
Investigational Biomarkers for Checkpoint Inhibitor
Immune-Related Adverse Event Prediction and

Diagnosis
Mitchell S. von Itzstein,a Shaheen Khan,b,c and David E. Gerbera,c,d,*

BACKGROUND: Immune checkpoint inhibitors (ICIs)
have revolutionized the treatment of multiple cancers.
However, these promising therapies may also cause
immune-related adverse events (irAEs) in a substantial
proportion of patients. These autoimmune phenomena
may affect almost any organ system and may occur at al-
most any point in therapy. In some instances, these tox-
icities are life-threatening and potentially permanent.
Diverse clinical presentation and unpredictable timing
further complicate their anticipation and diagnosis.

CONTENT: To improve patient safety and selection for
ICI use, biomarkers for irAE diagnosis and prediction
are under development. Clinicians may use traditional
laboratory markers such as routine chemistries, creati-
nine clearance, thyroid function tests, and serum corti-
sol/adrenocorticotrophic hormone to monitor for spe-
cific irAEs, but noted aberrations may not necessarily
represent an immune-mediated etiology. Novel bio-
markers have the potential to be more specific to assist
in the diagnosis of irAEs. The prediction of irAEs is
more challenging. Apart from a history of autoimmune
disease, no other clinical parameters are routinely used
to project risk. Biomarker candidates under investiga-
tion for irAE diagnosis and prediction include blood cell
analysis, chemokines/cytokines, autoantibodies, and ge-
netic predisposition, such as human leukocyte antigen
haplotype. Among other emerging candidates are
immune-cell subsets, T-cell repertoire, fecal micro-
biome, tumor genomics, and radiomic characterization.

SUMMARY: Several conventional laboratory indexes of
end-organ dysfunction are currently in routine clinical

use for irAE monitoring and diagnosis. Novel bio-
markers for the prediction and diagnosis of these irAEs,
which primarily characterize patient immune function,
represent an area of active investigation.

The advent of immune checkpoint inhibitor (ICI) ther-
apy has resulted in a paradigm shift in the treatment of
cancer. Approved agents include anti–cytotoxic T-
lymphocyte antigen 4 (anti-CTLA-4) antibody (ipilimu-
mab) and anti–programmed death 1 (anti-PD-1)
antibodies (nivolumab, pembrolizumab, cemiplimab),
and anti–programmed death 1 ligand (anti-PD-L1) anti-
bodies (atezolizumab, avelumab, durvalumab). They ex-
ert anticancer effects by inhibiting the negative
regulation of T cells that cancers can co-opt to evade T-
cell mediated death. Although the numerous PD-1/PD-
L1 therapies differ in IgG antibody subtype, species,
and ligand target, they are generally considered to have
comparable intraclass therapeutic benefits and adverse
events. Nevertheless, a recent meta-analysis indicates a
potential survival advantage for PD-1 inhibitors com-
pared with PD-L1 inhibitors (1). ICIs were initially ap-
proved for the treatment of melanoma, non–small cell
lung cancer, and renal cell cancer (2). More recently,
these agents have been approved to treat Hodgkin lym-
phoma, urothelial cancer, hepatocellular carcinoma,
small cell lung cancer, gastric cancer, head and neck
squamous cell carcinoma, primary mediastinal large B-
cell lymphoma, cervical cancer, endometrial cancer,
Merkel cell cancer, esophageal squamous cell carcinoma,
triple-negative breast cancer, cutaneous squamous cell
carcinoma, and microsatellite instability–high cancer
(2). An estimated 43% of metastatic cancers diagnosed
in the United States are eligible for ICI therapy (3).
Although these therapies can provide patients with
meaningful clinical benefit and—in a minority of
cases—truly durable responses, they may also cause dis-
tinct autoimmune toxicities termed “immune-related
adverse events” (irAEs).

The phenomenon of irAE can be defined broadly
as immune-mediated host organ dysfunction secondary
to aberrant immune system activity secondary to treat-
ment with immunotherapy. Although irAEs may occur
in up to three-quarters of patients treated with
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combination ICI (Table 1) (6), most of these diverse
events are readily managed and may not require treat-
ment discontinuation. Nevertheless, in some cases,
irAEs may cause substantial or even permanent morbid-
ity and may be fatal in approximately 1% of patients
(24). Common irAEs include dermatitis, hepatitis, and
thyroiditis. Less common but clinically important irAEs
include hypophysitis, myocarditis, pneumonitis, and co-
litis. Anti-CTLA-4 antibodies are more likely to cause
colitis and hypophysitis, whereas anti-PD-1 and anti-
PD-L1 have stronger associations with pneumonitis and
thyroiditis (4). Table 1 lists irAE characteristics.

The prediction, diagnosis, and characterization of
irAEs are particularly challenging. Current diagnostic
guidelines use conventional laboratory indexes of end-
organ dysfunction, imaging, and, in some cases, tissue
analysis (Table 1) (4). These toxicities may affect almost
any organ, including complex regulatory systems such as
the hypothalamic-pituitary-adrenal axis, which may re-
quire urgent multidisciplinary consultation. Common
adverse events of other cancer treatments generally occur
at predictable intervals. Myelosuppression from conven-
tional cytotoxic chemotherapy, for example, is usually
greatest 10 to 15 days after treatment administration.
Acneiform rash from epidermal growth factor receptor
inhibitors generally occurs within the first 3 weeks of
treatment. Although characteristic temporal windows of
occurrence exist, in reality, irAE can occur at any point
throughout ICI therapy, including up to months after
treatment discontinuation (25).

