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FIGURE 1

Some of the main ligands and receptors present on the surface of tumour and immune cells that are targets
for approved and emerging immuno-oncology therapies
These targets are exploited by tumours to evade the immune system, and so represent an opportunity for immuno-oncology (IO) intervention.
Ligands and receptors are represented as ball and cup structures, respectively, with approved therapies highlighted in red and emerging
therapies highlighted in black. Other emerging IO targets are not located on the surface of cells, and so cannot be represented in this diagram
(e.g. indoleamine 2,3-dioxygenase, which is an intracellular enzyme)
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Abstract: Until recently, cancer therapy comprised of four main
types of treatment: surgery, radiotherapy, chemotherapy and targeted
therapy. Over the past decade, immuno-oncology (IO) has emerged
as a novel and important approach to cancer treatment through the
stimulation of the body’s own immune system to kill cancer cells. This
newly recognised method of treating cancer is rapidly developing, with
many accelerated approvals by the US Food and Drug Administration
and European Medicines Agency in 2019.
Several therapeutic classes have emerged within IO, and are the
focus of this review article. In particular, the immune checkpoint
inhibitors have had remarkable success across multiple malignancies,
and are the most well-established therapeutic class of IO agents to
date. Biomarker testing for the programmed death-ligand 1 (PD-L1)
checkpoint target has been developed and is now obligatory before
treatment with pembrolizumab (Keytruda, Merck) when used for nonsmall-cell lung carcinoma, gastric cancer, head and neck squamous
cell carcinoma and cervical cancer, as well as before treatment with
atezolizumab (Tecentriq, Roche) when used for urothelial carcinoma.
However, ambiguity remains as to the relevance of PD-L1 expression
for checkpoint inhibition therapy for other tumour types. More

recently, combining IO agents with conventional therapies has been
evaluated with some significant improvements in patient outcomes.
While IO agents are rapidly changing the standard of care for
those with cancer, there are still many challenges to overcome in
terms of managing their toxicities and ensuring that healthcare
systems, such as the NHS, can afford the high cost of these
therapies. The IO pipeline also includes chimeric antigen receptor
T-cell therapies and cancer vaccines, both of which show great
promise for the future but have their own unique toxicity and costeffectiveness issues.

Introduction

chemotherapy agents (analogues of nitrogen mustard gas) meant
that cancers which were more complex or had metastasised,
and could not be successfully treated by surgery or radiotherapy,
could now be addressed. Furthermore, chemotherapy agents
have since been developed that work at different stages of the cell
cycle, and can be used in combination to prevent the development
of resistance.
The fourth development was targeted cancer therapies (also
known as precision therapies). This was established with the
discovery of imatinib (Glivec; Novartis) in the late 1990s — a smallmolecule kinase inhibitor targeted to the mutant BCR-ABL protein
present in the tumour cells of patients with chronic myeloid
leukaemia (CML), but not in their healthy cells5.
This concept of using modern structural biology and drug
discovery methods to produce small molecules, proteins, antibodies and even cellular therapies designed to target unique
biomarkers associated with tumour cells, but not healthy cells, is
now considered to be the ‘gold standard’ approach for discovering
new cancer treatments. Currently, four major treatment modes
— surgery, radiotherapy, chemotherapy and targeted agents —
are frequently used in combination to ensure that all cancer
cells are eradicated from the body. During the past decade, the
first immuno-oncology (IO) treatments (e.g. checkpoint inihibitors) have emerged, which work by harnessing the body’s own

Cancer incidence rates have steadily increased over the past
20 years, while mortality rates have shown a considerable
decline1. Although significant variation in survival rates is still
observed across cancer types (i.e. there are more 200 distinct
diseases recognised), for most types, survival is improving owing
to earlier diagnosis and improved treatments2,3.
Treatment has undergone a slow evolution from its start in
the 1800s, with the sequential development of four main recognised modes of treatment. The first was surgery, which was made
possible after the discovery of general anaesthetics in the late
1800s4. This was a revolutionary development because it was the
first time the disease could be completely eradicated as long as
the tumour was small and well-defined.
The second development was radiotherapy, established at the
end of the 19th century, which utilises X-rays and/or G-rays to
damage the DNA within tumour cells, thus blocking essential
biochemical processes and leading to cell death4.
The third development, chemotherapy, was discovered in the
1940s, during World War II, when it was observed that individuals
exposed to mustard gas suffered myelosuppression4. Clinicians
speculated that patients with proliferative diseases (e.g. leukaemia) might benefit from treatment with agents of this type that
kill highly proliferating cells. Crucially, introduction of the first
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immune system to kill tumour cells6. They are presently showing
great promise in the clinic, and are the main focus of this review.
Immune checkpoint proteins are found on the surface of T-cells
and act as regulators of the immune system. They are crucial for
self-tolerance, and prevent the immune system from attacking the
body’s own cells indiscriminately, thus allowing a distinction to
be made between ‘self’ and ‘non-self’7. Immune checkpoints also
play a vital role in preventing uncontrolled immune responses by
modulating the duration and amplitude of a physiological immune
response, thus preventing collateral damage, which is why the
term ‘off-switch’ is sometimes used to describe their role. It is
known that tumours adopt certain immune checkpoint pathways
as a mechanism to evade an immune response towards them7. For
example, some tumour cell types express these proteins on their
surface to disguise themselves as ‘self’, allowing them to go unnoticed by the immune system and promoting tumour progression8.
PD-1 (programmed death 1) is an example of an inhibitory
checkpoint receptor protein found on the surface of T-cells that
normally acts as an ‘off-switch’ after interaction with the PD-1
ligand (PD-L1), a protein expressed on the surface of normal cells.
However, PD-L1 is expressed by many types of tumour cells and
upregulated in some, thus activating the ‘off-switch’ and protecting the malignant cells from an immune attack9,10. Immune
checkpoint inhibitors (ICPis), such as the anti-PD-1/PD-L1 agents,
prevent the interaction between PD-L1 on tumour cells and PD-1
on T-cells, allowing the immune system to launch an antitumor response.
Many observers believe that, over the next decade, IO agents
could become the fifth acknowledged cancer treatment modality11,13. Some of the main ligands and receptors present on the
surface of tumour and immune cells that are targets for approved
and emerging IO therapies are summarised in Figure 1.

History of immuno-oncology
It has long been known, but is now increasingly appreciated,
that tumour cells can be recognised and disabled by the immune
system. Some tumours show evidence of spontaneous regression early in their development, suggesting that the immune

system may be capable of recognising and eliminating early-stage
tumour cells14.
Observation of spontaneous remissions in patients led to the
foundation of the area of IO. A spontaneous remission is defined
as a reduction in severity of, or disappearance of, the signs and
symptoms of a disease, without any apparent cause and in the
absence of treatment. This is most often noted in patients who
have recently had acute infections, especially when this results
in fever which appears to stimulate the immune system. It is now
recognised that, in some cases, the immune system is capable
of completely eliminating a tumour. Spontaneous remissions
have been observed in most cancer types, but most frequently in
advanced melanoma, renal cell carcinoma (RCC) and urothelial
carcinomas, although the phenomenon has also been reported
in breast cancer, neuroblastomas, some sarcomas and embryonal cancers15.
William Coley was the first to investigate the potential for IO,
and successfully treated malignancies based on immune stimulation in the 1890s16. After discovering that cancer patients who
contracted post-surgical infections seemed to improve faster than
those who did not, he investigated the use of bacteria to stimulate
and enhance the body’s natural immune response to fight cancer.
Through these studies, he later developed Coley’s toxin, which
was based on attenuated bacteria and is thought to be the first
known IO therapy17.
A later development involved the Bacillus Calmette-Guerin
(BCG) vaccine, originally produced in the early 1900s for use
against tuberculosis (TB), and first used therapeutically for TB in
the 1920s. However, its role in cancer therapy dates back to 1929
when a reduced incidence of cancer among patients with TB was
observed at autopsy18. Experiments revealed that BCG produced
a profound stimulation of the mononuclear phagocyte system
(also known as the reticuloendothelial system), which was recognised as an important defense against cancer. Furthermore, it was
observed that neonates who had been immunised with BCG had
a significantly lower incidence of leukaemia later in their lives16.
This background and basic understanding of IO sparked an
interest in the use of BCG for other types of malignancies, in
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particular bladder cancer. Early investigations demonstrated
responses in patients with melanoma metastatic to the bladder when treated with intralesional BCG. In light of this success,
work in animal models led to publication of the results of the first
successful clinical trial of intravesical BCG in patients with recurrent bladder cancer16.
It is now understood that intravesicularly adminstered BCG
attaches to bladder tumours and urothelial cells via specific
fibronectin and integrin receptors. Following internalisation
by macropinocytosis, the mononuclear phagocyte system is
stimulated by the BCG, inducing a local inflammatory response
characterised by the infiltration of granulocytes, macrophages
and lymphocytes. Important elements of the humoral immune
response to BCG include the interleukins (ILs) IL-1, IL-2, IL-6,
IL-8, IL-10, IL-12, tumour necrosis factor alpha (TNF-a) and interferon gamma (INF-g)19. More recently, studies have shown that
BCG contains high levels of CpG oligodeoxynucleotide motifs that
are known to induce the TNF-related apoptosis-inducing ligand
(TRAIL) through IFN production16. Intravesical BCG is still indicated for the treatment and prevention of recurrence of some
types of non-invasive bladder cancers20,21.

Classification of immuno-oncology agents
The categorisation of IO agents is challenging and there is
significant crossover and ambiguity with emerging agents. The
classification devised and utilised throughout this review is
represented in Tables 1–4. For example, ICPis (see Table 1) are
sometimes classified separately to monoclonal antibodies (mAbs;
see Table 2), yet the ICPis are, themselves, monoclonal antibodies. The Cancer Research Institute takes two broad approaches
to classification based on treatment type or cancer type22. Few
observers employ the three very broad categories that have
emerged over the years: non-specific cytokines, cancer vaccines
and mAbs23.
Another approach is to classify IO agents from a mechanistic perspective as ‘active’ or ‘passive’. However, this is perhaps
too simplistic, as it does not properly reflect the many possible
complex drug–host–tumour interactions24,25. In this review,
passive naked mAbs, such as the ICPis (see Table 1) and those
directed at other external and internal cellular targets (see Table
2), are grouped adjacently, while conjugated mAbs (i.e. antibody–drug conjugates and immunotoxins; see Table 3) and active
therapies (see Table 4) are classified separately.
The mAbs form the largest and best-characterised group
of passive IO agents. Within this broad group are the ICPis
(see Table 1), which constitute the most promising emerging
area at present. Several active immunotherapies are licensed as
IO agents (see Table 4), and these fall into four groups: immunomodulatory agents, cancer vaccines, oncolytic viruses and
CAR-T cell therapy. The latter is a newly emerging therapy that is
generating significant interest. It involves the collection of T-cells
from cancer patients followed by their ex vivo modification and
re-administration to the same patient. Currently there are only
two approved CAR-T cell therapies (Yescarta, Kite Pharma; and
Kymriah, Novartis), although many more are in the pipeline26,27.

Pharmacogenomic and precision medicine approaches to
immuno-oncology
Drug discovery and development in the IO area is moving rapidly
toward a pharmacogenomic approach, where biomarkers are
identified in biopsy material from tumours so that predictions can
be made about which therapies would be the most efficacious for
a given patient28,29.
A recent retrospective study in a large number of pancreatic
cancer patients (n=1,856) highlighted the significant effect a precision medicine approach can have on survival, particularly in cancer
types with poor outcomes172. In this study, it was shown that
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patients with actionable mutations (including some associated with
checkpoint inhibitors) who received matching targeted therapies
had longer overall survival times by up to 1.07 years compared to
those receiving only unmatched therapies, respectively.
For the main families of IO agents, the anti-PD-1/PD-L1 and
anti-cytotoxic T-lymphocyte-associated protein-4 (anti-CTLA-4)
agents, the clinical data relating to target expression and response
to therapy is complex. For example, there are reports of responses
to treatment irrespective of PD-L1 expression. There is also ambiguity around the thresholds used to define ‘positive’ and ‘negative’
biomarker expression values. For example, for PD-L1, ‘weak positive’ is defined as 1–49% expression and ‘strong positive’ as greater
than 50% expression30. These broad definitions suggest that PD-L1
is not a clear dichotomous biomarker, and there is a need to find
new biomarkers for IO treatments with increased specificity and
reproducibility. The PD-1/PD-L1 biomarker assays available, the
response rates in PD-L-positive and PD-L-negative patients, and
emergent biomarkers are briefly addressed below.

