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Abstract: Cancer immunotherapy has had a major impact on the established paradigms of drug development

and clinical trial research. The innovative mechanism of action of these compounds has resulted in new patterns of

response and safety profiles, which pose challenges for the classical trial methodology. In this review we report on

the search for the maximum tolerated dose, the recommended phase II dose and the appropriate target population

in phase I trials. We provide some statistical considerations on the choice of endpoints for phase II and III trials and

the limitations of frequently used trial designs in the presence of a delayed treatment effect, which may be induced

by the immune modulating effect of the checkpoint inhibitors. We summarize the currently available data on the

safety profile of these new compounds, which can guide protocol safety recommendations. Finally, we report on the

current evidence of biomarker development.
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Introduction

Immunotherapy has been a major focus area for cancer
treatment, prompting an exciting paradigm shift in oncology
from targeting the cancer cell to targeting immune cells.
By enhancing the innate powers of the immune system to
fight cancer cells, it represents the most promising new
cancer treatment approach since the development of the
first chemotherapy drugs and, more recently, targeted
treatments.

The new generation of immunotherapeutic agents
corresponds to antibodies that block specific immune
checkpoint compounds, such as cytotoxic T-lymphocyte-
associated antigen 4 (CTLA-4), programmed cell
death protein 1 (PD-1) and its ligand PD-L1. Several
immunostimulatory monoclonal antibodies (imAbs) have
now been approved based on their remarkable efficacy,
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after an expedited development process that has challenged
key standards of drug development established in an era
of conventional cytotoxic therapies and to some extent
molecularly targeted agents (Tuble 1). In this article we
review the current clinical methodology set up and the
challenges that immunotherapy poses on the classical
paradigms.

Phase | trials

For more than a decade now, the development of
molecularly targeted agents has had a major impact on the
design and organization of phase I clinical trials. Whereas
traditionally phase I trials were dedicated to any type of
cancer, targeted agents have moved the focus to a more
biomarker-driven approach. With the introduction of
immune checkpoint inhibitors, phase I methodology might
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Table 1 Overview of currently approved compounds

Menis et al. Inmunotherapeutics in clinical trials

Indication

Compound Organization Disease
Ipilimumab (1,2) FDA, EMA Cutaneous melanoma
FDA
Nivolumab (1,2) EMA, FDA Cutaneous, melanoma
EMA NSCLC
FDA Renal cell carcinoma,
NSCLC
Pembrolizumab (1,2) EMA, FDA Melanoma
FDA NSCLC
Nivolumab + ipilimumab (1) FDA Melanoma

Advanced unresectable melanoma

Adjuvant treatment of patients with melanoma
with involvement of regional lymph nodes, after
complete resection including total lymphadenectomy

Advanced disease; unresectable or metastatic

Advanced disease squamous histology

Advanced disease

Advanced disease, hon squamous and squamous histology
Advanced disease: unresectable or metastatic

Metastatic, PD-L1 expressing, with disease progression on
or after platinum-containing chemotherapy

Advanced disease

FDA, Food and Drug Administration; EMA, European Medicines Agency; NSCLC, non-small cell lung cancer.

need to be revised once again, as the attention is now
moving from the cancer cell to the immune system and the
concept of immune tolerance.

Is maximum tolevated dose (MTD) still the mainstay?

The classical concept of identifying the MTD and
establishing the recommended phase II dose (RP2D) of
novel agents has been challenging, as in many phase I trials
evaluating imAbs no MTD could be identified. In their
comprehensive review on the early clinical development
of anti-CTLA-4 and anti-PD-1/PD-L1 compounds,
Postel-Vinay et a/. assessed the outcome of 13 phase I
trials (3). Among them, only one trial was able to identify
per-protocol defined dose-limiting toxicities (DLT's)
during the first cycles of treatment (4); in most other trials
the maximum administered dose was used to guide the
selection of the RP2D. This is not surprising given that the
current classes of imAbs appear to be less prone to cause
acute or cumulative toxicities, other than anaphylactic
infusion reactions. In addition, immune-related adverse
events (irAEs) are usually not observed during the first
cycle of treatment, but are reported to occur at any time,
as of approximately 8-10 weeks after starting treatment,
regardless of grade (5). Consequently, late-onset DLT's
may not be taken into account in the standard dose
recommendation process. Furthermore, despite not being
considered DLTs, irAEs can rapidly evolve into potentially
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life-threatening conditions (6,7), so that grade 2 events
might often prompt temporary treatment interruption until
properly managed.