The ICI mechanism of effect contributes to this
complexity. With cytotoxic agents, the drug itself, or a
metabolite, is directly responsible for efficacy and
toxicity. Consequently, metabolic variations such as dihy-
dropyrimidine dehydrogenase deficiency (for 5-fluoroura-
cil) or UDP glucuronosyltransferase family 1 member A1
polymorphisms (for irinotecan) may identify heightened
risk in population subsets. For molecularly targeted thera-
pies, pharmacodynamic effects predict toxicity. For exam-
ple, antagonistic effects on target expressed in normal
tissues explain the dermatologic and gastrointestinal
effects of epidermal growth factor receptor inhibitors.
Disruption of the physiologic role of vascular endothelial
growth factor account for the thrombosis, bleeding, hy-
pertension, and proteinuria observed with vascular endo-
thelial growth factor or vascular endothelial growth factor
receptor inhibitors. In contrast, the detrimental effects of
ICI therapy are mediated via modulation of patient’s im-
mune system, a far more complex consideration than
plasma drug levels or target distribution.

It follows that irAEs represent major diagnostic
challenges. In a recent study examining concordance in
the occurrence, timing, and severity of 8 characteristic
irAEs, interobserver agreement achieved acceptable lev-
els (j > 0.7) only for hypothyroidism (26). In addition,

single clinical categories may represent diverse disease
processes. For instance, the definition of colitis is based
on stool frequency, but there may be a marked differ-
ence between the immune pathophysiology underlying
mild diarrhea compared with fulminant colitis (4).
These uncertainties have major clinical implications.
Underdiagnosis of irAEs could result in inappropriate
continuation of a toxic therapy and worsening of adverse
effects. Conversely, overdiagnosis could result in inap-
propriate withholding or permanent discontinuation of
ICI, as well as inappropriate administration of glucocor-
ticoids or other immunosuppressants.

Broadly, 2 types of biomarkers are useful in clinical
medicine: those used to predict risk of disease and those
used to screen and diagnose disease. The ability to pre-
dict irAEs could help personalize treatment selection
and customize monitoring. Furthermore, given the cur-
rent unreliability of irAE clinical recognition and charac-
terization, biomarkers could potentially be incorporated
into diagnostic pathways. We review the clinical predic-
tors of irAE risk; laboratory indexes currently used for
irAE diagnosis; and emerging blood-, tissue-, and
imaging-based biomarkers under investigation for ICI
irAE prediction and diagnosis.

For this review, we queried PubMed for MeSH
terms “biomarkers” and “immunotherapy” and other
search terms “irAE,” “immune-related adverse events,”
and “immune checkpoint inhibitors” combined with
Boolean operators AND and OR. All 3 authors selected
articles for inclusion based on clinical and scientific
importance.

Mechanisms of irAE

A central challenge in the development of irAE bio-
markers is that despite extensive research efforts, the
mechanisms underlying irAEs are not well understood.
Recent studies indicate that irAEs may occur through a
variety of mechanisms, including self-reactive T cells,
decreased immune tolerance, molecular mimicry, and
antigen spread. Fig. 1 displays the role of antigen-
specific T-cell stimulation and response, B-cell stimula-
tion, autoantibody production, and inflammatory cyto-
kines in these events (27). Normally, T-cell surface
CTLA-4 prevents the costimulation and activation of
novel self-reactive T cells (27). Anti-CTLA-4 therapy
disrupts this homeostatic peripheral negative selection,
thereby promoting development of new self-reactive T
cells (27). Anti-PD-1 therapy activates transcription
factors, altering the epigenome of exhausted T cells,
resulting in reactivation and potential for attack against
self-tissue (27). In addition, ICI therapy interferes with
peripheral tolerance by depleting regulatory T cells,
thereby activating previously anergic self-reactive T cells
and resulting in cell-mediated tissue damage (27). ICIs
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with anti-CTLA-4 and anti-PD-1 may stimulate T cells
targeting tumor proteins that cross-react with host tissue
(molecular mimicry) (23). Immune-mediated tumor cell
destruction can lead to cellular debris otherwise hidden
from immune detection, with subsequent generation of
new tumor- and self-reactive T cells (antigen spread)
(28). Furthermore, some irAEs may be the result of
direct antibody effects on tissue. For example, pituitary
CTLA-4 expression is thought to result in the antibody-
dependent, cell-mediated cytotoxicity after anti-CTLA-
4 administration, resulting in hypophysitis (pituitary

dysfunction) (29). Specific irAEs likely involve different
underlying pathophysiology and the role of genetics,
underlying immune system homeostasis, and other
environmental factors such as host microbiome have yet
to be understood.

Clinical Predictors of irAE Risk

In addition to laboratory biomarkers, the immune-
oncology field has also evaluated clinical features that
confer heightened risk of irAEs. However, many studies

