
Cancer is one of the leading causes of death
worldwide, with its prevalence expected to
increase by 70% in the next two decades.

However, a promising, relatively new, field of can-
cer therapy is emerging1. The striking rise of
immunotherapies in the past decade has had a
transformative effect on the prospects for the treat-
ment of cancer patients with a large number of
immunotherapy candidates proceeding to clinical
trials, and some already clinically validated. With
an estimated market potential of $34 billion by

20242, immuno-oncology (I-O) represents a rapid-
ly-growing field at the forefront of cancer therapy,
attracting much investment from biopharmaceuti-
cal companies across the globe.

Immunotherapies: a brief history
Although not until the past decade have we seen
significant breakthroughs being made in the field,
as far back as the 1890s scientists hypothesised
that the stimulation of the immune system could be
utilised as a cancer therapy3,4. William B. Coley
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employed a strategy of injecting bacteria into a
cancer patient with the goal of stimulating the
immune system to attack the tumour3, with this
successful strategy earning Coley the title of ‘the
father of immunotherapy’. We have seen signifi-
cant progress since Coley’s early work (Figure 1)
and with a wealth of research now being undertak-
en in the area of I-O, we are beginning to under-
stand the underlying relationships of cancer cells
and lymphocytes4. One of the first immunothera-
pies to be approved was IL-2 therapy, with the
hypothesis that IL-2 cytokines would stimulate T-
cell activity against the tumour cells.
Unfortunately, treatment regimens were not as suc-
cessful as expected with patients experiencing high
levels of toxicity4,5, a hurdle that remains with
immunotherapies today. 
As immunotherapies progress, several modalities

within the scope of I-O have been identified and
developed, and these can be split into two distinct
categories – passive therapies and active therapies.
Active therapies include cancer vaccines and
oncolytic viruses, while passive therapies include
immunomodulatory monoclonal antibodies, with
the most well-known examples being checkpoint
inhibitors4. Tumours are able to avoid attack from
the immune system by hijacking normal immune-
suppressive pathways, which in healthy tissue
would provide protection against infection but not
destroy otherwise healthy tissue3. Upregulation of
negative regulators of the immune system can
allow malignant cells to defeat the immune surveil-
lance system, promoting the formation and pro-
gression of tumours3. As immunomodulatory
monoclonal antibodies (mAbs), checkpoint
inhibitors act by blocking receptors on cells that
inactivate host T-cell migration. With hundreds of
antibody-based candidates in the development
pipeline, the field of I-O represents one of the most
promising strategies for cancer treatment, includ-

ing, for example, the treatment of lung cancer and
melanoma. There are already several FDA-
approved immunotherapy agents for melanoma
and lung cancer, such as Nivolumab and
Pembrolizumab, which are anti-PD1 checkpoint
inhibitors; and Ipilimumab, an anti-CTLA-4
checkpoint inhibitor3,14,15. 

Preclinical safety assessments 
of novel immunotherapies
While the promise of biologics is great, so too are
the challenges researchers have come up against.
The traditional phased approach of drug develop-
ment considers features of a candidate sequentially.
However, this approach is neither optimal nor suf-
ficiently sophisticated to support the development
of immunotherapies, which involves a vast array of
combinations of targets, drugs and biomarkers.
Taking immunomodulatory monoclonal antibod-
ies (mAbs) as an example, the objective of preclin-
ical studies is to define the toxicological profile of
the mAb. This can include the pharmacological
profile, identification of starting dose for human
studies and profiling the bio-distribution, on-off
target binding and overall toxicity of the
molecule3. Unique challenges arise for
immunotherapies as these agents are interacting
with the tumour microenvironment, and animal
models often do not mimic the exact environment
found in humans, along with differences in
immune response. The importance of assessing off-
tumour binding in normal tissues is paramount.
Since immunotherapies are, in one way or another,
stimulating the immune system to identify and
attack cancer cells, so too are normal, otherwise
healthy tissues open to attack. This undesirable
side-effect of immunotherapies has been well doc-
umented, as has the extent to which these effects
can cause serious autoimmune complications. A
significant proportion of patients receiving

Figure 1
Key events in the immuno-
oncology timeline. From
Coley’s early discoveries

through to some of the recent
approvals for melanoma and
lung cancer. Timeline adapted

from Morrissey et al
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Ipilimumab experience autoimmune-like symp-
toms and require close monitoring throughout the
treatment regime9. 