Therefore, important considerations for the dose
recommendation process of future phase I trials should be (1)
to consider as DLTs also any immune-related toxicities,
which would lead to a systematic decrease in drug exposure
(thus impacting dose intensity) (7-9) and (2) to take into
account toxicities scoring as DLTs, as they also occur
beyond the first cycle of treatment (3,9).

An additional challenge in establishing the RP2D has also
been the observation that, contrary to the classical model,
an increase in the dose of the current classes of imAbs
does not necessarily result in an increased rate of activity
or toxicity (5,6,10-12). Therefore, rather than looking for
the M'TD, the objective of a phase I could shift to identify
a minimal immunologically active dose, for example by
looking for a dose that causes a saturation phenomenon in
specific pharmacodynamic (PD) and/or pharmacokinetic
(PK) parameters. This could be especially informative when
the best administration schedule is unclear (e.g., single
injection or continuous exposure, IV or I'T administration,
duration of the treatment). However PD evaluation still
presents a lot of unknowns: examples are the minimal
degree of target modulation that is pharmacologically
meaningful (3) and whether there is a role for immunologic
monitoring (e.g., CD4+ or CD8+ T-cells) as a potentially
interesting biomarker of immune response (13).
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The common IgG backbone of imAbs explains the
relative similar PK profile, including a dose-dependent
Cmax and area under the curve, and a median half-life of
16 days (9-21 days). Differences, however, exist according
to their isotype: most imAbs are IgG1 (such as ipilimumab,
atezolizumab or durvalumab), however some are IgG2 or
IgG4 (such as tremelimumab and nivolumab, respectively).
This can have a dramatic impact on bioactivity, as IgG1 and
IgG3 are classically more prone to cause natural killer cell-
mediated antibody-dependent cell-mediated cytotoxicity
and IgG4 are more efficient in the activation of the
alternative complement pathway (3).

Unfortunately, so far PK/PD data have only been

reported in a limited number of studies.

The role of expansion coborts

As imAbs seem to induce delayed immune responses, life
expectancy of patients considered for the phase I study
requires careful consideration. In addition, prior treatment
with chemotherapy or radiotherapy may potentially
have an impact on induced immune responses of cancer
immunotherapy. This raises the question, whether selection
criteria for immunotherapeutic phase I trials should not
be revised to allow patients with a better outcome due to
e.g., lower tumor burden, or with only minimal lesions in
whom host immune responses have been maintained (3).
On the other hand, activity and clinical benefit have been
observed in patients with brain metastases (14), a population
of patients who are often excluded from clinical trials.
However, this would better take place in specific phase 11
trials or, as is more often the case nowadays, in dedicated
expansion cohorts, once the toxicity profile of the imAb has
been well characterized.

Note that safety expansion cohorts are increasingly
important for the safety assessment of imAbs, with MTDs
less likely to be identified in the dose-escalation phase and
irAEs expected to occur beyond the first cycle (15). As
the development of pembrolizumab has shown, expansion
cohorts have also evolved into an opportunity to collect in
parallel efficacy data on different dosages and histotypes,
thus bypassing the cost and administrative burden of
performing several separate trials. With efficacy data on
hundreds of patients treated in its expansion cohorts,
pembrolizumab received the Food and Drug Administration
(FDA) breakthrough designation therapy, which allowed
its commercialization less than 4 years after the beginning
of the phase I trial (12), i.e., considerably faster than the
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historic average of 10 years. However, expansion cohorts
are unfortunately not always accompanied by a clear
justification for their sample size, as illustrated by a single
center review of 522 phase I trials with expansion cohorts
opened between 1988 and 2012 (16). Sixty percent of
trials with three or more cohorts provided no statistical
justification of the sample size, even though the majority
stated efficacy as an objective. Such expansion cohorts
should be held to the same standards as phase II studies,
which involve considerations to control the possibility of
false-positive or false-negative results, and stopping rules for
lack of activity to avoid exposing a high number of patients
to the risk of unethical treatments at inadequate doses (3,17).