Fig. 1. Mechanisms underlying irAEs. Schematic representation of potential mechanisms underlying irAEs associated with ICI
therapy. CTLA-4 expression on regulatory T cells is critical in maintaining peripheral tolerance by preventing activation of self-
reactive T cells. CTLA-4 blockade may result in depletion of Tregs, may alter Treg function, and may modulate T-cell repertoire,
resulting in autoreactive T cells that can, in turn, affect B-cell function and increased autoantibody production (A). PD-1- and
CTLA-4-mediated negative regulation of T cells is critical in maintaining self-tolerance via suppressing costimulation. PD-1 and
CTLA-4 blockade results in enhanced effector function of T cells and may lead to generation of pathogenic T cells, overproduction
of cytokines, alteration of B cell numbers/function and increased production of autoantibodies leading to inflammation and au-
toimmunity (B). PD-1 blockade may result in reactivation of exhausted/anergic T cells resulting in pathogenic/self-reactive T cells
(C). Epitope spreading can lead to breakdown of tolerance. Tumor cell death results in production of self and tumor antigens
that are ingested by APCs, which migrate to lymph nodes and prime T cells. These self-reactive T cells can reenter normal tis-
sues, recognize self-antigens, and result in increased cytokine production and autoantibodies leading to breakdown of tolerance
and tissue destruction (D). ICI therapy may directly result in breakdown of tolerance in organs via binding to CTLA-4 expressed
on normal tissues (E); production of de novo autoantibodies and/or increased levels of preexisting autoantibodies (F); and in-
creased levels of pro inflammatory cytokines locally, leading to infiltration of pathogenic immune cells (G). These factors can
generate a local inflammatory milieu resulting in organ damage. APC, antigen-presenting cell; MHC, major histocompatibility
complex; Treg, regulatory T cell; TCR, T-cell receptor.
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present conflicting findings. For instance, increased inci-
dence of irAEs was observed in patients who were fe-
male, had lower performance status, and were
sarcopenic (30, 31). In another study, older and male
patients had increased incidence of hypophysitis with
anti-CTLA-4 therapy (11). NSAID use increased inci-
dence of anti-CTLA-4–induced colitis (32).

To date, the history of autoimmune disease repre-
sents the most commonly used clinical criterion for ICI
patient selection. Hypothetically, prior or active autoim-
mune disease could affect both safety and efficacy of
ICIs. Autoimmune disease could convey a preexisting
state of heightened antiself immune activity, which
might result in flare of that condition or increased risk
of a de novo irAE. Separately, if autoimmune disease
requires active immunosuppression, those medical ther-
apies could hamper anticancer effects of ICIs.

Although many ICI clinical trials exclude patients
with autoimmune disease, this practice is applied het-
erogeneously, suggesting inadequate understanding of
clinical implications. Some trials exclude patients with
any history of autoimmune disease (33). Others exclude
only those patients with “active” autoimmunity (requir-
ing corticosteroids equivalent to prednisone >10 mg
daily) (34). Still others make exceptions for conditions
that may pose a lower risk of organ dysfunction if exac-
erbated, such as psoriasis and vitiligo (35). Furthermore,
analogous to the diagnosis of irAEs, the diagnosis of au-
toimmune disease is fraught with challenges. In contrast
to a diagnosis of cancer, which generally relies on patho-
logic confirmation, a diagnosis of autoimmune disease
may incorporate clinical, radiographic, serologic, and
histologic data. For example, although only 0.25% of
the North American population is estimated to have sys-
temic lupus erythematosus, more than a quarter of clini-
cally healthy adults have positive antinuclear antibody
titers, and 2.5% have high titers (36). Reflecting these
nuances, the estimated prevalence of autoimmune dis-
ease among individuals with lung cancer ranges from
14% to 25%, depending on whether a conservative (�2
outpatient diagnostic codes at least 30 days apart or any
inpatient diagnostic code) or more liberal (any diagnos-
tic code) approach is taken (37).

The tolerability of ICIs among individuals with
preexisting autoimmune disease differs widely across
reports. Incidence of autoimmune disease flare ranges
from 25% to 75% (38). One study found that irAE risk
was not increased among individuals with prior autoim-
mune disease (38), whereas another identified height-
ened incidence of grade 1 and 2 events in this
population (31).

Taken together, difficulties in identifying and char-
acterizing both preexisting autoimmune disease and
ICI-associated irAEs demonstrate the importance of pre-
dictive and diagnostic biomarkers to assist with patient

selection, to improve diagnosis and management, and to
provide insight into the irAE pathophysiology.

Clinical Laboratory Monitoring for End-Organ
Dysfunction

Routine clinical laboratory assays for monitoring and di-
agnosing irAEs include serum creatinine (for nephritis);
aspartate aminotransferase, alanine aminotransferase,
and bilirubin (for hepatitis); troponin and creatine ki-
nase (for myocarditis/myositis); lipase (for pancreatitis);
and adrenocorticotrophic hormone, cortisol, luteinizing
hormone, follicle-stimulating hormone, insulin-like
growth factor 1, growth hormone, thyroid-stimulating
hormone, and free thyroxine (for endocrinopathies such
as hypophysitis and thyroiditis) (4). These parameters
reflect end-organ toxicity from ICI therapy; however,
they generally do not provide meaningful insight into
toxicity pathophysiology or provide predictive value.
Furthermore, particularly for clinical events that other-
wise occur frequently in cancer populations undergoing
active therapy (e.g., renal or hepatic dysfunction), test
result abnormalities may not be specific for an ICI-
induced, immune-mediated etiology. Although evidence
supporting the optimal screening frequency for these
parameters remains scarce, general recommendations ex-
ist and are summarized in Table 1.

Blood-Based Predictive Biomarkers

BASELINE ORGAN FUNCTION

Two cohort studies found that an increased baseline
level of thyroid-stimulating hormone is associated with
increased risk of anti-PD-1–induced thyroid dysfunc-
tion (39, 40). One study reported the correlation in
males but not in females (Table 2) (40). Other hormone
measurements have not been found to be predictive of
irAE. It may be conceivable that baseline thyroid dys-
function demonstrated by increased thyroid-stimulating
hormone indicates underlying predisposition to develop
an inflammatory response to thyroid tissue after ICI ini-
tiation. Other endocrine markers such as adrenocortico-
trophic hormone and cortisol have not been evaluated
as biomarkers for irAEs.