Assessing antibody binding using 
tissue cross-reactivity studies
Researchers have adapted to this challenge by
developing novel assays and approaches to acceler-
ate their understanding of the performance of
immunotherapies. One such approach is the tissue
cross-reactivity study, which provides valuable
insights into the likely in vivo response of a novel
antibody or antibody-like molecular structure
prior to commencing expensive clinical trials. Such
studies enable a detailed assessment in vitro of the
binding of a test article across a panel of 33 or
more organs and across a variety of species. By
considering the candidate’s profile of on- and off-
target binding, scientists gain an understanding of
the propensity of the structure to bind, with high
specificity, to target healthy organs in which bind-
ing is undesired. In turn, this increases confidence
in the candidate’s performance, provides evidence-
based safety and risk data, and accelerates its
advance into clinical trials.
There is no prescriptive structure for the design

of a tissue cross-reactivity study, with specific
study goals dictating the overall design. Regulatory
requirements will dictate whether the study
requires a panel of full-face tissues or whether a tis-
sue micro array (which comprises a single slide
with multiple cores of tissue from the identified 33
organ normal tissue panel) can be used. A regula-
tory-compliant GLP tissue cross-reactivity study
can be split into two distinct phases; a non-GLP
immunohistochemistry (IHC) method develop-
ment and validation phase, followed by a GLP tis-
sue cross-reactivity phase. The non-GLP phase
involves full and extensive IHC method develop-
ment including testing and optimising parameters
for test article titration, antigen retrieval, blocking,
amplification and detection reagents. This is fol-
lowed by an assessment of specificity, linearity,
reproducibility and a background staining assess-
ment on a limited tissue panel from a single donor.
An experienced study pathologist is often required
to review the validation slides and final optimal
method to add a seal of approval before proceed-
ing into the GLP tissue cross-reactivity phase.
Once a robust IHC method is validated, the

method is applied across a panel of at least 33 tis-
sues. Guidelines from the FDA recommend a panel
of 33 tissues from three unrelated adult donors.
For researchers seeking to gain regulatory approval
in multiple jurisdictions, it is advised to assess

binding across an extended panel of 38 tissues,
covering both FDA and EMA recommendations7.
Although these tissue panels are recommended,
additional tissues from target organs specific to the
test article can be included depending on particular
toxicity concerns and the mode of action. At least
two concentrations of the test article are recom-
mended, while three concentrations (the optimum
concentration identified in the validation phase,
and also a sub-optimal and supra-optimal concen-
tration) provides further information and ensures
tissues of varying target expression can be assessed.
Early preclinical studies may employ a non-GLP

study utilising tissue micro arrays (TMAs) contain-
ing an FDA-recommended tissue panel. This
allows researchers to gain an insight into on-off
target binding at an early stage, and can help direct
development programmes to address undesired
off-target binding. Furthermore, the use of TMAs
is a considerably more economic approach for
early preclinical studies, and is becoming increas-
ingly popular to assess the safety profile early on in
the development pipeline. However, for regulatory
submission and advance into clinical trials, a GLP
study comprising a full tissue panel is required.
Several important elements should be considered

when conducting GLP-compliant tissue cross-reac-
tivity studies. Firstly, the experience of the scien-
tists in performing tissue cross-reactivity assays
with novel test articles, which often require exten-
sive immunohistochemistry protocol development
and validation. Some biopharmaceutical compa-
nies choose to subcontract GLP tissue cross-reac-
tivity studies to specialist contract research organi-
sations, in order to gain access to their expertise in
conducting these specialist studies, and to ensure
robust data suitable for regulatory submission.
Secondly, the sourcing and quality of the tissue

panel used within the study. It is important to
ensure that the frozen tissue is sourced with fully-
informed patient consent, and the tissues are han-
dled carefully prior to freezing to ensure preserva-
tion of antigenicity and morphology. Since all data
output is reliant on the expression of the test article
in the tissue sections, it is critical that the tissue
panel is of a high quality with no areas of necrosis
or autolysis on any tissue. One or two tissue
integrity biomarkers can be included as part of the
tissue cross-reactivity study to demonstrate that
the study materials meet these stringent quality cri-
teria. A single section from each tissue is stained
with routine tissue architecture biomarkers such as
vimentin or cytokeratin, or as a multiplexed dual
stain, which are complementary and provide broad
staining over the majority of tissue architecture.
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Thirdly, having a study pathologist that is expe-
rienced in evaluating slides from tissue cross-reac-
tivity studies is another key consideration, to
ensure that the data output is accurate and reliable.
A peer review of pathology data, often from a sub-
set of study slides, adds to the integrity of study
data and reduces any bias.