Phase 1l and lll: have the objectives changed?
Response assessment

Assessment of tumor burden is an integral part of clinical
trial methodology in oncology. The Response Evaluation
Ciriteria in Solid Tumors (RECIST), implemented in 2000
and updated in 2009 (18,19), provide a widely accepted tool
for uniform assessment of tumor burden in multicenter
clinical trials across multiple solid tumor types. Progression
according to RECIST is defined as a significant increase
in tumor burden (indicated by a 20% increase in the sum
of the longest diameter of some selected measurable target
lesions), unequivocal progression of non-targeted disease
and/or the development of new lesions. While patients
have responded to treatment with immunotherapy with
immediate tumor shrinkage or stable disease, other patterns
of response have also been documented (20). In some
patients, a decrease in lesion size occurred after an initial
increase, confirmed by biopsy as inflammatory cell infiltrates
or necrosis (21). In others, a reduction in total tumor burden
during or after the appearance of new lesions was observed,
found to be associated with edema and infiltrates of immune
cells and transient increases in baseline tumor lesions.
Both cases would have led to a classification of progressive
disease using RECIST and therefore the discontinuation
of experimental treatment, from which a patient was still
deriving clinically benefit. This has raised concerns about
the use of classical response assessment tools to study the
activity of imAbs and has resulted in the development
of a set of alternative, immune-related response criteria
(irRC) for the evaluation of immune therapy activity in
solid tumors (20), with a proposal for simplification, to
fit better with the RECIST framework added recently
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(22,23). The original irRC were evaluated in 227 advanced
melanoma patients treated with ipilimumab (10 mg/kg),
with so-called immune-related responses in 10% (22) of the
patients. However, they remain to be validated beyond the
setting of melanoma and ipilimumab. So far, only limited
data is available on whether similar trends are seen for
immunotherapies with other mechanisms of actions or for
other solid tumor types, and the reported incidence seems
to be very low (24). Therefore, response according to irRC
remains an exploratory endpoint.

Progression-free survival

Approval of ipilimumab, nivolumab and pembrolizumab in
advanced lung cancer and melanoma was based on overall
survival (OS). However, the increasing availability of more
effective immunotherapies and the subsequent increase in
survival will likely refuel the debate on the most appropriate
primary endpoint for future clinical trials. Although
OS remains the gold standard, OS comparisons can be
confounded by crossover within a trial, by subsequent
treatments and by competing non-cancer related events.
Therefore, progression-free survival (PFS) may be explored
more in the development and registration of new imAbs.

Although regulators have accepted clinical trials where
treatment is continued beyond RECIST progressive disease,
immune-related PFS (irPFS), i.e., PFS by irRC, is not yet
a commonly used endpoint as some challenges remain to
be overcome. First, as already pointed out by Chiou and
Burotto (24), so far there is only limited data available on
irRC outcomes outside of the field of melanoma. Second,
allowing treatment beyond (pseudo-) progression could
be considered unethical for classical chemotherapy. An
endpoint, which accommodates for different approaches
in treatment arms according to their class of action can
therefore be biased to favor, by definition, one treatment
arm over the other. This should be avoided. Note that so far
only few trials comparing imAbs to classical chemotherapy
have considered immune-related progression-free survival
(irPFS) as an endpoint. In addition, only two (similar)
randomized phase II trials [SCLC and non-small cell lung
cancer (NSCLC)] have looked at a combination of paclitaxel
and carboplatin with or without ipilimumab, using irPFS
as their primary endpoint (25,26). Of note, the currently
ongoing follow-up phase III uses OS as primary endpoint
and only standard PFS is considered as a secondary
objective (NCT01285609).