CELLULAR BIOMARKERS

Several studies have assessed complete blood count param-
eters for associations with irAEs. Higher baseline and post-
treatment absolute lymphocyte counts (>2000/mL)
were associated with irAEs (41). Increased neutrophil/
lymphocyte ratio at time of toxicity correlated to increased
risk of grades 3 and 4 lung and gastrointestinal irAEs with
anti-PD-1 therapy (42). Increased baseline and 1-month
eosinophil cell count correlated with increased overall risk
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Table 2. Investigational biomarkers for irAE prediction and diagnosis.

Biomarker Association Pros/cons of biomarker Study type
Strength/limitation

of studya

Cellular

Absolute
lymphocyte
count

Increased baseline and
1-month levels may
indicate increased
irAE risk

Readily available and in-
expensive but appears
to be inadequately
sensitive and specific
for utility

Retrospective
cohort (41)

Moderate study size
but small effect size
for
association with
irAE, would require
validation in pro-
spective trials

Neutrophil/
lymphocyte ratio

Increased ratio at time
of toxicity may indi-
cate increased grade
3/4, lung and GI irAE

Readily available and in-
expensive but appears
to be inadequately
sensitive and specific
for utility

Retrospective
cohort (42)

Moderate study size,
moderate effect size
without predictive
value, requires vali-
dation in prospec-
tive trials

Absolute eosinophil
count

Increased baseline and
1-month levels may
indicate increased
overall, grade 2,
endocrine, dermato-
logic irAE

Readily available and in-
expensive but appears
to be inadequately sen-
sitive and specific for
utility

Retrospective/
prospective
cohorts
(41, 43, 44)

Small to moderate
study sizes, multiple
studies, requires
validation in pro-
spective trials

CD4þ Increased baseline
levels may indicate
increased risk of
colitis

Limited availability, more
expensive, may provide
insight into individual
irAEs; may not differen-
tiate irAE from ICI
efficacy

Prospective
cohort (45)

Small study limited to
predicting colitis,
requires validation
in larger trials

Regulatory T cells Lower baseline levels
may indicate in-
creased risk of colitis

Limited availability, more
expensive, may provide
insight into individual
irAEs; may not differen-
tiate irAE from ICI
efficacy

Prospective
cohort (45)

Small study limited to
predicting colitis,
requires validation
in larger trials

T-cell repertoire Increased T cell diver-
sity may indicate in-
creased risk of irAE

Limited availability, more
expensive, unclear
whether provides in-
sight into individual
irAEs

Retrospective
cohort (46)

Small retrospective
study, requires
validation in larger
prospective trials

CD8þ cells Increased clonal ex-
pansion >55 clones
may indicate in-
creased risk of irAE

Limited availability, more
expensive, unclear
whether provides in-
sight into individual
irAEs

Retrospective
cohort (47)

Small retrospective
study, requires
validation in larger
prospective trials

Endocrine

TSH Increased baseline
levels may indicate
increased risk of
thyroid dysfunction

Readily available and in-
expensive, appears to
be specific for
thyroiditis

Retrospective
cohorts (39, 40)

Moderate size but
retrospective
studies, requires
validation in larger
prospective trials

Antibody

Antithyroglobulin
antibody

Detected at baseline
and predicted thy-
roid irAE

Readily available and in-
expensive, appears to
be specific for
thyroiditis

Retrospective co-
hort (39)

Moderate size study,
requires validation
in larger prospective
trials
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Table 2. (continued)

Biomarker Association Pros/cons of biomarker Study type
Strength/limitation

of studya

Anti-GAD65, IA-2,
ZnT8, islet cell
antibodies

Associated with devel-
opment of immune-
related diabetes
mellitus at time of
diagnosis

Expensive, unclear if anti-
body present before
development of irAE,
may have limited utility

Retrospective co-
hort (48)

Small study, not pre-
dictive, requires pro-
spective validation
in larger studies

ANA May be associated with
development of irAE

Readily available and in-
expensive but appears
to be nonspecific for
individual irAEs

Retrospective
cohort (49)

Small limited study
with no comparison
of patients that did
not develop irAE,
unclear utility

Cytokines/chemokines

IFN-c Lower levels posttreat-
ment may indicate
development of
pneumonitis

May be specific for
pneumonitis

Retrospective
cohort (50)

Small study in 1 cancer
type, only 1 cytokine
measured, requires
larger studies and
comparison with
multiple cytokines

CXCL9, CXCL10,
CXCL11, CXCL19

Lower baseline levels
may indicate in-
creased irAE risk

May predict pretreatment
risk of irAE but limited
current availability of
clinical cytokine testing,
high expense

Prospective
cohort (51)

Small study but with
control group nega-
tive for irAE,
requires validation
in larger trials

CXCL9, CXCL10,
CCL5,
G-CSF

Increased posttreat-
ment levels may indi-
cate increased irAE
risk

May predict posttreat-
ment risk of irAE but
limited current
availability of clinical
cytokine testing, high
expense

Prospective
cohorts (51, 52)

Small studies, require
validation in larger
trials

G-CSF,
GM-CSF,
fractalkine, FGF-2,
IFN-a2, IL-12p70,
IL-1a, IL-1b, IL-RA,
IL-2, IL-13

Increased baseline and
posttreatment levels
in composite score
may indicate in-
creased irAE

May predict pretreatment
risk of irAE but limited
current availability of
clinical cytokine testing,
high expense

Prospective
cohort with
validation
cohort (53)

