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The field of immunotherapies including monoclonal antibodies and cellular therapies is rapidly evolving
and cytokine release syndrome is an obstacle to deal with in this process. This syndrome is a kind of toxic
condition caused by the pro-inflammatory cytokines released with the activation of the extreme immune
response. In fact, up to some extent, the cytokine release may be an indicator of the antitumor effects of
immune-based therapies. Therefore, the distinction between the level at which the efficiency of treat-
ment is ensured and the point at which the life-threatening cytokine release syndrome starts is critically
important. Recently, considerable developments have been achieved with regard to the prevention or
control of this syndrome. In this review it is aimed to summarize the clinical approach to cytokine release
syndrome and associated conditions.
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New monoclonal antibodies (moAb) and cellular therapies with
stronger anti-tumor effects are evolving every day and used
particularly in the fields of oncology, hematology, and organ
transplantation; however these developments are overshadowed
by serious adverse effects such as CRS. According to ‘The National
Cancer Institute Common Terminology Criteria for Adverse Events’
(NCI-CTCAEs) CRS is defined as a condition that is caused by an
extreme immune response with excessive cytokine release causing
symptoms such as nausea, headache, tachycardia, hypotension,
rash, and dyspnea.' These cytokines are released by T and B lym-
phocytes, natural killer cells, monocytes and macrophages. They
activate the inflammatory cascade causing uncontrolled endothe-
lial damage resulting in a systemic inflammatory response with
multiple organ dysfunction and even death as result.?

Clinical syndromes caused by immunotherapy can be based
upon two different pathways. First is autoimmune toxicity; the
targeted antigen is also presented by non-tumor tissues and might
cause the destruction of healthy tissue. Second is cytokine-
mediated toxicity; this toxic condition is caused by pro-
inflammatory cytokines released due to activation of an extreme
cellular immune response independent of the antigen. CRS is
considered as an example of the latter.

MoAbs are known to cause this condition most frequently, even
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though it was not always specified as a syndrome but referred as an
immune reaction, anaphylactic reaction, or adverse event. In 1981,
it was first mentioned that administration of muromonab (okt3,
anti-CD3), which is the first moAb that is currently being used after
solid organ transplantation, caused increased cytokine levels and
systemic reaction.’> Subsequently severe adverse systemic reactions
caused by murine moAb T101 and alemtuzumab (moAb against
CD52, CAMPATH 1-H) have been reported.*” Likewise, in a phase 1
study on TGN 1412, an anti-CD28 moAb, CRS developed in all of the
six patients after administration of TGN1412.% After this study in
1996, TGN1412 was no longer used as therapy in humans, although
experimental studies continued.

Rituximab, a murine-human chimeric anti-CD20 moAb, is
probably the most frequently used biological agent in hematologic
malignancies today. Actually, clinicians’ initial confrontation with
this syndrome was by means of rituximab.

1. Rituximab and CRS

The mechanism of rituximab is based on complement mediated
cell lysis and antibody dependent cellular toxicity. Although natural
killer cells play major role in cellular toxicity, the interaction of the
Fc of the anti-CD20 with the Fcy receptor on macrophages con-
tributes to cytokine release (FcyR/Fc mediated opsonic phagocy-
tosis or cytotoxicity). In addition, it causes damage to the calcium
channel of the CD20 antigen inducing apoptosis due to intracellular
calcium overload. Lysis of these target cells can cause a dramatic
increase of cytokines within minutes.>'” Infusion associated
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adverse effects appear in approximately 25% of the patients after
administration of rituximab. Although it is reported that most of
these reactions can easily be treated, this remains controversial. As
well, some fatal events are reported in some limited studies and
case reports.'! For example Makino et al. reported the death of a
patient with lymphoma 5 h after rituximab administration most
likely due to CRS.'? Several factors play a role in infusion associated
adverse effects of rituximab and the risk of developing CRS such as
tumor burden, first or subsequent cycle of treatment, the dosage
and infusion rate.'®> Hannawa et al. demonstrated that reducing
tumor burden by conventional chemotherapy before rituximab can
reduce the risk and severity of CRS by preserving the efficacy of
therapy.'