PD-1/PD-L1 biomarker assays
The PD-L1 ligand, which is expressed on the surface of some
tumour cell types, is a vital molecular target for around half of all
ICPis approved to date. Binding of this ligand to PD-1 receptors,
expressed on the surface of T-cells, blocks their inhibitory activity
toward tumour cells. PD-L1 is also expressed by various normal
cells but is up-regulated in tumour cells and tumour-infiltrating
immune cells, thus protecting them from an immune response31.
Therefore, testing patients for tumour cell PD-L1 expression may
lead to better clinical outcomes if they are selected for treatment with anti-PD-L1 agents. Early clinical studies investigating
PD-L1 expression and the subsequent response of patients to
the anti-PD-L1 agent nivolumab (Opdivo, Bristol-Myers Squibb)
demonstrated the potential benefit of pharmacogenomic testing; in PD-L1-positive patients the objective response rate
was 36%, while in PD-L1-negative patients there were no
responses32. However, later reports from other clinical trials (e.g.
NCT01642004, NCT01668784 and NCT02008227) showed that
positive responses with prolonged overall survival can occur
(compared with current standards of care) in PD-L1-negative
patients33–36. Therefore, based on the results of meta-analyses of
clinical trial data, it is evident that PD-L1 expression status alone is
insufficient to determine whether patients should be offered PD-1
or PD-L1 therapy33.
Nivolumab (anti-PD-1) and atezolizumab (anti-PD-L1) were
both approved without PD-L1 testing, while pembrolizumab
(anti-PD-L1) is approved for first-line treatment of non small-cell
lung cancer (NSCLC) only after testing patients for PD-L1 expression. An immunohistochemistry (IHC) test is used to determine
biomarker expression, with a threshold set for first-line clinical
use of the agent. PD-L1 expression must be greater than 50% using
the Dako 22C3 IHC assay, whereas for second-line treatment only
greater than 1% expression is required. However, another study
has shown that patients with 5% or more positivity do not have
a benefit over standard chemotherapy28. Complementary PD-L1
tests have been approved by the US Food and Drug Administration (FDA), but are not mandatory other than for pembrolizumab
(which is a companion test; see Table 5)37. There are currently four
other companion PD-L1 assays in development for PD-1/PD-L1
inhibitors28.
It has been postulated that PD-L1 blockade can re-activate
rare tumour-reactive T-cells. This can result in cytokine secretion leading to induction of multiple positive feedback loops
and enhanced antigen presentation, increasing the visibility of
tumour cells to T-cells33. Furthermore, the PD-L1 pathway can
protect tumours from cytotoxic T-cells, disrupting the cancer
immunity cycle by preventing the priming and activation of cytotoxic T-cells, and by up-regulation of PD-L1 on dendritic cells,
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thus resulting in deactivation of cytotoxic T-cells38. Therefore,
it may be more important to establish whether the PD-1/PD-L1
pathway is active in the tumour rather than focusing solely on
expression of the PD-L1 ligand33.
Despite the ambiguity surrounding PD-L1 as a biomarker, there
are currently both companion (i.e. mandatory prior to commencing treatment; currently only approved for pembrolizumab) and
complementary (i.e. intended to provide an aid to clinical decision
making, but not a prerequisite to prescribing) tests approved for
use prior to anti-PD-1/PD-L1 therapy (see Table 5).
A pilot project called ‘Blueprint’ has been launched through a
collaboration between pharmaceutical companies, the FDA and
several oncology organisations in an attempt to clarify some of
the concerns relating to PD-L1 IHC assays (e.g. the cut-off values
for PD-L1 positivity, the interchangeability of different assays and
data reproducibility). Initial results suggest that assays may vary
in performance, and that there is potential for false-positive or
negative results with assays of this type. In particular, the Blueprint project compared the analytical performance of the four
validated assays and found that three (i.e. the 22C3, 28-8 and
SP263 assays) produced similar outcomes based on a tumour
proportion score, although immune cell staining was poor28.
One harmonisation study revealed that the scoring of tumour
cells was reproducible, yet staining patterns were not similar in all situations, and the scoring of immune cells gave low
concordance39. Multiple studies have suggested that the 22C3
and 28-8 tests may be used interchangeably, while SP142 and
SP263 may not28.

Response rates in PD-L1-positive and PD-L1-negative patients
There are multiple reports of PD-L1-negative patients responding
to anti-PD-L1 IO agents, and immunostaining of tumour biopsies
has revealed a possible explanation for this40,41. There can be
significant heterogeneity of expression of PD-L1 across an individual biopsy, with areas of no or very low PD-L1 expression but
others with very dense expression42. Therefore, a patient may be
categorised as PD-L1-negative if the area analysed from a biopsy
shows no staining, whereas other regions of the tumour missed
during the biopsy may have dense PD-L1 expression. Thus, it
may not be possible to conclude from a single biopsy whether a
patient is definitively PD-L1-negative or PD-L1-positive. While a
higher level of PD-L1 expression has been associated with more
favourable response rates to anti-PD-1/PD-L1 agents in some
studies, positive responses have also been observed in some
PD-L1-negative patients. Therefore, PD-L1 does not appear to
offer binary discrimination of responsiveness43.
Another possible contributory factor is that PD-L1 is not a
static biomarker, but is dynamic with the degree of expression
dependant on many biological processes. For example, there
are genetic-based mechanisms that lead to constitutive PD-L1
expression, although expression can also be induced by the
presence of T-cells44. Therefore, a tumour may be PD-L1-negative at a given point in time because there is no T-cell infiltrate,
but this situation may be reversed owing to an immune response
that itself may be stimulated by treatment with IO agents.
Finally, biomarker heterogeneity of expression can arise owing
to a variety of other factors, including: the stage of disease; prior
treatments (e.g. type of chemoradiotherapy); tumour mutation
status (e.g. PD-L1 expression in NSCLC is regulated by several
oncogenic drivers, such as estimated glomerular filtration rate
and anaplastic lymphoma kinase, that can alter expression
levels); and concomitant medication use (e.g. corticosteroids)45.
Emergent biomarkers
There are too many emergent biomarkers in the IO area to
describe in detail in this review; however, some examples are
outlined below.

Tumour mutational burden (TMB) is a measure of the number
of mutations within a tumour genome, and a high TMB has been
shown to be associated with a favourable outcome for ICPis. For
example, many tumours that respond to anti-PD-1 agents (e.g.
melanoma, NSCLC and bladder cancer) have a high mutational
load28. Some studies have attempted to correlate mutational load
in NSCLC and melanoma with a response to ICPis, but the results
have been unable to prove that a high mutational load alone
enhances the response to therapy, therefore, its clinical utility is
presently unclear46.
Although clinically validated biomarkers for predicting response to pembrolizumab include PD-L1 expression (in
specific tumour types) and high microsatellite instability (MSIH; independent of tumour type), several emergent IO-related
biomarkers associated with improved overall response rate (ORR)
and progression-free survival (PFS) for ICPis are being studied.
These include T-cell-inflamed gene expression profile (GEP), TMB
and mutated mismatch repair (MMR) genes. PD-L1 and GEP are
both inflammatory biomarkers associated with a T-cell-inflamed
tumour microenvironment, whereas MSI-H and TMB are indirect
measures of tumour antigenicity derived from somatic tumour
mutations. In a 2018 study of more than 300 advanced solid
tumour and melanoma samples from across 22 cancer types
from four KEYNOTE clinical trials, Cristescu et al. assessed the
potential for TMB and T-cell-inflamed GEP to jointly predict clinical response to pembrolizumab, with patients stratified into four
biomarker-defined clinical groups of: GEP low/TMB low; GEP
low/TMB high; GEP high/TMB low; and GEP high/TMB high28.
The analysis showed that TMB and inflammatory biomarkers
(i.e. T-cell-inflamed GEP and PD-L1 expression) can jointly stratify human cancers into groups with different clinical responses
to pembrolizumab monotherapy, and that TMB and inflammatory biomarkers independently predict response and may be
associated with neoantigenicity (the formation of new antigens
not previously seen by the immune system) and T-cell activation, respectively.
Overall, these studies found that longer PFS was observed for
patients with high TMB and GEP values with a modest correlation between the two, although TMB and GEP could also predict
response independently. However, determining TMB in tissue
samples has several limitations, including heterogenous sample
characteristics and a dependence on the timing of the assay.
Furthermore, assays used to evaluate TMB have not been standardised, and the definition of “high” TMB varies significantly
across different studies47. Most clinical studies carried out to date
have been based on a variety of techniques making it difficult to
compare available data and collate sufficient evidence to support
its clinical use48.
Finally, it has long been established that loss of function
mutations in the MMR pathway are associated with favourable
responses towards PD-1 blockade therapy, hence the interest in
using MMR as a biomarker to predict responses. In an expansion
of a proof-of-concept study reported in 2017 investigating disease
progression in patients with MMR deficiencies across 12 different tumour types, all patients had been previously treated with
pembrolizumab for anything up to 2 years49. Positive results
were noted across all tumour types, with 77% of patients attaining disease control for at least 12 weeks, including 18 who had
complete responses. Therefore, MMR deficiency is now considered a viable biomarker for patient selection for treatment
with pembrolizumab49.
CD45RA is an example of an emerging biomarker for antiCTLA-4 agents. Its baseline expression level in T-cells has been
found to correlate with clinical response to anti-CTLA-4 agents.
Patients with higher numbers of CD45RA- cells compared to
CD45RA+ cells in both CD4 and CD8 T-cell compartments
responded more effectively to anti-CTLA-4 treatment. The
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TABLE 1

Approved immune checkpoint inhibitors as of April 2020
Immuno-oncology agent

Type

Target

Mechanism of action

Ipilimumab (Yervoy, BrisolMyers Squibb)

Human (IgG1)

CTLA-4

CTLA-4 plays an important role in the regulation of T-cell activity. Inhibition of
CTLA-4 blocks T-cell inhibitory signals induced by the CTLA-4 pathway, therefore
releasing the brake on inhibition. This results in proliferation and activation of
T-effector cells which can mobilise and mount an immune response against
tumour cells. Selective depletion of T-regulatory cells at the tumour site leads to
an increase in intra-tumoural T-effector/T-regulatory ratio, thus driving tumour
cell death.

Tremelimumab

Fully humanised (IgG2)

CTLA-4

As above for ipilimumab

Nivolumab (Opdivo, BrisolMyers Squibb)

Human (IgG4)

PD-1

Binds to PD-1 receptor preventing interaction with PD-L1/2 antigens on APCs/
other cells in the tumour microenvironment. PD-1 is a negative regulator of T-cell
activity, thus when inhibited by anti-PD-1 agents potentiates T-cell proliferation and
cytokine secretion.

Cemiplimab (Libtayo,
Regeneron and Sanofi)

Human (IgG4)

PD-1

As above for nivolumab

Pembrolizumab (Keytruda,
Merck & Co Inc.)

Human (IgG4)

PD-1

As above for nivolumab

Avelumab (Bavencio, Merck
kGaA)

Human (IgG1)

PD-L1

Binds to the PD-L1 antigen preventing interaction with PD-1/CD80 receptors, thus
removing the suppressive effects of PD-L1 on CD8+ T cells and allowing a cytotoxic
T-cell response to prevail. An induction of NK cell-mediated direct tumour cell lysis
via the ADCC mechanism can also occur.

Durvalumab (Imfinzi, Astra
Zeneca — Med Immune)

Human (IgG1)

PD-L1

As above for avelumab

Atezolizumab (Tecentriq,
Roche/Genentech Ltd)

Human (IgG1)

PD-L1

Atezolizumab binds directly to PD-L1 and produces dual blockade of PD-1 and
CD80, thus releasing PD-L1/PD-1-mediated inhibition of T-cell activity. The PD-L2/
PD-1 interaction remains.