Small but well-
designed study
including a
validation cohort,
requires larger pro-
spective validation

IL-6 Lower baseline levels
may indicate in-
creased irAE and co-
litis. Increased levels
at toxicity time may
indicate increased
psoriasis

May predict pretreatment
risk of irAE but limited
current availability of
clinical cytokine testing,
high expense

Prospective
cohorts (30, 45)
Case control
(54)

Multiple studies, 1 of
moderate size but
requires validation
in larger trials in
wider variety of
cancer types and in-
clusion of anti-PD1/
anti-PDL1 ICI

IL-8, soluble CD25 Lower baseline levels
may indicate in-
creased risk of colitis

May predict pretreatment
risk of irAE but limited
current availability of
clinical cytokine testing,
high expense

Prospective co-
hort (45)

Small study, requires
validation in larger
trials

IL-17 Increased baseline lev-
els may indicate in-
creased G3 colitis

May predict pretreatment
risk of irAE but limited
current availability of
clinical cytokine testing,
high expense

Prospective co-
hort (55)

Small but well-
designed study,
requires validation
in larger trials in
wider variety of
cancer types and
inclusion of anti-
PD1/anti-PDL1 ICI

Leptin Lower levels posttreat-
ment may indicate
increased irAE risk

Expensive, unclear if can
predict pretreatment

Prospective
cohort (52)

Small study requires
validation in larger
trials in variety of

Continued
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Table 2. (continued)

Biomarker Association Pros/cons of biomarker Study type
Strength/limitation

of studya

irAE risk or specific
irAE risk

cancer types and
inclusion of anti-
CTLA-4 ICI

Soluble CD163 Increased levels post-
treatment may indi-
cate increased irAE
risk

Expensive, unclear if can
predict pretreatment
irAE risk or specific irAE
risk

Prospective
cohort (56)

Small study requires
validation in larger
trials in variety of
cancer types and
inclusion of
anti-CTLA-4 ICI

TNF-a and IFN-a2 Increased levels may
correlate to
high-grade irAE

Limited clinical availabil-
ity, unclear if specific
for individual irAE

Retrospective
cohort (49)

Small limited study
with no comparison
of patients that did
not develop irAE,
unclear utility

CRP Increased levels after
baseline may indi-
cate increased irAE
risk

Readily available and in-
expensive but appears
to be nonspecific for
individual irAEs

Retrospective
cohort (57)

Single small retrospec-
tive study that needs
validation in larger
prospective studies

Tissue

Tumor gene
mutations

Mutations in 7 tumor
genes may be asso-
ciated with in-
creased risk of irAE

Expensive and often
limited availability of
tumor tissue

Retrospective
cohort (58)

Small study that
requires validation
in larger prospective
trials

Microbiome

Firmicutes/
Faecalibacterium

Increased baseline
representation may
indicate increased
irAE risk

Expensive, limited clinical
experience in micro-
biome analysis, may be
specific for colitis

Prospective
cohort (45)

Small study, requires
validation in larger
trials in wider variety
of cancer types and
inclusion of anti-
PD1/anti-PDL1 ICI

Bacteroidetes Increased baseline rep-
resentation may indi-
cate reduced risk of
colitis

Expensive, limited clinical
experience in micro-
biome analysis, may be
specific for colitis

Prospective
cohort (59)

Small but well con-
ducted study,
requires validation
in larger trials in
wider variety of can-
cer types and inclu-
sion of anti-PD1/
anti-PDL1 ICI

Metabolic products Increased polyamine
transport system,
synthesis of thia-
mine, riboflavin, pan-
tothenate; may
indicate increased
risk of colitis

Expensive, limited clinical
experience in micro-
biome metabolic prod-
ucts analysis

Prospective
cohort (59)

Small but well
conducted study,
requires validation
in larger trials in
wider variety of
cancer types and in-
clusion of anti-PD1/
anti-PDL1 ICI

Genetics

HLA-DR4 Associated with in-
creased risk of im-
mune-related diabe-
tes mellitus

Expensive but appears to
be relatively sensitive
for predicting risk of
type 1 diabetes
mellitus

Retrospective
cohort (48)

Small size study
requires validation
in larger prospective
cohorts

Gene expression
panel

Composite signature
score associated
with increased risk of
irAE (but low
sensitivity)

Expensive and appears to
be inadequately sensi-
tive for clinical utility

Retrospective
cohort (60)

Moderate size study
requires validation
in larger prospective
cohorts
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of grade >2 irAEs (41), risk of endocrine irAEs with anti-
PD1 therapy (62), and risk of dermatologic irAEs (43,
44).

Studies of T-cell subtypes in individuals treated
with anti-CLTA-4 antibodies demonstrated associations
between future development of colitis and higher base-
line levels of cluster of differentiation 4–positive
(CD4þ) and lower baseline regulatory-T-cell popula-
tions (45). Such observations are consistent with mouse
xenograft models, in which prolonged depletion of regu-
latory T cells causes expansion of effector T cells, in-
crease in interferon-c (IFN-c) and tumor necrosis
factor, and development of irAEs (63). T-cell repertoire
studies indicate that increased T-cell diversity correlated
with and preceded the development of irAEs (46).
Another study found that expansion of �55 CD8þ T-
cell clones after ICI initiation correlated to irAEs (47).
Taken together, these observations suggest that in-
creased T-cell diversity confers a heightened risk of T-
cell–mediated attack on host tissue, resulting in in-
creased likelihood of irAEs.