Development of CRS is also a problem after the administration of
cellular therapies including bispecific antibodies (blinatumomab,
BiTE), haploidentical mononuclear cell infusion, and chimeric
antibody expressing (CAR) T cell. These therapies are particularly
promising in B cell acute lymphoblastic leukemia (B-ALL), non-
Hodgkin lymphomas, and chronic lymphocytic leukemia (CLL).'>'

2. Cellular therapies and CRS

Blinatumomab is the first BiTE® molecule to have been approved
by the US Food and Drug Administration (FDA) for relapsed/re-
fractory Philadelphia negative B-ALL. In the initial clinical studies in
patients with B cell malignancies, blinatumomab was poorly
tolerated because of side effects including CRS and neurotoxicity.!”
In fact, the central nervous system (CNS) adverse events are
considered to be associated with cytokine release induced by the
targeted T cells that enter the CNS. In most of these studies CRS was
usually seen in the first cycle of treatment and was related to high
disease burden. The risk of CRS was lower for those in minimal
residual disease. Recently, in a multicenter study on blinatumomab
no adverse event related with CRS has been reported in patients
with diffuse large B cell lymphoma by stepwise dosing and with
dexamethasone prophylaxis.'®

CAR T cell therapy is also particularly promising but there are
many reports on CRS related with CAR T cell therapy, even some
of them are fatal. (30—94%, including severe CRS 1—48%).!9 %%
Recently, first anti CD19 CAR T cell product tisagenlecleucel
(CTLO19) was approved by FDA for treatment of patients younger
than 25 years of age with relapsed or refractory B-cell precursor
ALL. In current studies in this population CRS related with
tisangenlecleucel is reported in 77—82% of the patients and
44—48% were severe that required anti-cytokine therapy.?>2®
These studies are mostly conducted on pediatric patients with
ALL and it is known that the risk of toxicity related with con-
ventional chemotherapy increases with patient age. Similarly,
after CAR T cell therapy, older patients might experience CRS -or
severe CRS- more than children. There is no much data in adults
but in a study by Turtle et al. CRS was reported in 82% of the
adult patients (28% of them were grade3-4) with B-ALL who
received CD19 CAR T cell therapy after lymphodepletion
chemotherapy including cyclophosphamide with or without
fludarabine.”’ In this study 30 patients enrolled with a median
age of 40 years (range 20—73) the rate of CRS was similar to those
in pediatrics but the severe form of disease was less frequent and
responded rapidly to the treatment. Authors emphasized that
lymphodepletion -especially with fludarabine- and CAR T cell
dosing strategies mitigate the toxicity.

The high rates of CRS mostly reported in studies with ALL pa-
tients. Indeed; in another study on CTLO19 in adult patients with
diffuse large B cell lymphoma (LULIET study) CRS occurred in 57% of
the patients (17% grade 3; 9% grade 4); and there was no CRS-
associated death.?! Similarly, a CD19 CAR T cell product (CAR017)

was studied in a phase 1 study on adult patients with B cell non-
Hodgkin Lymphoma and CRS was reported in 30% of the patients
(1% grade4).?>

Another autologous anti-CD19 chimeric antigen receptor CAR T
cell product axicabtagene ciloleucel (axi-cel, KTE-C19) was studied
in patients with refractory B-cell lymphoma. Grade 3 or higher
cytokine release syndrome occurred in 13% of the patients.?® All of
these reports revealed that tumor burden, underlying disease, CAR
T cell dosage, use of lymphodepleting chemotherapy and also
comorbidities and age of patient affect the development and
management of CRS. Although some studies have mentioned the
correlation between CRS and the efficiency of CAR T cell therapy,
the effect on outcome was not found strong.>*

In contrast to monoclonal antibodies, CRS may progress more
severely in T cell therapies due to continuous cytokine release
during the whole lifespan of the cells. Based on this information,
studies on developing short living CAR T cells with suicide genes or
mRNA are being conducted.”® Despite all these studies, CRS still
constitutes a serious problem for cellular therapies and other al-
ternatives are needed for its prevention.

The risk of developing CRS depends on the characteristics of the
given biological, the manufacturing, quantity, selection and acti-
vation of these immune cells, but also on patient characteristics
such as the underlying disease, tumor burden -high number of
lymphocytes-, lymphodepletion using cyclophosphamide and flu-
darabine before immunotherapy and probably also the genetic
structure of the patients.”® For instance, the maximum cytokine
level is approximately 90 min after administration of rituximab
whereas symptoms will appear in minutes to hours, although it
might vary depending on the infusion rate.'>?° For alemtuzumab,
increase of cytokines ranges between 2 and 4 h.° For cellular ther-
apy the onset of CRS toxicity usually occurs between 6h and 10
days but the effect will last much longer due to the continuity of cell
expansion.’%>! Turtle et al. showed a direct relation between the
number of administrated cells and CRS in CAR T cell therapy, they
conducted the study on 3 dose level (2 x 10°/kg; 2 x 10%/kg; and
2 x 107/kg) and they reported fatal cases after giving high numbers
of cells (2 x 107 /kg cells). They emphasized that individualizing the
dose of CAR T cells may provide optimal efficacy and safety. In
patients with high tumor burden it would be better to keep the CAR
T cell dose low to decrease the risk of CRS, whereas in patients with
low tumor burden higher dose of CAR T cells may be required to
ensure the adequate antigenic stimulation.>!

