs represent a
consequence of breakdown in self-tolerance mediated at least in part by antigen-specific T-
cell responses, autoantibodies, B cells and cytokines [62] [63]. For example, a recent study
showed that immune toxicities elicited with CTLA4 blockade was associated with early
diversification of T cell repertoire [62]. There are several case reports studies showing a
correlation of autoantibodies with irAEs. However, longitudinal immune profiling assessing
the development of autoantibodies in patients developing autoimmune toxicities are
currently lacking. Therefore, it remains unclear whether the mechanism underlying irAEs
observed after checkpoint therapy is distinct from classic autoimmune diseases. A recent
study showed that early changes in B-cells may identify patients who are at increased risk of
irAEs and suggested that strategies targeting B-cells may reduce toxicities in these patients.
[64] In addition, cytokines levels could potentially play an important role in mediating irAEs
and may serve as predictive biomarkers. For example, one study showed that baseline
circulating levels of IL-17 may predict toxicities in Ipilimumab treated melanoma patients
[65]. In another study, serum levels of interferon gamma inducible chemokines CXCL-9 and
CXCL-10 was shown to be associated with the development of irAEs [66].

Importantly, the role of genetics, epigenetics, the environment, intestinal microbiota and
underlying immune status of patients in development of irAEs during checkpoint blockade
therapy remains unclear. It is not certain if preexisting autoimmune conditions predispose
patients to irAEs and/or exacerbate the development of irAEs. Genetic predisposition is a
key element in susceptibility to autoimmunity. Distinct human leukocyte antigen (HLA)
haplotypes and polymorphisms in immunoregulatory genes such as CTLA4 and PD-1 have
been associated with a variety of classical autoimmune diseases and are likely to play an
important role in development of irAEs [67-70]. For example, the HLA markers DQ8 and
DR53 have been associated with lymphocytic hypophysitis [71]. In another study, there was
a predominance of HLA-DR4 among patients treated with PD-1- or PD-L1-directed
therapies who developed autoimmune insulin-dependent diabetes [72]. Despite these initial
observations, studies in much larger patient cohorts are needed to establish robust genetic
associations with the development of irAEs.
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In addition to genetic factors, emerging studies suggest that the gut microbiota, a key factor
in maintaining immune homeostasis, may affect the response and toxicity to checkpoint
blockade therapy. Routy et al. showed that antibiotic consumption was associated with poor
response to PD-1 blockade [73]. One study in this area showed that baseline gut microbiota
enriched with Faecalibacterium and other Firmicute is associated with beneficial clinical
response to ipilimumab and more frequent occurrence of ipilimumab-induced colitis [74].
An increased representation of bacteria belonging to the Bacteroidetes phylum was
correlated with resistance to the development of CTLA4-induced colitis [75]. The role of the
microbiome in the development of PD-1/PD-L1-driven irAEs remains unknown.

A major obstacle hindering the understanding of irAE biology and mechanisms is lack of
preclinical mouse models that can mimic autoimmune toxicities seen in patient population.
The development of preclinical tumor mouse models using autoimmunity-prone mice
represents a pressing need in the field [30, 76].

Influence of autoimmune diagnosis on cancer outcomes

Concerns over irAEs have directly impacted considerations of autoimmunity and cancer.
Almost universally, clinical trials of immune checkpoint inhibitors have excluded patients
with autoimmune disease diagnoses. Specific eligibility wording varies across trials. Some
exclude only patients with “active” autoimmune disease. Others exclude autoimmune
diseases with visceral involvement but permit skin-only psoriasis. How does this widespread
practice impact eligibility? A number of recent studies have examined the prevalence of
autoimmune disease in different cancer populations. Among individuals with lung cancer in
the Surveillance Epidemiology and End Results (SEER)-Medicare data set (N=210,509), an
estimated 14-25% have autoimmune disease [77]. The most common diagnoses were
rheumatoid arthritis (6%), psoriasis, (3%), polymyalgia rheumatic (2%), and lupus (1%).
Individuals with autoimmune disease were more likely to be female and older. The wide
range in prevalence of autoimmune diseases reflects the inherent challenges in rendering
these diagnoses. (Indeed, the estimated prevalence of autoimmune disease in the United
States ranges from 20 to 50 million individuals [77]. Depending on the specific condition,
clinical criteria, serologies, histology, and radiographic findings may be incorporated into
diagnostic considerations.

