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In recent years, immunotherapy-based regimens have been included into the treatment’s
algorithm of several cancer types. Programmed death-1 (PD-1) and cytotoxic T
lymphocyte antigen-4 (CTLA-4) interact with their ligands found on the surface of antigen
presenting cells (APC) or tumor cells (PD-L1/2 and CD80/86). Through these interactions,
stimulatory or inhibitory signals are established. Immune checkpoint inhibitors (ICIs),
block these interactions, and when administered not only as monotherapy but also
as part of combination regimens, have shown to improve survival results in multiple
advanced cancers leading to an increasing number of patients treated with ICI and, as
a consequence, a rise in the number of patients developing immune-related adverse
events (irAEs). Presence of irAEs has been associated with greater benefit from treatment,
especially when blocking PD-L1. Recent data suggests that treatment benefit persists
after discontinuation of ICIs due to a treatment related adverse event, regardless of
the grade. Patients experiencing grade 3-4 irAEs are at risk of toxicity recurrence after
reintroducing immunotherapy and therefore, the decision to resume the treatment is
challenging. In these cases, a multidisciplinary approach is always needed and several
factors should be considered. Management of severe toxicities may require systemic
corticosteroids which can impact on T-cell function. Due to their immunosuppressive
properties, it is necessary to deeper determine how corticosteroids influence responses.
In terms of overall survival (OS), the use of steroids as therapy for irAEs seems not to
reduce OS and several studies have reported durable responses in patients experiencing
autoimmune toxicities treated with corticosteroids.
Keywords: immune checkpoint inhibitors (ICIs), immune-related adverse events (irAEs), corticosteroids, efficacy,
multidisciplinary management
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INTRODUCTION

tumor cells escape to the antitumor immune response using
different mechanisms involving antigens, cytokines and immune
checkpoint proteins (12).
Understanding tumor immunology must be achieved through
the integration of local immune response in the tumor
microenvironment with the changes in the peripheral immune
system (13). Immunity in cancer is regulated by diverse cell types
in different tissues so its activation or inhibition through cancer
immunotherapies may lead to immune responses potentially
involving different organs.
Monoclonal antibodies that block the regulatory immune
targets CTLA-4, PD-1 and programmed death-1 ligand (PD-L1)
are the most well-studied and have the biggest evidence as
cancer immunotherapies.
CTLA-4 is present on the surface of CD4-positive and CD8positive lymphocytes and binds to T-cell–costimulatory factors
on the surface of APC. CTLA-4 binding reduces interleukin 2
(IL-2) production and T-cell proliferation.
PD-1 is a receptor expressed on the surface of multiple
immune cell types, including T cells, B cells, and NK cells. One
of its ligands, PD-L1, is present in different cell types including
tumor cells and participates in the inhibition of previously
activated T cells.
Approved
ICIs
include
anti-PD1
antibodies
(pembrolizumab,
nivolumab,
cemiplimab),
anti-PD-L1
(atezolizumab, avelumab, and durvalumab) and anti–CTLA-4
(ipilimumab, tremelimumab).
In the last few years, a deeper understanding of
tumor immunology has led to an increasing number of
immunotherapies in clinical development (e.g., blockade of
LAG3, TIGIT and TIM3) (14).
The aforementioned pathways can be used by tumor cells to
evade the immune system mainly through the inhibition of T-cell
function (15).
Checkpoint blockade using ICIs overcomes this tumormediated immune inhibition, leading to a proinflammatory
tumor microenvironment which potentially increases the disease
control but also the risk of triggering an inflammatory-mediated
toxicity. ICIs response and toxicity are closely related because of
the disinhibition of T-cell3 function. Notably, even in with no
history of autoimmune disorders prior to initiation of treatment,
irAEs may appear.
T-cells infiltrate is considered to be responsible for both the
anti-tumor response and the development of immune-toxicities
but, beyond T-cells, a much more complex inflammatory
interaction occurs within the immune response.