Another variable that is thought to play a role in CRS is genetic
polymorphism. It is already known that polymorphism in cytokine
genes affect cytokine levels in sepsis and have a role in progression
towards septic shock.>> Morgan et al. identified the same geno-
types, IL6-174 G/C and IL10-1082 G/A in a patient with CRS after
CAR T cell therapy.>® This finding may explain the heterogeneity of
CRS in different patients.

3. Pathophysiology

In both monoclonal antibodies or cellular therapies, mediators
that are considered to be important in developing CRS are inter-
feron gamma (IFNY), IL6, and tumor necrosis factor alpha (TNFa) as
well as interleukin1 beta (IL1B), IL2, IL10, IL8, IL5, and fracktalkine
(CXC3L1) (Table 1).293435

IL6, the key cytokine in CRS, is a pleotropic cytokine that dis-
plays both anti-inflammatory and pro-inflammatory characteris-
tics. It is mainly secreted by lymphocytes, but it might also be
generated by monocytes/macrophages, dendritic cells, T-cells, ad-
ipocytes, mesenchymal cells, and osteoblasts. IL6 is assigned in
many systems, such as the neutrophil migration, acute phase
response, angiogenesis, B-cell differentiation, antibody generation,
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Table 1
Principle cytokines associated with CRS and their effects.

cytokine  source target and effect

IFN-y NK cells, Th1 cells and CTLs Macrophage activation, Th1 cell differentiation, B cell isotype switching increases
MHC expression and antigen processing to T cells

TNF-o Macrophages, NK cells and T cells Endothelial cell activation (inflammation), microbicidal activity in neutrophils
and macrophages,
synthesis of acute phase proteins in liver

IL1 B Macrophages, DCs, fibroblasts, endothelial cells, hepatocytes Endothelial cell activation (inflammation, coagulation), synthesis of acute phase
proteins in liver

L2 T cells proliferation and differentiation of T cells and NK cells
B cell proliferation and antibody synthesis

IL6 T cells, monocytes, macrophages, fibroblasts, and endothelial cells Augment immune response proliferation of antibody-producing B cells
Neutrophil production from the bone marrow synthesis of acute phase proteins
in Liver

IL10 Th2 cells and macrophages inhibition of the expression of IL-12 in Macrophages and DCs

IL12 Macrophages and DCs Th1 cell differentiation
IFN-v synthesis in NK cells and T cells increasing cytotoxicity

IL8 Macrophages, epithelial cells, airway myocytes, monocytes, T lymphocytes, Lymphocyte and neutrophil chemotaxis and induction of phagocytosis

neutrophils, vascular endothelial cells, dermal fibroblasts, keratinocytes,

hepatocytes

Fractalkine Monocytes, endothelial cells, macrophages, DCs, fibroblasts (by stimulation

of cytokines such as TNF-o, IN-y and IL1-f)

(migration exocytosis; release of some mediator such as histamine), respiratory
burst, Chemoattractant for endothelial cell, macrophage, mast cell and
keratinocyte promotes angiogenic responses in endothelial cell, autocrine
growth factor for cancer cells

Membrane binding form; leukocytes adhesion

Soluble form; chemoattractant for monocytes, NK cells and T lymphocytes

An important receptor and surface marker for NK cells and CTL

CTL: cytotoxic T lymphocytes NK: natural killer DCs: dentritic cells.
References: [30,34,35].
Adapted from reference [30] with the permission of Yong-Min Tang.
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Fig. 1. IL6 signalization mechanisms: IL6 binds to the IL6 receptor (IL6R) which present with glycoprotein 130 (gp130) in the membrane and activates intracellular signaling called
as ‘classical signaling’. The sIL6R, soluble form of IL6R, combines with IL6 in body fluids. This complex may also bind to the cells that hold gp130 alone. So by this way is called ‘trans-
signaling’ IL6 can affect the cells that not have IL6R. ADAM 10 and ADAM 17 metalloproteases are responsible for cleavage and consist of sIL6R. Soluble gp130 (sgp130) preferentially

can binds the IL-6/sIL-6R complex to antagonize IL-6 trans-signaling.