Sources: Cancer Research Institute22, Ann Oncol27, US Food and Drug Administration133, European Medicines Agency134, DrugBank135, Biochemistry136, Oncologist137, Biochemical Pharmacology138, Journal of Pharmaceutical Sciences139,
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Continued from page S4

Indications (with approval dates)

stage melanoma (second-line; March 2011 (US Food and Drug administration [FDA] and European Medicines Agency [EMA])
• Late
Unresectable
or metastatic melanoma (age 12 years and over; July 2017)
• Adjuvant treatment
(October 2015)
• Intermediate and poorof melanoma
risk
advanced
renal cell carcinoma (in combination with nivolumab; 2018 [FDA])
• Colorectal Cancer (relapsed or refractory
microsatellite instability high/mismatch repair deficient in combination with nivolumab; 2018 [FDA])
•

• Malignant mesothelioma (2015 [FDA] — orphan drug)
in melanoma, with lymph node involvement or metastatic disease after re-section (June 2015 [EMA], 2014 [FDA])
• Adjuvant
Non-small
lung cancer (NSCLC) / metastatic disease(2015 [FDA])
• Metastaticcell
renal
carcinoma (RCC; 2015 [FDA])
• Classical Hodgkincelllymphoma
[FDA])
• Metastatic/recurrent squamous(2016
cell
of the head and neck (SSCHN; 2017 [FDA])
• MSI-H/dMMR metastatic CRC (2017carcinoma
[FDA])
• Hepatocellular carcinoma (2017 [FDA])
• SCLC (2018 [FDA])
• RCC (2017 [FDA] — first line in combination with ipilimumab)
•
• Metastatic cutaneous squamous cell carcinoma (2018 [FDA])
melanoma / adjuvant treatment of melanoma (in adults with lymph node involvement who have undergone complete resection.
• Advanced
Approved by the EMA in October 2018 for adjuvant melanoma therapy; 2014 [FDA], 2015 [EMA])
NSCLC (2015 [FDA], 2018 first line in October 2018 in combination with paclitaxel or nab-paclitaxel, expanded monotherapy 2019)
• Metastatic
Recurrent
SSCHN
(2016 [FDA])
• Classical Hodgkin lymphoma
• Metastatic urothelial carcinoma(2017(2017[FDA])
[FDA])
• MSI-H or dMMR unresectable or metastatic
solid tumours (2017 [FDA])
• Metastatic gastric or gastroesophageal junction
(GEJ) adenocarcinoma (PD-L1+; 2018 [FDA])
• Recurrent or metastatic cervical cancer (second-line,
PD-L1+; 2018 [FDA])
• Primary mediastinal large B-cell lymphoma (PMBCL; relapsed
after 2 or more prior lines of therapy; 2018 [FDA])
• Hepatocellular carcinoma (2018 [FDA])
• Merckel cell carcinoma (2018 [FDA])
• cervical cancer (2018 [FDA])
• Stage III NSCLC (first-line, PD-L1+, not amenable to surgery or chemo-radiation; 2019 [FDA])
• Advanced RCC (2019 [FDA] — first line in combination with Inlyta)
• Metastatic SCLC (2019 [FDA])
• Recurrent locally advanced or metastatic squamous cell carcinoma of the oesophagus (2019 [FDA])
• Endometrial carcinoma (2019 [FDA] — in combination with lenvima)
• BCG-unresponsive, high-risk, non-muscle invasive bladder cancer (2020 [FDA])
•
cell carcinoma (MCC; 2017 [FDA and EMA])
• Merckel
Urothelial
(if disease progression during or following Platinum-based chemotherapy; 2017 [FDA and EMA])
• Advancedcarcinoma
RCC
(in
combination
with chemotherapy; May 2019 [FDA])
•
advanced (Stage III) NSCLC (non-progressive while on chemotherapy; 2017 [EMA], 2018 [FDA])
• Locally
Metastatic
urothelial carcinoma (progression during or following Platinum-based chemotherapy; 2017 [FDA])
•
carcinoma or Metastatic NSCLC (if disease progression during or following Platinum-based chemotherapy; 2016 [FDA], 2017 [EMA])
• Urothelial
NSCLC
(First
line approval in December 2018 in combination with bevacizumab (Avastin), carboplatin and paclitaxel; 2018 [FDA])
• NSCLC in combination
for initial treatment (2019 [FDA])
• Extensive stage small cellwithlungchemotherapy
cancer
(first-line,
in combination with chemotherapy; 2019 [FDA])
• Unresectable, metastatic triple-negative breast cancer
(first-line, PD-L1+; 2019 [FDA])
•
Journal of Antibiotics140, Tetrahedron Letters141, Bristol Myers Squibb142, Cancer Research Institute143, BMJ144, European Society for Medical Oncology145,147,151, The Melanoma Letter146, P T148, Pharmaceutical Technology149, Bristol Myers Squibb150
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TABLE 2

Approved immuno-oncology agents directed against external and internal targets as of April 2020
Immuno-oncology agent

Type

Target

Mechanism of action

Alemtuzumab (Lemtrada;
Campath, Genzyme)

Humanised
(IgG1)

CD52

Selectively binds to CD52 which is expressed at high levels on T- and B-lymphocytes.
Following treatment with Alemtuzumab, rapid and long-lasting depletion of CD52-bearing
B and T cells occurs. The mechanism is not fully understood.

Rituximab (Rituxan;
Mabthera, Genentech)

Chimeric
(IgG1)

CD20

Binds specifically to the Type I CD20 antigen on pre-B and mature B lymphocytes which
is expressed on >90% of the B lymphocytes of B-cell non-Hodgkin lymphoma patients.
Binding results in lysis and death of the B-lymphocytes.

Tositumomab
(Bexxar, GlaxoSmithKline)

Murine
(IgG2a)

CD20

Binds specifically to the Type I CD20 antigen on pre-B and mature B lymphocytes which
is expressed on >90% of the B lymphocytes of B-cell non-Hodgkin lymphoma patients.
Binding results in lysis and death of the B-lymphocytes.

Obinutuzumab
(Gazyva/ Gazyvaro, Roche)

Humanised
(IgG1)

CD20

Binds specifically to the Type I CD20 antigen on pre-B and mature B lymphocytes which
is expressed on >90% of the B lymphocytes of B-cell non-Hodgkin lymphoma patients.
Binding results in lysis and death of the B-lymphocytes.

Continued from page S6

Indication

• B-cell chronic lymphocytic leukaemia (B-CLL; 2001 [accelerated approval] 2007 [regular approval] — FDA)
positive non-Hodgkin lymphoma (November 1997 [FDA], 1998 [EMA])
• CD20
Chronic
leukaemia (CLL; February 2010 [FDA])
• First linelymphocytic
maintenance
use in follicular lymphoma (also approved for Wegener’s granulomatosis and microscopic polyangiitis in 2011 [FDA], and for pemphigus
• vulgaris in 2018 [FDA]; January
2011 [FDA])

• Non-Hodgkin lymphoma (2003 [FDA] — not EMA approved)
untreated CLL (2014 [EMA], 2013 [FDA])
• Previously
Follicular
lymphoma
(Orphan medicine 2015 — [EMA], 2016 [FDA])
• Treatment of naive CLL
in combination with Imbruvica (2019 [FDA])
•

Obinutuzumab binds to Type II CD20, activating intracellular death signalling pathways
and inducing Antibody-Dependent Cellular Cytotoxicity (ADCC).
Ofatumumab
(Arzerra, Novartis)

Human (IgG1)

CD20

Binds specifically to the Type I CD20 antigen on pre-B and mature B lymphocytes which
is expressed on >90% of the B lymphocytes of B-cell non-Hodgkin lymphoma patients.
Binding results in lysis and death of the B-lymphocytes.

Ibritumomab tiuxetan (Zevalin,
Biogen Idec)

Murine
(IgG1) —
Yttrium (90Y)
conjugated

CD20

Binds specifically to the Type I CD20 antigen on pre-B and mature B lymphocytes which
is expressed on >90% of the B lymphocytes of B-cell non-Hodgkin lymphoma patients.
Binding results in lysis and death of the B-lymphocytes.

(2009 [FDA], 2010 [EMA])
•• CLL
Extended treatment for recurrent or progressive CLL (2016 [FDA])
or refractory, low-grade or follicular B-cell NHL (also indicated for previously untreated follicular NHL in patients who achieve a partial or complete
• Relapsed
response to first line chemotherapy; 2002 [FDA] — first line treatment in 2009 [FDA], 2004 [EMA])

The Fab domain binds to CD20 allowing the associated 90Y isotope to kill B-cells
through radiation.
Dinutuximab (Unituxin, United
Therapeutic Europe)

Chimeric
(IgG1)

GD2

Binds to GD2 thus inducing ADCC/ Complement-Dependent Cytotoxicity (CDC)
mechanisms and causing apoptosis and inhibition of proliferation.

high-risk neuroblastoma (2015 [FDA and EMA] [As of April 2017, Unituxin’s marketing authorisation (MA) was withdrawn in the EU (initiated by MA
• Paediatric
holder — United Therapeutics] owing to an inability to supply sufficient quantities to meet current global demand.)

Blinatumomab
(Blincyto, Amgen)

Murine (IgG1)

CD19/ CD3

As a bispecific antibody, it binds to both CD19 on B-cells and CD3 on T-cells thus bringing
them into close proximity. This up-regulates cellular adhesion molecules, the production of
cytolytic proteins, the release of cytokines, and the proliferation of T-Cells.

lymphocytic leukaemia (ALL; orphan medicine 2009, conditional MA 2015, full MA 2018 [EMA], 2014 [FDA])
• Acute
Paediatric
Philadelphia chromosome-negative relapsed or refractory ALL (2016 [FDA] — full approval in 2017)
• Minimal residual
disease ALL (March 2018 [FDA])
•

Daratumumab
(Darzalex, Janssen-Cilag)

Human (IgG1)

CD38

Binds to CD38, inducing broad spectrum apoptosis by Fc-mediated cross-linking, CDC,
ADCC and immune-mediated tumour cell lysis.

Isatuximab-irfc
(Sarclisa, Sanofi)

Chimeric
(IgG1)

CD38

Binds to CD38, inducing broad spectrum apoptosis by Fc-mediated cross-linking, CDC,
ADCC and immune-mediated tumour cell lysis.

and refractory multiple myeloma in patients who have received at least two prior therapies including lenalidomide and a proteasome inhibitor (March
• Relapsed
2020, FDA), in combination with pomalidomide and dexamethasone (March 2020, EMA).

Elotuzumab (Empliciti, BristolMyers Squibb)

Humanised
(IgG1)

SLAMF7

Direct activation of NK cells via the SLAMF7 pathway. Mediation of cell death via ADCC.

• Multiple myeloma (previously received one to three prior medications; 2015 [FDA], 2016 [EMA])
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myeloma (previously treated; orphan medicine 2013, conditional MA 2016, full MA 2017 [EMA], 2015 [FDA])
• Multiple
Newly
diagnosed
myeloma (transplant ineligible) (May 2018 [FDA])
• Newly diagnosed multiple
multiple
myeloma (transplant ineligible) in combination with lenalidomide and dexamethasone (2019)
•
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TABLE 2 (CONTINUED FROM OVERLEAF)

Approved immuno-oncology agents directed against external and internal targets as of April 2020
Immuno-oncology agent

Type

Target

Mechanism of action

Cetuximab (Erbitux, BristolMyers Squibb)

Chimeric
(IgG1)

EGFR

Competitively binds to EGFR, inhibiting the binding of EGF and TGF-α and preventing
activation of EGFR. The binding of anti-EGFR drugs to EGFR on the cell surface induces
receptor internalisation and degradation. EGFR is over-expressed by many human
cancers, namely colorectal cancer. Activation of EGFR results in cell proliferation,
differentiation, migration, adhesion and inhibition of apoptosis. Binding of ligands to EGFR
plays a role in angiogenesis and metastasis of tumour cells.

