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Setting the scene - a future ‘epidemic’ of
immune-related adverse events in association with
checkpoint inhibitor therapy

Maria V. Bermudez' and Sophie Papa

Abstract

2,3

Cancer immune therapy with checkpoint inhibitors (CPIs) has changed the landscape of treatment for a
growing number of indications. These drugs are associated with a specific mechanism of action that has
profound implications for both immunology and inflammatory disease. This article looks to set the scene
covering the history of CPI therapy to date and outlining the likely future developments.
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Rheumatology key messages

e Checkpoint inhibitors (CPls) are the standard of care for a growing number of cancer indications.
o CPI toxicities reflect the tolerance breaking/pro-inflammatory mechanism of action of these drugs.
o An exponential growth in use of these drugs over the coming years is expected.

History of cancer immune therapy

Since 2600 Bc, the observation, made by Imhotep (an
Egyptian polyglot and physician), that intentionally infect-
ing a growing tumour can lead to regression has under-
written a role for the immune system in cancer therapy.
William Coley consolidated this in the late 1800s into an
Food and Drug Administration (FDA)-approved bacterial
inoculate for soft tissue sarcomas. Throughout the 20th
century, advancement in molecular biology and refine-
ment of animal models of cancer have permitted a blos-
soming in our understanding of host immunity and cancer
evolution. We now know that the interplay between a nas-
cent cancer and an infiltrating immune response can elim-
inate the neoplastic cells or begin the process of editing
them into a tumour that ultimately escapes immune
system control [1].

A successful tumour capitalizes on multiple mechan-
isms to evade an immune response. Put another way,
there are multiple points at which the biology of cancer
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immune evasion can potentially be capitalized upon
for cancer immunotherapy [2]. Examples from clinical
translation include inadequate support of tumour-
reactive T cells from secreted factors such as cyto-
kines—exemplified by high-dose bolus IL-2, a therapeutic
option for melanoma and renal cell carcinoma patients [3,
4], availability of tumour-associated antigens for recogni-
tion by tumour infiltrating lymphocytes (TILs) through
oncolytic viral therapy (which potentially releases neo-epi-
topes to antigen-presenting cells in the tumour micro-
environment or draining lymph nodes for presentation to
TILs) [5] or through adoptive cell therapy with neo-epitope
selected TILs [6]. Ultimately the greatest clinical break-
through to date, in manipulating a hosts immune response
against an established tumour, has been realized through
checkpoint inhibitor therapy (CPIl), monoclonal antibodies
directed against inhibitory checkpoints involved in attenu-
ating T cell-mediated immune responses and/or maintain-
ing peripheral tolerance.

CPI therapy: clinical success

The cytotoxic T-lymphocyte antigen-4 (CTLA-4), a
member of the immunoglobulin super-family of receptors,
was first identified in mice in the 1980s [7]. It was shown to
be an alternative binding partner for the ligands of the co-
stimulatory T cell receptor CD28, with T cell inhibitory
properties [8, 9]. Inhibition of CTLA-4 on T cells in a
murine model of colon cancer established the principal
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of blockade of inhibitory checkpoints as a potential strat-
egy in cancer immune therapy [10]. CTLA-4 regulates T
cells in the early immune response, predominantly in
lymph nodes, and acts as a competitive CD28 homo-
logue. It has a higher affinity for B7-1 (CD80), and to a
lesser degree B7-2 (CD86), than does CD28 for these lig-
ands [Fig. 1] [11]. T cell receptor signalling rapidly results
in upregulation of CTLA-4 on the cell surface [12]. On
CD4" T cells, CTLA-4 down-modulates helper T cell ac-
tivity and enhances immunosuppression mediated by
regulatory T cells [13].