and lipid metabolism, that either directly concern the immune
system or not.>® IL6 binds to the IL6 receptor (IL6R, CD126, gp80)
presented in the membrane together with the signal transducer
membrane protein gp130 (CD130). This complex activates such
pathways as JAK/STAT, PI3K, and RAS/MAP kinase and starts
intracellular signaling by causing gp130 to dimerize.>’ Healthy
signaling requires the existence of gp130 and IL6R on the surface of
the same cell. This is called as ‘classical signaling’ (Fig. 1). While
gp130 is present on the surface of many cells, IL6R is mainly found
in such immune effector cells as neutrophils, monocytes/macro-
phages, and lymphocytes and some non-immune cells such as
hepatocytes. Thus, a limited group of cells is sensitive to IL6. IL6R
can also be found in soluble form in body fluids (sIL6R), which can

bind cells that hold gp130 alone on their surfaces. While the soluble
receptors of TNFo and IL1 function as an antagonist, sIL6R functions
as an agonist. When IL6 attaches to sIL6R and starts the signaling by
binding to cells that hold gp130 alone -and not accompanied with
IL6R-on their surfaces, this is called ‘trans-signaling’ (Fig. 1). Many
cells such as embryonic stem cells, early hematopoietic progenitor
cells, neural cells, and, endothelial cells are not sensitive to IL6
under normal conditions, because they do not carry IL6R. But, they
do become sensitive when sIL6R is present.>® It is considered that
the anti-inflammatory activity of IL6 depends on classical signaling,
while its pro-inflammatory activity depends on trans-signaling.
sIL6R is mainly formed two ways. The first is through limited pro-
teolytic cleavage from the cell membrane and the second is
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transmission from spliced m-RNA.>” A recent study demonstrated
that deactivation of the sIL6R gene significantly decreased sSIL6R
levels and that the main source of sIL6Rs in the circulation were
hepatocytes and hematopoietic cells. However, it is mainly pro-
duced by proteolytic cleavage particularly in chronic inflammations
and malignancies. ADAM 17 and ADAM 10 metalloproteases
(sheddase), found in the membrane, are thought to be responsible
for cleaving the IL6R through proteolysis and for releasing sIL6R
into the environment. Pro-inflammatory cytokines such as IL1j,
TNFa and bacterial toxins cause sIL6R to increase through apoptosis
by intrinsic or extrinsic factors such as DNA-damage and radiation
and by activating the ADAM 17 enzyme.>*% Also, when IL6 level is
low, it primarily binds to the IL6R bound to the membrane,
resulting in classical signaling. On the contrary, when IL6 levels are
high, ‘trans-signaling’ is also triggered activating more cells.*!
Therefore, high IL6 levels, cell membrane destruction, and
apoptosis trigger the pro-inflammatory cascade causing CRS.

Destruction of target cells or activation of CART cells causes not
only the release of IL6, but also cytokines such as IFNy, TNFa, IL18,
and IL2 from lymphocytes, monocytes, and neutrophils. IFNy,
generated by T-cells and NK-cells, is a proinflammatory cytokine
that plays a role in the T-cell differentiation, MHC1 induction, and
B-cell isotype shift.** It also activates macrophages and causes the
release of cytokines such as TNFa, IL1B, IL6, IL8, and IL10. This
cascade contributes to the cytokine storm. At this point, IL10 fails to
control although it suppresses cellular immunity.

4. Symptoms and findings

Clinical symptoms and the severity of CRS may vary signifi-
cantly. It can cause fever, chills, fatigue, nausea, headache, muscle
pain, dyspnea, tachycardia, hypotension, liver dysfunction, and
even respiratory distress syndrome with a fatal progress potential,
acute vascular leak syndrome, disseminated intravascular coagul-
opathy, neurotoxicity, cardiac dysfunction, renal failure, and mul-
tiple organ failure.

In general, fever does not exceed 40.0 °C and is the first and the
most important symptom. The onset and duration of fever vary
according to the agent. Most frequently fever onsets within hours
after monoclonal antibodies. Whereas, in CAR-T cell therapy fever
generally occurs within 5—7 days after infusion, late fever rarely
occurs after around 2—3 weeks.*> Fever can be mistaken for
infection. Mostly, it is not possible to distinguish the two factors so
empirical antibiotic therapy should be started after collecting the
appropriate cultures, particularly in neutropenic patients. Sepsis,
frequently encountered in cancer patients, may also be confused
with CRS. Although IL6 and IL10 levels rise quite high in sepsis, no
significant increase is observed in INFg levels, making it an
important parameter to distinguish sepsis from CRS.**

Hypotension is also frequently observed. Although rapid fluid
replacement is often sufficient, vasopressor support may also be
required and in general it responds well to anti-cytokine treatment.
One should take into account that pulmonary edema due to
vascular leak syndrome may complicate the fluid replacement.