HUMORAL BIOMARKERS

Relatively little is known about the associations between
autoantibodies, B-cell function, and irAEs. Increased
baseline antithyroglobulin antibody titers, but not anti–
thyroid peroxidase antibody titers, correlate with future
development of thyroid irAEs among individuals treated
with anti-PD-1 ICIs (39). Among patients who develop
immune-related type 1 diabetes mellitus at diagnosis,
40% were found to have an associated autoantibody
(anti–glutamate decarboxylase 2, islet antigen 2, zinc
transporter8, islet cell antibodies) (48). Antinuclear anti-
body positivity, a nonspecific marker associated with a
range of autoimmune diseases, was found in 11% of
patients who developed irAEs, and borderline increased

antinuclear antibody was detected in 27% (49). Given
the relative ease with which antibody titers can be longi-
tudinally collected and measured, this area of research
remains active. The close temporal relationship between
some autoantibodies and autoimmune disease and po-
tential involvement in the pathophysiology suggests that
humoral biomarkers could potentially also have utility
in the diagnosis of irAEs.

CYTOKINES/CHEMOKINES

Cytokines/chemokines are critical regulators of immune
activity. Longitudinal analysis of a cohort of patients
who developed irAEs revealed lower baseline levels of
the IFN-c–inducible chemokines C-X-C motif chemo-
kine ligand 9 (CXCL9), CXCL10, CXCL11, and
CXCL19 but higher posttreatment levels of CXCL9
and CXCL10, which are involved in T-cell activation
and recruitment, compared with patients without irAEs
(51). This correlation indicates a potential underlying
mechanism of irAEs, whereby a robust cytokine storm
of T-cell–activating cytokines induces broad overactivity
of T cells targeting self-tissues. However, another small
cohort study found that IFN-c levels were decreased
compared with baseline in patients who developed
irAEs, particularly immune-related pneumonitis (50).
Therefore, other factors than IFN-c levels may drive cy-
tokine changes. In a separate longitudinal study, higher
posttreatment levels of chemokine ligand 5 and granulo-
cyte colony stimulating factor were found in patients
who developed irAE (52). In a cohort of patients with
melanoma who developed severe irAE, at baseline and
early during treatment, levels of 11 cytokines (granulo-
cyte colony stimulating factor, granulocyte-macrophage
colony stimulating factor, fractalkine, fibroblast growth
factor 2, IFN-a2, interleukin-12p70 [IL-12p70], IL-1a,
IL-1b, IL-1 receptor antagonist [IL-1RA], IL-2, IL-13)

Table 2. (continued)

Biomarker Association Pros/cons of biomarker Study type
Strength/limitation

of studya

CD177 and
CEACAM1

Increased expression
post-treatment may
indicate increased
risk of irAE

Expensive and appears to
be inadequately sensi-
tive for clinical utility

Retrospective
cohort (60)

Moderate size study
requires validation
in larger prospective
cohorts

Imaging

CT chest radiomics Increased score associ-
ated with
pneumonitis

Expensive but appears to
be sensitive and
specific

Case control (61) Small case control
study, requires
validation in larger
prospective studies

Abbreviations: ANA, antinuclear antibody; CCL5, chemokine ligand 5; CEACAM1, carcinoembryonic antigen-related cell adhesion molecule 1; CRP, C-reactive protein; CT, com-
puted tomography; FGF-2, fibroblast growth factor 2; G-CSF, granulocyte colony-stimulating factor; GI, gastrointestinal; GM-CSF, granulocyte-macrophage colony-stimulating
factor; HLA, human leukocyte antigen; IA-2, islet antigen 2; TSH, thyroid stimulating hormone; ZnT8, zinc transporter 8.
aSmall study <100 patients, moderate >100 patients.
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were increased and, in a composite score, were predic-
tive of irAEs in a validation cohort with areas under the
curve of 0.68 to 0.7 (53). Similarly, lower baseline and
subsequently increased levels of IL-6 have been observed
in irAEs such as colitis and psoriasis (30, 45, 54), an
observation consistent with this proinflammatory
cytokine’s association with autoimmune diseases (64).
Indeed, IL-6 blocking therapy is being investigated as a
strategy to maintain ICI activity while preventing
immune-related colitis (65). Overall, in these studies it
appears that lower baseline levels and higher posttreat-
ment levels of key cytokines correlate with irAEs.

Case series and reports have identified numerous—
and occasionally conflicting—cytokine associations that
require confirmatory testing. Among others, these include
increased levels of IL-8 receptor b and IL-1RA and IL-
2RA at time of diagnosis of ICI pneumonitis (66); lower
posttreatment levels of leptin, IL-10, and soluble CD163
in irAE cases (52, 56, 67); increased C-reactive protein
shortly before clinical irAE onset (57); increased tumor
necrosis factor a (60%), and IFN-a2 (44%) in irAE cases,
with further correlation with high-grade irAEs (49); lower
baseline IL-8 and soluble CD25 levels in anti-CTLA-4–
mediated colitis (45); and higher baseline levels of IL-17
in grade 3 anti-CTLA-4–mediated colitis (55).

From a technical standpoint, a high degree of ana-
lyte stability renders cytokine analysis feasible for clinical
laboratory testing. One study revealed that 9 of 10 stud-
ied cytokines (with the exception of IL-1RA) were stable
in unprocessed EDTA blood stored at 4 to 8 �C for
24 hours (68). Nevertheless, a number of considerations
affect widespread implementation. There appears to be
large interpatient variation in baseline and dynamic cy-
tokine levels (53), suggesting that related biomarkers
may need to be individualized (51, 53). Other factors
include timing of serum collection relative to ICI expo-
sure, circadian variation, effects of corticosteroid expo-
sure, and impact of other stresses such as fasting and
physical activity (68).