Finally, in multicenter clinical trials it is important

© Annals of Translational Medicine. All rights reserved.

Menis et al. Inmunotherapeutics in clinical trials

to use an endpoint, which is objectively and uniformly
assessed across the participating sites. The call for a pseudo-
progression, and therefore the decision to continue or not
treatment, is often referred to clinical judgment, as there
are currently no objective criteria to evaluate this. With
clinical research starting to explore combination regimens
of immune checkpoint inhibitors with chemotherapy or
molecularly targeted agents, this will become even more
difficult. The few preclinical data available hamper a solid
choice of treatment schemes and schedules, and leave the
treating physician with more uncertainty as to whether
and how to treat beyond the first radiological signs of
progressive disease. This may impact the outcome in terms
of efficacy for the patient, but may also affect his/her safety
and quality of life (QoL).

Even though not explored so far, the role of an endpoint
combining efficacy and safety/QoL should be explored,
as it would be clinically meaningful and relevant from a
regulatory point of view. However such endpoints are
particularly challenging to use; QoL in particular suffers
from lack of compliance (27).

Delayed treatment effect

For now OS will remain the gold standard endpoint for
showing a clinical benefit of the new immune modulating
compounds currently being developed and tested. However,
showing a survival benefit with immunotherapy is subject to
its own statistical challenges. Several studies with treatments
of melanoma patients have reported a delay in clinical
effect of the compounds being investigated (28), visible by
a temporary overlap of the Kaplan-Meier (KM) survival
curves at the start of the study, as illustrated in Figure 1.
Such a delay is in fact a violation of the assumption
of proportional hazards that is often used for the sample
size calculation of randomized clinical trials and will lead
to a loss of differential power of the commonly used log-
rank test during the final analysis (28-30). In addition,
some of these agents have induced long-term survival in
a small subset of patients. This adds an additional layer of
complexity to the statistical analysis, as it can delay (or even
prohibit) the occurrence of the required number of events
and therefore considerably lengthen the study duration.
Alternative methods should therefore be considered, to
calculate the required size of a clinical trial when this is
expected. Simulations can be used to study the impact of the
delayed treatment effect on the power of the classical log-
rank test and to adjust the sample size accordingly, or one
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Figure 1 Graphical illustration of Kaplan-Meier survival curves

with a delayed treatment effect.

could model and test the delayed effect assuming piecewise
proportional hazard ratios and using a weighted log-rank
test [e.g., as described by Fine (31) or Hasegawa (32)]. Note
that these approaches may not necessarily result in smaller
trials and that they require a reliable estimate of the timing
of the separation of the two KM curves.

Alternatively, one could look at milestone survival, as
a potential new efficacy endpoint for imAbs in late-stage
drug development (33). Milestone survival is the survival
probability at a prespecified time point, which could be
chosen at a sufficient amount of time after the expected
onset of the delayed treatment effect. As such it could
potentially mitigate the challenge of accelerating the drug
development process when the strength of this class of
agents is derived from long-term follow-up (33).

Finally, it’s important to be aware that the impact of a
delayed treatment effect extends beyond the choice of an
appropriate endpoint and statistical test for the primary
analysis of a protocol. It also affects interim evaluations
for efficacy or futility. If the interim look is done too soon
it will unlikely result in stopping earlier for a positive
outcome, whereas a futility interim look, which is planned
too soon, will likely increase the chance of (erroneous) early
termination of the development of an active agent (33).
The latter might have resulted in the premature closure
of a phase III trial investigating the role of tremelimumab
for the treatment of advanced melanoma (34). Therefore,
careful planning of the timing of an interim look will
need to take into account information on survival kinetics
related to the compound being investigated. Exploratory
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randomized phase II trials will be needed, as the knowledge
obtained from these studies will be essential to guide
and improve the planning of subsequent confirmatory
randomized phase III studies.