Programmed cell death protein 1 (PD-1) was next to be
identified in the 1990s [14]. PD-1 is expressed on lymph-
oid and myeloid immune cells [15]. Its ligands, PD-L1 and
PD-L2, are widely expressed in cancers and stromal cell
populations [Fig. 1]. It suppresses T cells in peripheral
tissues and acts at a later stage in the immune response
than CTLA-4. The PD-1/PD-L1 pathway has an important
role in the prevention of autoimmunity. PD-1 binds to PD-
L1 and PD-L2, leading, in the case of PD-L1, to inhibition
of both T cell proliferation and the production of pro-in-
flammatory cytokines [16]. Building on CTLA-4 and PD-1
biology, there has been a rapid expansion in our under-
standing of the role of inhibitory checkpoints in cancer
immune evasion, with the resultant identification of mul-
tiple inhibitory receptors, including lymphocyte activation
gene (LAG)-3, VISTA, T cell immunoreceptor with Ig and
ITIM domains, T-cell immunoglobulin and mucin-domain
containing-3 and OX40 [17]. Following from the

observation that CTLA-4 blockade in murine models
leads to rejection of established cancer clinical, develop-
ment of blocking monoclonal antibodies to inhibitory
checkpoints and their ligands has blossomed.

Melanoma the ‘immunogenic cancer’

Melanoma is a model cancer for the development of im-
munotherapy. This is in part due to practicality.
Melanoma, both primary and metastatic disease, is rela-
tively accessible to biopsy. As a result, cell line develop-
ment for preclinical research has resulted in a broad array
of available models for immune therapy development.
Spontaneous remissions of established melanomas have
been documented through time and a good prognosis is
associated with autoimmune vitiligo. Both phenomena are
attributed to an active endogenous anti-tumour immune
response [18]. The discovery of tumour-associated anti-
gens with the potential to activate TILs through endogen-
ous T cell receptors began with antigens identified in
melanoma [19]. More recently, the development of plat-
form technologies to enable a detailed understanding of
somatic mutational burden in cancers has identified mel-
anoma as the highest scoring tumour by anatomical loca-
tion [20]. Tumour mutational burden (TMB) is linked to the
immunogenicity of a cancer and, in part, to the efficacy of
CPlIs [21].

In the late 2000s, a meta-analysis of phase 2 advanced
melanoma studies described a median survival of

Fic. 1 Diagram of the interplay between CD28 and CTLA-4 and their shared ligands and PD-1/PD-L1
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Blockade of inhibitory checkpoints with specific antibodies leads to release of T cell activation.
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6.2 months (95% CI 5.9-6.5). No meaningful progress had
been made for decades through drug development efforts
in the disease [22]. Ipilimumab, an anti-CTLA-4 monoclo-
nal antibody, was the first immune CPI to show an overall
survival benefit in a randomized phase 3 trial. Melanoma
patients were treated with ipilimumab and a vaccine to
glycoprotein 100 (gp100), ipilimumab alone or gp100 vac-
cine alone. The median overall survival was 10.1 months,
and 10.0 months in combination with gp100 vaccine,
compared with 6.4 months for gp100 alone [23]. These
data resulted in the first regulatory approval for a drug
for melanoma in decades and heralded the beginning of
a new era of cancer therapy. A key observation, borne out
in subsequent studies of CPI in melanoma and other dis-
eases, is that within the population who gain benefit from
CPI therapy there is a subset who have long-term disease
eradication. This ‘long tail on the survival curve’ repre-
sents a paradigm shift in outcomes and expectations in
the CPI era [24].

The PD-1 targeting monoclonal antibodies pembrolizu-
mab and nivolumab followed ipilimumab into the clinic in
2015 [25, 26]. Targeting PD-1 on cytotoxic T cells resulted
in greater efficacy and reduced rates of toxicity compared
with CTLA-4 targeting with ipilimumab. The differing
immunobiology of CTLA-4 and PD-1 in immune tolerance
paved the way for strategies to combine more than one
CPI, with the expectation of synergy. The CheckMate 067
study compared ipilimumab monotherapy to nivolumab
alone or in combination with ipilimumab [27]. At 4years
of follow-up the median overall survival has not yet been
reached for the combination therapy arm. Strikingly, more
than half of patients treated with a nivolumab-containing
regimen are alive at 4 years [28]. This represents a remark-
able change in survival potential for patients with
advanced melanoma [22].

In the past year we have seen regulatory approvals for
nivolumab and pembrolizumab for the treatment of re-
sected stage 3 melanoma [29, 30]. This is another step
change in the number of melanoma patients for whom
exposure to CPls is considered as the standard of care.
Introducing immune therapy earlier in the disease pro-
cess, in a population where a significant proportion are
cured already of the cancer, raises the bar further when
considering risks associated with treatment.