Panitumumab (Vectibix,
Amgen)

Human (IgG2)

EGFR

Competitively binds to EGFR, inhibiting the binding of EGF and TGF-α and preventing
activation of EGFR. The binding of anti-EGFR drugs to EGFR on the cell surface induces
receptor internalisation and degradation. EGFR is over-expressed by many human
cancers, namely colorectal cancer. Activation of EGFR results in cell proliferation,
differentiation, migration, adhesion and inhibition of apoptosis. Binding of ligands to EGFR
plays a role in angiogenesis and metastasis of tumour cells.

Necitumumab (Portrazza,
Eli Lilly)

Human (IgG1)

EGFR

Competitively binds to EGFR, inhibiting the binding of EGF and TGF-α and preventing
activation of EGFR. The binding of anti-EGFR drugs to EGFR on the cell surface induces
receptor internalisation and degradation. EGFR is over-expressed by many human
cancers, namely colorectal cancer. Activation of EGFR results in cell proliferation,
differentiation, migration, adhesion and inhibition of apoptosis. Binding of ligands to EGFR
plays a role in angiogenesis and metastasis of tumour cells.

Catumaxomab (Removab,
Viventia, Fresenius Biotech)

Humanised

Ep CAM

Binds to CD3 on T-cells, EpCAM on tumour cells and Fc-α on macrophages and NK
cells, causing accumulation of immune cells around EpCAM-positive tumour cells
Catumaxomab stimulates bound NK cells to release cytotoxic mediators. These
can phagocytose and process tumour cells so that their antigens are presented on
MHC II leading to the activation of T-Helper/Killer cells. When antibodies reach higher
concentrations, they can stimulate CDC.

Trastuzumab (Herceptin,
Roche)

Humanised
(IgG1)

HER2

Binds to the HER-2 proto-oncogene found on 20-30% of breast cancer cells, thus leading
to cell death through the ADCC and CDC mechanisms.

Pertuzumab (Perjeta,
Genentech)

Humanised
(IgG1)

HER2

Binds to the HER-2 proto-oncogene found on 20-30% of breast cancer cells, thus leading
to cell death through the ADCC and CDC mechanisms.

Olaratumab (Lartruvo, Eli Lilly)

Human (IgG1)

PDGF-Rα

Binds to PDGF-Rα and blocks ligand-induced tumour cell proliferation.

Bevacizumab (Avastin,
Genentech)

Humanised
(IgG1)

VEGF

Binds to VEGF-A, an isoform of VEGF, preventing its interaction with VEGF receptors
(VEGFRs) such as Flt-1 and KDR on the surface of endothelial cells, thus inhibiting
angiogenesis and reducing tumour growth.

Ramucirumab (Cyramza,
Eli Lilly)

Human (IgG1)

VEGF R2

Binds to VEGF Receptor 2 (VEGFR) on the surface of endothelial cells, thus preventing
the binding of ligands such as VEGF-A, -C and -D, and reducing proliferation, permeability
and migration.

Imiquimod (Aldara; Zyclara,
Valeant Pharma International)

Small
molecule

TLR7

Binds to the TLR7 receptor found on macrophage and dendritic cells, stimulating an innate
and acquired immune response leading to infiltration of inflammatory cytokines (IL-6, IL-8
and TNF), and stimulation of apoptosis in tumour cells.

Tocilizumab — also known as
atlizumab (Actemra, Chugai/
Hoffmann–La Roche/
Genentech

Humanized
(IgG1)

IL-R6

Inhibits the binding of IL-6 to the interleukin-6 receptor (IL-6R), thus reducing proinflammatory cytokine-based responses by competing for both the soluble and
membrane-bound forms of IL-6R.

Sources: US Food and Drug Administration133, DrugBank135, Biochemistry136, Biochemical Pharmacology138, Journal of Pharmaceutical Sciences139, Journal of Antibiotics140, Tetrahedron Letters141, Bristol Myers Squibb142,
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Continued from page S8

Indication
CRC (patients who’s cells express EGFR and contain wild-type versions of RAS; 2004 [FDA and EMA])
• Advanced
Late-stage
SSCHN (2011 [FDA], 2006 [EMA])
•

CRC (Conditional MA 2007, full MA 2015 [EMA], 2006 [FDA])
• Metastatic
Wild-type
RAS
metastatic CRC (2017 [FDA])
•

• Advanced NSCLC (EGFR positive; 2015 [FDA], 2016 [EMA])

• Malignant ascites (2009 [EMA] [Removab was withdrawn from the United States in 2013 and the EU in June 2017 at the request of the MA holder])

breast cancer (1998 [FDA])
• HER-2(+)
metastatic gastric cancer (in combination with other anticancer agents; 2010 [EMA], 2011 and 2017 [FDA] The FDA approved Ogivri [trastuzumab-dkst,
• HER-2(+)
Mylan], a biosimilar for the treatment of HER2 over-expressing breast or metastatic gastric cancer, in 2017)

• HER-2 positive breast cancer (2013 [EMA], 2012 [FDA])
• Advanced soft tissue sarcoma (orphan medicine 2015 [EMA], 2016 (FDA])
CRC (2004 [FDA], 2005 [EMA])
• Metastatic
(combined with chemotherapy/biologic; 2006 [FDA], 2006 [EMA])
• NSCLC
HER-2(-) breast cancer (with paclitaxel; 2008 [FDA], 2010 [EMA])
• Advanced
(progressed following prior therapy; 2009 [FDA])
• Glioblastoma
cell carcinoma (2009 [FDA], 2007 [EMA])
• Renal
cervical cancer (2014 [FDA])
• Metastatic
• Advanced ovarian cancer following surgery in combination with chemotherapy. (2018 [FDA], 2011 [EMA])
cancer (2014 [FDA], 2014 [EMA])
• Gastric
NSCLC (2014 [FDA], 2015 [EMA])
• Aggressive
in combination with folinic acid, 5-FU and Irinotecan in metastatic CRC
• Second-line
• Hepatocellular carcinoma (2019 [FDA])
• Basal cell carcinomas (small and slow growing; 1998 [EMA — Aldara])
• To moderate cytokine release syndrome induced by CAR-T therapy [2017, FDA]
Cancer Research Institute143, BMJ144, European Society for Medical Oncology145, American Association for Cancer Research152, Expert Rev Clin Immunol 175
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TABLE 3

Approved antibody-drug conjugates and immunotoxins as of April 2020
Antibody-drug
conjugates

Approval
date

Indication

Target

Payload

Linker
type

Linker
composition

Moxetumomab
pasudotox-tdfk
(Lumoxiti,
AztraZeneca)

September
2018

Hairy cell Leukaemia

CD22

Pseudomonas
exotoxin A
(bacterial toxin)

Cleavable

Disulphidebonded using
engineered
cysteine residues

Brentuximab
vedotin (Adcetris)

August 2011
(FDA)

Hodgkin lymphoma, anaplastic
large cell lymphoma

CD30

Auristatin
(tubulin inhibitor)

Cleavable

Valine-citrulline

October 2012
(EMA)

First line of stage III or IV
classical Hodgkin lymphoma in
combination with chemotherapy
(as of March 2018)

Trastuzumab
emtansine
(Kadcyla, Roche)

2013 (FDA &
EMA)

HER2-positive metastatic
breast cancer

HER2

DM1 (tubulin
Inhibitor)

Cleavable

Valine-citrulline

Inotuzumab
ozogamicin
(Besponsa, Pfizer)

2017 (FDA &
EMA)

Relapsed or refractory B-cell
precursor Acute Lymphoblastic
Leukaemia (ALL)

CD22

Calicheamicin
(DNA cleaving
agent)

pH and
Redox
Sensitive

AcBut Disulphide

Gemtuzumab
ozogamicin
(Mylotarg, Pfizer)

September
2017 (FDA)

Acute myeloid leukaemia

CD33

Calicheamicin
(DNA cleaving
agent)

pH and
Redox
Sensitive

AcBut Disulphide

April 2018
(EMA)
Tagraxofusp-erzs
(Elzonris, Stemline)

December
2018 (FDA)

Blastic plasmacytoid dendritic
cell neoplasm (BPDCN)

CD123

Diptheria toxin

Fusion

N/A

Polatuzumab
vedotin-piiq (Polivy,
Roche)

June 2019
(FDA)

Relapsed of refractory diffuse
large B-cell lymphoma

CD79b

Auristatin

Cleavable

Valine-citrulline

Enfortumab
vedotin-ejfg
(Padcev, Astellas
and Seattle
Genetics)

December
2019 (FDA)

Locally advanced or metastatic
urothelial cancer

Nectin-4

Monomethyl
auristatin E
(tubulin Inhibitor)

Cleavable

Valine-citrulline

Trastuzumab
deruxtecan
(Enhertu,
Daiichi Sankyo/
AstraZeneca)

December
2019 (FDA)

Unresectable or metastatic
HER2-positive breast cancer
after previous HER2 treatments

HER2

DXd
(topoisomerase I
inhibitor)

Cleavable

Glycine-glycinephenylalanineglycine

Sacituzumab
govitecan-hziy
(Trodelvy)

April 2020
(FDA)

Metastatic triple-negative breast
cancer (mTNBC)

Trop-2

SN-38
(topoisomerase
inhibitor)

Cleavable

PEG-lysine-PAB
(CL2A)

Sources: Journal of Experimental & Clinical Cancer Research153, J Exp Clin Cancer Res154, Clin Cancer Res155, European Medicines Agency156,159,160,162, US Food and Drug Administration157,158,161,163
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CD45RA- biomarker is associated with induction of central and
effector memory T-cells, and so these results suggest that the
CD45RA status of baseline memory CD4 and CD8 T-cells and
CD8 effector memory T-cells may be used to predict response
to anti-CTLA-4 treatment50. Another study looking at clinical
response in melanoma patients treated with ipilimumab found
that patients with normal baseline levels of CD45RO+ CD8 T-cells
responded more frequently to treatment, and a significantly
longer overall survival (OS) was also observed in normal baseline
CD45RO+ patients51.
As IO agents are associated with potentially life-threatening
toxicities, some observers have suggested that it would be preferable for the focus of biomarker research to shift toward attempting
to predict toxicity rather than therapeutic response, thus identifying patients who may better tolerate treatment and gain overall
benefit. This approach may be particularly important for combination therapies, which are generally associated with a greater
frequency of high-grade toxicities.

Increasing the responsiveness of tumours
to the immune system
Tumour immunogenicity varies significantly between cancers
of the same type in different individuals, and between different
malignancies. Some cancers, such as pancreatic ductal adenocarcinoma are considered to be non-immunogenic (i.e. lacking
the ability to induce an immune response)52. Common features of
non-immunogenic tumours include a lack of tumour-infiltrating
lymphocytes (TILs) and a lower response to immunotherapy52,53.
An elevated neutrophil/lymphocyte ratio (from baseline) has been
correlated with poor patient outcomes following immunotherapy
across multiple cancer types54.
A promising related treatment strategy has emerged based
on categorising tumours as ‘hot’ or ‘cold’ from an immunological perspective. For example, if the tumour microenvironment
contains antigen-specific CD8 TILs it is regarded as ‘hot’, because
the extent of infiltration of lymphocytes correlates with the degree
of inflammation, and this has the potential to act as a biomarker to
determine whether a tumour will respond to IO therapy. The aim
is to transform ‘cold’ tumours into ‘hot’ tumours, thus increasing
their responsiveness to IO agents and to prevent these tumours
from ‘cooling off’ and becoming unresponsive to therapy.
Another proposed method to increase the immunogenicity of
tumours is to administer an oncolytic virus to promote a strong
anti-viral immune response55. The resulting cytokine production
(e.g. type-1 interferons) can directly promote the expression of
PD-L1, while chemokines (e.g. CCL3 and CCL4) can attract PD-1/
CTLA-4-expressing immune cells. This increased expression of
cell-surface targets and infiltration of immune cells can facilitate the binding of ICPis and facilitate their effects. A small phase
Ib trial has demonstrated that intralesional injection of herpes
simplex virus (i.e. talimogene laherparepvec) in combination
with systemic anti-PD-1 treatment results in a 62% ORR (and 33%
complete response rate) in patients with metastatic melanoma.
This treatment strategy is accompanied by an increased TIL presence, which has been interpreted as an alteration of the tumour
microenvironment from immunologically ‘cold’ to inflamed and
tumour responsive (i.e. ‘warm’)56.
Although chemotherapy and radiotherapy are generally
regarded as immunosuppressive, it is now accepted that they can
work synergistically with IO-based therapies to achieve additive
clinical benefit57. The mechanism is thought to involve induction of
immunogenic cell death by chemotherapy that causes the release
of damage-associated molecular patterns — host biomolecules
with the ability to initiate an inflammatory immune response that
can increase the responsiveness to IO agents.
Radiation-induced cancer cell damage can expose tumourspecific antigens, thus making them visible to the immune system

and leading to promotion of the priming and activation of T-cells58.
Radiotherapy can also modulate the tumour microenvironment to
facilitate the infiltration of immune cells, and can activate innate
and adaptive immune responses through the stimulation of STING
(stimulator of interferon genes), a pathway that plays a critical role
in anticancer immunity.