Immunotherapy, is it really so safe?

The unlocking of the mechanisms of immune control
on normal tissue implies a number of irAEs, such as
dermatologic, gastrointestinal, hepatic, endocrine and
other less common inflammatory events, with notable
differences between PD-1 and CTLA-4 blockade (35).
IrAEs occur in up to 90% of patients treated with an anti-
CTLA-4 antibody and in 70% of patients treated with
a PD-1/PD-L1 antibody (36). The rates of grade 3/4
toxicity with immune checkpoint blockade (approximately
10% to 20%) are not higher than those seen with many
standard chemotherapy or targeted therapy regimens (37).
Unlike other oncology treatments, these toxicities do not
appear to be cumulative over time (38). Moreover, it is
unknown whether the development of irAEs is an inherent
component of checkpoint blockade or if the rates of these
events can be decreased by modifying the dosage, by using
lower-than-approved doses in combination or in sequence,
or by using immunologic outcomes in place of clinical
outcomes to monitor response (39).

Recommendations for treating irAEs come from general
clinical consensus, because no prospective trials have been
conducted to specifically test whether one management
strategy is superior. The management of irAEs includes
early close monitoring, as the majority of immune-mediated
reactions occur during the initial stages of treatment,
temporary immunosuppression with corticosteroids or
mycophenolate mofetil (35). Prompt recognition and
initiation of appropriate management, usually in the form
of immunosuppression, commonly results in complete
reversibility, but failing to do so can lead to severe toxicity
or even death.

Colitis is perhaps the most clinically relevant irAE, more
commonly observed in patients treated with ipilimumab
than in those treated with anti-PD-1 therapy. For example,
in the phase III KEYNOTE-006 study, grade 3/4 colitis
occurred in 7% of the patients in the ipilimumab group
compared to only 1.4% to 2.5% in the pembrolizumab
group (40). Moreover, it is typically dose-dependent
and presents after approximately 6 weeks of treatment
(35,41). Unfortunately, this adverse event has resulted
in treatment-related deaths: diarrhea of any grade was
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reported in approximately 30% of the 511 patients treated
with ipilimumab in a phase III melanoma trial, with less
than 10% grade 3/4 events. Of the 511 patients, five (1%)
developed intestinal perforation, four (0.8%) died as a
result of complications and 26 (5%) were hospitalized
for severe enterocolitis (42). The treatment of colitis
depends on the severity of the reaction, the etiology and
the speed of symptom resolution. For moderate reactions,
temporary treatment interruption, antidiarrheal therapy
(e.g., loperamide, diphenoxylate/atropine) and oral
corticosteroids are the management standards. Patients with
severe symptoms or those refractory to oral corticosteroids
may need hospitalization for intravenous corticosteroids and
hydration. Also, infliximab (5 mg/kg once every 2 weeks)
can be helpful (43,44). Endoscopic evaluation with flexible
sigmoidoscopy is also preferable to prove autoimmune
colitis if symptoms persist for >1 week, prior to initiating
steroids (41).

Immune checkpoint blockade may also cause
endocrinopathies affecting the pituitary, adrenal and
thyroid glands. Clinical symptoms may vary but often
involve fatigue, headache and nausea. Diagnosis is
usually made by laboratory findings and/or radiographic
changes, such as enlargement of the pituitary gland
(45,46). Because the pituitary gland also regulates the
ovary/testes, pituitary dysfunction may contribute to
gonadal dysfunction regardless of the age. The precise
incidence of endocrinopathy is difficult to ascertain
because endocrinopathies have been variably monitored
and diagnosed in clinical trials. In the KEYNOTE-006
study, for example, hypo- and hyperthyroidism (of any
grade) were the most frequent irAEs in the pembrolizumab
group (10.1% and 6.5%, respectively) compared to
colitis (8.2%) and hypophysitis (2.3%, any grade) in
the ipilimumab group. Long-term data suggest that the
rate of hypothyroidism is 7.5% (0.2%, grade 3/4) and
the one of hyperthyroidism is 2.3% (0.3%, grade 3/4)
(38,47). Endocrinopathies may require treatment with
corticosteroids or longer-term hormone supplementation
with levothyroxine or replacement hydrocortisone (37).
Therefore, at baseline it is advisable to assess the thyroid
but also the liver function (mainly AST, ALT and total
bilirubin), with follow-up testing before each infusion
or more frequently if needed. As a matter of fact, the
development of hepatitis is mostly asymptomatic; with
CTLA-4 blockade, grade 3/4 transaminase level increase
is believed to occur less than 10% of the time (34,42), and
grade 3/4 transaminase level increase with PD-1 blockade