Beyond melanoma

Melanoma is in reality a relatively rare disease. When we
look at the TMB in common cancers, diseases such as
lung and bladder cancers do not sit far behind melanoma
[20]. The years since 2015 have seen a remarkable
number of single-agent CPI clinical trials of PD-1- and
PD-L1-targeting antibodies leading to regulatory ap-
provals in thoracic cancers, Merkel cell carcinoma, renal
cell carcinoma, urothelial cancers and squamous cell car-
cinomas of the head and neck and skin, to name but a few
[31-38].

For the majority of these and other indications, the
impact of CPl monotherapy is not as remarkable as that
seen in advanced melanoma. Inevitably this has led to

https://academic.oup.com/rheumatology

combination strategies moving from concept to impact.
In the field of thoracic malignancies, combining anti-PD-
1/PD-L1 therapy with platinum-containing chemotherapy
is having an increasing impact [35, 39]. Similarly, in renal
cell carcinoma and non-small cell lung cancer, the com-
bination of ipilimumab and nivolumab (albeit at different
doses than the regimen licensed in melanoma) is translat-
ing into routine clinical practice [40, 41].

New indications coupled with trials of combination stra-
tegies directed at improving CPI response rates continue
to feed an expediential increase in the use of this new
class of drugs. Practical considerations such as cost to
health care systems, the impact of side effects and the
small population who gain meaningful long-term disease
control exemplify the need to focus translational
strategies on patient selection and management of toxi-
cities to ensure CPI therapy delivers impact and minimizes
risk to the populations treated.

Predicting response

Selecting a population of patients more likely to gain
benefit from CPls is desirable. Similarly, identifying futility
and helping the selection of populations for trials of com-
binations to improve impact would reduce the exposure of
patients to risk for no return. To date, potential biomarkers
for CPI therapy have focused on PD-L1 expression and
the TMB.

PD-L1 is widely expressed in the microenvironment of
tumours. It is not restricted to tumour cells themselves,
but is found in stroma and draining lymph nodes. PD-L1
has been studied as a biomarker in a range of indications.
In melanoma, PD-L1 expression is not widely adopted as
a biomarker, as responses are seen to PD-1-directed
drugs in patients with undetectable levels of PD-L1 in
tumour biopsies. In CheckMate 067 for example, patients
were stratified by PD-L1 expression of >1% or <1%. Low
PD-L1 expression did not predict lack of response to
single-agent nivolumab but did define a greater progres-
sion-free survival benefit for the combination of ipilimu-
mab and nivolumab. In contrast, the higher PD-L1
subgroup appears to gain less benefit from the addition
of ipilimumab to the PD-1 backbone therapy [28]. In thor-
acic malignancies, the role of PD-L1 testing is less con-
troversial. There is patient selection in place for first-line
pembrolizumab based on PD-L1 expression in tumour
and stroma [34]. In the second-line setting, the role of
PD-L1 selection is much less convincing and licensing is
agnostic to PD-L1 expression [32, 38]. The biology of PD-
L1 upregulation goes some way towards explaining the
lack of consistency/clarity about PD-L1 as a biomarker
of efficacy alone. Inflammatory cytokines released by infil-
trating immune cells in a tumour microenvironment lead to
rapid upregulation of PD-1 in cytotoxic T cells and PD-L1
in the stroma. The timing of biopsy for PD-L1 testing and
the ever-changing immune microenvironment in a tumour
will influence the degree of expression seen at any one
time. This dynamic nature of immune checkpoints makes
basing treatment decisions on one biomarker alone a po-
tentially unsatisfactory approach.
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The TMB has been show to correlate in part with the
likelihood of benefit of CPI therapy in particular tumour
groups [20]. Indeed, in a series of 27 different tumour
types, a correlation was seen between rates of TMB and
response rates with PD-1/PD-L1 therapy [21]. The FDA
has licensed pembrolizumab for the treatment of unre-
sectable or metastatic microsatellite instability-high or
mismatch repair deficient (dMMR) solid tumours that
have progressed following prior treatment [42]. This deci-
sion was based on the objective response rate of 39.6%
(95% CI 31.7, 47.9) observed in 149 patients with micro-
satellite instability-high or dAMMR tumours across 15 dif-
ferent tumour types. The biology of prediction of benefit
based on genetic signatures of high TMB makes sense,
however, >60% of microsatellite instability-high/dMMR
unstable tumours did not respond to treatment in the
pembrolizumab study, again highlighting the unsatisfac-
tory nature of a single biomarker of response for CPI ther-
apy. In non-small cell lung cancer, TMB as a biomarker of
ipilimumab and nivolumab efficacy is particularly challen-
ging. Initial interpretation of very immature data appeared
to suggest a clear role for the TMB in selecting patients for
ipilimumab and nivolumab vs platinum-based chemother-
apy, but as data has matured, the relationship has
become much less clear and further follow-up is required
[40].