Cardiac dysfunction is generally reversible although it can appear
fast and severe. Although its pathophysiology is not exactly known,
clinical findings are very similar to sepsis associated cardiomyopa-
thy or stress cardiomyopathy (Takotsubo cardiomyopathy).*>

The pathophysiology of neurological complications of CRS is not
fully understood. It is known that it is different from the classical
symptoms of CRS. Its progression and severity are quite variable. It
can occur together other symptoms, but it might exist solitary as
well. It might also appear during the recovery period of CRS or even
become evident with anti-cytokine treatment. Some say that high
cytokine levels in the cerebrospinal fluid (CSF), especially the direct

neurotoxic impact of IL6, are responsible. Neurological impacts of
IL6 and its association with such diseases as Alzheimer, Parkinson,
multiple sclerosis, schizophrenia, and depression have been re-
ported.*® Neural cells, which do not contain IL6R under normal
conditions, may become sensitive to IL6 since sIL6R will increase in
the CSF causing trans-signaling. On the contrary, neurotoxicity after
tocilizumab treatment, is explained by reduced IL6 clearance
resulting in a dramatic increase of IL6 levels due to inhibition of the
receptor-mediated endocytosis of IL6.*!

CRS may also be mistaken or occur together with hemophago-
cytic lymphohistiocytosis (HLH). HLH is a rarely encountered im-
mune regulation disorder, which results in excessive inflammation
and pathological immune activation. Besides high cytokine levels,
high ferritin and triglyceride levels, fever, cytopenia, splenomegaly,
and impaired coagulation are the characteristics of this syndrome.
Primary HLH is a hereditary disease caused by defective cytolytic
exocytosis and macrophage activation syndrome (MAS) is a form of
secondary HLH caused by infection, malignancy, or autoimmune
diseases. It has been shown that many patients diagnosed with
MAS had heterozygote gene mutations as PRF1, MUNC13-4,
STXBP2, and STX11.#*® CAR T cell therapies or other immuno-
therapies may trigger these syndromes without any mutation. MAS
and CRS share the same clinical and laboratory properties sug-
gesting a similar pathophysiology. Some consider CRS caused by T
cell therapies as a part of HLH or MAS as well. The association of
MAS and CRS was suggested by Maude et al., in 2014.!> They point
out the coexistence of hepatosplenomegaly, liver dysfunction,
hypofibrinogenemia, coagulopathy, and severe hyperferritinemia
accompanied by high fever in some patients diagnosed with CRS.
Even cytokine patterns of these patients were similar to those of
patients with MAS, such as high levels of IL10, IL6, and IFNy, but
also high levels of IL2R, MCP-1, and MIP1B with normal levels of IL1
B, IL4, IL5, IL7, IL12, IL13, IL17, TNFa, and GM-CSF).#4%0 Grupp et al.
also reported two cases of MAS developed together with CRS after
CD19-CAR therapy.!

Depending on the cytokine activation renal failure may develop
during the course of CRS. In addition, it should keep in mind that,
tumor lysis syndrome might simulate or attribute to CRS due to the
anti-tumor effect of the agent. In tumor lysis syndrome excessive
cytokine levels contribute to inflammation, acute renal failure, and
hypotension. However, metabolic abnormalities such as hyper-
phosphatemia, hyperkalemia, and hypocalcemia, which are often
seen in tumor lysis syndrome, are not common in CRS.>> A careful
differential diagnosis should be made including these two syn-
dromes and should be treated accordingly.

5. Biomarkers

Since CRS basically arises from supra-physiological levels of
cytokines, in theory, cytokines may be used as a marker in pre-
dicting the course and severity of the syndrome. Most of the studies
on this subject indicates that the tumor burden, high cytokine/
protein levels (especially C-reactive protein (CRP), ferritin,
interferon-g (IFNg), and interleukin-6 (IL-6) but also sIL2Ra, MCP1,
sgp130), and severity of CRS are correlated, even though opinions
on the contrary do also exist.'>?4314:53_55 Byt the main question
is whether in the early period these inflammatory markers or cy-
tokines can anticipate the severity of CRS and can be practical as a
tool to guide prophylactic or preemptive treatment. The predictive
values and feasibility of these markers are controversial.