© Annals of Translational Medicine. All rights reserved.

Menis et al. Inmunotherapeutics in clinical trials

is rare (4,48). Treatment includes oral corticosteroids or
mycophenolate mofetil (500 mg twice daily) in those who
are refractory to steroids (35). Infliximab should not be used
because it may contribute to hepatotoxicity.

The most common irAE for both CTLA-4 and PD-1
therapy is dermatologic toxicity (50% with ipilimumab),
which is also typically the one with the earliest onset
(3-17 weeks) (3,41). Physical examination findings can
uncover a reticular, maculopapular, erythematous rash
on the extremities or trunk (49). Perhaps more unique to
the PD-1 experience, although in a small percentage of
patients, is oral mucositis and/or dry mouth (38). For rashes
topical corticosteroids or antipruritics, such as hydroxyzine
and diphenhydramine can often be used successfully (35).
More rarely (<1%), severe rashes, such as Stevens-Johnson
syndrome and toxic epidermal necrolysis have been reported,
and if suspected, hospitalization for intravenous corticosteroids,
fluid and electrolyte monitoring are required (35). Vitiligo
was reported to occur in both CTLA-4 and PD-1 inhibitor
clinical trials (11%). This side-effect can be permanent,
but does not require interruption of immune checkpoint
inhibitor therapy or toxicity treatment (50).

Other rare irAEs related to checkpoint blockade include
episcleritis, conjunctivitis, uveitis (51), neurologic adverse
effects (52), increase of amylase and lipase, diabetes,
pancreatitis (21,41), hematologic adverse effects (i.e.,
cytopenia, red cell aplasia, autoimmune neutropenia,
acquired haemophilia A) (36,53,54), nephritis, glomerular
lupus-like nephropathy and renal dysfunction (<1%,
presenting after 10 months) (41,55) and pneumonitis.
Pneumonitis is notable, because rare treatment-related
deaths have been experienced in early clinical studies
of PD-1 blockade (4). It presented after 5 months and
can be deceptive and non-specific, so that new cough or
dyspnea in patients treated with these agents warrants
evaluation with pulmonary function tests, radiographic
imaging and eventually even bronchoscopy. For grade
2 or higher pulmonary symptoms requiring medical
intervention or limiting instrumental ADLs, admission
to the hospital and pulmonary consultation is warranted
together with intravenous corticosteroids and interruption
of the treatment (41). Rare disorders reported in <1% of
the patients include red cell aplasia, thrombocytopenia,
hemophilia A, Guillain-Barre syndrome, myasthenia gravis,
posterior reversible encephalopathy syndrome, aseptic
meningitis and transverse myelitis (41).

Whether irAEs or other exacerbations of autoimmunity
occur at a higher rate among patients with underlying
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autoimmune disorders is unknown, because patients with
autoimmune disorders were not included in clinical trials
of CTLA-4 and PD-1/PD-L1 agents. Nonetheless, several
cases have recently been reported of patients successfully
being treated with ipilimumab without exacerbation of
their underlying autoimmune disorder (56). In this patient
population, the potential benefits of CTLA-4 and PD-1/
PD-L1 therapy in treating life-threatening malignancies
should therefore be weighed against the theoretical risk of
exacerbating an underlying autoimmune disorder (35).

