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1 | INTRODUCTION

Cytokine release syndrome (CRS) is a phenomenon of immune hyper-
activation typically described in the setting of chimeric antigen recep-
tor modified T-cell (CAR-T) therapy, bispecific T-cell receptor engag-
ing (BiTE) immunotherapy, and other immunotherapies.>2 The sever-
ity of CRS ranges from mild, requiring only symptomatic management
of fever, myalgias, and malaise (stage 1), to life-threatening symptoms
including grade four organ toxicity, potentially requiring ventilator sup-
port (stage 4) and even death (stage 5).2 The immune hyperactiva-
tion of CRS is associated with elevated levels of interleukin (IL)-6,
interferon-gamma, and other cytokines.?

Immune checkpoint blockade using programed cell death 1 (PD-1)
inhibitors is an approach to activate the immune system against malig-
nant cells.3 Severe side effects of PD-1 inhibitors are typically related
to autoimmunity and include pneumonitis, hypophysitis, colitis, thy-
roiditis, adrenal insufficiency, and vitiligo.# Fevers, chills, and fatigue
have also been reported from PD-1 inhibitors, although severe CRS has
not been described in the literature. We describe a young adult female
with widely metastatic alveolar soft part sarcoma (ASPS) who devel-

oped severe CRS after two doses of the PD-1 inhibitor nivolumab.

Abbreviations: BiTE, bispecific T-cell receptor engaging; CAR-T, chimeric antigen
receptor-modified T-cell; CRS, cytokine release syndrome; IL, Interleukin; PD-1, programed
cell death- 1; SIRS, systemic inflammatory response syndrome

setting of cellular and bispecific T-cell engaging immunotherapy. Checkpoint blockade using anti-
programmed cell death 1 (anti-PD-1) inhibitors is an approach to antitumor immune system stim-
ulation. A 29-year-old female with alveolar soft part sarcoma developed severe CRS after treat-
ment with anti-PD-1 therapy. CRS was characterized by high fevers, encephalopathy, hypoten-
sion, hypoxia, hepatic dysfunction, and evidence of coagulopathy, and resolved after infusion of
the interleukin-6 inhibitor tocilizumab and corticosteroids.
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2 | CASE REPORT

A previously healthy 29-year-old woman originally presented with
extremity masses, cough, and headaches. Biopsy revealed ASPS with
characteristic t(X;17) ASPS-TFE3. Histology demonstrated peritu-
moral T-lymphocytic foci and rare intratumoral foci. Of these T-cells,
10-25% demonstrated positive staining for PD-1, although staining
for programmed cell death 1 ligand on tumor cells was negative. Imag-
ing identified widely metastatic disease including leg, shoulder, pelvis,
chest wall, lungs (innumerable metastases), and brain (>20 metastatic
lesions). She was initially treated with the tyrosine kinase inhibitor
sunitinib after gamma-knife radiation was delivered to known brain
metastasis. After 3 months of therapy, she was found to have pro-
gressive disease and treatment was changed to the tyrosine kinase
inhibitor pazopanib in combination with the PD-1 targeting anti-
body nivolumab. The patient tolerated an initial infusion of 3 mg/kg
nivolumab without side effects and received palliative radiation to a
painful tibial lesion prior to the second infusion of nivolumab 2 weeks
later. Prior to the patient’s second nivolumab infusion, vital signs, a
complete blood count, comprehensive metabolic profile, and coagula-
tion studies were documented to be within normal limits.