Evidence of efficacy
IO agents focus on the tumour microenvironment, thus allowing
the immune system to produce efficient antitumour responses
via negative regulatory pathways such as PD-1/PD-L1 and
CTLA-459. The ICPis (see Table 1) have consistently provided
outstanding clinical outcomes across many tumour types
(e.g. NSCLC and advanced RCC), leading to many accelerated
approvals from the FDA and European Medicines Agency (EMA),
regardless of PD-L1 and CTLA-4 expression status. Approvals
and clinical guidance are based upon three main outcome measures: OS, PFS and ORR.
The KEYNOTE-407 trial found statistically significant
improvements in OS, PFS and ORR for patients receiving
pembrolizumab plus chemotherapy, compared with randomised
placebo plus chemotherapy, in patients with NSCLC, regardless
of histologic subtype or PD-L1 expression. The investigators
concluded that there was a high level of activity compared with
chemotherapy alone for PD-L1-negative patients60,61. Significant
PFS and OS were also observed across differing PD-L1 expression levels in patients with NSCLC who had received durvalumab
(Imfinzi, AstraZeneca) following chemoradiation treatment62.
Durvalumab has also shown significant activity in late-stage
NSCLC; study results showed that it significantly increased
the OS rate at 24 months to 66.3% compared with 55.6% in the
placebo groups, and PFS was also improved by more than 30%
when compared with placebo (i.e. 17.2 months vs. 5.6 months,
respectively). This result was pivotal because it was the first
time that an IO treatment had improved survival in patients
with late-stage NSCLC63. In addition, the findings of a phase III
randomised trial evaluating the use of an IO–biologic combination therapy, compared with a biologic monotherapy in patients
with advanced RCC, revealed PFS and ORR benefits in patients
irrespective of PD-L1 expression40. In addition, a randomised
controlled study revealed that nivolumab was associated with
higher ORRs than chemotherapy in patients with ipilimumabresistant metastatic melanoma. The ORR for nivolumab was
40.0% — significantly higher than that for dacarbazine at 13.9%,
and complete response rates were 7.6% and 1.0%, respectively. The subgroup analyses found that nivolumab-treated
patients had improved OS when compared with chemotherapy,
regardless of PD-L1 status64. While these studies implied that
determining PD-L1 expression prior to treatment was of little
importance, other reports suggested improved outcomes for
PD-L1-positive patients65. Researchers who studied the effects of
adding nab-paclitaxel to atezolizumab therapy in triple-negative
breast cancer patients emphasised the importance of determining PD-L1 expression status to inform treatment choices, with
their results suggesting that most of the benefit, but not all, was
realised in the PD-L1-positive subgroup66.
Although the current approvals are for combinations with
existing therapies, the likely growth of further approvals of both
single and combination therapies in the near future could alter the
standard of care across many tumour types in the next decade
and beyond. The PD-1/PD-L1 pathway is now considered to be
one of the most promising areas of IO, and is the backbone of IO
research and development67. For example, all six approved antiPD-1/PD-L1 agents received approval within a three-year period
(see Table 1), and clinical trial data have demonstrated activity
across many different tumour types with prolonged and durable responses. Although PD-1/PD-L1 modulation is considered to
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TABLE 4

Approved immuno-oncology therapies with an ‘active’ mechanism of action as of April 2020
Therapy type

Immuno-oncology agent

Type

Target

Mechanism of action

Chimeric
antigen
receptor (CAR)
T-cell therapy

Tisagenlecleucel (Kymriah,
Novartis AG)

N/A

CD19

A patient’s own T-cells are harvested and genetically
engineered (i.e. re-programmed) with a transgene
encoding a CAR which can identify and eliminate
CD19-expressing cells.

Axicabtagene ciloleucel
(Yescarta, Gilead)

N/A

CD19

Engineered T-cells bind to CD19-expressing tumour cells
and normal B-cells. CD28 and CD3 co-stimulatory domains
activate downstream signalling cascades, thus leading to
T-cell proliferation and activation. This results in apoptosis
and necrosis of CD19-expressing tumour cells.

Aldesleukin (Proleukin, Novartis
AG)

Lymphokine

IL2R

Aldesleukin binds to IL-2 on immune cell receptors creating
an activated receptor complex that results in the growth
and differentiation of T-cells.

Interferon Alfa-2a/-2b (Roferon
A/Intron A, Sumitomo Dainippon
Pharma/Cadila Health care /
Merck & Co Ltd)

Protein

IFNAR1 IFNAR2

Complex and not fully understood mode of action; upregulation of MHC Class I proteins which leads to enhanced
activation of CD8+ T cells.

Pexidaratinib (Turalio)

Small molecule

CSF-1R pathway

Small molecule tyrosine kinase inhibitor that targets CSF1R, KIT and FLT3, thereby inhibiting the proliferation of cell
lines dependant on CSF-1R.

BCG live (TheraCys; TICE;
ImmuCyst, Shire Plc)

Attenuated

FAP

BCG attaches to FAP expressed by tumour cells on
the bladder wall and is internalised into macrophages
through macropinocytosis. This induces a local
inflammatory response.

Sipuleucel-T (Provenge,
Dendreon)

Cell transplant
therapy

PSA

The precise mechanism is unknown but is thought to
act via APCs to stimulate a T-cell immune response
targeted against PAP, an antigen highly expressed in many
prostate cancers.

H101 (Oncorine, Shanghai Sunway
Biotech Co Ltd)

Serotype
5 human
adenovirus

Virally- induced
marker of
cellular stress
(e.g. MIC-A/B)

The virus can target, infect and kill tumour cells. The exact
mechanism is not fully understood but is thought to involve
a dual mechanism of selective killing of tumour cells and
induction of systemic anti-tumour immunity.

Talimogene laherparepvec (T-Vec;
Imlygic, Amgen Inc.)

Herpes
Simplex Virus 1

Surface nectins

Modified HSV1 (deletion of ICP43.5 and ICP47) with the
ability to preferentially replicate in and lyse cancer cells,
causing the release of tumour-derived antigens.

Other immune
regulators

Vaccines

Oncolytic virus
therapy

Sources: US Food and Drug Administration133, DrugBank135, Biochemistry136, Biochemical Pharmacology138, Journal of Pharmaceutical Sciences139, Journal of Antibiotics140, Tetrahedron Letters141, Bristol Myers Squibb142,
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Continued from page S12

Indication

aged up to 25 years with B-cell ALL that is refractory or in second or later stage relapse (2017 [FDA], orphan medicine 2014 [EMA])
• Patients
Large
B-Cell
Lymphoma (2018 [FDA], orphan medicine 2016 [EMA])
•

large B-cell Lymphoma (2014 [FDA], orphan medicine)
• Diffuse
Primary
large B-Cell Lymphoma (2015 [FDA], orphan medicine)
• B-cell ALLmediastinal
(2017[FDA])
•

Renal Cell Carcinoma (1992 [FDA])
• Metastatic
• Metastatic Melanoma (1998 [FDA])

Malignant Melanoma (1996 [FDA — intronA])
• Advanced
AIDS
associated
sarcoma (1988 [FDA — intronA and RoferonA])
• Hairy cell leukaemiaKaposi’s
(1985/1989
• CML (1995 [FDA — RoferonA]) [FDA — intronA/ RoferonA])
•

• Tenosynovial giant cell tumour (2019 [FDA])

• Urothelial Carcinoma (1990 [FDA])

cancer (metastatic/hormone resistant; 2010 [FDA] 2013 [EMA] [Withdrawn in the EU in May 2015 at the request of the Marketing Authorisation holder
• Prostate
for commercial reasons])

and neck cancer (2005 [FDA and SFDA])
• Head
Oesophageal
cancer (2005 [FDA])
•

• Melanoma (injectable, but non-resectable lesions in the skin and lymph nodes; 2015 [FDA] 2016 [EMA])

Cancer Research Institute143, BMJ144, European Society for Medical Oncology145, Cancer Immunol Immunother164, Oncologist165, I Int J Cancer166, P T167, Cancer Sci168, Front Oncol169, Clini Cancer Res170
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TABLE 5

TABLE 6

Immunohistochemistry assays to measure PD-L1 expression
Therapeutic
agent

Companion
antibody
clone
(antibody
host
species)

Instrument
and
detection
systems

FDA/EMA
status*

Nivolumab
(Opdivo, BristolMyers Squibb )

28-8 — Dako
(Rabbit)

EnVision Flex on
AutostainerLink
48

Complementary/
CE Mark

≥5% Membranous staining
of tumour cells (minimum
100 cells evaluated)

Second line
NSCLC

No

Pembrolizumab
(Keytruda,
Merck )

22C3 — Dako
(Mouse IgG1)

EnVision Flex on
AutostainerLink
48

Companion/CE
Mark

≥1% Membranous staining
of tumour cells or immune
cells that are intercalating
or at the tumour surface.
The FDA indication in
NSCLC for pembrolizumab
requires a proportion score
of ≥50%, as does the EMA
approval for HNSCC.

First and
Second line
NSCLC

Yes

Atezolizumab
(Tecentriq,
Genentech)

Durvalumab
(Imfinzi,
AstraZeneca )

SP142 —
Ventana
(Rabbit)

SP263 —
Ventana
(Rabbit)

OptiView
detection and
amplification
on Benchmark
ULTRA

OptiView
detection and
amplification
on Benchmark
ULTRA

Definition of
positive test

Complementary
(approved by
the FDA as a
complementary
diagnostic tool
for atezolizumab
treatment in
patients with
metastatic
NSCLC whose
disease has
progressed
during or
following
platinumcontaining
chemotherapy,
as well as
for urothelial
carcinoma)/CE
Mark

Each specimen is assigned
a score based on tumour
cell and immune cell PD-L1

Complementary/
CE mark

≥25% Membranous staining
of tumour cells

Indication

PD-L1
status
required
prior to
starting
treatment

No

PD-L1 ≥50%
•TC3/IC3
PD-L1 5-49%
•TC2/IC2
PD-L1 1-4%
•TC1/IC1
•TC0/IC0 PD-L1 <1%
Scoring algorithm is based
on either the percentage of
PD-L1-expressing tumour
cells or immune cells of any
intensity; PD-L1 expression
in ≥50% tumour cells or
≥10% of immune cells
may be associated with
enhanced OS.

No

compared with the anti-PD-1/PD-L1 agents suggests this might
be an area for further development, there have been multiple
reports of high-grade toxicities69. Despite this, CTLA-4 blockade is associated with durable and consistent survival benefits in
some patients70. Therefore, researchers are keen to find ways to
manage or overcome these toxicities so that new indications and
combination therapies can be explored.

Current research
As of September 2017, 58% of all clinical trials evaluating IO
therapies were combination trials, 82% of which involved either
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Respiratory

Sources: Science28, Ther Adv Med Oncol29

be a relatively established area of IO, there are ongoing efforts to
discover novel agents of this class to treat new indications.
Importantly, five-year follow-up data from the phase 3
KEYNOTE-006 trial reported in 2019 have confirmed that
pembrolizumab is superior to ipilimumab for the treatment
of melanoma in patients who have had no more than one
prior systemic therapy68. The median OS was 32.7 months for
pembrolizumab versus 15.9 months for ipilimumab.
There are currently only two anti-CTLA-4 agents (ipilimumab
and tremelimumab) approved for use in both melanoma and
mesothelioma. Although this narrow spectrum of indications

Skin

Gastrointestinal

Gastric (≥1%),
HNSCC
(≥50%) and
cervical
cancer (≥1%).