Ultimately we do not yet have a biomarker that can pre-
dict response to CPI therapy with confidence. Work is
ongoing to define cut-off levels for the TMB and to bring
together immune signatures that may act as robust guides
to the use of these drugs in the clinic.

Toxicity

Ipilimumab and nivolumab as single agents were non-
toxic in a preclinical cynomolgus monkey model. In clinical
trials, overall adverse event (AE) incidences of >50% are
reported. The AEs seen in the studies of CPI therapy are
specific and unique to the mechanism of action of these
drugs. Side effects are due to immune activation syn-
dromes and to likely self-antigen-specific autoinflamma-
tory and autoimmune immune-related AEs (irAEs). Indeed,
irAE rates >45% are consistently reported in clinical trials
[43]. There are clear differences between the different CPI
targets. Ipilimumab therapy demonstrates a dose-de-
pendent increase in the risk of irAEs that is not seen
with PD-1/PD-L1 targeting [44, 45]. Combining CTLA-4
and PD-1 targeting leads to a demonstrably increased
risk of irAEs [27, 28, 41]. Targeting the different check-
points results in overlapping and distinct patterns and
rates of irAEs, underpinning the differing immunobiology
of the checkpoints immune systems utilize [46]. Furthering
our understanding of the immunobiology of irAEs is crucial
to improve patients’ outcomes as use expands.

Future directions

Cancer immunotherapy is a multibillion dollar market,
which is rapidly expanding. The use of CPI therapy is
increasing exponentially as new indications reach
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regulatory approval. This overview has aimed to cover
the journey to date. In so doing, it has highlighted that
despite the excitement associated with this new class of
drugs, we are still failing to deliver impact in the majority of
patients treated. In an attempt to address this, CPI ther-
apy is increasingly being studied in combination with other
immunotherapies (including novel immune checkpoints,
cell therapies and oncolytic viral therapies), targeted
therapies and conventional chemotherapy drugs. In fact,
if you search cancer clinical trial databases in 2019, the
number of studies under way involving CPIs as combin-
ation partners is vast and difficult to fathom from the pos-
ition of a cancer clinician.

A few approaches have reached advanced stages of de-
velopment, with optimism of imminent clinical impact.
Oncolytic viral therapy, with the licensed virus talimogene
laherparepvec (T-VEC), is one such example [47]. In a small
phase 1b trial of 21 advanced melanoma patients, combin-
ation therapy with pembrolizumab was well tolerated and
the response rate was promising [48]. A phase 3 study has
completed recruitment, with early results expected in late
2019. Combining targeted therapy approaches with CPI in
renal cell carcinoma and melanoma is relatively advanced,
with results expected in the next 1-2years.

Novel checkpoints are under investigation with antibo-
dies in clinical development to co-inhibitory checkpoints
and stimulating antibodies to co-stimulatory checkpoints.
The most advanced target in clinical development is LAG-
3, with antibodies from more than one pharmaceutical
company in early to late phase trials across multiple indi-
cations [49].

Caution is required however in moving forward with
combination strategies in the absence of reliable methods
of patient selection/stratification. The recent negative
phase 3 study of pembrolizumab + the indoleamine 2,3-
dioxygenase inhibitor epacadostat highlights the risk
associated with rapid clinical development of combin-
ations in unselected populations.

Conclusion

Cancer immune therapy with CPIs has changed the face
of systemic anticancer therapy for a growing number of
indications. The potential for long-term disease control in
the context of advanced disease makes this class of
therapeutic exciting. However, key challenges remain,
including patient selection, cost and lack of efficacy.

Ultimately CPI therapy will continue to increase expo-
nentially, bringing with it a growing burden of irAEs in the
clinic and on the wards. Oncology needs to work closely
with inflammatory disease specialist teams to ensure we
are learning from the increasing prevalence of irAEs and
striving to develop evidence-based approaches to their
management.
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