First of all, standardization and accessibility of cytokine mea-
surement are not optimal. Also, threshold values for cytokine
measurement are not yet defined. Second, in spite of the fact that
CRS correlates with the cytokine level, it is not clear whether it can
act as a predictor in those cancer patients, in whom cytokine levels



138 E. Yildizhan, L. Kaynar / Journal of Oncological Sciences 4 (2018) 134—141

may already be high. Moreover, the cytokine profile of CRS may
overlap with those of MAS/HLH and infection. Therefore, it may be
more reasonable to calculate the increase as a ratio or the increase
compared to the basal value instead of the absolute cytokine level.
In fact, it seems rational to use several markers at the same time
and to follow up a series of measurements rather than the level of a
single cytokine. However, which cytokine(s) will be more benefi-
cial? Additional data are needed to determine. In fact, several
studies proved the role of not one but many cytokines in CRS, but
still, the focus of primary treatment in severe CRS is on suppressing
the IL6 signaling. An IL6 targeted therapy, tocilizumab, is used as
first line immunosuppressive therapy, rather than anti-TNFa or
anti-IL1 treatment. Thus benefit of broad cytokine measurements
in the management of the syndrome is questionable at the
moment, because staging and treatment are ultimately based on
clinical parameters.

CRP, an acute phase reactant, is increased significantly during
inflammation and might provide a prediction on the bioactivity of
IL6. This marker might be preferred because of inexpensiveness and
feasibility. Many studies demonstrated that, there is a significant
correlation between CRP concentration and severity of CRS, and
also response to treatment but CRP falls behind regarding the
increasing time of other cytokines.’*>'>* Besides, as CRP is also
high in infection, it is not useful in discriminating these two con-
ditions or in overlapping cases. Likewise ferritin, another acute
phase reactant, will be useful to monitoring but not enough as a
predictive marker. Some suggest that so high ferritin level
(>20,000 ng/ml) or CRP level (>150 mg/L) could serve as a useful
marker as it is not typical for infection even in heavily transfused
patients. Common view is that; routine monitoring of CRP and
ferritin concentration may be beneficial but more studies are
needed to prove the predictive significance of these markers.

The correlations between serum IL-6, IFN-y levels and severity
of CRS were revealed as well. Moreover elevated levels of these
cytokines can be detected earlier than CRP and ferritin.?*>! But
these tests are not easily available and still data are needed to
determine the thresholds for risk stratification and guiding the
therapy.

6. Staging and treatment

NCI-CTCAEs has defined certain criteria and grades for CRS as in
many pathological conditions.' This system is quite basic but, most
of the patients also display additional morbidities such as neu-
tropenia, immune suppression, infection, and tumor lysis syn-
drome and so a more detailed clinical evaluation is needed to
distinguish the causes and treat them accordingly. Subsequently,
some authors revised these criteria taking previous experiences
into account.*>* CRS grading scale published by Lee and colleagues
is quite practical and useful (Table 2).! But it should be noted that,
this scale is not include any laboratory marker. As the data about
the effect of cytokine levels on prognosis increase, a new revision
may be needed.

Grade 1 defines patients with mild symptoms. Interruption of
treatment is not required and symptomatic treatment will be
sufficient.

Grade 2 defines patients with respiratory distress, which gets
well with less than 40% oxygen, hypotension responding to
parenteral fluid therapy or low dosage vasopressor, and grade 2
organ toxicity. Interruption of treatment is required; however,
symptomatic treatment also provides rapid response. Age and co-
morbidity of the patient should be taken into account before
deciding to intervene with an immunosuppressive in a patient at
grade 2.

Grade 3 defines patients with hypotension unresponsive to fluid

and low dosage vasopressor therapy, respiratory distress that does
not respond to low dosage of oxygen therapy, and grade 3 organ
dysfunctions such as coagulopathy, renal and cardiac dysfunction.
The symptoms persist even though infusion is interrupted and
symptomatic treatment is carried out properly. These patients
should be rapidly and closely monitored under intensive care
conditions. Possible cardiac decompensation may be overlooked in
patients not properly monitored and not evaluated by echocardi-
ography. Anti-cytokine treatment is required to prevent permanent
organ dysfunction.

Grade 4 defines patients with fatal risk. Vasopressor treatment
and mechanical ventilation is necessary. These patients should
rapidly receive anti-cytokine treatment.

Another scoring system SOFA (sequential organ failure assess-
ment) has been developed for the patients in intensive care unit.
This scoring system includes blood pressure, platelet count, creat-
inine and bilirubin levels, partial oxygen pressure, and Glasgow
coma scale parameters. Increased cytokine levels in patients
receiving the CAR T cell therapy were demonstrated to be associ-
ated with a high SOFA score.””