Locally
advanced
NSCLC (CE
mark only) /UC

Toxicity

Hepatotoxicity

(≥50% first line,
≥1% 2L),

Second line
NSCLC

Immune-related adverse advents associated with immune checkpoint inhibitors treatment
(including incidence and onset of presentation)
Incidence
the most frequent
• Amongst
¼ of patients experience rash — >G3 rashes are rare (<3%)
• Almost
• 25-35% of patients experience pruritis — severity greater with combination therapy
and hypothyroidism have been reported; the latter is more common
• Hyper
Incidence
from 5%-10%, up to 20% observed (depending on dose and mono/
• combinationvaries
therapy)
• Rarely higher than Grade 2
in up to 10% of patients — 1-2% is Grade 3 with ICPi monotherapy
• Occurs
• Occurs in up to 30% of patients with combination therapy — of which 15% is Grade 3
common associated irAE — 27-54% of patients treated experience diarrhoea and
• Most
8-22% experience colitis (when treated with anti-CTLA-4 monotherapy)
most frequent/severe of irAEs associated with ICPi therapy as compared to other
• Often
toxicities
• Incidence much less for anti-PD-1/PDL1 treatments
is 1.5-2.0-times more frequent with anti-PD-1 therapy compared to anti• Pneumonitis
CTLA-4 monotherapy
• Combination therapy — up to 3 times more likely to experience irAE (Grade 3)

Onset after initiation
of treatment
2–3 weeks

6–7 weeks

6–14 weeks
5–10 weeks

8–14 weeks

Sources: Ann Oncol90, Oncologist171

another IO agent, a targeted therapy and/or a cytotoxic agent,
while around 16% of combination trials involved PD-L1 antagonists and 20% CTLA-4 inhibitors70. However, as of September
2019, there were 1,469 more active clinical trials evaluating PD-1/
PD-L1 mAbs alone or in combination with other agents, with 76%
of these active trials investigating combination therapies71.
NSCLC, melanoma and non-Hodgkin’s lymphoma have been
at the forefront of IO research since its infancy, although, in recent
years, interest in other malignancies such as renal, pancreatic
and advanced (metastatic) cancer have significantly increased72.
However, since 2014 the average number of planned enrolments has declined from an average of 429 to 129 patients per
trial, reflecting the shift in focus from major tumour types (e.g.
melanoma and breast cancer) to rarer cancers with a significantly
smaller eligible population71.
Current clinical research efforts are focussed largely on
combining recently approved IO agents with either another IO
agent or an existing treatment (i.e. chemotherapy or radiotherapy). Data from 2018 show that there are more than 1,700 clinical
trials worldwide assessing combinations of anti-PD-1/PD-L1
agents with other cancer therapies, including anti-CTLA-4 agents
(n=339), chemotherapy (n=283) and radiotherapy (n=114)72. This
shift from monotherapies to combination therapies within clinical trials has resulted in 14 approvals of combination therapies by
the FDA, with the three most common being PD-1/PD-L1 inhibitors in combination with chemotherapy, CTLA-4 inhibitors and
vascular endothelial growth factor (VEGF)-targeted therapies (as
of September 2019)71.
T-cell immunoreceptor with immunoglobulin and immunoreceptor tyrosine-based inhibition motif domains (TIGIT) is an
immune receptor present on the surface of some T-cells and
natural killer (NK) cells. Similar to PD-1, it is an inhibitory checkpoint that is upregulated in multiple cancer types (e.g. melanoma,
colon and renal cancer) and also plays a role in the activation
and maturation of T-cells and NK cells73. The associated ligand,
poliovirus receptor (PVR), is highly expressed on the surface of
dendritic, endothelial and some tumour cells. TIGIT plays a vital

role in suppressing the antitumour immune response within the
tumour microenvironment. Therefore, blockade of binding to the
ligand PVR may suppress its immunosuppressive signalling and
allow the co-receptor CD-226 pathway to resume its T-cell activating functions74. The NCT02794571 and NCT02913313 trials
are investigating TIGIT-blocking antibodies, both as monotherapy or as part of a combination with the PD-1/PD-L1 blocking
antibodies atezolizumab and nivolumab, respectively75. The trial
NCT03119428 that was evaluating the safety and tolerability of
OMP-31M32 as a single agent or in combination with nivolumab
was terminated in 201976.
OX40, a member of the TNF receptor family, is primarily
expressed on CD8 T-cells, NK cells and neutrophils. Its ligand,
OX40L, is expressed by B-cells and macrophages, and binding
of OX40 to its ligand modulates T-cell activation and effector function. Studies in pre-clinical models have demonstrated
that anti-OX40 antibodies can increase antitumour immunity
and improve tumour-free survival77. Currently, multiple OX40targeted antibodies are being evaluated in several phase I/II
clinical trials, either as a monotherapy or in combination with
other IO agents74–79.
Recent evidence suggests that activation of the STING pathway,
a major innate immune pathway, is involved in the generation
of spontaneous antitumour T-cell responses. STING activation
within antigen-presenting cells in the tumour microenvironment
leads to production of IFNb and spontaneous generation of antitumour CD8 T-cell responses. In addition, it has been observed
that a deficiency in this pathway increases susceptibility to
tumour progression. Therefore, the deliberate activation of the
STING pathway has been identified as a major research area for
the future80.
Indoleamine-pyrrole 2,3-dioxygenase (IDO) is a hemecontaining enzyme encoded by the IDO1 gene. With other
related enzymes it catalyzes the first and rate-limiting step in
the kynurenine pathway (i.e. the oxygen-dependent oxidation of L-tryptophan to N-formylkynurenine). It has been
implicated in immune modulation by limiting T-cell function
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FIGURE 2

The most common immune-related adverse events associated with the use of immune checkpoint inhibitors
Abx: Antibiotics; CRP: C-reactive protein; G: grade; irAE: immune-related adverse event

Endocrine toxicity

common in combinations
• More
Rarely higher than G2, often long-term
•Mitigating
endocrine toxicity
Routine
blood
tests for TSH and FT4 prior to every
•infusion, at least once
a month
TSH across two measurements with normal
•or Falling
low T4 suggest hypothyroidism
Managing endocrine toxicity
Thyroxine initiated according to blood results/
symptoms (hypo)
Beta-blockers for symptomatic patients (especially
if overactive)
Where carbimazole or steroids are required,
withhold treatment until recovery from symptoms.
Rare endocrine toxicity
Hypophysitis — inflammation of the anterior lobe
of pituitary gland
Diagnosis — brain MRI
Management — >G2 withhold treatment,
initiate HRT, consider high dose steroids for
neurological complaints.

•
•
•
•
•
•

Dermatological toxicity

Common irAE (often first to develop)
•Mitigating
skin toxicity
Avoid
skin
Use regular topical emollients
•Managing skinirritants.
toxicity

G1-2
Mild-moderate topical steroids, with or without
antihistamines for itch
Proceed with treatment, butexclude other causes
and consider dermatology referral/skin biopsy
G3
Withhold treatment, start potent topical steroids
Initiate oral/IV steroids
Re-commence treatment at G1/mild or G2 after
patient/consultant discussion
Consider punch biopsy/photography
G4
IV steroids
Seek urgent dermatology review and
discontinue treatment
Punch biopsy and clinical photography

•
•
•
•
•
•
•
•
•

Respiratory toxicity
Hepatotoxicity

Occurs in 5-10% of patients during monotherapy,
•25-30%
combination

common with anti PD-1/combinations
• More
Cough/dyspnoea common, rarely >G2
•Mitigating
respiratory toxicity
Delayed
onset
•and symptoms — monitor patients for early signs

Mitigating hepatotoxicity
Measure serum transaminases and bilirubin before
every treatment and review medications
Managing hepatotoxicity
G1 — continue treatment and monitor
G2 (ALT or AST 3-5x ULN) Withhold treatment, if
rising ALT/AST when re-checked — initiate steroids.
Liver function tests every 3 days
G3 (ALT or AST 5-20x ULN)
Cease treatment and commence oral/IV steroids
G4 (ALT or AST >20x ULN)
Permanently discontinue treatment and start
IV steroids

Managing respiratory toxicity
G 1-2
Radiographic changes/mild-moderate new
symptoms — withhold treatment, monitor symptoms
every 2–3 days
Start antibiotics if suspect infection — no
improvement at 48h add in steroids
G 3-4
Discontinue treatment, admit patient and carry out
baseline tests
Commence IV steroids and empiric antibiotics
Review at 48h — no improvement start infliximab,
continue IV steroids

•

•

•
•

•
•
•

Gastrointestinal toxicity

Most frequent and severe (G3 or higher) of irAEs associated with anti-CTLA-4 treatment.
•Mitigating
GI toxicity — Monitor patients for symptoms (e.g. persistant diarrhoea), biological abnormalities
(e.g. anaemia, increased CRP) and dehydration
Managing GI toxicity
G 1-2
Continue treatment and manage as outpatient (oral fluids, loperamide and avoid high fibre/lactose diet).
If patient is unwell manage as per severe and withhold treatment. Consider steroids if no bloody stools.
G 3-4
Hospitalisation/ isolation until infection excluded, withhold treatment. Commence IV steroids, request
gastroenterology input.

•
•
Adapted from Pharm J 86
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and engaging mechanisms of immune tolerance. Previous studies have suggested that IDO becomes activated during tumour
development, helping malignant cells escape eradication by the
immune system. Furthermore, IDO expression is closely linked
to both CTLA-4 and PD-1/PD-L1 expression via several complex
pathways. For example, the IDO enzyme, which is an intracellular
target, can be induced by the interaction of PD-1 with PD-L1 on
the surface of mast cells. It is expressed by various tumour types
and, in many, high IDO expression correlates with poor survival
and prognosis81. Pre-clinical and early phase clinical trials have
shown that a combination of CTLA-4 blockade with IDO inhibition can provide more effective antitumour immunity, making
IDO a potential novel target for IO therapy. Current IDO inhibitors
are small-molecule rather than antibody-based, and examples
include indoximod, epacadostat and navoximod, which have been
studied both alone and in combination.
Another experimental IO target is the glucocorticoid-induced
tumour necrosis factor receptor (GITR), a surface receptor molecule involved in inhibiting the suppressive activity of
T-regulatory cells and extending the survival of T-effector cells.
Thus, GITR has the capacity to promote effector T-cell functions
and impede T-regulator suppression. The anti-GITR antibody
TRX518 was developed to target GITR and bind in an agonistic
fashion. This agent reached phase I clinical trials in 2010, with
safety reports published in 2019, and led to combination studies with anti-PD-1 agents in patients with advanced refractory
tumours82. Another study investigated the use of the anti-GITR
antibody MK-4166, both as a monotherapy and in combination
with pembrolizumab82. Overall the results showed that mild
immune-related adverse effects(irAEs) were common, occurring
in more than 20% of patients after treatment with MK-4166 in
combination with pembrolizumab, with only one dose-limiting
toxicity of bladder perforation in a urothelial patient-reported.
An ORR of 69% was achieved in ICPi-naïve melanoma patients,
which included four complete and five partial responses.
However, although these results were promising, the sample
size was small (n=13).
Lymphocyte activation gene 3 (LAG3), also known as CD223,
is a cell surface protein expressed on activated CD8+ T-cells and
other immune cells, which enhances the regulatory T-cell activity and negatively regulates cellular proliferation and activation
and T-cell homeostasis. It specifically inhibits CD8+ effector
T-cell functions and can enhance the suppressive activity of
T-regulators. Multiple models have demonstrated that blockade
of LAG3 with mAbs can augment T-cell function, although the
mechanism(s) by which this occurs are poorly understood83.
LAG3 is often co-expressed with other inhibitory proteins,
especially PD-1. Several pre-clinical studies have suggested the
potentially greater therapeutic benefit of dual blockade of these
receptors (LAG3 and PD-1) compared with a single agent blockade. The dual blockade approach has demonstrated promising
survival benefits and durable response rates in early phase I
clinical trials in small subgroups of patients with specific cancer
types (e.g. RCC), although detailed knowledge of the biology of
LAG3 is presently lacking83.
There is also significant ongoing research in the pre-clinical
area, with a notable increase in efforts to identify and evaluate new IO drug targets. For example, in 2017, 165 targets were
being evaluated, while in 2018 this increased by around 45% to
240 targets72.