How does an autoimmune diagnosis influence cancer outcomes? Theoretically, heightened
autoimmune function might decrease the incidence, progression, or aggressiveness of
cancer. Alternatively, a chronic inflammatory state could promote malignancy. Certain
clinical realities may temper both effects. An autoimmune diagnosis could lead to
heightened medical care, leading to more frequent and earlier stage cancer diagnosis.
Chronic immunosuppression could promote development and progression of malignancy, an
association that has been particularly prominent with chronic TNF-directed therapy [78]. As
for the impact of autoimmune diseases on cancer outcomes, no clear dominant trend has
emerged. In a recent analysis of more than 170,000 lung cancer cases from the SEER-
Medicare registry, the magnitude and directionality of any survival differences between
patients with and without pre-existing autoimmune diagnoses varied by cancer stage, and
whether the autoimmune disease was diagnosed before or after the lung cancer, with no
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model showing clinically meaningful differences [79]. Overall, healthcare utilization was
higher in the autoimmune disease population, lung cancer treatment patterns were similar
among patients with and without autoimmune disease, and there was not significant
association with mortality.

Reports of successful administration of cancer immunotherapy in patients with pre-existing
autoimmune disease have emerged. While these patients do appear to have higher rates and
severity of irAEs than general cancer populations, a trial of immunotherapy may be feasible,
but likely requires vigilant clinical monitoring. In a series of 30 patients with autoimmune
disease treated with ipilimumab for advanced melanoma (of whom 43% were receiving
immunosuppressive therapy at the time of ipilimumab initiation), 27% experienced
exacerbations of the autoimmune condition requiring systemic therapy, and 33% developed
grade 3-5 irAEs, with one fatal case of presumed immune-related colitis in a patient with
baseline psoriasis [80]. Guidance may also be derived from reports of patients who
previously experienced irAEs and were subsequently successfully re-challenged with
checkpoint inhibitors [81]. Nevertheless, until more data are available, clinicians tend to
consider this scenario on a case-by-case basis. For instance, the willingness to employ
immunotherapy in a patient with psoriatic arthritis (where a flare could result in increased
joint pain) may be quite different than in a patient with myasthenia gravis (where a flare
could result in diaphragmatic paralysis and respiratory failure). In general, immune
checkpoint inhibitors tend to be poorly tolerated from an immunologic perspective in solid
organ transplant recipients [82]. In kidney transplant populations, these treatments may
result in renal failure and a need for reinstating dialysis. In lung or heart transplant
recipients, organ rejection may prove fatal in the near-term.

Treatment-induced autoimmunity may predict efficacy of immune checkpoint inhibitors.
Overall, these observations mirror earlier associations seen with molecularly targeted
therapies and cytotoxic agents. Cancer patients who develop alopecia or high-grade
cytopenias from chemotherapy have better response rates, leading to trials of dose escalation
to achieve grade 3—4 neutropenia [83-86]. The emergence of grade =2 acneiform rash is
associated with improved outcomes from epidermal growth factor receptor (EGFR)
inhibitors in multiple malignancies, including lung, pancreas, head and neck, and colorectal
cancer, leading to trials of dose escalation to achieve dermatologic toxicity [87-90].
Similarly, the development of hypertension among individuals treated with antiangiogenic
agents, such as vascular endothelial growth factor pathway inhibitors, portends therapeutic
benefit [91, 92].

Although differing mechanistically from the adverse events of chemotherapy and targeted
therapies, cancer immune therapies have demonstrated similar trends. Among patients with
melanoma treated with interferon-based therapy, the development of vitiligo correlates with
prolonged disease control [6]. After allogeneic stem cell transplant for acute myeloid
leukemia, cases with graft-versus-host disease have improved relapse-free survival [7, 93].
Immune checkpoint inhibitors are no exception. In multiple cancers, trials of both anti-
CTLA4 and anti-PD-1/PD-L1 therapies have demonstrated better outcomes among
individuals who develop irAEs. In a retrospective cohort analysis of 143 melanoma patients
treated with nivolumab, the presence or absence of irAEs, as well as the number of irAEs,
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was correlated with statistically significant overall survival (OS) [94]. A meta-analysis of
four nivolumab melanoma studies (total 576 patients) demonstrated a marked difference in
objective response rate (ORR) (48.6% with irAE versus 17.8% without irAE) [95].
Comparable results were noted in ipilimumab melanoma trials [96]. In non-small cell lung
cancer (NSCLC), single-institution reports of nivolumab have noted response rates more
than four times greater among patients developing irAEs compared to non-irAE patients,
and progression-free survival (PFS) more than three times greater [97, 98]. In a multi-center
retrospective analysis of 134 patients with advanced NSCLC treated with nivolumab, overall
survival (OS) (median not reached versus 11.1 months; £=0.01), PFS (median 9.2 versus 4.8
months; £=0.04), and ORR (52.3% versus 27.9%, P=0.02) were significantly improved if
irAEs were present at 6 weeks [99]. While associations between toxicity and efficacy for
conventional chemotherapy and targeted therapies may reflect drug concentrations, such
connections involving immunotherapeutic agents are likely more complex, likely reflecting
individual variation in susceptibility to immune system stimulation. Indeed, certain
biomarkers associated with irAEs, such as interferon gamma-inducible chemokines involved
in T cell activation and recruitment, may also predict efficacy [66].