7. Treatment

Tocilizumab, a monoclonal IL6R antibody, inhibits both classical
and trans-IL-6 signaling in the IL6 pathway via blocking IL-6
binding to both cell-associated and soluble IL-6Rs. Tocilizumab is
an approved drug for the treatment of rheumatoid arthritis since
2010 and also there are many experiences in the treatment of
CRS.?#31'55-57 In 2017, Tocilizumab has been approved by FDA for
the treatment of CAR T cell induced severe CRS in patients 2 years
old and over. In rheumatoid arthritis recommended dosage is
4—8 mg/kg every 4 weeks in adults and 8—12 mg/kg every 2—4
weeks in children and in studies conducted on CRS doses in similar
range were used. The approved dosage of tocilizumab for CRS is
12 mg/kg for patients less than 30 kg weight and 8 mg/kg for pa-
tients at or above 30 kg weight. Fever and hypotension generally
ameliorates within a few hours in patients responsive to tocilizu-
mab. However, in some patients it may be necessary to continue
supportive treatment for several days. Although Tocilizumab has a
very long half life (11—14 days) the common approach is to repeat
the dose if enough clinical improvement is not achieved within
48 h.41°728 If the patient still does not improve with persisting high
IL6 levels, a high dose of tocilizumab may be considered, although
no sufficient data exist on this topic.

Neurological symptoms may react differently in CRS. Some-
times, neurological symptoms may be prolonged in patients who
have rapid hemodynamic response to tocilizumab. Some say that
this is dependent on the direct neurotoxic impact of IL6. Both the
transmission of IL6 produced at periphery and activated immune
cells into the CNS are the source of increased IL6 in CNS. Tocilizu-
mab does not pass the CSF barrier easily. After administration of
tocilizumab a temporary increase of IL6 is seen as a result of the
receptor blockage and inhibition of endocytosis.*! Consequently,
neurological symptoms are in fact initially exacerbated after toci-
lizumab or even some neurological symptoms may emerge.
Therefore, tocilizumab is not an appropriate option for a CRS pa-
tient, who has grade 3 to 4 neurological findings but does not
display a significant hemodynamic disturbance. In these cases
steroids will probably be more beneficial.

The most frequent adverse effects reported in patients with
rheumatoid arthritis are transaminitis, thrombocytopenia, and
hypercholesterolemia. Neutropenia was also seldom reported
resolving after discontinuing. In chronic use there might be an in-
crease of the infection risk. Severe adverse effects (grade 3 or
greater) are extremely rare.”®
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Table 2
Revised grading system and management of CRS.

Symptoms

Treatment

Grade Mild constitutional symptoms such as fever, nausea, fatigue, headache,
1  myalgia, malaise
Grade Symptoms require moderate intervention
2 e Hypoxia with oxygen requirement less than 40%
e Hypotension responds to fluids or low dose vasopressor*
e Grade 2 organ toxicity**
Grade Symptoms require aggressive intervention
3 e Hypoxia with oxygen requirement more than 40%

Not require interruption of therapy Symptomatic treatment + empiric treatment of
concurrent bacterial infections

Interruption of therapy is required, rapid response to symptomatic treatment
Immunosuppressive treatment is optional according to the comorbidities or age

Prolonged duration of symptoms despite symptomatic treatment and interruption
of therapy.

e Hypotension not responds to low dose vasopressor* (requires high dose or Monitorization in ICU aggressive intervention with immunosuppressive treatment

multiple vasopressors)

e Grade 3 organ toxicity -such as coagulopathy, renal dysfunction, cardiac

dysfunction- or grade 4 transaminitis**
Grade Life-threatening symptoms and toxic condition
4 e Grade 4 organ toxicity** (excluding transaminitis)

Grade Death
5

(tocilizumab =+ corticosteroids) is required.

Ventilator support and vasopressors are required
Rapid intervention with immunosuppressive treatment
(tocilizumab =+ corticosteroids)

*low dose vasopressors.

Norepinefrin <20 mcg/kg/dak.

Dopamin <10 mcg/kg/dak.

Epinefrin <10mcg/kg/dak.

**Grades of toxicities are dictated by CTCAE v5.0.

References: [1,41].

Adapted from reference [41] with the permission of Crystal L. Mackall

Steroids are frequently used to suppress an extremely inflam-
matory response in sepsis and to diminish the cytokine release
caused by HLH/MAS with success. Also steroids appear to be suc-
cessful in CRS after administration of a moAb.*! Being familiar and
available are the advantages of steroids but their efficacy in the CRS
management is slower compared to that of tocilizumab. In addition,
since they have undesired effects on the T-cells, and potentially
could decrease the antitumor effect of the CAR T cells, corticoste-
roid treatment should be considered in second line treatment for
patients refractory to tocilizumab. Although depending on patient
characteristics, the generally preferred steroid dosage is 2 mg/kg/
day methylprednisolone. Dexamethasone may be preferred in pa-
tients with dominant neurological symptoms since it penetrates
the blood brain barrier more effectively. It should also be pointed
out that a relative corticosteroid deficiency may arise because of the
suppression of the hypothalamic-pituitary axis when CRS develops
in patients, who are frequently administered corticosteroids in the
treatment process as in the case of B-ALL, and in such a case a stress
dosage of corticosteroid replacement will be appropriate.