DNA and Gene Expression Biomarkers

Genetic variants, most notably in human leukocyte anti-
gen locus, have long been known to influence autoim-
munity. An emerging literature has reported genetic
variants and gene expression signatures associations with
irAE. For instance, among patients who developed
immune-related diabetes mellitus, 76% were found to
be human leukocyte antigen–DR4 positive (48). An ex-
pression panel of 27 genes in peripheral blood at base-
line correlated to an increased rate of development of
irAE colitis but had insufficient sensitivity for clinical
use (60). In addition, gene expression profiling identi-
fied that expression of neutrophil-activating factors,
CD177, and carcinoembryonic antigen-related cell

adhesion molecule 1 were specific but not sensitive indi-
cators of anti-CTLA-4–mediated colitis, raising the pos-
sibility that neutrophilic activity or infiltration mediates
this irAE (60).

Tissue Biomarkers

Although tissue-based biomarkers, including tumor PD-
L1 expression, mutational burden, and microsatellite
stability, correlate with ICI efficacy, associations with
toxicity are less apparent. In 1 study, tumor type corre-
lated with irAE patterns, with higher frequency of der-
matologic and gastrointestinal irAEs in melanoma,
versus higher frequency of pneumonitis in lung and kid-
ney cancer (69). However, these associations did not
persist in multivariate analysis and thus may have repre-
sented other factors, such as category of checkpoint in-
hibitor administered. Nevertheless, it seems conceivable
that tumors may express varying potential neoantigens
that create differing T-cell and humoral responses to ICI
therapy, which in turn would correlate to differing irAE
risk profiles. In a separate study, tumors from patients
who developed irAEs had distinct mutations compared
with those without irAE, but overall tumor mutational
burden did not correlate to irAEs (58).

Analysis of affected end organs in irAE cases also
suggests cross-reactivity between tumor and host tissue.
Myocardial histologic analysis of immune-related myo-
carditis identified clonal T-cell infiltrates identical to the
T-cell infiltrates in the primary tumor (23). Analysis of
the primary tumor in this case showed expression of the
muscle antigens desmin and troponin, which may have
triggered the fatal irAE through immune reaction
against normal cardiac tissue (23).

Analysis of brain tissue in a patient who developed
anti-PD-1–induced encephalitis revealed CD4þ and
CD8þ cell infiltration (70). Interestingly, there were also
infiltrates of CD68þ cells (macrophage marker) and high
expression of PD-1 and PD-L1 on cells with macrophage
morphology in tissue analysis, suggesting the possibility
of an attempt at homeostatic attenuation of cellular in-
flammation after irAE occurrence. Muscle biopsies in
patients with myositis also revealed infiltrates of CD68þ

cells expressing PD-L1 and CD8þ T cells expressing PD-
1 (71). For practical reasons, end-organ histologic analysis
is not feasible in all cases of irAEs and is not tenable as a
predictive biomarker. Nevertheless, tissue biopsy may
provide insight into irAE pathophysiology and inform the
development of more clinically practical biomarkers.

Microbiome Biomarkers

A growing body of evidence has emerged describing the
importance of the microbiome to immune function and
response to ICI. In particular, the fecal microbiome in the
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gastrointestinal tract exerts effects on regulatory T cell
function (72). Some microbiome–irAE associations have
been reported, such as increased anti-CTLA-4–induced
colitis in the setting of increased baseline representation of
Faecalibacterium and other Firmicutes (45). By contrast,
increased baseline representation of Bacteroidetes phylum
was associated with reduced incidence of anti-CTLA-4
colitis (59). Bifidobacterium was found to abrogate disease
in a mouse model of ICI-induced colitis (72). Metabolic
products of the fecal microbiome including a polyamine
transport system, and synthesis of thiamine, riboflavin,
and pantothenate were computed in a machine learning
algorithm that predicted development of anti-CTLA-4
colitis with sensitivity of 70% and specificity of 100%
(59). No specific studies have evaluated overall diversity of
the gastrointestinal microbiome and irAEs.

Given the exceptional diversity of the host micro-
biome, biomarker development will need to focus on
replicable and potentially generalizable findings.
Promising approaches include genetic analysis of 1 or
multiple microbes, measurement of secondary metabolic
compounds or enzymes, and measurement of interac-
tions between the microbiome, and immune, endocrine,
and nervous systems (72). Inherent challenges with
microbiome analysis include identifying important vari-
ables and assays and inconvenience and patient accep-
tance of stool sample collection.

Imaging Biomarkers

To date, imaging biomarkers have been investigated
most extensively for the evaluation of pneumonitis, a
condition lacking routine serologic markers and for
which tissue analysis may often be impractical. In addi-
tion, imaging changes may occur with thyroiditis, hepa-
titis, pancreatitis, myocarditis, and hypophysitis.
However, for some irAEs, radiographic findings may be
neither necessary nor sufficient to render a diagnosis (4).

To incorporate radiographic data into irAE predic-
tion, some investigators have used a radiomics approach.
In a small study, pretreatment radiographic features
identified patients at risk of developing pneumonitis
with 100% sensitivity and specificity, but these features
have not been validated in a larger cohort (61).
Interestingly, a small cohort study investigating fluoro-
deoxyglucose positron emission tomography/computed
tomography found that detecting imaging evidence of
irAEs, specifically thyroiditis, was associated with in-
creased ICI efficacy (73).