Toxicity
Owing to their mechanism of action, IO agents are associated
with a unique but variable spectrum of toxicities, known as
irAEs84,85. While the toxicities can vary greatly depending on the
patient, the risk of serious clinical problems developing limits
the use of IO agents to specialist clinicians with the experience

to deal with irAEs should they arise. The most serious concern
is potential supra-physiologic stimulation of the immune
system leading to a potentially life-threatening uncontrolled and
rapid production of pro-inflammatory cytokines (a so-called
‘cytokine storm’)85. Since there are several potential irAEs that
can present following initiation of IO therapy, it is important
to have clear and robust guidelines of when to refer to other
medical specialists who are able to provide input to managing
individual patients. For this to work in practice, it is essential
that good relationships are developed with other specialties,
perhaps most importantly gastroenterology, endocrinology
and dermatology. The European Society for Medical Oncology
(ESMO) clinical practice guidelines, ‘Management of toxicities
from immunotherapy’, contain comprehensive guidance for the
use of IOs in the clinic (see Figure 2).
For the ICPis, the frequency of irAEs with anti-PD-1/PD-L1
agents appears to be lower than that for anti-CTLA-4 therapies,
with the most frequently observed irAEs being mild fatigue,
rash, pruritis and gastrointestinal disturbances. The occurrence
of grade 3 or grade 4 toxicities with CTLA-4 inhibitors appears
to be 20–30% compared with 10–15% for anti-PD-1/L1 agents,
with the most serious being dysimmune colitis and interstitial
pneumonitis. Delayed hepatic, gastrointestinal and endocrine
toxicities can also occur with IO agents and, as with ipilimumab,
might only present after the final dose has been administered
(see Figure 5)86. Therefore, patient follow-ups are of paramount
importance and, for ipilimumab, liver function tests are required
prior to each dose, with elevated levels of liver enzymes or bilirubin usually prompting withholdment of treatment.
Combination treatment using two IO agents (i.e. nivolumab
and ipilimumab) is currently approved for advanced melanoma, colorectal and kidney cancer87,88,89. In one study,
administration of anti-PD-1 and anti-CTLA-4 agents in combination resulted in 95% of patients experiencing irAEs, 55% of
which were grade 3 or higher90. Higher toxicity rates are also
observed when combining conventional chemotherapy with
anti-CTLA-4 agents, such as ipilimumab (58%) compared with
chemotherapy alone (42%)90.
A meta-analysis, published in 2017, has revealed that ICPi
therapy is associated with a risk of death from a variety of irAEs91.
Although this study concluded that clinical specialists should be
aware of these potentially serious complications, in reality, the
risk of fatal irAEs is low and should not prevent the use of IO
agents that can be potentially curative for some patients. For
example, in one study, 3,545 patients treated with ICPis were
reviewed and the rate of fatal irAEs found to be 0.59% (i.e. seven
cases with ipilimumab, nine with anti-PD-1 agents and five with
a combination)92. In another study, a meta-analysis of ICPi trials
involving 19,217 patients demonstrated that the overall toxicity
rate ranged from 0.36% to 1.23%. Other researchers identified
a total of 613 irAE-related fatalities from screening the World
Health Organization Vigilyze pharmacovigilance database for
fatal toxicity events associated with ICPis92. They concluded
that fatal irAEs may not have been recorded as consistently as
for conventional AEs, but instead noted as ‘complications’ of
irAEs (e.g. sepsis following colon perforation)92.
The results of clinical trials with combinations of ICPis have
revealed an increased incidence of irAEs, and the occurrence
of grade 3 or grade 4 toxicities is significantly higher with IO
combination therapies compared with monotherapy93. There is
currently only one ICPi combination approved for clinical use
— nivolumab and ipilimumab — for the treatment of metastatic
melanoma and previously untreated advanced RCC 94. While
the concept of IO combination therapies is still in its infancy, in
the first six months of 2017, 403 combination trials were underway, a dramatic increase from 2013 when only 20 combination
clinical trials were active95.
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As a general rule, where irAEs of any grade present in a
patient, the initial management is to monitor, which is often
quickly followed by withholding treatment and commencing
corticosteroids. GI toxicity is the most frequently reported irAE
of any grade associated with anti-CTLA4 therapy and is managed
with a combination of fluids and anti-diarrhoeal agents, and
sometimes intravenous steroids if symptoms are severe (see
Figure 4)90. However, in 2018, two cancer patients who developed colitis caused by immunotherapy and failed to respond to
these supportive therapies based on current guidelines, were
successfully treated with faecal microbiota transplants. While
this study was based on a small number of patients, it suggested
the potential for this innovative approach of using faecal microbiota to reduce adverse drug reactions (ADRs)96.

Predicting the efficacy and safety of immune checkpoint
inhibitors based on immune-related adverse effects
A recent study, published in 2019, has shown that patients who
experience irAEs during anti-PD-1 monotherapy have a higher
chance of achieving an objective response compared with those
who do not experience any irAEs97. This provides an opportunity
to predict the likely efficacy of treatment, potentially allowing
more informed decisions about whether treatment should be
continued in certain patients. The study involved 106 patients
who were treated with either nivolumab or pembrolizumab
over a two-year period; the most common irAEs were thyroid
dysfunction and nephritis. The ORR for the cohort was 41.5%
(n=44), but these patients represented 82.5% (n=40) of those
experiencing irAEs of any grade, compared with 16.6% (n=66)
who did not experience any irAEs. Furthermore, patients who
experienced irAEs had significantly improved PFS than those
who did not (i.e. 10 months vs. 3 months) as well as an improvement in OS (i.e. 32 months vs. 22 months), although the latter
was not deemed significant on multivariate analysis97.
In another study, clinical benefit associated with irAEs was
observed in NSCLC patients receiving anti-PD-1 therapy who
were shown to have autoimmune antibodies detectable prior to
treatment. Investigators concluded that these autoimmune markers may help to determine the risk–benefit ratio for individual
patients, allowing therapeutic benefit to be maximised while
minimising irAEs98. Based on analysis of patient records, 48% of
the 137 patients were identified as having experienced irAEs, and
for those whose blood samples testing positive for autoimmune
factors (i.e. rheumatoid factor, antinuclear or antithyroid antibodies), significantly higher ORRs (i.e. 41% vs. 18%) and disease control
rates (i.e. 81% vs. 54%) were achieved compared with those who
had tested negative. PFS was also significantly improved by median
values of 6.5 months versus 3.5 months. This effect appeared to
be driven primarily by patients testing positive for rheumatoid
factor compared with those who tested negative, with PFS values
of 10.1 months and 3.7 months, respectively98. A related study,
published in 2019, found that patients with pre-existing antibodies were significantly more likely to experience any-grade irAEs
with rates of occurrence of 60% compared with 32% in patients
who tested negatively for autoimmune antibodies99.
A more recent study in glioblastoma demonstrated a relationship between specific genetic alterations and immune expression
signatures, and a tumour’s clonal evolution during treatment
with anti-PD-1 therapy100. For example, certain non-response
mutations have been identified in the PTEN gene, while some
response-linked alterations have been identified in components
of the MAP kinase pathway. This is a significant finding for glioblastoma therapy because PD-1 inhibitors have not provided a
survival benefit for these patients to date. Initial clinical results
suggest that a subgroup of patients may benefit from anti-PD-1
treatment (e.g. median survival in responders with ICPi therapy
was 14 months vs. 10 months in non-responders).

The results of a prospective study published in early 2020
have suggested that it may be possible to predict the risk of
thyroid dysfunction (i.e. destructive thyroiditis and hypothyroidism) in patients undergoing PD-1 inhibitor therapy101. The
study involved baseline measurements of anti-thyroid antibodies for 209 patients with re-measurement every 6 weeks for a
total of 24 weeks after initiation of therapy. Thyroid dysfunction occurred in 34.1% of the 44 patients testing positive for
anti-thyroid antibodies before treatment, versus 2.4% for the
165 patients testing negative at baseline. The results also support
the 6–7 week presentation timeline for thyroid dysfunction as
indicated in Table 6, as no new cases occurred after 24 weeks
post-treatment.
Further research in this area may lead to methods to predict
which patients are most likely to benefit from IO therapy across
a wide range of tumour types.

Combination therapies
Patients who respond to IO monotherapy often have impressive
and durable clinical responses without the side effects observed
with traditional cytotoxic therapies. However, fewer than
25–50% of patients treated with ICPis fall into this population of
responders. This relatively poor ORR has led to significant interest in combining ICPis with additional treatment modalities,
including other IO agents, with the aim of improving response
rates and durability of response. This is evident from the recent
growth in combination clinical trials. For example, in the threeyear period from 2014 to 2017, there was a 705% increase in
the number of combination trials, but a 42% decline in enrolment sizes for individual trials, in part reflecting more targeted
clinical trials. Combination therapy is attractive because it offers
a means to target several mechanisms of tumour cell killing
simultaneously in order to minimise tumour growth and the
development of resistance95,102.
To date, the combination of ipilimumab with nivolumab to
simultaneously target CTLA-4 and PD-1, respectively, is the only
approved checkpoint inhibitor combination. It was approved
in 2015 by the FDA and 2016 by the EMA for use in advanced
melanoma in adults. In 2018, the FDA also approved this combination for patients with intermediate- or poor-risk, previously
untreated advanced RCC103. While combining two ICPis is
potentially associated with a higher toxicity burden, other clinical trials are now investigating whether this combination might
be useful in other cancer types. Furthermore, there is a growing interest in the use of PD-1/PD-L1 inhibitors in combination
with CAR-T cell therapy, given the ability of engineered T-cells
to create an inflamed tumour microenvironment.
The rationale for combining IO agents and chemotherapy is
that the efficacies may be additive, but toxicity profiles should
not overlap, potentially enhancing patient tolerability and
maintaining safety. This synergy between a long-established
approach to cancer treatment and a rapidly developing novel
type of treatment has led to multiple approvals of chemotherapy/IO combinations, particularly for NSCLC. For example,
pembrolizumab in combination with pemetrexed and platinum
chemotherapy is now the first-line treatment for non-squamous
NSCLC, irrespective of PD-L1 expression104. Another example
is the combination of atezolizumab, bevacizumab, carboplatin
and paclitaxel, which is now recommended as an option for
metastatic non-squamous NSCLC105. This approach is particularly interesting, as it combines ‘conventional’ IO (i.e. targeting
PD-L1) with intra-tumoural T-cell infiltration via blockade of
VEGF, alongside traditional chemotherapy. However, these
highly-targeted approaches can lead to more restrictive criteria
for their recommendation.
Interestingly, some targeted therapies such as the BRAF inhibitors are associated with some degree of immuno-modulation,
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and it has been postulated that their combination with IO
agents may provide a synergistic effect54,106. In support of this,
a pre-clinical study in mice has found that the kinase inhibitor,
dasatinib, significantly enhances the response to immunotherapies through its ability to inhibit the effects of the DDR2 gene,
which normally helps tumours to invade healthy tissue107. It
has been shown that depletion of DDR2 can lead to increased
sensitivity of cancer cells to anti-PD-1 therapy. In the future, this
may lead to a combination study with dasatinib and an antiPD-1/anti-PD-L1 therapy in diseases such as bladder, breast and
colon cancer.
While radiotherapy is immunosuppressive, it promotes the
release and expression of tumour neo-antigens (i.e. antigens
encoded for by tumour-specific mutated genes), which results
in changes to the tumour microenvironment and enhanced
T-cell activity108. In addition, radiotherapy up-regulates PD-1
and PD-L1 expression. Both of these effects support the rationale
for combining anti-PD-1/PD-L1 and radiotherapy. In particular,
it is thought that ICPis should synergise with radiation-induced
T-cell activity, and evaluations of this approach suggest that a
clinically significant tumour response can be obtained without
increased risk of toxicity compared to monotherapy109.
Although an active area of research, the clinical use of CAR-T
therapies is limited at present, and the number of clinical trials
is low in comparison with other types of IO agents. For example, in 2017, there were 291 CAR-T studies reported worldwide
as progressing, with 162 at the clinical stage, whereas there
were 1,502 studies at the clinical stage investigating PD-1/PD-L1
agents27. As of mid-2018, there were 439 CAR-T combination
clinical trials underway globally, of which 422 focussing on
different B-cell haematological malignancies110,111.

