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a b s t r a c t

In October 2013, the International Life Sciences Institute - Health and Environmental Sciences Institute
Immunotoxicology Technical Committee (ILSI-HESI ITC) held a one-day workshop entitled, ‘‘Workshop
on Cytokine Release: State-of-the-Science, Current Challenges and Future Directions”. The workshop
brought together scientists from pharmaceutical, academic, health authority, and contract research
organizations to discuss novel approaches and current challenges for the use of in vitro cytokine release
assays (CRAs) for the identification of cytokine release syndrome (CRS) potential of novel monoclonal
antibody (mAb) therapeutics. Topics presented encompassed a regulatory perspective on cytokine release
and assessment, case studies regarding the translatability of preclinical cytokine data to the clinic, and
the latest state of the science of CRAs, including comparisons between mAb therapeutics within one plat-
form and across several assay platforms, a novel physiological assay platform, and assay optimization
approaches such as determination of FcR expression profiles and use of statistical tests. The data and
approaches presented confirmed that multiple CRA platforms are in use for identification of CRS potential
and that the choice of a particular CRA platform is highly dependent on the availability of resources for
individual laboratories (e.g. positive and negative controls, number of human blood donors), the assay
through-put required, and the mechanism-of-action of the therapeutic candidate to be tested.
Workshop participants agreed that more data on the predictive performance of CRA platforms is needed,
and current efforts to compare in vitro assay results with clinical cytokine assessments were discussed. In
summary, many laboratories continue to focus research efforts on the improvement of the translatability
of current CRA platforms as well explore novel approaches which may lead to more accurate, and
potentially patient-specific, CRS prediction in the future.
� 2016 The Authors. Published by Elsevier Ltd. This is an openaccess article under the CCBY license (http://

creativecommons.org/licenses/by/4.0/).

1. Introduction

As a result of the CD28 superagonist TGN 1412monoclonal anti-
body (mAb) cytokine storm incident in 2006, cytokine release assays
(CRAs) have become more commonly used as hazard identification
and risk assessment tools for therapeutic candidates, particularly
mAbswith thepotential to elicit adversepro-inflammatory cytokine
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responses in patients [1–3]. Although cytokine release syndrome
(CRS) is a relatively rare event in the clinic, evaluating the potential
of certain novel therapeutic mAbs to cause CRS is now part of pre-
clinical safety testing [4]. Severe CRS is reported to have occurred
in approximately 50% of recipients administered muromonab-CD3
(OKT3, an anti-CD3mAb), before the introduction of high-dose cor-
ticosteroid pre-treatment [5], although in subsequent protocols
using a lower dose, pretreatment with anti-inflammatory agents
and a slower infusion rate also reduced the risk. Moderate-to-
severe CRS is reported in a small number of multiple sclerosis
patients given alemtuzumab (Campath-1H�), an anti-CD52 mAb
[6]. Other therapeutic mAbs currently in use such as the tumor
necrosis factor a (TNFa) antagonists infliximab, adalimumab and
certolizumabpegol (Remicade�, Humira� andCimzia� respectively)
and many others such as bevacizumab (Avastin�) and natalizumab
(Tysabri�) are not associated with CRS [4,7]. Thus, in terms of pre-
dicting the safety of novel therapeuticmAbs inman, the CRA should
ideally differentiate between mAbs with moderate-to-severe
clinical risk (e.g. infliximab < alemtuzumab < muromonab-CD3
(Orthoclone OKT3) < TGN 1412).

Significant progress has been made in designing and developing
improved methods for CRAs as a result of the CD28 superagonist
TGN 1412 incident. In 2007, a solid-phase CRA, which involves
the co-incubation of human peripheral blood mononuclear cells
(PBMCs) with mAbs that have been dry-coated onto a tissue cul-
ture plate, was shown to be predictive for the cytokine release
potential of TGN 1412 [8]. In 2009, the European Medicines Agency
(EMA) held a workshop to discuss in vitro CRAs, with the conclu-
sion that while a specific assay could not be endorsed at that time,
CRAs have a place in predicting the effect of a product in humans
[9]. Currently, a number of in vitro assay formats can be considered
when evaluating the potential for cytokine release for hazard iden-
tification by a novel therapeutic. Various CRA platforms have been
designed to identify mAbs that can be associated with CRS, how-
ever, not all CRA platforms can discriminate between mAbs induc-
ing mild or moderate cytokine release, nor can they be used to
determine a threshold where the levels of cytokines released
may be associated with serious adverse events in humans. The
diversity in the modes of action of specific drugs in the induction
of cytokine release may require the availability of adapted or
flexible CRA platforms to identify potential hazard in the clinic
for a particular therapeutic candidate. As pharmaceutical
companies become more familiar with the mechanisms related
to mAb-induced cytokine release, new assays, platforms and data
interpretation approaches are being adopted.