Over the last decade, immunotherapy has radically changed
cancer therapy.
Since 2011, when Food and Drug Administration (FDA)
approved ipilimumab to treat patients with late-stage (metastatic)
melanoma (1), several immunotherapies have received regulatory
authorities’ approval. Different cancer types have shown
remarkable responses to this therapy (2, 3). ICIs, as monotherapy
but also as part of a combination therapy, improve results in
terms of Progression Free Survival (PFS) and Overall Survival
(OS) (4–7).
The first tumor types in which immunotherapy was
introduced as part of their treatment algorithms were melanoma,
Renal Cell Carcinoma (RCC) and Non-Small-Cell Lung
Cancer (NSCLC).
Drugs targeting two different checkpoint axis, based on the
T-cell membrane (PD-1 and CTLA-4), have shown clinical
activity and, indeed, concentrate the biggest evidence in terms
of disease control and the largest number of drugs approved and
introduced into the clinical practice. Through their interaction
with ligands found on the surface of antigen presenting cells
(APC) or tumor cells, the immune response is modulated.
Immunotherapy is presented with a specific toxicity profile
with diverse types of inflammatory-mediated side effects. The
incidence and characteristics of the different adverse events
associated with ICIs depend on the patients’ profile, cancer
diagnosis and type of agent used.
The most common toxicities of ICIs occur at the skin,
gastrointestinal mucosa, liver, endocrine glands and respiratory
tract (8) but almost every tissue or organ can be affected.
From the pathophysiological point of view, both benefit and
toxicity occur as consequence of immune activation. Due to
this common etiology, an association between the appearance of
irAEs and the benefit of immunotherapy has been proposed (9).
Thus, the development of irAEs has been suggested to be
predictive of improved tumor response and better survival in
some cancer patients treated with ICIs. However, the occurrence
of irAE is not strictly necessary for achieving treatment’s
benefit (10).
Nowadays, an increasing number of co-stimulatory and coinhibitory signals participating in the immune response are being
identified and targeted. The knowledge about the interactions
between them focuses most of the research on this field.
These advances, in terms of disease control and survival,
have led to a very significant increase in the number of patients
treated with immunotherapy. This large volume of patients
receiving immunotherapy has highlighted the need to improve
the understanding of the mechanisms of action, the interrelation
between the immune signals and the potential toxicity profiles.
Therefore, to improve patient selection it is necessary to
consider predictive biomarkers of benefit but also to ensure a
correct assessment of their susceptibility to develop irAEs.

MECHANISMS OF IRAES
The pathophysiology of irAEs is still under investigation and is
not fully understood. Several mechanisms are hypothesized as
possible contributors in the development of immune-mediated
effects. Autoantibodies, T-cell infiltration, interleukins and other
inflammatory cytokines have been proposed to account for the
occurrence of irAEs (16).
Regarding autoantibodies, in a study of patients treated with
ICIs, the identification of autoantibodies correlated with the
development of hypophysitis and pneumonitis (17). Another

MECHANISMS OF ACTION OF ICIS
The immune system protects against tumor growth but also
modifies tumor immunogenicity (11). During this process, some
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study of patients treated with pembrolizumab showed that, up to
80% of patients who developed hypothyroidism had antithyroid
antibodies compared with 8% of patients with normal thyroid
function (18).
Cytokines levels, at baseline but also after the treatment, have
been associated with the development of irAEs (19).
CTLA-4 related adverse events are different from those
developed with anti-PD1 therapy since CTLA-4 inhibits T cells
in the beginning of the immune response while PD-1 blocks
T-cell in peripheral tissues and in a more advanced step of the
immune response.
The interaction or relationship between benefit and toxicity,
in terms of immune related effects, has been reported in different
studies (20, 21) and a deeper knowledge of this interplay will
facilitate the identification of risk factors and will help to
implement prevention and follow-up strategies.