Current challenges
The two most important challenges for IO therapies are the inability to accurately predict patient response and managing toxicities.
However, the lack of information on relevant biomarkers and the
high cost of research, development and treatment are also significant concerns112. Some observers also argue that future research
should be directed towards reducing toxicity as a means to
improve overall clinical benefit.

Unpredictability of clinical efficacy
Newly developed agents tend to have unpredictable efficacies. There are several possible reasons for these differences
in clinical responses, including the presence of different gene
mutations and varying degrees of activity of specific signalling
pathways in individual patients. The overall aim is to produce
consistently effective agents in most patients across the majority of cancer types. Developments appear to be moving in this
direction with the recent expansion of indications. For example, in 2018, the EMA expanded the marketing authorisation for
pembrolizumab by adopting a new indication for the adjuvant
treatment of stage III melanoma113.
It has been suggested that the longstanding use of chemotherapy as first-line treatment for the majority of cancer types
may be impeding the development and use of IO agents that are
not yet widely approved for first-line use. At present, they are
administered to patients who are immunocompromised owing
to prior chemotherapy, so the restoration of antitumour immune
function under these conditions is challenging. Therefore, it has
been postulated that greater efficacies might be achieved if IO
agents are utilised earlier in the treatment plan in order to utilise
the full capability of the immune system112.
Another challenge is that IO agents should ideally be directed
against tumour-specific antigens solely expressed by tumour
cells in order to minimise off-target effects. There would be
significant clinical and economic benefits if accurate predictive

biomarkers could be identified and developed, as only patients
who are likely to have the greatest response would be treated.
However, as seen with PD-L1 expression assays, at present
there is a lack of reliability in using IO-related biomarkers to
direct treatment.
Another emerging challenge is the management and/or
prediction of drug–drug interactions. A study reported in 2020
looking into the efficacy of atezolizumab in NSCLC patients
receiving proton pump inhibitors (PPIs) and antibiotics found that
patients who received PPIs or antibiotics had a poorer OS than
those who did not114. This analysis included data from patients
participating in the POPLAR and OAK trials who received either
≥2nd line atezolizumab therapy (n=757) or docetaxel therapy
(n=755). Overall, 22.3% (n=169) of atezolizumab patients and
26.8% (n=202) of docetaxel patients received antibiotics, while
30.9% (n=234) and 34.4% (n=260), respectively, received PPIs
30 days before or after starting atezolizumab or docetaxel. No
significant correlation between OS and the use of antibiotics/
PPIs was found for the docetaxel-treated patients. However,
in contrast, patients treated with atezolizumab who had also
received antibiotics had an OS of 8.5 months, compared to 14.1
months for those who had not; and in PPI-treated patients, the
OS was 9.6 months compared to 14.5 months for those who had
not received a PPI. Overall, these results suggest that immune
checkpoint efficacy can be significantly affected by some
routinely prescribed drugs.

Cost of immuno-oncology therapies
There are significant cost implications associated with IO-based
therapies. For example, the one-year global cost of treating
NSCLC with selected ICPis has been estimated at over US$80
billion112. The estimated cost per patient per year for a variety of
IO agents is over £100,000, which places significant pressure
on healthcare systems115. Costs for implementing these newer
targeted therapies have escalated dramatically, and the duration
of treatment has also lengthened because many cancer types
are increasingly being treated as chronic rather than acute
diseases. In the UK, the National Institute for Health and Care
Excellence (NICE) is the organisation responsible for determining whether new treatments are cost-effective for the NHS. The
cost of a new therapy is evaluated for its clinical effectiveness
using a standardised measurement known as a quality-adjusted
life year (QALY). In order to be deemed cost-effective for the
NHS, a therapy should cost no more than £20,000–30,000
per QALY gained, or £50,000 for end-of-life therapies. New IO
agents are increasingly exceeding these thresholds, resulting in
rejection by NICE and reduced access for patients116.
The Institute for Clinical and Economic Review, a US-based
nonprofit organisation providing comprehensive clinical and
cost-effectiveness analyses of treatments, tests, and procedures, has studied the cost-effectiveness of the three leading
immunotherapies (i.e. atezolizumab, nivolumab and pembrolizumab) and concluded that each therapy would need to be
discounted by 31%–68% to reach the QALY threshold117. Taking
this into account, NICE has stated that nivolumab cannot be
recommended for routine use in the NHS with estimated
QALYs of £58,791 and £78,869 versus paclitaxel and docetaxel,
respectively, for treatment for urothelial cancer after cisplatin
chemotherapy. NICE has also recommended that use of these
agents should not be supported by the Cancer Drugs Fund (a
‘back-up’ government-sponsored fund allowing patients to
obtain expensive cancer treatments through the NHS) because
they do not have the potential to be cost effective118.
Although the cost of IO agents tends to exceed QALY thresholds, consideration of the cost-effectiveness of a drug or
technology is not the sole basis for decision making; clinical
effectiveness and multiple patient factors are typically assessed
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in parallel119,120. Often, when a new treatment strategy is
evaluated, it is more clinically effective than many existing treatments, but is significantly more expensive. In this case, further
economic evaluation is carried out, for example establishing the
magnitude of the incremental cost-effectiveness ratio, for which
an upper threshold set by NICE may not be exceeded. A decision
can then be made as to whether the increase in cost is associated
with an enhancement in clinical effectiveness that represents
value for money120. Currently, there are several indications for
IO agents recommended by NICE based on both cost- and clinical-effectiveness (e.g. melanoma, UC, RCC, NSCLC, lymphoma
and breast cancer121–129).
Many pharmaceutical industry analysts have suggested that,
moving forward, there should be a greater emphasis on the value
and affordability of novel IO agents, rather than on generating
larger numbers of potential candidates of similar therapeutic
activity. There is no easy solution to this problem as it is difficult
to curtail the enthusiasm of the biotechnology sector; however,
it is evident that a longer-term more-sustainable research and
development strategy for novel IO therapies is required.
Precision medicine approaches have the potential to reduce
the costs and risks associated with drug discovery and development, particularly for the clinical trials that are typically the
most expensive stage of the process. The cost-saving comes
from stratifying patients into smaller subsets and identifying
groups that are more likely to respond, thus reducing the sizes
of clinical trials and substantially reducing costs. Identifying
those who are more likely to respond is also more beneficial
for patients. For example, an analysis of 676 phase IIIb–IV clinical trials of NSCLC over a 14-year period found that the use of
a biomarker resulted in a 26% reduction in risk-adjusted drug
development costs130.
Another option to reduce costs would be to modify treatment
pathways to utilise IO agents earlier in a patient’s cancer journey,
thus potentially reducing costs from treating severe ADRs often
associated with conventional chemotherapy and radiotherapy,
and the subsequent hospitalisation that many patients require.

Future of immunotherapy
This area appears to be moving away from the development of
agents selective for a given cancer type27,115. IO agents are now
rarely approved for one particular type of cancer; instead, there
is a focus on the pathways involved and the expression of specific
biomarkers in tumours, regardless of their origin or location (i.e.
‘tissue agnostic’ therapies)131. This pan-cancer approach is evident
with the first tumour-agnostic approval of Keytruda by the FDA,
in 2017, for patients with unresectable or metastatic solid tumours
based on their MSI-high and dMMR status, as opposed to the
location or origin of the tumour. Merck, the company which
developed Keytruda, is now seeking a second pan-cancer indication against the TMB biomarker, aiming to widen patient access
still further173. There has been a similar trend towards a tumouragnostic approach in the small-molecule oncology area; for
example, in the past two years, the kinase inhibitors larotrectinib
and entrectinib have been granted accelerated approval by the
FDA for use in patients with any solid tumour-type that has the
NTRK fusion mutation174.
To date, two comprehensive studies of the global IO landscape have been conducted27,115. Over a one-year period,
between September 2017 and August 2018, it was established
that the global IO pipeline had increased by 67%, with cell therapy showing the most significant increase of 113% in the number
of active agents, followed by other immunomodulatory (e.g.
aldesleukin and interferons; 79%) and T-cell-targeted immuno
modulatory therapies (76%).
Importantly, the number of IO targets also increased by 50%
from September 2017 to August 2018, suggesting that there
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could be significant broadening of the IO landscape in the future.
Both reviews concluded that, of the many IO agents in clinical development, a large percentage are concentrated on only
a few targets (e.g. PD-1, PD-L1 and CTLA4)27,115. In addition to
the five antibodies already granted FDA and EMA approval, the
UK-based Cancer Research Institute has identified 164 agents in
development targeting either PD-1 or PD-L1, with 50 of these at
the clinical stage. This suggests that there is significant duplication in product development, and raises concerns as to whether
the current approach of focusing on a small number of biomarker
targets is stifling further innovation. It is noteworthy that the
number of agents being developed against non-tumour-specific
antigens actually decreased during the same period, consistent
with the suggestion that IO is becoming too focused on a few
specific targets. However, there is growing interest and enthusiasm for the IO area in both the pharmaceutical industry and
academia. In addition, clinical data suggest that IO agents have
significant potential for the future and may lead to several breakthrough treatments that could improve the standard of care in
many different cancer types.

Key points

•
•
•
•
•

Immuno-oncology (IO) is emerging as a novel approach
to cancer treatment through the stimulation of the body’s
own immune system.
Immune checkpoint inhibitors (ICPis) have had
remarkable success across multiple malignancies, and
are the most well-established IO agents to date, with
several approvals.
Biomarker testing for the programmed death-ligand
1 checkpoint target is obligatory before treating some
tumour types with ICPis (e.g. pembrolizumab and
atezolizumab).
Combining IO agents with conventional therapies has
provided significant improvements in patient outcomes in
some cases.
The two main challenges for IO agents are managing
their toxicities and affording the high cost of these
novel therapies.

Disclaimer
The treatment strategies described in this review are for educational
purposes only and should not be used to guide the treatment of
patients. Readers are referred to National Institute for Health and Care
Excellence or Scottish Intercollegiate Guidelines Network guidance
in the UK, and relevant medical texts and specialist journals, for
information regarding prescribing and treatment regimens.
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Conclusion
IO is a fundamentally different approach to cancer therapy
and is redefining the way that both solid and haematological
tumours are treated. However, this new treatment paradigm is
still in its infancy, and there is a long way to go in optimising
the use of these novel therapies, minimising their toxicities and
learning how to integrate them into the current standard of care.
Furthermore, given their high cost, there are challenges ahead in
incorporating them into healthcare systems in an economically
sustainable manner, while increasing availability for patients.
ICPis have been the focus of the recent revolution in IO,
with two main antibodies (i.e. pembrolizumab and ipilimumab)
receiving multiple approvals for PD-1/PD-L1 and CTLA-4
blockade, respectively. Owing to their success, there has been
significant interest in combining IO agents with conventional
therapies. However, despite their promising efficacy in the
clinic, the ICPis produce significant toxicities in some patients.
These adverse effects are frequent, but different from those seen
with conventional cancer therapies. Therefore, clinical research
is beginning to focus on managing and predicting these toxicities, and monitoring long-term outcomes. This should lead
to guidelines on how to manage these new therapies and
should encourage clinicians to use them as early as possible in
treatment pathways.
While the pipeline of ICPis is ever-expanding, the introduction of cancer vaccines and CAR-T cell therapies is also rapidly
growing. In particular, there is a strong emphasis on developing
new IO agents that can modulate T-cell activity through signalling pathways (e.g. VEGF-A, LAG-3 and IDO-1), with a view to
increasing understanding of how modulation of these pathways
can restore the body’s natural ability to fight cancer.
The investigation of new targets and pathways in the IO area
is vital to developing new therapies; however, it is important
to note that combinations of presently approved IO agents with
existing chemotherapeutic or biological agents are also generating significant interest. For example, a study evaluating a
combination of an IO agent with an antibody-drug conjugate has
reported encouraging results132.
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