In cases of prolonged immunosuppression, often required
to treat irAEs, there is a risk of predisposing patients to
opportunistic infections. In one case report, a patient
treated with ipilimumab who required corticosteroids
and infliximab for colitis ultimately developed Aspergillus
pneumonia (57). Given this risk, prophylaxis against
infectious organisms, such as Pneumocystis jirovecii should

be considered (36,58).

Biomarkers

The design of biomarker-tailored or biomarker enriched
studies has already been extensively discussed in the
existing literature [see e.g., Freidlin and Korn (59) for a
contemporary review]. Essential to this type of design is
good knowledge on the performance of the biomarker, i.e.,
its ability to discriminate between patients and the operating
characteristics of the associated assay. The complexity of
immune-mediated responses has made biomarker evaluation
difficult. The dynamic nature of the immune system
constantly evolves during immune responses, making
it difficult to identify a single biomarker to predict
responses (60). Moreover, the efficacy of checkpoint
inhibitors varies among tumor types, so that a better
understanding of these differences is needed to enhance
their efficacy and avoid safety being compromised.

PD-1, a CD28 receptor family member, is an inducible
immune modulatory receptor. Upon interaction with its
ligands B7 homolog 1 (PD-L1) and B7-DC (PD-L2),
PD-1 plays important roles in negative regulation of T cell
responses to antigen stimulation and maintaining peripheral
tolerance. In addition to the inducible expression pattern on
conventional T cells, PD-1 is also found on regulatory T
cells, follicular T and B cells and antigen-presenting cells,
including activated dendritic cells and monocytes. However,
the underlying mechanisms of how PD-1 modulates B cell
activation and affects antibody production remain largely
uncertain (61).
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Across all studies in multiple tumor types, it seems
that patients whose tumors express PD-L1, as detected
by immunohistochemical assays, have numerically higher
response rates to PD-1/PD-L1 blockade than those who
don’t (5,62). Although high expression of PD-L1 in tumor
tissue prior to treatment is most likely indicative of a strong
endogenous anti-tumor response (35), PD-L1 is inducible
and can be upregulated in response to infiltrating immune
cells and, possibly, genetic changes within the tumor. This
might explain the varying response rates to PD-1 blockade
among different tumor types (63-65). This might also
explain why patients whose tumors do not express PD-L1
can have impressive responses to PD-1 blockade (66) and
should therefore be considered eligible for PD-1-blocking
approaches.

In 2014, both pembrolizumab and nivolumab (both
targeting PD-1) obtained regulatory approval for the
treatment of patients with advanced melanoma. No
companion diagnostic was linked to their use, as clinical
studies showed similar treatment outcomes, irrespectively
of PD-L1 expression status. On the other hand, in NSCLC,
two assays to detect PD-L1 expression in formalin-fixed,
paraffin-embedded (FFPE) NSCLC tissue, PD-L1 IHC
22C3 pharmDx (Dako) and PD-L1 IHC 28-8 pharmDx
(Dako), linked to the use of pembrolizumab (Keytruda,
Merck Sharp & Dohme) (67) and nivolumab (Opdivo,
Bristol-Myers Squibb) (68), respectively, were approved by
FDA, although the latter only as a kind of ‘complementary
test’ and not as a companion diagnostic (69).

Data on the not yet approved atezolizumab (Roche/
Genentech PD-L1 checkpoint inhibitor) and its PD-
L1 IHC expression test with the SP142 antibody assay
(Ventana) showed superiority in the unselected intent to
treat population independently of the PD-L1 expression,
but a greater benefit in the highest biomarker expression
group (70). In this study, also tumor-infiltrating immune
cells (TILs) were analysed prospectively and expression of
PD-L1 was identified, suggesting that positivity should be
determined as a combination of expression of the receptor
in tumor and also immune cells. This potential biomarker
seems to have a positive prognostic influence, while high
levels of tumor infiltrating lymphocytes determine an
increase in PD-L1 expression (71), but their role still needs
further investigation.