= 0.28) (25). Similarly, positive association between irAEs and
survival outcome has been demonstrated in a large cohort of
NSCLC Italian patients treated with anti-PD1 agents. Specifically,
higher ORR, longer PFS and longer OS were observed in patients
who developed irAEs compared to those who did not. Of note,
the median OS (mOS) in patients with irAEs was 20.50 vs.
8.5 m, irrespective of the type of irAE (26). In a retrospective
French cohort of 270 patients the outcomes were also better in
patients with irAEs, showing an OS NR vs. 8.21 m, respectively
(HR = 0.2); the PFS was 5.2 vs. 1.97 m (HR = 0.42); and ORR
was 21.3 vs. 5.7% (27). Similar data has been observed in an Asian
study about patients treated with ICIs in which DFS is higher in
the subset of patients who developed toxicity (28). Other similar
series have been published reporting similar outcomes (29, 30).
Moreover, in NSCLC setting the influence of multisystem
irAEs in survival has been researched and the presence of an irAE
in more than one system or organ is associated with improved
survival (21).
Also in melanoma cancer patients, a relationship has been
described between irAEs and clinical outcomes. Longer mOS
has been reported in melanoma patients treated with ICIs who
presented toxicity compared to those who did not (21.9 vs.
9.7 m), respectively (31). Higher disease control rate has also been
reported in patients with irAEs (69.8 vs. 49.3%) (32). In a realworld cohort including almost 200 patients, a greater OS and PFS
was observed in melanoma patients who experienced irAEs than
in those who did not, with reported data of NR vs. 9 m and 28 m
vs. 5 m, respectively (33).
Focusing on the severity of the toxicity, a Canadian cohort
of advanced melanoma patients treated with anti-PD1 agents
observed a mOS of 39 vs. 23 m for any irAE and no irAE,
respectively, and mOS NR vs. 29 m for grade ≥ 3 irAEs and no
grade ≥ 3 irAEs, respectively (34).
Despite this data, some studies have reported controversial
results regarding the association between irAEs and efficacy
with ICI, showing no statistically significant better outcomes in
patients with toxicity (35) and similar ORR (58.3 vs. 50.2%) (36).
In other solid tumors, this interaction between toxicity and
results, has been confirmed. A retrospective study which included
renal cell cancer patients demonstrated better PFS in patients
with irAEs, although this benefit was not reflected in OS (37). In
a study in renal cell cancer patients treated with anti-PD1 agents,
a greater OS was reported for patients experiencing toxicity vs.
those without toxicity (35.9 vs. 26.5 m, respectively) (38).
In head and neck cancer and gastrointestinal tumors, better
outcomes have been reported too in those patients with irAEs vs.
those without toxicity (39, 40).
Lastly, a meta-analysis which includes most relevant studies of
different types of tumors has demonstrated a positive association
between irAEs and survival regardless of the localization of the
primary tumor, type of ICI and irAE (41).
Table 1 summarizes the results about the impact of irAEs and
corticosteroids in terms of PFS and OS in the different types of
tumors.

ASSOCIATION BETWEEN IRAES AND
PROGNOSIS IN SOLID TUMORS
Immunotherapeutic agents are widely used in different types
of advanced tumors as melanoma, lung cancer, renal clear
cell cancer, head and neck cancer and gastrointestinal cancers
among others.
There is a subset of patients who benefit most from
immunotherapy with long-term survival. The identification of
these patients through biomarkers or specific features has been
a crucial point for the scientific community in recent past
years (22).
In retrospective studies, the presence of irAEs has been
associated with clinical benefit. ICIs can induce side effects
through the inflammation with lymphocyte infiltration at
any organ and consequently a system dysfunction. Most
irAEs are mild and transient, nevertheless, sometimes
they can be life-threatening. In fact, this can limit
retreatment with ICIs after a toxicity or also it can lead to
permanent dysfunctions and in some cases, patients may
not recover from the adverse event. IrAEs not only affect
the immunotherapy rechallenge, they may also impact in
the potential subsequent antineoplastic treatment that the
patient will receive, especially if the patient does not recover
the adequate organ function, and finally, they can impact on
patients survival.
Despite this, recent publications have reported a relationship
between irAEs and clinical efficacy in cancer patients in terms of
response rate, PFS and OS (23).
In the case of lung cancer, a comprehensive retrospective
study trying to identify biomarkers of long-term responders
in advanced NSCLC patients that received ICI, suggests the
presence of irAEs as a prognostic factor for better survival
(24). In the same line, another publication of NSCLC patients
treated with nivolumab in advance setting, has shown that
the development of irAEs is associated with better PFS [9.2
months(m) vs. 4.8 m; HR = 0.52] and OS (NR vs. 11.1 m; HR
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TABLE 1 | Type of tumor and OS, PFS of different studies.
Type of tumor

NSCLC

Melanoma

Renal cell

References

OS (months)

PFS (months)

irAEs

Without irAEs

irAEs

Without irAEs

Haratani et al. (25)

NR

11.1

9.2

4.8

Cortellini et al. (26)

20.5

8.5

10.1

4.1

Grangeon et al. (27)

NR

8.2

5.2

2

Ahn (42)

24

11.6

7.4

3.3

Ricciuti et al. (29)

17.8

4

8.5

2

Indini et al. (31)

21.9

9.7

NA

NA

Bastacky et al. (33)

NR

9

28

5

Sou et al. (34)