Targeted immunosuppressive therapies for other cytokines such
as anti-TNFo. moAD infliximab, the TNFa inhibitor etanercept, and
the IL1R inhibitor anakinra are alternatives that may be considered
in the management of CRS. Although, these agents and also
Cyclosporine are known to be efficient on HLH/MAS which have
similar pathophysiological features with CRS, for the present, there
are not enough experiences and data on CRS. The anti-CD25 moAb
daclizumab has gained attention after studies showed an increase
of the soluble IL2 receptor CD25 in patients with HLH after the CAR-
T cell therapy.®® For patients who become critically ill and do not
respond to IL6 directed therapy, targeting IL1, IFNy, TNFa. or sIL2Ra.
could ameliorate the symptoms. But it should keep in mind; these
therapies would likely decrease antitumor efficiency of the CAR T
cells.

Another moAb that targets IL6, siltuximab, has approval in the
treatment of HHV-8 and HIV negative Multicentric Castelman's
Disease and has been the potential to be effective in the treatment
of CRS. Also there are some data on the efficacy of siltuximab in
some inflammatory and malignant diseases such as juvenile idio-
pathic arthritis, multiple myeloma and prostate cancer, but it has

not been studied as a first-line therapy in CRS. There are a few
experience in patients unresponsive to both tocilizumab and
corticosteroid treatment but future studies are needed.*>61—63

The ‘soluble gp130’ is a particularly promising molecule with
growing data on many diseases such as osteoarthritis, chronic co-
litis, atherosclerosis, and cancer.’* Soluble gp130 binds the IL6/
sIL6R within the extracellular matrix and prevents activation in the
membrane, in this way excessive inflammation is prevented via
inhibition of trans-signaling without affecting classical signaling.>”
This may be an advantage when compared with tocilizumab. More
data on the use of this molecule in CRS treatment are needed.

Another topic is whether prophylactic or preemptive treatment
with IL6 directed therapy would be of benefit, or not. It is not clear
whether cytokine release in some degree is necessary for antitumor
effect and intervening with them might cause undesired effect. In
fact, thus far, treatment with tocilizumab at the time of grade 3—4
CRS does not seem to adversely impact the CAR T cells or disease
outcomes. And also, given the rapid, dramatic clinical response and
lack of apparent side effects, tocilizumab has become a standard
therapy in CRS.>#*"'55—57 Gardner et al. reported the experience
with preemptive tocilizumab in 20 patients with CRS.>> They
revealed that early intervention with tocilizumab -just after the
onset of clinical symptoms-decreases the severity of CRS without
affecting the rates of remission, the engraftment and expansion of
CAR'T cells, and the rates of neurotoxicity. Likewise Maude et al.
reported that prophylactic treatment with tocilizumab did not
affect the success of the CAR T cell therapy.”® Although there is no
approval on prophylactic or preemptive treatment, a benefit to
using tocilizumab to prevent CRS particularly in patients with high
risk warrants specific trials.

Prophylactic treatment with steroid may be considered to pre-
vent CRS or at least to diminish the symptoms. But the potential
damage of steroids on the T lymphocyte is still a reason to restrict
the use of steroids in course of cellular therapies. Some studies,
however, reported that steroid therapy did not suppress T cell
activation and not affect the response rates; there are some
opposing reports.”3>46>66 [ ong-term efficacy is remains unknown.
Given these concerns, common view is that, the prophylactic use of
corticosteroids should be avoided, even in premedication for blood
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transfusion.'5°6:67

Unlike CART cell induced CRS, corticosteroids are recommended
as prophylaxis and first line treatment in the management of bli-
natumomab induced CRS. Studies revealed that inhibition of cyto-
kines by corticosteroids do not decrease the efficiency of
blinatumomab on activation of T cells.%” Indeed, since premed-
ication with dexamethasone has been used routinely, in current
studies on blinatumomab CRS was reported less frequently.

The field of immunortherapies including moAbs and cellular
therapies is rapidly evolving. These agents have a great and
impressive potential in ‘fighting with cancer’, but effective utiliza-
tion of this new therapeutics requires a proper management of
toxicities. Here some of the studies conducted on CRS and de-
velopments that have been achieved with regard to control and
prevention of this syndrome are compiled. However many ques-
tions remain. What drives the inflammatory response from normal
to excessive such as in this syndrome? Why is the inflammation
more severe in some patients? Can we predict who will develop
severe CRS? Can measurement and monitoring cytokine levels
before treatment and studying gene polymorphism be beneficial?
Future studies will hopefully shed a light into these questions.
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