Four days after the second infusion of nivolumab, the patient pre-
sented with 3 days of severe fatigue, myalgias, fever, diffuse macu-
lopapular rash, and subsequent encephalopathy. On presentation, the
patient had a temperature of 41.0 °C, heart rate of 160-170 beats per
minute, blood pressure of 83/44 mm Hg, pulse oximetry of 88%, and

was disoriented. She received resuscitation with 4 | of normal saline
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TABLE 1 Patient abnormal laboratory values on presentation with CRS and subsequent values

Laboratory test Value at presentation

Platelet count 127,000/mcl

Absolute neutrophil count 3,270/mcl

Sodium 131 mmol/I

Creatinine 1.09 mg/dI°

Blood urea nitrogen 21 mg/dl

Lactic acid 3.1 mmol/I

Aspartate transaminase 134 units/I

INR 1.62

aPTT 49.2 sec (reference: 22.9-36.0)?
Fibrinogen 194 mg/dl (reference: 200-400

mg/dl)?

Interleukin-1b 16 pg/ml (reference: <58 pg/ml)

Interleukin-2 3 pg/ml (reference: <9 pg/ml)
Interleukin-4 8 pg/ml (reference: <17 pg/ml)
Interleukin-5 2 pg/ml (reference: <4 pg/ml)
Interleukin-6 45 pg/ml (reference: <7 pg/ml)
Interleukin-8 125 pg/ml (reference: <47 pg/ml)

Interleukin-10 128 pg/ml (reference: <7 pg/ml)

Interferon-y 660 pg/ml (reference: <8 pg/ml)
Tumor necrosis factor-a

GM-CSF

3 pg/ml (reference: <16 pg/ml)
1 pg/ml (reference: <11 pg/ml)

20btained +24 hr from admission.
bPreviously 0.65 mg/dl.

Subsequent values and notes

Nadir of 35,000/mcl on day 8 postinfusion before normalizing
Nadir of 1,340/ mcl on day 7 postinfusion before normalizing
Normalized within 12 hr with fluid resuscitation

Normalized within 12 hr with fluid resuscitation

Normalized within 12 hr with fluid resuscitation

Normalized within 12 hr with fluid resuscitation

Increased over 4-8 days postinfusion and peaked at 447
units/l before normalizing; note: bilirubin and alkaline
phosphatase remained unchanged

Prolonged from days 4 to 11 postinfusion before normalizing
Prolonged from days 4 to 11 postinfusion before normalizing

Nadir of <60 mg/dl on day 8 postinfusion requiring fresh
frozen plasma therapy, before ultimately normalizing

None
None
None
None
None
None
None
None
None

None

CRS, cytokine release syndrome; INR, international normalized ratio of prothrombin time; aPTT, activated partial thromboplastin time; GM-CSF, granulocyte

macrophage colony stimulating factor.

and mentation improved. Due to initially refractory hypotension and
tachycardia, she was started on stress-dose hydrocortisone. Blood cul-
tures were obtained and broad-spectrum antibiotics were adminis-
tered.

Initial laboratory assessment was notable for thrombocytopenia,
lactic acidosis, evidence of acute kidney and liver injury, and abnormal
coagulation studies (Table 1). Lactic acid and kidney injury improved
within 12 hr with fluid resuscitation. A chest X-ray was unchanged and
urinalysis and ammonia were normal. C-reactive protein, which has
been shown to be a surrogate marker for IL-6 in CRS,>¢ was also ele-
vated to 4.97 mg/| (reference <0.30 mg/I) (Fig. 1). A cytokine profile
was obtained and results eventually demonstrated elevated levels of
IL-6, IL-8, IL-10, and interferon-gamma.

Given the patient had no central line, was not considered signifi-
cantly immunocompromised, had serial negative blood cultures, and
had no obvious source of infection, a diagnosis of immune hyperactiva-
tion due to nivolumab was considered. In addition to continuing broad-
spectrum antibiotics, the patient received high-dose corticosteroids
and the IL-6 inhibitor tocilizumab®2 Over the initial 48 hr of targeted
CRS therapy, fevers improved and C-reactive protein (CRP) declined.
A second dose of tocilizumab was given 72 hr after the first, when the

patient again became febrile. The patient’s diffuse rash improved over

the following week and she was discharged from hospital on a corticos-
teroid taper 11 days nivolumab postinfusion.