A look to the future
There is still huge scope within the area of I-O, and
scientists are experimenting with novel antibody
structures and ways to enhance immune cell
recruitment and target cancer cells11. Bispecific
antibodies are of particular interest to scientists, as
these structures have the ability to bind to two dif-
ferent surface receptors with a high level of speci-
ficity, allowing a direct connection between a
tumour cell and a T-cell13. Bispecific T-Cell
engager (BiTE) technology has produced several
FDA-approved therapies such as blinatumomab,
for the treatment of chemotherapy-resistant acute
lymphocytic leukaemia, with a whole host in clini-
cal development10. BiTEs are small molecules con-
sisting of the variable regions only, which are con-
nected by a flexible linker peptide10. They present
as a potent molecule which can be used in low con-
centrations but also have a short serum half-life
which is due to their structure. Preclinical safety
assessments for these antibody structures will also
require an on-off target binding assessment via tis-
sue cross-reactivity studies, along with other phar-
macological assessments. The varying formats,
structures and pharmacokinetic profiles of these
molecules will allow clinicians to have a greater
choice when it comes to therapies and treatment
regimes, allowing a more personalised approach in
the future.
In addition to novel constructs, scientists have

turned to combination therapies to help improve
treatment response rates. CTLA-4 and PD-1
inhibitors are currently used as individual therapies
in the treatment of advanced melanoma and lung
cancer, and when administered in combination a
greater efficacy can be achieved in a broader pop-
ulation of patients3,8,16. A new challenge is pre-
sented in the safety considerations of these novel
immunotherapies as scientists explore combination
therapies to improve efficacy. This adds to the
complexity of safety assessment assay designs
which must take into consideration the non-stan-
dard response kinetics and potential autoimmune
side effects when combining two or more agents
that actively stimulate the immune system.
Furthermore, the sequence in which these agents
are administered can have differing effects and out-

comes. This presents an opportunity to develop
predictive and prognostic biomarkers that can aid
in patient selection and direct therapy to the
patients who will benefit the most, along with the
prediction of immunotherapy toxicity6,9. As yet
validated biomarkers with predictive and prognos-
tic value do not exist and is another area of active
research9. Until these biomarkers are developed, it
is important to understand the safety profile and
off-target binding toxicities of these agents, partic-
ularly when used in combination therapies.

Conclusion
The landscape of cancer treatment has changed
dramatically over the last two decades. As our
understanding of new immunotherapies progress-
es, and the way we target the treatment of cancer
adapts, so too must the way we assess the safety
profile of these agents. There are still many chal-
lenges to overcome as we explore the possibilities
of novel antibody constructs, along with mono-
and combination immunotherapy. As we increase
our understanding of this novel therapy for cancer,
there also becomes a requirement for predictive
and prognostic biomarkers that can aid in patient
selection and direct therapy to the patients who
will benefit the most6. Until these biomarkers are
developed, and a personalised treatment regime
can be implemented, it is important to understand
the safety profile and off-target binding toxicities
of these therapies, particularly when used in com-
bination. Compared to a clinical trial, the invest-
ment required in a preclinical tissue cross-reactivity
study is modest, and provides valuable information
that enables scientists to make evidence-based deci-
sions on whether to progress a candidate into clin-
ical trials and how clinical investigations should be
directed. It may still be too early in the develop-
ment of immunotherapies to know the best prac-
tice for complete risk assessment in preclinical
studies. However, evaluation of antibody tissue
cross-reactivity in a panel of 33 or 38 organs is
likely to remain a critical element of preclinical
safety assessment for this new age of immunother-
apies, playing a vital role in accelerating new can-
didates into human clinical trials.                 DDW
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