Considerable progress has been made in understanding mecha-
nistic aspects of CRS as well as in developing CRA formats suitable
for hazard identification. Thus, the International Life Sciences
Institute - Health and Environmental Sciences Institute Immuno-
toxicology Technical Committee (ILSI-HESI ITC) Cytokine Release
Assay Working Group set out to address the scientific issues per-
taining to CRA conduct and CRS risk assessment in a multi-
pronged approach. First, in 2013, ILSI-HESI ITC sponsored a survey
of pharmaceutical companies, contract research organizations, and
academic laboratories that demonstrated that a variety of in vitro
assay approaches were used, including testing strategies, assay for-
mats and reporting and interpretation of CRA data which was sub-
sequently published [2]. The survey indicated that variations in
assay design include solution and/or solid phase based assays,
the use of either various dilutions of whole blood (WB), PBMCs,
or peripheral blood leukocytes (PBLs) as responder cells, and in
some cases, the capture of mAbs on plates or beads via Fc using
protein A or antibodies to Fc. The survey also indicated that posi-
tive CRA controls vary across laboratories with many using anti-
CD3 reagents, while others use anti-CD28 superagonist mAbs (such
as TGN 1412 homologs) or LPS. Some laboratories also include

other marketed mAbs as positive controls. Negative controls
include phosphate buffered saline, tissue culture medium, isotype
mAb controls or marketed mAbs not known to cause clinical cyto-
kine release. Data readouts vary across laboratories from concen-
tration of cytokines (e.g. pg/mL), ratios relative to negative
controls and/or rank order comparison to other mAbs tested. Over-
all the results from the survey highlighted that there are no stan-
dard approaches, and the alignment of technical procedures for
frequently used formats may pave the way for a more harmonized
assay system.

Next, on October 22, 2013, in Silver Spring, Maryland, the ILSI-
HESI ITC Cytokine Release Assay working group sponsored a 1-day
workshop entitled, ‘‘Workshop on Cytokine Release: State-of-the-
Science, Current Challenges and Future Directions”. This workshop
brought together 93 experts in the field from pharmaceutical, aca-
demic, health authority, and contract research organizations to dis-
cuss novel technologies, experimental designs, practices and
scientific challenges. The workshop included both oral and poster
presentations of the latest science concerning CRA design, use,
and interpretation, and concluded with an open panel discussion
featuring the speakers. Topics presented encompassed a regulatory
perspective on cytokine release and assessment, 2 case studies
regarding the translatability of preclinical cytokine data to the
clinic, and the latest state of the science of CRAs, including compar-
isons between mAb therapeutics within one platform and across
several assay platforms, a novel physiological assay platform, and
assay optimization approaches such as determinationof FcR expres-
sion profiles and use of statistical tests. This manuscript summa-
rizes the scientific presentations and provides a current view on
the approaches being adopted to identify the risk of CRS for novel
therapeutic candidates.

2. Cytokine release and assessment: a regulatory perspective

Following the TGN 1412 incident, testing for cytokine release-
inducing activity has been increasingly included in the nonclinical
studies conducted to support clinical testing of mAbs [1]. Results of
in vitro cytokine release testing are now frequently included in
regulatory submissions when the therapeutic target is character-
ized as being involved in immune activation. Further, CRA results
are also often submitted for mAbs with targets that have not been
pharmacologically characterized as immune activators but are
expressed on immune cells, or for products such as immune check-
point inhibitors that are designed to disrupt immune inhibitory
signals [2]. During the workshop, both Whitney Helms from the
US Food and Drug Administration and Gabriele Reichmann from
the Paul Ehrlich Institute described cytokine release and assess-
ment from a regulatory perspective.

The conclusions from the EMA 2009 cytokine release workshop
(that cytokine release assays have a place in predicting the poten-
tial of a product to trigger cytokine release in humans [9]) suggest
that assays should be customized taking into account the degree of
knowledge of the mechanism of action of the product. Data derived
from these assays should be considered for hazard identification
purposes rather than for accurate and reliable risk quantification
purposes. Further regulatory guidance on cytokine release testing
has not been developed in the EU and there are still open questions
regarding the products for which investigators should perform
cytokine release testing and which assay format(s) they should
use. Similarly, the United States Food and Drug Administration
(FDA) does not currently have a requirement for any particular
assay that must be used for the assessment of cytokine release.
When FDA has requested cytokine assessments, sponsors have
commonly been referred to Stebbings et al. and Römer et al. for
information on the design of in vitro testing methods [8,10].
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