At follow-up visit 14 days postinfusion, coagulation studies, com-
plete blood count, and liver function were all normal and patient was
asymptomatic. However, 25 days postinfusion patient reported new
headaches, double vision, and nausea. An magnetic resonance imag-
ing (MRI) was undertaken and demonstrated no additional lesions,
but increased edema surrounding multiple brain metastasis. Addition-
ally at this time, repeat laboratory evaluation demonstrated a platelet
count of 98,000/mcl and fibrinogen of 106 mg/dl. Patient was started
on dexamethasone and symptoms resolved over 48 hr and laboratory
values again normalized. The patient was restarted on and remains on
pazopanib monotherapy at this time and is doing well 2 months post-
CRS.

3 | DISCUSSION

To our knowledge, this is the first report of severe CRS in a patient
treated with a PD-1 inhibitor. CRS has been associated with BiTE and
cellular immunotherapy, as well as anti-CD20 antibody therapy.” The
temporal manifestation of the patient’s symptoms was quite similar
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FIGURE 1 Patient body temperature over time. On the x-axis is
time of nivolumab Infusion, on the primary y-axis (left) is temperature
indegrees Celsius, and on the secondary y-axis (right) is C-reactive pro-
tein. Arrows indicate initiation of tocilizumab. Horizontal bars repre-
sent time frame of ongoing treatment with corticosteroids; hydrocor-
tisone 50 mg/m? per day divided every 6 hr, and methylprednisolone 1
mg/kg every 12 hr

to those seen after CAR-T therapy, starting with a systemic inflamma-
tory response syndrome (SIRS) like phase manifested by hypotension
and fever, followed by encephalopathy and coagulopathy after the SIRS
resolves. Patients with a high tumor burden are at particularly high
risk of BiTE and autologous T-cell transfer therapy associated CRS.8?
Given the patient’s high tumor burden, our patient may have been at a
particularly elevated risk of experiencing a dramatic systemic inflam-
matory response in an analogous manner. Other host factors associ-
ated with a higher risk of CRS, including baseline cytokine levels and
host cytokine gene polymorphisms, are unknown in our patient but
may have contributed.

In addition, a potential risk of severe CRS may be the result of the
use of radiotherapy between the first and second nivolumab course.
The abscopal effect is an immune-mediated phenomenon of tumor
regression at a site distant from radiated lesions1%11 and has been
seen with immune checkpoint inhibitors combined with radiother-
apy in melanoma patients.!2 It is possible that radiation contributed
to and augmented this patient’s systemic immune response. Immune
activation as a result of radiation has been shown to be related to
the induction of tumor-associated antigens in a context of endoge-
nous adjuvants that facilitates priming of antitumor cytotoxic T lym-
phocytes, as well as inducing an altered microenvironment that pro-
motes an immune response.}314 An additional contribution to our
patient’s immune response may be related to concurrent pazopanib.
Tyrosine kinase inhibitors may alter immune antitumor response in
other malignancies by decreasing the number and effectiveness of
regulatory T-cells and myeloid-derived stem cells, although the
immunologic effects of tyrosine kinase inhibitors are complex and
not completely understood.?>-17 Further investigation of combining
checkpoint inhibitors with targeted therapy is warranted.

Tocilizumab and corticosteroids appear efficacious in treating
the CRS associated with PD-1 inhibitors. The patient’s brain MRI

WILEY--2

postdischarge with increased edema suggests an ongoing immune
response, but lack of long-term follow-up and subsequent discontinu-
ation of anti-PD-1 therapy makes drawing conclusions about efficacy
difficult.’® Whether treatment with tocilizumab and corticosteroids
abrogate an antitumor immune response with PD-1 inhibition is an
area in need of further investigation.

As the use of PD-1 inhibitors increase, clinicians will need to be
aware of this potentially fatal complication. This case also highlights
the efficacy of tocilizumab in combination with systemic steroids
as effective management for CRS, and therapy with these agents
should be considered in future patients with CRS secondary to PD-1
inhibitors.
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