39

23

NA

NA

Labadie et al. (37)

NA

NA

20.5

10.1

Elias et al. (38)

35.9

26.5

17.8

6.6

Head and neck

Foster et al. (39)

12.5

6.8

6.9

2.1

Gastrointestinal

Das et al. (40)

32.4

8.5

32.4

4.8

IMPACT OF STEROIDS,
IMMUNOSUPPRESSIVE TREATMENT AND
ANTIBIOTICS IN CLINICAL OUTCOMES IN
PATIENTS WHO DEVELOP IRAES

However, these conclusions about the impact of
corticosteroids and antibiotics on ICIs benefit must be
interpreted with caution due to the retrospective design
and the low level of evidence of the majority of the studies
published on these topics.

Corticosteroids are the mainstay in the management of toxicities
produced by immunotherapy but in some cases the management
of the toxicity does not require their use. It is known that the use
of corticosteroids produces immunosuppression that could lead
to tumor progression. However, whether the patients who needs
steroids to manage the irAE have different prognosis compared
to those who do not remains an unanswered question.
In order to investigate this point, a metanalysis was recently
published suggesting a worse OS in patients taking steroids for
supportive care reasons, but if the purpose of the treatment is to
manage adverse events related with immunotherapy the OS was
not affected (43).
These data are consistent with another study including
different types of tumors. They observed that patients with irAEs
that required steroids presented higher PFS but no differences in
OS (44).
Following the same line, patient survival has not been affected
by the use or not of immunosuppressants in the context of
toxicity due to immunotherapy in patients with melanoma (45).
In conclusion, the published data suggest that the use of
steroids to manage irAEs does not impact in the survival of
the patients.
Antibiotics may also be potentially useful in treating irAEs.
Antibiotics therapy led to an antibiotic-associated dysbiosis
that appears to be detrimental to ICI efficacy (46). Several
studies have evaluated this situation, but the evidence on the
impact of antibiotics used to treat an irAE on the benefit
of immunotherapy is much more limited (47). In a recent
systematic review and meta-analysis, OS and PFS in patients
treated with immunotherpy were negatively associated with the
use of antibiotics but varies significantly between different types
of tumors (48).

Frontiers in Medicine | www.frontiersin.org

DISCUSSION
Diagnosis and management of irAEs is challenging and requires
continuously updated diagnostic and monitoring tools.
Given that different immune checkpoint inhibitors may have
distinct mechanisms of action, the incidence, severity and the
tissue affected may vary.
The incidence of irAEs upon ipilimumab treatment (antiCTLA4) is dose dependent, with up to 80% of patients
experiencing some adverse events when treated at a dose of 10
mg/kg (49). Rates of irAEs with anti-PD-1/PD-L1 treatment are
similar to those anti-CTLA4 and range from 70 to 85% but severe
toxicities (G3-4) are less frequent (50).
Several factors can impact on ICIs treatment outcome. irAEs
and their treatment are one of the most studied.
This is especially important given that the immune
mechanisms involved in disease control are, in many cases,
very similar to those that trigger immune-mediated toxicities.
Therefore, treating the secondary effects can generate a decrease
in immune activity and, as a consequence, a lower efficacy of the
treatment (51).
The development of an adverse effect may have multiple
consequences. The inflammation of the organ or tissue can be
permanent and lead to organ failure. In addition, toxicity may be
associated with clinical deterioration of the patient. All of this can
limit or condition the use of subsequent treatments and impact
the patient’s survival and quality of life. However, with irAEs, this
negative impact of permanent sequelae, is under debate and is
conditioned by different factors and clinical situations.
Corticosteroids and antibiotics are the most commonly
prescribed medications for the treatment of AEs during
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immunotherapy and both of them can impact on ICIs
treatment efficacy.
Due to their immunosuppressive effects, treatment with
corticosteroids is associated with worse outcomes in terms
of efficacy (52). However, the time at which they are
initiated and the reason for which they are prescribed seem
to play a role in the consequences of their use on the
disease control.
When administered to control the symptoms of the disease,
they have a negative effect on the efficacy that does not seem to be
equally obvious when they are used in the context of an irAE (53).

Further research is needed to improve the knowledge about
the interactions created between the different checkpoints
involved in the immune response. Due to this increasing
complexity, a multidisciplinary team is necessary to ensure an
optimal management of these toxicities that can become serious
and/or permanent.
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