Management of Immune-related Adverse Events

The management of irAEs remains another area of uncertainty. For most scenarios, general
principles apply. Depending on severity of the toxicity, immunotherapy may be withheld or
permanently discontinued. In contrast to chemotherapy and small molecule inhibitors, there
is no role for dose reduction. The mainstay of treatment is corticosteroids. For moderately
severe toxicities, a standard approach is to administer prednisone at a dose of 1 mg/kg orally
daily. Once the irAE has improved to grade 1 in severity or baseline, a slow taper (10 mg per
week) is initiated. Often, immunotherapy is not resumed until steroids have been
discontinued and there is no evidence of recurrent irAE. Whether such high doses and
prolonged courses of steroids are required in all cases is not clear. Indeed, there have
emerged reports of serious steroid-related toxicities, including fatal infections [100]. For
certain autoimmune toxicities, alternative immunosuppressants may be indicated, such as
anti-tumor necrosis factor (TNF) monoclonal antibodies, cyclophosphamide, or
mycophenolate. Perhaps surprisingly, the administration of steroids for the management of
irAEs may not compromise efficacy of immune checkpoint inhibitors [101]. It seems
possible that these patients derive particular efficacy from immune checkpoint inhibitors,
with an intense immune reaction resulting in both anti-tumor and toxic effects. Even
extended breaks in treatment and prolonged steroid regimens may not counteract these
effects. In contrast, the receipt of steroids at the time of immunotherapy initiation has been
associated with inferior outcomes. In a study of 640 patients receiving single-agent
PD-1/PD-L1 blockade for advanced non-small cell lung cancer, 90 (14%) were receiving
corticosteroids of 210 mg prednisone equivalent daily at the start of therapy for the
following indications: dyspnea (33%), fatigue (21%), and brain metastases (19%) [102]. In a
multivariable model adjusting for functional status, brain metastases, and smoking history,
baseline steroid exposure was associated with decreased response rate, PFS (HR 1.3;
P=0.03), and OS (HR 1.7; /A<0.001).
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Conclusion

As checkpoint blockade is becoming a standard of care and several combination therapy
strategies enter clinical practice, clinicians and researchers will require a greater
understanding of the intersection between autoimmunity and effects of immunotherapy, both
beneficial and harmful. Basic, preclinical, and clinical research are critical in understanding
the role of genetics, epigenetics, intestinal microbiota, pre-existing autoimmune conditions
and immune status of patients in development of irAEs (Figure 3). The insights gained from
such studies will facilitate identification of biomarkers to inform patient selection,
monitoring, and treatment for optimal clinical management.
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Spectrum of immune-related adverse events (irAEs) in patients receiving checkpoint

inhibitor therapy.
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Mechanism of Action of CTLA4
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Left Panel: Schematic representation of mechanism of action of CTLA4 (Top) and PD-1
(Bottom) mediated inhibition of T cell activation. Right Panel: Potential mechanism of
action of anti-CTLA-4 blockade (Top Panel) and anti-PD-1/anti-PD-L1 blockade (Bottom
Panel) in mediating anti-tumor activity. CTLA4: cytotoxic T-lymphocyte—associated protein
4; irAE: immune-related adverse event; PD-1: programmed death-1; PD-L1: programmed
death-ligand 1; Treg: regulatory T cell; APC: Antigen Presenting Cell; MHC: Major
histocompatibility complex; TCR; T-cell receptor.
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Figure 3.

Future studies to increase the mechanistic understanding of development of irAEs across the
spectrum of basic, preclinical and clinical research. Longitudinal assessments of changes in
immune system at baseline, during, and post therapy could reveal important insights to
facilitate the development of biomarkers for diagnosis, treatment and management of irAEs.
irAE: immune-related adverse event.
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