Discussion

Biomarkers for the diagnosis and prediction of irAEs
represent a nascent but promising field. Advancing
technology now permits detailed analysis of complex

biological data, such as T-cell repertoires, autoantibod-
ies, genetic factors, and cytokines/chemokines, relatively
quickly and with relatively small biological samples.
Despite this methodologic progress, these analyses may
be limited by clinical knowledge. Challenges in the ac-
curate characterization of irAEs remain a concern. For
many irAEs, there is no gold standard to render a diag-
nosis. Laboratory anomalies might reflect ICI toxicity
or, alternatively, effects of other cancer therapies, non-
oncologic medications, or the underlying cancer. Some
concurrent or sequential treatments, such as radiation
therapy, may cause inflammatory changes that are clini-
cally, radiographically, and histologically indistinguish-
able from ICI-mediated effects. Furthermore, the
current classification of irAEs may not reflect underlying
biology. If achievable, categorization of irAEs based of
pathophysiologic mechanism may provide a framework
for targeted and more effective biomarker development
and treatment.

A growing body of evidence supports the association
between development of irAEs and ICI therapy efficacy
(74). Although a mechanistic understanding of this effect
is not known, there may be common immune system
changes that both cause irAEs and mediate ICI anticancer
effects. Therefore, in the exploration of biomarkers, the
extent to which biomarkers predicting irAEs overlap with
efficacy biomarkers remains to be determined.

The technical measurement of biomarkers deserves
further discussion. Biomarkers in advanced investiga-
tional or clinical stages for ICI efficacy (PD-L1, micro-
satellite instability–high, tumor mutational burden) still
raise critical questions. Notable mentions include the
lack of a standardized assay for detecting tumor PD-L1,
polymerase chain reaction versus immunohistochemical
analysis for detecting microsatellite instability–high or
deficient mismatch repair enzyme status, and agreement
on optimal cutoff points (75). The field of biomarkers
for irAEs is at an even earlier stage of exploration; there-
fore, no standardized methodologies for measurement of
samples exist. Several strategies are currently being in-
vestigated, from single-biomarker measurements in
single-case reports to large cohorts reporting numerous
concurrent biomarkers using multiplex analytical assays.
Given the number of potential parameters to measure, it
seems most feasible to perform multiplex analyses of
samples to screen a larger number of potential bio-
markers and obtain data more efficiently. Another con-
sideration is the complexity of the biomarker
measurement. Some potential biomarkers such as auto-
antibodies and cytokines are relatively simple to measure
and have been routinely analyzed for decades. Others,
such as T-cell repertoire, are relatively novel and may
pose significant cost and replication challenges. With
these considerations in mind, as further irAE-biomarker
associations are discovered and reported, analytical
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technique is likely to emerge as an area of controversy
and debate.

What characteristics are desired for a clinically use-
ful biomarker? For prediction of irAE risk, the ideal bio-
marker would be measurable before initiation of ICI
therapy to assist in assessment of risk–benefit calcula-
tions. This could conceivably take the form of tissue or
genetic analysis, measurement of cytokines and autoan-
tibodies in peripheral blood, or microbiome analysis. To
date, potential biomarkers found to predict baseline
irAE risk include tumor histology and IFN-c–inducible
cytokines. However, these biomarkers do not yet have
sufficient discriminating power for clinical implementa-
tion, indicating that more sensitive and specific bio-
marker discoveries are required. Biomarkers for
screening of irAEs should be detectable before the devel-
opment of clinical symptoms and signs, whereas bio-
markers for diagnosis should be rapidly detectable on
development of clinical symptoms and signs and able to
differentiate irAEs from non-ICI–induced end-organ
toxicity (currently used laboratory indexes are unable to
achieve this). The most promising biomarkers for
screening and diagnosis may be cytokines and autoanti-
bodies, as these biomarkers have the potential to be
measured frequently and have results determined rap-
idly. Screening biomarkers may be most useful if detec-
tible at least 2 to 3 weeks before the onset of clinical
signs and symptoms (the typical dosing frequency of
ICI administration and the frequency of routine periph-
eral blood draws).

Finally, any efforts to predict irAEs must account
for clinical context. Metastatic cancer has historically
been considered an incurable condition, with survival
often measured in months rather than years.
Furthermore, conventional therapies such as cytotoxic
chemotherapy may convey substantial toxicity.
Accordingly, the notion of withholding potentially ef-
fective immunotherapy because toxicity risk appears ele-
vated is not clinically acceptable. Instead, toxicity
biomarkers may be more appropriate for the tailoring of
specific regimens and monitoring parameters.

In conclusion, given the frequency and potential
morbidity of irAEs, the availability of predictive bio-
markers would clearly benefit oncologists seeking to
provide safe and effective patient care. Continuous
advances in the field and multiple investigational immu-
notherapies in development mean that ongoing bio-
marker development will likely be required. Current

and future biomarkers may one day culminate in a com-
bined immune genotype and phenotype for each pa-
tient—a complete immune repertoire—to inform
treatment selection, duration of therapy, and toxicity
and efficacy monitoring. Until that time, clinicians will
need to remain consistently vigilant and have access to
multidisciplinary input for the timely recognition, diag-
nosis, and response to irAEs.

Nonstandard Abbreviations: ICI, immune checkpoint inhibitor;
CTLA4, cytotoxic T-lymphocyte antigen 4; PD-1, programmed death
1; PD-L1, programmed death 1 ligand; irAEs, immune-related adverse
events; CD, cluster of differentiation; IFN, interferon; CXCL, C-X-C
motif chemokine ligand; IL, interleukin; RA, receptor antagonist.
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