Other potentially relevant biomarkers currently being
explored include mutational load, which may allow for
an increased immune recognition of neo-epitopes and
subsequent targeting with checkpoint blockade (72,73),
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and adequate assessment of the tumor inflammatory
microenvironment to investigate the possible role of tumor
heterogeneity (74).

In summary, PD-L1 expression is currently the most
advanced biomarker in development, but its predictive role
has yet to be established (35). One of the limiting factors
may be the fact that, in the absence of a generally accepted
standard assay, currently each company developing a PD-
L1 inhibitor has done so with its own accompanying
diagnostic assay, looking into different IHC antibody
clones, staining protocols and platforms, clinical decision
points and assessment and scoring methods. This is
challenging for the setup and implementation of diagnostic
PD-L1 testing in a pathology department, as this might
potentially lead to heterogeneity staining results and lecture
assessment and final reports in real clinical life. However,
in oncology, we have met similar difficulty previously with
the HER? receptor for breast cancer in order to determine
positivity for administering anti-HER2 treatment.
Studies have proven the significant benefit of anti-HER?2
therapy for the treatment of HER2-positive breast cancer
(75,76). Thus, accurate HER2 testing was needed to
ensure appropriate treatment of these patients. Finally
on 2007, a joint expert panel convened by the American
Society of Clinical Oncology (ASCO) and the College of
American Pathologists (CAP) developed guidelines for
how to test for HER2 receptor overexpression following
a globally accepted algorithm that includes IHC and in
situ hybridization assays (ISH). IHC analysis is usually
used as the primary assay and reflex ISH in specific subsets
of IHC results (e.g., 2+), although many laboratories use
as the primary test ISH technologies lately (77). This
algorithm has been implemented in clinical practice for
breast cancer and is regularly updated (78). One of the
key challenges in the development of these assays was the
lack of recognized absolute standards to define HER?2
expression to benchmark the accuracy and validity of
methods currently implemented. Over the last 15 years the
accuracy and reproducibility of these assays has improved
and the challenge on whether we should from now on
further improve these assays or develop new better assays
is the current focus of researchers in the field (79). Further
optimization and interpretation is constantly required for
more accurate assessment, revealing the intense research
over the years, while it remains to be seen if such practice
will eventually become established for standardization of
PD-L1 expression testing, as well.

© Annals of Translational Medicine. All rights reserved.
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Conclusions

For over 50 years now, surgery, radiotherapy and
chemotherapy have been the physician’s main weapons
against cancer. The development and approval of targeted
agents, directed against specific cancer cells, and now the
immune checkpoint inhibitors, targeting the immune
cells and promoting the immune response against cancer
cells, has changed the landscape of cancer treatment,
the prognosis of cancer patients and the mechanism and
timings of regulatory bodies and reimbursement agencies.
Checkpoint inhibitors, in particular, have revolutionized
the cancer treatment strategy, thus leading to fast-track
approval of two compounds already.

The focus of our review has been to highlight that the
mechanism of action of these compounds, as well as the
limited background data, still represent a challenge for their
development from a methodological point of view. None of
the phase I data helped identifying an M'TD, thus raising
questions on the optimal dose, schedule and treatment
duration, both when administered alone and in combination.
Immune-related responses, delayed treatment effects and
the lack of validated biomarkers provide challenges for the
ensuing phase II and III trials, when trying to identify the
correct endpoint to measure and the population most likely
to benefit. What seems to be reassuring so far is the safety
profile of these compounds, provided attention is paid and a
close follow-up is applied.

The next hurdles to overtake will be the cost assessment
of imAbs and the economic challenge of reimbursement
by health regulatory authorities and/or health insurances.
There is now room for equivalence studies, to compare
several doses, schedules and routes of administration, as well
as identifying the population that might receive the greatest
advantage from such treatments, in order to minimize the
number of per-patient administrations required to obtain an
optimal immunostimulatory effect.
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